
Epidermal leaf structures in species of Asystasieae, Pseuder­
anthemeae, Graptophylleae and Odontonemeae (Acanthaceae)
P E R -O L O F  K A R L S T R Ö M

Karlström, P.-O. 1980 03 17: Epidermal leaf structures in species of Asystasieae, Pseuder- 
anthemeae, Graptophylleae and O don tonem eae  (Acanthaceae). Bot. N o tise r  133: 1-16. 
Stockholm. ISSN  0006-8195.

Epidermal leaf structures on the u p p e r  and lower epidermis (cell s tructure , s tom ata, 
non-glandular and glandular hairs, cystoliths) o f five species of  Asystasieae (A systa sia  Bl., 
C ham aeran them um  Nees), five species of  Pseuderanthem eae (P seuderan them um  Radik.), 
four species o f  Graptophylleae (P achystachys  N ees, R uspolia  Lindau, A n isa ca n th u s  
Nees), and fifteen species of O don tonem eae  (Peristrophe  N ees ,  H ypoestes  R. Br., Bal- 
lochia  Balf. f., C linacanthus N ees ,  R u ttya  H arv .,  E cbolium  Kurz, M ackaya  H arv .,  
O dontonem a  N ees, R hinacan thus  N e es ,  Schaueria  Nees) were studied. M ost o f  the m at­
erial originated from plants cultivated in greenhouses. Additional observations have been 
made on herbarium  specimens. The tribes Asystasieae, Graptophylleae and P seuderan the­
meae were found to be hom ogeneous groups as regards leaf epidermal s tructures .  The 
subtribes O dontonem eae-D iclip terinae and Odontonem eae-M onotheciinae are tolerably 
hom ogeneous groups. They are d istinctly  separated from each  other and from  the third 
subtribe of the O dontonem eae, i. e. Odontonem inäe, which is a heterogeneous group 
regarding leaf epidermal s tructures.

P er-O lo f K arlström , D epartm ent o f  S ystem a tic  B o tany, U niversity o f  G ö teb o rg ,Carl 
Sko ttsbergs G ata 22, S-413 19 G öteborg , Sw eden.

B rem ekam p (1965) united the typical rep resen ta ­
tives o f  L in d au ’s A systasieae ,  G raptophylleae , 
P seuderan them eae  and O d o n to n em eae  in a sing­
le subtribe O don tonem inäe  o f  the tribe Justi- 
cieae. The p resen t  studies w ere  m ade in o rder  to 
find out w he ther  or not ep iderm al characters  
might be helpful in the delim itation o f  the tribes 
A systasieae ,  G rap tophy lleae , P seuderan the­
meae and  O don tonem eae  o f  L indau  (1895).

M ateria l and M eth ods

The material studied was taken  from  plants cultivated 
for several years in the g reenhouses  o f  the Department 
of  System atic Botany, U nivers ity  o f  Göteborg. The 
plants were grown under closely similar conditions 
(tem perature , illumination, relative humidity). The 
central areas of mature and  healthy leaves, from 
approxim ately the same position on all plants, were 
examined.

The cuticles were peeled o r  scraped  off with a razor 
blade, placed in w ater on slides, and studied under the 
microscope. W hen herbarium  specim ens were studied, 
the leaves were warmed in an aqueous solution of 
saponine before the cuticles w ere  peeled off. To find

ou t  w he ther or not this t rea tm ent had any effect on the 
epiderm al structures, fresh leaves were treated in the 
sam e way. I did not find any signs that  the saponine 
trea tm en t could have any  effect on the results 
obtained.

All quantitative m easurem ents  are the mean values 
o f  100 readings.

T he following species have been examined: Tsys- 
tasia  gangetica  (L.) T. Anders. (2 plants), A . laticap- 
sula  C. B. Cl. ex Karlström  (3 pi.), A . travancorica  
Bedd. (6 pi.), C ham aeran them um  beyrichii N ees (3 
pi.), P seuderanthem um  ala tum  (Nees) Radik. (2 pi.), 
P. cinnabarinum  (Wall.) Radik. (3 pi.), P. indicum  
(N ees) Cowan (4 pi.), P. tubercula tum  (Hook, f.) 
Radik. (3 pi.), P. tunicatum  (Afzel.) Milne-Redhead (3 
pi.), P achystachys lutea  N ees  (3 pi.), Ruspolia  seti- 
ca lyx  (C. B. Cl.) Milne-Redhead (3 pi.), R. hypo- 
crateriform is  (Vahl) Milne-Redhead (3 pi.), A n isa ­
ca n th u s virgularis Nees (2 pi.), Ballochia rotundifolia  
Balf. f. (3 pi.), R uttya  fru tico sa  Lindau (3 pi.), C lina­
ca n th u s siam ensis  Bremek. (1 pi.), Peristrophe spe- 
ciosa  N ees (3 pi.), H ypoestes antennifera  S. Moore (6 
pi.), H. aristata  (Vahl) Soland. ex Roem. et Schult. (2 

verticillaris (L. f.) Soland. ex Roem. et Schult. 
(2 pi.), O dontonem a schom burgkianum  (Nees) O. 
K un tze  (5 pi.), O. strictum  (Nees) O. K untze (4 pi.), 
M ackaya  bella Harv. (3 pi.), Schaueria  calicotricha  
N ees  (3 p i .), R hinacanthus com m unis  N ees (6 pi.), and 
E cbolium  revolutum  C. B. Cl. (3 pi.).
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Additional observations were m ade on herbarium 
material o f  the  following species: A systa sia  laticapsula
C. B. Cl. ex Karlström (4 specim ens), A . gangetica  
(L.) T. A nders .  (2 sp .) ,T .  sch im peri T. Anders. (6 sp.), 
R u ttya  fru tic o sa  Lindau (2 sp.), Ecbolium  am plexi- 
caule  S. M oore  (1 sp.), E. h a m a tu m  C. B. Cl. (1 sp.), 
a n d £ .  revo lu tum  C. B. Cl. (4 sp.).

V oucher specimens are deposited  at GB.

O b serv a tio n s

Cell s tructure

In te rven o u s  areas. T he  epiderm al cells are 
irregular w ith  sinuous o r  slightly sinuous walls 
(Fig. 1 A, B, Table 1). W hen  the re  is a difference 
in the degree  of undula tion  be tw een  the tw o 
surfaces o f  the leaves, the cells o f  the low er 
ep iderm is have  walls m ore  undu la ted  than those 
o f  the u p p e r  epidermis. In  A n isa ca n th u s  virgula- 
ris, H y p o e s te s  aristata  and  H . antennifera  the 
degree o f  cell wall undu la tion  is most p ro ­
nounced  (Fig. 1 C), while in C ham aeran them um  
beyrichii, O don tonem a  s tr ic tum , Ballochia ro- 
tundifolia , Ecbolium  revo lu tum ,  and E. amplexi- 
caule  the  cell walls o f  the  up p er  epidermis are 
s traight (Fig. 1 D).

N o  im portan t size d ifferences betw een in­
te rvenous  cells from the  low er  and the upper 
epiderm is w ere found. T he  cells in Ballochia  
rotundifolia  and O d on tonem a  str ictum  are m ar­
kedly la rger than those o f  the o th e r  species (Fig. 
I D ) .

On veins. The costal cells are straight-walled, 
mostly  e longated , and a rranged  end to end in 
parallel ro w s,  in all species s tudied  (Fig. 1 E -G ). 
The cells on  the lower and  u p p e r  epidermis are 
a lm ost equal in size in m o s t  species (Table 1). In 
Peristrophe speciosa, H yp o es te s  aristata, 
P seu d era n th em u m  tun ica tum , C ham aeran the­
m u m  beyrichii, and R u ttya  fru tico sa  the cells o f  
the low er epidermis are  m arkedly  longer than  
those of the  upper one (Table 1). The most elon­
gated cos ta l  cells are found  in Peristrophe s p e ­
ciosa  and  H ypoestes  aris ta ta .  The shortes t co s t­
al cells are  found in C linacan thus  siamensis.

S to m a ta

S to m a ta  are scattered  in in te rvenous  a reas  ir the 
low er  epiderm is in all species s tudied . They be­
long to  the diallelocytic type  as defined by  Payne 
(1970). S tom atal size and frequency  and  stoiratal 
ind ices are  shown in Table 1.

A m ong  the species grow n un d er  greenhouse 
conditions  s tom ata  w ere p resen t and  sparsely 
sca tte red  in in tervenous areas o f  the upper 
ep iderm is  in Asys tas ia  la ticapsula , Ecbolium  
revo lu tum  and H yp o es te s  verticillaris. T he  fre ­
quencies  w ere lower than  those  o f  the lower 
ep iderm is . In Asys tas ia  gangetica , A .  travan- 
corica, Peristrophe spec iosa , H yp o es tes  a n ­
tennifera , H . aristata, C linacanthus siamensis,  
O d o n to n em a  strictum,  and  R hinacan thus  
co m m u n is  s tom ata  occu rred  very  sparsely  in the 
up p er  epiderm is and  w ere  res tr ic ted  to areas in 
c lose vicinity o f  the midrib. N o  great differences 
in s tom ata l size (i. e. the  size o f  guard  cells) 
b e tw een  the low er and upp er  ep iderm is were 
found  in m ost o f  those  species w hich have 
s tom a ta  on both  surfaces o f  the leaves. In Clina­
can thus  s iam ensis  and  H y p o e s te s  aris ta ta ,  h o w ­
ever,  s tom ata  of the up p er  ep iderm is w ere  m a r­
kedly  larger than those  o f  the low er epiderm is 
(Table 1). In H yp o es te s  antenn ifera  and R h in a ­
can thus  com m un is  the s tom a ta  in the upper 
ep iderm is w ere  longer than  those  o f  the low er 
one.

In O dontonem a  s tr ic tum  s tom a ta  occu r  on the 
midrib o f  the lower ep iderm is (Fig. 1 H). In 
A sys ta s ia  laticapsula, Peristrophe speciosa ,  
H yp o es te s  antennifera, H. verticillaris , and  
R h in a ca n th u s  com m unis  s tom ata  occur  on the 
midrib of the upper ep iderm is. T he  f requenc ies  
are very  low. In O d o n to n em a  str ictum  .and 
H yp o es tes  spp. the o ccu rren c e  o f  s tom ata  on 
midribs seem s to be regular, while in the o th e r  
m entioned  species it seem s to  be o c c a s io n a l . In 
A sys ta s ia  gangetica  s tom a ta  o ccu r  sparsely ' on 
the midrib of both leaf surfaces . In all sp ec ie s  
w here  s tom ata  occurred  on the  midribs the guiard 
cells w ere  p redom inantly  o rien ted  parallel to  the

Fig. 1. E piderm al cells from  in tervenous areas and costal cells. —  A, C: Cells with sinuous walls (int, le). —  B: 
Cells with slightly sinuous walls (int, ue). —  D: Cells with straight walls (int, ue). —  E -H :  Costal cells (le). N o t i c e  
s tom ata  in H . —  The dotted  lines in B, D, F indicate the outlines o f  cystoliths. —  A: P seuderan them um  indic-um . 
— B, G: C linacanthus s ia m en sis . —  C: A nisacan thus virgularis. —  D, H: O dontonem a stric tum . —  E: 
P eristrophe speciosa. —  F: P seuderan them um  a la tum . —  int in tervenous area , le low er epidermis, ue ujpper 
epidermis.
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Table 1. Cell s tructure and size and  stomatal charac te rs  in plants growing under greenhouse conditions. — L 
low er epidermis. U u p p e r  epiderm is. —  sin sinuous walls, si sin slightly sinuous walls, str straight w a lls .— * 
stom ata  rare,  only occurring in close vicinity of the midrib.

Species Cell structure Cell size, Stomatal Stomatal S tom atal
in intervenous midrib (urn) frequency index size (am)
areas p er  m m 2
L U L U L U L U L U

Asystasieae
A systa sia  laticapsula sin sin 38x15 39x20 74 13 15.4 5.4 20x13 19x11
A . travancorica sin si sin 37x13 41x13 81 * 15.2 - 21x14 19x12
A . gangetica sin sin 36x12 45x15 78 * 16.3 — 20x13 22x13
C ham aeranthem um  beyrichii si sin str 66x11 48x17 58 0 15.8 0 17x9 0

Pseuderanthemeae
P seuderan them um  ala tum sin si sin 45x15 54x16 40 0 10.7 0 17x10 0
P. cinnabarinum sin, si sin si sin 29x18 25x18 39 0 12.7 0 20x12 0
P. indicum sin sin 48x11 53x15 111 0 17.5 0 16x9 0
P. tuberculatum sin sin, si sin 32x9 32x15 77 0 10.9 0 19x13 0
P. tun ica tum si sin si sin 65x14 39x16 75 0 15.7 0 18x11 0

Graptophylleae
P a ch ysta ch ys lutea sin, si sin sin 33x13 24x13 63 0 9.8 0 16x10 0
R uspolia  hypocrateriform is sin sin 43x18 41x12 47 0 9.9 0 23x14 0
R . setica lyx sin si sin 45x10 39x16 69 0 12.9 0 17x12 0
A n isacan thus virgularis sin sin 40x19 41x15 48 0 9.1 0 19x14 0

Odontonemeae-Diclipterinae
P eristrophe speciosa sin sin 93x17 48x16 51 * 13.3 - 22x13 22x15
H yp o estes  antennifera sin sin 35x17 33x13 59 * 14.0 - 19x12 25x14
H . aristata sin sin 89x19 57x17 63 * 16.6 — 24x15 30x16
H . verticillaris sin sin 57x21 48x15 106 10 15.7 2.8 17x11 18x12

Odontonemeae-Monotheciinae
Ballochia rotundifolia si sin str 46x12 38x18 77 0 17.8 0 21x14 0
C linacanthus siam ensis sin si sin 22x12 25x15 38 * 8.8 — 21x13 29x17
R u ttya  fru tico sa sin sin 59x17 36x13 36 0 11.8 0 25x14 0
Odontonemeae-Odontoneminae
E cbolium  revolutum si sin str 34x13 36x11 65 30 10.7 6.5 18x13 19x14
M ackaya bella sin sin 36x13 32x17 86 0 16.0 0 19x12 0
O dontonem a schom burgkianum sin si sin 43x12 36x12 56 0 12.5 0 20x13 0
0 .  strictum si sin str 59x20 53x23 43 * 15.3 — 24x13 23x17
R hinacan thus com m unis sin sin 36x15 48x17 51 * 15.6 — 20x13 24x15
Schaueria  calicotricha sin sin, si sin 36x11 36x14 55 0 12.5 0 22x13 0

longitudinal walls o f  the  ep iderm al cells o f  th e  
midrib.

A m ong the species o f  w hich herbarium  m a t­
erial was studied s to m a ta  w ere  p resen t in in ­
te rvenous  areas in th e  u p p e r  epidermis in all 
species bu t  E cbolium  am plex icau le  and R u ttya  

fru ticosa  (Table 2). In  E cbo lium  h am atum  and  
E. revolu tum  s tom a ta  w ere  very sparsely  
sca tte red  in in tervenous areas  and  p redom inan t­
ly res tr ic ted  to areas  in c lose vicinity o f  the  
midrib. In A systas ia  g ange t ica  s tom ata w ere  
p resen t on the midrib o f  th e  u p p e r  epidermis.

N on-g landu lar  hairs

U niseria te , multicellular hairs o ccu r  in most o f  
the species studied. The lengths and num bir of 
cells o f  the hairs are p resen ted  in Table  3. From 
the table can be seen tha t som e species lack lairs 
in in tervenous areas, o the rs  on the midrib. V/hen 
there  is m ore than  one type  o f  non-glandulai hair 
on  a leaf, the  types o f  tr ichom e bases beiring 
them  are often different. T he  non-glandular lairs 
m ay arise from one single ep iderm al cell oi tw o 
cells (Fig. 2 A, E , F). In  som e species the epid­
ermal base cells do not differ or differ slightly 
from the o the r  epiderm al cells (Fig. 2 A, I)- In 
o the r  species these ep iderm al base  cells differ
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Table 2. Cell structure and size and stomatal charac ters  of herbarium  specimens. —  L  lower epidermis. U upper 
epiderm is. — sin sinuous walls, si sin slightly sinuous walls, str straight walls. —  * s to m ata  rare, only occurring in 
close vicinity of  the midrib.

Species Cell s tructure Cell size, Stomatal S tom atal Stomatal
in intervenous midrib (urn) frequency index size (m m)
areas per m m 2
L U L U L U L U L U

A systa sia  gangetica si sin si sin 54x13 60x16 123 11 —  — 17x11 19x12
A . la ticapsula si sin si sin 51x13 52x17 67 40 23.2 17.3 25x17 24x15
A . sch im peri sin, si sin sin, si sin 75x17 52x16 71 49 17.8 16.9 23x12 24x14
R u ttya  fru tico sa sin sin 50x12 36x14 77 0 16.7 0 23x14 0
E cbolium  am plexicaule str str 41x22 47x15 44 0 16.3 0 22x15 0
E. h a m a tu m sin sin 56x16 51x16 40 * 14.9 - 21x13 23x13
E. revo lu tum sin str 48x15 43x20 66 * 13.0 - 22x14 22x14

Table 3. Length (in/rm) and num ber o f  cells o f  non-glandular hairs on midrib and from  intervenous areas  (int a). 
Plants growing under greenhouse conditions. —  L  low er epidermis. U upper epiderm is. —  1 Cells lack o rn am en ­
tation, 2 rare, 3 very rare, only in close vicinity o f  veins, 4 basal cells red-coloured.

Species Hair length N u m b er  of cells
Midrib int a Midrib int a
L U L U L U L u

Asystasieae
A systa s ia  laticapsula 309 213 285 233 3-5 3-5 3-5 3-51

1093 974 1177 902 8-11 6-9 6-9 6-8
A . travancorica 192 288 0 79 2-4 3-5 0 1-2
A . gangetica 268 104 82 1202 3-5 3-4 2-3 2-3
C ham aeran them um  beyrichii 364 348 292 265 3 3 3 3

47 37 1 1
Pseuderanthemeae
P seuderan them um  alatum 307 0 0 482 5-7 0 0 5-6
P. cinnabarinum 196 214 0 0 4-5 3-6 0 0
P. indicum 198 165 0 433 5-7 6-8 0 -7
P. tubercula tum 157 55 0 0 3-4 1-2 0 0
P. tun ica tum 212 268 0 314 5 5-8 0 3-7
Graptophylleae
P a ch ysta ch ys  lutea 235 356 0 254 4-6 5-6 0 5-6
R uspolia  hypocrateriform is 249 304 0 0 3-8 3-4 0 0
R . se tica lyx 267 251 0 230 3-4 4-5 0 3-4
A n isa ca n th u s virgularis 180 211 0 133 3—42 4-5 0 2-4
Odontonemeae-Diclipterinae
P eristrophe speciosa 201 260 0 67 2-6 3-6 0 3-4
H yp o estes  antennifera 666 149 3953 225 6-81 2-4 ' 4-51 3-41

195 3-5
H. arista ta 662 296 0 303 3-5 3-5 0 3-4

526 5
H. verticillaris 195 290 0 865 3-5 3-5 0 5-6
Odontonemeae-Monotheciinae
Ballochia  rotundifolia 201 48 0 0 2-4 1-2 0 0
C linacan thus siam ensis 164 218 0 0 2-32 2-3 0 0
R u ttya  fru tico sa 341 326 0 0 4-5 3-4 0 0
Odontonemeae-Odontoneminae
E cbolium  revolutum 223 151 150 161 2-4 2-3 2-3 1-4
M ackaya  bella 263 0 0 0 8-94 0 0 0
O dontonem a  schom burgkianum 238 360 0 438 4-7 4-8 0 6-7
O. stric tum 114 0 0 0 3-5 0 0 0
R h in a ca n th u s com m unis 140 153 0 111 2-4 2-3 0 2-3 2
Schaueria  calicotricha 204 208 0 0 3-5 3-6 0 0
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from the  o th e r  epidermal cells in size and shape 
and in the  pattern  in which they  are arranged 
(Fig. 2 B, D). If  the normal epiderm al cells are 
s inuous-w alled , the walls of the trichom e base 
cells are  very  often straight-walled (Fig. 2 B). 
Som etim es the non-glandular hairs are so 
n um erous ,  that alm ost every  epiderm al cell is a 
tr ichom e base  cell.

T he cell walls of the  non-glandular hairs are 
o rn am en ted  in most species studied. The type of 
o rnam en ta tion  is m ore or less the same in all 
species. T he degree o f  o rnam enta tion , however, 
varies. In som e species the basal cells are more 
densely  o rnam ented  than  the apical ones, while 
the opposite  condition is true  for o ther  species. 
T he only species, w here  the non-glandular hairs 
totally lack ornam enta tion  is H yp o es te s  antenni­
fe ra  (Fig. 2 A, C). In A sys ta s ia  laticapsula  the 
non-glandular hairs in in tervenous areas of the 
upper  epiderm is lack ornam en ta tion , while the 
hairs in o th e r  areas are  o rnam en ted . The hairs in 
H yp o es te s  aristata  and  hairs in the upper 
ep iderm is in A nisacan thus  virgularis  are sparse­
ly o rnam en ted .

The cell walls of the  non-glandular hairs are 
norm ally  thin. P seuderan them um  tuberculatum ,  
Ecbolium  revolutum, Ballochia ro tundifo lia , and 
C linacanthus s iam ensis  differ in having hairs 
with m arkedly  thick walls (Fig. 2 G, H).

T he  ap ices  o f  the non-glandular hairs are no r­
mally tapering  and pointed. In Pseuderan the­
m u m  ind icum  the apices are, how ever,  blunt.

T here  are  no m arked  differences in the size 
and  shape o f  cells of a non-glandular hair in most 
species. T he  exception  is true for the apical cell, 
which often  is longer than  the o th e r  cells. This is 
most p ronounced  in C h a m a era n th em u m  beyri­
chii, w here  the hairs consis t o f  1 o r  2 very short, 
basal cells and 1 long, apical cell (Fig. 2 E). In 
in tervenous  areas in the up p er  epidermis in 
H yp o es te s  antennifera  the non-glandular hairs 
consist o f  3-4  cells, w here the basal one differs

in size and shape (Fig. 2 C). In in tervenous areas 
in P seu d era n th em u m  ind icum  the hairs are p ro ­
vided with apical cells, w hich are  markedly shor­
te r  than  the basal ones (Fig. 2 B). This seems to 
be normal and  not to be due to that length 
stre tch ing  o f  the cells has not been  com pleted, 
since I have not o bserved  hairs , w here all cells 
are equal in size.

Short,  1-celled hairs o ccu r  in in tervenous 
areas on both  surfaces o f  the leaves in 
C h a m a era n th em u m  beyrichii  (Fig. 2 F).

In m ost species the non-glandular hairs are 
s traight, but in C h a m a era n th em u m  beyrichii and 
R u tty a  fru tico sa  they are m arkedly  curved (Fig. 
2 E , I).

N orm ally  the non-glandular hairs are uni- 
seria te , bu t in P seu d era n th em u m  tunicatum  
b ranched  hairs frequently  o ccu r  on the midrib o f  
the low er epiderm is (Fig. 2 L). In H ypoes tes  
antennifera  I have at one occasion  observed  a 
branched  hair. Since I have  observed  only one 
b ranched  hair in this species, I conclude that it 
was an  abnorm ality . In Peristrophe speciosa ,  on 
the midrib o f  the upper ep iderm is ,  I have at one 
occasion  found a b ranched  hair, and at ano ther  
occasion  a hair with a ten d en cy  to branching 
(Fig. 2 K). P robably  b ranched  hairs is an ab n o r­
mality in this species too.

The orien tation  o f  the t ran sverse  cell walls in 
the hairs in R uttya  fru ticosa  and  to  some ex ten t 
in Ecbolium  revolu tum  differ from those of the 
o ther  species (Fig. 2 I). In R u tty a  fru ticosa  the 
apical cell o f  the hair has m arkedly  th icker walls 
than the basal cells.

On the midrib o f  the upp er  epiderm is in Peri- 
s trophe speciosa  non-glandular hairs with a n ­
o ther type of transverse  cell walls occur o c c a ­
sionally (Fig. 2 K).

Among the species of w hich herbarium  m a t­
erial was s tudied Ecbolium  am plexicaule  is the 
only one which totally lacks non-glandular hairs 
(Table 4). In E. h a m a tum , R u ttya  fru ticosa  and

Fig. 2. Non-glandular hairs. —  A: Uniseriate hairs arising from a single epidermal cell and one hair with tw o 
epidermal base cells. Cell wall ornamentation is lacking (midrib, le). —  B -D : Uniseriate hairs with several 
epidermal base cells, differing in shape from the other epidermal cells (B, C int, ue; D midrib, le). —  E: 
U niseriate , curved hair with two very  short basal cells (midrib, le). —  F: Very short, 1-celled hairs (int, ue). —  G, 
H: Uniseriate , thick-walled hairs (midrib, le). — I: Uniseriate hair with oblique transverse  walls (midrib, le). —  
K: Uniseria te  hairs with normal transverse cell walls and one oblique wall (midrib, ue). —  L: B ranched hair 
(midrib, le). —  The wall o rnam entation  is not marked in F, G, I, K, L. —  A, C: H ypoestes antennifera . —  B, D: 
P seuderan them um  indicum . — E, F: C ham aeranthem um  beyrichii. — G: Ballochia rotundifolia. — H: P seu d ­
eran them um  tuberculatum . — I: R uttya  fru ticosa . —  K: Peristrophe speciosa . —  L: P seuderanthem um  tu n ica ­
tum . — int intervenous area, le low er epidermis, ue upper epidermis.
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Table 4. Length ( in /m )  and num ber o f  cells of non-glandular hairs on midrib and from  intervenous areas  (int a) of 
herbarium  specimens. —  L  lower epidermis. U upper epidermis. —  1 rare.

Species H a ir  length N um ber of cells
Midrib int a Midrib int a
L U L U L U L U

A systasia  gangetica 159 243 0 0 3^1 3-5 0 0
A . laticapsula 196 243 239 228 -3 3-5 2-4 2-3

650 671 534 6-7 5-8 5-6
A . schim peri 819 650 339 308 6 4-7 3-5 2-5

286 194 3-4 3-4
R u ttya  fru tico sa 2841 179 0 0 3 2-4 0 0
Ecbolium  am plexicaule 0 0 0 0 0 0 0 0
E. ham atum 278 310 0 0 3-5 3-5 0 0
E. revolutum 271 406 122 157 3-5 5-6 2-3 2-3

A systas ia  gangetica  non-glandular hairs are 
absen t in in tervenous areas o f  the upper 
epiderm is. In the o th e r  species of which 
herbarium  material was studied, non-glandular 
hairs o f  the same type as those  o f  the cultivated 
material occur.

Glandular hairs

Subsessile glandular hairs are com m on among 
the species studied. T hey  o ccu r  on the midrib, 
on veins and in in tervenous areas on both 
surfaces o f  the leaves. The frequencies, how ­
ever, vary. These hairs consis t o f  a globular 
head, normally com posed  o f  4 or 8 cells, and a 
single-celled stalk. The walls o f  the head cells 
are thin. The outlines o f  the head  cells in A n isa ­
can thus virgularis differ som ew hat from the 
condition  in the o ther species. In this species the 
cell walls are  som ew hat bulging (Fig. 3 G).

In some species the num ber  o f  cells of the 
heads seem s to be cons tan t ,  while in o ther 
species the num ber varies. The subsessile 
g landular hairs in the species s tudied o f  Peri- 
strophe  and H ypoestes  are alw ays provided with 
4-celled heads (Fig. 3 A). In P seuderan them um  
the heads are normally 8-celled or sometimes 
more than  8-celled. The s tudied species of 
O dontonem eae-M onothec iinae , i. e. Ballochia  
rotundifolia, R u ttya  fru tico sa  and  Clinacanthus  
s iam ensis ,  have 8-celled heads. In Clinacanthus  
siam ensis  the heads som etim es are  6-celled (Fig. 
3 B). In the o ther tribes and subtribes the 
num ber  o f  the head cells varies. In A systasia  
laticapsula, A . gangetica  and R hinacanthus  
com m un is  the heads are  4-celled, while in A.  
travancorica  and Ecbolium  revolutum  the

num bers  vary. The grea tes t  varia tion  in the 
n u m b er  o f  head  cells occurs in P achystachys  
lu tea ,  w here  the heads m ay be 4-, 6-, 8-, or 
m any-celled  (Fig. 3 D, H). The head  cells in 
O d on tonem a  schom burgk ianum , M ackaya  bel- 
la, Schaueria  calicotricha,  and A systas ia  
travancorica  contain  small hyaline d rops  (Fig. 3 
F).

S ta lked  glandular hairs occu r  in a few species. 
In R hin a ca n th u s  com m un is  these  hairs  consist 
of 1-3 stalk cells and a 4- or 8-celled globular 
head (Fig. 3 I, K). T hey  occu r  sparsely  on the 
midrib o f  the low er epiderm is. In H yp o es tes  a n ­
tennifera  the stalks are longer, consisting  o f  8-9  
cells. The heads are 4-celled (Fig. 3 L). These  
hairs o ccu r  sparsely  on the midrib o f  the upper 
ep iderm is. On the midribs in Peristrophe sp e ­
ciosa  an o th e r  type o f  s ta lked g landular hairs 
occurs .  T hese  hairs consis t o f  2-5  stalk  cells and 
a few-celled head (Fig. 3 N -T ) .  In this species 
the re  is no sharp distinction be tw een  non- 
g landular hairs and stalked g landular hairs as 
regards  cell wall o rnam enta tion . The cell walls o f  
the non-glandular hairs are alw ays o rnam en ted ,  
while the  short, s talked glandular hairs som e­
times lack ornam entation  (Fig. 3 N , R). H o w ­
ever,  s talked glandular hairs with o rnam ented  
cell walls (Fig. 3 O, S, T) o ccu r  toge ther  with 
those  which lack o rnam enta tion . S talked  glandu­
lar hairs with 2 or 3 stalk cells, the basal one 
longer, and a som ew hat elliptic head  occur in 
Ecbolium  revolutum  and F . h a m a tu m  (Fig. 3 M).

C ystoliths

Cysto liths  occu r  epiderm ally o r  subepiderm ally  
on the midrib, on veins and in in te rvenous  areas.
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Fig. 3. Glandular hairs. — A -H : Subsessile glandular hairs, seen from above (A, C, D, F, G, int, le; B, E  int, ue; 
H midrib, le). — I, K: Short, stalked glandular hairs with globular heads (midrib, le). — L: Long, stalked 
glandular hair with a globular head (midrib, ue). —  M: Long, stalked glandular hair with a somewhat elliptic head 
(int, le). —  N -T : Stalked glandular hairs. N , R w ithout cell wall o rnam entation; O, P, S, T with ornam entation  
(N , O, R -T  midrib, ue; P midrib, le). —  A, L: H yp o estes  antennifera . —  B: C linacanthus siam ensis. —  C: 
R uspolia  seticalyx. — D, H: P a ch ysta ch ys  lutea. —  E: R u ttya  fru tico sa . — F: A systasia  travancorica. —  G: 
A n isa ca n th u s virgularis. — I, K: R hinacan thus c o m m u n is . — M: Ecbolium  ham atum . — N -T : P eristrophe  
speciosa . —  int intervenous area ,  le lower epidermis, ue u p p er  epidermis.



10 P er-O lo f  K arlström BOT. N O T I S E R  133 (1980)

H

C

X

 < 50 pm
50 pm

3

$

$
9
9

S

Y,Z i > 50  pm  Y

Fig. 4. Cystoliths. —  Elongated, narrow, tapering at one end, type (1) (int, le). — B: Elongated, broad, tapering 
at one end, type (2) (int, le). —  C: Elongated, tapering at both ends, type (3) (int, ue). —  D: Elongated, narrow, 
blunt at both ends, type (4) (midrib, ue). —  E: E longated, broad, blunt at both ends, type (5) (midrib, le ) .—  F: 
Short, narrow, blunt at both ends, type (6) (midrib, ue). —  G: Short, b road , blunt at both ends, type (7) (int, le). — 
H: Rounded, type (8) (int, le). — I-O: Irregular, type (9). The tubercles are not marked (int, le). —  P: Cystolith 
with sparsely distributed tubercles a (midrib, ue). —  R, S: Cystoliths with irregular tubercles (midrib, le). — T-X: 
Irregular cystoliths. The tubercles are marked in X (int, ue). —  Y: Subepidermal cystolith. The dotted lines 
correspond to  the outlines of  the cystolith (int, ue). — Z: The cystolith indicated in Y. —  A, T -X : Rhinacanthus  
com m unis. —  B: P seuderan them um  tunicatum . —  C, F: Ecbolium  revolutum . —  D: R uspolia  setica lyx . — E: 
M ackaya  bella. — G: A systa sia  laticapsula . — H: A systa sia  travancorica. —  I-O , Y, Z: Ballochia rotundifolia. 
—  P: R u ttya  fru ticosa . — R: C linacanthus siam ensis. —  S: O dontonem a schom burgkianum . —  int intervenous 
area, le lower epidermis, ue upper epidermis.

In m ost species cystoliths o ccu r  on both surfaces 
o f  the leaves. Cystoliths are, how ever,  absen t in 
in tervenous  areas o f  the low er epidermis in 
P seuderan them um  a la tum , P. indicum, R uttya  
fru ticosa ,  M ackaya  bella,  and  O dontonem a  
str ic tum .  Cystoliths are very  sparsely  distributed 
on the midrib of the lower ep iderm is in A systasia  
travancorica, P seuderan them um  indicum  and

R u ttya  f r u t i c o s a , and in in te rvenous  areas of the 
low er epiderm is in A sys ta s ia  gangetica .  The 
cystoliths  are  normally sim ple, bu t double 
cystoliths  are  com m on in A sys ta s ia ,  Cham ae­
ran them um , P seu d era n th em u m , Ruspolia  seti­
calyx, H yp o es te s  antennifera , M ackaya  oella, 
and O don tonem a .  On the midrib  the cystoliths 
are alw ays straight. This is also true for in-
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Table 5. Length and breadth  (in p m )  and type  o f  cystoliths on midribs and from intervenous areas. Plants 
growing u n d e r  greenhouse conditions. —  1 length, b breadth . — 1 very sparsely distributed.

S p ecies Midrib, lower Midrib, upper Intervenous areas Intervenous areas
epidermis epidermis lower epidermis upper epidermis
1 b 1/b type 1 b l/b type 1 b 1/b type 1 b 1/b type

Asystasieae
A systa sia  laticapsula 58 17 3.5 7 61 21
A . travancorica 60 27 2.2 7> 79 29

43 25
A . gangetica 34 21 1.6 8 42 26

51 19 2.7 7 69 24
C ham aeran them um  beyrichii 64 19 3.4 7 89 23

Pseuderanthemeae
P seuderan them um  alatum 68 19 3.6 7 82 22
P. cinnabarinum 88 23 3.8 5 108 30
P. indicum 55 19 2.8 7' 56 17
P. tubercu la tum 197 18 11.4 1 135 14
P. tun ica tum 87 27 3.2 5 105 29

Graptophylleae
P ach ysta ch ys lutea 131 22 6.0 2 106 24

60 20 3.0 7
R uspo lia  hypocrateriform is 78 29 2.7 7 48 19
R. setica lyx 88 21 4.2 5 81 15
A n isa ca n th u s  virgularis 80 14 5.6 4 107 17

Odontonemeae-Diclipterinae
P eristrophe speciosa 123 18 6.9 1 156 22
H yp o este s  antennifera 73 18 4.0 1 111 21

52 17
H. arista ta 136 22 6.2 2 68 22

154 28
H. verticillaris 61 13 4.7 1 122 21

Odontonemeae-Monoiheciinae
B allochia rotundifolia 168 20 8.2 1 196 28
C linacanthus siam ensis 110 24 4.5 5 103 23
R u ttya  fru tico sa 82 23 3.6 5> 95 17

Odontonemeae-Odontoneminae
E cbolium  revolutum 115 19 6.1 1 57 9
M ackaya  bella 112 28 4.1 5 123 30
O dontonem a schom burgkianum 85 18 4.9 4 122 19
O. stric tum 95 28 3.5 5 82 29

162 30
R h inacan thus com m unis 107 16 6.7 1 99 20
Schaueria  calicotricha 163 18 9.0 1 182 20

2.9 7 54 14 4.0 7 51 17 3.1 7
2.7 7 27 19 1.5 8 66 29 2.8 7
1.7 8 39 17 2.3 7
1.7 8 34 20 1.7 8 ‘ 49 33 1.5 8
2.8 7 69 27 2.5 7
3.8 5 137 23 6.0 5 121 23 5.3 5

8

3.8 5 absent 84 21 4.0 5
3.7 5 105 31 3.4 5 120 38 3.2 5
3.2 7 absent 57 18 3.2 7
9.7 1 131 15 8.5 1 232 31 7.6 1
3.6 5 127 31 4.1 2 143 34 4.2 2

4.2 5 81 21 3.9 5 88 21 4.0 5

2.5 7 69 28 2.5 7 61 27 2.2 7
5.4 4 80 17 4.7 4 61 20 3.1 7
6.5 4 29 9 3.5 - 80 15 5.4 4

6.9 2 134 16 9.0 1 143 18 7.8 1
5.3 1 64 18 3.7 7 40 14 2.9 7
3.1 7
3.1 7 100 18 5.5 1 98 22 4.7 2
5.5 2
5.8 1 182 24 7.7 2 146 22 6.7 5

103 15 6.7 1
62 10 6.2 6

6.9 5 _ _ 9 9
4.5 5 140 31 4.5 5 133 32 4.2 5
5.5 4 absent 83 21 3.9 5

6.2 6 106 11 10.0 4 432 36 12.3 3
4.1 5 absent 105 27 3.8 5
6.5 4 96 24 4.0 5 100 29 3.5 5
2.9 5 absent 123 21 6.1 1
5.4 1
5.0 1 99 10 9.9 1 115 14 8.5 4
9.2 1 93 15 6.2 4 92 18 5.2 4

te rv en o u s  areas in m ost o f  the species. In Peri- 
s trophe  speciosa  they are m arkedly  curved .

O n the basis o f  the s ize and  shape o f  the 
cysto liths  occurring in th e  species s tudied  they  
may be classified as follows: (1) e longated , 
na rrow , tapering at one en d  (breadth : =£21 p m ,  
leng th /b read th : 5=4.0; F ig. 4 A); (2) e longated , 
b road , tapering  at one end (b: ^ 2 2 p m ,  1/b: 5=4.0; 
Fig. 4 B); (3) elongated, taper ing  at bo th  ends 
(1/b: 5=4.0; Fig. 4 C); (4) e longa ted ,  na rrow , b lunt 
at bo th  ends (b: =£20/tm , 1: 5=80^ m ;  Fig. 4 D); 
(5) e longated , broad, b lu n t  at bo th  ends (b: 5=21 
p m ,  1: 5580/^m; Fig. 4 E); (6) short ,  narrow , b lun t 
at bo th  ends (1: =£80p m ,  1/b: 5=5.0; Fig. 4 F); (7) 
short ,  b road , blunt at both  ends  (1: =£80,«m, 1/b:

2 .1-4 .0 ; Fig. 4 G); (8) rounded  (1/b: =$2.0; Fig. 4 
H); (9) irregular (Fig. 4 I-O ). T he sizes and types 
o f  the cystoliths  are show n in Table 5. In A n isa ­
can thus  virgularis in in tervenous areas of the 
low er epiderm is very short and narrow  
cysto liths  occur. T hey  co rrespond  to the type 
(7), but the breadth  o f  the cystoliths is markedly 
less than  that of the species charac terized  by the 
type (7). In in tervenous areas o f  the upper  
ep iderm is in R hinacan thus  com m un is  ano ther  
type  o f  cysto lith  som etim es occurs. I t is irregular 
and  p rov ided  with short p ro tuberances  (Fig. 4 
T -X ) .  In m ost species the sizes o f  the cystoliths 
are  m uch the sam e in in tervenous areas and on 
the midrib.
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T he cys to liths  are  provided  with rounded 
tuberc les , m ore  or less densely  distributed over 
the surface (Fig. 4 B -H ).  In R uttya  fru ticosa  and 
R h in a ca n th u s  co m m u n is  the  tubercles are 
sparsely  d is tr ibu ted  (Fig. 4 A, P). Clinacanthus  
s iam ensis  and  O don tonem a  differ in having 
irregular tube rc les  (Fig. 4 R, S).

D iscu ssion

E piderm al cells, in tervenous areas. In most of 
the species s tud ied  the cell shape is different on 
the tw o surfaces  o f  the leaves. The degree of 
undula tion  is the  ch ief  varying factor. The use of 
cell wall undula tion  as a taxonom ic character 
calls for the  u tm ost caution  (S tace 1965). H o w ­
ever, it is in teres ting  to com pare  the findings of 
De (1967 b) w ith  the results  o f  the present study. 
De found th a t  the epiderm al cells in in tervenous 
areas o f  bo th  surfaces o f  the leaves were 
straight-walled in O d on tonem a  strictum.  This is 
in ag reem en t w ith  m y own findings. In A systasia  
gangetica  and  R hinacan thus  nasuta  (L.) K urz  
(=  R. co m m u n is )  the cell walls w ere found to be 
“ w a v y ” . This  is also in agreem ent with my find­
ings. It is inappropria te  to com pare  the results 
from  the o th e r  species s tudied by De with my 
ow n findings, since we have not studied the 
sam e species. H ow ever ,  De found that in 
P seu d era n th e m u m  bicolor  Radik, the cells were 
straight-walled , while they in Ecbolium viride 
(Forsk .)  Merrill were said to  be slightly wavy. 
The cell walls in the species o f  P seuderan the­
m u m  s tudied by me are e ither sinuous or slightly 
s inuous, while in Ecbolium  revolu tum  they are 
slightly s inuous or straight.

Costal cells. T he  difference in size of the costal 
cells o f  the  low er and upper epiderm is is p rob­
ably o f  little value taxonom ically , since differ­
ences w ere  found be tw een  the species in one and 
the sam e genus. This is most prom inent in P seu ­
dera n th em u m .

S to m a ta .  T he  frequency  o f  s tom ata  is often 
s ta ted  as the  num ber o f  s tom ata  per  m m 2. Since 
the s tom atal frequency  often varies on different 
parts  of one single leaf, and on different leaves o f  
one plant, it is be t te r  to use the stomatal index 
(Salisbury 1927). T he  varia tions in stomatal fre­
quency  then  can be a lm ost cancelled.

F rom  Table  1 can be seen tha t the studied 
species o f  A systasieae  show  values for the

stom atal index which differ only slightly from 
each  other. T h e  sam e is true  for the stomatal 
frequencies , with the  exception  for C ham ae­
ran them um  beyrichii. The species of G rap to­
phylleae show  conform ity as regards the s tom at­
al index, with the excep tion  for R uspolia  seti- 
calyx.  On the o ther  hand the re  are  g rea t differ­
ences  in both  stom atal frequency  and stomatal 
index be tw een  the genera , as also betw een the 
species in one and the sam e genus, in the  other 
tribes. The g reates t varia tion  occurs  in P seude­
ran them um .  Therefore  I conclude tha t the 
stom atal frequency  and  the stom atal index is of 
little value taxonom ically  in the species 
exam ined .

M ore im portan t is the  p resence  or absence of 
s tom ata  in the upper  epiderm is. N o  stom ata 
w ere  found in the upper ep iderm is in P seude­
ran them um .  This is in agreem ent with the find­
ings o f  A hm ad (1974), who studied  6 species o f  
P seuderan them um  and  did not find stom ata in 
the upper  epidermis. S tom a ta  are  also absent in 
the upper  epidermis in the species studied be ­
longing to the G raptophylleae . In the o the r  tribes 
som e species have s tom a ta  in the upper 
ep iderm is, o thers  have  not. De (1967 b) reported  
s tom ata  occurring in the up p er  epidermis in 
R hinacan thus  nasuta .

T he  occurrence  o f  s tom a ta  on the midrib of 
the upper epidermis is res tr ic ted  to Asystasia ,  
Peristrophe, H yp o es tes  and Rhinacan thus .  The 
only species in w hich s tom a ta  occur on the 
midrib o f  the low er ep iderm is are Asystasia  
gangetica  and O d on tonem a  s tr ictum .  In all 
species, w here s tom a ta  o ccu r  on the midrib, 
these  s tom ata  are g rea te r  than  those  occurring in 
in tervenous areas. T he only exception is 
O dontonem a  str ictum .

The same phenom enon  as described  for Dy-  
schoriste perrottetii  (N ees) O. K untze  (K arl­
s tröm  1978) regarding m odification o f  stomatal 
frequency , was found in A sys ta s ia  laticapsula. 
Leaves from herbarium  specim ens of this 
species collected in K en y a  in 1971 w ere studied 
to provide  com parison  with those  of the culti­
vated  material (cuttings from  the  sam e stand). 
S tom ata  w ere p resen t  in the  upper  epidermis 
both  on the herbarium  specim ens and the fresh, 
cu ltivated material. H o w e v e r ,  great differences 
in the s tom atal indices w ere  found. It seems 
clear that the s tom atal frequencies  have di­
minished during the period  o f  cultivation.
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N on-g landu lar  hairs. The size o f  the non-glandu­
lar hairs is of less value taxonom ically  com pared  
with tr ichom e structure . I found that the size 
variation in som e species m ay be considerable 
within the  species. This is in agreem ent with 
A hm ad (1978). The occu rrence  o f  different types 
o f  non-g landular hairs, the n u m b e r  o f  cells o f  the 
hairs , and the differences in the ornam entation  
o f  the  cell walls certainly are  m ore  im portant as 
taxonom ic  aids.

A hm ad  (1974) reported  tha t non-glandular 
hairs are absen t in P seu d era n th em u m  atro- 
p u rp u re u m  (Bull.) Bailey, P. kew ense  Bailey and 
P. variabile  (R. Br.) R ad ik .,  sparsely  occurring 
in P. bicolor  (Schrank.) Radik , and com m on in 
P. m a laccense  Lindau and  P. grandiflorum  
D omin.

In O dontonem a  str ic tum  non-glandular hairs 
o ccu r  only  on the midrib o f  the low er epidermis. 
In o the r  areas they  are  lacking. A hm ad (1978) 
found no non-glandular hairs at all in O. nitidum  
O. K un tze  and O. stric tum.

In m ost of the species s tud ied  non-glandular 
hairs are absen t in in te rvenous  areas  o f  the lower 
ep iderm is , while they  o ccu r  in corresponding 
areas  o f  the upper ep iderm is . This is true for 
m ost o f  the species s tud ied  in P seuderan the­
m eae, G raptophylleae and  O dontonem eae- 
O dontonem inae . In O don tonem eae-M onothe- 
ciinae non-glandular hairs are  absen t in in­
te rvenous  areas on bo th  lea f  surfaces. In the 
third subtribe o f  O d o n to n em eae ,  i.e. Diclip- 
terinae , non-glandular hairs  are  absent in in­
te rvenous  areas o f  the lo w er  epiderm is in Peri- 
s irophe speciosa, H y p o e s te s  aristata  and H. 
verticillaris. In H. an tenn ifera  non-glandular 
hairs are rare  and res tr ic ted  to areas in close 
vicinity o f  veins.

De (1967 b) reported  2 -3-ceiled , thick-walled 
non-glandular hairs with the  basal cell wider in 
R hinacan thus  nasuta.

A hm ad (1974) found b ran ch e d  hairs rarely oc ­
curring in P seu d era n th em u m  bicolor. U nicellu­
lar hairs were reported  as co m m o n  in Asys tas ia  
dalzelliana  Santapau , R h in a ca n th u s  nasuta,  
P seuderan them um  g r a n d i f lo ru m , and P. m a lac­
cense  (A hm ad 1978).

Hairs with the apical cell lying at right angles 
to the basal part and with th ick e r  walls than the 
basal cells occur  in R u t ty a  speciosa  (H öchst.)  
Engl. (Ahmad 1978). This type of hair 
co rresponds  to that found  by me in R . fru ticosa .

G landular hairs. The occu rrence  o f  different 
types o f  glandular hairs is a ch arac te r  of 
taxonom ic  value. In the species studied five 
main types  could be recognized: subsessile hairs 
with 4-celled globular heads ; subsessile  hairs 
with 8-celled globular heads; subsessile  hairs 
with many-celled heads; s ta lked  hairs  with 4-or 
8-celled globular heads; and  stalked hairs with 1- 
or 2-celled heads and  som etim es with 
o rnam en ted  cell walls. N o n e  o f  the tribes or 
subtribes  w ere  found to be charac terized  by only 
one type o f  glandular hairs. H ow ever ,  in the 
species studied belonging to the Odonto- 
nem eae-D iclip terinae the subsessile  glandular 
hairs alw ays were provided  with 4-celled heads. 
T oge ther  with these hairs stalked glandular hairs 
occu r  in Peristrophe speciosa  and  H ypoes tes  a n ­
tennifera.  Subsessile g landular hairs with 2-4- 
celled globular heads w ere reported  in Peri­
strophe tinctoria  N ees , w ith globular 4-celled 
heads  in P. acum inata  N ees ,  P. bicalyculata  
(Retz.) N ees ,  Rungia pec t ina ta  N ees , and 
Dicliptera roxburghiana  N ees  (A hm ad 1978). in  
this la test m entioned species stalked glandular 
hairs similar to those of Peristrophe spec iosa ,  as 
described  above, also occur.  Thus  this subtribe 
show s great conformity as regards glandular 
hairs.

Subsessile  hairs with 4-celled heads also occu r  
in the A systasieae , but here  toge ther  with hairs 
with 8- o r  10-celled heads. Subsessile  hairs with 
4-8-(m ostly  4-)celied globular heads were found 
in A sys ta s ia  spp. (A hm ad 1978).

In the o th e r  tribes and  subtribes subsessile 
hairs with 4-celled heads do not occur,  with the 
excep tion  for Ecbolium revo lu tum  and P achy­
s tachys  lutea. In these species, how ever, the 
heads may also contain 6, 8, or m ore  than 8 cells. 
A hm ad (1978) reported  8-celled globular heads in 
G raptophyllum  pic tum  Griff, 4-celled globular 
heads  in P achystachys  coccinea  N ees and 
R hinacan thus  nasu ta ,  and 4-8-celled globular 
heads in O dontonem a.  T hus  in G raptophylleae 
and  O don tonem eae-O don tonem inae  different 
types  of g landular hairs occur.

O don tonem eae-M onothec iinae  shows great 
conform ity  as regards the g landular hairs. Hairs 
with 8-celled heads dom inate . The dominating 
type occurring  in P seuderan them eae  is sub­
sessile hairs with 8-celled, globular heads. This 
is in agreem ent with A hm ad (1974, 1978).
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Daphne pontica (Thymelaeaceae), new to the flora of Iran, and 
new records for Stelleropsis (Thymelaeaceae)

B. P E T E R S O N

Peterson, B. 1980 03 17: D aphne pontica  (Thym elaeaceae), new to the flora o f  Iran , and 
new records for Stelleropsis (Thym elaeaceae). Bot. N otiser 133: 17-19. Stockholm. 
ISSN  0006-8195.

D aphne pontica  L. (Thym elaeaceae) has been found in the Central Elburz M ountains. It is 
new to the flora o f  Iran. A short description with figures and a map of distribution are  given. 
Additional records for some species of Stelleropsis (Thym elaeaceae)  are given for the  F lora 
Iranica.

B. Peterson, B otanical M useum , U niversity o f  G öteborg, Carl Sko ttsbergs G ata 22, S- 
413 19 G öteborg, Sw eden.

Until now  four species and one subspecies  of 
D aphne  have been  know n for the flora o f  Iran , 
viz ., D. m ezereum  L . ,  D. rechingeri W endelbo ,
D. m ucronata  Royle, D. stapfii  Bornm . & 
K eissl. ,  and D. oleoides  Schreb. subsp. kurdica  
(Bornm .) Bornm. (Peterson  1972).

D ap h n e p ontica  L .

During a botanical trip in July 1974 to the Sang- 
Deh area  (Prov. of M azandaran) about 30 km  SE 
Pol-e Sefid on the northern  slopes o f  the  Central 
E lburz  M ountains, J. Rertz and M. I ranshah r  
collected  some specim ens (n. 16822) that proved  
to be a species o f  D aphne,  previously  not re ­
corded  from Iran, viz. D. pontica  L. During 
an o th e r  visit to the same a rea  in M ay 1975 it was 
possible for J. Renz to collect specim ens in 
flower. The collections w ere made at an altitude 
o f  2400 m. Specimens (Renz in R echinger n. 
52684) are preserved in E V IN , GB, T A R I, and 
W.

D aphne pontica  is found in SE Bulgaria, T u r­
key  (along the Black Sea coas t in both  E uropean  
and Asiatic parts) and G ruziya  (Georgia) in 
W estern  T ranscaucasia . The range o f  d is tr ibu­
tion o f  the species is shown by C zeczo tt  (1937, 
Fig. 9) and G rossheim (1962, Map 253). There  is 
a large gap of 500-900 km betw een the  Iranian 
localities and the nearest  one in the W estern  
C aucasus  (Fig. 1). This kind o f  d isjunction is not

unusual. O ther good exam ples  are found  in the 
d istributional patterns o f  e. g. Erythron ium  cau-  
cas icum  G. W oron., P aeonia  w ittm anniana  
H artw iss  ex Lindl. and Vaccin ium  arctosta-  
phylos  L. There  is good reason  to assum e that 
the gap in distribution in the C aucasus  is real as 
this region seem s to be well investigated. On the 
o the r  hand the Caspian fo rest o f  Iran  are  still 
underco llec ted  and species new  to the region are 
found by several collectors. Thus a subspecies of 
Cortusa m atth io li  was reported  as new  to Iran by

Fig. 1. K nown distribution of D aphne pon tica . •  = 
Iran. M azandaran , Sang-Deh. *  =  Iran. Gilan, 
A rbustan, Yehlah (exact locality not known). Hatching 
indicates areas where the species is fairly common.

CaspianM
Sea

Black Sea
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I ranshah r  and  Renz from the same locality 
w here  they  found D aphne pontica  ( Iranshahr & 
W endelbo  1976). O ther fores t species recently  
found are Pyrola  secunda  (F rey  & Probst 1977), 
P. rotundifolia  and O robanche f la v a  (Assadi & 
W endelbo  1977).

A ccording to  specim ens at the British 
M useum  and K ew  D. pontica  was collected in 
Iran  (A rbustan ,  Yehlah) a lready  in 1936 by Miss 
N. L indsay. I t has not been possible to find the 
geographic position of this locality, but, acco rd ­
ing to o th e r  collections by Miss L indsay at the 
sam e tim e, it m ust be s ituated som ew here  in the 
province o f  Gilan. The species does not seem  to 
have been  recollected  in this area .

D aphne pontica  (Fig. 2; also Brickeli & 
M athew  1976: 164) belongs to  the section Lau-  
reola. T he  flow ers appea r at the base of the 
cu rren t  y e a r ’s leaves thus differing from D. 
m ezereum  and  D. rechingeri o f  the section M e-  
zereum  with flow ers arising from  the axils of the 
p revious y e a r ’s leaves. The flowers o f  D. p o n ­
tica are g labrous and vary in colour from pale 
yellow to g reenish  w hereas D. m ezereum  and D. 
rechingeri h av e  white, c ream  or pink flowers, 
som etim es hairy . The calyx lobes of D. pon tica  
are about as long as the tube , 5-11 mm, and 
usually recu rved .

The very  closely rela ted  D. albowiana  G. W o ­
ran . ex Pobed . (syn.: D. pon tica  subsp. haem a-  
tocarpa  G. W oran .)  differs from  D. pontica  in 
having sm aller and th inner leaves and in smaller, 
bright red to red berries. D. albowiana  is re ­
co rded  from  ab o u t the same area  of the W este rn  
C aucasus  a s D .  pontica .

Description.  A n  erect, sparingly branched  shrub  
up to 1 m. Branches  b row nish , glabrous; young 
shoots  greenish . Leaves  c lustered  at the ends o f  
the b ranches , (30-)45-72(-90) mm long, (15-) 
23—33(—38) m m  wide, obovate  or obovate- 
oblong, acu te ,  tapering to the base ,  subsessile or 
sessile, g labrous ,  glossy. Flowers  generally in 
pairs, som etim es  1 or 3; peduncles  15-25 mm 
long, in the  axils of bracts  at the base o f  the 
cu rren t y e a r ’s leaves; pedicels 5-8 mm long; 
hypan th ium  6-12 mm long, s lender, sm ooth , 
greenish-yellow  or pale yellow; lobes 5-11 mm 
long, narrow ly  lanceola te , acu te ,  spreading. O v­
ary g labrous. Berry  black or bluish black, 5 -6  
mm long, 3-4  m m  wide.

c

Fig. 2. D aphne pontica . —  A: Flowering branch, x 
0,9. — B: Dissected flower, x  2.7. — C: Fruit,  x 
2.7.— A & B from Renz in Rechinger 52684 (GB), C 
from Renz & Iranshahr 16822 (GB). Drawing: Gunnel 
Peterson.
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I will take  this opportunity  to re p o r t  a few new  
records  for some o the r  species o f  T hym elaea­
ceae  for the F lora Iranica:

S te llero p sis  an ton inae Pobed.

Persia. E: Khorasan: In collibus airgillosis inter 
S hahabad  et Bojnurd, 36 km a Bojnuird occidentem  
versus, 800 m, 23. V. 1977, K. H. R ech inger 55547 (G). 
—  C: Damghan-Semnan: In m ontibus p rope  Tuw eh  a 
Damghan boreo-occidentalem versus,  1900-2500 m, 
7 .VI. 1977, K. H. Rechinger 56469 (G); 33 km N E  
Sem nan versus Damghan, 1600-1700 m ,  25.IV. 1975, 
K. H. Rechinger 50248 (G, GB); 43 km SW Damghan, 
1300 m, K. H. Rechinger 50265 (G, GB).. Tehran: Nim- 
rud W Firuzkuh, 1600-1700 m, 29.V. 1975, Renz in 
Rechinger 53997 (G, GB).

S. iran ica  Pobed. subsp. iran ica

Persia. E: Khorasan: In m ontibus serpentin ic is  prope 
Robat-e-Safid inter M ashhad et T o rb a t-e  Heydariyeh , 
1800-2000 m, 29.V. 1977, Renz & R u n em ark  in R e­
chinger 55991 (G).

S. iran ica  subsp. pilosa B. Peterson

Afghanistan. E: Ghazni: Col, 15 å 20 km au N de 
Ghazni, 2250-2400 m, 18.IV. 1958, Pabot A 606 (G).
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Announcements from the Hunt Institute

Nom inations for Lawrence Memorial Award

The A w a rd  C om m ittee  of the G eorge H. M. 
L aw ren ce  M em orial Fund  solicits nom inations 
for the 1980 L aw ren ce  M em orial Award. The 
F und  and  A w ard  have  been  established on a 
p e rm a n e n t  basis  to honor the m em ory of Dr. 
L a w re n c e ,  founding D irec to r  o f  the H un t Insti­
tu te  fo r  Botanical D ocum en ta tion  at Carnegie- 
M ellon U nivers ity .  T h e  purpose  o f  the A ward is 
to su p p o r t  travel f o r  doctoral dissertation re­
search  in system atic  botany  or horticulture , or 
the ir  h is to ry ,  including li terature and exp lora­
tion. It is ex p ec ted  that the 1980 A ward will 
am oun t to  $1,000, w hich will be available to the 
rec ip ien t for expenditu re  during the tw o-year 
period f ro m  date  o f  aw ard . A w ard  funds will not 
be app licab le  to  research  travel accomplished 
prior to  the  date  of aw ard.

M ajor p ro fesso rs  and  o the r  relevant faculty 
are u rged  to  subm it letters o f  nomination for 
ou ts tand ing  doctora l s tuden ts  who have 
ach ieved  official cand idacy  for their degrees, 
will be conduc t ing  d isserta tion  research  in one of 
the a b o v e  fields during the com ing two years, 
and  w h o se  w ork  would benefit significantly from 
the trave l  the A w ard  would allow. The C om ­
mittee will consider nom inations only— no direct 
app lica tions  will be en terta ined . A potential 
c and ida te  w ho w ishes to be considered  should 
reques t h is /h e r  m ajor p rofessor to submit a 
nom ina tion  in h is /her  behalf. This may take the 
form o f  a le tte r  o f  nom ination  and endorsem ent 
which co v e rs  supporting  materia ls  prepared by 
the cand ida te .

A nom ina tion  (or supporting  materials) should 
describe  briefly but c learly  the cand ida te ’s p ro ­
gram o f  re sea rch  and how  the travel enabled by 
the A w ard  would con tribu te  significantly to its 
quality. L e t te rs  o f  nom ination , toge ther  with any 
supporting  m ateria ls , should be received by the 
C om m ittee  no la ter than 1 April 1980. The 
aw ardee  will be selec ted  and the decision 
a n n o u n ce d  by 1 M ay 1980. N om inations and 
supporting  m ateria ls , reques ts  for further infor­
m ation, an d  any o th e r  com m unica tion  regarding 
the  F und  and  A w ard  should be directed to: Dr. 
R obert  W. Kiger, D irector, H un t Institu te ,

Carnegie-M ellon U nivers ity , P ittsburgh , PA 
15213. Tel. (412) 578-2434.

Post-graduate  Fellow sh ip

T he H u n t Institute for Botanical D ocum entation 
(Carnegie-M ellon U nivers ity ,  P ittsburgh, PA) 
invites applications for 1980-81 appoin tm ents  in 
its continuing  program o f  post-graduate  research 
fellow ships for jun ior  scholars  (i.e., those with 
recen t Ph. D. or o the r  appropria te  terminal 
g raduate  study). N orm ally, fellowship tenure is 
limited to one  year, bu t renew al for an additional 
y ea r  m ay be possible in exceptional cases. 
Fellow ships  are tenable in any o f  the  Ins ti tu te ’s 
field o f  research , principally  the History of 
B otany , Botanical B iography and  Iconography, 
Botanical Bibliography, and H is to ry  o f  Botani­
cal Art & Illustration. Fellow s undertake re ­
search  projects of the ir  ow n choice, working 
closely w ith and directly under  the supervision 
o f  sen ior Institu te  faculty.

O ne H un t Fellowship will be aw arded for 
academ ic year  1980-81 (10-month period), co m ­
m encing Sep tem ber, with a stipend of $10,000. 
A pplicants  should submit a curriculum  vitae, 
nam es o f  at least th ree  persons  familiar with 
the ir  academ ic qualifications w ho will provide 
recom m endations  on reques t,  and reprints or 
copies of published w ork , if any. A brief but 
specific description o f  the ap p lican t’s proposed 
research  project must accom pany  the applica­
tion; pro jec ts  must be suscep tib le  of com pletion, 
ready  for publication, within the fellowship 
period. Potential applicants having a strong in­
te re s t  in botanical docum en ta tion  but no specific 
p ro ject in mind are encouraged  to contact the 
Institu te  for further inform ation about its 
facilities, collections and re search  program, and 
for consultation  on possible projects. A pplica­
tions deadline: 1 April 1980. Selection and notifi­
cation by 1 May 1980. D irect inquiries, letters of 
application, and supporting materials  to Dr. 
R obert W. Kiger, D irector, H un t Institute, 
Carnegie-M ellon U niversity , Pittsburgh, PA 
15213.



The inflorescence of Calceolaria
L E N N A R T  A N D E R S S O N  and U L F  M O L A U

Andersson, L. & Molau, U. 1980 03 17: The inflorescence of Calceolaria. Bot. N o tiser  133: 
21-32. Stockholm. ISSN 0006-8195.

The variation in inflorescence organization in Calceolaria  is conveniently  described  using 
an architectural model with a pair-flowered cyme as the fundam ental module. T he basic 
growth habit is that o f  a low-growing shrub or subshrub. T he flowering shoots are 
hapaxanthic  and have a decussate  phyllotaxy. From the axils o f  the upper leaf pairs cym es 
arise, and the tw o uppermost cym es seem to be branches from a dichotom y. T he dichotom y 
is in terpreted  as a pseudo-dichotomy. The flower pair, which occurs  at each b ranching  of 
the cym e, consists of flowers with the same orientation and takes  the position o f  terminal 
flowers in normal cymes. It is interpreted  as a terminal flower and  the flow er from its 
reduced bracteole. A num ber of variations on this basic them e are found in the  genus. 
Through the formation of lateral b ranches, which repeat the pattern  of the main axis, 
polytelic synflorescences arise. In short-lived herbaceous species, the major p a r t  o f  the 
aerial plant body is made up o f  a few cymes with the capacity  o f  much prolonged grow th. In 
the rosulate perennial herbs, the num ber of cymes and of flowers per cy m e is much 
reduced, this ultimately leading to one-flowered inflorescences. In the section Z yg o p h y lla , 
the d ichotom y is often replaced by a short sterile shoot segment. This is in te rp re ted  as a 
derived condition. Interpretations are based on data  from ontogeny and com parative  
morphology.

L ennart A ndersson  and U lf M olau, D epartm ent o f  S ystem a tic  B otany, U niversity o f  
G öteborg, Carl Sko ttsbergs Gata 22, S-413 19 G öteborg, Sw eden.

Calceolaria  is the largest genus o f  the Scrophu- 
lariaceae  in South A m erica , and  ranges from S 
M exico  to Cape Horn. It com prises  at least 300 
species, which all have an inflorescence o r­
ganized in the same basic m anner ,  though often 
much modified. When initiating a taxonom ic re ­
vision of the Calceolaria  species occurring in 
N W  South  America, Molau (1978 a) proposed  a 
descrip tive  terminology for inflorescences and 
flow ers. At the same time a morphological in­
te rp re ta t ion  of the inflorescence w as suggested, 
based m ainly on studies o f  herbarium  material. 
In the  custom ary  colleaguial m anner,  we had 
d iscussed  several possible in terpre ta tions  and 
agreed  on what appeared to be the simplest one. 
The p u rp o se  of that in te rp re ta tion  was to define 
c learly  the  terms applied to taxonom ically  im ­
p o rtan t  s tructu res, term s w hich w ere used in 
prev ious trea tm ents  o f  the genus (e.g. Pennell 
1951, Edw in 1971). The taxonom ic  literature 
consu lted  did not give any  fu r th e r  inform ation on 
the inflorescence of Calceolaria  or  related gen­
era  with similar organizational pa tte rn s .

L a te r  Molau had the oppo rtun i ty  o f  gathering 
seeds from  wild plants in E c u a d o r  and  co m p ara ­
tively am ple cultivated m ateria l beca m e  avail­
able. S tudies o f  this m ateria l revea led  that de­
ve lopm ent and orientation o f  the flow ers de­
viated from that expec ted  from  our in te rp re ta ­
tion. T herefore ,  we found ourse lves  com pelled  
to reconsider  the case. Focusing  on m ore  purely 
morphological problem s, som e G erm an  litera­
ture (too often neglected in A m erican  taxonom y) 
was consulted  (e.g. Goebel 1931, W ebe r  1973, 
R itterbusch 1976) and as a result ano ther  and 
m ore com plex  in terpreta tion  appea red  more 
probable . We therefore dec ided  to test our 
hypothesis  in an investigation based  on the culti­
vated  material, the results being here p resen ted .

M aterial and methods

The material used was grown from seeds gathered 
from wild material and cultivated at approxim ately 
12°C. Flowering was induced by adjusting day length 
to 12 hours. Ten species representing  all major or­
ganizational patterns were used for the basic study,
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which was supplem ented by a scoring of some fifty 
species in the herbarium. It was observed that al­
though branching patterns remain constan t in cultiva­
tion, cultivated specimens usually have fewer flowers 
than specim ens gathered in the field.

The general patterns of organization were studied in 
branches with m ature or nearly m ature flowers and the 
entire flowering branch was analyzed in order to ascer­
tain the relationship between flowering and vegetative 
parts o f  the plant body.

D evelopm ent of the inflorescence was studied in C. 
h elian them oides  and (less extensively) C. trilobata. 
A bout 100 actively growing shoots were dissected but 
about two thirds were found to be in a vegetative 
phase. In o rd e r  to lessen the refractive disturbances 
caused by glands or hairs, dissection was usually 
carried out in a drop of 70 % ethanol. Dissections were 
made under a stereo microscope at magnifications up 
to 50 x ,  and all drawings were made with the aid of a 
cam era  lucida.

The internal structure of 10 inflorescence buds (3 
spp.) was studied  in serial sections. The buds were cut 
off when c. 5 mm long, fixed in K arpechenko’s fluid 
and cut on a rotation microtome at c. 10//m.

F u n d am en ta l patterns o f in florescen ce organ iza ­
tion

T o illustrate the fundam ental patterns  o f  in­
florescence organization, we have chosen C. h e ­
lian them oides  H. B. K. (Figs. 1 D, 2, 3). The 
reasons  are  that (1) it has a ra the r  small and 
persp icuous inflorescence w hich illustrates well 
the basic features (2) it is readily cultivated and 
flow ers continuously  w ithout a pronounced  
period of do rm ancy  and could there fore  provide 
am ple material for investigation (3) it is essential­
ly g labrous, which lessens the refractive d is­
tu rbances  at high magnifications. The species 
was trea ted  taxonom ically  by Molau (1978 b).

A lthough it is chosen as a model here, C. 
helian them oides  is by no m eans a primitive 
m em ber of the genus. The floral structure is 
highly specialized and the species possesses  
several advanced  vegetative features , e.g.

B O T. N O T I S E R  133 (1980)

fascicula te  leaves. It is a low -grow ing subshrub  
endem ic  to  the highlands o f  S E cu a d o r ,  w here it 
is ab u n d an t in relatively dry sites in open  m oun­
tain scrub  and grass param o. The stem s are 
m onopodial in the vegetative phase , w oody at 
base  and  herbaceous distally. T he  herbaceous  
part dies w hen the fruits are m ature  and  growth 
is re su m ed  by lateral shoots  from  the  w oody 
proxim al part of the stem . In this w ay the  plants 
soon  atta in  a  tufted grow th habit. F low ering 
seem s to be fairly con tinuous also in nature .

The flowering part o f  the shoo t system  is con ­
veniently  term ed a polytelic synflorescence 
(Troll 1964, W eberling 1965). It is thus m ade up 
o f  a num ber o f  more or less equal units ,  so-called 
f lo rescences . In the exam ple  dep ic ted  in Fig. 3, 
the synflorescence consis ts  o f  a main flores­
cence  (M F) and tw o co-flo rescences  (CoF). The 
la tte r  ones  are  lateral shoo ts  tha t,  m ore  or less 
perfectly , repea t the pa tte rn  o f  the M F. Each 
f lo rescence  is made up o f  tw o cym es, in which 
the first branching is basically  dichasial, al­
though the  pa tte rn  is com plica ted  by the o ccu rr ­
ence  o f  front flowers. The second  and  sub­
sequen t branchings are m onochasia l and also in 
these ,  front flowers com plica te  the  picture.

T he tw o  cym es of a f lo rescence  are b ranches  
from  a dichotom y. This d icho tom y is to ­
pographically  im portant, as in m ost species of 
the genus a f lorescence can  be defined as the 
largest e lem ent containing a single d ichotom y.

The first branching o f  a cym e yields four 
b ran ch e s ,  tw o lateral ones in the plane o f  the 
cym e b rac ts  and two central ones  decussa te  to 
the cym e bracts (Figs. 2 A, 3 B). The two central 
b ranches  are the pedicels o f  tw o flowers with the 
sam e orientation. The dorsal one is the terminal 
f low er (1) and the ventra l one (flowering som e­
w hat later) is its front f low er (f 1). The lateral 
b ran ch e s ,  considerably  s tou te r  than the 
pedicels , continue to b ranch , but now in a

Fig. 1. Exam ples of  inflorescences in Calceolaria. —  A -B: C. rosm arin ifo lia , a species characterized by an 
inflorescence o f  3-4 pairs o f  few-flowered cymes with all flowers flowering a lm ost simultaneously. In B, the 
faded terminal flowers o f  the two distal cym es are indicated. —  C: C. crenata , young inflorescence seen obliquely 
from above. This species has a prolonged period of flowering and the young buds are concealed by the older 
flowers. —  D: C. h e lian them oides, terminal part o f  a flowering shoot, showing two cym es, both with the terminal 
flower recently  unfolded and the o thers  in bud. —  E: C. tripartita , a vigorous specim en with an inflorescence of 
two cymes. —  F: C. lanceo la ta , a reduced  inflorescence of tw o one-flowered cym es. — A, B, E wild plants from 
Portete  de Tarqui, Azuay province , S E cuador (photo M. Neuendorf) . C, D, F  cultivated material. —  V ouchers: 
A -B  Harling et al. 14969 (GB), C Harling et al. 14845 (GB), D Harling et al. 15073 (GB), E Harling et al. 14972 
(GB), F without voucher. —  Abbreviations: 1 terminal flower; 2 lateral flower o f  the first order, etc.; fl  front 
flower o f  the terminal flower, e tc .;  cb cyme bract.
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A 10 mm 
B 5 mm

Fig. 2. C alceolaria helian them oides. —  A: A young 
cyme. — B: A lateral branch o f  the same cyme e n ­
larged. — A bbreviations as in Fig. 1. — Voucher: 
Harling et al. 15073 (GB).

m onochasial m anner (Figs. 2, 3 A). E ach  
m onochasial branching  yields three  flowers, viz. 
a term inal flow er, its front f low er and a lateral 
flower. F rom  the pedicel o f  the lateral flower a 
tertiary , m onochasia l branching may occur. In 
the p resen t exam ple  it is incom plete and re p ­
resen ted  by the front flow er f3 only (Fig. 2 B).

In terp reta tion s

The d icho tom y.  T he  d icho tom y is best explained 
as a p seudo-d icho tom y arisen through the ab o r­
tion o f  the main shoot apex. The actual ev idence 
for such an in terpreta tion  is ra the r  slight, h o w ­
ever. N e ither  necro tic  tissues , no r superfluous 
vascular s trands have been  found in the nodal 
region and the  vascular system  branches in tw o  
equal parts  (Fig. 4). At the earliest stage at w hich 
a d icho tom y has been obse rved  (Fig. 5 A -C ), 
tw o large b ranch  prim ordia  are  seen with a m i­
nute bulge in be tw een . This bulge soon d is ­
appears ,  it is de tectab le  only in microscopical 
sections, even  a t a stage w here  less than ten

cyme

"cb CoF

* O

di
+

Fig. 3. Diagrammatic represen ta tion  of a flowering 
b ranch  of C. h e lia n th em o id es . —  A: showing mainly 
axes and connections. —  B: A projection diagram 
showing the orientation o f  the flowers of the distal pair 
o f  cym es; the cutting arc indicates the position of the 
upper  lip. — Abbreviations: C oF  co-florescence; di 
(pseudo-)dichotomy; M F main florescence; the others 
as in Fig. 1.

flow ers have begun to d ifferentiate  (Fig. 4 A-B).
A t the beginning of a p la s tochron , the vegeta­

tive shoot apex of Calceolaria  is nearly plane. 
Due to  fusing o f  the leaf p rim ord ia  around the 
axis, it soon appears  m ore  o r  less concave. 
T here fo re ,  the bulge apparen tly  indicates a slight 
m eris tem atic  activity in the  region between the 
b ranch  prim ordia, which ceases  very soon, how ­
ever. T he cessation o f  grow th  apparently  occurs 
so early  that the term inal apex  does not affect 
s te lar differentiation.

T h e  transition from the vegeta tive  to the flow­
ering phase  is m arked by a p ronounced ly  p rem a­
ture  form ation  o f  axillary buds. In the vegetative 
phase  these are  first externally  discernible d u r ­
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■ < ©  

B—D 0 5 mm

Fig. 4. D iagram m atic rep resen ta tio n  o f stelar s tru c­
tu re  o f a young dichotom ous node o f C. crenata,  solid 
black indicating procam bial tissue. —  A: Longitudinal 
section  reconstructed  from  slightly oblique transverse  
sections. T he actual plane o f sectioning is indicated by 
the broken  lines. N ote the d ifferen t scales o f  ordinate 
and absc issa . — B-D: T ran sv erse  sections at the three 
levels indicated by broken lines. —  V oucher: Harling 
et al. 14845 (GB).

ing the third p lastochron, while they becom e 
large and conspicuous during the first p lasto ­
chron in the flowering phase  (cf. Fig. 5 G). This 
com bined  with the very early  cessation of 
grow th in the terminal apex  is obviously  the ex­
planation for the unusual type  o f  branching. 
Fu r th e r  evidence is offered by the in tercalary  
inflorescence of C. trilobata  H em sl. and o ther 
species o f  sect. Zygophylla  (cf. below).

T he dichotom ous b ranching  in the  Calceolaria  
inflorescence em phasizes tha t the difference be ­
tw een  a pseudo-dichotom y and a secondary  
d icho tom y is som etim es a d ifference of degree 
ra th e r  than  of kind. In cases similar to the p res­
ent one, the interpretation d ep en d s  on how early 
apical grow th ceases and how  well we can study 
the p rocess. Due to the p rem a tu re  form ation of 
axillary buds, these are virtually  initiated within 
the very  apex, rather than in m aturing  tissues.

Front f lo w ers .  F ron t flow ers (V orblüten) may be 
defined as flowers that ar ise  in an  ou te r  m edian 
position at a di- or m onochasia l branching in 
addition to the normally  positioned  flowers. 
F ront flow ers occur in the  G esneriaceae  and in 
som e genera  o f  the Scrophu la r iaceae . By defini­
tion, a str ic t distinction is m ade be tw een  front 
flowers and  accessory  flow ers (V orderb lü ten , 
Beiblüten; for fu rther d iscussion  see Irm scher  
1959, W eber  1973, 1978). The term inal flow er of 
a d ichasium  and its front flow er have  the same 
orien tation  (Figs. 1 C, 2, 3 B, 6 B, 7 B, 11 B) and 
in Calceolaria  they form  a pair tha t is de- 
velopm enta lly  in advance  o f  the tw o lateral 
flow ers (Figs. 1 C, D, 2, 5 E , F , I -K ) .  In Calceo­
laria the  fron t flower alw ays lacks a  subtending 
bract.  F ron t  flowers have  been  in terpreted  as 
accesso ry  b ranches  (G oebel 1931, Troll 1964, 
1969), as axillary b ranches  from  the  “ axil”  of a 
suppressed  bracteole  ( I rm scher  1959, W eber 
1973, R itterbusch  1976), o r  as one o f  two lateral 
f lowers o f  a reduced  d ichasium  (M olau 1978 a).

O ntogeny clearly show s tha t o f  the  four flow­
ers arising at the node o f  the cym e b rac ts ,  one is 
term inal, while the three o the rs  are  lateral (Fig. 5 
E, F , H , I). O f these th ree  flow ers, tw o arise in 
the axils o f  the cym e b rac ts ,  while one , the front 
flower, arises in an extra-axillary  position (Fig. 5 
E, I). In C. helianthem oides  (num erous  o b se rv a ­
tions) the front flower is initiated before the la t­
eral flow ers (Fig. 5 E , F). In C. trilobata  the 
lateral buds arise first (Fig. 5 H , I, a single 
observation) but are soon su rpassed  by the more 
rapidly developing front flower. T he  front flow er 
and the term inal flower often reach  anthesis  
alm ost sim ultaneously  and even  w hen  there is a 
p ronounced  difference, they  usually flow er 
m uch before the lateral flowers.

A pparently , the position o f  the front flower is 
m ore favourable  than that o f  the la teral flowers, 
which are squeezed in be tw een  the terminal 
flow er and a cym e bract.  It is a general 
phenom enon  in C alceo lar ia , as in many o ther  
genera  of the Scrophu lariaceae  and allied 
families, that the outer face o f  an inflorescence is 
m ore vigorously developed, w hich leads to m ar­
kedly dorsiventra l shoot system s (e.g. Fig. 1 C). 
The phenom enon  is com m only  term ed ex o ­
trophy.

As show n by Irm scher (1959) and W eber 
(1973), front flowers may in som e species have 
subtending b racts  and one o f  the reasons for
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cb

® W /cp
cb

A —C,E, F 0 .5 mm 
D, K 1.0 mm ___ G —I 0.5 mm

Fig. 5. O ntogenetic  sequences o f C. helianthemoides  (A -F ) and  C. trilobata. —  A -C . A dichotom izing shoot tip 
w ith tw o  b ranch  prim ordia. A: L ateral view. — B: M edian longitudinal section . —  C: Seen from  above , the two 
leaf p rim ord ia cu t off. —  D: E n tire  inflorescence at a som ew hat la ter stage. —  E: A detached  cym e, sam e stage as 
D. —  F: A de tached  cym e at a la ter stage, 1 and fl cu t off. —  G -K : C ym es from  four successive nodes o f a 
developing b ranch . G: Shoot tip with an undifferentiated  cym e prim ordium  in the axil o f the second pair o f  leaves, 
H: D etached  cym e with prim ordia o f a term inal and tw o la teral flow ers. I: D etached  cym e afte r the form ation  of 
f l .  K: D etached  cym e with the  second order lateral flow ers differentiating. —  All draw ings m ade from  live, 
cu ltivated  m aterial. —  V ouchers: A -F  Harling et al. 15073 (G B ), G -K  H arling et al. 14889 (GB). — A bbrevia­
tions: a (m ain shoot) apex; bp branch  prim ordium ; cp cym e prim ordium , lb la teral bud; the o thers as in Fig. 1-

regarding them  as accesso ry  (cf. Goebel 1931) is 
th e reb y  rem oved . Their  orien tation  coincides 
with w ha t is to be expec ted  from  a flower in the 
b rac teo la r  axil and  on togeny  conclusively 
p roves  the ir  lateral nature. T heir  peculiar d e ­
v e lopm en t is in agreem ent with m ore general 
p h en o m en a  operating  in the flowering phase of 
shoot on togenesis ,  viz. p rem atu re  developm ent 
o f  axillary buds and exo trophy .

In our  opinion, all facts  support W eb e r’s 
(1973) in terpre ta tion  accord ing  to which front 
flow ers rep resen t  “ tru ly”  axillary flowers, 
w hich have  a tta ined  the ir  p resen t position 
th rough the  suppression  o f  the pre-prophyllar

in ternode  and o f  the prophyll (bracteole) itself. 
T hrough  the action of ex trem e exo trophy , inhibi­
tion is com plete at the inner median position. 
Som e in term ediate stages w ere  d iscussed  by 
Irm sch e r  (1959) and W eber (1973).

V aria tion s on  the them e

With starting point in the descrip tion  o f  C. he­
lian them oides  and the concep ts  there in tro­
d uced ,  a num ber o f  in flo rescence  types can be 
d iscerned . It is conven ien t to regard the cyme as 
a fundam enta l module and to describe  the varia­
tion as differences in e labo ra teness ,  num ber and
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position o f  the cym es. In m any species, the 
cym es are arranged into synflorescences, this 
being a  higher level o f  organization. The limit 
b e tw een  simple in florescences  and synflores­
cences  is ra th e r  conditional and  it is im portant 
tha t the  entire plant be taken  into consideration 
w hen  the higher levels o f  organization are an a ­
lyzed. N o sharp  limit can be drawn betw een 
vegeta tive  and flowering shoot systems.

C alceolaria crenata L a m .

C. crenata  belongs to the sam e section as C. 
he lian them oides  (Tham nobia  Pennell, cf. Molau 
1978 b) and has essentially  the  same organiza­
tion, bu t  the inflorescence is a lw ays simple, i. e. 
n ev e r  a  synflorescence. It consis ts  o f  two or 
th ree  pairs o f  cym es and the main axis ends with 
a d icho tom y. C. crenata  is a som ew hat s tou te r  
p lan t,  how ever ,  and the cym es are considerably 
m uch  m ore e laborate  (Figs. 1 C , 6). In addition 
to the  term inal flow er o f  the cym e and its front 
f low er the re  are up to ten o rd e rs  o f  lateral flow­
ers , each  o f  them  with a front flower. Due to the 
large n u m b e r  of flow ers th e re  is not space 
enough  for the realization o f  th e  “ ideal”  angles 
o f  branching. Later-form ed flow ers are therefore 
to be found in a ventral ra the r  than  in a m edian 
position  and young m onochasia  are curved  in a 
boragoid-like fashion. As an thesis  proceeds the 
m onochasia l chains unfold and becom e sp read ­
ing. In spite of the large n u m b e r  o f  flowers there  
is still only one dichasial b ranch ing , all o thers  
being monochasial.

Calceolaria trilobata H em sl.

The flowering shoot o f  C. tr ilobata  is rem arkable  
in tha t the main shoot does not dichotom ize bu t 
p roduces  a num ber o f  vege ta tive  nodes distal to 
the upperm ost pair o f  cym es (Fig. 7 A, B). 
N everthe less ,  the main shoot is still determ inate  
and the apex is apparently  inac tiva ted  long b e ­
fore anthesis . (The term  d e te rm in a te  is used here 
to designate  an axis with lim ited capacity o f  
g row th , irrespective o f  w h e th e r  it is te rm inated 
by the form ation o f  a f low er o r  not. It is thus 
applicable to both  vegetative and flowering 
shoots). Although it appears  qu ite  viable even at 
late an thesis , it has never been  observed  to be 
reac tivated . When the fruits are  m ature, the e n ­
tire shoot dies off and grow th is continued  from

Fig. 6. D iagram m atic rep resen ta tio n  o f an  inflores­
cence o f C. cren a ta . —  A: D iagram  illustrating connec­
tions. One cym e o f four is rep resen ted  in the diagram , 
the th ree  o thers are suggested by the broken  lines. —  
B: P ro jection  diagram  illustrating the o rien ta tion  o f the 
flow ers of the sam e cym e. —  Sym bols and abbrevia­
tions: •  small flow er buds; * fron t flow er; the o thers as 
in Fig. 1. —  V oucher: Harling e t al. 14845 (GB).

dorm an t buds near  the base  of the stem . This 
kind o f  inflorescence has been  te rm ed  sub term i­
nal (Pennell 1951, Molau 1978 b), but in order  to 
avoid confusion  caused  by o ther  usage of the 
te rm  we p ropose  the w ord in tercalary  to replace 
it. T he con tra ry  is called distal.

A sym m etric  developm ent of entire in­
f lo rescences  as well as o f  the individual cym es is 
very  com m on in C. trilobata ,  resulting from 
one-sided inhibition of la teral b ranches  (Fig. 7 
B). A sym m etric  developm ent is obviously a re ­
sponse  to the growth habit. C. trilobata  has a 
tufted grow th habit and it is always the side of 
the shoo t tha t is tu rned  tow ards  the cen tre  of the 
plant tha t is inhibited. In this w ay only those 
flow ers develop  which are turned  tow ards  the 
pollinators.

Phylloscopic accessory  buds are regularly 
found at the base of the cym e peduncles  (Fig. 7



28 Lennar t A n d ersso n  and U lf  M olau BOT. N O T IS E R  133 (1980)

•Sr*/ a b  ‘V 1 

0 @ 0  • ©  © 80
(+02

O f2
©

E
Fig. 7. D iagram m atic rep resen ta tio n  o f the distal part o f flow ering branches o f C. trilobata  (A -B) and C. lojensis 
(C -E ). —  Sym bols and abbreviations: ab accessory  bud; cb cym e bract; fb floral bud; vb vegetative bud; t  
necro tic  bud; * front flow er; II small bud o f a flow er; the o thers as in Fig. 1. —  A -C  draw n from  cultivated  
m aterial; C -E  from herbarium  specim ens. — V ouchers: A -B  Harling et al. 14889 (GB), C Harling et al. 15122 
(GB), D E sp inosa  561 (PH ), E Harling 5758 (S).

vb

vb

B). They have  not been  observed  to affect the 
a rch itec tu re  of the inflorescence, how ever, 
excep t w hen  the plant is dam aged.

O ther species  o f  sect. Zygophylla

In terca lary  inflorescences are characteristic  for 
m ost species of sect. Zygophylla .  The size of the 
distal vegetative shoot segm ent is quite variable, 
even  within a species, and varies from a mere 
rudim ent w ith  a few pairs o f  prim ordial leaves up 
to the consp icuous s truc tu re  o f  C. trilobata, C. 
calycina  Benth. and C. perfolia ta  L. fil. Even 
within C. trilobata  it is observed , how ever, that 
the main shoo t occasionally  d ichotom izes and in 
som e species this is the p redom inan t condition, 
viz. in C. lojensis  Pennell and  C. lanata  H. B. K. 
A distal inflorescence of C. lojensis is rep ­
resen ted  in Fig. 7 C toge ther  with tw o transition­
al shoots  encoun te red  in the sam e species (Fig. 7 
D, E).

C onsidering that the sect. Zygophylla  is 
charac te r ized  by a num ber  o f  advanced  features 
(M olau, unpublished  m aterial), there  can be little

doub t that the in tercalary  inflorescence is a sec­
ondary  phenom enon  caused  by “ failing cessa­
tio n ” o f  the term inal apex. The occurrence  of a 
term inal vegetative shoot segm ent in a species 
w hich usually has a d icho tom ous ultimate 
branching  indicates, how ever ,  that although all 
traces  o f  the terminal apex  are soon lost, it main­
tains its individuality during the process of 
branch  initiation and is not used up. This lends 
s trong support to the in terpreta tion  of the 
d icho tom y as a pseudo-d icho tom y ra ther than as 
a  secondary  dichotom y.

The rosulate species o f  sou thern  South  A m erica

In Chile and Argentina m ost species of Calceo­
laria are rosu late , perennial herbs. The in­
florescences  agree with the basic pattern  de ­
scribed for C. h e l ia n th em o id e s , but the cym es 
are  m ore o r  less reduced . The most striking 
exam ple  is offered by C. uniflora  Lam. (Pata­
gonia), in w hich there  is only a single pair of 
cym es, each cym e being rep resen ted  by a solit­
ary  terminal flower (as in Fig. 8, upper left).
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Fig. 9. C. ericoides,  diagram m atic rep resen ta tion  o f 
th e  organization  of a prim ary branch (A) and th ree 
partia l inflorescences from  different levéls (B -D ). —  
Sym bols and abbreviations: □  cym es; o therw ise as in 
Fig. 6. — V ouchers: C om piled from  B arclay & Juaji- 
bioy 8194 (W IS), Harling et al. 6738 and 6833 (GB) and 
S andem an 61 (BM).

er up on the prim ary branch  the secondary  
b ranches  are flowering, at least tow ards  the 
apex . T he size of these partial inflorescences 
d ec rease s  gradually in acrope ta l direction. At 
the  base  they  are organized  as co-florescences 
with a d ichotom y and tw o cym es (Fig. 9 D), near 
the  apex  as few-flowered cym es (Fig. 9 B). The 
p rim ary  b ranches  remain indefinite over a long 
period  and new partial inflorescences are g radu ­
ally p roduced  as long as the branch is growing. 
A ccordingly , there  is alw ays a small portion near 
the apex  w here  the partial inflorescences are in 
bud  and concealed  by the ir  subtending leaves. 
This lends an appearance  o f  an intercalary in­
f lo rescence  to the prim ary  branch , but that im ­
pression  is false since the term inal apex never 
rev e r ts  to  a vegetative phase.

Typologically , the term inal, f low er-producing 
parts  of the  prim ary branches  are best regarded

Fig. 8. D iagram m atic rep resen ta tion  o f six inflores­
cence types found in C. lanceolata.  —  U pper row: 
Sym m etric  inflorescences w ith tw o cym es. — M iddle 
row: P ro jection  diagram s correspond ing  to the upper 
row . — L ow er row: Inflorescences w ith one of the 
cym es inhibited . — Sym bols and abbreviations as in 
Fig. 6.

F u r th e rm o re ,  one o f  the cym es is usually 
s tun ted ,  which yields a one-flow ered in­
flo rescence .

Slightly less reduced inflorescences  are found 
in C. biflora  Lam. and C. lanceola ta  Cav. (both 
Patagonia). Here too, there  is usually only a 
single pair o f  cym es, one o f  w hich is often 
s tun ted . The cym es are one- to  four-flow ered 
(Fig. 8). T he majority o f  rosu la te  species have an 
elongate  inflorescence peduncle  branching 
d icho tom ously  into tw o cym es and each cym e 
has a small num ber o f  flowers. S uch  an arrange­
m ent is typical for C. corym bosa  R. & P .,  C. 
crenatiflora  Cav. (both Chile) and  a num ber of 
o th e r  species.

Calceolaria ericoides Vahl

C. ericoides  is a small shrub native  to the high 
A ndes o f  E cuado r  and N Peru , w h ere  it grows in 
grass p å ram o  and secondary  g rasslands. The 
plant body  is made up o f  e rec t,  tufted  prim ary 
b ranches  (Fig. 9 A) and the m ajo r part o f  the 
main stem  is more or less w oody . T h e  leaves of 
the main stem  are alternate  and sub tend  m ore or 
less b rachyblastic  secondary  b ran ch e s  with d e ­
cussa te  phyllotaxy. Proximally  the  secondary  
b ranches  are  vegetative and b e a r  tertiary 
b ran ch es ,  which are ex trem ely  brachyblastic  
and ap p ea r  to be mere fascicles o f  leaves. Furth-

i f 1 X  X  fi \ / ft X  I h \  ( o  G 0 o ) ( o Q  G o )  
2 0  6 2
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as synflo rescences  consisting o f  a large main 
f lorescence with the capacity  of m uch prolonged 
grow th , and  a varying num ber o f  small, strictly 
determ inate  co -flo rescences . H ow ever ,  the usu­
al typological concep ts  are  not very  fruitful in 
this case.

The above  pa tte rn  is much disturbed  when the 
plants are grazed . T h e  secondary  and tertiary 
b ranches  then  begin to  develop m ore vigorously 
and  imitate the  p rim ary  branches  with varying 
degrees o f  perfection . A large proportion o f  the 
herbarium  material consis ts  of such specimens.

Calceolaria d icho tom a  Lam .

C. d icho tom a  Lam . is a typical represen ta tive  o f  
the small section  M icran thera  Pennell. It is a 
small annual (or ra th e r  short-lived) herb  ranging 
from  C olom bia  to S Peru . It is com m only found 
in d is turbed  habita ts  such as roadsides and 
pas tu res  and  often show s w eedy  tendencies. As 
in m ost annuals  the m ajor part  o f  the aerial plant 
body is f low er-producing  (Fig. 10). The main 
stem  te rm inates  in a d icho tom y at the first or 
second ep ico ty lar  node and each  branch  of the 
d ichotom y yields a ra th e r  e labora te  cym e. If  
there  is m ore  than one  node on the main stem , 
small la teral cym es are  usually p resen t (Fig. 10 
B). A sym m etric  deve lopm ent due to  one-sided 
inhibition is com m on but it does not follow a 
strict pa tte rn .  A ccesso ry  buds are occasionally 
encoun te red  bu t  rarely  affect plant architecture.

Floral charac te rs  and in all probability the 
annual habit and the reduced  plant body indicate 
that C. d icho tom a  is an  advanced  m em ber of the 
genus. A rch itec tu ra l m odification is, how ever, 
ra th e r  m odest.

Calceolaria tripartita R . & P.

C. tripartita  is a short-lived herb  occurring 
spon taneously  in a large part  o f  tropical and sub­
tropical Sou th  A m erica  and in troduced  in m any 
o the r  parts  o f  the world. It grow s in moist sites 
and is a com m on w eed in d isturbed  habitats. In 
p ronounced ly  seasonal c lim ates it is strictly 
annual. As in C. d icho tom a  the major part o f  the 
aerial plant body is f low er-producing, but 
arch itec tu ra l m odification is often more far- 
reaching (Fig. 11).

The proxim al part  o f  the stem is often 
p rostra te  and the in te rnodes  bear  num erous

A T ß |  Cp
Fig. 10. C. d ich o to m a , d iagram m atic represen ta tion  o f 
the  organization o f the plant body, m ost o f  it consisting 
o f tw o m ore o r less indefinite cym es. —  Symbols as in 
Fig. 6. —  V ouchers: A H olm -N ielsen  et al. 3046 
(A A U ), B Harling & A ndersson  14233 (GB), C A sp­
lund 7763 (S).

adven tit ious  roots. The distal flowering part is 
ascending , one or a few nodes  rem aining vegeta­
tive. The inflorescence o f  C. tripartita  is very 
variable in e laborateness . W hen  growing under  
favourable  conditions the main s tem  is te rm i­
nated  by a d ichotom y and  tw o  axillary cym es 
(Figs. 1 E , 11 C). In these  cym es  one o f  the 
lateral b ranches  is m ore or less inhibited, yield­
ing an inflorescence resem bling tha t o f  C. d icho ­
tom a.

In small specim ens growing un d er  less favou r­
able conditions, how ever,  no d ichotom y occurs  
and  instead a single, seemingly term inal cym e is 
found (Fig. 11 A). In such plants the main s tem  is 
te rm inated  by a flower pair, i.e. one  term inal and 
one front flower. G row th  is con t inued  from one 
o f  the axillary buds, the o th e r  one being m uch 
stunted . T he favoured  shoot rep ea ts  the pa tte rn  
at the nex t node, w here a te rm inal flower, a front 
flow er, one stunted  and one favoured  lateral 
shoot are p roduced . In this w ay several f low er­
ing nodes result, w hich m ake up the major part 
o f  the shoot system . In ex trem ely  small-sized 
specim ens only a single te rm inal flower d e ­
velops.

The pa tte rn  is com plica ted  by the  regular p ro ­
duction  o f  phylloscopic  a cc esso ry  buds, w hich ,
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Fig. 11. D iagram m atic rep resen ta tio n  o f  in florescence 
organization in C. tripartita. —  A: A ra th e r poorly 
developed  plant (cultivated) w ith a term inal cym e, one 
b ranch  o f which is m ore o r less inde term inate , the 
o th er one stunted. —  B: P ro jection  diagram  illustrating 
the orien ta tion  o f som e o f the flow ers, sam e specim en 
as A. — C: Well developed specim en (herbarium  m at­
erial) with two lateral cym es rep resen tin g  b ranches of 
a d ichotom y. — Symbols and  abbrev ia tions as in Fig. 
7. — V ouchers: A -B  H arling et al. 14904 (GB), C 
H arling & A ndersson 13188 (GB).
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how ever,  have a limited po ten tia l o f  develop­
m ent, as long as the plant rem ains  undam aged .

The deviating organ ization  in small-sized 
specim ens o f  C. tripartita  seem s to  arise  through 
increased  activity o f  the te rm ina l apex  com bined 
with regular inhibition o f  one o f  the  lateral 
shoots .  Instead  of ceasing  the term inal apex 
gives rise to a flower pair, and  of the  la teral buds 
usually  producing one d e te rm in a te  cym e each  
one is inhibited, while the o th e r  one  shows in­
c reased  vigour and rep laces  the main shoot. It 
m ay conveniently  be regarded  as an  abbrev ia ted  
life cycle.

A similar pattern  o f  varia tion  in inflorescence 
organization is seen also in o th e r  w ide-spread 
h erbaceous  species o f  this section  (.A posecos  
K ränzlin), e. g. C. p inna ta  L. and  C. m exicana  
Benth .

D iscu ssion

W ith starting point in the com para tive ly  large 
and m any-flowered in flo rescences  o f  C. ros- 
marinifolia  Lam . and C. cren a ta ,  tw o  major 
t rends  o f  specializations can  be d iscerned: (1) 
reduction  o f  the num ber o f  cym es and (2) red u c ­
tion o f  the num ber of f low ers per cym e. The tw o 
p h en o m en a  are usually, though  no t a lw ays, co r ­
rela ted . In C. helian them oides  the re  is only one 
pair o f  cym es presen t (in th e  main florescence), 
while m ost o ther  species o f  sect.  Tham nobia  
have  three  to four pairs. F u r th e rm o re ,  the  cym es 
o f  C. helianthem oides  a re  few -flow ered  and 
the re  is a relatively long tim e lapse be tw een  the 
flow ering of tw o successive  flow ers. In  denser  
inflorescences with m ore n u m e ro u s  flowers (e.g. 
C. rosm arinifo lia ,  Fig. 1 A, B) an thesis  proceeds 
m ore  rapidly. The sam e trends  are  found in the 
E cu ad o rean  species o f  sect.  D erm atophylla  
Pennell (cf. M olau 1979), w here  C. str ic t a H . B. 
K . and C. oxyphylla  M olau have  several pairs o f  
m any-flow ered  cym es, while in C. peduncu la ta  
M olau there  is only one pa ir  of few -flow ered 
cym es. In the rosulate species o f  sou the rn  South 
A m erica  these  trends are carr ied  to the  ex trem e, 
u ltim ately  leading to the  one-flow ered in­
f lo rescence  o f  C. uniflora.  In these  la tter  
species, reduction  o f  the  inflorescence is 
accom pan ied  with an altera tion  of g row th  habit.

In general,  species with few -flow ered  cym es 
also  have very  long cym e pedunc les .  The only 
excep tions  to  this rule are  C. uniflora  and some
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re la ted  spec ies,  w here  no cym e peduncle is 
d ifferen tia ted , the only axial e lem ent being a 
long stout pedicel (as in Fig. 1 F).

W hen  com paring species with few- and m any- 
flow ered  cym es ,  it is found tha t species w ith 
few -flow ered  cymes all possess a relatively high 
num ber  o f  advanced  charac te rs ,  vegetative as 
well as floral. A lthough all species o f  Calceolaria  
have basically  the sam e highly specialized c o ro l­
la s truc tu re ,  the species with m any-flow ered in ­
f lo rescences  generally do not show  ex trem e  
specia lizations. We thus  assum e that the type  o f  
in flo rescence represen ted  by C. crenata  and  C. 
rosm arinifolia  is an original one, from w hich all 
o the r  types  can be theoretically  derived. F u r th ­
e rm ore , tha t pattern  is the normal one in the tw o  
m ost closely related genera , Jovellana  R. & P. 
(Chile and  N ew  Zeeland) and Porodittia  G. D on. 
(Peru). In these  genera  too, the main shoo t is 
te rm ina ted  by a d ichotom y. In one species o f  
Jovellana , J. sinclairii Kränzl. (N ew  Z eeland), a 
very  small bud  is found be tw een  the b ranches  o f  
the d icho tom y. In all o ther  species of Jove llana  
and in Porodittia ,  th is  bud seem s to be c o n s ta n t­
ly missing. T he in tercalary  inflorescence o f  sect.  
Z ygophylla  and the peculiar synflorescence o f  C. 
ericoides  thus  in all probability  represen t der ived  
pa tte rns  o f  organization.

A third trend  of specialization in inflorescence 
organization is found in small annual or s h o r t ­
lived species like C. d icho tom a  and C. tripartita. 
H ere ,  the m ajor part  o f  the aerial plant body  is 
engaged in flower p roduction  and the cy m es  
show tendenc ies  tow ards  a prolonged period  o f  
flow er production . In C. d ich o to m a ,  w here  o r ­
ganizational modification is com para tive ly  
slight, this prolongation is carried  out by indefi­
nite branch ing  of the cym es, which rem ain  
essentially  true  to the original pattern , how ever .  
In C. tripartita  the sam e aim is a tta ined  th rough  
indefinite sympodial grow th o f  the cymes o v e r  a 
long period. As expec ted , these  species a re  
am ong the m ost highly specialized in the genus  
with regard  to  floral structure .

A cknow ledgem en ts .  We are m uch indebted  to P ro­
fessor G. H arling, P ro fesso r A. W eber and  Dr U. 
E liasson for critical reading o f the m anuscrip t, and to 
Dr N ancy Slack for checking  the English. The study 
was supported  by g ran ts  from  the Sw edish National 
Science R esearch  C ouncil, the Sw edish  A cadem y of 
S cience, and the U niversity  o f G öteborg.

R eferen ces

E dw in, G. 1971: C alceolaria  L. In  J. F . M acbride 
(ed .), F lora of Peru. Publ. Field M us. Bot. Ser. 13, 
5 B: 515-654.

G oebel, K. 1931: Blütenbildung u n d  Sprossgestaltung.  
Zw eiter  E rgänzungsband  zur Organographie der 
Pflanzen.  Jena.

Irm sch er, E. 1959: Ü b er Blüten- und B lü tenstandsva­
rian ten  bei Sain tpaulia ionan tha Wendl. 
(G esneriac .) und die m orphologische V alenz der 
V orblüten. Flora 148: 179-202 +  PI. 1-4.

M olau, U. 1978 a: T he genus C alceolaria  in N W  South 
A m erica. I. Taxonom ie ch a rac te rs  and generic 
subdivision. F ascicu la ta , a new  section . Bot. N o t i ­
ser 131: 219-227.

M olau, U . 1978 b: T he genus C alceolaria  in N W  South 
A m erica. II. The sections C hasm atoch ila , Tham - 
nobia, E ricoides and L ehm annina. Bot. Notiser  
131: 293-316.

M olau, U . 1979: T he genus C alceolaria  in NW  South 
A m erica. III. T he sections Sym plocophylla and 
D erm atophylla . Bot. N otiser  132: 31—48.

Pennell, F. W. 1951: T he genus C alceolaria in 
E cu ad o r, C olom bia and V enezuela . Proc. A cad .  
N at.  Sei. Philadelphia 103: 85-196.

R itterbusch , A. 1976: Die O rganopoiése der Blüte von 
C alceolaria  tripartita  R. et P. (Scrophulariaceae). 
P hänom ene der M orphogenese kom plexer biologi­
scher System e. I. Bot. Jahrbücher 95: 267-320.

Troll, W. 1964: Die Infloreszenzen. Typologie und S te l­
lung im Aufbau  des Vegetationskörpers 1. S tu tt­
gart.

Troll, W. 1969: Die In floreszenzen. Typologie u n d  S te l­
lung im A u fbau  des Vegetationskörpers II. S tu tt­
gart und Portland.

W eber, A. 1973: Die S tru k tu r der paarblütigen Partial- 
flo rescenzen  der G esneriaceen  und bestim m ter 
S crophulariaceen . Beiträge Biol. Pflanzen 49: 
429-460.

W eber, A. 1978: T ransitions from  pair-flow ered to 
norm al cym es in G esneriaceae . N o tes  Royal Bot.  
Gard. Edinburgh 36: 355-368.

W eberling, F . 1965: Typology o f inflorescences. 
Journ. Linn. Soc. (Bot.) 59: 215-221.



The genus Calceolaria in NW South America

IV. The sections Anacyrta, Polyclada and Phaeanthera
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T hree  sections o f Calceolaria  (S crophu lariaceae) in N W  South A m erica are rev ised , viz. 
A nacyrta  (6 species in the area), Polyc lada  (1) and Phaeanthera  (1). Sect. Anacyrta  
com prises species w ith ovate to  ellip tic , herbaceous leaves, and w ith  the low er coro lla  lip 
strongly  upcurved  and internally  m ark ed  w ith reddish spo ts in the th ro a t. Sect. Polyclada  is 
charac te rized  by unequal sepals, o f w hich  the dorsal one is cord iform . Sect. Phaean thera ,  
w hich is closely re la ted  to sect. D erm atophy lla ,  com prises species with ±  co riaceous, 
petio late leaves and brow nish to  purp lish  pubescence. C. ternata  in sect. A nacyrta  is 
described  as new.

U lf  Molau, Departm ent o f  S ys tem a tic  Botany, University o f  G öteborg, Carl Sko ttsbergs  
Gata 22, S-4I3 19 Göteborg, Sw eden .

Sect. 8. A n acyrta  Pennell

Pennell 1951 p. 124. —  T ype species: Calceolaria vir- 
gata  R. & P.

Shrubs, subshrubs o r  perennial herbs . Foliage, 
in florescence and distal parts  o f  s tem s pubescen t 
w ith white or buffish gland-less hairs. L eaves  
decussa te  or terna te , petiolate or sessile; blades 
ovate  to elliptic, he rbaceous ,  on both  sides beset 
w ith yellowish sessile glands (in some species 
concealed  by hairs). In flo rescence distal. C oro l­
la yellow to greenish yellow, with red or purplish 
spots  or bands in the th roat of the lower lip; 
u p p er  lip very small; low er lip strongly upcurved  
and  covering the orifice (the upcurved  portion 
occup ies  about 2/3 o f  its entire  length), sacca te  
in 1/3 o f  its length. A nthers  opening throughout; 
thecae  divaricate or very  slightly deflexed, 
equal. O vary  densely  bese t with sessile 
b row nish  glands. Capsule g landular-pubescent.

Sect. A nacyrta  ranges from  E cu ad o r  to Bolivia, 
and reaches its highest species d iversity  in S 
E cu a d o r  and N Peru. F low er m orphology is very 
uniform  throughout the section , and the species 
are distinguished mainly on vegetative 
charac te rs .  The taxonom ica lly  m ost im portan t 
cha rac te rs  in this group are pubescence  type.

d e cu ssa te  vs. te rna te  phy llo taxy  (cf. below C. 
v irg a ta ) and petiolate vs. sessile  leaves.

S ince  the floral s truc tu re  is very  uniform and 
sym patr ic  species often f low er sim ultaneously , 
hybrids  might be expec ted  to  occur regularly. 
N o  such cases have been o b se rv ed ,  how ever,  
an d  species identity is thus p robab ly  m aintained 
by in ternal barriers.

K ey to  th e sp ecies o f sect. A n acyrta

1. L eaves s e s s i l e ............................................. 3. C. serrata
-  L eaves petio late ............................................................... 2
2. L eaves sparsely short-p ilose above; the petiole

less than  1/10 the length o f th e  le a f -b la d e .............
 4. C. variefolia

-  L eaves short-h irsu te  to velu tinous above; the 
petio le  m ore than 1/10 the length  o f the leaf-
b lade ..................................................................................... 3

3. L o w er leaf surface villous, lan a te  or velutinous 
(also  betw een the veins), w ith the sessile glands 
±  covered  by the pubescence ....................................4

-  L o w er leaf surface pubescen t m ainly on the m ajor 
veins; sessile glands consp icuous beneath  ........... 5

4. L eaves h irsute or strigose above; leaves and 
cym e peduncles usually te rn a te  (i. e. in threes) .
.........................................................................6. C. ternata

-  L eav es velu tinous above; leaves and cym e pe­
duncles usually decussate  .................. 5. C. com osa

5. V eins o f low er leaf surface tom en tose  or seri­
ceous with fine hairs; petio les w hite arachnoid-
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H arlingFig. 1. A -C : Calceolaria virgata. —  A: Flow ering b ranch . —  B: F low er. —  C: S tam en . —  A:
A ndersson  14088; B, C: H arling et al. (leg. M olau) 15241. —  D -G : C. sericea. —  D: F low ering  b ranch . —  E: 
Flow er. — F: S tam en. — G: C apsule. —  D: L pjtnant & M olau 11317; E, F: H arling et al. (leg. M olau) 14924; G: 
Asplund 6326. —  A, G draw n from  herbarium  m aterial; B, C, E , F draw n from  fixed m ateria l; D draw n from  
photograph. —  Scales: A, D 2 cm , B, E 5 mm. C, F 1 m m , G 2 mm.

lanate ...........................................................2. C. sericea
-  Veins o f  low er leaf surface strigose with short 

coarse hairs; petioles puberu lous or short-villous 
with buffish hairs .................................... 1. C. virgata

1. C a lceo lar ia  v irgata  R. & P.

Ruiz & Pavön 1798 p. 20 —  Fagelia virgata (R. & P.) 
K untze 1891 p. 460 — Orig, coll.: Pavön s. n. (MA 
lectotype).

Calceolaria uniflora  R. & P. 1798 p. 16, non 
Lam arck —  Fagelia uniflora (R. & P.) K untze 1891 p. 
460 —  Calceolaria triphylla  K ränzlin  1907 p. 114, nom . 
nov. — Orig, coll.: Pavön s. n. (M A lectotype).

Calceolaria elliptica W eddell 1857 p. 137 — Orig. 
coll.: W eddell 3982 (P lecto type).

Calceolaria ramosissima  K rän zlin  1905 p. 107 — 
Orig, coll.: W eberbauer 3825 (G  lecto type).

Calceolaria forgetii  Skan 1912 T ab. 8436 —  Orig. 
coll.: Forget s. n. (K lecto type; a cultivated  specim en, 
p ropagated  in England by S a n d e r & Sons, St. A lbans, 
from  seeds collected in Peru by M r. Forget).

Calceolaria cuzcoensis  K rän z lin  1929 p. 11 —  Orig. 
coll.: G ünther 13 (H B G  lec to ty p e).

Calceolaria trivialis K rän z lin  1929 p. 19 —  Orig. 
coll.: H erre ra  549 (B ho lo type, d estroyed . L ecto type: 
photograph  at F , copy at PH).

Calceolaria humilis  Edw in 1970 p. 382— Orig. coll.: 
Pennell & F errey ra  14953 (PH  Kiolotype).

Illustrations.  Fig. 1 A -C ; R uiz & Pavön 1798 PI. 31 
Fig. a (C. virgata), PI. 20 F ig . c (C. uniflora)', Skan 
1912 Tab. 8436 (C. forgetii) .
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Subshrub ,  (0 .1 -)0 .3 -l  m high, m uch  branched. 
In f lo rescence  and distal parts  o f  s tem s puberul- 
ous o r  tom en tose  with whith ish  hairs. L eaves  
d ecu ssa te  (rarely te rna te) ,  petio la te ; blades 
o va te  to  a lm ost circular, rarely  elliptic, 1.2-5.0 
x 0 .7 -3 .4  cm , acute to  alm ost ob tu se ,  rounded 
or cu n ea te  at base; green , greyish  green or 
o livaceous above, ±  densely  h irsu te  with very 
short  hairs, slightly rugose; pale green beneath , 
s tr igose on the raised prim ary  and  secondary  
veins, in terspaces  g labrous or sparsely  villous, 
consp icuously  g land-dotted; m argins serrate . 
Petio les  2-21 mm, puberu lous  o r  villous. In ­

f lo re sc e n c e  com prising 1-4 pairs o f  (1—)4—12- 
f low ered  cym es on p rim ary  peduncles  0 .8-5 .0  
cm long. Cym e bracts  p resen t,  though som e­
tim es rud im entary  or absen t in the upperm ost 
cym es. Pedicels 0 .5-2 .2  cm. S epa ls  ovate or 
elliptic, 3 .0 -5 .0  x 2.3-4.3 mm at an thesis , light 
g reen , subacu te ,  externally  villous or puberu l­
ous , in ternally  g labrous excep t for a puberulous 
b o rd e r  along the margin. Corolla  pale to bright 
yellow , w ith a broad reddish  band  o r  series of 
spots  in the  throat; up p er  lip 1-2 x 3-4 mm; 
u p cu rved  portion o f  low er lip 8-15 x 5-11 mm. 
A n th e rs  light b row n, 1 .6-2.4 mm; thecae  divari­
cate. F ilam ents  0 .8-1 .5  mm. Sty le  1.5-2.1 mm , 
cu rved . Capsule  conic, 4-5  mm long.

H abita t .  Dry m ountain  scrub  and  rocky slopes 
as well as in th ickets  and  s tream -banks  in m oun­
tain forest,  at altitudes be tw een  1800 and 4130 m, 
only occasionally  lower.

D istribution.  Fig. 2. One o f  the  m ost com m on 
species of the genus in the A ndes o f  Peru, rang­
ing from  S E cuador to N E  Bolivia. N orth  o f  the 
P iura  Divide it is know n from only th ree  collec­
tions from sou thernm ost E c u a d o r  (prov. Loja). 
In all, 179 specim ens from 112 collections have 
been  s tudied . C. virgata  has not previously  been 
repo rted  from Ecuador.

R em a rks .  Calceolaria virgata  is one  o f  the m ost 
w idesp read  species o f  subgenus Cheiloncos.  It is 
very  variable  in leaf size and  p u b escen ce  densi­
ty , p robab ly  corresponding  to  differences in 
a ltitude, exposure , local clim ate etc . Calceolaria  
hum ilis  was based upon  a d w arf  spec im en , and is 
b e t te r  regarded as one o f  the ex trem es  o f  this 
varia tion. The type spec im ens o f  the o ther  
synonym s are  closely similar to  the type o f  C. 
virgata.

3 0 0 0

1 0 0 0

Fig. 2. K now n distribution o f Calceolaria virgata (Q )  
N of the P iura D ivide, and C. sericea  ( • ) .

Calceolaria virgata  norm ally has  a decussate  
phyllo taxy, bu t a small fraction  o f  the specim ens 
studied (3 out o f  179) possess  te rna te  leaves 
(som etim es also te rna te  peduncles) ,  at least on 
som e branches.  In fact, both  C. virgata  and the 
conspecific C. uniflora  R. & P. w ere  originally 
described  and illustrated by  Ruiz & Pavon (1798) 
as to possess  te rna te  leaves. T he type  specimens 
o f  the tw o (unicates, p reserved  in the Madrid 
H erbarium ), how ever, have a s tric tly  decussate  
phyllo taxy , bu t it is likely that the authors had 
observed  te rna te-leaved  specim ens in the field. 
O f  the o the r  species o f  sect. A nacyrta  with de ­
cussa te  phyllo taxy trea ted  in this paper no 
te rna te-leaved  specim ens are know n so far.

The opposite  tendency  is show n by some of 
the te rna te-leaved  Peruvian  species. Thus, in C. 
glauca  R. & P. and C. rugulosa  Edw in (though 
norm ally  with a strictly te rna te  phyllotaxy 
th roughou t the shoots) a few per cent of the 
specim ens have decussa te  leaves and paired 
cym e peduncles.

C onclusively , the decussa te  vs. te rna te  
phyllo taxy  is not an absolute  species character, 
a t least not in sect. A nacyrta .  The species are 
e i ther  predom inantly  te rna te  or decussate  in
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th e i r  n o d a l  a r r a n g e m e n t ,  b u t  th e  o p p o s ite  
p h y l lo ta x y  m a y  o c c u r  in  a  lo w  p e rc e n ta g e  o f  th e  
s p e c im e n s .

R epresenta tive  specim ens. Ecuador. Loja:  L o ja- 
Zarum a ro ad , near L as C hinches, c. 2400 m, 
30.IV . 1974, H arling & A ndersson  14088 (GB); be­
tw een L as C hinches and Sam bi, 2200-2400 m, 
3 .V. 1974, H arling  & A ndersson  14275 (GB) —  L o ja - 
C atacocha ro ad , c. 25 km  S of L as C hinches, c. 2200 
m, 9 .II. 1977, H arling e ta l .  (leg. M olau) 15241 (G B ).— 
“ L o x a” , L obb  s. n. (BM ). — Peru. Cajamarca: E of 
C elendin, 29 .V. 1966, E dw in & Schunke 3592 (G, G H, 
W), 3599 (G , G H , W); 2630 m, 13.V. 1964, H utchison & 
W right 5056 (F , UC). —  Sunchubam ba, upper Chica- 
m a valley, p rov. C ajatam bo, 3150 m, 31 .V. 1957, 
E llenberg 1714 (G O ET, U). —  H acienda Taulis, Rio 
L a Q uinua above La Play a, prov. H ualgayoc, 2950 m, 
4 .IX. 1964, H utch ison  & von B ism arck 6512 (K , MO, 
UC). —  San Pablo, p rov. C ajam arca, 2600 m, 
21.V. 1975, Sagåstegui e t al. 7964 (M O); 2200 m, 
17.V. 1976, Sagåstegui e t al. 8357 (M O); 2400-2700 m, 
1906, W eberbauer 3825 (G). —  A m azonas:  W side of 
C erros C alla-C alla, m idw ay on B alsas-L eim ebam ba 
road , 3100 m , 19.VI. 1964, H utch ison  & W right 5740 
(G, G H , K , L E , M, M O, P , UC). — La Libertad:  Road 
to H uam achuco , 8 km E  of A gallapam pa, 2870 m,
5. V III. 1964, H utchison  e t al. 6133 (G, G H , K , L E , M, 
M O, P, U C ). —  E o f Rio C husgon, 58 km from  Pullac 
on road to  P arcay , 3820 m, 7 .V III. 1964, H utchison et 
al. 6181 (K , M, MO, P, U C ). — A ncash:  Rio Fortaleza 
valley, c. 12.5 km W o f C om ococha, 3700-3900 m, 
28.VI. 1966, Edw in & S chunke 3848 (G, W). —  W 
slope o f C ord illera  N egra, below  Paso de Collån, 3650 
m, 1.V I .1948, Pennell 15474 (GH ). —  Huanuco:  La 
M olina near Panao, 2400 m, 12.IX . 1940, Asplund 
13682 (S). —  Pillao, 2700 m, 20.11.1946, W oytkowski 
34116 (G, M O). — Junin:  T am bo, prov. Tarm a, 3800 
m, 11.IV. 1953, H jerting & P etersen  1356 (C). — Huan- 
cayo , 3300-3800 m, III. 1945, Soukup 2771 (GH). — 
Lim a:  Rio B lanco, 3600 m , 4 .VI. 1940, A splund 11389 
(S); 3500-3700 m, 25.VII. 1948, Pennell & M aldonado 
15933 (G H ). —  San M ateo, 21.VI. 1966, Edwin & 
Schunke 3794 (G , W); 1853, M athew s 856 (C G E, E, K, 
O X F); 3200 m, V.1938, S andem an 289 (OXF). —  S of 
Surco, 2700-3000 m, 1.V.1948, Pennell & F erreyra 
15256 (BM , G H , LE). —  H uancavelica:  N ear C or­
dova, 3050-3300 m, 27-28.III. 1942, M etcalf 30253 (G, 
G H , MO). —  Cuzco: P aucartam bo, c. 3500 m,
6.V.1939, B alls 6825 (BM ), 6826 (BM ). — Apurimac:  
Q uihuala, c. 3600 m, 16.V. 1939, Balls 6902 (BM , E , K , 
S fragm ent). —  B etw een C hincheros and A ndahuay- 
las, 3700 m , 19.IV. 1953, H jerting  & P etersen  1431 (C). 
—  M oyabam ba, prov. A ndahuay las, 3650 m, 4.1.1950, 
Vargas 8683 (PH ), 8695 (PH ).

F o r the a rea  N of the P iu ra D ivide, the list includes 
all specim ens studied.

2. C alceolaria  sericea  Pennell

Pennell 1951 p. 124 — Orig. coll.: Penland 832 (PH 
holotype, F , GH).

Illustrations.  Fig. I D — G; Pennell 1951 p. 119 Fig. 6.

H erb  or  subshrub ,  0.5-1 m high; m ain  stems 
erec t to decum ben t.  In flo rescence  and distal 
parts  o f  stem s sericeous with  thin whitish hairs. 
L eaves  d ecussa te ,  petiolate; blades ovate  to 
elliptic, 2 .0-5.2 x  1.2-3.2 cm , acu te ,  rounded at 
base  (rarely cuneate); o livaceous above , matt, 
densely  hirsute with very  short  hairs , tom entose  
benea th , Or sericeous on the midrib  and pinnate- 
ly spreading veins, tissue pale green , glabrous or 
pilose, consp icuously  g land-do tted ; margins 
serra te . Petioles 3-12 m m  long, white 
arachnoid-lanate . In flo rescence  com prising 1- 
2(-3) pairs of 4-14(-20)-flow ered cym es on prim ­
ary peduncles 1.0-8.3 cm  long. C ym e bracts 
usually  lacking, bu t som etim es p resen t in the 
low er cym es o f  w ell-developed  specim ens. 
Pedicels 0 .6-1 .9  cm. Sepals  ova te ,  4.7—6.5(—8.8) 
x  3 .3-5 .0(-6 .0) mm  at an thesis ,  acu te  or slightly 
acum inate ,  pale green , ex ternally  minutely 
sericeous or villous, internally  g labrous or 
puberu lous . Corolla pale yellow  o r  greenish 
yellow; upper lip som etim es a lm ost w hite , 2-3 x 
4 -6  mm; lower lip w ith a large purplish spot in 
the th roa t (rarely absent) ,  u p cu rved  portion 8-13 
x  6-11 mm. A nthers  dark  b row n , 2 .2 -2 .7  mm; 
thecae divaricate. F ilam ents  1 .0-1.6 mm. Style  
slightly curved , 1.8—2.2(—2.8) mm. Capsule  
narrow ly  conic, 4 -7  mm long.

H abita t .  Relatively dry  sites in m ountain  scrub 
and cloud forest, but also found  in pas tu res ,  on 
roadsides  etc. T he  altitudinal reco rd s  range from 
2000 to 3500 m.

D istribution.  Fig. 2. E ndem ic  to the A ndes o f  N 
E cuador ,  know n only from  the  provinces of 
P ichincha, Im babura  and C archi. H ow ever ,  in 
the m ountains around  Q uito  it is locally one of 
the m ost abundant Calceolaria  species. In all, 
122 specim ens from  66 co llections have been 
studied.

R em a rks .  The thin silky p u b escen c e  o f  stems 
and petioles, and the densely  short-h irsu te  upper 
leaf surfaces m ake Calceolaria sericea  an easily 
recognized  species. It w as co llec ted  for the first 
time by Bonpland in 1802, but w as reported  as C. 
serrata  Lam ., a  species o f  cen tra l E cu ad o r  with 
which it was confused until P en n e l l’s revision 
(1951).

Representative sp ec im en s . Ecuador. Carchi: Que- 
b rada del Rfo Angel, 3 km  N E  San Isid ro  on road to El 
Angel, 28.1.1967, S parre 14323 (S). — Im babura:  Cho- 
ta, A ndré 3517 bis (K). —  B etw een Shanshipam ba and
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Fig. 3. A -D : Calceolaria serrata. —  A: Flow ering branch. —  B: V egetative node o f the main stem . —  C: F low er. 
—  D: S tam en. — A, C: L 0 jtnan t & M olau 14133; B: Cam p E-3520; D: C am p E-4014. — E -F : C. variefolia  
(Pennell & F errey ra  14916). —  E: V egetative node o f the main stem . —  F: S tam en. —  A, C draw n from  
photograph; B, D -F  draw n from  herbarium  m aterial. —  Scales: A 2 cm , B, C, E 5 mm , D, F 1 mm.

La E speranza , c. 25 km E SE  o f Ibarra , 2950 m,
16.X I .1949, Acosta-Solis 14400 (F). —  N ear M orocho 
above A puela, c. 2900 m, 24.VII. 1974, P low m an et al. 
3849 (C O L, GH). —  Betw een O tavalo  and San Pablo, 
9 .IV. 1876, André 3517 (F , K , NY). — Laguna Cui- 
cocha, c. 3100 m, 24.V. 1973, H olm -N ielsen et al. 6326 
(A A U , GB. MO): 3200 m, 2 .VI. 1939, Penland 832 (F , 
G H , PH); 3400-3500 m, 23 .VII. 1974, P low m an et al. 
3783 (G H ); 3000 m, 10.XII.1966, S parre 13383 (S). — 
Pichincha:  W o f Calacali, C ordillera O ccidental, 2700 
m, 25.111.1979, Lpjtnant & M olau 11346 (A A U , GB). 
—  C rater o f Pululahua, 16.VI. 1876, A ndré K.620 
(N Y ); c. 2800 m, 12.VII. 1959, B arclay et al. 7924 
(W IS); 2600-3100 m, 12.V .1973, H olm -N ielsen et al. 
5175 (A A U , GB, MO); 2800 m, 3 .VI. 1979, L pjtnant & 
Molau 14108 (AA U. GB). —  Q uito , 2900 m, 15.V. 1939, 
A splund 6031 (G, LD, S); 5 .IV. 1930, B enoist 2329 (P); 
24.1.1935, Fosberg 22542 (N Y , U S); 2850 m, 
16.IV. 1920, Holm gren 524 (G, M O, S, U S); c. 2750 m, 
1856, Jam eson 62 (BM, E, F I, G, K , P); 2700 m, 
3 .VII. 1979, L pjtnant & M olau 15461 (GB); 2900 m, 
14.VII.1979, Lpjtnant & M olau 15899 (A A U , GB). —  
W of N o n o ,c . 2700 m, 12.VI. 1968, H arling et al. 10259 
(GB); 2200-2400 m, 27.1.1977, H arling  et al. (leg. M o­

lau) 14886 (GB); 2400 m, 24.111.1979, L pjtnant & M o­
lau 11317 (A A U , GB); c. 3050 m, 15.IX .1935, M exia 
7696 (BM , GB, G H , K , M O, N Y , PH , S, U, UC). — 
Paloquillo above Pifo, 3400 m, 18.III. 1979, L pjtnant & 
Molau 11214 (GB). —  3 km W of Aloag, 3100-3150 m,
13.V. 1979, L pjtnant & M olau 13182 (A A U , GB). — 
Q uito -S an to  Domingo road , betw een Aloag and 
T andapi, 2850 m, 29.V. 1979, L pjtnant & Molau 13988 
(A A U , GB); T andapi (C ornejo A storga), c. 2500 m,
7-10. V. 1968, H arling et al. 9373 (GB). — Rum ipam ba, 
c. 35 km SE of Q uito, c. 3000 m, 29.1.1977, Harling et 
al. (leg. Molau) 14924 (GB); 2850 m, V.1952, A costa- 
Solis/U niv . C entral nr 1580 A (M).

3. C alceo laria  serrata  L a m .

L am arck  1785 p. 555 —  Fagelia serrata  (Lam .) K untze 
1891 p. 460— Orig. coll.: Jussieu  s. n. (P holotype, C).

Calceolaria campii  Pennell 1951 p. 126 — Orig. 
coll.: Cam p E-4014 (PH holo type, F , G, G H , K , MO, 
N Y , P, S, UC, US).

Illustrations. Fig. 3 A -D ; Pennell 1951 p. 127 Fig. 7 (as 
C. campii).
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E rec t or scan d en t  subshrub ,  1-4 m high. In ­
f lorescence and  distal parts  o f  stem s tom entose  
with ascending  pale purplish hairs. Leaves  d e ­
cussa te ,  sessile , acu te ,  dull green above, short- 
pilose, pale g reen  benea th , villous or tom entose  
with ascending  hairs on the midrib and pinnately 
spreading ve ins,  in terspaces  pilose o r  alm ost 
g labrous, m argins serra te ; leaves o f  the main 
stem s broad ly  ovate , (2 .8 -)4 .Q -8 .0x(1 .5 -)2 .7 -  
6.0 cm , clasping and ±  corda te  at base; leaves o f  
lateral b ranches  smaller, ova te ,  and with round­
ed, non-clasping bases. In florescence  com pris­
ing 2-3 pairs o f  8-22-flow ered cym es on primary 
peduncles  0 .8 -4 .5  cm long. Cym e bracts  present. 
Pedicels 0 .6 -1 .8  cm. Sepals  elliptic to  ovate , 
subacu te ,  light g reen  (often turning red in expos­
ure), 4 .8 -6 .5 x 3 .0 -5 .2  m m  at an thesis , externally  
villous, in ternally  puberu lous. U p p e r  corolla lip 
white , a rched ,  c. 2 x  4 mm; low er lip pale yellow 
with a b ro ad  purp le  band  and /o r  series o f  spots 
in the th ro a t ,  upcu rved  portion  8 -1 5 x 6 -1 0  mm. 
A nthers  b row n , 2 .0 -2 .6  mm; thecae  divaricate. 
Filam ents  0 .8-1.1 mm. Sty le  slightly curved , 
1.7-2.3 mm. C apsule  ovoid , 4 -6  mm long.

H abita t .  M ounta in  fores t and scrub  at altitudes 
be tw een  1500 and  2800 m.

Distribution.  Fig. 4. R estric ted  to the W slopes 
o f  Cordillera O ccidenta l,  A ndes of central 
E cuado r ,  know n  from the provinces of Bolivar, 
C him borazo  and Cana.

R em arks .  Pennell (1951) identified the type of C. 
serrata  with the S E cuad o rean  and Peruvian 
taxon la ter described  as C. variefolia  (Edw in 
1970, cf. below). In con seq u en ce ,  the central 
E cuadorean  taxon  w as recognized as a new 
species, C. cam pii.  Ju ss ie u ’s original collection 
o f  C. serrata  is labelled “ P e ro u ” , but the plant 
conform s in all details with the central 
E cuado rean  species. Besides o f  Peru, Joseph de 
Jussieu  did also collect in S and central E cuador; 
all these  collections are (according to Diels 1937) 
labelled in the  sam e way. T hus , the actual collec­
tion is m ost likely originating from central 
Ecuador. S imilar cases o f  misleading labelling 
are  the types  o f  C. crenata  Lam . and C. ros- 
marinifolia  L a m .,  also co llected  by Jussieu.

Specim ens studied. Ecuador. Chimborazo:  Canyon o f 
Rio C hanchån , c. 5 km N o f H uigra, 1500-2000 m , 
19-28.V. 1945, C am p E-3429 (BM , N Y , PH , V E N ); 
directly  above the village o f H uigra, 1500-2100 m, 
2 8 -3 i.V . 1945, C am p E-3520 (F , G, G H , K, MO, N Y ,

Fig. 4. K now n d istribu tion  o f Calceolaria variefolia 
(© ) N  o f  the Piura D ivide, and C. serrata  ( • ) .

P, PH , U , U C, U S). —  A bove P allatanga on road to 
R iobam ba, 2700 m , 6 .VI. 1979, L pjtnant & M olau 
14133 (A A U , GB). — V icinity o f H uigra, 3 .IX .1918, 
Rose 22520 (N Y , US). —  A bove M ocha (near the 
bo rd er with prov. T ungurahua), IX. 1881, Sodiro “ 63” 
(Sodiro  H erbarium , B iblio theca A urelio E sp inosa, 
C o toco llao , Q uito). — G uataxi (near C hunchi), Spruce 
s. n. (K ). —  Bolivar: V inchoa, “ Reg. In te ran d in a” , 
2800 m , 29.IX .1943, A costa-Solfs 5957 (F). —  H a­
cienda T alahua, 2000 m, 5 .V. 1939, Penland 662 (F , 
G H , PH ). —  Above B alsapam ba, 2500 m, V II- 
V III. 1934. R im bach 215 (B, F, G H ). —  G uaranda val­
ley, 2300-2700 m, IX . 1858, W agner “ I I I ”  (M). —  Ca- 
har: B etw een S an ta Rosa and Joyagsh i (small railroad 
sta tions near the border with p rov . C him borazo), 
2500-2750 m, 6 -9 .VII. 1945, C am p E-4014 (F , G , G H , 
K , M O, N Y , P, PH , S, U C , US). — Sine  loco: Jussieu  
s. n. (C , P).

4. C a lceo lar ia  variefo lia  Edw in

Edw in 1970 p. 400 — Orig. coll.: Pennell & F errey ra  
14916 (U S holo type, BM, G , G H , M, PH , S).

Illustration.  Fig. 3 E -F .

Lax sh ru b ,  1-2 m high. In f lo rescence  and distal 
parts  o f  stem s tom en tose  with ascending  buffish
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white hairs. L eaves  decussa te ,  short-petio late , 
b lades acu te  o r  slightly acum inate , at base 
cunea te  or rounded , green above, sparsely 
short-p ilose , light green beneath , short-to- 
m en tose  or pilose with ascending haris on the 
midrib and  pinnately spreading veins, in­
te rsp aces  g labrous. L eaves  of the main stems 
ovate ,  3 .7 -8 .Ox 1,8-4.3 cm. Petioles 2-8 mm , 
tom en tose .  In florescence  com prising 2-4 pairs 
o f  4-8-flow ered cym es on  prim ary peduncles
1.5-4.0 cm long. Cyme bracts  p resent. Pedicels 
0 .5-1 .5  cm. Sepals  ovate , acute , light green to 
yellowish green, 4 .0 -6 .0 x 3 .0 -4 .2  mm at 
an thesis ,  short- tom entose  on both sides. Corolla 
pale yellow; upper  lip a rched , c. 2 x 4  mm; lower 
lip with a m aroon-red  patch  in the throat,  up- 
cu rved  portion 7 -1 3 x 6 -9  mm. A nthers  b row n, 
1.9-2.3 mm; thecae divaricate. Filam ents  0 .9 -  
1.5 mm. Style  2 .0-2.3 mm. Capsule  ovoid, 4 -6  
mm long.

H abita t .  M ountain  scrub at altitudes betw een 
1700 and  2500 m.

Distribution. Fig. 4. S ou thernm ost E cuador  in 
the province of Loja, and N Peru in the depart­
m ents  o f  Piura, L am bayeque  and Cajam arca, 
only once collected S o f  the P iura  Divide 
(H utch ison  & von Bism arck 6339).

R em a rks .  Calceolaria variefolia  is probably 
closely related to  C. serra ta ,  from  which it 
differs most m arkedly in pubescence  colour and  
the p resence  of short petioles. It grow s at low er 
altitudes than  most o ther  Calceolaria  species in 
N W  South  A m erica, and is consequen tly  one of 
the few species know n to overbridge the Piura 
Divide.

A som ew hat aberran t specim en (H utchison  & 
Wright 6696) is collected at an unusually  low 
altitude in the northern  part o f  the Piura dep ar t­
ment in N Peru. It differs from the typical speci­
m ens o f  C. variefolia  in som e vegetative 
charac te rs ,  viz. the petioles are  longer and the 
glands o f  the leaves are stalked. As such a varia­
tion corre la ted  to  the altitude is seen in many 
o ther  taxa  of the genus, this specim en is with the 
p resen t material most conven ien tly  retained 
within C. variefolia.

Spec im ens  studies. Ecuador. Loja: L oja, 2220 m, 
IV. 1905, Rivet 930 (P). — Z ozoranga, 1.V III. 1847, 
Seem ann 728 (K, S fragm ent). —  Peru. Piura: Por- 
culla, on O lm os-Jaén  road, 21 .V. 1933, C arricker s. n. 
(PH ); 12.V I .1966, Edw in & S chunke 3748 (G, G H , W);

2000-2100 m, 22.IV. 1964, F errey ra  15661 (UC). —  
A bove C anchaque, 1700-1900 m, 21-23 .III. 1948, 
Pennell & F errey ra  14916 (BM , G, G H , M, PH , S, 
US). —  On the road to A yabaca , 8 km  above Puente 
T andopa (Rio Q uiroz), 960-1180 m, 24.IX. 1964, 
H u tch ison  & W right 6696 (U C). —  Lam bayeque:  La 
C apilla, on O lm os-Jaén  ro ad , 2000-2500 m, 8.III.1946, 
O lsson 3 (GH). — Cajamarca:  H acienda  Taulis, prov. 
H ualgayoc, 1900 m, 29.V III. 1964, H utch ison  & von 
B ism arck 6339 (M O, UC).

5. C alceo lar ia  com osa  Pennell

Pennell 1951 p. 129 — Orig. coll.: Cam p (leg. Giler) 
E-2782 (PH  holotype, N Y, US).

Calceolaria cinerea Pennell 1951 p. 128 —  Orig. 
coll.: Rose 23034 (US ho lo type, G H , PH).

Calceolaria mollis Pennell 1951 p. 128 — Orig. coll.: 
Seem ann 727 (K  holotype).

Illustrations.  Fig. 5 A -C ; Pennell 1951 p. 127 Fig. 8 (as 
C. cinerea ), p. 130 Fig. 9.

S u b sh ru b ,  0.5-1 m high; inflorescence and distal 
part  o f  stem s densely sericeous o r  lanate with 
long ascending, w hitish  to  b row nish  (often 
purplish  tinged) hairs (colour depending  on stain­
ing o f  the septa). L ea ves  decussa te ,  petiolate; 
b lades ovate , 2 .5 -6 .5 x 1.6-4.2 cm , obtuse to 
acu te ,  rounded  to cunea te  at base ,  greyish green 
o r  o livaceous above, ±  densely  velutinous, with 
im pressed  prim ary and secondary  veins 
(p innately  rugose), villous to lanate  beneath  with 
buffish hairs, margins slightly serra te ,  ±  rev o ­
lute and (usually) appearing  entire. Petioles d en ­
sely sericeous or lanate, 3-15 mm . In florescence  
com prising  2-3 pairs of 4-16-flow ered cym es on 
p rim ary  peduncles 0 .5-9 .3  cm long. Cyme bracts  
ab sen t  or present in the low er cym es. Pedicels 
0 .7 -2 .0  cm. Sepals  ovate  or elliptic, 4 .0 -  
7 .O x 2.8-5.5 mm at an thesis , ob tuse  to acute , 
som etim es slightly acum inate ; externally  serice­
ous to  lanate; internally pale green , glabrous 
ex cep t for a puberu lous bo rd e r  along the margin. 
Corolla  pale sulphur-yellow, with a purplish spot 
in the th roat; upper lip a rched , 2 - 3 x 3-5 mm; 
u p cu rved  portion o f  low er lip 8 -1 3 x 6 -1 0  mm. 
A n th ers  b row n, 1.9-2.9 mm; thecae  divaricate or 
slightly deflexed. Filam ents  0 .6 -1 .2  mm. Style  
cu rved ,  1.5-2.5 mm. C apsule  ovoid, 4—6 mm 
long.

H abita t .  M ountain scrub and o p en  slopes in the 
low er påram o zone, at a ltitudes betw een 1900 
and 3300 m.

D istribution.  Fig. 6. D isjunct. N o r th  o f  the P iura
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Fig. 5. A -C : Calceolaria com osa .  —  A: Flow ering branch. — B: F low er. —  C: S tam en. —  A, B: L 0 jtnan t & 
M olau 14161; C: Flarling & A ndersson  14538. —  D, E: C. ternata  (H arling & A ndersson  14100). —  D: F low ering 
b ranch . —  E: Stam en. — A, B draw n from  photograph; C -E  draw n from  herbarium  m aterial. —  Scales: A, D 2 
cm , B 5 mm, C, E 1 mm.

Divide it occurs  in the A ndes o f  central and 
sou thern  E cuador,  w here it is know n from the 
p rovinces  o f  Chim borazo, C anar,  Azuay and 
Loja. South  of the P iura Divide there are 
sca tte red  collections from the departm ents  of 
C a jam arca  and A m azonas in N Peru. In all, 57 
spec im ens from 23 collections have been 
studied.

R em a rks .  Specimens from the Peruvian popula­
tions usually  possess den se r  pubescence on 
stem s and leaves than do specim ens from 
E cuador .  H ow ever,  these  differences are not 
co n s tan t  enough to w arran t taxonom ic  segrega­
tion. E ven  within the con tinuously  distributed 
E cu a d o rean  population varia tions in some veg­
e ta tive  characters  can be observed , especially 
concern ing  pubescence density , length/width 
ratio  o f  the leaf-blade, and petiole length. Rely­
ing upon five collections only, Pennell (1951) 
recognized  three species in sou thern  Ecuador.

Calceolaria cinerea  and C. mollis  were sepa­
ra ted  from  C. com osa  by virtue o f  sho rte r  
petioles and  less revolute leaf margins, and  dis­
tinguished from each o the r  by b road /na rrow  
leaves and app ressed /sp read ing  pubescence . 
F u rtherm ore ,  C. cinerea  was described  to  have 
larger sepals (8-9 mm long) and more sparse  
pubescence . H ow ever ,  the only specim ens of 
the la tter cited by Pennell are  in fruit and  late 
an thesis , and the deviations conce rn ed  are quite 
norm al to a fruiting plan t o f  C. com osa .

Representa tive spec im ens. Ecuador. Chimborazo:  
A bove Pailatanga on road  to R iobam ba, 3000-3100 m,
6 .VI. 1979, L p jtnan t & M olau 14116 (A A U , GB). — 
Canar: N rim  o f the valley of Rio C anar, 2000-3000 m, 
23-25 .IV. 1945, Cam p (leg. G iler) E-2782 (N Y , PH , 
US). —  A bout 10 km N W  of El T am bo on  road to  El 
T riunfo , 3100 m, 20.V I .1979, L p jtnan t & M olau 15165 
(A A U , GB). — Azuay:  W o f Patu l, 3 km betw een  
H uahualcay and Rio Patul below  Pasas de Pingliön, 
2670-3275 m, 19.V. 1943, S tey erm ark  52619 (F, P H ) .— 
Portete  de T arqui, 2800 m, 7 .VI. 1979, L pjtnant & Mo-
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Fig. 6. K now n distribution o f Calceolaria com osa  N of 
the P iura Divide.

lau 14161 (A A U , GB). — V icinity o f N abön, 
26.IX .1918, Rose 23034 (G H , PH , U S). —  C u en ca- 
Loja road , u pper N slopes o f Valle del Rio L eon and S 
parts o f Param o de Tinajillas, 2800-3200 m, 9 .V. 1974, 
H arling & A ndersson  14538 (GB); 2700 m, 18. VI. 1979, 
L p jtnan t & M olau 15118 (A A U , GB). —  Loja:  F orest 
near L oja, IX. 1864, Jam eson  s. n. (K , PH , S, U S, W). 
—  K m  15 on road from C ariam anga to  A m aluza, 21- 
23. V II. 1959, H arling 6046 (S), 6059 (S). —  C erro  Cam- 
pana, betw een V ilcabam ba and Y angana, 1900 m,
17.VI. 1979, L pjtnant & M olau 15000 (GB). — Peru. 
Cajamarca:  E o f C elendin, 2500-3000 m, 29.V. 1966, 
Edw in & Schunke 3616 (F , G, G H , W). — C anyon of 
the Rio M aranon above B alsas, 3 -4  km  below  sum m it 
o f the road to C elendin, 2950 m, 21 .V. 1964, H utchison 
& W right 5235 (F , K , MO, N Y , U C). — A m a z o n a s : W 
side o f C erros Calla-Calla, 45 km above B alsas, m id­
way on the road to L eim ebam ba, 3100 m, 19.VI. 1964, 
H utch ison  & W right 5732 (F , M O, N Y , U C , US); 5736 
(F , K , M, MO, N Y, P, UC).

6. C alceo lar ia  ternata  M olau sp. nov.

Orig. coll.: H arling & A nderson 14100 (GB holotype). 

Illustration. Fig. 5 D -E .

F ru tex  0.5-1 m altus. Folia herb acea , te rn a ta , petio- 
lata, ovata , 3 .3 -7 .9 x 2 .6 -5 .0  cm , acu ta  vel subacuta , 
ad basin trunca ta  vel co rd a ta , su p ra  h irsu ta  vel stri- 
gosa, infra in nervis sericea vel velu tina, interstitiis 
villosis; m argines serrati. Petioli 5-14 mm. Inflores- 
cen tia  term inalis, 3-4 paria  cym arum  8-20 florum  
com plec tens, pedunculis prim ariis 0 .7-4 .5  cm longis.

B racteae cym arum  adsunt. Pedicelli 0 .5 -1 .8  cm . Se- 
pala ov ata  vel elliptica, acu ta , viridula, 4 .8 -7 .0 x 3 .3 -  
5.0 m m , ex tra  villosa, intus g labra  vel puberu la . C oro l­
la su lphurea  collo m acula ruben ti p raed ito ; labio supe- 
riore arcu a to , c. 2 x 4  mm; labio  inferiore ascen d en te , 
tertia  fere  parte longitudinis sacca to , p arte  ascenden te
8 -1 5 x 6 -1 0  mm. A ntherae fuscae , 1.8-2.3 mm , to tae  
deh iscen tes, thecae d ivaricatae  vel lev ite r deflexae, 
aequales. F ilam enta 0 .7-1 .2  m m . S tylus 1.5-1.9 m m , 
cu rvatus. C apsulam  m aturam  non vidi.

S ub sh ru b ,  0.5-1 m high. In flo rescence  and distal 
parts  o f  s tem s villous o r  sericeous w ith huffish 
hairs. Leaves  te rna te , petio late; b lades ova te ,  
3 .3 -7 .9x2 .6 -5 .0  cm, acu te  or subacu te ,  t runca te  
to corda te  at base; g reen  above , h irsute o r  
strigose with bufftsh hairs (m ost densely  so on 
prim ary  and secondary  veins), pale green b e ­
neath , sericeous to velu tinous on prim ary  and  
secondary  veins, in terspaces  villous; margins 
grossly serra te  (som etim es doubly  serrate). 
Petioles 5-14 mm, villous or sericeous. I n ­

flo re sc en ce  comprising 3-4 triplets o f  8-20-flow- 
ered cym es on prim ary peduncles  0 .7-4 .5  cm  
long. Cym e bracts p resen t.  Pedicels 0 .5 -1 .8  cm. 
Sepals  ovate  or elliptic, light green, 4 .8 -  
7 .0 x 3 .3 -5 .0  mm at an thesis ,  acu te ,  ex ternally  
villous, internally g labrous o r  puberu lous . Corol­
la su lphur yellow with a large purplish spot in the  
throat; upper lip a rched , c. 2 x 4  mm; upcurved  
portion  of lower lip 8-15 x 6 -1 0  mm. A n th ers  
dark  b row n, 1.8-2.3 mm; thecae  divaricate  o r  
slightly deflexed. F ilam ents  0 .7 -1 .2 mm. Sty le
1.5-1.9 mm, curved. M ature  capsule  not seen.

H abita t.  Dry mountain sc rub  at altitudes b e ­
tw een 1600 and 2200 m.

Distribution. Fig. 7. R estr ic ted  to the low A ndes 
of sou thernm ost E cuado r  (prov. Loja) and ad ja ­
cent areas  in Peru (dep. Piura).

R em arks .  In N W  South  A m erica  C. ternata  is 
unique in having a te rna te  phyllo taxy  as w hat 
appears  to be the norm al condition . In the P e ru ­
vian m ountains S of the P iu ra  Divide, how ever ,  
three m ore species o f  sect. A nacyr ta  with this 
kind of organization occur,  viz. C. glauca  R. & 
P., C. angustiflora  R. & P. (synonym ; C. m ulti­

flo ra  Cav.), and C. rugulosa  Edw in. C. glauca  
and C. angustiflora  are  res tr ic ted  to the d ep a r t­
ments o f  A ncash and Lima in central Peru , and  
are distinct from C. ternata  in a num ber o f  
charac ters  (C. glauca  has lancea te ,  short-h irsu te  
leaves, and C. angustiflora  is essentially  g labr­
ous with nitidous leaves). C. rugulosa ,  ranging



42 U lf  M olau B O T . N O T I S E R  133 (1980)

Fig. 7. K now n distribution o f Calceolaria ternata.

ju s t  S o f  the  P iura Divide in the departm ents  of 
Piura, C ajam arca  and La L ibertad , how ever, 
appears  to be more closely re la ted  to C. ternata. 
They  differ mainly in pubescence  and leaf 
charac te rs ,  and  are probably  bes t  regarded as 
v icarious taxa. The te rna te-leaved  species o f  
sect. A n a cy r ta  are inadequate ly  trea ted  by 
Edw in (1971) in M acb ride’s “ F lora o f  P e ru ” , 
and requ ire  a taxonom ic revision.

Spec im ens  studied. Ecuador. Loja:  L o ja-Z arum a 
road, b etw een  San Pedro and Las C hinches, 1900-2200 
m, 30.IV. 1974, Harling & A ndersson  14100 (GB). — 
Rio C om unidades betw een V ilcabam ba and Y angana, 
1600 m, 15.V. 1967, Sparre 16180 (S). — Peru. Piura: 
O lleros (c. 15 km ESE o f A yabaca), Bonpland 3509 
(P).

Sect. 9. P o ly c la d a  Pennell

Pennell 1951 p. 134 — T ype species: Calceolaria bra- 
chiata  K ränzlin .

S candent shrubs, m uch b ranched ; branches di­
varicately  spreading. Inflorescence and distal 
parts o f  stems minutely puberu lous with 
purplish, ferrugineous o r  buffish hairs. Leaves 
decussa te ,  petiolate; b lades herbaceous, elliptic 
or lanceate .  Sepals th in , g labrescent, unequal; 
the dorsal sepal cordiform  (broadly ovate  and 
with co rd a te  base), the  lateral ones ovate , and 
the ventra l one lanceate. Corolla yellow, unspo t­
ted. A n thers  brow n, opening throughout; thecae 
equal, d ivaricate.

Sect. Polyclada  is a well-defined natural group, 
by the sepals  easily distinguished from all o ther

sections of the genus. It ranges from  N E cuador 
to N Peru , and is at p resen t  know n  to com prise 
only tw o species, one o f  w hich , C. brachiata,  
occurs  in the investigated area . T he other one, 
C. d isco theca  Molau, is k now n  only from the 
dep ar tm en t o f  A m azonas,  N  P eru , ju s t  S o f  the 
P iura Divide (Molau 1979 b).

1. C a lceo lar ia  b rach iata  Sodiro  ex  Kränzlin

Sodiro ex K ränzlin  1905 p. 106 —  Orig. coll.: Sodiro 
“ 115/10” (probably  W , destroyed) —  N eotype: Sodiro 
“ 115/16” (P), here  designated.

Illustration. Fig. 8 A -D , here designated .

Scanden t shrub', s tems 0.5-3 m long, distally 
puberu lous with buffish to purplish  hairs. L e a f  
blades  elliptic, 2 .2-5 .Ox 1.2-1.6 cm, acute , 
a t tenua te  at base; dark  g reen  above , minutely 
pilose; pale green benea th ,  re ticu la te-venose, 
g labrous excep t for the p u b eru lous  midrib; m ar­
gins serrate . Petioles 3 -7  m m , puberulous. In ­
f lo re sc en ce  distal, diffuse, com pris ing  1-2 pairs 
o f  1-4-flowered cym es on prim ary  peduncles  
0 .7 -3 .0  cm long. Cym e b rac ts  p resen t.  Pedicels 
0 .7-1 .8  cm. Sepals  light g reen , often suffused 
with purple , acu te , 5.0-7 .7  m m  long at anthesis , 
g labrous or minutely puberu lous  on both  
surfaces; dorsal sepal 5.9-7 .7  m m  wide. Corolla  
light yellow, externally  puberu lous ; upper lip 
som etim es a lm ost white , h o o d ed ,  3 -5 x 5 -6  mm; 
low er lip 8 -1 5x6-8  m m , infla ted , projecting or 
slightly upcurved , closing the  orifice, sacca te  in 
1/3—1/4 of its length. A n th ers  b row n  to buffish, 
2.1-2.9 mm. Filam ents  c. 1.2 mm . Style  3 .3 -4 .5 
mm, slightly curved  near  apex .  Capsule  ovoid, 
puberu lous , c. 6 mm long.

H abita t .  Cloud forest and dense  m ountain  scrub 
at a ltitudes be tw een  2800 and  3500 m.

D istribution.  Fig. 9. R es tr ic ted  to  the A ndes o f  N 
E cuador ,  w here  it is sca tte red  bu t uncom m on in 
the p rovinces  o f  P ich incha and  Cotopaxi.

R em arks .  The original m ateria l  was sent to 
K ränzlin  in V ienna and m ust be regarded  as de ­
s troyed ; no duplicates are  p re se n t  in the Sodiro 
collections in Q uito , E cu a d o r .  T h e  n um ber  cited 
by K ränzlin  (115/10) is no t a collection num ber,  
bu t ra the r  a species n um ber.  In the Sodiro 
herbarium  in B iblio theca A urelio  E sp inosa ,  
C otocollao , Quito , the sam e species num ber  
often appears  on several co llec tions  from  differ-
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Fig. 8. A -D : Calceolaria brachiata.  — A: F low ering b ranch . —  B: F low er. —  C: D orsal sepal. — D: S tam en. — 
A, B: L p jtn an t & M olau 13744; C, D: Sodiro “ 115/16” . —  E -G : C .fu sca .  —  E: F low ering branch. —  F: Corolla. 
—  G: S tam en. — E, F: L p jtnan t & M olau 14497; G: A ndré K .607. —  A, B, E , F  draw n from  photographs; C, D, G 
draw n from  herbarium  m ateria l. —  Scales: A, E 2 cm , B, C, F 5 mm, D, G 1 mm.

ent occasions  and localities. On the o the r  hand, 
S o d iro ’s specim ens a re  usually labelled with 
m onth  and year of collection. The original type 
o f  C. brachiata  is said to  have been collected in 
May (year  unknown), and  no such specim en can 
be found in the p resen t material. T hus , w hen 
using the Sodiro material, only date and  locality 
are im portan t; species num ber is of no value. 
A n o th e r  well-preserved Sodiro collection from 
the  type  locality is here chosen  as neotype.

Spec im ens  studied. Ecuador. Pichincha: B etw een 
O yacachi and Com enia, C ordillera O riental, 3000 m, 
27.X . 1945, Acosta-Soh's 11192 (F). — C orazon , 2900- 
3100 m, 22.VI. 1876, A ndré 3720 (K , NY). —  N slopes 
o f C erro  C orazon along A loag— Santo Dom ingo road , 
3150 m, 29 .V. 1979, L p jtnan t & M olau 13981 (A A U , 
GB). —  “ In silvis m ontis C o razo n ” , VII. 1882, Sodiro 
“ 115/16” (P). — Lloa valley above Palm ira, 3 .V I .1873, 
Sodiro s. n. (BP). — C erro A tacazo , V III. 1918, Sodiro 
s. n. (B ibliotheca Aurelio E spinosa); 2800 m, V II -  
V III. 1919, Sodiro s. n. (B iblio theca A urelio E spinosa). 
—  Cotopaxi:  E of and above Pilalö, 3500 m, 26. V. 1979, 
L p jtnan t & M olau 13744 (A A U , GB).

Sect. 10. Phaeanthera  Pennell

Pennell 1951 p. 131. —  T ype species: Calceolaria fu s-  
ca Pennell.

Shrubs o r  subshrubs, m uch b ranched . Foliage, 
in florescence and distal pa r ts  o f  s tem s pubescen t 
with coarse ,  b row n to dark  purplish septate  
hairs. L eaves  decussa te ,  petio la te , ±  coriace­
ous. Inflorescence distal. Sepals internally with 
a short- tom entose  b o rd e r  along the margin. 
Corolla yellow, unspo tted . A nthers  b row n, 
opening throughout; thecae  equal.

In N W  South  A m erica sect.  Phaeanthera  co m ­
prises only a single species, viz. C .fu s c a .  In the 
Peruv ian  A ndes S o f  the P iura Divide the section 
is rep resen ted  by C. gaultherio ides  Molau, and 
possibly  ano ther  few species.

In som e im portan t sectional characters  (viz. 
foliage and pubescence  o f  inne r  sepal surfaces), 
sect. P haeanthera  show s certa in  affinities to 
sect. D erm atophylla . C . fu s c a  is in m any aspects
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Fig. 9. K now n distribution o f Calceolaria brachiata 
( q  ) and C. fu s c a  ( • ) .

close to C. sotarensis  Pennell (cf. Molau 1979 a) 
o f  tha t section , and differs mainly in the 
p u b escen ce  type, as indicated above. The fact 
tha t the pecu liar  corolla type o f  C. fu s c a  is p re­
sen t also in several species o f  sect. Dermato-  
phylla  is, how ever,  o f  less im portance . There  are 
several o th e r  cases in Calceolaria,  w here highly 
specia lized  corolla shapes  have evolved inde­
pendently  in remote species (e.g. the narrow  
corolla  w ith strongly upcurved  low er lip, which 
is p re sen t  in C. ericoides  Vahl as well as in the 
species o f  sect. A nacyr ta ) .  Considering the 
similarities in foliage and sepal pubescence it 
seem s likely that the sections D ermatophylla , 
S ym plocophy lla  and P haean thera  are very 
closely allied. A satisfac tory  delimitation re­
quires a com plete  revision o f  the Peruvian

species. W ith the p resen t  know ledge  I prefer to 
retain P ennell’s (1951) sy s tem , trea ting  the co m ­
plex as th ree  sections.

1. C a lceo lar ia  fusca Pennell

Pennell 1951 p. 132 —  Orig. coll.: A ndre K-607 (F 
holo type, K , NY).

Calceolaria acuminata  Pennell 1951 p. 134 — Orig. 
coll.: O lsson 4 (PH holo type, US).

Calceolaria parotricha  Pennell 1951 p. 133 — Orig. 
coll.: Cam p E-4735 (PH h o lo type , F , G , G H , K, M O, 
N Y , P, S, U , UC, US).

Calceolaria steyermarkii  Pennell 1951 p. 132 — 
Orig. coll.: S teyerm ark  54475 (PH  ho lo type, F , NY).

Illustrations.  Fig. 8 E -G ; Pennell 1951 p. 130 Fig. 10 
(as C. steyermarkii),  p. 135 Fig. 11 (as C. parotricha) 
and Fig. 12 (as C. acum inata).

E rec t  or sem i-scandent sh ru b ,  0.4—1.5 m high. 
All hairs brow n to dark  purp lish . Inflorescence 
and  distal parts  o f  s tem s ±  dense ly  hirsute or 
tom en tose .  L e a f  blades  ova te ,  1 .5 -4 .2x0 .8 -2 .8  
cm , acu te  or slightly acu m in a te ,  cuneate  to 
rounded  at base; dark  g reen  ab o v e ,  ±  rugose, 
sparsely  pilose to densely  h irsu te ; light green 
benea th  with conspicuous p inna te  venation (re­
ticulate veins ±  obscure) ,  veins hirsute, in­
te rspaces  pilose to g labrous; margins sharply 
den ta te ,  deflexed or slightly revo lu te .  Petioles 
densely  hirsute , 3-12 mm . In florescence  c o m ­
prising 1-3 pairs of 4—10-flowered cym es on 
prim ary peduncles  0 .5 -5 .0  cm  long. Cyme b rac ts  
som etim es present, bu t usually  rud im entary  or 
absen t.  Pedicels 0 .7 -2 .0  cm . S epa ls  ovate , 5 .5 -  
9 .0 x 4 .0 -6 .0  mm at an thes is ,  acu te  or slightly 
acum inate ,  light yellowish g reen ,  externally  
shortly  h irsute  or strigose, in ternally  glabrous to 
puberu lous  on the surface . Corolla  bright 
yellow; upper lip c ircu lar, h ooded ,  frontally 
flattened and alm ost saucer-l ike ,  6 -1 5 x 1 0 -1 7  
mm; low er lip inflated, s trong ly  upcurved  and 
ap p ressed  against the u p p e r  lip, sacca te  in 1/4- 
1/5 o f  its length, upcurved  po rtion  10-20x8-14  
mm. A nthers  1.8-2.5 mm, d a rk  b row n; thecae 
slightly deflexed, 1.5-2.0 m m . F ilam en ts  1.2-2.2 
mm. Sty le  a lm ost straight, 3 .2 -4 .2  mm. Capsule  
ovoid , 5 -6  mm long, h irsu te  w hen  young, later 
becom ing glabrous.

H abita t.  M ountain scrub  and  low  cloud fo res t ,  at 
altitudes be tw een  2500 and 3500 m.

D istribution.  Fig. 9. A d is junc t species with its 
main distribution in the C ord il le ra  Oriental in S
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E c u a d o r  and an isolated popula tion  in Cordillera 
C entra l in the departm ent of Cauca , S Colombia. 
In E c u a d o r  it occurs as sca tte red  populations in 
the p rov inces  of C him borazo , A zuay , Morona- 
Santiago  and  Loja. It is uncom m on, but it is not 
unlikely tha t future collections from  rem ote 
parts  o f  the  Andes o f  N W  South  A m erica  will 
revea l a m ore continuous distribution.

R em a rks .  Calceolaria fu s c a  is an unusually vari­
able species, especially in density  of in­
d um en tum . The variation is no t geographically 
o rd e red ,  how ever. To the con tra ry , a large part 
o f  the morphological spec trum  may be found 
within a single population, as revea led  by the 
co llections from the pass on the G ualaceo-Li- 
m ön  road . Even specim ens from  the  rem ote 
C olom bian  population are  alm ost identical to 
som e specim ens from that population.

With the present c ircum scrip tion , C. fu s c a  
com prises  not less than four species in the sense 
o f  Pennell (1951). Three  of these  w ere  based 
upon  a single collection respectively . H ow ever,  
with the present know ledge o f  the variation 
p a t te rn  (largely owing to later collections), it is 
obvious that the com plex is b e t te r  t rea ted  as a 
single, variable species. It thus forms a parallel 
to C. gossypina  Bentham  (M olau 1978).

Spec im ens  studied. Colombia. Cauca:  S side o f El 
B oqueron , Påram o de Las Papas, a t the bo rder with 
dept. H uila, 3350-3450 m, 6 .IX . 1958, Id robo  et al. 2981 
(C O L , P). —  Valle de Las Papas, 2970 m , 5 .IV. 1944, 
O lsson 4 (PH , US). — Ecuador. Chimborazo:  Palm ira,
14.X. 1876, André K.608 (K). — A zu a y:  Sevilla de O ro, 
4 -6  km N o f the village, 2750-3050 m, 16.VIII. 1945, 
C am p E-4735 (F , G, G H , K , MO, N Y , P, PH , S, U , 
U C , US); c. 10 km N N E  of the village, 3000-3300 m, 
13.IX. 1976, 011gaard & Balslev 9438 (A A U ). —  Moro-  
na-Santiago:  Gualaceo. —  Lim on ro ad , E  o f the pass, 
3300-3400 m, 2 .IV. 1974, Harling & A ndersson  13104 
(GB); 3400-3450 m, 10.VI. 1979, L p jtnan t & Molau

14497 (A A U , GB); 3000-3100 m, 20.IX .1967, S parre 
18789 (S). — Loja:  B etw een Loja and Z am ora, 3500 m 
(near the  pass, at the b o rd e r with prov. Zam ora- 
C hinchipe), 1.X II. 1876, A ndré K.607 (F , K , NY). —  
A ndes E o f Loja, 3000-3300 m, Lehm ann K.248 (K). 
—  B etw een Tam bo C achiyacu, La E n trada , and N udo 
de Sabanillas, 2500-3500 m, 7 .X. 1943, S teyerm ark  
54475 (F , N Y, PH).
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Chromosome numbers in Rubus species from Sri Lanka
H IL D E  N Y B O M

N ybom , H. E. 1980 03 17: C hrom osom e num bers in Rubus species from  Sri Lanka. Bot.  
Notiser 133: 47-48. S tockholm . ISSN  0006-8195.

C hrom osom e num bers are given fo r/? , indicus (2n =  56), R. rugosus  var. thwaitesii (2 n ~  
98) and R.  sp. (2n ~  70) on m aterial co llected  in Sri L anka.

Hilde N yb o m , D epartm ent o f  P lant Taxonom y, University o f  Lund, Ö. Vallgatan 20, 
S-223 61 Lund, Sweden.

Five species  of R ubus  subgenus M alachoba tus  
are  rep o r te d  from Sri L an k a  (Alston 1931, 
A beyw ick ram a  1959): R. indicus  T hunb .,  R. 
rugosus  Smith var. thwaitesii Focke , R. m icro ­
p e t  a lus  G ardner, R. fa irho lm ianus  G ardner and 
R. gardnerianus  O. K un tze . All of these , m ore 

, o r  less intergrading species, belong to section 
I M o lu c c a n i , series R ugosi  (Focke 1910-1914). 

H o w e v e r ,  they are quite often trea ted  as va r­
ieties o f  R . m oluccanus  L. instead (e. g. H o o k er  
1879, B acker  & Bakhuizen van den  Brink Jr  
1963).

M eth od s

In F eb ru ary  1979 stem  crow ns together with som e 
roo ts  w ere collected from 11 populations of M alacho­
batus  on Sri Lanka, Central P rovince. A fter growing 
the m aterial in Sweden, root tips from  the 7 surviving 
co llections were fixed in N avash in -K arpechenko , 
em bedded  in paraffin, sectioned and dyed in crysta l 
violet. C hrom osom es in c. 5-10 cells w ere counted  on 
each plant.

R esu lts

R. indicus.  Tw o populations com prising one 
plant each  were counted, 2n =  56.

R. rugosus  var. thwaitesii. Four populations 
com prising  one, two, two and three plants, re ­
spectively , were counted, 2n ~  98.

R.  sp. One population com prising two plants 
was coun ted ,  2n ~  70. In the same population 
three  plants closely resembling pure R. fa irh o l­
m ianus  w ere collected. U nfortunate ly  none of 
these survived in Sweden. R. rugosus  var. 
thwaitesii  is very common in the vicinity. As the

tw o investigated plants look ra the r  in term ediary  
be tw een  R . fa irho lm ianus  and the la tter, a 
hybrid  origin seems possible.

R em ark s

All species o f  M alachoba tus  (X = 7 )  h itherto  
exam ined  are polyploid (V aaram a 1954 one 
species, Jinno 1958 four species, N ybom  tw o (-  
three) species). In the subgenus R ubus  all diploid 
species  seem  to be sexual, and most polyploid 
species facultatively apom ictic. M aybe the 
polyploid species in M alachobatus  are also 
apom ictic?  Establishing the m ode of rep roduc­
tion m ust be essential w hen working with 
species  delimitation problem s. The present au ­
th o r  in tends to collect m ore material in India and 
Sri L anka  to use in morphological and experi­
mental investigations.

A ck n o w le d g em en ts . V ing-R esor subsidized the 
jo u rn ey  to  Sri L anka, technical assistance was given 
by L o tte  H errosé  and Ingrid L arsson , reference m at­
erial was loaned from  S, K and BM.
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C ollections

If., R. ind icus , N orton  Bridge on the road K itu lgala- 
D ickoya, H atton  Region. —  Ilf ., R. indicus,  on the

road  as above, c. 5 km  ap a rt from  If. —  IV f., R. 
rugosus,  pilgrim ’s path  L o in o rn  E s ta te -N ag rak  
E sta te , H orton  Plains, H apu ta le  R egion. —  V f., R. 
sp ., c. 5 km outside N u w ara  E liy a , on the road N anu 
O ya-A m bew ela , N uw ara  E liya R egion. — V if., R. 
rugosus,  B lackpool Bridge on the  road  as above, N u ­
w ara E liya Region. —  V llf ., R . rugosus ,  on the road 
B lackpool B ridge-A m bew ela c. 2 km  apart from  V lf., 
N uw ara  E liya Region. —  X f., R . rugosus,  F a rr Inn, 
H orton  Plains, N uw ara E liya R egion.

V oucher specim ens are p re se rv ed  a t LD.



Pollen eating Thricops flies (Diptera, Muscidae) on Arrhenathe- 
rum pubescens and some other grasses
IV A R  E L V E R S

Elvers, I. 1980 03 17: Pollen eating T hricops flies (D iptera, M uscidae) on A rrhenatherum  
pubescens and som e o th e r grasses. Bot. N o tise r  133: 49-52. S tockholm . ISSN 0006-8195.

Photographic evidence show s tha t the m uscid Thricops semicinerea  visits an th ers  of 
Arrhenatherum pubescens, A . elatius, Dactylis g lo m era ta , and Alopecurus pra tens is ,  to 
feed on pollen. In Arrhenatherum  pubescens  these fly visits m ay effect pollination.

Ivar Elvers, Botanical Institute , University o f  S tockho lm , S-106 91, Stockholm 50, Sw eden .

G rasses  are generally considered purely  
anem ogam ous. A few cases o f  probable en- 
tom ogam y have been reported  am ong some 
tropical species (Bogdan 1962, Söders tröm  & 
C alderon  1971, Pant & C haturvedi 1979; see also 
A rber 1934 and Faegri & van der Pijl 1979), but 
the dom inating  opinion am ong botanists  has  evi­
dently  been  that insect visits to grass flow ers in 
tem pera te  regions are ineffective for pollination.

H o w e v e r ,  the presence o f  pollen-consum ing 
insects  on extra-tropical grasses has also 
a t trac ted  some interest (Porsch 1956, L ee reve ld , 
M eeuse , & Stelleman 1976, Stelleman 1979). 
L ee reve ld  et al. write (1976 p. 208-209): “ T here  
can be very little doubt that Thricops sem ic in e ­
rea is an effective pollinator of Plantago m edia  
and a num ber of grasses. F u r th e r  observa tions  
are clearly  indcated .”

The p resen t com m unication reports  som e 
observa tions  of this kind. T hey  were carried  out 
with the aid o f  stereoscopic pho tographs o b ­
tained with an “ lea P o lyscop”  cam era  with 
accessories  for close-range photography. Agfa- 
co lor film CT 18 was used, and the scale o f  the 
p ic tu res  was x0 .7 . Fig. 1 A - 0  are black and 
white single-frame versions of these p h o to ­
g raphs, scale x3.

O b servation s

The first observa tions  were made in 1978, w hen 
(w ithout knowledge of the w ork by L eereveld  et 
al.) I was s truck by the behav iour of Thricops  
flies. In a m eadow  in the parish of B e ttna  (S

Sw eden) I observed  great num bers  of them  visit­
ing the  flow ers of A rrhena therum  pubescens .  
T hey  w ere working with an intensity  and in such 
num bers  as to be com pared  to the activity of 
honey  bees in flowering Tilia or to the crow d of 
insects  on  the umbels of a road-side Pastinaca.

In 1979 the observations  w ere  continued in the 
sam e area . The efflorescence lasted for about 10 
days in the middle o f  June.

T he observations  w ere ex tended  also to o the r  
g rasses in the same region. In one locality (a 
railway bank) the rela ted  species A rrhenatherum  
elatius  was growing quite ex tensively , but (with 
one exception) only very few Thricops  or o the r  
pollen eaters  were found on it. The exception  
was a small, isolated stand o f  ju s t  2 culms, w here 
there  was quite a stir o f  visiting Thricops  flies 
(Fig. 1 I, J).

A com parison  betw een p ic tures o f  the tw o 
A rrhena therum  species indicates, to my eyes ,  a 
small, bu t possibly significant difference: in A.  
p u b escen s  the an ther  f ilam ents retain a co n ­
siderable  stiffness for some time after the o p en ­
ing o f  the flowers (e.g. note  the elastically 
cu rved  filaments visible in Fig. 1 F, G). In A.  
elatius  the filaments have all lost their tur- 
gescence  and hang down flaccidly from the flow ­
ers. This limpidness is a part o f  the typical wind 
pollination syndrom e, and A . elatius  is, in fact, 
one o f  the classical exam ples of an anem ogam ­
ous grass-flow er (K erner  v. Marilaun 1891). The 
difference be tw een  the filaments of A . elatius  
and A . p u b escen s  may be som ew hat analogous 
to tha t be tw een  the anem ogam ous catkins of
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Fig. 1. — A -G . Thricops semicinerea  on Arrhenatherum  p u b escen s ,  photographed  during the ordinary time of 
an thesis in this species: 4 .30-6.00 p .m . — A: Several flies in action. —  B -E : Flies eating pollen. — F, G: S tam en 
Filaments elastically curved. — H: F low ers of this species can be a ttractive to  the flies also in the m ornings. Photo 
8 .30a.m . — I , J :  Thricops o n A .  elatius. A nthers drooping. (5.00 a .m . = ord inary  time o f anthesis in this species). 
—  K, L: Dactylis glomerata  with Thricops (7.00 a .m .), and with M isum ena  (6.00 p .m .). —  M: Thricops on 
Alopecurus pratensis  (4.30 a.m .). —  N, O: Poa pratensis  w ith Thricops  specim ens killed by Entomophtora.  — 
M agnification in all pictures ca 3 x ;  further inform ation in text.

Populus  and the predom inantly  en tom ogam ous 
ones of Salix.

A nother difference be tw een  the two A rrh e­
na therum  species is that the stigm as of A. elatius  
are more protruding (cf., e .g .,  Fig. 1 C, I).

Pollen eating Thricops flies w ere  seen also on 
D actylis  glom erata  (Fig. 1 K) and A lopecurus  
pratensis  (Fig. 1 M). As in Arrhenatherum  the 
distribution o f  the visits appea red  to be capric i­
ous. Some plants a ttracted  a lively a t tendance

from m any flies, while o thers  were ignored. In 
the p ic tures of D actylis  and A lo p ecu ru s , how ­
ever, stigmas were invisible or very inconspicu­
ous. Fly visits here could hardly be of im ­
portance  for pollination.

T he  p resence o f  insects in grass panicles is 
som etim es a pathologic phenom enon: when in­
fested  by the fungus E ntom oph tora  some species 
have a tendency  to await the ir  death in the top 
regions o f  grass culms, som etim es in great

B O T. N O T I S E R  133 (1980) Pollen eating f l ie s  on Arrhenatherum  51
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num bers .  In the litera ture  on pollination biology 
the early  descriptions o f  this by Ludwig (1881, 
1884) are often cited. Thricops  is susceptible to 
the  fungus, but during my studies I saw only a 
few , solitary, infected specim ens (on Dactylis  
and on  Poa pra tensis ,  Fig. 1 N , O).

O ther visitors

A few  o the r  pollen collecting insects, mostly 
syrph ids ,  were also seen , but the muscid Thri­
cops sem icinerea  was by far the most com m on 
visitor.

An indirect indication o f  insect a ttrac tiveness  
o f  A rrhena therum  p u b e sc e n s  f lowers is provided 
by a find in them  of the p red a to r  M isum ena  
vatia. This is a c rab  sp ider  (Thomisidae)  which 
norm ally  finds its prey  by sitting motionless in 
som e suitable en tom ogam ous flower. W hen an 
insect a rrives, it is caught by the spider in a swift 
assau lt ,  and then slowly devoured .

T he  M isum ena  in the Arrhena therum  panicle 
m ust have  reached the typical stage o f  com plete 
standstill and ensuing cam ouflage: I did not see it 
m yse lf  on the plant, bu t found it la ter toge ther 
with the  panicle, w hich had been  collected be­
cause  o f  a  more consp icuous  hem ip ter  sitting on 
it.

A n o th e r  find o f  the M isu m en a  was m ade on a 
D actylis  panicle (Fig. 1 L). This specimen did 
not d isplay its typical hunting behaviour, how ­
ever,  it kep t moving over  the flowers. It is uncer­
tain w h e th e r  it would gradually  have found its 
co rrec t  motionless hunting  position, if I had not 
had to  interfere with it by flashlight exposure.

C on clu sion s

The observations  on the Bettna population o f  
A rrhena therum  p u b escen s  indicate a slight 
ten d en cy  tow ards en tom ogam y. The panicles o f  
this grass are fairly consp icuous ,  at least as seen 
by hum an  eyes. It is one o f  the relatively few 
g rasses  included by Arnell (1903) in his lists o f  
Sw edish  plants with “ dom inating flow ering“ , 
e.g. plants which in flow er show  up prom inently 
and  give colour to  the landscape. Pollen eating 
spec im ens o f  Thricops sem icinerea  were seen on 
m any o f  the  plants ob se rv ed ,  som etim es in great 
p rofusion . The s truc tu re  and  developm ent o f  the 
s tam ens  and the pistil during anthesis  point to 
the possibility that the flies transfer  pollen b e ­

tw een them . T he  c ircum stances  around  the  find 
o f  the c rab  sp ider M isu m en a  vatia  are  in good 
ag reem en t with its beh av io u r  in tru ly  en- 
tom ogam ic species.

The pollination in A. p u b escen s  thus exem pli­
fies and illustrates a b o rd e r  region be tw een  
anem ogam y and en tom ogam y , bu t on the  whole, 
insects  probably  have only marginal value as 
pollen vectors  for this species com pared  with 
wind. T he  pollen grain is o f  the o rd inary  grass 
type , and  only few grains w ere  found  in the fur o f  
flies collected on this species. A nthesis  in g ras­
ses is o f  short duration , and  it is not likely that 
sufficient arm adas o f  insects  should  ju s t  then be 
available everyw here  to serve  as the main polli­
nation agents, although the B ettna  observations 
indicate tha t locally, this might be the case.

F or A rrhena therum  elatius, D actylis  g lo m e­
rata ,  and  A lopecurus pra tens is  it is less probable 
that the observed  Thricops  visits have any 
apprec iab le  significance for pollination.

Acknow ledgem en ts .  I thank  D r L ars H edström  o f the 
entom ological departm ent o f the  U niversity  of U pp­
sala for the determ ination  o f the  insects and for o ther 
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the infraspecific taxonom y o f O phrypetalum  odoratum  are d iscussed .

K a j Vollesen, Institute o f  Sys tem atic  Botany, Gothersgade 140, DK-1123 C openhagen  K, 
D enmark.

This p ape r  is in tended as a supp lem ent to the 
volum e on A nnonaceae  in F lo ra  of Tropical East 
Africa (V erdcourt 1971 b). Som e species only 
partially know n when the flora was published, 
and  som e com pletely  new  species are formally 
described , and the delimitation of o the r  taxa  is 
d iscussed .

A com parison  of A nnonaceae  with m ost o ther  
families o f  similar size in East Africa, show s that 
it has a relatively high proportion  of partially 
know n species. There are several reasons for 
this. Som e species are no doub t genuinely rare. 
O thers  are seldom  seen in flow er o r  have small 
and /o r  inconspicuous flowers o r  very few flow­
e rs  at any time. The fruits often seem  to be very 
slow in m aturing which gives rise to problem s 
when trying to relate flowering and fruiting m at­
erial.

The material on which this paper  is based was 
collected during three years  o f  field-work in 
Tanzania.

A steran th e E n gl. & Diels

T he genus A steran the  was published by Engler 
& Diels (1901) to include Uvaria asterias  S. 
M oore. Since then only one additional species 
has been published (Diels 1936), viz. A . trollii 
Diels.

A steran the  asterias  (S. M oore) Engl. & Diels 
is now a well known plant from  the coastal 
forests in K enya  and Tanzan ia .  A . trollii has 
never been re-collected and its identity  has 
puzzled all subsequent w orkers  on E as t African

A nnonaceae .  V erdcourt (1971 a & b) d iscusses 
the possible identity o f  A. trollii pointing out tha t 
there  are several d iscrepancies  be tw een  the 
original description and  the type -shee t at the 
Berlin H erbarium . He refrains from  uniting it 
with A . asterias,  but concludes  tha t it will p ro b ­
ably prove to  be a form o f this species.

An exam ination  o f  the type -shee t from the 
Berlin H erbarium  show s a label with the w ord  
“ 2. B ogen”  (meaning second  sheet) added in 
pencil. A ccording to the Berlin H erbarium , the 
first sheet cannot be found and it m ay have been  
d es troyed  during the war. It seems c lear  tha t the 
descrip tion  o f  A. trollii was based  on the missing 
sheet,  and  the ex tan t sheet is consequen tly  c o n ­
sidered to be an isotype.

The reason  for re-exam ining the type of A. 
trollii was the d iscovery  o f  a species o f  A s te ­
ranthe  in S E Tanzania. This is so different from 
A . aster ias ,  that at first it was not even re c ­
ognized as an A steran the .  The detailed s truc ture  
o f  the flow er, especially the sym petalous  corolla 
and  the very  specialized s truc tu re  o f  the 
gynoecium , is how ever c loser  to A sth era n te  than 
to any o th e r  genus. A fter realising th a t  the plant 
w as an A steran the  it was considered that it might 
possib ly  be the missing A. trollii, bu t it p roved  to 
be very  different, and a new species is therefore 
described .

A steran th e lu tea  Vollesen, sp. nov., Fig. 1

T ype: T anzan ia , Kilwa D istr., Selous G am e R eserve, 
K ingupira, c. 8°25'S 38°30'E, c. 125 m a .s .l. — January
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Fig. 1. A steranthe lutea. —  A: H abit. —  B: longitudinal section o f flow er (as ind icated  in C). —  C: C alyx and 
b racteo le . —  D: Stam en, back , front and side view respectively . —  E: C arpel and sty le, transection  o f sty le. — 
A -E : V ollesen  in MRC 4838 (C).

1, 1978, K . V ollesen in MRC 4838 (C holotype; EA , K , 
W AG isotypes).

A . asterias  auct. non Engl. & Diels: V erdcourt (1971 
b) quoad  specim . Vaughan 1826.

A. asteriae  (S. Moore) Engl. & Diels affinis, bracteolis 
late ovatis basi cordatis, 6-8 mm longis 5-7 mm latis, 
sepalis subglabris vel sparse sericeis, floribus luteis, 
petalis carnosis , basi non incrassatis, in flore m aturo 
verticalibus ab ea diversa.

Shrub  to c. 4 m tall. Y oung branches  velutin-

o u s - to m e n to se  becom ing se r iceous,  hairs white. 
Indum en tum  and bark  gradually  peeling, leaving 
a b row n  indistinctly ribbed u n derba rk .  L ea ves  
e l l ip t ic -obovate ,  on flow ering b ranches  70- 
120(— 134) mm long and 27-55(-65) mm  wide, on 
sterile b ranches  up to 185 mm long and 90 mm 
wide, length/w idth-ra tio  1.8-2.8. Base ro u n d ­
e d -c o rd a te ,  apex abrup tly  co n trac ted  to an 
acu m in a te -ac tu e  tip, rarely  b road ly  rounded  or
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slightly em arginate . M idrib and lateral nerves 
ra ised  benea th ,  reticu la tion  im pressed , lateral 
nerves  in 10-15 pairs. Midrib and lateral nerves 
sparse ly  sericeous and  lam ina beneath  with 
sca tte red  adp ressed  hairs basally , o therw ise 
g labrous. Petiole 3-5 mm long, densely to- 
m en tose . Flowers  ex tra-axillary  or terminal on 
short b ranches ,  solitary, nodding, fragrant. 
Pedicels (2—)5—8 mm  long, densely  whitish to- 
m en to se ,  with one g reen , pers is ten t, broadly 
o v a te - t ra n sv e rse ly  ovate  b rac teo le ,  6-8 mm long 
and  5-7  mm wide, with co rda te  base and acute  
apex , with distinct re ticu la te  nervation , sparsely 
sericeous. Sepals  green , slightly connate  at base, 
b road ly  ovate ,  10-15 m m  long and 8-12 mm 
wide, with ro u n d ed -co rd a te  base and a c u te -  
acum ina te  apex , whitish sericeous at base 
o the rw ise  sparsely  ser iceous-subg lab rous ,  with 
d is tinct re ticula te  nervation . Y oung petals  green 
soon turn ing  yellow with dark  red slightly lon­
gitudinally striate basal part ,  fleshy, jo ined  into a 
basal tube  c. 10 mm long, free parts  narrow ly 
triangular, (17—>20—24 mm  long and (9-) 12-15 
mm  wide at base, with acum inate  apex and often 
slightly narrow ed  basaily , dorsaliy  densely 
whitish sericeous, ventra lly  tom en tose  and with 
sca tte red  long crisped hairs in the apical part, 
subglabrous tow ards  the base. S ta m en s  c. 250- 
300, yellow, c. 3 mm long, with a deep long­
itudinal groove on each  side separating the 
pollen-sacs. Connective  prolongation convex at 
apex , pubescen t .  Carpels  3-10, c. 2.5 mm long, 
densely  tom entose . Style c. 1 mm long, rectan- 
gu la r-cy lindric ,  w idened apically, folded in from 
both  sides and consequen tly  appearing with a 
longitudinal groove adaxially  (Fig. 1 E), serice­
ous. Fruit and seed not seen.

D istribution.  Tanzania , K ilwa Distr. and 
Zanzibar.

H abita ts .  A rare shrub  from dense  riverine 
forest and thicket along the L ungonya  River on 
the eastern  boundary  o f  the Selous G am e R e­
serve. Dom inant trees are: Pterocarpus tinc- 
to r ius , Baphia kirkii, M im u so p s  fru ticosa , Ster-  
culia appendicula ta , X y lop ia  parviflora, Sorin-  
deia m adagascariensis , H ym en a ea  verrucosa, 
L e tto w ia n th u s  stellatus.

There  is no inform ation regarding the habitats  
o f  the species on Zanzibar.

Collections studied. V ollesen in MRC 4838 (C, EA , K, 
W AG), V aughan 1826 (K).

K ey  to  th e  spec ies o f  A s te r a n th e

1. B racteoles 2 .5 -4 .Ox 1-1.5 mm. Sepals 6-10 
(— 12?) x 4—6(—!0?) mm, densely  ferrugineously  
tom entose . Petals thin, w hite-cream , spreading, 
with a thickened yellow  basal area. S tam ens
1.5-2.5 mm long .......................................... A. asterias

-  B racteoles 6 -8 x 5 -7  mm. Sepals 10-15x8-12  m m , 
sparsely  w hitish sericeous-subg labrous. Petals 
fleshy, yellow , erect, w ith a dark  red un th ickened  
basal area. Stam ens c. 3 mm long  A. lutea

C o m m e n ts

V erdcou rt (1971 b) gives the d im ensions o f  the 
calyx in A. asterias  as 6 -1 2 x 4 -7  mm . I have 
seen no specim en with a calyx longer than 10 
mm or w ider than 6 mm. V e rd c o u r t’s m axim um  
dim ensions possibly com e from the  Vaughan- 
collection which I refer to  A. lutea. This collec­
tion also show s a brac teo le  o f  c. 7 x 5  m m , which 
is m uch larger than  anyth ing  seen in A. aster ias ,  
the calyx is subglabrous and very  distinctly  vei­
ned.

The identity  o f  A s te ra n th e  trollii

If  we consider  once m ore the ghost-species A. 
trollii, the ex tan t isotype com es  com plete ly  w ith­
in the range of A. asterias  if the above  key is 
used. H ow ever,  some o f  the  d im ensions given in 
the diagnosis (leaf-size, calyx-size) do  not agree 
with the normal varia tion  o f  A. asterias.  The 
descrip tion  o f  ca lyx-indum entum  fits A. a s te ­
rias. The description o f  f low er-colour is ra ther  
odd and does not fit in with any  o f  the species. 
U nfortunate ly  the flowers on the iso type are in 
ra ther  bad condition, and  a d issection has not 
been m ade. It seem s, how ever ,  that the petals 
has the same basal th ickened  area , which is p re ­
sent in A . asterias.

C onsequently  the exac t identity o f  A. trollii 
rem ains uncertain , although w here general evi­
dence is concerned  I agree with V erdcourt (1971 
b) tha t it is probably an  ex trem e form o f  A. 
asterias  from a marginal part  of the distribu- 
tion-area.

P o ly a lth ia  B lu m e in  E a s t A fr ic a

V erdcourt (1969) transfers  the African species 
h itherto  placed in the genus Polyalthia  to a new  
genus G reenw ayodendron  Verde. Several d is­
tinguishing charac ters  are  given and the transfer  
seem s reasonable .
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On the o ther  hand, V erdcourt (1969) shows 
that the species know n as U nona s tuhlm annii  
Engl, actually belongs to Polyalth ia  s. str. This 
species is distributed in the coastal regions of 
K enya  and Tanzania.

V erdcourt (1971 b) maintains the two genera , 
and in addition to Polyalthia s tuh lm annii  (Engl.) 
V erde, a further species is described  but left 
unnam ed  due to incom plete  material. Finally 
an o th e r  partially know n species  is m entioned in 
a footnote.

Com plete  material of these  tw o species is now  
available and they are formally described below. 
Finally a key is p resen ted  to the species now  
know n from E as t Africa.

The tw o new  species are  both  endem ic in SE 
Tanzania . Polyalthia  thus becom es an exam ple 
o f  a genus with a wide distribution in tropical 
Asia, and ju s t  reaching E as t Africa with a few 
species. There  are about 100 species o f  P o lya l­
thia in Asia, about 15 in M adagascar  and now  3 
in E as t Africa. (There is a fu rther  partially 
know n species from M ozam bique rep resen ted  at 
K ew  by a single fruiting collection, Torre  & C o r­
reia 14564.) The genus is ne ither  rep resen ted  in 
the res t o f  Africa nor in A m erica. O ther e x a m ­
ples of genera with this pa tte rn  of distribution 
are: Wrightia  (A pocynaceae), A lang ium  show s 
the same general pattern  but one species has a 
w ider distribution in Africa, N epen thes  only 
reaches  M adagascar in the west.

P olya lth ia  verdcourtii Vollesen, sp. nov., Fig. 2

Type: Tanzania, Ulanga Distr., M agombera Forest 
Reserve, c. 7°50'S 37°00'E, c. 250 m a.s.l. — 
N ovem ber 22, 1976. K. Vollesen in MRC 4150 (C 
holotype; EA, K, WAG isotypes).

Polyalthia  sp. sensu Verdcourt (1971 b).

P. stuhlmannii  (Engl.) Verde, affinis, ramis juvenibus 
dense ferrugineo-pilosis, foliis majoribus, subtus in 
nervis mediis pilosis, domatia in axillis nervorum late- 
ralium gerentibus, floribus majoribus, petalis 23-35 
mm longis, stipitibus m onocarpiorum  brevioribus, 5-7 
mm longis ab ea diversa.

N am ed in honour of Dr B. V erdcourt ,  whose exellent 
account of  Annonaceae in F lora  of Tropical E ast Afri­
ca has enabled the au thor to recognize the species 
published in this paper as new.

Tree up to c. 10 m tall. Young branches  dark  
b row n , ferrugineously pilose, gradually b eco m ­
ing subglabrous and longitudinally ribbed. 
L ea ves  e lliptic-oblong, rarely  ovate  or obovate ,

(95-) 105-185 mm long and 32-61 mm wide, 
leng th /w id th-ra tio  (2.2—)2.6—3.5, those  distally 
on the  b ranches  being the largest. Base cunea te ,  
apex  acu te -acu m in a te ,  the  actual tip rounded. 
L ea v es  glandular dotted  with d istinctly  raised 
re ticu la tion  beneath , midrib spa rse ly -dense ly  
pilose in the basal part and with dom atia  at the 
la teral nerves , o therw ise g labrous ex cep t som e­
tim es for a few scattered  hairs basally  on the 
la teral nerves . Petiole dark  b row n , transversa lly  
w rinkled , 2-5 mm long, fe rrugineously  pilose. 
Flow ers  axillary, solitary, nodding. (P robably  a 
red u ce d  cym e as there  are alw ays several “ b rac ­
te o le s ”  on the basal part  o f  the pedicel. T here  is 
a lso  normally a dorm ant f low erbud ab-axially to 
the developed  one, see Fig. 2 B.) Pedicels 13-19 
mm  long, not articula ted , densely  sericeous and 
with scattered  erec t hairs. B racteo les c. 1 mm 
long, sericeous. Sepals  free , b row n , 3-4  mm 
long and  c. 2 mm  wide, apex  acu te ,  pilose dorsal- 
ly and  ciliate, deciduous in fruit. Petals free, 
yellow ish  green, e llip tic-oblong o r  obovate ,  
apex  rounded, narrow ed  at the base , 23-35 mm 
long and 7-9  mm wide, sparsely  sericeous dor- 
sally, m ost densely in the basal pa r t ,  ciliate. 
S ta m e n s  c. 100-150, 1-1.5 mm long. C onnective  
prolongation  flat-topped or slightly concave, 
sm oo th . Carpels  c. 50, c. 1 mm long, densely  
sericeous, stigma rec tangular ,  c. 0.5 mm long. 
M onocarps  c. 20, red w hen ripe, slightly fleshy, 
ellipsoid, gradually tapering to apex  and base, 
9-11 mm long and 5-6.5 mm in d iam eter, one- 
seeded ,  sparsely  se r iceous-g lab rous,  ventral su ­
ture  almost im perceptib le. Stipes 5-7 mm long, 
sparsely  sericeous. Seeds  ellipsoid 8-10 mm long 
and c. 5 mm in diam eter.

D istribution.  Only know n in the M agom bera  
F o re s t  Reserve, U langa Distr.,  Tanzania.

H abita ts .  A rare under-s to rey  tree in dry 
everg reen  lowland forest. D om inant trees are: 
Erythroph leum  suaveolens, Isoberlinia sc h e f f­
le ri, A n thoc le is ta  grandiflora, Xylopia  parvi- 
f lo ra ,  D ialium holtzii, Treculia africana, Parkia  
fü ico id ea ,  Tetrapleura tet rapt era.

Collections studied.  Semsei 3381 (EA , K), Vollesen in 
M RC 4150 (C, EA , K, WAG), 4439 (C).

P oly a lth ia  tan gan yik en sis Vollesen, sp. nov., Fig. 
3

Type: Tanzania, Kilwa Distr., Selous Game Reserve,
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10 mm

1 mm

Fig. 2. Polyalthia verdcourtii. — A: Habit. — B: Leaf, young branch and flower with petals removed. —  C: 
S tam en, side, front and back view respectively. —  D: Carpel and stigma. —  E: Fruit. —  A-D: Vollesen in MRC 
4150 (C); E: Vollesen in MRC 4439 (C).
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1 mm

10 mm

10 cm
E

Fig. 3. Polyalthia tanganyikensis.  —  A: Habit. —  B: Leaf, young branch and flower. —  C: Flower with petals 
removed. —  D: Stamens, side, back and front view respectively. — E: Carpel and stigma. — F: Fruit. —  A -F : 
Vollesen in MRC 2466 (C).

M alemba, c. 8°40'S 38°25'E, c. 400 m a.s.l. — June 21. 
1975, K. Vollesen in MRC 2466 (C holotype; EA, K, 
LISC, WAG isotypes).

P. stuhlmannii  (Engl.) Verde, et P. verdcourtii Volle­
sen affinis, ramis juvenibus sparse vel dense pilosis, 
floribus minoribus, petalis 7-12 mm longis 3-4 mm 
latis, stipitibus m onocarpiorum  brevioribus, 3-5 mm 
longis a priore, foliis minoribus, subglabris, floribus 
minoribus a posteriore diversa.

Shrub  up to c. 5 m tall. Y oung branches  greenish 
soon becom ing dark  b row n, p ilose-densely

pilose, hairs  white; gradually  becom ing glabrous 
and longitudinally ribbed. L ea ves  glossy, 
narrow ly elliptic-elliptic or obova te ,  well-de­
veloped ones  55—100(—110) mm  long and 15- 
34(—50) mm  wide, leng th /w id th-ra tio  2 .6-3 .7 , 
those distally on the b ranches  being the  largest. 
Base cunea te ,  apex acu te -a c u m in a te ,  the actual 
tip mostly acute. L eaves  g landular do tted  with 
slightly raised reticu la tion  benea th , midrib 
sparsely  sericeous in the basal part,  o therw ise



B O T. N O T I S E R  133 (1980) N o te s  on A n n o n a c e a e  fro m  Tanzania  59

g labrous excep t som etim es for a few hairs basal- 
ly on the lateral nerves, no domatia. Petiole 
green , transversally  w rinkled, 1.5-3 mm long, 
pilose-sericeous. Flowers  axillary, solitary, 
nodding. (Probably a reduced cym e as the  low er 
“ b ra c te o le ”  sometimes supports  a rud im entary  
bud. A supplem entary  bud is often found above  
the developed  one.) Pedicels green, 15-23 m m  
long, ar ticula ted  1-2 mm above  the base, sp a rse ­
ly se r iceous-subg labrous. Bracteoles soon d e ­
ciduous, c. 0.5 mm long, sericeous. Sepals  basal- 
ly conna te ,  green, c. 2.5 mm long and c. 2 mm  
w ide, with broadly acute apex , sericeous dorsal- 
ly and ciliate, persistent in fruit. Petals free, 
yellow ish green, narrowly e llip tic-oblong or 
slightly obovate  with broadly  acu te  apex, 7-12 
mm  long and 3-4 mm wide, sparsely  sericeous 
dorsally  and indistinctly ciliate. S ta m en s  c. 75,
1-1.5 mm  long. Connective prolongation slightly 
convex  and distinctly w arted  (Fig. 3 D). Carpels  
c. 20, c. 1 mm long, sericeous, stigma sub- 
g lobose-ellipsoid , c. 0.5 m m  long, those on 
centra l carpels erect, those on marginal carpels  
ben t ou tw ards  (as in Fig. 3 E). M onocarps  c. 10, 
red w hen ripe, slightly fleshy, ellipsoid, abrup tly  
con trac ted  at apex and base, 9-11 mm long and  
5-6  mm  in diameter, g labrous or with a few 
sca tte red  adpressed  hairs, ventra l suture d is ­
tinct. Stipes 3-5 mm long, sparsely  se r ice o u s-  
subglabrous. Seeds  dark  b row n-b lack ish ,  
ellipsoid, 8-10 mm long and c. 5 mm in d iam eter.

Distribution.  Only know n in the Kilwa D istr . ,  
T anzan ia .  It is rather strange that this species, 
a lw ays com m on or dom inant w here it o ccu rs ,  
has only been recorded in such a restric ted  area . 
The thicket and forest-types w here it occurs  are  
widely distributed both to the north  and south o f  
this area.

H abita ts .  A com m on and often dom inant species 
in the shrub-layer o f  dry deciduous coastal forest 
and th icket on grey sandy soil at c. 300-600 m
a.s.l.  D ominant trees are: P teleopsis  myrtifolia, 
Terminalia sam besiaca, M anilkara sulcata ,  
N esogordonia  parvifolia, A lbizia  adianthifolia,
A .  petersiana, Cleistanthus sch lech ten ,  R h o d o -  
gnaphalon  schum annianum , L a n n ea  an tiscor­
butic a.

Collections studied. W. A. Rodgers in MRC 288 (EA), 
608 (EA, K), 650 (EA), 870 (EA), 1059 (EA, K), 1179 
(EA, K), K. Vollesen in MRC 1885 (C, EA), 2466 (C, 
EA, K, LISC, WAG). All these collections are from

the Selous Game Reserve inside the area 8°30'S-8°50'S 
38°00'E-38°30'E. The plant has also been observed on 
the Kichi Hills jus t  east o f  the Selous (c. 8°10'S 
38°40'E).

K ey to the sp ecies o f  P o lya lth ia  in E ast A frica

1. Stipes o f  monocarps 10-12 mm long. Petals 
10—17(—20) mm long and 5-9 mm wide. Leaves 
with domatia. Pedicels articulated. Sepals united 
at base ..................................................... P. stuhlmannii

-  Stipes o f  m onocarps 3-7 mm long ...........................2
2. Petals 7-12 mm long and 3-4 mm wide. Leaves 

without domatia. Pedicels articulated. Sepals 
united at base ................................. P. tanganyikensis

-  Petals 23-35 mm long and 7-9 mm wide. Leaves 
with domatia. Pedicels not articulated. Sepals 
free ............................................................ P. verdcourtii

P. tanganyikensis  is also closely related to P. 
korinti (Dunal) H ook. f. & Thom s, from S India 
and Sri Lanka . It differs how ev er  in a num ber of 
charac te rs  sum m arized here:

1. Petals 7-12 mm long. Pedicel articulated 1-2 mm 
above base. M onocarps 9-11 mm long. Connec­
tive appendage convex, w arted  ...............................
.................................................................P. tanganyikensis

-  Petals 3—6(—9) mm long. Pedicel articulated 
(3-) 5-10 mm above base. M onocarps 5-8 mm 
long. Connective appendage slightly concave, 
sm ooth  ................................................................ P. korinti

Note on the genus Uvaria L.

Out o f  a total o f  14 species o f  Uvaria  recorded  
from E ast Africa by V erdcourt  (1971 b), 4 are 
partially know n only from  flowering or fruiting 
material. The knowledge o f  the genus is similarly 
lacking in o ther  parts o f  Africa; from M ada­
gascar  e .g ., 15 species are recorded  o f  which 10 
are partially know n (C avaco  & K eraudren  1958). 
It was therefore  difficult to  decide w hether  this 
species rep resen ted  a new  species, a new record  
for E as t Africa or one o f  the partially know n 
species. It has, how ever,  been  impossible to 
m atch it with any o ther  taxon and it is co n ­
sequently  described  here as a new  species.

Uvaria lungonyana V ollesen, sp. nov., Fig. 4

Type: Tanzania, Kilwa Distr. ,  Selous Game Reserve, 
Kingupira, c. 8°25'S 38°30'E, c. 125 m a.s.i. —  January  
27. 1977, K. Vollesen in MRC 4386 (C holotype; EA, K 
isot'ypes).

Differt a U. acum inata  Oliv, et U. leptoclado  Oliv, 
carpellis laevibus, globosis stipitibus 8-10 mm longis 
insidentibus, ramis et foliis subglabris, sepalis et peta- 
lis sparse pubescentibus.
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Fig. 4. Uvaria lungonyana.  — A: Habit. — B: Basal part o f  leaf and young branch . —  C: Flower. — D: S tam ens, 
front, side and  back view respectively. —  E: Carpel and style. —  F: Fruit. —  A -E : Vollesen in M RC 4386 (C); F: 
Vollesen in MRC 4479(C).
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N am ed after the Lungonya River on the eastern  
boundary  o f  the Selous Game Reserve, a locality rich 
in rare Annonaceae.

S canden t shrub  up to c. 5 m tall. Y oung 
branches  greenish brown with scattered  white 
stellate hairs, later becom ing brow n and m ore 
densely  haired. O lder b ranches  dark brow n, 
subg labrous with num erous conspicuous white 
elliptic lenticels and reticulate longitudinally 
r ibbed. Leaves  e llip tic-obovate, on flowering 
b ranches  57-114 mm long and 25-46 mm wide, 
on fruiting branches up to 144 mm long and 55 
mm wide, length/width-ratio 1.8-3.4. Base 
cu n ea te -su b co rd a te ,  apex acu te -b road ly  ro u n d ­
ed, the actual tip b lun t-re tu se  often apiculate. 
Y oung leaves beneath with a few sca tte red  ste l­
late hairs basally and on midrib, o therw ise  
g labrous, older leaves g labrous. Petiole 2-3 mm  
long, sparsely  stellate pubescen t,  with a distinct 
jo in t,  leaving a protruding scar when dropping. 
Flowers  in seemingly leaf-opposed or terminal 
tw o-flow ered  cymes, not fully opening. (The in­
f lo rescence is probably always terminal and is 
then  displaced by the branch  developing from 
the upperm ost leaf-axil.) Peduncle 2-3 mm long, 
sparsely  stellate pubescent, b racts  scarious, 5-6  
mm  long, deciduous o r  pers is ten t,  stellate 
pubescen t .  Pedicels 12-15 mm long in flowering 
s ta te , densely stellate pubescen t o f  white short- 
rayed  hairs and with scattered  brow nish long- 
rayed  hairs, bracteoles c. 1 mm long, scarious,

I soon deciduous, stellate tom entose . Sepals  
com plete ly  covering the petals in bud, la ter  split­
ting into three (rarely two) parts only united at 
the base , often persisting as a collar around the 
fruiting pedicel, c. 6 mm long and wide, sparsely  
stellate pubescent and with a distinct apical tuft 
o f  longer hairs. Petals  yellow, held erec t in m a­
ture flowers, elliptic, 11-14 mm long and 4 .5-6 .5  
mm wide, subacu te -rounded  at apex, sparsely  
stellate pubescent dorsally, subglabrous ventral- 
ly. S ta m en s  c. 100, c. 1 mm long. C onnective  
prolongation truncate, puberu lous. Carpels  15- 

j 25, c. 1 mm long, stellate tom en tose ,  style c. 0.5 
mm long, rectangular, w idened apically, folded 

t in from both sides and consequen tly  appearing  
; with a longitudinal groove adaxially, glabrous.
I M onocarps  10-15, globose, c. 10 mm in d iam e­

ter, yellowish brown, sm ooth , densely stellate 
tom en tose , on 20-28 mm long longitudinally r ib ­
bed pedicels. Stipes 8-10 mm long, densely  
stellate tom entose. Seeds not fully developed.

Distribution. Only know n in the Kilwa Distr., 
Tanzania.

H abita ts.  A rare species from  dense riverine 
fo res t and thicket along the  L ungonya  River on 
the eas te rn  boundary  o f  the  Selous Game Re­
serve. (See note on habitats  under A steran the  
lu tea ,  which occurs in the sam e locality.)

Collections studied.  K. Vollesen in MRC 4386 (C, EA, 
K), 4479 (C, EA, K, WAG).

The infraspecific taxonomy of O phrypeta lum  odo- 
ra tun i Diels

V erdcourt (1960) divides O phrypeta lum  odora-  
tum  Diels in two subspecies  using the length o f  
the pedicel as the main criterion . The pedicels 
are s ta ted  to be 3-7 mm long in ssp. odora tum ,  
and 15-22 mm long in ssp . longipedicella tum  
V erde. Exam ination  at K ew  o f  the collections 
assigned to ssp. longipedicella tum  shows that 
the lengths given above refer  to the longest 
pedicels only. M easuring pedicels of all open 
flow ers results  in the varia tion  10-22 mm in­
stead . V erdcourt (1960) also  m entions a certain  
difference in leaf size and shape. Leaves in ssp. 
odora tum  being 28-98 mm long and elliptic, 
obovate  or narrowly e llip t ic -obovate ,  while 
leaves in ssp. longipedicella tum  are 40-120 mm 
long and obovate  or lanceo la te -obova te .

Since the original descrip tion  of ssp. longi­
ped ice lla tum  and the accoun t in V erdcourt (1971 
b) several collections have been  made in the 
R uaha-K ilom bero -R ufiji  basin  in Tanzania. 
T hese  collections are all in te rm edia te  in pedicel- 
length betw een the tw o subspecies having 
pedicels 6-13 mm long.

The total distribution o f  the species is made up 
of th ree  ra ther  widely sepa ra ted  areas; One in 
the coasta l regions o f  K enya, one in the central 
part o f  coastal Tanzania  from  east o f  M orogoro 
south  to the Rufiji River and one in SE  Tanzania 
around  Lindi (the type-collection , no o ther col­
lections have been seen from this area). All col­
lections from K enya have short pedicels and this 
also applies to the collection from  the Lindi area. 
The collections from the M orogoro-Rufiji area 
have a great variation in pedicel-length, from 
very  short as in the K enya  material to the very 
long pedicels characteris tic  o f  ssp. longipedi­
cella tum .
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S e m s e i  7 7 0  _____________________

W e l c h  3 3 2  __________________________

V o l l e s e n  4 0 1 5 ______________________________________ ___________

V o l l e s e n  3 6  6 7 ______________

V o l l e s e n 4 1 9 6 ______________________________ ________

V e r d c o u r t  3  9 5  2  ______

V e r d c o u r t  1 0  7 5  ___

K i b u w a  1 2  0  1 ___

G r e e n w a y  9 6 3 4 ___________________ ___________

K o k w a  r o  3  9 1 8 ________________________

S c h l i e b e n  5 6 7 0 ___________________ ______

0  5 1 0  15  2 0  2 5  m m

Fig. 5. Variation in pedicel length in Ophrypetalum  
odora tum .  — Kenya.  Kwale and Kilifi Distr.: G reen­
w ay 9634 (K), Kibuwa 1201 (K). K okw aro  3918 (K), 
V erdcourt  1075 (K), 3952 (K). —  Tanzania. Lindi 
Distr.: Schlieben 5670 (BM, type collection). Moro- 
goro Distr.: Semsei 770 (K, type collection of ssp. 
longipedicellatum),  Vollesen in MRC 3667 (C), Welch 
332 (K). Rufiji Distr.: Vollesen in MRC 4015 (C). 
Kilw a Distr.: Vollesen in MRC 4196 (C).

Fig. 5 shows the variation in pedicel length for 
all collections studied. It can be seen, that the re  
is a com plete  continuity  from  the short pedicels 
(3-7 mm) of the K enya m aterial to the very long 
pedicels o f  some o f  the material from the Moro- 
goro area. I therefore  suggest this ch arac te r  
should  not be used fo r  dividing the species into 
infraspecific  taxa.

T he  differences in leaf size and shape are so 
slight and  overlapping, tha t with the d isappear­
an ce  o f  the pedicel ch a ra c te r  they cannot be 
used  for any subdivision either. M oreover some 
o f  the  new  collections from  the Rufiji area fall 
into one group and som e into the other. N or  is 
th e re ,  in my opinion, any pa tte rns  in ecology and 
altitudinal distribution which suggest that m ore 
than  one taxon is involved.

I the re fore  propose that the infraspecific divi­

sion of O phrypeta lum  od o ra tu m  is abandoned  
and  p ropose  the following synonym :

O phrypeta lum  odoratum  Diels 1936 p. 270 & Fig. 9/1. 
Syn. O. odoratum  ssp. longipedicella tum  V erdcourt  
1960 p. 346.
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Valantia deltoidea Brullo, sp. nov. from Sicily
S A L V A T O R E  B R U L L O

Brullo, S. 1980 03 17: Valantia deltoidea Brullo, sp. nov. from Sicily. Bot. N otiser  133: 
63-66. S tockholm. ISSN  0006-8195.

Valantia deltoidea  Brullo, sp. nov. (Rubiaceae) is described. It is a therophyte collected 
from the calcareous mountain m eadow s on Rocca B usam bra (Sicily). The difference 
between this species and its closest relatives are given.

Salvatore Brullo, Istituto di Botanica , Universitä di Catania, Via A . Longo  19, 1-95 125 
Catania, Italy.

V alan tia  deltoidea Brullo, sp. nov .— Fig. 1

H olo typus: Italy, Sicily, R occa B usam bra, 
2.6.1976, Brullo (CAT).

Planta annua , 3-10 cm longa, valida, basi ramosa, ra­
mis simplicibus, erectis vel p rostra to-ascendentibus, 
rigidis, quadrangulato-costatis, nitidis, inferioribus 
glabris, terminalibus pilosis. In ternodia basalia brevia, 
sterilia; intermedia elongata, fertilia, usque ad 13 mm 
longa; superiora approximata, fertilia. Folia verticilla- 
to -quaterna , subrotunda vel leviter ovata , 2 ,5 -4 x 2 - 
2,5(3) mm, subsessilia vel breviter petiolata, ad margi- 
nem laxe pectinata , dentibus inconspicuis pilo brevi, 
recurvo , rigido praeditis, pagina superiore paucis pilis 
adspersa. Cymae axillares triflorae in verticillos qua- 
ternos dispositae. Flos medius herm aphroditus, 4- 
m erus, corolla diametro 1,2-1,5 mm. F lores laterales 
masculini, 3-meri, corolla diam etro <1 mm. Corollae 
lobi obtusiusculi, staminibus alternantes. Corpus 
fructiferum a latere leviter com pressum , laeve, luteo- 
lum, deltoideum, 2 -2 ,5x2 ,5 -3  mm, dorsaliter coronula 
(2—)3(—4) cristata praeditum, apice tricorni, co rnu  me­
dio longiore, ad annulum seminiferum versus curvo, 
cornibus lateralibus brevioribus rectis vel leviter in- 
curvatis; carina cornuum 0-3 cristis praedita; annulus 
seminifer ciliis longis marginatus. Mericarpium uni- 
cum , 1-1,2 mm longum, nigrum, laeve, setulis albidis, 
brevibus, adhaerentibus, ad hilum adpressis.

A nnual herb , 3-10 cm long, branched  from  the 
base. S te m s  unbranched , glabrous below and 
hairy in terminal part, e rec t or p ro s ta te -ascend ­
ing, rigid, 4-ribbed, nitid. L ow er in ternodes 
short,  sterile; intermediate ones fertile, elon­
gated  up to  13 mm long; upper  ones fertile, shor­
ter. L ea ves  in whorls o f  4, a lm ost round to slight­
ly ovate ,  2 . 5 4 x 2 - 2 . 5(-3) mm, subsessile to 
shortly  petiolate, laxly pectinate  along the m ar­
gin with very  short teeth  term inating in small,

rigid and  curved  hairs; adaxial surface with 
sca tte red  hairs. In the low er part  o f  the foliar 
w horl in the middle o f  each  side o f  the s tem  four 
g roups o f  3-4  hairs are p resen t. C ym es  axillary 
in w horls  o f  4, 3-flowered. Central f low er 
herm aphrod ite ,  4-m erous; la teral flow ers m ale,
3-m erous. Corolla ye llow ish-green , 1.2-1.5 mm 
in diam. in herm aphrod ite  flowers, less in male 
ones; corolla  lobes obtuse . S ta m en s  ep ipetalous 
alternating  with corolla lobes; an thers  yellow, 
2-locular. Sty le  2-fid; stigmas capita te . F ructi­
fe ro u s  corpus  com pressed  laterally, deltoid, 2 -  
2 .5 x 2.5-3 mm, sm ooth , yellowish, g labrous 
(excep t for ventral cilia), with a coronule fo rm ed 
by (2-)3(-4) bristles dorsally , apically 3-horned; 
central horn  longer, distinctly curved  tow ards  
the seed-bearing annulus; lateral ones horizonta l 
or slightly curved; horns p rovided  with 0-3 b ris­
tles on the keel; seed-bearing annulus b o rdered  
by long cilia. Mericarp  solitary, 1-1.2 mm long, 
sm oo th , reniform , black, with short, w hitish, 
adhering  hairs near hilum.

Distribution and  habitat. Valantia delto idea  is 
only to be found on the top o f  R occa B usam bra , 
a ca lcareous  m ountain c. 1600 m high, to the 
sou th  o f  Palerm o (N. Sicily). A ccording  to 
herbarium  research  it seem s that it has not been  
co llected  until now. V. delto idea  is very frequen t 
in the  ephem eral m eadow s o f  this locality, w here  
it is assoc ia ted  with X e ra n th e m u m  inapertum  
(L .) Miller, Sedum  album  L . ,  Bivonea lutea  
(Biv.) D C., Gagea busam barens is  (Tin. in 
G uss .)  Pari. ,  G. nebrodensis  (Tod.) N ym an , H e-  
l ian them um  ledifolium  (L.) Miller, Saxifraga tri-
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Fig. 2. Valantia delto idea , root-tip mitosis, m etaphase 
plate.

Fig. 3. Fructiferous corpus of Valantia muralis  (A) 
and o f  V. deltoidea  (B).

dacty lites  V . ,P h le u m  ech ina tum  H o s t . ,A ly s su m  
s icu lum  Jo rd .,  Poa bulbosa  L., Arenaria lepto- 
clados  (Reichenb.) G uss.,  etc.

C h ro m o so m e  number. The counts  were made 
from root tips of cultivated progeny from the 
type collection; the root tips w ere pre treated  
with 0.2 % colchicine, fixed in C arnoy, stained 
in Feulgen after hydrolysis in HC1, and squashed 
in 45 %  H A c. The ch rom osom e num ber o f  V. 
delto idea  is 2n= 36  (Fig. 2). C onsequently  this 
species is tetraploid unlike V. muralis  L ., V. 
hispida  L. and V. calva  Brullo (Fagerlind 1937, 
Brullo 1979), which have a ch rom osom e num ber 
o f  2n=18 .

T axonom ic  relationships. V. delto idea  is a taxon 
which differs greatly from o th e r  species o f  the 
genus Valantia.  Among these ,  V. m uralis  is a 
species with a pan-m editerranean  distribution 
and the m ost closely related to  V. delto idea. V. 
muralis  differs from V. delto idea  in several im ­
portan t charac ters  such as the  leaves obovate  to 
ob lanceo la te , glabrous, with margin obsolu te ly  
entire; fructiferous corpus (Fig. 3) w hitish, with 
dorsal subcylindric rostrum  1-1.5 mm long at 
apex with a coronule form ed by 5-15 shorte r  
bristles, w here  the three apical horns each are 
p rovided  with 3-10 shorter bristles, the lateral 
borders  o f  the seed-bearing annulus are th ic ­
kened  and frequently  have 1-3 bristles, with a

Fig, 1. Valantia deltoidea, type collection. —  A: Habit. —  B: Whorl or leaves. —  C: Leaf. —  D: Inflorescence. 
—  E: Herm aphrodite  flower. —  F: Fructiferous corpus.



66 Salva tore  Brullo

cen tra l  ho rn  and  a seed-bearing annulus with 
finer and  den se r  cilia; hairs o f  the mericarp are 
golden-yellow .

V. delto idea  in having leaves pectinate  at the 
margin and  whitish m ericarp  hairs is similar to  V. 
h isp ida ,  bu t o therw ise differs considerably .

T he  p resence  o f  the new  taxon  on Rocca B u­
sam b ra  is no t exceptional,  bu t it is probably en ­
dem ic to this m ountain . It is rich in endem ic 
species and , tw o are exclusive to  this m ountain

nam ely  G agea busam barens is  (Tin. in G uss.) 
Pari, and A rm eria  g u sso n e i  Boiss.
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The genus Benthamiella (Solanaceae)
S IL V IA  A RRO Y O

Arroyo, S. 1980 03 17: The genus Benthamiella (Solanaceae). Bot. N o tiser  133: 67-76. 
Stockholm. ISSN 0006-8195.

Diagnostic descriptions and a key  are  provided for the 12 species of  the S Patagonian genus 
Benthamiella  (Solanaceae), including the new species, B. sorianoi,  described here. Recent 
collections have permitted  the re in terpreta tion  of several taxa, principally B. pa tagonica ,  
B. nordenskjoldii and B. longifo lia ,  and show that the genus has a w ider distribution in 
Patagonia than w as hitherto kno w n ,  including the first records  from Chile. The distributions 
of all species are mapped.

Silvia Arroyo, D epartm en t o f  B o tany ,  University o f  Reading, Whiteknights, R ead ing  RG 6  
2AS, England.

The Patagonian endem ic genus Bentham ie lla  
Speg. is placed in the tribe N ico tianeae  o f  the  
So lanaceae. It is most closely re la ted  to P anta-  
can tha  Speg., which differs in its very spiny 
calyx and aris ta te  seeds. Following its d e sc r ip ­
tion by Spegazzini (1883), B en tham iella  w as  
subsequen tly  studied by S ko ttsberg  (1916), and  
w as last revised by Soriano (1948). T he  exce llen t 
t rea tm en t by Soriano was necessarily  limited in 
certa in  aspects  by the difficulty o f  assessing the  
s ta tus o f  some of S ko ttsberg ’s tax a  on the basis 
o f  the scan ty  material held in S ou th  A m erican  
herbar ia  and  because o f  the non-availability o f  
som e o f  the type specim ens.

During the past 30 years the botanical ex p lo ra ­
tion of Patagonia has made substan tia l advances . 
For exam ple ,  the extensive studies south o f  40°S 
lat. by collaborators  associated  w ith  Flora P a ta ­
gonica  (C orrea  1969, 1971, 1978) and the field 
p rogram m es of the T ransec ta  bo tän ica  de P a ta ­
gonia A ustral (T .B .P .A , a co llaborative p rog ­
ram m e betw een C O N IC E T , A rgentina , the  
Royal Society of London , U. K . and the In ­
s ti tu te  de la Patagonia, Pun ta  A renas , Chile) b e ­
tw een  51° and 52°S lat. have significantly in­
creased  the material of B entham ie lla  available 
for s tudy. In consequence, it has p roved  possible 
to unders tand  rather m ore clearly the varia tion 
show n by the genus and, since virtually all type  
specim ens have been located and exam ined , to 
define m ore  precisely some taxa o f  h itherto  u n ­
certain  s tatus.

In o rder  to accom m odate  these  new da ta  som e 
modifications to the trea tm en t o f  Soriano (1948) 
have  been  found to be necessary . In c o n seq u ­
ence , it was felt useful to p rov ide  an updated key 
to the taxa  that can now  be recognized  and  brief  
com para tive  descrip tions o f  them . It is thus 
hoped  that this account,  supplem enting  the valu­
able work o f  Soriano , will p rov ide  a firm basis 
for future studies o f  this typically Patagonian  
genus o f  cushion-form ing So lanaceae.

B en th am iella  Speg.

Pulvinate  c h a m a e p h y te s ; cush ions  hem ispheri­
cal, dense  or lax. S te m s  w oody , much b ranched , 
densely  leafy. L ow er leaves  dead  and b lac­
kened , the upper green, im bricate ,  adpressed , 
sessile; sheath  generally hyaline  or m em bran ­
ous, linear to oblanceola te  o r  obovate ,  glabrous 
o r  pubescen t;  lamina ra the r  th ick  or m em bran ­
ous, linear to lanceola te , acu te  to  obtuse  o r  t run ­
cate ,  glabrous or with simple, b ranched , 
lanuginose or glandular hairs. Flowers  he rm a­
phrodite , axillary, borne singly, sessile o r  short­
ly peduncu la te ,  sub tended  by 2 free leaf-like 
b rac ts ,  rarely  with 2 pairs o f  decussa te ,  connate  
basal brac ts .  Calyx  tubu lar  or cam panula te ,  5- 
den ta te ,  g reen , glabrous or p u b escen t  on one or 
both  surfaces; teeth linear to  lanceola te , acu te  to 
ob tu se  or trunca te ,  equal o r  subequal, longer to 
sh o r te r  than  tube, g labrous or pubescen t with 
simple o r  glandular hairs. Corolla actino-
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m orphic , tubular to slightly infundibuliform, 
rarely som ew hat ventricose , whitish, glabrous or 
pubescen t; tube 0.5-3 times as long as calyx; 
lobes 5, ob tuse  or acute , glabrous or pubescent. 
S ta m en s  (1), 2 or 5, included or exserted ; fila­
ments filiform, equal, subequal or d idynam ous, 
inserted  at 1 or 2 well defined levels, glabrous or 
pu b escen t ,  rarely (B. chubutensis)  with small, 
lanuginose basal appendages; an thers  dorsifixed, 
broadly  elliptical; rarely 2 stam inodes present. 
D isc  p resen t or absent. Ovary  globose, 2-locular; 
ovules num erous; style erec t,  exserted  or in­
cluded and  about as long as, or half as long as, 
the corolla-tube; stigma capita te  or indistinctly 
2-lobed. Fruit a dehiscent capsule , ovoid, with
2-fid valves; seeds 1—3(—4), fusiform, with re ticu­
late te s ta ;  em bryo curved.

Distribution  (Fig. 1). The genus is endem ic to 
Patagonia  betw een latitudes 37°S and 54°S. The 
species are  concen tra ted  in the southern  A r­
gentin ian  provinces o f  San ta  C ruz (9/12 species) 
and C hubu t (7/12 species), with 1 each in Neu- 
quén , Rio Negro and T ierra  del Fuego. Tw o 
species, B. patagonica  and B. azorella, also 
occu r  in the eastern central part  o f  the Chilean 
p rov ince of Magallanes near the Argentinian 
frontier.

Follow ing the phytogeographical classification 
o f  C ab re ra  (1971) the genus Bentham iella  is co n ­
fined to the A ndean-P a tagon ian  and Subantarc- 
tic D om inion. The species predom inantly  occur 
in open  steppe com m unities on rocky-sandy soil 
be tw een  300 and 1700 m etres altitude.
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Fig. 1. Distribution of species o f  Bentham iella  in 
Argentina and Chile. B. sko ttsberg ii  • ;  B. azorella ■  
B. sp eg a zz in ia n a Q  ; B. azorelloidessåt: B . sorianoi 
B. graminifolia  □ ;  B. pycnophyllo ides  A. ; B. lanata  0  
B. patagon ica  A  ; B. nordenskjoldii $  ; B. longifolia

K ey to  th e  species

1. S tam ens (1) 2 ..................................................................2
-  S tam ens 5  4 7.

2. Corolla at least twice as long as calyx; stamens
included ............................................. 1. B. skottsbergii

-  Corolla c. 1.5x as long as calyx; stamens 
exserted   3 8.

3. F ilam ents pubescent; style exserted  ....................
.............................................. 2. B. azorella 9.

-  F ilaments glabrous; style included ......................
 ................................     3. B. spegazziniana

4. Corolla c. 1.5x as long as calyx  5 -
-  Corolla at least twice as long as calyx ......................6
5. F low ers 2-bracteate; corolla pubescent on 

adaxial surface; stam ens exserted; filaments 10.
pubescent ........................................ 4. B. azorelloides

-  F low ers 4-bracteate; corolla glabrous on adaxial 
surface; stamens included; filaments glabrous .

..............................................5. B. sorianoi
6. Corolla with glandular hairs on abaxial sur­

face ......................................................................................7
Corolla glabrous ............................................................. 8
Bracts connate at base; filaments glabrous, not
w idened at b a s e ..........................6. B. graminifolia
Bracts not connate at base; filaments pubescent,
w idened at base ......................... 7. B. chubutensis
L eaves  and calyx-teeth lanate on margin . . . . .  9 
L eaves  and calyx-teeth ciliate on margin . . . .  10 
Style reaching mouth of corolla-tube; stigma at 
sam e level as upperm ost anthers ;  disc generally
present ...................................... 8. B. pycnophyllo ides
Style reaching middle o f  corolla-tube; stigma 
not exceeding level o f insertion o f  filaments;
disc absent ................................................9. B. lanata
L eaves  and calyx-teeth trunca te  and glandular
at apex; filaments d id y n am o u s ..................................

...........................................................10. B. patagonica
L eaves  and calyx-teeth acute  and glabrous or 
with sparse simple hairs at apex; filaments equal 
or subequal .....................................................................11
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11. Leaf-sheath often som ew hat widened at base; 
ca lyx pubescent on adaxial surface and tooth-
margins ....................................11. B. nordenskjoldii

-  Leaf-sheath distinctly widened at base; calyx 
glabrous on adaxial surface and tooth-margins 

..................................................................12. B. longifolia

1. B . skottsb ergii Soriano, Fig. 2 A -C  

Soriano, Darwiniana 8: 256 (1948).

C ushions dense. L ea ves  2 .0 -2 .5 x 0 .5 -1 .0  mm, 
p ubescen t ;  sheat obovate ,  w idened at base, 
hyaline; lamina linear, acu te ,  ra th e r  thick. Flow­
ers sessile, emerging above leaves. Calyx  2 .0-2.5 
m m , tubu lar ,  pubescent; tee th  c. 0.75 mm, sub­
equal, acu te ,  pubescent on margin. Corolla  5 .0 -
6.5 m m , tubular or som ew hat infundibuiiform, 
g labrous. S tam ens  (1) 2, included; filaments 
equal ,  inserted at sam e level, glabrous; 
s tam inodes  0-2. Disc  absen t.  Style  included, 
usually reaching middle of corolla-tube.

D istribution. Argentina:  C Santa  Cruz.

M aterial examined. Argentina:  Santa Cruz; depto 
C orpen  Aike, “ in campo prope praedium Yvovich ad 
m arginem vallis flum. Rio Santa C ru z” , D usén 5530 
(SI holotype); depto Lago Argentino, 25 km de El 
C errito  hacia Calafate, Boelcke 12498 (BAB).

2. B . azorella  (Skottsb.) Soriano, Fig. 2 D -F

Soriano, Darwiniana 8: 259 (1948).
Saccardophyton azorella Skottsberg, K. Svenska  

Vet. akad. Handl. 56(5): 297 (1916).

C ushions dense. L eaves  1 .5 -2 .5 x 0 .5  mm, 
pubescen t;  sheath linear, hyaline; lamina linear, 
acu te ,  ra ther  thick. Flowers  sessile, hidden be­
tw een  the leaves. Calyx  2-3 mm, subcam panu- 
late, pubescen t on adaxial surface; tee th  c. 1.25 
mm, equal, acute, pubescen t on margin. Corolla 
c. 4 mm, subtubular, g landular hairy on adaxial 
surface. S tam ens  2, long exserted , emerging 
above  leaves; filaments equal, inserted at same 
level, pubescent. Disc  p resen t.  Style  exserted .

Distribution. Argentina:  C Santa C ruz ,  NW  
N euquén . C hile : SE Magallanes.

Material examined. Argentina:  Santa Cruz; depto Rio 
Chico, Patagonia Andina, parada de Lago Belgrano, 
Skottsberg  695 (S holotype); depto D eseado, R. P. 
502, 10 km N Dos Manantiales, Boelcke et al. 16240 
(BAB); depto Lago Argentino, Cerro El Calafate, 
cum bre 968 m.s.m ., S leum er 1179 (K, S); depto Güer 
Aike, Ea. La Verdadera Argentina, Cerro de La Vir- 
gen, al N. casco Ea, 1000 m .s.m . T .B .P .A . 2265, 2269 
(BAB, RNG); Ea Las Vizcachas, lomada a 2 km de la

laguna Vizcacha, T .B .P .A . 2383, 2577 (BAB, RNG); 
entre  Lago Viedma y A rroyo Chadia, Dusén 6020 (S). 
N euquén ;  depto Minas, Cordillera del Viento, ftlo N .,  
Boelcke et al. 11549 (BAB). Chile: Magallanes; depto 
Ultima Esperanza , Sierra Baguales, Ea La Cumbre, 
co. Sin N om bre , T .B .P .A . 736, 776 (BAB, RNG).

3. B . sp egazzin ian a  Soriano , Fig. 2 J - L

Soriano, Darwiniana 8: 257 (1948).
Saccardophytum  pycnophyllo ides  Spegazzini, A na­

les Soc. Ci. Argent. 53: 181 (1902).

Cushions dense . L ea ves  1 .5-1 ,6 x c .0 .5  mm, 
with lanuginose hairs; sheath  linear, hyaline; 
lamina linear, ob tuse , ra th e r  thick. Flowers  
sessile, hidden betw een the leaves. Calyx  c. 1 
m m , subcam panula te ,  glabrous; teeth  c. 0.5 mm , 
equal, ob tuse , with lanuginose hairs on margin. 
Corolla  c. 1.75 mm, subcam panulate ,  pubescent. 
S ta m e n s  2, exserted , em erging above leaves; 
filam ents equal, inserted  at sam e level, glabrous. 
Disc  p resen t.  Style included, usually reaching 
middle o f  corolla-tube.

Distribution. Argentina: C San ta  Cruz.

Material examined. Argentina:  Santa Cruz; depto 
Lago Argentino, Sehuenaik (R. Sehwey), 1897-98, 
Ameghino, s. n. (LPS 12513, L P  holotype); “ Rio 
Fosile in montibus, c. 1100 m .s .m .”  6.1897, Dusén 
s. n. (K , S).

4. B. azorello id es Speg., F ig .  2 G -I  

Spegazzini, Anales Soc. Ci. Argent. 53: 173 (1902).

Cushions dense . Leaves  1 .5 -5xc .0 .5  mm, 
pubescen t on margin; sheath  linear, hyaline; 
lamina linear, ob tuse , m em branous. Flowers  
sessile, hidden be tw een  the leaves. Calyx  3 .0 -
4.5 m m , subtubular, glabrous; teeth 1-2 mm, 
subequal, ob tuse ,  pubescen t on margin. Corolla
4-5 mm , tubular, pubescen t on adaxial surface. 
S ta m e n s  5, exserted , em erging above leaves; 
filam ents subequal, inserted  at same level, 
g labrous. Disc  p resent. Sty le  included, usually 
reaching top of corolla-tube, or exserted.

Distribution. Argentina:  C Chubut.

Material examined. Argentina:  Chubut; 1899, Illin 
s. n. (LPS, 12534, L P  lectotype); depto Languineo, 
Vervoorst 5836 (BAB).

5. B . sorian oi S. A rroyo sp. nov ., Fig. 3.

Holotypus. Argentina: prov. Santa Cruz; depto Güer 
Aike, Ea. Las Vizcachas, E nsenada  de Riqués, 1700
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Fig. 2. A-C: Benthamiella  skottsbergii (Boelcke et al. 12498 in BAB). —  A: F low er x  5. —  B: Dissected flower 
x  5. —  C: Leaf x  10. —  D -F : B. azorella  (Boelcke e t al. 16240 in BAB). —  D: F low er x  5. —  E: Dissected flower 
x  5. —  F: Leaf x  10. —  G -I:  B. azorelloides (V ervoorst 5836 in BAB). —  G: L ea f  x  10. —  H: Flower x 5. —  I: 
Dissected flower x  5. — J -L :  B. spegazziniana  (LPS 12531 in LP). — J: F low er x 5. —  K: Dissected flower x 5.
—  L: L eaf x  10. —  M -O: B. graminifolia  (Soriano 2294 in BAB). —  M: F low er x 5. —  N: Dissected flower x  5.
— O: L eaf x  10.
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Fig. 3. A -H : B. sorianoi (Boelcke et al. T .B .P .A . 2711 in BA B, SI, RNG). — A: Cushion x  0.5. —  B: L ea f  x  
10. —  C: F low er x 5. —  D: Dissected  flower x  5. —  E: Calyx; adaxial surface x  5. —  F: Gynoecium  with ovary  
in L .S. x  10. —  G: Ovary in T .S. x  10. —  H: Capsule x  10.

m .s .m . 50°45' S, 72°12' W, 30.1.1977, Boelcke et al., 
T .B .P .A .  711 (BAB).

C ham aephytum  pulvinatum, ram osissim um , dense 
foliosum, hemisphaericum, 9 cm diam. 1,5-3,0 cm 
altum. Folia dense imbricata, c rass iuscu la  adpressa, 
linearia vel anguste ovata, acuta , integerrima glabra 
vel margine pilosa. Flores in axillis foliorum superio- 
rum solitarii et inter folia oculti sessiles vel brevissime 
peduncula ti,  bracteis plerumque 4 decussatis  per pari­
bus basi connatis, raro 3 basi conna tis ,  1 liberi. Calyx 
3,5-4,5 mm. longus, cam panulatus,  ex terno  glaber, in­
terne glanduloso-pubescens. Corolla albescens 5-6 
mm longa subinfundibuliformis, glabra , 5-lobata; lobu- 
lis ca. 0,5 mm longis. Stamina 5, inclusa, in dimian 
parte  tubum  inserta; filamentis aequilongis, ca. 1 cm. 
longis, glabris, ad insertionem leviter dilatatis; antheris 
dorsifixis, lato ellipticis, ca. 0,5 m m  longis et latis. 
Discus brevis, inconspicuus. Ovarium  globosum ca. 1 
mm diam ., 2-lobulare, pauci ovala tum ; stylo 1,0-1,5 
mm longo; stigmate capitato. C apsu la  3,0-3.5 mm 
longa, 2 mm lata, ovoidea.

Pulvinate  ch a m a e p h y te ; cush ions  semihemi- 
spherical,  c. 9 .0 x 1 .5 -3 .0  cm ; s tem s w oody,

m uch b ranched , densely  leafy. L ow er leaves  
dead  and  b lackened , the up p er  green, imbricate, 
ad p ressed ,  sessile, 6 -1 2 x 1 .5 -2 .0  mm, glabrous 
or pubescen t  on margin; shea th  linear, hyaline; 
lam ina linear to  slightly o v a te ,  acute , ra ther  
thick. Flowers  h e rm aphrod ite ,  axillary, borne 
singly, sessile or shortly peduncu la te ,  ob tended  
by 2 pairs  o f  decussa te ,  co n n a te  basal brac ts ,  
rarely  3 connate  and 1 free. Calyx  3.5-4.5 mm, 
cam panu la te ,  g labrous on the abaxial surface 
and with g landular hairs on adaxial surface; teeth
1.0-2.5 m m , equal, acute . Corolla  5-6 m m , in- 
fundibuliform, w hitish , 5-lobed, glabrous; lobes 
c. 0.50 mm , ob tuse .  S ta m en s  5, included; fila­
m ents  c. 1 mm, equal, in se r ted  at same level, 
g labrous , ra the r  wide at the base; anthers  c.
0 .5 0 x 0 .5 0  mm, dorsifixed, elliptical. Disc incon­
sp icuous. Ovary  c. 1 mm d iam ete r ,  globose, 2- 
locular; ovules few; style 1 .0-1 .5  mm, erec t,  in­
c luded; stigma capitate. C apsu le  3 .0 -3 .5 x 2  mm,



72 Silvia A rroyo B O T. N O T I S E R  133 (1980)

ovoid; seeds 1-3 (4), fusiform with reticulate te s ­
ta; em bryo  cu rved .

Distribution. A rgentina:  SW  Santa  Cruz.

Material exam ined . A rg en t in a : Santa Cruz; depto 
G üer Aike, E a. Las Vizcachas, E nsenada de Riqués, 
T .B .P .A. 2736 (BAB, RNG); depto  Lago Argentino, 
Cerro Buenos Aires, Spegazzini 505, 582 (BAB).

N o te  (1). In the  m onograph o f  Soriano (1948) 
neither the m aterial cited nor the plate given for 
B. nordenskjoldii agrees with the description, 
and must be referred  to B. sorianoi. So riano’s 
descrip tion  o f  B. nordenskjoldii agrees well with 
the original descrip tion  (Brow n 1900) and with 
the type  specim en.

N o te  (2). This new  species reinforces Soriano’s 
opinion that S accardophy tum  Speg. and Ben- 
tham iella  are  congeneric  since, toge ther with B. 
s ko ttsb erg i i , B. azorelloides  and B. pycnophyl-  
loides,  it show s charac ters  in term ediate  be tw een  
those  used to separa te  the tw o genera: Bentha-  
m iella ,  with 5 included s tam ens, the corolla 3 
times as long as the calyx and  erec t ovules, and 
S a c c a r d o p h y tu m , w ith 2 exser ted  stam ens, the 
corolla  1.5 t im es as long as the calyx and p en ­
dent ovules.

6. B. graminifolia Sko ttsb .,  Fig. 2 M - 0

Skottsberg, K. Svenska Vet. akad. Handl. 56(5): 297 
(1916).

Cushions den se .  L eaves  15-18x0 .5 -1 .5  mm, 
pubescent; shea th  4-5 x c .  1.5 mm, obovate  
m em branous , with simple or b ranched  hairs on 
margin; lamina 11 — 13 x c . 0.5 mm, linear, acu te , 
m em branous  o r  coriaceous. Flowers  sessile, 
em erging above  leaves, sub tended  by 1 pair o f  
decussa te ,  co n n a te  basal bracts . Calyx  9-11 mm, 
tubular, pubescen t  on adaxial surface; teeth 5-7 
mm, subequal, acu te ,  with simple or b ranched  
hairs on margin. Corolla  14-16 mm, tubular to 
slightly ven tricose , with g landular hairs distally 
on abaxial surface. S ta m e n s  5, included; fila­
ments subequal,  inserted  m ore o r  less at sam e 
level, g labrous. Disc  p resen t.  Style  included, 
usually reaching  middle o f  corolla-tube.

Distribution. A r g e n t in a : W C hubut, Rio N egro.

Material exam ined . A rg en t in a : Rio Negro; depto Nor- 
quinco, Skottsberg  536 (holotype S). Chubut; depto 
Languineo, Q uichaura, 40 km al E de Tecka, Soriano 
2294 (BAB), Illin sn. (BAB 10474). Lago Gral. Paz, 
1908, Skottsberg  s. n. (S).

7. B. chubutensis Soriano , Fig. 4 A -C  

Soriano, Darwiniana 8: 253 (1948).

Cushions lax. L ea ves  5 -1 3 x 1 .0 -1 .5  mm, pubes­
cent; sheath  3 - 4 x c . l . 5  mm, broad ly  linear or 
subovate, m em branous ,  with short  and b ranched  
hairs on margin; lamina 3 - 9 x c . l  m m , linear, 
acute . Flowers  sessile, h idden  betw een the 
leaves. Calyx  5 .0-7.5 m m , tubu la r ,  pubescent on 
adaxial surface; teeth  c. 3.5 m m , equal, acute , 
with hairs similar to those  o f  the  leaves. Corolla
11.0-12.5 mm, tubular, with g landular  hairs on 
abaxial surface, especially  distally. S ta m en s  5, 
included; filaments equal o r  subequal, inserted  
at same level, w ider a t b ase ,  with small, 
lanuginose basal appendages .  D isc  inconspicu­
ous. Style  included, usually  reach ing  middle of 
corolla-tube.

Distribution. Argentina:  C hubu t.

Material examined. Argentina:  C hubut; Travesia  de 
Rawson å la Cordillera, 30.1.1903, Illin 29 (SI 
holotype).

8. B. pycnophylloides Speg., Fig. 4 D -F

Spegazzini, Revista Fac. Agron. Veterin. La Plata 
30-31: 556 (1897).

Cushions dense. L ea ves  2 .5 - 4 x c . l . 5  mm, 
pubescen t;  sheath 1 .5 -2 .5 x c .  1 mm, obovate  to 
narrow ly obovate ,  hyaline; lam ina  1 .0 -1 .5xc .  1 
mm, linear, acute , m em b ran o u s ,  with lanuginose 
hairs on margin. Flowers  sessile , emerging 
above leaves. Calyx  3-5 m m , subcam panu la te ,  
pubescent; tee th  c.1.5 mm, equal, acu te ,  with 
hairs similar to those  o f  leaves. Corolla  6 -8  mm, 
tubular, g labrous. S ta m e n s  5, included; fila­
ments subequal to d idynam ous ,  inserted  at sam e 
level, glabrous. Disc  inconsp icuous . Sty le  in­
cluded, as long as the coro lla-tube .

Distribution. Argentina:  CW  C hubu t,  W and E 
Santa  Cruz.

Material examined. Argentina:  S an ta  Cruz; depto  De- 
seado, Golfo San Jorge, 11.1896, Ameghino s. n. 
(LPS), 12601 (LP holotypus); depto  Tehuelches , Donat 
191 (K, MO, S, SI); camino Tellier å  Paso G obernador 
Gregores, R .P. 282 km 57, C orrea  e t al. 2645 (BAB); 8 
km Cabo Blanco hacia Tellier, C orrea  et al. 3349 
(BAB); depto Lago Argentino, F itz  Roy, V ervoorst  
5654, 5646 (BAB); entre  Lago V iedm a y Laguna Tar, 
c. 1000 m .s .m .,  D usén 6020 (K); depto  Magallanes, 
camino å San Juliån, C orrea  et al. 3501 (BAB); Puerto  
San Juliån, Blake 260 (K); depto  C orpen  Aike, Dusén 
5530 (K); depto Tehuelches , Jaramillo , C respo  & 
T roncoso  1684 (BAB).
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Fig. 4. A -C : B. chubutensis  (Illin 29 in BAB). — A: F low er x 5. —  B: Leaf x  10. —  C: Dissected flower x 5. —  
D -F : B. pycnophylloides  (Correa et al. 3349 in BAB). —  D: Flow er x 5. —  E: Dissected flower x  5. —  F: L ea f  X 
10. —  G -I :  B. lanata  (Soriano 2066 in SI). — G: F low er x  5. — H: Dissected flower x  5. — I: L ea f  x  10.
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9. B . lanata  Soriano, Fig. 4 G -I  

Soriano, Darwiniana 8: 249(1948).

C ushions dense. Leaves  6 .0 -8 .5 x 0 .5  mm, 
pubescen t;  sheath  3 .5-4.5 mm, narrow ly obo ­
vate , hyaline; lamina 2 .5 -3 .5 x 0 .5  mm, linear, 
ob tuse , m em branous, with lanuginose hairs on 
margin. Flowers sessile, em erging above leaves. 
Calyx  4.0-4 .5  mm, tubu lar  to subcam panulate , 
glabrous; tee th  2 mm, equal, acute , with hairs 
similar to those  o f  the leaves. Corolla 7.0-8.5 
mm , tubu lar  to subcam panulate ,  glabrous. S ta ­
mens  5, included; filaments d idynam ous or sub­
equal, often inserted at 2 well-defined levels, 
g labrous. Disc  present. Style  included, usually 
reaching middle of corolla-tube.

Distribution. Argentina : SE  C hubut.

Material examined. A rg en t in a : Chubut; depto E sca­
lante, camino de Com odoro  Rivadavia å las H eras , en 
la pampa, Soriano 2066 (SI holotype).

10. B. patagon ica  Speg., Fig. 5 D -F

Spegazzini, Anales Soc. Argent. 35: 110 (1883).
B. montana  Dusén, Ark. Bot. 7(2): 35 (1908).
B. abietina  Skottsberg, K. Svenska Vet. akad. 

Handl. 56(5): 295 (1916).
B. intermedia  Skottsberg, Ioc. cit.: 296.
B. aurea  Skottsberg, loc. cit.: 296.

C ushions lax. Leaves  6-12x0.75-1 .50  mm, 
pubescen t;  sheath 3 .5 -6 .5x  1.0-2.5 mm, obo ­
vate , hyaline, with short hairs on margin; lamina 
2.5-6.0 mm, linear to narrow ly  lanceolate, 
t runca te ,  glandular, with short hairs on margin 
and on abaxial surface. Flowers  sessile or sho rt­
ly peduncula te , emerging above  the leaves. 
Calyx  4-7 mm, tubular to subcam panulate ,  
pubescen t on adaxial surface; teeth  1-2 mm, 
subequal, trunca te , with short hairs on margin. 
Corolla 9-13 mm, tubular, with glandular hairs 
on adaxial surface. Stam ens  5, included; fila­
m ents  d idynam ous o r  sebequal, often inserted at 
2 well-defined levels or all at different levels, 
g labrous. Disc present. Style  included, usually 
reaching middle of coro lla-tube, som etim es sh o r­
ter.

Distribution. Argentina : S and C Chubut to S 
Santa  Cruz. Chile: S E  M agallanes.

Material examined. A rg en t in a : Santa Cruz; depto 
Lago Buenos Aires, “ Lago San Martin, rio Fosiles in 
m ontanus ad benan nudan, c. 1000 m .s.m . April 1905” , 
Dusén 6318 (K, holotype of B. m o n ta n a ; S, isotype);

Rio Zeballos, c. 1500 m .s .m .,  Skottsberg  686 (S, 
holotype ofB . abietina),  Patagonia Andina, Valle Frias 
y A rroyo Apelej, Skottsberg 589, (S, holotype of B. 
aurea),  Rio Fenix , Skottsberg  763 (S, holotype o f  B. 
intermedia),  s. c ., s. n. (LPS); 12620 (LP, holotype of 
B. patagonica)-,  depto Corpen  Aike, Piedra Buena, 11 
km al S ., Boelcke et al. 12295 (BAB); depto  Rio Chico, 
entre C anadon Leon y Casa Riera, Vervoorst 5747 
(BAB); depto  Magallanes, P uerto  San Julian, Blake 
259 (K); depto  Deseado, Puerto  N azareno , Dusén 5261 
(BM, K, S), Puerto  D eseado, O ’Donell 3562 (K), 3935 
(BM, S); depto  Güer Aike, Ea. L os Posos, T .B .P .A . 
133 (BAB, RN G ), Laguna L a  L eona ,  T .B .P .A . 241 
(BAB, RNG), Ea. Las V izcachas, T .B .P .A . 2578, 2580 
(BAB, RNG), lomada å 2 km de laguna Las Vizcachas, 
T .B .P .A . 2370, (BAB, RNG); Prov. Chubut,  depto Rio 
Senguerr, 6.5 km al N de alto de Rio Senger, Boelcke 
et al. 12987 (BAB); depto  E sca lan te ,  Ea. la Begonia, 
K rapovickas 4559 (BAB); depto  Tehuelches R. 19 a 21 
km N E  Gdor. Costa, A rroyo  et al. 416 (BAB), Donat 
41 (BM, K, MO,S); depto Paso de Indios, a 51 km SO, 
R. 24 Ea. L a  Marfil, A rroyo  et al. 209 (BAB). Chile: 
Prov. Magallanes; depto  Ultima E speranza ,  Sierra 
Baguales, cerro  Cono, T .B .P .A .  774 (BAB, RNG).

In his revision Soriano (1948) dem onstra ted  the 
affinities be tw een  B. patagonica, B. montana, 
B. abietina, B. aurea  and B. intermedia,  and 
suggested tha t they might b e t te r  be treated  as 
one species with 4 varieties. A study  o f  the type 
specim ens and the w ider range o f  material now 
available supports  the suggestion of Soriano and 
leads me to  consider all these  tax a  as being con- 
specific and  the name given by Spegazzini, B. 
pa tagonica , has priority.

11. B . n ord en skjo ld ii D usén e x  N . E . Brown, 
Fig. 5 G -J

Brown, H ooker’s Icon. Plant, ser. 4.7(2): 2636(1900).

Cushions lax. Leaves  6-10 x 0 .75-2.00 mm, 
glabrous; sheath  3 - 5 x c .  1.75 m m , oblanceola te , 
hyaline, g labrous; lamina 3 -5 x 0 .7 5 -1 .0  mm, 
linear, acu te , ra the r  thick, g labrous or subgla- 
brous on margin. Flowers  sessile or shortly  
peduncu la te ,  emerging above  leaves. Calyx 4—5 
mm, slightly cam panula te  to tubu lar ,  pubescen t 
on adaxial surface; teeth  1.0-1.5 mm , equal, 
acu te , the margin with p u b escen c e  similar to that 
of leaves. Corolla 9-11 mm, tubu lar ,  g labrous. 
Stam ens  5, included; f ilam ents  equal or su b ­
equal, inserted  at the sam e level, g labrous. Disc 
present. Style  included, usually  reaching middle 
of corolla-tube.

Distribution. A rgentina : S an ta  C ruz , N E  T ierra  
del Fuego. Chile : C M agallanes.
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Fig. 5. A -C: B. longifolia (Donat 288 in S, K, MO). —  A: Flow er x  5. — B: Dissected flower x 5. — C: L ea f  x 
10. —  D -F : B. patagonica  (Correa et al. 6539 in BAB). —  D: Flow er x  5. —  E: Dissected flower x  5. —  F: L ea f  
x  10. —  G -I:  B. nordenskjoldii (Boelcke et al. T .B .P .A .  2706 in BAB, RNG). —  G: F low er x 5. —  H: D issected 
flower x 5. — I: Leaf x  10.
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Material examined. A rg en t in a : Patagonia Austral, 
XII. 1896; Santa Cruz; N ordenskjöld  (K, holotypus), 
depto Gtier Aike, Ea Las V izcachas, Ensenada de 
Riqués, al fondo, T .B .P .A . 2706. (BAB, RNG); Ea Las 
Vizcachas, lomada a 2 km de laguna Las Vizcachas, 
T .B .P .A . 2371 (BAB, RNG), Sierra Los Baguales, 
Skottsberg 722 (SANT, S, BAB); Tierra del Fuego; 
depto Rio Grande, Ea El Salvador, Boelcke et al. 
15092 (BAB), Ea San Julio, Cerro Hongo, Goodal! 
4281 (RNG), 3 km N E , El Salvador, Moore 2563 
(RNG), sin localidad, Castellanos s.n. (BA 45737).

N o te  (1). The most southerly  occurrence  of Ben-  
th a m ie lla , in Tierra del Fuego, was referred to B. 
pa tagon ica  by M oore and Goodall (1974). T he  
clarification of the features o f  B. nordenskjoldii 
in the p resen t study show s tha t the Fuegian m a t­
erial correctly  belongs to this species.

N o te  (2). F rom  the rem arks  on the route  
followed by Skottsberg  in his jo u rn ey  o f  1909 
(Skottsberg  1911), his material cited above from  
Sierra  Baguales alm ost certainly was collected in 
the valley of the Rio Centinela . The locality 
probably  was on the A rgentinian side of the  
frontier, w here o ther collections are know n, bu t  
it may have been in the Chilean part of the va l­
ley.

12. B . longifolia  Speg., Fig. 5 A -C

Spegazzini, Revista Fac. Agron. Veterin. La Plata 
30-31: 555 (1897).

B. acutifolia  Spegazzini, loc. cit.

Cushions lax. L eaves  10-16x0 .75-2 .50  m m , 
glabrous; sheath 3 -5 x 1 .5 -2 .5  mm, obovate ,  
hyaline; lamina 5 -8 x 0 .7 5 -1 .5 0  mm, linear, 
acu te , ra ther  thick, g labrous to subglabrous on 
margin. Flowers  sessile or shortly  peduncu la te , 
emerging above leaves. Calyx  4 -7  mm, tubu lar  
to subcam panulate , g labrous; teeth  3.0-4.5 m m , 
equal, acute , glabrous. Corolla  9-15 mm, tu b u ­
lar, glabrous. S tam ens  5, included; filaments u n ­
equal, inserted at different levels, glabrous. D isc  
p resent. Style  included, usually  reaching middle 
o f  corolla-tube.

Distribution. A rg en t in a : W and E Santa Cruz.

Material examined. Argentina'. Santa Cruz; depto D e­
seado, Golfo San Jorge, 11.1896, Ameghino s. n. (LPS  
12619, L P  holotype, LPS 12622, L P  holotype o f  B. 
acutifolia)', depto Magallanes, San Julian, Blake 90,

119, 134, 139, 319, 320 (K); depto  Lago Buenos Aires, 
El Calafate, Sleumer 1180 (K , S), D onat 288 (K, MO, 
S).

In his original descrip tions  Spegazzini (1897) 
noted the  affinity be tw een  B. longifolia  and B. 
acutifo lia  but considered  them  as specifically 
distinct on the basis o f  leaf-width, shape of the 
leaf-apex and pubescence . T hese  have not 
proved  to  be constan t o r  reliable characters  in 
the p resen t study and B. acutifolia  is c o n ­
sequen tly  reduced to synonym y.
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Notes on the lichen genus Baeomyces in New Zealand
D. J. G A L L O W A Y

Galloway, D. J. 1980 03 17: Notes on the  lichen genus Baeom yces in New Zealand. Bot. 
Notiser 133: 77-83. S tockholm. ISSN 0006-8195.

Three species of Baeom yces  Pers . ,  o cc u r  in New Zealand viz. B. absolutus  T uck .,  B. 
fungo ides  (Sw.) Ach., and B. heterom orphus  Nyl. ex Bab. & Mitt, in Hook. f. A key to 
species is given together with details o f  their morphology, chemistry , distribution, habitat 
and taxonom y. The following taxa are rejected  as synonym s: B. arcuatus  S tir t ., B. sub- 
granosus  Stirt. (B. fungoides),  B. cupreus  Müll. Arg., B. cinnabarinus  Zahlbr., B . fu s c o -  
carneus  F. Wils., B. granosus  Stirt. ,  B. haem otropus  Leighton, Cladoniopsis caespitosa  
Zahlbr. (B. heteromorphus), B. novaezelandiae  Knight (B. absolutus).

David J. Galloway, B o tany  Division, D S IR ,  Private Bag. Christchurch, N ew  Zealand.

B a e o m y c e s  is a cosm opolitan  genus of som e 44 
species  w hich is, toge ther  with the genus 
Icm adoph ila  T revis .,  included in the family 
B aeo m y ce taceae  Fée (Frey  1933, T hom son  
1967, Jah n s  1970, Im shaug 1972, H enssen  & 
Jahns  1973, Poelt 1974). The genus was founded 
by P e rso o n  (1794) and its typification d iscussed  
by Im shaug  (1972). B aeom yces  is defined by the 
following characters : Prim ary thallus  c rus tose ,  
squam ulose  or marginally foliose, a t tached  by 
m edullary  hyphae  or rhizines. Podetia  su p p o r t­
ing apo thec ia ,  simple or 1-4 b ranched  tow ards  
ap ices  in som e species, scarcely  developed in 
o th e r  species. Algal layer  in prim ary thallus co n ­
t inuous, algae green, C ystococcus. A po thec ia  
round , sw ollen , or expanded , on tips o f  podetia , 
often c lu s te red  on ±  distinct stalks. Spores  
fusiform  or ellipsoid, colourless, simple or 1-4- 
sep ta te ,  8 per  ascus.

D isco v ery  o f  B aeom yces in N ew  Z ealand

H o o k e r  & T ay lo r  (1844) first recorded  B a e o ­
m yces  from  N ew  Zealand, using the N or th e rn  
H em isp h ere  nam e B. rupestris  P ers .,  for the u n ­
described  Southern  H em isphere  species B. 
heterom orphus .  Although N ylander  (in 
Babington & Mitten 1859) described  B. he tero ­
m orphus  from Tasm ania, he nam ed the N ew  
Zealand  material o f  this species B. rufus  (N y lan ­
der 1860).

N ine teen th  century  botanists  in N ew  Zealand

m ade  frequen t collections o f  B. fu n g o id e s , n am ­
ing it B. roseus  (Babington 1855, N ylander 1860, 
H o o k e r  1867). Babington recognised the affinity 
o f  the  N or th e rn  H em isphere  B. roseus  with the 
Jam aican  lichen B. fu n g o id e s  (Fig. 1) collected 
by S w a r tz  in 1782, noting in his account o f  the 
N ew  Zealand lichens “  . . .  S w a r tz ’s lichen from 
Jam aica  does  not seem  to be more than a variety 
o f  the  E uropean ; an authentic specim en is to be 
seen in the BM. F ound  also in N orth  A m erica. 
M r C o len so ’s plant has much longer podetia  than  
the E uropean  form s and would p robably  be 
called B. fu n g o id e s  by those who distinguish two 
species . . . ”

T a y lo r  (1972) on the basis o f  com paring the 
varia tion  in width o f  apo thec ia  and length o f  
stipe in collections of B. roseus  and B. fu n g o i ­
d es ,  concludes  that the tw o taxa  are conspecific 
with the earlier epithet fu n g o id es  taking priority. 
This is an erroneous view since the thallus o f  
each  species is d istinctive and separable even 
w hen  sterile. B. roseus  has a coarsely  granular 
tha llus ±  covered  with fla ttened verrucose or ±  
spherica l isidiate projections and is never truly 
so red ia te ,  w hereas B. fu n g o id e s  has a thallus 
tha t is scurfy, leprose and ±  consistently  white- 
so red ia te .

B. haem o tropus  was described  from N ew  Z ea ­
land by William Leighton (1869) but is m erely a 
fo rm  of B. heterom orphus.  The Scottish 
l ichenologist Jam es Stirton added several 
species  o f  B aeom yces  to the N ew  Zealand flora
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Fig. 1. A: B aeom yces  fu n g o id es ,  Jamaica, Swartz 
(U P S -T H U N B E R G , isotype). —  B: B. hetero­
m orphus ,  Tasm ania , G unn (BM, lectotype). Scale in 
mm.

but in my opinion not one o f  them  can be upheld 
today. B. pertenuis  S tir t .,  (S tirton 1873, 1874) is 
not a B a eo m yc es  at all but Dimerella lu tea ,  an 
e rro r  recognized by Charles  K night (1875) who 
how ever  renam ed  it Lecidea  planella. B. arcua- 
tus  Stirt., and  B. subgranosus  Stirt. (Stirton 
1875) are now  referable  to B. fu n g o id es ,  and B. 
granosus  S tirt .,  to B. he terom orphus.  Charles 
K night (1883) described  B. novaezelandiae  for 
N ew  Zealand material referable to B. absolutus.

A lthough the 19th cen tu ry  catalogues o f  N ew  
Zealand  lichens (N ylander  1888, Müller Argo- 
viensis 1894, Hellbom 1896) contain  a  profusion 
o f  nam es in B a e o m y c e s , in my opinion they de­
fine only three  species. Z ah lb ruckner  (1941) d e ­
scribed both  B. cinnabarinus  and  Cladoniopsis  
caespitosa  (see also L am b 1953) for differing 
forms o f  B. he terom orphus.  The most recent 
accoun t o f  B a eo m yces  in N ew  Zealand (M artin 
& Child 1972) lists five species, tw o of which 
how ev er  I consider to  be synonym s o f  B. 
heterom orphus.

B a eo m yc es  is d iv ided into tw o subgenera  
based  on the ontogeny o f  the apo thecium  (M üller 
Argoviensis 1862, F rey  1933, L am b 1963, 
T hom son  1967, Jahns 1971, Jahns  & Sm ittenberg  
1970, Jahns & H o rs t- Iw em a 1972). T h ese  are 
defined by T hom son  (1967) as subgen. B a e o ­
m y c e s  (Müll. Arg.) J. W. T h o m s. ,  “  . . .  A p o th e ­
cia originating in the m edulla , the podetia  co n ­
taining no algae, a lm ost hollow  o r  with a very  
loose arachnoid  medulla, very  soon em arg inate  
and spherical; hypothec ium  not distinct from 
stalk of the podetium  . . . ” , and subgen. Sphyri-  
dium  (Flotow) Müll. Arg. “  . . .  A po thec ia  
originating exogenously  from  the algal and co rti­
cal layers o f  the thallus, the  podetia  containing 
algae; the stipe horny , solid, the only cavities 
fo rm ed  by fissures; apo thec ia  rem aining flat with 
a distinct margin, the thec ium  visibly d is t inc t” .

H abitat

T he three  species o f  B a e o m y c e s  d iscussed  below  
are , in N ew  Zealand, successional plants c h a ra c ­
teristic o f  d is turbed  hab ita ts  such as landslides, 
m ountain  tracks,  river g ravels , roadside  verges 
and  coasta l cliffs. B. he terom orphus  shows c o n ­
siderable variation in m orphology  throughout its 
range o f  distribution in N ew  Zealand and this 
d iversity  in form is re f lec ted  in a confused 
nom encla tu re .

M ateria ls

In the present account, all published taxa relating to 
B aeom yces  in New Zealand have been re-examined. 
All re levant 19th century collections from New Z ea­
land were checked , and num erous collections made 
from 1925 to the present were investigated. These later 
collections range from N orth land  (Lat. 36°30' S) to 
Stewart Island (Lat 47° S). T ype  and o ther material 
was obtained from the following herbaria: BM, 
C A N U , C H R , F H , G L A M , H -A C H , H -N Y L , OTA, 
S, UPS. U P S-A C H , U P S -T H U N B E R G , UPSV, W, 
and W E L T .

C h em istry

Hot acetone ex tracts  of  m ost species examined were 
analysed by thin-layer chrom atography  using the 
m ethod o f  Culberson (1972).

K ey to B aeom yces in N ew  Z ea lan d

1. Primary thallus greyish-white ±  granulöse, lep­
rose, ecorticate , sorediate , apothec ia  capitate, 
immarginate ........................................... 1 . B .  fungo ides
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Fig. 2. Baeom yces granosus  (isolectotype) and B. 
subgranosus  (lectotype), N ew Zealand, John B ucha­
nan (W ELT). Scale in mm.

Three Kings Is

Antipodes Is

Campbell i

-  Primary thallus green or greenish-yellow, corti­
ca te , not sorediate, apothecia marginate ................2

2. Apothecia  sessile, solitary, disc pale rose-pink, 
white-pruinose ......................................2. B. absolutus

-  Apothecia on well developed stalks, clustered, 
disc red-brown to orange-red, not pruinose .........

..........................................................3. B. heterom orphus

1. B aeom yces fungoides (Sw.) Acharius 1803 p. 
320.

Basionym: Lichen fungo ides  Swartz, 1788 p. 146 —  
Orig. coll.: Jamaica, O. P. Swartz (U P S -T H U N ­
BERG! Fig. 1 A: BM-ACH! H-ACH! isotypes). Taylor 
(1972) discusses a type collection from S w artz ’s 
herbarium  (S) which must be presumed to contain a 
lectotype selected by him, but I have not seen the 
material and no authentic B. fungo ides  from Jam aica 
labelled by Swartz (as Lichen fungo ides)  was seen in 
visits made to Stockholm in 1974, 1978 and 1979.

Baeom yces arcuatus  Stirton 1875 p. 460 —  Orig. 
coll.: New Zealand, near Wellington, J. Buchanan 
28/74 (BM! lectotype, here designated).

Baeom yces subgranosus  Stirton 1875 p. 460 —  Orig. 
coll.: N ew  Zealand, Tinakori Hills, VIII. 1873, J. 
Buchanan 180 (WELT! lectotype, here designated. 
Fig. 2).

Prim ary thallus whitish or greyish-w hite , 
c rus tose , scurfy, ecorticate , in parts  densely  
w hite-sorediate. Podetia  simple, to 2 cm  tall, 
te re te  or com pressed , surface rather scabrid ,

Fig. 3. K now n New Zealand distribution of B aeo­
m yces absolutus  ( O) and B. fu n g o id es  ( • ) .

vertically grooved, pale whitish-pink. A pothec ia  
te rm inal, globose, cap ita te ,  o ften  convoluted, 
pale flesh-pink to  orange-p ink , convex , w ithout 
a defined margin, surface ra th e r  finely w arted . 
Spores  fusiform, 1-septate, 12-30x2-4 /<m .

Chem istry .  Thallus and pod e t ia  K +  yellow, C - ,  
K C - ,  P d +  yellow turning orange. Baeom ycesic 
and  squam atic  acids (U V  + white).

H a b ita t  and  distribution. B. fu n g o id e s  is a trop i­
cal species  occurring in the  W es t  Indies, Central 
and South  A m erica, H aw aii,  A ustralia  and N ew  
Zealand . A characteris tic  subs tra te  is clay or 
clay soils. It is frequently  seen  along roadside 
cuttings w here it is o ften  a  co m ponen t in the 
success ion  involved in revege ta tion . It is rarely 
found on rock , bark  or litter. D istribution in N ew  
Z ealand  is wide (Fig. 3) and  it occurs  from sea 
level to  1000 m. O ntogenetic  studies place B. 

fu n g o id e s  in subgen. B a e o m y c e s  (Jahns & Smit- 
tenberg  1970, Jahns & H o rs t- Iw em a  1972).

Spec im ens  examined. Northland'.  Kawerua, 1973, 
B. W. & G. C. H ayw ard  (CHR) see H ayward & Hay-
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ward (1974 b) —  Bay of Islands, Paton (BM) — Central 
Auckland:  G reat Barrier Island, 1972, B. W. & G. C. 
H ayw ard  (CHR) see H ayw ard  & H ayw ard  (1973 a, 
1973 b) —  Rangitoto Island, 1936, H. H. Allan (CHR)
—  South  A uck land  Bay o f  Plenty: Mt Moehau, C oro­
mandel Peninsula, 1974, B. W. & G. C. H ayward 
(CHR) see H ayw ard  et al. (1975) —  G reat Mercury 
Island, 1975, B. W. & G. C. H ayw ard  (CHR) see 
H ayw ard  et al. (1976) —  Mt Te A roha, 1936, H. H. 
Allan (CHR) —  M angaotaki Valley, 1972, D. J. Gallo­
way (CHR) —  Maraetai, 1966, A. E. Wade (BM) — 
Kaingaroa Plains, 1937, K. W. Allison (CHR) — 
Wellington:  O hakune, 1938, J. E. A ttwood (CHR) — 
Ruahine Range, W harite Peak, 1972, D. J. Galloway 
(CHR) —  Tararua  Range, Field H ut,  1971, D. J Gallo­
way (CHR) —  Wellington Botanic G ardens, 1956, W. 
Martin (CHR) — Tinakori Hills, Wellington, 1873, 
1874, J. B uchanan (BM, W E L T ) —  Nelson  : St Arnaud 
Range, 1977, J. Singleton (C A N U ) see Galloway & 
Simpson (1978) — H opeless  Creek, 1972, L. F. Molloy 
(CHR) —  Maruia Valley, 1978, D. J. Galloway (CHR)
— Mt H aast ,  1978, D. J. Galloway (CHR) — 
Marlborough:  Wairau Valley, 1956, W. Martin (CHR)
— Leatham  River, 1956, W. Martin (CHR) —  
Canterbury:  Lewis Pass, 1978, D. J. Galloway (CHR)
—  Okuti Valley, Banks Peninsula, 1977, D. J. Gallo­
way (CHR) —  Mt Peel, 1972, D. J. Galloway (CHR) — 
Westland:  Aorangi Scenic Reserve, G reym outh, 1958, 
W. Martin (CHR) —  Punakaiki, 1961, W. Martin 
(CHR) —  Otago: H um boldt M ountains, 1965, D. J. 
Galloway (CHR) see Galloway (1966) —  Matukituki 
Valley, 1957, R. Smith (OTA) — Swam py Hill, D une­
din, 1971, W. Martin (CHR) —  Mt M aungatua, 1954, J. 
Murray (OTA) —  Balclutha, 1955, J. M urray (OTA) — 
Southland:  Lake T hom son , Fiordland, 1962, P. W. 
Jam es (BM) see Mark et al. (1964) —  M akarewa, 1961, 
D. J. Galloway (CHR) —  O ban, S tewart Island 1964,
D. J. Galloway (CHR) —  F razer  Peaks and Port 
Pegasus, S tewart Island, 1967, D. J. Galloway (CHR).

2. Baeomyces absolutus T ucke rm an  1859 p. 201

Orig. coll.: M oulton, A labam a, 139 Mr Peters (FH! 
holotype) —  Tubercularia absolutus  (Tuck.) O. Kunt- 
ze 1891 p. 877.

B aeom yces  novaezelandiae  Knight 1883 p. 348 — 
Orig. coll.: N ew  Zealand, sine loco, Charles Knight 
(W ELT! lectotype, here designated) —  B aeom yces  
absolutus  var. subsessilis  Müller Argoviensis 1894 p. 
25 — B aeom yces  var. novaezelandiae  (Knight) Zahl- 
bruckner 1926 p. 408.

Prim ary thallus  th in , varnish-like, bright 
em erald-green w hen  fresh , pale olive or 
yellowish w hen dry. Podetia  absent or very 
poorly developed. A p o th ec ia  sessile, or very 
shortly  stalked, w hitish-pink, disc minutely 
w rinkled-scabrid , m att,  ±  w hite-pruinose , 1-3 
mm in diam ., flat or slightly convex , thinly mar- 
ginate or im m arginate. Spores  oblong or 
fusiform-ellipsoid, un iseria te  or biseriate, col­
ourless , simple, 7 -1 5 x 4 -5 p m ,  8 per ascus.

Chem istry .  Thallus and ap o th ec ia  K +  yellow, 
C - ,  P d - .  B aeom ycesic  acid.

H abita t a n d  distribution. B. abso lu tus  g row s on 
rocks and rarely  on sandy soil, in shaded m oist 
habitats  and in N ew  Zealand  is found from  sea 
level to  1000 m (Fig. 3). It is a tropical species 
know n from  the W est Ind ies ,  Central A m erica , 
the U nited  S tates , Brazil, E cu a d o r ,  Japan ,  the 
Philippines (Thom son 1967), sou th -eas te rn  A u­
stralia and N ew  Zealand. It is p laced in subgen. 
B a eo m yc es  (Jahns & H o rs t - Iw em a  1972).

Spec im ens  examined. N orthland:  Whangarei, W. A. 
Given (CHR) — Wellington:T ara ru a  Range, 1932,
E. M. H eine (CHR) —  N elson:  L ake  Rotoiti, 1977, 
D. J. Galloway (CHR) see Galloway & Simpson (1978)
— L ake Daniells track, 1978, D. J. Galloway (CHR) —  
Canterbury: A rthu rs’s Pass, 1962, P. W. James (BM)
— Boyle River, 1979, D. J. G alloway (CHR) —  Otago:  
M atukituki Valley, Mt F rench , 1967, D. J. Galloway 
(CHR) —  Hum boldt M ountains, 1965, D. J. Galloway 
(CHR) see Galloway (1966) —  Southland:  Secretary  
Island, 1959, J. M urray (OTA) see M urray (1963) — 
Lake Thom son , Fiordland, 1962, P. W. James (BM) 
see M ark et al. (1964) —  Mt Anglern, Stewart Island, 
1966, D. J. Galloway (CHR) see Galloway (1968 a).

3. Baeomyces heterom orphus N yl. ex Bab. & 
Mitt. in H ook , f., 1859 p. 351

Orig. coll.: Tasmania, supra  te rram  argillaceam Gunn 
(BM! lecto type here designated. Fig. 1 B, H -N Y L  
40290! isolectotype) —  Tubercularia heteromorpha  
(Nyl. ex Bab. & Mitt, in H ook, f.) O. K untze, 1891 p.
877.

B a eo m yces  cupreus  Müller Argoviensis, 1892 p. 25
—  Orig. coll.: New Zealand, sine loco, W. Colenso 
8/83 on clay (BM! lectotype, here designated).

B aeom yces  haem otropus  Leighton , 1869 p. 31 — 
Orig. coll.: New Zealand, N o rth e rn  Island, W. Col­
enso (BM! lectotype, here designated).

B aeom yces  fu scocarneus  F. Wilson, 1889 p. 67 — 
Orig. coll.: Australia. Victoria. “ S u p ra  terram argilla­
ceam ” in Lilydale, F. R. M. Wilson 66 (BM! 
lectotype, designated here).

B a eo m yces  granosus  S tirton 1875 p. 46 — Orig. 
coll.: N ew  Zealand. N ear W ellington, J. Buchanan 179 
(BM! lecto type, here designated: GLAM ! W ELT! 
isolectotypes: Fig. 2).

B aeom yces  heterom orphus  f. rubens  Hellbom 1896 
p. 95 —  Orig. coll.: N ew  Zealand , Otira Gorge, 2-300 
p. s. m. 11.1874, S. Berggren 135 (S! lectotype, here 
designated).

B aeom yces  cinnabarinus  Z ah lb ruckner  1941 p. 325
— Orig. coll.: N ew  Zealand. Mt Te A roha, on moss in 
Dracophyllum  shrubland, 900 m H. H. Allan (W! 
holotype: C H R  338063! isotype).

Cladoniopsis caespitosa  Z ah lb ruckner  1941 p. 325
—  Orig. coll.: N ew Zealand. Mt R uapehu , on soil, 600 
m E. Cham berla in  ZA 487 (C H R  338065! isotype, W! 
holotype).
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Fig. 4. K now n New Zealand distribution of B aeo­
m yces  heteromorphus.

Prim ary thallus greenish w hen fresh, greenish- 
yellow to greyish-green or dirty white when dry, 
m inutely squamulose, cortica te , irregularly 
cracked  and  warted, not sorediate. Podetia  10- 
15 mm tall, simple or 1-4-branched near apices, 
stalks pale flesh-coloured, yellowish-white or 
suffused reddish, often superficially invested 
with green algae, surface sm ooth , often w axy, 
corrugated  and coarsely vertically grooved. 
A pothec ia  terminal or subterm inal, often 
c lustered , disc pale pink to dark readdish-brow n, 
plane or convex with a distinct, pale, flexuous 
margin, thalline exciple pale. Spores  oblong, 
simple, colourless, 7 - 1 0 x 3 - 5 /urn, 8 per ascus.

C hem istry.  Thallus and apo thecia  K +  yellow 
turning red , C -,  P d +  orange. N orstictic , con- 
norstic tic  and hypoprotoce traric  (trace) acids.

H abita t a n d  distribution. B. heterom orphus  is a 
com m on and widely distributed  lichen in N ew  
Zealand (Fig. 4) and is the most frequently  col­
lected species of B aeom yces  in N ew  Zealand.

A lthough m ost com m only  found on soil and 
rock, it will colonise old w ood  and decum bent 
vegetation. It is a very po lym orph ic  species with 
differences in m icroclim ate and  microhabitat in­
fluencing its m orphology w hich varies from 
much branched , e longated  s tructu res  (plants 
grow ing on scoria are o f  this kind and Zahl- 
b ru c k n e r’s taxon Cladoniopsis caespitosa  refers 
to such forms) to short,  ±  sessile , simple tufts 
(W ilson’s B. fuscocarneus  is o f  this type). The 
varia tion in form while n o t  supported  by any 
varia tion  in chemical co n s ti tu en ts ,  is reflected in 
a confused  nom encla ture . B. heteromorphus  is 
an A ustra lasian  species, and  in N ew  Zealand, 
w here  it ranges from sea level to  1200 m, it is an 
early and active co loniser o f  exposed  soils and 
gravels and may be o f  im p o rtan ce  in soil co n ­
solidation. It seems best to  place B. hetero­
morphus  in subgen. Sp h yr id iu m  (Jahns 1971).

Spec im ens  examined. Northland'.  Bay of Islands, Pa- 
ton (CHR) —  Kawerua, 1973, B. W. & G. C. H ayw ard  
(CHR) see H ayward & H ay w ard  (1974 b) —  Central 
Auckland'.  Waitakere Range, 1958, J. Murray (OTA) —  
South  A uck land  Bay o f  P le n ty : G reat Mercury Island, 
B. W. & G. C. Hayward (C H R ) see Hayward et al. 
(1976) —  Mt M oehau, C orom andel Peninsula, 1974,
B. W. & G. C. H ayward (C H R ) see Hayward et al. 
(1975) —  Mt Pirongia, 1925 H. H. Allan (CHR) —  
W aiotapu Valley, 1936, K. W. Allison (CHR) —  Wai- 
tuti Lookout,  1976, D. J. G allow ay (CHR) — Tara­
naki: Mt Egmont, 1925, H. H. Allan (UPSV) see Gal­
loway (1976) —  Wellington: Akitio , 1972, D. J. Gallo­
way (CHR) —  Waipakahi Valley, 1972, D. J. Galloway 
(CHR) — Ruahine Range, W harite  Peak, 1972, D. J. 
Galloway (CHR) —  Otaki R iver, T ararua  Range, 1969, 
D. J. Galloway (CHR) — H u tt  River, 1941, H. H. 
Allan (CHR) —  York Bay, 1976, D. J. Galloway 
(CHR) —  Nelson:  Kaiteriteri, 1956, W. Martin (CHR)
— St Arnaud Range, 1977, M. J. A. Simpson (CHR) 
see Galloway & Simpson (1978) —  Hopeless Creek, 
1972, L. F. Molloy (CHR) —  Maruia Valley, 1978, 
D. J. Galloway (CHR) —  Canterbury:  Boyle River, 
1979, D. J. Galloway (CHR) —  A rthur’s Pass, 1972, 
D. J. Galloway (CHR) —  Okuti Valley, B ank’s 
Peninsula, 1977, D. J. G allow ay (CHR) — Mt Peel, 
1972, D. J. Galloway (CHR) —  Westland:  Aorangi Re­
serve, G reym outh , 1958, W. Martin (CHR) —  Otago: 
Mt Brewster, 1968, D. J. Gallow ay (CHR) — Maka- 
rora, 1968, D. J. Galloway (C H R ) —  Canyon Creek, 
Ahuriri Valley, 1966, D. J. Galloway (CHR) — 
H um boldt M ountains, 1965, D. J. Galloway (CHR) see 
Galloway (1966) —  Mt Cargill, 1949, W. Martin (CHR)
— M aungatua, 1966, D. J. G allow ay (CHR) — S o u th ­
land: Dusky Sound, Cascade C ove ,  1969, D. J. Gallo­
way (CHR) —  Secretary Is land , 1959, J. M urray 
(OTA) see M urray (1963) —  Lake  Thomson, F io rd­
land, 1962, P. W. James (BM) see M a rk e t  al. (1964) —  
Longwood Range, 1957, W. M artin  (CHR) —  Mt 
Anglern, S tewart Island, 1966, D. J. Galloway (CHR)
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see Galloway (1968 a) —  Oban, S tew art Island, 1966, 
D. J. Galloway (CHR) —  Tin Range, S tewart Island, 
1969, D. J. Galloway (CHR) —  F razer  Peaks and Port 
Pegasus, 1967, D. J. Galloway (CHR) see Galloway 
(1968 b).
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Homeria  has a basic chrom osom e num ber o f  x = 6 .  Two species, with derived karyotypes 
have 2n = 8 and 2n =  10 and 9, and two more species have x = 10 and an apparently unrela ted 
karyotype. The majority o f  species can be crossed with one another. H ow ever, the blue 
flowered species, H. speciosa  and H. lilacina, cannot be hybridized with o ther Homeria  
species, but cross with section Polyanthes  of the related genus Moraea. A second group, 
comprising only H. maximiliani and H. um bella ta , have a base num ber of x = 10, and cannot 
be crossed with a range o f  species of  Homeria  nor with selected species of Moraea. The 
species that cross with M oraea  sect. Polyanthes  resemble the latter closely in leaf and corm 
characters ,  though not in flower. Homeria maximiliani and H. umbellata  have leaf, corm  
and habit characteristics found in Moraea  subgenus Moraea. M ost likely Homeria  has, in 
the past included three species groups o f  independent origin which resemble one ano ther  in 
critical floral features alone, but differ in vegetative charac ters .  Thus the Homeria  type 
flower appears to have evolved independently in these species groups. The following 
systematic realignments are made: Homeria speciosa, H. lilacina and the presumably 
related H. rogersii are transferred  to M oraea, while H. umbellata  and H. maximiliani are 
placed in a new genus, Rheome.  The appropriate new nomenclature! combinations are 
provided, together with a revised key to the genera of Ir idaceae-Hom eriinae.

Peter Goldblatt, B. A. K rukoff Curator o f  African Botany, Missouri Botanical Garden, 
P.O. Box 299, St. Louis, M O  63166, U.S.A.

W hen I began  a revision of H o m e r ia , a m odera te  
sized genus o f  some 28 species in southern  Afri­
ca, as part o f  an overall system atic  study of 
African Iridaceae-Irideae, I was im pressed by 
the strong vegetative resem blance of som e 
species o f  H om eria  to certain species o f  the 

I closely re la ted  African M oraea  (95 species) 
w hich 1 had recently revised (Goldblatt 1973, 
1976 b, 1977). This brought to mind the exam ple 
o f  H om eria  s im u la n s , a species with a H om eria-  

|  type  flower, but with vegetative morphology 
identical with that o f  M oraea  subgenus Viscira- 
m o sa ,  which has a characteris tic  and unusual 
appearance . Cytology of H. sim ulans  p roved  un­
like that o f  any  o ther species o f  H om eria  then 
know n, but m atched closely the species o f  su b ­
genus Visciramosa. I had little doubt tha t H. 
sim ulans  w as correctly a m em ber of M oraea  
subgenus V isc iram osa , and that it had evolved 
independen tly  the characteristics  of the flow er o f  
H om eria .  C onsequently  I felt com pelled to

transfer  this species to M oraea  w here it required 
a new  nam e, as M . elsiae  (Goldblatt 1976 a). This 
decision was later supported  by the d iscovery in 
M. viscaria, also a m em ber  o f  subgenus 
Visciramosa  and in o ther  species o f  M oraea  of  
only som e populations w hich had similar 
H o m e ria - like features in the ir  flowers.

T he species of H om eria  which resemble ce r ­
tain species o f  M oraea  are:
(1) H. speciosa  L. Bol., which approaches  M. 
po lys tachya  (Thunb.) K er;
(2) the species currently  know n as H. lilacina L. 
Bol. (M oraea  po lyan thos  L. fil. is an earlier 
nam e, see Goldblatt 1979) which is strikingly like 
M. bipartita  L. Bol. (better,  but incorrectly , 
know n as M. po lyan thos  L. fil. sensu auct.).
(3) H . um bella ta  (Thunb.) Lew is and the allied 
H. m axim iliani  Schltr. which have features re ­
miniscent o f  several different groups of M oraea  
including M . fu g a x  (de la Roche) Jacq .,  M. 
m argare tae  Goldbl., M. papilionacea  (L. fil.)
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Table 1. C hrom osom e num bers in Homeria  and those species previously p laced  in this genus and n o w  trans­
ferred to M oraea  or to the new genus Rheome. See also A ppendix.

Species Diploid c h ro m o ­
som e n u m b er  2n

Homeria

H. bifida L. Bolus {H. salmonea  L. Bolus) 12, 12+4B, 24
H. brachygne  Schltr. (H. papillosa  L. Bolus) 12
H. britteniae  L. Bolus 12, 24
H. bulbillifera Lewis 12, 12+ IB, 18, 24
H. cedarm ontana  Goldbl. in press 12
H. collina (Thunb.) Salisb. 24
H. com ptonii  L. Bolus {H. maculata  sensu auct.) 12
H. cookii L. Bolus (H. pillansii L. Bolus) 12, 2 4 ,3 6
H. elegans  (Jacq.) Sweet 12
H. fenes tra ta  Goldbl. in press 12
H .f la cc id a  Sw eet 24, 36
H. galpinii L. Bolus 24
H. longistyla  Goldbl. in press 12
H. marlothii L. Bolus 24
H. miniata A ndr. Sweet 12(24)
H. minor (Eckl.)  Goldbl. (H. fram esii  L. Bolus) 12
H. ochroleuca  Salisb. 12, 24, 2 4 + 2 -3 B
H. odorata  L. Bolus 12
H. pallida  B aker 12, 8
H. pendula  Goldbl. in press 12
H. ram osissim a  Schltr. 12
H. schlechteri L. Bolus 12
H. spiralis L. Bolus 12
H. tenuis Schltr. 10, 9
H. tricolor Lewis 12
H. vallisbelli Goldbl. in press 12

Moraea

M. crispa Thunb . (//. rogersii L. Bolus) 12, 24
M. polyan thes  Thunb. (H. lilacina L. Bolus) 12
M. spec iosa  (L. Bolus) Goldbl. {H. speciosa  L. Bolus) 12

Rheome

R. maximiliani (L. Bolus) Goldbl. (//. maximiliani) 20
R. umbellata  (Thunb.) Goldbl. (H. umbellata) 30 (triploid)

K er  and to  a lesser ex ten t,  species o f  M oraea  
subgenus M o n o c e p h a la e .

T hese  im pressions based  on vegetative 
m orpho logy  have now  been supported  by two 
in d ep en d en t lines o f  investigation, chrom osom e 
cyto logy and  experim ental hybridization. The 
resu lts  o f  th e se  two studies are described  in de­
tail be low , a fte r  which I will d iscuss their signifi­
can ce  to  the system atics  o f  H om eria  and 
M oraea .

M aterials  and  Methods

C hrom osom es  were studied from root tips only, taken 
from sprouting corms o r  seeds, originally collected in 
the wild. Root tips were pre treated  in 0.003 M

hydroxyquinoline for 6-8 hours in the refrigerator, 
fixed in C arn o y ’s 3:1 ethanol-ace tic  acid and either 
s tored  in 70 %  ethanol or hydro lyzed  immediately in 
10 %  HC1 at 60°C for 6 m inutes. A fter washing, tips 
were squashed  in lacto-propionic orcein . C hrom o­
som es o f  Homeria  are large, and  easy  to  s tudy , so that 
detailed com parisons o f  karyo types  can be  made. A 
list o f  the species studied and  their  ch rom osom e 
num bers  is provided in Table 1. Detailed locality and 
vo u ch e r  data  for these counts  are included as an 
appendix  at the end  of the paper.

O bservations

C yto logy

R e s u l t s  ( T a b le  1) in  g e n e r a l  c o n f i r m  f in d in g s  in a 
p r e l i m i n a r y  s tu d y  ( G o l d b l a t t  1971) t h a t  m o s t
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H om eria  species have ch rom osom e num bers 
based  on x = 6 ,  a num ber also frequently  found in 
M oraea .  T h e  karyo type  for all species with x =  6 
is similar (Fig. 1 A -D ), ch rom osom es being 
large, and  acrocen tr ic  (Fig. 1 G). Exceptions  to 
this p a t te rn  are few. H o w e v e r ,  the m orphologi­
cally d ive rgen t species pair H . um bella ta  and H.  
m axim ilian i  have x = 1 0  (Fig. 1 J) (.H . um bella ta  
s tudied  here  is ev idently  triploid) and a 
ka ry o ty p e  identical with that found in species of 
M oraea  subgenus M oraea  th a t have the same 
base  n u m b e r  (Goldblatt 1976 a). T w o o ther 
excep tions  are  some popula tions  o f  H . pallida,  
n = 4 ,  o the rs  n = 6  and H. tenu is ,  n = 5  (and 2n=9) 
(Fig. 1 H, I). In both exam ples  o f  num bers  lower 
than  n = 6 ,  the num ber o f  m ajor ch rom osom e 
arm s is the  sam e, there  being tw o large 
m e tacen tr ic s  in H. pallida  w ith n = 4 ,  and one 
m e tacen tr ic  in H. tenuis  w ith n = 5 ,  suggesting 
ch rom osom al rearrangem ents  o f  the R obertso ­
nian type (Jones 1977, 1978), involving the basic 
H om eria  karyo type . The cy tology o f  these two 
species is still being investigated and  will be 
dealt with in greater detail in a la ter paper. The 
different n u m b e r  of n =  10 i n / / ,  um bella ta  a n d / / .  
m axim ilian i  appears  m ore significant, and most 
likely indicates  that these species are  not closely 
rela ted  to o th e r  species o f  H om eria  a t all. They 
are p robab ly  distantly re la ted  to M oraea  sub­
genus M o ra ea ,  with which they  share the same 
basic ch rom osom e num ber,  x = 1 0 ,  and  certain 
similarities in vegetative m orphology.

H om eria  speciosa  and H. lilacina  also have 
x = 6  and karyo types  similar to  o the r  species of 
H om eria ,  bu t  with two ch rom osom e pairs ra ther 
m ore subm etacen tr ic  than acrocen tr ic  (Fig. 1 E, 
K). These karyo types  resem ble those  found in 
M oraea bipartita  (syn. M . p o ly a n th o s  sensu 
auct.)  (G oldblatt 1976 a). The similarity betw een 
karyo types  o f  H. lilacina and M. bipartita  is 
especially  noticeable.

Crossing S tud ies

Several hundred  crosses w ere  a t tem pted  b e ­
tw een  a large num ber of species o f  H om eria  in 
cultivation. C rosses were a lso  m ade with a li­
mited n u m b er  of Moraea  species. The results  are 
striking (Fig. 2) in revealing p a t te rn s  o f  crossing 
or non crossing that corre la te  with cytological 
and morphological d iscontinuities . M ost species 
o f  H om eria  (like those o f  M oraea )  are  self-in­

com patib le  but can be easily c rossed  with obv i­
ously rela ted  species, and som etim es even  
apparen tly  distantly rela ted  species will cross  
successfully . Crossing pa tte rns  indicate th a t  
there  is one large group o f  the genus in w hich  
a lm ost all species will hybridize. H ow ever ,  H .  
m axim iliani  cannot be c rossed  with any  o f  the 
species o f  H om eria  that flow ered  in cultivation. 
A ttem pts  to h y b r id iz e / / ,  speciosa  o r H . lilacina  
or  its varie ty  alba  with any o the r  species o f  
H om eria  also resulted in no fruit or seed  p ro d u c ­
tion. The la tter failures w ere particularly  striking 
since H . speciosa  has been  crossed  to  M oraea  
po lys tachya  (J. Loubser,  pers . com m .),  yielding 
vigorous, though sterile hybrids and I have re ­
peated ly  crossed  H. lilacina  and H. lilacina  var. 
alba  with M oraea bipartita (M. p o lyan thos  
sensu auct.)  with good seed set and good germ i­
nation.

The results of the hybrid ization  studies 
support the following hypothesis. O ne, H. s p e ­
ciosa  and  H . lilacina are  m ore closely rela ted  to 
M oraea  section Polyanthes  to  which both  M . 
po lystachya  and M. bipartita  belong, than  to  
the remaining species o f  H om eria .  T w o , H .  
m axim ilian i,  and p resum ably  H . um bella ta ,  are  
unrela ted  or very distantly  rela ted  to any o th e r  
species o f  H om eria  (too few crosses  to  species 
of M oraea  could be a t tem pted  to d raw  any fu r­
ther  information). T hree , m ost remaining species 
o f  H om eria  constitu te  a natura l,  fairly closely 
re la ted  assemblage. (One im portan t species, 
curren tly  know n as H. rogersii was not investi­
gated  since it is difficult to flower in cultivation. 
It is a blue-flowered species o f  H o m eria ,  along 
with H. lilacina and H . spec iosa ,  and its 
affinities probably lie with the latter. F u r th e r  
d iscussion  is presen ted  in a later ch ap te r  on 
system atics .)

Discussion

It is now  evident that H om eria  as presently  c o n ­
s titu ted  is most p robably  an unnatura l genus 
com prising elem ents o f  at least th ree  separa te  
phylogenetic  lines, each most likely having had  a 
separa te  origin from different lineages of 
M oraea .  In the case o f  H. speciosa  and  H. lila­
cina,  hybrid ization with species of M oraea  indi­
cates  their likely origin and  relationships. In  H. 
m axim iliani  and H . um bella ta  similarities in 
vegetative morphology with som e groups o f
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Fig. 2. Diagram of crosses made betw een species of  
Homeria  and Moraea. Shading indicates a successful 
cross with fertile seed produced. An x indicates a 
failed cross and figures are the num ber of times the 
cross w as attem pted. Heavily outlined squares re p re ­
sent naturally occurring inter-specific hybrids. Species 
are arranged  in order of their p resum ed relationships, 
and as they will appear in the revision of the genus 
(Goldblatt,  in prep.). Abbreviations will be evident 
from the text and from Table 1.

M o ra ea ,  and  a base num ber of x = 1 0  suggests a 
deriva tion  from some fairly primitive M oraea  
line, although its direct ancesto rs  may be 
ex tinct.  Inability to cross with o the r  H om eria  
species, all x = 6 ,  as well as differences in basic 
ch ro m o so m e number, make it seem reasonable 
to p resum e that these two species are  not d irec t­
ly re la ted  to H om eria ,  and had a separate  origin.

F rom  this hypothesis follows logically the 
p rem ise  that the H om eria  type flower has 
evolved  independently several times. This 
p resum ably  occurred by the  reduction  and  
simplification of the apparen tly  com plex and 
e labora te  flower type characteris tic  of M oraea  
(Fig. 3 A -B ). The following section  explores this 
suggestion in detail after broadly  outlining the 
system atics  o f  Old World Irideae.

E volu tion  o f  the H om eria  flow er typ e

M oraea  and H om eria  belong to  a  group o f  
alm ost exclusively African m em bers  of I r ida­
ceae. T hey  are closely re la ted  to  the northern  
hem isphere  genus Iris ,  pe rhaps  sharing a com ­
m on origin in the ancesto rs  o f  the m odern  trop i­
cal and subtropical African genus D ietes  (G old­
blatt 1976 a and in prep.). Iris, D ie tes  and M o ­
raea  share many floral cha ra c te rs ,  bu t most im ­
portan tly ,  the very  unusual f la ttened  petaloid 
style b ranches  with paired  supra-stigm atic  cres ts  
(Fig. 3 A -B ), and these  genera  and  their allies 
are grouped  in the tribe Irideae. M oraea  itself 
differs substantially  from  D ietes  and Ir is , e sp e ­
cially in vegetative fea tu res ,  having a 
charac teris t ic  single-internode co rm  (versus rhi­
zom es or bulbs in Iris and  D ie te s ) and a bifacial 
strap-like leaf (versus usually  m onofacial en- 
siform leaves in Iris and  D ietes). M oraea  is also 
distinctive in having partly united  filaments.

On the basis o f  vegetative m orphology, M o ­
raea  and a group o f  allied genera  are segregated 
in subtribe H om eriinae  (G oldblatt 1971, 1976 b), 
defined by the characteris tic  le a f  and unique 
corm  type. G enera  included in th is subtribe are 
M oraea, H om eria , H exaglo ttis ,  Gynandriris, 
Barnardiella  and Galaxia. A m ongst these gen ­
era, M oraea  is the only one in w hich there are 
species with num erous  leaves, m any  branches, 
filaments basally united (rarely free  but contigu­
ous), and a more or less typical Ir is- type flow er 
with large ou te r  tepals , small inner ones, large 
petaloid style b ranches  and cres ts .  With the 
excep tion  o f  G ynandrir is , c learly  a M oraea  
offshoot with a tubu lar  ovary  ex tension , the re ­
maining genera  have subequal tepals  and less 
e labora te  style b ranches , e ither slightly flattened 
with or w ithout tiny crests  (H o m e r ia , Barnar­
diella) or  short,  w ith apices broad ly  lobed (G a­
lax ia ) or deeply divided (H e x a g lo t t is ).

M oraea  is a large genus o f  o v e r  95 species 
w hich ranges widely in sub-Saharan  Africa, with 
a cen ter  in the sou thw estern  C ape. It appears  to 
be a natural grouping, although com posed  of 
several old and divergent lineages, trea ted  as 
subgenera  (Goldblatt 1976 a). W ithin M oraea ,

Fig. 1. Chrom osom e cytology o f  Homeria, M oraea  and Rheome.  — A: Mitotic m etaphase in H. miniata. —  B:
H. fenestra ta .  — C: H. odorata. — D: H. bifida. —  E: M. speciosa. — F: M. crispa. —  G: K aryotype of H. 
pendula, 2n=12. — H: H. tenuis, 2n=10. —  I: H. pallida,  2n=8. — J: R. maximiliani, 2n=20 . —  K: M. 
po lya n th o s , 2n = 12. (Compare R heom e  with published karyotypes o f  Moraea  (Goldblatt 1976 Fig. 1).)
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Fig. 3. F low er types in Moraea, Homeria  and Rheome. —  A: Basic flower type in M oraea (M. ramosissima). —  
B: A ndroecium  and gynoecium enlarged. — C -N : Derived flower types with united filaments, narrow  style 
branches  with or w ithout short crests. —  C-D: M. elsiae (subgenus Visciramosa).  —  E -F : M. polyanthos  
(section Polyanthes). — G -H : M. insolens (section Vieusseuxia). —  I-J: R. maximiliani. —  K -L : H. f lacc ida .  — 
M -N : H. miniata. (Flowers all approximately x 2/3, details o f  s tam ens and style branches much enlarged).

the re  is a ten d en cy  for reduction  of the style 
b ranches  in several lines. This occurs  particu lar­
ly in subgenus Visciram osa  w here  M. viscaria  
has popula tions with s lender, crestless style 
b ran ch es  a n d M . elsiae  (Fig. 3 C -D ) has a typical 
H o m eria  type  flower, for w hich reason it was 
first p laced  in this genus (as H. sim ulans).  In a

few species  o f  subgenus Vieusseuxia  reduction  
of the c res ts  also occurs ,  e. g., Central African 
form s o f  M . thomsonii', a few  populations o f  M . 
elliotii', in M . neopavonia  and  M . insolens  (Fig. 3 
G -H ) the  c res ts  are p resen t  but short; and in M. 
gigandra  the  crests  are  so short they  are a lm ost 
concea led  by the s tigm atic lobe. F rom  these



BOT. N O T I S E R  133 (1980) H omeria, M oraea  a n d  R h e o m e  91

form s it is only a small step to a H om eria  f low er 
(Fig. 3 K -L )  in which the filaments are fully 
co n n a te  (partly in most Moraea  species) and the 
tepal w horls  are subequal. F u r th e r  evolution in 
this s eq u en ce  has led to the suppression o f  the 
style c res ts  entirely, which has p resum ably  
o ccu rred  in H. miniata  (Fig. 3 M -N ) for e x a m ­
ple. In  Galaxia  and H exaglo ttis  the style 
b ran ch e s  are not developed  at all and are m erely 
short s ta lks which bear  stigma lobes in the first 
genus, o r  deeply divided filiform stigmas in the 
second.

W hen  the flower types o f  subtribe H om eriinae  
are  co m p ared  in this way it seem s reasonab le  to 
conc lude  that com plex characteristics  have 
gradually  becom e simplified and reduced. T here  
is, in the  ex tan t m em bers  o f  the subtribe, an 
a lm ost entire  reduction series from species with 
large style branches, p rom inent crests  (Fig. 3 
A -B ) ,  basally connate  s tam ens and dissimilar 
tepals whorls to species with narrow  style 
b ran ch e s ,  short (to absen t crests) ,  entirely u n ­
ited filam ents and subequal tepals (Fig. 3 C -N ) .  
This p a t te rn  of reduction was evidently  repea ted  
in several lines, as ev idenced  by the vegetative 
m orphology  in each , as well as cytological and  
hybrid ization  data. In some lines the trend is still 
ev iden t so that species with reduced  flowers are 
best left with obvious relatives (M. elsiae  in M o ­
raea  subgenus Visciramosa', M , (H om eria) s p e ­
ciosa  and M. polyan thos (H. lilacina) in M oraea  
section  Polyanthes).  In o thers , som e links in the 
sequence  are missing. Thus neither H om eria  
sensu s tric to  nor H. um b e lla ta -H . m axim iliani  
can be directly linked with any species or species 
groups within Moraea.

The opposite  line of a rgum ent tha t the a p p a r ­
ently  simple Homeria  type flow er gave rise to 
the m ore e laborate  M oraea  type is difficult to 
accep t.  It would lead to the hypothesis  that the 
very rem arkab le  M oraea  f lower evolved inde­
penden tly  several times; also tha t m any leafed 
and multiple branched forms w ere  derived from  
ancesto rs  with few leaves and branches; and tha t 
fused filaments gave rise to progressively less 
united , and ultimately free filaments. This 
reasoning  also m akes it im possible to relate the 
obviously  primitive, rh iz o m a to u sD ietes,  with its 
M oraea  type flower and free s tam ens, to the 
H om eria-M oraea  alliance, and hence supposes  
the independent origin in Dietes  also, of a M o ­
raea  type flower. A fu rther  difficulty with this

hypothesis  is that it w ould  p resum e the small, 
relatively hom ogenous H o m eria  gave rise to  the 
vastly  m ore variable he te rogenous ,  and richly 
developed  M oraea.  T he  e laboration  th eo ry  
crea tes  m ore problem s than  it might seem  to 
solve and ultimately b eco m es  untenable.

T axon om ic conclusions

The cu rren t taxonom y o f  H om eria  appea rs ,  in 
the light o f  the cytological and crossing da ta  
p resen ted  above, to be unaccep tab le  since the 
genus is shown to be m ost likely com posed  o f  
three  independently  der ived  species groups. 
Several solutions are possib le . One would be to  
com bine H om eria  in M o ra ea ,  d istributing 
species in their co rrec t subgeneric  positions as 
know ledge permits. This, I believe is undesirable  
because  it would enlarge M oraea  to an un­
m anageable  size, and a t the  sam e time m erge 
tw o well know n, and by and  large, readily rec- 
ognizeable genera.

A second  solution would be to recognize se p a ­
ra te  genera  for the unre la ted  species g roups 
within H om eria .  I th inkt this an unnecessary  
s tep  (and to be perfectly  cons is ten t any species 
o f  M oraea  with reduced  style branches might be 
assigned a separate  genus including for exam ple  
M. elsiae). A com prom ise , and  probably  the best 
trea tm en t would be to unite with M oraea  those  
species tha t still have dem onstrab ly  o r  visibly 
close links to M oraea  and to  recognize as gen- 
erically distinct o thers  w hose im m ediate  
ancesto rs  in M oraea  are no longer clear.

In practical term s I suggest uniting H. sp e ­
ciosa  and H. lilacina with M oraea  section P o ­
lyan thes  w here crossabili ty  and vegetative 
m orphology clearly show  they  belong. H om eria  
m axim iliani  and H. um bella ta  cannot, at least in 
the light o f  available know ledge be acc o m m o ­
dated  in any existing subgenus or section o f  M o ­
raea.  I believe it m ost sa tisfac to ry  to place them  
in a separa te  genus, and  the new genus R h e o m e  
(a sem i-anagram  o f H om eria )  is p roposed  to 
accom m oda te  these species . If, in the fu tu re  
hybrid ization  or o ther  da ta  d em onstra te  a c lear  
re la tionship  betw een R h e o m e  and a group within 
M o ra ea ,  the new genus could be united with 
M oraea.

Lastly , the bulk o f  species o f  H om eria  should  
rem ain  a distinct genus. T hey  com prise w hat 
seem s a natura l alliance of easily recognizeable
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species w hich have similar or related 
k a ryo types ,  can readily be hybridized and seem 
obviously  rela ted  at the morphological level.

S ystem atics

R h eom e Goldbl. gen. nov. T ype species: R.  
m axim ilian i  (Schltr.) Goldbl.

Planta d istincta , tunicis cormi brunneis , internodio ba- 
sali longo, foliis ( I—)2—3, supra terram  insertis et ramis 
apicem versus, caulis congestis. Flores Homeria  simi­
les, fugacei; tepala subaequalia, unguibus erectis, lim- 
bis expansis . F ilam enta connata, parte  superiore inter- 
dum libera ad 1.5 mm. Rami styli breves, apicem ver­
sus bifurcati.

Plants o f  d istinctive habit, with a long basal in­
te rnode ,  leaves inserted  well above ground and 
close toge ther ,  and  branches  m any, o f  equal 
length, c lustered  at apex  o f  basal internode. 
Corm  1-2 cm in d iam eter, with brow n tunics of 
initally entire, ±  w oody  layers, later becom ing 
split from  base , tending to becom e fibrous; usu­
ally bearing  corm lets  near base. L eaves  (1—)2(—3) 
linear, channe led , borne well above ground, 
low erm ost long and trailing, o thers  smaller, be ­
com ing bract-like. S te m  e rec t,  te re te ,  with long 
basal in ternode; m uch b ranched  in umbellate 
m anner.  Spa thes  h e rbaceous, brow n tipped, 
ob tuse-em arg ina te ,  ou ter sheathing, or free dis­
tally. Flowers  stellate; fugaceous; tepals free, 
subequal,  basal part (claw) ascending, limb ou t­
spread . F ilam en ts  united or free in upper 1.5 
mm. A n th ers  e rec t,  to slightly diverging,appres- 
sed to style b ranches. Sty le  branches  short, api- 
cally b ifurca te . Capsule  ovoid , seeds many, 
angular. Basic chrom osom e  num ber  x =  10.

D istribution:  sou thw este rn  C ape, from the Cale­
don d istric t in the south , along the west coast to 
the Clanwiiliam district; tw o species only.

R . u m b ella ta  (Thunb.) Goldbl. com b. nov.

Moraea umbellata  Thunb .,  Diss. de Moraea: 13. 1787. 
Type: S. Africa, Cape, near Piketberg, Thunberg s. n. 
(Herb. T hunberg  1230, UPS, lectotype). —  Homeria  
umbellata  (Thunb.) Lew is, J. S. African Bot. 14: 86. 
1948.

Homeria bobartioides  L. Bolus, J. Bot. 69: 32. 1931. 
Type: S. Africa, Cape, M ulder’s Vlei, Stellenbosch, 
Bolus s. n. (B O L  19085, holotype).

R . m a x im ilia n i (Schltr.) Goldbl. comb. nov. 

Homeria maximiliani Schltr., Engler’s Bot. Jahrb. 27:

94. 1900. Type: S. Africa, Cape, Clanwilliam district, 
near H o ek ,  Schlechter 8700 (B, lectotype, BOL, K, 
MO, S, isotypes).

R ela tionsh ips.  As already outlined, R. m a x im i­
liani and  R. um bella ta  are  segregated from  H o ­
meria  as a resu lt o f  com bined  cytological, 
m orphological and negative crossing data , all of 
which suggest tha t they  are not related to the 
species o f  this genus. They  are morphologically 
d istinctive in corm  s truc tu re ,  general habit, and 
have a different basic chrom osom e num ber, 
x = l 0 ,  from  H o m eria ,  x = 6 .  F urtherm ore , 
a t tem p ts  to c ross  R. m axim iliani  with several 
species o f  H om eria  (in which most species are 
readily crossable) failed. R h e o m e  is probably re ­
lated to  M oraea  subgenus M oraea  which also 
has a basic  ch rom osom e n u m b e r  of x = 1 0  and 
very similar ka ryo type . (A few crosses a t tem p ­
ted be tw een  R. m axim iliani  and  M oraea  species 
at hand did not succeed .)  Species with which 
R h e o m e  has som e similarity are M. m argaretae  
and M . p a p il io n a cea , especially  in their ch a r­
acteris tic  brow n corm  tunics; and  M. g r a d ie n t  a 
and M . fu g a x ,  in which the habit is similar in 
having a very long basal in ternode and leaves 
and b ranches  clustered at the stem apex. The 
very  charac te r is t ic  beak  o f  the capsule found in 
the tw o la tte r  species does not occur in R h e o m e ,  
and similarity o f  habit here  may be due to con ­
vergence. At p resen t 1 am unable  to make more 
specific com m ents  on the possible relationships 
o f  R heom e .

M oraea  Mill.

N o  change  is required in the description o f  M o ­
raea,  since species or forms with subequal te p ­
als, un ited  filaments and reduced  style b ranches  
and short or ab sen t cres ts  (M. elsiae', popu la ­
tions o f  M. viscaria, M . thom sonii)  are already  
accom m oda ted  in cu rren t generic  descriptions. 
F low ever, the following taxonom ic  changes are 
required.

M oraea sp eciosa  (L. Bolus) Goldbl. comb. nov.

Homeria speciosa  L. Bolus, Ann. Bol. Herb. 3: 10. 
1827. Type: S. Africa, Cape, near Prince Albert, Krige 
s. n. (B O L  13486, holotype).

M oraea p o lyan th os L. fil.
Linnaeus fil., Suppl. PI.: 99. 1781. non sensu auct. pre 
1979. Type: S. Africa, Cape, “ in regione Kore r iv ier” ,
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Thunberg s. n. (Herb. Thunberg 1226, UPS, 
lectotype).

H om eria  lilacina L. Bolus, Ann. Bol. Herb. 3: 9. 
1920. syn. nov. Type: S. Africa, Cape, near Matjes- 
fontein, Beattie & F. Bolus s. n. (BOL 15186, 
holotype).

As po in ted  out recently (G oldblatt 1979) M oraea  
p o ly a n th o s  is an earlier nam e for H . lilacina. In 
the pas t  I, and others (G oldblatt 1976 b, Brown 
1928) had  thought M. po lyan thos  w as the com ­
m on Little  K aroo M oraea  with large style 
b ran ch es  and crests. Careful reexam ination  o f  
the type  material in the T hunberg  herbarium  has 
revea led  tha t the original collections consis t of 
p lants with small, narrow  style b ranches  w ithout 
cres ts .  M oraea  polyanthos  sensu  auct.  m ust now 
becom e M . bipartita  L. Bolus.

M oraea  cr isp a  Thunb.

Thunberg Diss. de Moraea 13. 1787, non At. crispa (L. 
fil.) Ker. 1804, nom. illeg. Type: S. Africa, Cape “ 
Roggeveld” , Thunberg s. n. (Herb. Thunb. 1214 UPS, 
holotype).

Homeria rogersii L. Bolus, FI. PI. Africa 8: sub tab. 
306. 1928, syn. nov. Types: S. Africa, Cape, Naauw- 
poort, Rogers 12078 (BOL, lectotype); Vlakplaats, 
Richmond Div., Bolus s. n. (BOL 13835, syntype).

A fter careful consideration o f  T h u n b e rg 's  de ­
scription and type of M oraea  crispa  (Goldblatt 
1979), I have reached the conclusion  tha t it is 
very  likely tha t this nam e is an earlier synonym  
for the p lan t know n as H om eria  rogersii. There  
is, how ever ,  some doubt w hether  M. crispa  
co rrectly  belongs in M oraea  or in H om eria .  It 
seem s m ost closely related to  M oraea p o ly a n ­
thos  w hich also has blue flowers. M oraea  crispa  
typically has a solitary leaf  and partially free 
s tam ens , both unusual charac teris t ics ,  clearly 
isolating it from M. po lyan thos .  U nlike M . p o ­
lyanthos  and M. speciosa ,  rem oved  in this paper 
from H om eria ,  I have no crossing  inform ation 
for M. crispa  which has f low ered  poorly under  
g reenhouse  conditions. K aryo typ ic  differences 
be tw een  H om eria  and M oraea  section P olyan ­
thes  are small as both have x =  6, and large m ore 
or less acrocentric  ch rom osom es.  Section P o ­
lyanthes  differs slightly in having tw o c h ro m o ­
some pairs that are less ac rocen tr ic  than in H o ­
m eria ,  and  this characteristic  is found in M . cris­
pa  as well (Fig. 1 F). On the basis o f  these  ra the r  
minor cytological and m orphological fea tu res ,  
M. crispa  is assigned to M oraea  section P olyan ­
thes  with H. rogersii as a synonym .

H om eria  Vent.

A com plete  revision o f  H o m e r i a  will shortly  be 
published (Goldblatt in prep .)  which will deal 
m ore thoroughly  with som e questions  and p rob ­
lems raised here. H o w e v e r ,  as a num ber of 
changes in H o m e r ia  and  M o r a e a  have been  
m ade at generic level in this paper,  I am  prov id­
ing a revised key to all genera  o f  H om eriinae 
(G oldblatt 1971 em end. G oldbla tt 1976 b) the 
subtribe to which are ass igned  the corm -bearing 
and bifacial-leafed genera  o f  Old World Irideae.

Key to Iridaceae-Irideae-H om eriinae

The subtribe is defined by a  characteristic  tun i­
cate  corm  o f  the single-in ternode type , and a 
basic leaf form that is bifacial, channe led  and 
strap-like. T hese  features  easily distinguish 
H om eriinae  from Iridinae, and  the rela ted  Ferra- 
riinae.

1. Ovary usually pedicellate, and usually exerted 
from spathe, not produced  above to form a  long 
sterile tubular b e a k .........................................................3

-  Ovary subsessile, enclosed in spathe and pro­
duced above forming a long sterile tubular 
beak ..................................................................................... 2

2. Style branches prom inent, petaloid with large 
paired crests extending above stigma lobe; leaf 
channeled ....................................................Gynandriris

-  Style branches slender, not petaloid, dividing 
near apex with short recu rved  stigmatic b ranch­
es; leaf t e r e t e .............................................Barnardiella

3. Stem entirely underground, leaves and spathes 
clustered at ground level .............................................4

-  Stem produced above ground , leaves and spath­
es usually separated on stem, occasionally 
clustered together ...........................................................5

4. Perianth tube well developed , ovary subsessile; 
tepals subequal; style b ranches  short, not petal­
oid, crests  lacking or obscure  ....................Galaxia

-  Perianth tube absent,  ovary  exerted, tepal 
whorls dimorphic; style branches prominent, 
petaloid with large paired crests  Moraea

5. Style branches short, diverging at apex o f  fila­
ment column; each divided to base, thus form ­
ing six horizontally ex tended  filiform branches

..........................................................................H exaglottis
-  Style branches various, simple and filiform, or 

divided near apex, either forming small to large 
large paired crests, or diverging, stigmatic lobes 
or arms ...............................................................................6

6. Style branches filiform to tubular, o r  somewhat 
flattened, but not noticeably petaloid, no wider 
than twice the width o f  the an thers; sometimes 
forked or divided at apex , either with apical 
stigmas or with short to obscure  crest-like ex­
tensions ...............................................................................8

-  Style branches flattened and petaloid with a 
transverse  stigma lobe, and extending apically
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paired petaloid crests ..............................................
7. Tepal whorls usually dimorphic, outer much 

larger and with nectar guide, inner sometimes 
reduced, or lacking, often erect; style crests 
usually at least twice as long as width of style 
branch, if not stigma lobes continuous with 
margin of style branch ................................ Moraea

-  Tepal whorls subequal, outer slightly larger, but 
nectar guides if present usually on both whorls, 
inner tepals always spreading; style crests usual­
ly less than twice the width of the style branch, 
and continuous with margin of style branch . . .
.................................................................................Homeria

8. Stems branching repeatedly and very sticky 
below the nodes ...........................................M oraea

-  Stems simple to much branched but never sticky 
below the nodes ........................................................ 9

9. Flowers blue, purple, or white, but if white, 
anthers 5-6 mm long and tepal cup well devel­
oped, enclosing anthers ........................................

-  Flowers yellow, orange or pink, rarely white 
and if so anthers less than 2.5 mm long and tepal 
cup not developed ...................................................11

10. Stamens partly to entirely united  Moraea
-  Stamens free to base ......................Roggeveldia

11. Stem many branched, branches short and clus­
tered around insertion of leaves in umbellate 
fashion; corm tunics brown, layers ± entire, 
fragmenting irregularly to become fibrous ........

................................................................................ R heom e
-  Stem simple to many branched, but branches 

seldom clustered around leaf insertion; if  so 
corm tunics composed of heavy black reticulate 
fibres ...............................................................Homeria
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Appendix
Locality and voucher data  for species of H om eria , 
Moraea,  and R h eo m e  for which chrom osom e counts 
were obtained. C hrom osom e num ber (diploid) is given 
for each locality. Previously published counts  are 
given in paren thesis .  All Goldblatt collections listed 
are at MO, unless a different herbarium is indicated.

Homeria
H. bifida. Cape Province: 7 km S. Loeriesfontein, 
Goldblatt 3950 (12); C alvinia-Loeriesfontein  road, 
Goldblatt 3942 (12); Rebunieberg, Calvinia, Goldblatt 
3894 (12); Blomfontein road, S. W. Calvinia, Goldblatt 

10 4279 (12); E . slopes of K am iesberg , Goldblatt 4053
(12+4B); E . of Nieuwoudtville, Goldblatt s. n., no 
voucher (24).

H. brachygyne. Cape Province:  Olifants R. valley near 
Trawal, G oldblatt 3930 (12); 23 km N. Clanwilliam, 
Goldblatt 3931 (12); (also G oldblatt,  1971 as H. papil- 
losa (12)).

H. britteniae. Cape Province: G raham stow n, Bayliss 
s .n . ,  no voucher  (24); S. of H um ansdorp ,  Goldblatt 
4927 (12).

H. bulbillifera. Cape Province: Peninsula, Karbonkel- 
berg slopes, Goldblatt 4418 (18); H erm anus-O nrus  
road, Goldblatt  s. n. (12); The Poort, B readsdorp, 
Goldblatt 4856 ( 1 2 + IB); C loetes Pass, Goldblatt 4157 
(12); S torm svlei Kloof, Goldblatt  4130 (12); E. of 
Sw ellendam , Goldblatt 4137 (12); Cloetes Pass— 
W agenboom s, Goldblatt 4168 (12); Albertinia—
H erbertsda le ,  Goldblatt s. n. (24).

H. cedarm ontana . Cape Province:  Cedarberg Pass, E. 
o f  Algeria, Goldblatt 3871 (12); Sneeuberg, near hut, 
Goldblatt 4289(12).

H. collina. Cape Province: E. end du Toits Kloof, 
Goldblatt 4701 (24); Clifton, Goldblatt 4800 (24); 
K om m etje ,  Goldblatt 4123A (24); foot of H ouw  H oek 
Pass, G oldblatt 4004 (24); Redhill, Simonstown, Gold­
blatt s. n. no voucher (24); (five o ther counts o f  24 in 
Goldblatt 1971; 1972); (also Sakai, 1952: 24).

H. com ptonii.  Cape Province:  Bot R.— Caledon, 
Goldblatt 3997 (12); Leeu R., N. Albertyn, Goldblatt 
3990 (12); foot o f Babylons T ow er,  Goldblatt 4022 (12); 
N. slopes, Eseljag Pass, Goldblatt  2663 (12); N. of 
S tanford, Goldblatt 4845 (12).

H. cookii. Cape Province: Roggeveld, N. Sutherland, 
Goldblatt s. n., no voucher (12); Op-de-Tradouw, W. 
Barrydale, Goldblatt 4186 (36); Cedarberg, top of 
C edarberg  Pass, Goldblatt 4055 (36); E. Sm artts  
Syndicate Dam, Britstown Goldblatt 4680 (24); Vic­
toria W est, Goldblatt 4861 (24); (also 24, Goldblatt ,  
1971, as H. pallida).

H. elegans. Cape Province: near Krige, E. Caledon, 
Goldblatt 4879 (12); S. E. o f  Shaws Pass, Goldblatt  
4095 (12); (also 12, Goldblatt, 1971), (count o f  24 by
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Brittingham , 1934 is probably due to a misidentifica- 
tion).

H. fen es tra ta .  Cape P rov ince : 60 km S. Calvinia, 
G oldblatt  3906(12).

H. f la cc id a .  Cape Province: T w enty  Four Rivers, 
G oldblatt  3924 (24); L ynedoch , S tellenbosch, Gold­
blatt 4416 (24); N. of K lawer, Goldblatt 3932 (36); H out 
Bay, Goldblatt  4974 (36); (four o ther  reports of 36 in 
G oldblatt ,  1971; 1972).

H. galpinii. Cape Province: Foo t of Houw H oek Pass, 
Goldblatt  3682 (24).

H. longistyla. Cape: Breede R. flats, Goldblatt 3918 
(12); near Pr. Alfreds Hamlet, Goldblatt s. n .,  no vou­
cher (12); Koo, Goldblatt 4181 (12); Sw aarm oed Pass, 
G oldblatt  4413 (12); E seljag-Q ueen  Anne, Goldblatt 
3999(12); Z ebra Kloof, Brandvlei, Goldblatt 4733 (12).

H. marlothii. Cape Province: Calvinia-K lipwerf road, 
Goldblatt  4284 (24).

H. m iniata . Cape Province: Knersvlakte , Vars R., 
Goldblatt  3679 (12); M atsikam m a road S. E. Van- 
R hynsdorp ,  Goldblatt 3849 (12); Alpha, Goldblatt 3928 
(12); V anR hynsdorp-K law er,  Goldblatt 3886 (12); 
Spektakel M ts., Goldblatt s. n .,  no voucher (12); near 
L y n edoch ,  Stellenbosch, Goldblatt 4415 (24); (also 12, 
Goldblatt ,  1971).

H. minor. Cape Province: Peninsula, K om m etje, 
Goldblatt  4124 (12); Silvermine Plateau, Goldblatt 4098 
(12); Donkergat Peninsula, Goldblatt 4085A (12); 35 
km E. Citrusdal, Goldblatt 4203A (12); N. of Pikeniers 
K loof  Pass, Goldblatt 3929 (12).

H. ochroleuca. Cape Province: Constantia Nek, Gold­
blatt 4742 (24); Du Toits K loof M ts.,  Goldblatt 5087 
(24+2-3B ). Dasklip Pass, Porterville, Goldblatt s. n., 
no v ouche r  (12); Fonteintjiesberg, 4000', Goldblatt 
4205A (24); (see Goldblatt, 1971, 12).

H. odorata. Cape Province: Glenlyon, N ieuw oudt­
ville, Goldblatt 4372 (12); near Nieuwoudtville, Gold­
blatt no voucher (12).

H. pallida. O. F. S.: H arm ony, Goldblatt s. n. no 
voucher  (8); N. Brandfort, Goldblatt 4679 (8); Vir- 
g in ia-H ennenm an , Goldblatt s. n. no voucher (8); 
Dealesville, Goldblatt 4678 (8); Virginia, Goldblatt

4677 (8); Transvaal,  E. of M achadodorp, Davidson 
3223 (MO) (12); (also 12 [from Transvaal] Goldblatt, 
1971, as H. pura  and H. glauca).

H. pendula . Cape: Kam iesberg , Goldblatt 4306 (12).

H. ramosissima. Cape: K nersv lak te ,  Goldblatt 3984 
( 12 ).

H. sch lech ten .  Cape: N. Okiep, Goldblatt 2393 (12); 13 
km E. Springbok, Goldblatt 4253 (12); 3 km N. Garies, 
G oldblatt 3981 (12); P la tbakkies-K liprand , Goldblatt 
4054 (12).

H. spiralis. Cape: N ieuwoudtville waterfall, Goldblatt 
3934 (12); Theunisdrif road, N. E. Nieuwoudtville, 
Goldblatt  3961 (12).

H. tenuis. Cape: Turn off to K rom  River, Goldblatt 
4816 (9); Dwars R. farm, Cedarberg, Goldblatt 4817 
(9); C edarberg  Pass, Goldblatt 4683 (9); Cedarberg, 
beyond  top o f  Cedarberg Pass, Goldblatt 4682 (10).

H. tricolor. Cape: near M atroosberg  station, Goldblatt 
s. n., no voucher (12); Op-de-Tradouw , K alkoenhoek 
road, Goldblatt 4183 (12); (also 12, Goldblatt, 1971).

H. vallisbelli. Cape: near waterfall at Nieuwoudtville, 
Goldblatt 3952 (12); S. o f  N ieuw oudtville-van Rhyns 
Pass road , Goldblatt 4032 (12).

Rheome
R. maximiliani. Cape: Pakhuis P ass-B randew yn  R., 
G oldblatt 3884 (20).

R. umbellata. Cape: Paarl, golf course, Goldblatt 4414 
(30).

Moraea
M. crispa. Cape: Matjesfontein, Goldblatt 3217 (12); 
Pietermeintjies, Goldblatt 4157A (12); Calvinia- 
M iddelpos, Goldblatt 4397 (12); H antamsberg, S. 
s lopes, Goldblatt s. n. (BOL) (12); top o f  Verlaten 
Kloof, S. Sutherland, Goldblatt s. n. no voucher (24).

M. polyanthos. Cape: Little K aroo , S. VanW yksdorp, 
Goldblatt 4168A (12); Stormsvlei K loof-Bonnievale, 
Goldblatt  4131 (12); W. R obertson , Goldblatt 2837 
(12); (also 12 in Goldblatt, 1971, as H omeria lilacina).

M. speciosa. Cape: T anqua basin, Goldblatt s. n. no 
voucher  (12); near Tulpfontein, Goldblatt 3907 (12).
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Hymenocallis heliantha sp. nov . ,  from N Peru, is described. The small size o f  the plant and 
the large yellow flowers are horticuturally valuable features,  suggesting the possibility of a 
breeding program  in the genus.

Pierfelice Ravenna, INTA, Universidad de Chile, Santiago, Chile.

In 1973, Prof. Isidoro S anchez  Vega, of the U n i­
versidad  T écn ica  de C ajam arca , Peru , told the 
w rite r  ab o u t a yellow-flowered A ndean H y ­
m enocallis  and presen ted  bulbs for fu rther  
s tudy. In the spring of 1974 a plant f low ered  at 
Santiago, Chile, proving to be a new species.

H y m en o ca llis  heliantha R avenna , sp. nov.

Typus: Culta in Santiago ex bulbis in regione Magda- 
lenae inter Pacasmayo et urbi Cajamarcae Peruviae a 
dom ine 1. Sanchez Vega collectis; leg. Ravenna 2059, 
XI. 1974 (holotypus in Herb. Ravennae, isotypus in 
USM).

Planta usque 26-30 cm alta. Bulbus subglobosus ad 4 
c m -latus tunicis pluribus corrugatis fusco-castaneis 
vestitus; pseudocollus brevis. Folia linearia crassius- 
cula viridia canaliculata patentia ad anthesin circ. 4-5 
ad 25—35(—40) cm longa 12-20 mm lata. Scapus brevis 
com pressus  9-11 cm longus 8-9 mm latus. Inflores- 
centia  uniflora. Spatha bivalvata valvis inaequalibus 
m em branaceis  delicatis albo-viridescentibus, exterior 
lanceolato-attenuata usque 55 mm longa, interior 30-34 
mm longa, angustior. Flos cernuus aureo-luteus circ. 
16 cm latus. Ovarium sessile aellypticum fusco-viride 
ad 10-12 mm longum circ. 6-7 mm latum. Tepala li- 
neari-lanceolata recurve patentia canaliculata vel mar- 
ginibus saepe convolutis 9—10 cm longa circ. 6 mm lata. 
Pocula staminalis magna lutea delicata vittis viridibus 
no ta ta  ad 8 cm longa 11-12,5 cm lata sex-lobata lobis 
25-28 mm longis ad apicem usque 11-13 mm indenta- 
tis. Filamenta conniventia pallide lutea 25-28 mm 
longa. Antherae versatiles lineares luteae ad 18-22 mm 
longae. Stylus filiformis viridis declinatus usque 18-20 
cm longus. Stigma capitatus fusco-viridis viscosus.

H abita t.  G rassy  slopes in the region of M agda­
lena, betw een Pacasm ayo and the tow n of C aja­
m arca , Peru.

C o m m e n ts .  This handsom e species belongs to 
the  subgenus Ism ene .  T here  is only one m ore 
species w ith  yellow flowers, viz., H . am ancaes  
(Ruiz et Pav.) N ich .,  a m uch s tou te r  plant with 
larger, oblanceola te  leaves, and a 2-3-flow ered 
inflorescence. The o ther species o f  H y m e n o ­
callis have white flowers.

Fig. 1. Hymenocallis heliantha Rav. — Part of plant 
and bulb. Drawing by P. Ravenna.
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Both the small size and the one-flow ered in ­
f lorescence suggests a rela tionship  with H . qui- 
toensis  H erb , and H . andreana  (H erb.) B ak .,  
tw o w hite-flow ered species. In the form er, the 
stam inal cup  is d istinctly  adnate  below  to the  
low er part o f  tepals; in the la tter ,  the leaves are 
thinner.

The inclusion in H ym enocall is  Salisb, is te n ta ­
tive, since in the  w r i te r ’s opinion, Ism e n e  Salisb. 
should be re s to red  as a genus em bracing th ree

subgenera: Ism ene, E lisena ,  and  P seudosteno-  
m esson .  H ym enocallis  s. s tr .  seem s to be a 
na tu ra l unit.

H. heliantha  offers useful charac te rs  to be 
se lec ted  by breeders  o f  H y m e n o c a l l is , such as 
small size and very large yellow  flowers.

A ckn o w led g em en ts . Thanks are due to Prof. I. San­
chez Vega, Cajamarca, Peru , fo r  the plant material, 
and to  Dr Ghillean T. Prance, N ew  York, for co rrec t­
ing the  English text.
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complex on Öland, Sweden
B JÖ R N  W ID É N

Widén, B. 1980 03 17: Flowering strategies in the H elian them um  oelandicum (Cistaceae) 
complex on Öland, Sweden. Bot. Notiser 133: 99-115. Stockholm. IS S N  0006-8195.

Helianthemum oelandicum  is represented  by two flowering strategies on Öland, Sweden. 
The concentra ted  flowering (CF) strategy has inflorescences borne on the previous y ea r ’s 
growth. The protracted flowering (PF) strategy has inflorescences borne on the curren t 
y ea r’s growth and also a small and polymorphic proportion of inflorescences borne on the 
previous y ea r’s growth. T he flowering of the two strategies has been checked in perm anen t 
quadrats  in the field since 1974. The fruit-setting of the tw o strategies is differently affected 
by sum m er drought. The short and concentrated  flowering period of C F  in early June 
avoids the hazard of the com m on sum m er drought more efficiently than PF  during its 
extended flowering period from early June until O ctober.  There was a predominantly 
synchronized increase in the num ber of inflorescences in both  flowering strategies during 
1974-1976 followed by a p ronounced  decrease in 1977. A nother period o f  an increasing 
num ber of inflorescences s tarted  in 1977. Possible causes  o f  this periodicity are briefly 
discussed. Plants with the two strategies are allopatrically distributed though scattered PF  
plants occur in the area of C F plants even far away from the boundary  betw een the two 
distributional areas.

Björn Widén, Department o f  Plant Taxonomy, University o f  Lund, Ö Vallgatan 18, S- 
223 61 Lund, Sweden.

This paper  is the first in a series o f  articles deal­
ing with pa tte rns  of differentiation and  variation, 
rep roduc tion , ecology and taxonom y o f  the 
H elia n th em u m  oelandicum  com plex on Öland, 
SE Sw eden. The present paper deals with the 
shoo t system  and the flowering strategies. A 
subsequen t paper on seed set is being prepared .

T he  Öland populations belong to a taxonomi- 
cally com plex aggregate which has its main dis­
tribution in C and S Europe. It has geographical­
ly isolated outposts  on Ö land, in Britain, in 
Pinega in N Russia, and in N Africa. Broadly 
speaking it also extends to T urkey  and the C au­
casus . The taxa show a wide range o f  geographi­
cal and interpopulational varia tion (P roc tor  
1957).

In a revision of the com plex  Janchen  (1907) 
accep ted  5 species: H . canum  (L.) Baum ., / / .  
oeland icum  (L .) Willd., H. italicum  (L.) Pers .,  
H. rupifragum  K erner, and H. alpestre  (Jacq.) 
DC. Within these  species m any subordinate  taxa  
w ere  recognized. P roctor in F lo ra  E u ropaea  (Tu- 
tin et al. 1968) divided the com plex into 2

species: H. canum  with 7 subspecies  and H.  
oeland icum  with 5 subspecies . T hese  two spe­
cies w ere separated  on the p resen ce  or absence 
o f  a felt o f  stellate hairs on the  low er surface o f  
the leaves. In reality this ch a ra c te r  breaks dow n 
in some areas (cf. Davis 1965 p. 514).

On Ö land there is a g rea t variation in 
p ubescence , qualitatively and quantita tively , as 
well as in flowering time. Janchen  (1907) trea ted  
the com plex on Öland as a single species with 2 
form ae, f. canescens  and  f. praecox .  H e also 
included a population from G. Britain (Teesdale) 
in H. oelandicum  as well as an  obviously 
erroneous  record  from Spitzbergen . Törnblom  
(1908) suggested that the m ateria l from Ö land 
should be subdivided into 4 fo rm ae and referred 
to the C E uropean  H. canum .  S te rner  (1936 a) 
recognized 3 species on Öland: H. oelandicum  
(endem ic), H. canum  (C E uropean )  and a third 
taxon which he suggested should  be referred to 
H. italicum  ssp. rupifragum  (SE  European).

E x tensive  biosystem atic  s tudies  are needed  
for an understanding  o f  differentiation and varia-
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tion pa tte rns  in the H. oelandicum  com plex. 
Ö land  is a suitable a rea  for a detailed analysis of 
m orphological variation and its ecological 
significance. In the very limited a rea  of Öland 
the  varia tion covers  many o f  the charac te rs  
trad itionally  used  to  separate  taxa  within the 
com plex . The populations on Ö land are geo­
graphically  well isolated from the rem ainder of 
the d is tribu tional area of the com plex . Recent 
ou ts ide  in trogression  is therefore im probable.

Provisionally  I use the nam e H. oelandicum  in 
the sam e sense as Janchen  (1907), excluding the 
British population. I t means that H . oe landm um  
is trea ted  as endem ic to Ö land and  includes all 
form s o f  the com plex  on the island. Prelim inary 
resu lts  o f  crossing  experim ents  (W idén, u n ­
published) suppo rt such a trea tm en t.  N o  reduc­
tion in pollen fertility was found in Fj betw een 
p lan ts  from  Ö land o f  the th ree  species re c ­
ognized  by S terner .  Crossings be tw een  plants 
from  Ö land and  o ther  parts  o f  E u rope  gave F, 
with a varying degree  of reduced  pollen fertility.

The area.  The island of Ö land is s ituated in the 
sou the rn  Baltic off the coast o f  S Sw eden. The 
b ed ro ck  o f  m ost of Ö land is O rdovician 
lim estone . T he  southern  part o f  the island is 
dom ina ted  by the S tora A lvaret (the G reat Al­
var), a m ore  o r  less treeless horizonta l limestone 
p la teau  consisting  of a m ixture  o f  exposed  
bed ro ck ,  a thin cover of w ea the red  soils and 
q u a te rn a ry  deposits  (K önigsson  1968). Small 
a reas  of exposed  bedrock o ccu r  in o the r  parts  of 
Ö land  (Fig. 1). The S tora A lvaret,  c. 300 km 2, is 
cove red  by a m osaic of m ore o r  less unique plant 
com m unit ies  (Du Rietz 1923, S te rner  1925, Al­
bertson  1950). O ne of the dom inant plants in 
large areas o f  the S tora A lvaret is H . oe landi­
cum .  It is sca tte red  outside this area  and is also 
locally  dom inan t on the alvar o f  no rthern  Öland 
(S te rne r  1936 a).

C lim ate.  T here  is no com prehensive  s tudy  o f  the 
clim ate o f  Ö land. Sjögren (1961) and K önigsson 
(1968) supplied inform ation regarding the cli­
m ate . If  no t o therw ise  stated  the figures given 
below  are based  on data supplied by SM H I 
(Sw edish  M eteorological and Hydrological Insti­
tu te ,  N orrköping).

The proxim ity  of Öland to  the mainland o f  S 
S w eden  causes  a low annual precipita tion. The 
prevailing  w esterly  cyclones deposit rain w hen 
passing  the Sw edish  mainland, and Öland can be

NU

MO

SK

NM

SUkm

Fig. 1. Öland with the position of sections and 
m eteorological stations. —  Grey indicates areas dom i­
nated  by exposed bedrock and a thin cover  of  w eath ­
ered  soils (alvars). —  M eteorological stations: Ölands 
N . U dde (N U ), M ossen (MO), F ö ra  (F), Skedem osse 
(SK), N. M öckleby (NM), M örbylånga (M), Segerstad 
(S), Ölands S. Udde (SU). (R edraw n from Königsson 
1968 p. 13.)
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Fig. 2. M ean monthly precipitation for six meteorological s tations on Öland during 1961-1977 (1964-1977 for S).

considered  to be in the rain shadow  (Sjögren 
1961). S jögren gave the m ean annual p recip ita­
tion for the period 1945-1956; 460 mm (Ö lands 
no rra  udde), 517 mm (Skedem osse) and 461 mm 
(M örbylånga). Corresponding values for the 
period 1961-1977 are 430, 501 and 466 re sp ec ­
tively.

The distribution of precip itation during the 
growing season 1961-1977 is show n from six 
official meteorological stations on Öland (Fig. 2). 
Sjögren gave the mean precipita tion o f  235 mm  
for A pril-S ep tem ber at M örbylånga (1945-1956). 
This is below the critical value for cultivation 
w ithout irrigation on Öland. M ost rainfall occurs  
in the second part of the growing season, but the 
rain falls mostly in showers with an uneven d is ­
tribution. For example, in A ugust 1976 the p re ­
cipitation at Mossen was 4 mm, at Skedem osse  
66 mm, at Segerstad 9 mm and at M örbylånga 38 
mm. The variation betw een years is pronounced  
(Fig. 3).

The annual hours of sunshine vary be tw een  
1640 and 2290 at Ölands södra udde (1961-1977) 
with a mean of 1906 hours which is considerable  
for Sw eden. The prevailing winds are w esterly  
or sou thw esterly  (Östman 1926 Fig. 3 p. 15), 
with a subm axim um  of N E  winds during w inter 
and spring. The num ber of days with snow  cover  
is less than 40 in the southern  part o f  the island

o

(A ngstrom  1974). The tem pera tu re  climate of 
Ö land is maritime, with late and coolish springs 
and warm autum ns, depending on the w ater  
tem pera tu re  in the Baltic. The num ber o f  foggy

days  is g rea te r  on Ö land than  on the Sw edish  
m ain land . The frequency  of foggy days is som e­
w hat g rea te r  on south and  m iddle Ö land (15- 
20 %)  than  on north  Ö land (10-15 %) (Sjögren 
1961 Tab le  3).

U n fo r tu n a te ly ,  there  are no climatic records  
from  the  alvar plain. T he  official m eteorological 
s ta t ions  are s ituated near  to the  sea  or in the 
fo res t  areas.  We do not know  if the official re ­
co rds  are  rep resen ta tive  o f  the  tree-less  S to ra  
A lvaret.  E ven  if they are  the effect on the veg­
e ta tion  by the low p recip ita tion  is grea ter  on the 
a lvar  than  in the  fores t a reas .  T he  thin and 
ex p o sed  soil cover  is rapidly dried  up in the 
su m m e r by the intense so lar rad ia tion  and by the 
m ore  or less cons tan t winds on the alvar. Severe  
d rough t occurs  a lm ost every  y ea r  during any 
part o f  the growing season . T h e  low mean p re ­
cip ita tion  during A pril-June  (Fig. 2) is partly 
co m p en sa ted  for by the  well supplied natura l 
w a te r  reservo irs  (depress ions  in the b ed rock  
etc .) a f te r  the snow  melting or w in ter prec ip ita ­
tion. In ex trem ely  dry springs d rought may 
affect the  vegetation as early as  in June, bu t the 
norm al su m m er  d rought does not occur until 
July o r  A ugust.

M a ter ia l and m ethods

R eg iona l  sampling.  The selection o f  material for 
statistical studies was m ade in a n u m b er  of steps.
(1) T h e  known distributional areas  o f  H. oelandicum  
were divided into 7 sections (A -G , Fig. 1).
(2) 145 sites of 100x100 m were selected . They were
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geographically dispersed to cover as much of the dis­
tributional area  as possible. The exact position of the 
sites was indicated at random  on a map. In a few sites 
H. oelandicum  was lacking. A new site was then cho­
sen to  include the nearest H elianthem um  population. 
A greater num ber of sites were chosen in section B 
because  o f  the known morphological variation in this 
area. The num ber of sites in the sections were: 7 (A), 
65 (B), 24 (C), 13 (D), 18 (E), 8 (F), 10 (G).
(3) Within a site a l x l  m quadrat  was drawn from a list 
of  random  digits. If the quadrat contained less than 5 
m ature  plants it was m oved so as to contain a t least 5 
plants. W hen a quadrat contained less than 20 plants, 
additional quadrats  were selected at random  within an 
a rea  of lOx 10 m with the N W  corner of the original 
quadrat as the origin until 20 plants in all had been 
found. The quadrats were marked with stones in each 
co rner  for further studies.
(4) One twig with inflorescences and a terminal leaf 
rose tte  was chosen at random  from each o f  the 20 
plants on each  site. On 36 sites the entire plants were 
pressed, while they were left intact on the o ther sites. 
46 sites were sampled in 1973 and the rem ainder in 
1974.
(5) During the following years reproductive studies 
were performed in the quadrats  of 50 o f  the sites. 
T hese  sites were chosen to cover the morphological 
variation and the geographical distribution of the 
species as well as for practical purposes of availability 
(along routes across the a lvar etc.).
(6) A further 10 quadrats  in section B and E were 
selected in order to register an interesting gradient of 
morphological variation detec ted  in the course of the 
field work. These quadrats  are indicated by means o f  a 
capital letter in addition to a number.

Transection sampling.  T ransections across the alvar 
were made in section B (Fig. 12), C and E. The dis­
tance betw een the transections was c. 400 m. Q uadrats  
( l x l  m) were thrown at every  50 m along the transec­
tions if there were at least 5 m ature plants of  H. oelan­
dicum  per m 2 within a  radius o f  10 m. One m ature plant 
was systematically chosen in each corner  and one in 
the middle of  each quadrat.  Plants that had been 
effected by drought were avoided. The morphological 
attributes o f  these plants were recorded on a tape 
recorder. Section B and E were investigated in 1975, 
section C in 1976.

The sampling method in the regional studies was not 
carried out completely at random , but very nearly so. 
Therefore serious objections can hardly be raised 
against statistical trea tm ent using variance analysis.

Plants used in the investigation were always taken 
from quadrats with at least 5 mature individuals of H.

Fig. 3. The monthly precipitation for 8 meteorological 
stations during 1973-1978 expressed  as per cent o f  the 
mean of six meteorological stations (cf. Fig. 2). — The 
intervals on the grey tone scale are:



B O T. N O T I S E R  133 (1980) Flowering stra teg ies  in H elian them um  103

oeland icum .  Consequently  only plants in well es tab ­
lished, ra the r  dense populations have been investigat­
ed. T herefore  a possible, wider variation in marginal 
habitats with scattered individuals is not covered.

Cultivation.  The total seed production of the perm a­
nent quad ra ts  on 20 sites was collected in 1973. The 
seeds were rubbed on sandpaper to break dormancy. 
Seeds were sown in April 1974, 100 per site in each 
pot. All the pots were placed in open frames in the 
Botanical G ardens, Lund. In May up to 25 seedlings 
from each pot were transplanted (one seedling per 
pot). If possible 20 of these were placed at random in 
uniform conditions outdoors. The remainder were kept 
for rep lacem ent.  Seeds collected in 1974 from a further 
5 quadra ts  in section B were sown in May 1975 (no. 111 
B -D , 133 and 137 in Table 2).

Seedling establishment was not always successful. 
M any of the plants died during the first winter, but 
m ost plants that  overwintered continued to grow vig­
orously.

One shoot per plant was sampled and preserved in

I
FA A  in June and in a few cases in July, when the 
plants were two or three years old. Some C F  plants 
(Fig. 4) from seeds sown in 1974 were pressed in A u­
gust 1976, the remainder being still under cultivation. 

M ature well established plants were transplanted 
■ from selected field localities to the Botanical Gardens, 
Lund, during 1972-74 to be used in crossing experi­
m ents. O ther plants were transplanted during the 
course of the field work in order to be checked for 
flowering strategy. These transplants were not always 
easy to establish.

Flowering strategy

Plants of H. oelandicum  f low er in the field after 
2-3 years  under favourable  conditions (when 
cultivated they  may flow er in the first year but 
this is an exception). U nder  favourable cond i­
tion's they can thrive for at least 20 years (S terner 
1936 b). In ex trem e habitats  they  may be killed 
by d rought or frost-heaving within a few years.

Plants under environm ental stress (drought, 
frost-heaving etc.) have shoots of short duration. 
The main axis of a shoot system  is normally 
developed  during a few growth periods. The axis 
may eventually  be te rm inated  by an inflo­
rescence  o r  more usually by a leaf rosette which 
is m ost likely killed by sum m er drought.

Some shoots  continue to grow for several 
years ,  and thus the size of the plant increases.

(U n d er  favourable  and p ro tec ted  conditions old 
plants can becom e large, up to 50 cm in d iam ete r  
(cf. Aulin 1912 p. 380). U nder normal conditions 
the shoots  die sooner or later and the plants 
usually becom e less than 20-25 cm in diameter.

T he main axis develops 8-15 internodes per 
year. At the third node and often at some of the

following nodes 1-2 lateral branches may d e ­
velop. T hese  b ranches  have a growth period o f
1-2 years  and are normally term inated by an 
inflorescence. T hey  may develop  lateral branch- 
lets especially  in favourable  years.

Som e lateral b ranches especially  those in the 
basal part may not give rise to inflorescences. 
In s tead  they  develop into new main axes giving 
rise to  an intricate branching  system. A dventi­
tious buds from any part of the plant may give 
rise to new shoots.

T w o flowering strategies can be distinguished 
on Ö land, both o f  w hich are also represented  in 
plants from o ther parts  o f  E urope .

C oncen tra ted  flow ering  (CF) strategy

The inflorescences w hich normally consist o f
2-5 flow ers, are only borne on branches of the 
previous y ea r ’s grow th. Consequently  the shoot 
has no flowers during the first year. During the 
second  year  the lateral b ranches  are te rm inated 
by inflorescences while the main axis continues 
to grow  and develop branches.  During the third 
year the  main axis may continue to grow and 
develop  branches or it may die (Fig. 4).

P ro trac ted  flow ering  (PF) stra tegy

Several lateral b ranches  o f  the current y ea r ’s 
g row th  are term inated  by inflorescences which 
do not begin to flower until July and then con ­
tinue th roughout the season. A few branches 
(usually those  o f  the second o rd e r  or higher) do 
not develop  inflorescences, bu t continue g row ­
ing till the end of the season. They will bear 
inflorescences in June next year  (Fig. 4).

M ain biological consequences

(1) The C F  strategy results  in a very co ncen tra t­
ed flowering period in June while the PF strategy 
gives an ex tended  flowering period from June to 
O ctober.  In S te rn e r’s classification H. oelandi­
cum  belongs to C F  and H. canum  and H. itali­
cum  ssp. rupifragum  belong to PF.

(2) C F  and P F  have overlapping flowering 
periods. S terner  (1936 b) discussed the sep a ra ­
tion o f  flowering times on Öland and he observed  
tha t the late flowering plants had a low frequen ­
cy o f  inflorescences bo rne  on the previous y ea r 's
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CF PF

Fig. 4. Diagrammatic shoot system s of the two flowering strategies (see th e  text). - 
during the first year and white during the second year in two arbitrarily ch o sen  years.

Black indicates growth

grow th . D esp ite  this he first s tressed  a separa­
tion  o f  flow ering times be tw een  early and late 
flow ering taxa . L a te r  he suggested that the three 
ta x a  s ta r ted  to flow er at about the same time 
(S te rn e r  1948 p. 194).

A ctually , P F  plants w hen cultivated begin to 
f low er from  the  previous y e a r ’s grow th earlier 
th an  C F  p lan ts  (Table 1). PF  plants when culti­
vated  develop  a low frequency  o f  inflorescences 
bo rne  on the  cu rren t  y ea r ’s grow th throughout 
the  au tum n. O ccasional inflorescences occur as 
la te  as D ecem b er  or January  in favourable years. 
F low ering  in P F  plants is a lm ost continuous and 
the  deve lopm en t o f  inflorescence buds is only

Table 1. The date  of  the first open flower recorded on 
at least two inflorescences borne on the previous 
y e a r ’s growth p er  plant in cultivation. The difference 
be tw een  the two flowering strategies is significant at p 
< 0 .001.

Date CF P F

1976
5-10.6 32 33

13-17.6 104 35
21-23.6 57 15

1977
2.6 20 37

5-6.6 26 12
12.6 15 2

re ta rded  during the  w inter. T hese  inflorescences 
are then  visible at an early time in the following 
spring and they  give rise to  an  earlier s ta r t of 
flowering in P F  than  in C F . A low  frequency  of 
PF  plants with fully deve loped  inflorescences 
with flow ers in bud can  be found in the field 
during the w inter.

On the o th e r  hand, the form ation o f  in­
f lo rescences  in C F  plants does  no t s tart until the 
early  spring. T he  grow th o f  the inflorescences  in 
C F  is fas te r  and m ore synch ron ized  than in PF. 
Five plants chosen  at random  w ere  checked  d u r ­
ing cu ltivation  in 1979. The time o f  developm ent 
from  the first visible in flo rescence bud to the 
first open  flow er was 16 and  17 days for tw o CF 
plants . The co rresponding  time for three  P F  
plants was 24, 31 and 32 days.  The time from  the 
first open flow er to the last open  flow er w as 11 
and 13 days for the two C F  p lan ts . C o rre sp o n d ­
ing figures for in florescences borne  on the p rev i­
ous y e a r ’s grow th  in the th ree  P F  plants w ere 16, 
19 and 20 days.

In the field there  is m ore  o r  less com plete  
separa tion  o f  flowering tim es only  in years  with a 
low frequency  o f  in flo rescences  from the p rev i­
ous y e a r ’s grow th  in P F  (Fig. 6, 1974 and 1977).

(3) The reproduction  o f  the  tw o  flowering 
system s is affected differently  by climatic cond i­
tions. F o r  instance, fru it-setting  in C F  is de-
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Fig. 5. Unsuccessful fruit-setting during 1975-1978. The horizontal axis show per cen t of unsuccessful in­
florescences of 20 plants on each perm anent site. The months indicate the time of harvesting. — The two upper 
rows show inflorescences borne on the previous yea r’s growth, the rest show inflorescences borne on the cu rren t  
y ea r ’s growth. —  The graphs in the bottom row show the mean precipitation for six meteorological stations on 
Öland as per cent of each monthly average (1961-1977).

creased  by drought only in spring but not in 
sum m er, and fruit-setting in PF is affected by 
d rough t both  in spring and sum m er (Fig. 5). The 
drought affects the developm ent o f  the in­
f lo rescences  and if it occurs  during an early  stage

of  developm ent the inflorescences wither. T he 
precipita tion was very low in May (the crucial 
time o f  developm ent of in florescences borne on 
the p revious y e a r ’s growth) in 1977 and 1978 
(Fig. 3). This had a great effect on fruit-setting in
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n n n □
Fig. 6. The number of inflorescences of 20 plants on each permanent site during 1974-1978. — White indicates 
inflorescences borne on the previous year’s growth and black indicates inflorescences borne on the current year’s 
growth.
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Fig. 7. T he variation in proportion of inflorescences borne on the previous y ea r’s growth on perm anent sites in 
section B during 1974-1978. — Legends: Rings indicate sites with only C F  plants checked  at least 1974-1976. 
Black indicates per cent of P F  plants on each site in 1974. The classes (horizontal axis) indicate per cent of 
inflorescences borne on the previous yea r’s growth per plant: 1 = 0 % ,  0 % < 2 < 2 0  % s£3<50 % ^ 4 <  
80 %=S5<100 %; 6=100 %. The vertical axis indicates the num ber o f  plants. — The maps in Fig. 7, Fig. 11 and 
Fig. 12 are simplified from Königsson (1968, The Physiognomic Map of the G reat A lvar of  Öland). White 
indicates bedrock partly exposed, partly covered with weathering soils. Grey indicates sw am py m eadow s, gravel 
and sand.

both  C F  and PF. H ow ever, if the drought occurs  
at a la ter stage o f  developm ent of the in­
f lorescences it does not affect the fruit-setting.
The low precipitation in June (the time o f  d e ­
velopm ent o f  infructescences borne on the p re ­
vious y e a r ’s growth) in 1975 had no effect on 
fruit-setting (Fig. 5). The low precipitation in the 
sum m er m onths  of 1975 resulted  in an inefficient 
fruit-setting on the cu rren t y e a r ’s grow th in PF.
The drought was less ex trem e at the end o f  the 
sum m er and consequently  the fruit-setting was 
be tte r  in O ctober  than in August 1975.

(4) There  is a pronounced  periodicity in the 
num ber o f  inflorescences be tw een  different 
years  (Fig. 6). There  is also a periodicity in the 
p roportion  o f  inflorescences developed on the 
prev ious y e a r ’s grow th in P F  (Figs. 7 and 8).

Site no. 146

2 0 -, 147
1 0 .

144

145

-77-74 -75 -76
Fig, 8. The variation in proportion  of inflorescences 
borne on the previous y ea r’s grow th in section A dur­
ing 1974-1977. —  Legends: see Fig. 7. The dots with­
out diagrams are sampled sites not checked for the 
proportion. White approxim ately indicates alvar areas 
and grey areas outside the alvars.
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F low ering  p eriod icity

The inflorescences w ere  coun ted  and classified 
from  1974 to  1978 in the perm anen t quadrats  
selec ted  for reproductive  s tudies. Ripe in- 
fruc tescences  and w ithered  inflorescences w ere 
ga thered  at varying in tervals. In early July each 
year  the in fruc tescences  and w ithered in ­
florescences  o f  the p revious y e a r ’s grow th w ere  
cut off and those  o f  the cu rren t  y e a r ’s grow th  
from the middle o f  A ugust to the middle of 
O ctober.  W hen the final visit was paid in the 
au tum n all in florescences not yet in fruit and all 
inflorescence buds w ere  counted . As the su m ­
m er o f  1974 w as wet few  inflorescences w ithered 
and were consequen tly  ignored. This probably  
affected the num ber o f  inflorescences by a few  
per cen t for 1974 in Fig. 6.

During the first th ree  years  o f  cultivation 
(1974-1976) w hen  pots  w ere m oved each au tum n 
the rapidly growing roo t system  was disturbed. 
In 1977-1979 the  pots were not m oved, but this 
period was too  short to allow a definitive c o m ­
parison  with field observa tions .  P roc to r  (1957) 
cultivated the rela ted  H . canum  in Britain. H is  
observations  show  tha t shoots  died in the third  
year  and w ere  rep laced  by new  grow th from the 
base.

N u m b e r  o f  in florescences

T here  are tw o  alternative hypotheses  for the 
causes  of the variation in the num ber o f  in­
florescences  be tw een  years  (Fig. 6).

(1) The varia tion in num ber o f  inflorescences 
be tw een  years  may be due to wet and d ry  
sum m ers. L ow  precipitation during the sum m er 
m onths  tends to d ecrease  the num ber of in­
florescences  on the cu rren t  y e a r ’s grow th in P F . 
W hen lateral b ranches ,  w hich would norm ally  
p roduce  inflorescences in the subsequen t year ,  
have died, flowering is delayed  in both C F  and  
PF. In particularly  d ry  years many distal shoots  
m ay die. I observed  an excep tional num ber o f  
p lants suffering from drought in 1973 and 1975. 
M any plants appea red  to have died but a num ber  
o f  them  w ere found to  have recovered  in the  
au tum n or the following spring w hen new grow th 
appeared  from  the base.

During wet sum m ers  conditions for bud d e ­
ve lopm ent are  favourable . T hese  buds give rise 
to new  shoots  which may develop few in­

f lo rescences  in the first y ea r  in P F  but n o n e  at all 
in CF. T h e  num ber  o f  in florescences  on these  
shoots  inc reases  in the  following years  in both 
C F  and P F .

The su m m er o f  1974 was wet (Fig. 3). 
A dven ti t ious  buds deve loped  in ab u n d a n c e  in­
creasing the  num ber o f  in florescences  p re sen t  in 
1975 and 1976. The effect o f  the good cond itions  
in 1974 lasted  till 1976, but locally the d rough t of 
1975 killed entire plants or parts  o f  p lan ts ,  thus 
decreasing  the num ber  o f  in flo rescences  in 1976. 
T he drastic  d ecrease  in the  n um ber  o f  in­
f lo rescences  in 1977 m ay have  been due to  the 
d rought o f  1975 and partly  tha t of 1976, w hen 
few new  shoots  w ere developed  and m any  distal 
shoots  died. July, 1977 w as wet and again the 
plants s ta r ted  to build up a n ew  period o f  in c re a s ­
ing n u m b e r  of in florescences.

(2) M ost cultivated plants show ed  synchron ized  
increases  in the n u m b e r  of in florescences during 
1977-1979. Plants which did not follow this trend 
w ere  usually  w eak and suppressed  by  neigh­
bours  in the experim ental beds . Plants o f  differ­
ent ages show ed the sam e synchron ized  trend. 
Seeds derived  from  site no. 11 were sow n in 1974 
and seeds  derived from  site no. 137 w ere  sow n in 
1975 (Fig. 10).

M any plants in the field showed the same 
synchron ized  trends in the  num ber of inflo­
rescences  during 1974—1976 and 1977-1979 (Fig. 
9) as cultivated  plants did during 1977-1979 (p re­
liminary field observa tions  are available for 
1979).

T he  synchron ized  increases  in the num ber of 
inflorescences during 1974-1976 and 1977-1979 
may not be due to env ironm enta l influence on 
the behav iour of the shoo t system , but on 
genetically  fixed 3-year cycles o f  shoot de ­
ve lopm en t in H. oeland icum .  In the dry  habitats  
o f  H. oelandicum  there  is an  obvious advantage 
with a shoot system  which does not expand the 
size o f  the  plant indefinitely.

The increase in the n u m b er  of inflorescences 
be tw een  1974 and 1975 seem s to be m ore regular 
in C F  than  in P F  (Fig. 6). This difference is only 
apparen t.  The drought o f  1975 was fatal for the 
developm ent o f  in florescences on the current 
y e a r ’s growth. W hen I coun ted  withering in­
flo rescences  in the field I did not d iscover in­
flo rescences  withering at an  early stage of d e ­
velopm ent and I did not m ake a note if plants
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Fig. 9. The num ber of inflorescences per plant during 1974-1978 (horizontal axis) on three sites. Each group of 
histograms represents one plant alive from one to five years .  20 plants were checked  each year. (Plants no. 1-20 
were checked during 1974. For example, plants no. 8, 15 and  17 on site no. 26 died before fruit-setting in 1975 and 
plants no. 21-23 were added in o rder to keep the num ber o f  plants constant,  etc.) — The num bers at the top o f  the 
bars indicate the num ber of inflorescences (on site no. 137: the total num ber of inflorescences/the num ber of 
inflorescences borne on the curren t year’s growth). White indicates inflorescences borne on the previous y e a r ’s 
growth and black indicates inflorescences borne on the cu r ren t  y ea r’s growth.

partially died. Consequently  my estimates of the 
num ber o f  inflorescences on the current y e a r ’s 
grow th m ay be biased. This is evident from a 
com parison  betw een 1974-1975 and 1977-1978. 
The sum m er o f  1978 was wet and all possible 
inflorescences developed.

If there  exists an innate periodicity  in the 
n um ber of inflorescences, environm enta l influ­
ences  such as drought and com petition from 
neighbours may have modifying effects only on 
the recurren t increase and decrease  in the 
n um ber  of inflorescences of single plants.
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3 3 2  72 3

201 4 6 5

Fig. 10. The num ber o f  inflorescences per plant during 
1977-1979 on cultivated plants derived from the same 
sites as in Fig. 9.

H . oe land icum  is p red o m in an tly  w ind-po lli­
nated  (T örnb lom  1908) and  self-incom patib le  
(W idén unpubl.) .  P re lim inary  ca lcu la tions  o f  
seed  set show  that the re  is a  co rre la tion  b e tw ee n  
the n u m b er  o f  in flo rescences  p re sen t  in the 
popula tion  and  the n u m b e r  o f  seeds  p e r  capsu le  
(W idén unpubl.) .  A p lan t ob ta in s  the m o s t  effi­
cient seed se t if it has the  op tim um  n u m b e r  of 
in flo rescences  in the sam e y e a r  as the re s t  o f  the 
popula tion . N atura l se lec tion  m ay then  favour 
geno types  w hich give rise to  sy n ch ro n ize d  shoot 
deve lopm en t in the popu la tion .

A few years  m ore o f  cu ltiva tion  and  field 
o bserva tions  will p robab ly  revea l w hich o f  the 
tw o hypo theses  for the cau ses  o f  the var ia tion  in 
n um ber  o f  in florescences is the  m ost p robab le  
one.

T here  is no clear d ifference  be tw een  the  tw o 
flowering strategies in to ta l p roduc tion  o f  in­
f lo rescences  pe r  year, bu t  th e re  are  d ifferences 
be tw een  sites. This m ay be  due  to  d ifferent age 
struc tu res  of the popu la t ions  o r  to  genetical 
differentiation be tw een  popu la tions .  H ow ever ,  
m ore studies are needed  befo re  this can be 
evaluated .

T he short  and sy n ch ro n ized  flowering o f  C F  
early in the  sum m er avo ids  the  hazard  o f  the 
usual sum m er drought. T h e  flow ering from  the 
prev ious y e a r ’s grow th  in P F  also avoids the 
sum m er drought. It seem s reaso n ab le  to suppose 
that the shoo t system  o f  C F  has an advantage 
o ver  that o f  P F  under p re se n t  clim atic conditions 
(cf. S te rner  1936 b p. 190). H ow ever ,  during 
some years the d rought o cc u rs  early  in the sea ­
son, and this affects the  fru it-se tting  from the 
previous y e a r ’s grow th (Fig. 5, 1977 and 1978). 
A ccordingly , a possible ad v an tag e  o f  one or the 
o the r  flowering strategy  can  not be com pletely  
judged  before o ther  s tages o f  the reproductive  
cycle have been  studied . T h e  results  o f  such 
studies will be d iscussed  in a fu tu re  paper.

The proportion o f  in f lo rescences  f r o m  the previ­
ous y e a r ’s growth in the P F  s tra tegy

A num ber o f  plants re c o rd e d  as P F  in 1974 did 
not flow er at all in 1975 (Fig. 9, plant no. 15 on 
site no. 11). O thers  bo re  in flo rescences  on the 
previous y e a r ’s grow th  bu t d ied  or ceased to 
grow  early in the season  (Fig. 9, p lant no. 5 on 
site no. 137). These  w ould  have  been  classified 
as C F  in 1975 if they had  no t been  recorded as
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P F  in 1974. The only reliable im m ediate m ethod  
for classifying some w eak  plan ts  during dry  
y ears ,  is to dissect buds o f  the curren t y e a r ’s 
g row th  (S te rner  1936 a p. 426).

T he  varia tion in p roportion  o f  inflorescences 
bo rne  on  the previous y e a r ’s grow th  betw een the 
years  is mainly a co nsequence  o f  the behav iour 
o f  the  shoo t system. T here  are slight possibilities 
of in florescences  being borne on  the previous 
y e a r ’s grow th  the year  afte r dying back  o f  m any 
distal shoots (Fig. 7, 1974, 1977). Fig. 9 illustrates 
the varia tion  of individual plants betw een the 
years  on  tw o sites o f  P F  plants. T here  are obv i­
ous d ifferences be tw een  individuals. For in­
s tance , plant no. 10 on site no. 137 bore no 
in flo rescences  on the p revious y ea r’s grow th  
during 1974-1978. W hen cultivated  all PF  plants 
(excep t tw o weak plants o f  185 cultivated plants) 
bore  inflorescences on  the previous y e a r ’s 
g row th  in any  year. E v idently  environm ental in­
fluences play a part in the varia tion be tw een  
individuals in the field. H o w ev er ,  preliminary 
resu lts  o f  cultivation indicate a genetical po ly ­
m orph ism  within populations (cf. Fig. 10) and 
even be tw een  populations. In particular P F  
plants derived from seeds collected on the 
b oundary  be tw een  the distributional areas o f  the 
tw o flow ering strategies have a high proportion 
o f  inflorescences on the previous y ea r’s grow th. 
On site no. 16, 3 plants have not yet flow ered 
from  the cu rren t y ea r’s grow th  in cultivation al­
though all the seeds w ere  collected  from P F  
plants (Table 2). This suggests introgression b e ­
tw een  C F  and PF  strategies. Reproductive iso la­
tion and gene flow will be d iscussed  in a fu ture  
paper.

D istribution

S terner  (1936 a) published distributional m aps. 
F rom  these  it is obvious tha t P F  plants are re ­
s tr ic ted  to a small area in the sou thernm ost part  
of Öland. The area covers  c. 10 km  o f  the so u th ­
ern part  o f  the distributional a rea  o f  H. oelandi­
cum  (my sections A and B in Fig. 1). There are  
sca tte red  records  outside this a rea  (in section C 
and E), bu t it is doubtful w h e th e r  all these re ­
cords belong to PF (H . canum  and  H. italicum  
ssp. rupifragum  in S te rn e r ’s classification).

It is ev iden t from S te rn e r ’s distributional m aps 
tha t C F  and PF  occur sym patrically . L ater  he 
s tressed  tha t one or the o ther  of the three taxa  is

Table 2. The num ber o f C F  and  P F  specim ens in n a tu r­
al and cultivated populations.

Site no. Section Field 
C F  PF

Cultivation 
C F  PF

1 A 20 17
2 A 20 20

11 B 20 20
15 B 20 20
25 B 20 7

111 D B 20 15
133 B 20 9
137 B 20 13

6 B 17 3 14 6
12 B 17 3 15 5
17 B 17 3 13 6
24 B 5 15 8 12

111 B B 19 1 18
111 C B 1 19 1 19

16 B 20 3 16
9 B 20 18

10 B 20 20
13 B 20 19
20 B 20 19
21 B 20 18
26 C 20 18
27 C 20 18
34 D 20 19
36 E 20 20
41 G 20 20

dom inant in different areas (S te rne r  1955). Sjö­
gren (unpubl.) s tressed  a  m osaic d istribution 
pa tte rn  o f  the three taxa recognized  by S terner .

T h e  distribution of sites sam pled  in sections A 
and B is show n in Figs. 8 and 11 (regional sam p ­
ling). Sampling was carried  out e ither from  late 
June to late July, 1974, or if at an earlier date  the 
q uadra ts  were visited several tim es during the 
sum m er o f  1974 (except one q u ad ra t  which was 
not possible to find again). P lants  with at least 
one w ell-developed in flo rescence from  the 
cu rren t y e a r ’s growth w ere  classified as PF. The 
sum m er o f  1974 was wet and conditions thus 
favourab le  for the deve lopm ent o f  in florescences 
on the  cu rren t y e a r ’s grow th  so th a t  it was highly 
unlikely tha t P F  plants w ould  be overlooked.

In sections C -G  73 sites w ere  sam pled. N o  P F  
plants w ere found on these  sites. C F  plants ra re ­
ly bore  one or tw o rud im entary  inflorescences 
on the cu rren t y ea r’s grow th  (S te rner  1936 b p. 
185), bu t this did not occu r  in the  perm anen t 
quadra ts  (n=20) visited in sections  C -G  during 
1974 or later.

The investigation o f  transec tions  across  the 
alvar (transec tion  sampling) w as made be tw een
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Fig. ! 1. The distribution of sites sampled in section B. 
—  White sectors  indicate %  o f  C F  plants and black 
indicates % o f  PF  plants. Sites m entioned in the text 
are indicated on the map.

Fig. 12. The positions of the transections across the 
alvar in section B.

the middle o f  July and late O ctober, 1975, in 
section B (Fig. 13), in the middle o f  July, 1975 in 
section E , and from July to  August, 1976, in 
section C. P F  plants w ere only found in the 
sam pled quadra ts  in section B.

In section B 560 quadrats  containing at least 5 
H elian them um  plants were studied. O f the five 
plants investigated all w ere P F  plants in 255 
quadra ts  and C F  plants in 248 quadrats. Mixed 
sam ples w ere found in only 57 quadrats  
( 10.2 %).

It is im portan t to stress tha t plants with the 
tw o flowering strategies have separate  d istribu­
tional areas. C F  and PF plants occur mixed 
mainly by the boundary  be tw een  the two dis­
tributional a reas  though sca tte red  P F  plants 
occu r  in the a rea  of C F  even far away from the 
boundary  (cf. Fig. 13, tran sec t no. 4). I have 
seen three  P F  plants as far as c. 5 km north of the 
d istributional a rea  o f  PF. O ne o f  them has been

checked in cultivation since 1975 and  it has 
p roved  to  be a P F  plant.

All checked plants, w hich were suspected  of 
being C F  in the central pa r t  o f  the P F  area in 
section B have proved  to be PF. Only one plant 
c. 100 m from the boundary  at transection no. 6 
has proved to be C F  w hen checked  in cultivation 
(1974—1978). This plant is interesting because it 
w as first classified as H . canum  according to 
S te rn e r’s species concep t.  I have never seen any 
C F  plant in section A. H ow ever ,  plants in this 
area  have a higher p roportion  o f  inflorescences 
on the previous y ea r ’s grow th  than P F  plants in 
section B, and consequen tly ,  it is easy to make 
incorrect classifications o r  to overlook C F  
plants.

The transection sampling in section B was 
made during a d ry  year. T he  risk of overlooking 
w eak PF plants was obvious. I avoided plants 
suffering from drought, and this may have
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Fig. 13. D iagrammatic map of transections across  the alvar in section B. —  Each quadrat indicates a 50 m 
distance with H elianthem um  and em pty spaces 50 m distances without H elian them um .  White quadrats indicate 5 
C F  plants , filled quadrats indicate 5 PF  plants and dots indicate mixed samples. F o r  reference to the position of 
the transections see Fig. 12.

affected the results. H ow ever ,  I have no reason  
to be lieve  that drought affects P F  plants m ore 
than C F  plants.

The boundary  betw een the distributional areas  
of C F  and  P F  is som etim es very  distinct. F o r  
ins tance , quadrats  111 B, C and D are s ituated at 
the th ree  corners  o f  a triangle w here the sides 
B -C , C - D  and B -D  are 65 m, 82 m and 128 m 
respec tive ly . The d istance be tw een  quadra ts  115 
B and C is c. 15 m and be tw een  C and D c. 20 m 
(Fig. 11).

The topography  o f  the lim estone plateau is 
particu larly  variable w here the boundary  is d is­
tinct. T he  tw o distributional areas are often 
sepa ra ted  by depressions running in a N -S  d irec­
tion. T h ese  dam per depress ions  are  occupied by 
com m unit ies  where H. oelandicum  is lacking.

The boundary  N W  of the village of Seb- 
b erneby  is particularly diffuse (Fig. 13, t ran sec ­
tions 15, 16) with C F  and PF  plants mixed. H ere

the topography  changes gradually, from flat 
poorly drained  habitats occup ied  by C F  plants to 
m ore variable and well-drained habitats with PF  
plants. I agree with S te rner  (1936 a p. 422) that 
late-flowering plants grow  in better drained 
habitats  than early-flowering plants. E n ­
v ironm ental factors  and variation will be dis­
cussed  in a future paper.

D iscu ssion

The tw o flowering strategies described in this 
paper  are  not restric ted  to H. oelandicum .  M ost 
species o f  the aggregate concerned  have both  
system s. S terner  (1936 a p. 427) com pared  the 
flowering times of S and C E uropean  taxa with 
those  o f  the three taxa  on Ö land. He concluded 
that most taxa  had the sam e shoo t system  as H. 
canum  (PF) on Öland. I have cultivated the five 
species recognized by Janchen  (1907) from
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different pa r ts  of E urope . U p to  the present only 
H . alpestre  has been  found to have only one of 
the system s (CF). M ost popula tions, both culti­
vated  and those  checked  from herbarium  collec­
tions, have  the same basic system  as CF on 
Öland.

T he shoo t system  of P F  has been  used as a 
taxonom ic  ch a rac te r  in som e cases (cf. Tutin  
et al. 1968) for separation of geographically re ­
s tr ic ted  taxa . H ow ever ,  modified system s of PF  
can also be found in m any o th e r  cases in S and C 
E urope .

The occurrence  o f  the tw o flowering strategies 
th roughou t the whole species group suggests 
tha t it is reasonable  to regard  it as a well- 
estab lished  adaptive system . O ne or the o ther 
strategy has  or had a selective advantage during 
different environm enta l conditions.

T here  a re  two plausible hypo theses  for the 
origin of the  two flowering strategies on Öland.

(1) T he  tw o  flowering strategies represen t two 
m igration groups, w hich have reached  Öland 
separa te ly , at different times o r  along different 
routes . T hey  make slightly different dem ands 
upon or show  different advantages  in the 
habita ts  and  these d ifferences are  m anifested in 
the p resen t  predom inantly  allopatric d is tribu­
tions.

Pollen-analytical studies have shown that H. 
oeland icum  s. lat. was abundan t in S S can­
dinavia during late glacial time (cf. Berglund 
1966 Figs. 59-62). The com m on opinion is that 
the pollen records from late glacial time belong 
to the early  flowering form (// .  oelandicum  s. 
str. accord ing  to S terner). H ow ever ,  the pollen 
o f  the tw o  flowering strategies seem s to be un- 
distinguishable (Widén unpubl.).

(2) The shoot system s o f  the two flowering 
strategies are  similar in charac te r .  It is easy to 
u nders tand  how  they  can be converted  into each 
other. This transform ation  can be achieved by 
genetical changes step  by step and each step can 
be selectively  advantageous. A transform ation 
from  P F  to C F is the  most natura l one. If  the 
plant has an  advantage in flowering from prev i­
ous y e a r ’s grow th, P F  can successively  derive a 
larger proportion  o f  inflorescences from the p re ­
vious y e a r ’s grow th till a system  with all in­
f lo rescences  borne on the previous y e a r ’s 
g row th has  been fixed (directional selection).

The reverse  transform ation  from  CF to P F  is

less p robab le .  W hen a single C F  p lan t de r ives  
occasional in florescences  from  the c u r re n t  
year’s g row th  it will loose rep roduc t ive  capac ity .  
These  in flo rescences  do  not occu r  until the  main 
flowering period  has ceased . In a se lf- incom pati­
ble plant such  as H. oe land icum  (W idén  unpub l.)  
it m eans a low  or p robab ly  no fru it-se tting  of 
these in flo rescences  at all (stabilizing selection). 
H ow ever ,  a C F  system  w ithou t a  rap id  and 
synchron ized  deve lopm en t o f  in flo rescences  
borne on the previous y e a r ’s g row th  is a possib le  
starting point in a transfo rm ation  from  C F  to  PF .

The shoo t system  m akes  a d ifferen tia tion  by 
natural se lec tion  in a he te rogenous  env ironm en t 
possible. E daph ica l ,  m icroclim atical o r  o the r  
conditions m ay  favour one  o r  the o th e r  flow ering 
strategy. N a tu ra l  se lection may diversify  po ly­
morphic P F  populations especially  if they  are 
isolated from  each  o the r  (d isruptive  selection).

K önigsson  (1968) has outlined the  H o locene  
history o f  the  S tora  A lvare t on Ö land. T oday  the 
Stora A lvaret is a barren , m ore or less tree-less  
area. Pollen records  show  a fo res t  period from 
the late P reborea l period  to the transition  b e ­
tw een the  Atlantic and Subboreal periods. The 
forest was o p en  and m ust have been  res tric ted  to 
areas o f  open  jo in t system s in the bedrock  and 
gravelly deposits .  A possib le  m ore ex tensive  soil 
cover may have w idened  these  a reas .  Light de­
m anding plants such as Artem isia  and H e ­
lian them um  existed during the fo res t period. 
H ow ever ,  the  pollen records  o f  H elia n th em u m  
during this period are few (K önigsson  1968 Fig. 
116). This indicates tha t H . oeland icum  existed 
in small isolated popula tions, res tr ic ted  to areas 
with exposed  bedrock . This isolation may have 
speeded  up the differentiation.

A fter the forest period hum an influence has 
been great. This is reflected  in the pollen 
diagrams in the increasing records  of H e ­
lian them um  (K önigsson 1968 Fig. 116). The p re ­
sent distribution o f  H. oe land icum  is probably  a 
result o f  the opening up o f  the landscape  by man. 
It spread  from  restric ted  refugia and becam e a 
dom inant m em ber o f  the alvar com m unities. C F  
was the  superior com petito r  and became the 
most widely distributed. P F  is perhaps  restricted 
to its old refuge-area today .

I cannot make a final decision based  on the facts 
p resen ted  in this paper as to w hich hypothesis 
regarding the origin o f  the tw o flowering
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s tra teg ies  on Öland is the m ost probable ; they  
can bo th  be  considered  as possible. H ow ever ,  
even  though  H. oelandicum  was p robab ly  
d iffe ren tia ted  into tw o flowering strategies w hen 
it reach ed  Öland, the question  rem ains as to 
w hen  this differentiation occurred .

I r re sp ec tiv e  o f  the early  history of H . oe landi­
c u m ,  the  p resen t variation pa tte rn  on Ö land is an 
in teres ting  model o f  the varia tion pattern  o f  the 
species  g roup  as a whole. F or  exam ple, I have 
seen  the same distinct microgeographical 
b o u n d ary  be tw een  tw o traditional taxa  (.H . 
ca n u m  and  H. alpestre)  in the Balkans (on Mt 
Botin , Jugoslavia), as be tw een  the tw o flowering 
s tra teg ies  on Öland. The differentiation on Ö land 
m ay rep re sen t  an early stage of speciation in a 
p ro cess  w hich is com m on for the species group 
as a w hole.

A t p resen t  the m echanism s behind  the 
a llopatric  distribution o f  the flowering strategies 
on Ö land are  obscure. An understanding  o f  these 
m echan ism s  will no t only give an insight into the 
evo lu tion  o f  H. oe land icum ,  but also an in­
c rea sed  know ledge o f  the population biology of 
the plant. Field experim ents  have been carried  
out and  at the m om ent long-term com petition  
experim en ts  are going on with the purpose  of 
studying  the interaction be tw een  the tw o flow er­
ing s trategies in each o thers  habitat.

A cknow ledgem ents .  Field work during 1973-1976 was 
carried  out at the Ecological Station of U ppsala  U ni­
versity , Ölands Skogsby. 1 would like to express my 
sincere thanks to the Principal and to the staff o f  the 
Station. Thanks are also due to Professor Hans Rune- 
mark who suggested the present investigation and 
made valuable criticism regarding the manuscript.

References

A lbertson, N. 1950: Das grosse südliche Alvar der 
Insel Öland. Eine pflanzensoziologische Übersicht. 
Sven sk  Bot. Tidskr. 44: 269-331.

Å ngström , A. 1974: Sveriges klimat.  3rd ed. S tock­
holm.

Aulin, F. R. 1912: Botaniska anteckningar från Öland. 
S ven sk  Bot. Tidskr. 6: 373-386.

Berglund, B. 1966: Late-Q uaternary  vegetation in 
eastern  Blekinge, southeastern  Sweden. A pollen- 
analytical study. I. Late-Glacial Time. Opera Bot.  
12:(1). Lund.

Davis, P. H. 1965: Flora o f  Turkey and East Aegean  
Islands. 1. Edinburgh.

Du Rietz, G. E. 1923: Studien über die Helianthem um  
oelandicum-Assoziationen au f  Öland. Svensk  Bot. 
Tidskr. 17: 69-82.

Janchen , E. 1907: H elianthem um  canum (L.) Baumg. 
und seine nächsten V erw andten . A bhandl.  ZooL-  
Bot. Gesellsch. Wien 4:(1).

Königsson, L.-K. 1968: The Holocene history  of the 
G reat Alvar of Öland. A cta  Phytogeogr. Suec. 55.

Ö stm an, C. J. 1926: Om s to rm ar vid Svealands och 
Götalands kuster. (Les grandes vents  prés des 
cötes du Svealand et du Götaland.) M edd. fr .  S tat.  
M eteor.-H ydr. Anst.  Bd. 3. N o. 6. Stockholm.

Proctor,  C. M. F. 1957: Variation in Helianthemum  
canum  (L.) Baumg. in Britain. Watsonia 4: 28-40.

Sjögren, E. 1961: Epiphytische M oosvegetation in 
Laubw äldern  der Insel Öland (Schweden). A cta  
Phytogeogr. Suec. 44.

Sterner, R. 1925: Einige N otizen  über die Vegetation 
der Insel Öland. Svensk  Bot.  Tidskr. 19: 1-20.

S terner, R. 1936 a: H elianthem um  oelandicum (L.) 
Willd. och dess anförvanter på Öland. Svensk  Bot. 
Tidskr. 30: 419-432.

S terner, R. 1936 b: Ekologiska iakttagelser över H e­
lianthemum oelandicum (L.) Willd. M edd. G öte­
borgs Bot. Trädg. 11: 183-208.

Sterner, R. 1948: Ölands flora. In  B. Palm, L. Landin 
and O. N ordm ark  (eds.), Ö land  I: 91-235. Lund.

S terner, R. 1955: Ölandsväxter. In R. S te rner and K. 
C urry-Lindahl (eds.), N atur  på Öland:  88-97. 
S tockholm.

Tutin, T. G. et al. 1968: Flora Europaea 2. Cambridge.
Törnblom , G. 1908: Iakttagelser öfver Helianthemum  

canum  (L.) Baumg. och H. oelandicum (L.) Willd. 
på Ölands alvar. Svensk  Bot. Tidskr. 2: 32-37.



Botanical literature

E m oto ,  Y. 1977: The M yxo m yce te s  o f  Japan .  
263 pp.,  including 128 plates. Sangyo T osho  
Publishing Co., L td .,  Tokyo . Available from 
M aruzen  C o .,  L td .,  P.O. Box 5050, T okyo  In ­
te rna tiona l,  Tokyo 100-31, Japan . Price U .S . 
$125.

The species of m yxom ycetes  generally accep ted  
today  num ber something be tw een  500 and 550. 
A ttem pting  to give a reasonably  co rrec t figure is 
ra th e r  m eaningless, since the range o f  in­
traspecific  variation is poorly known in m any  
cases  and some forms seem to bridge the gap 
be tw een  previously  accep ted  species. In several 
cases  cultivation under contro lled  conditions 
will be necessary  in o rder  to solve taxonom ic 
problem s. Although it is generally agreed that 
the majority of species are more or less 
cosm opolitan , some species show  a definite p re ­
ference for tropical regions, o thers  for cold re ­
gions. T hus  m yxom ycete  floras o f  certa in  
geographical areas may be justified. Such a flora 
is E m o to ’s The M yxo m yce tes  o f  Japan.  It is a 
ra th e r  special book how ever,  being mainly a co l­
lection o f  carefully p repared  illustrations and 
lacking m uch o f  the inform ation normally 
expec ted  in a scientific publication.

The book  com prises 123 coloured  plates and  5 
black-and-white plates, 3 of which are p h o to ­
graphs. T he  illustrations are on the right-hand 
pages and brief descrip tions are given on the 
opposite  pages. 250 species are trea ted . The co l­
ou r illustrations are o f  high quality and w hole 
fructifications as well as m icroscopic details are 
carefully figured. The illustrations are based  on 
the same original sketches as the black-and- 
white pictures in E m o to ’s (1942) m yxom ycete  
volum e of N ova F lora Japon ica  (eds. T. N akai & 
M. H onda), but about five times as many species 
are illustrated in this new book. The general 
style and standard  of the illustrations are su rp ris ­

ingly even  throughout the book , despite the fact 
tha t th ree  different artists are involved. The 
book  starts  with an enum era tion  o f  the species 
illustrated  and ends with an index. There  is no 
bibliography.

The identity  o f  the species generally  appears  
co rrec t ,  although a question  m ark might be put 
on Fig. 11, Plate 120. It is possible tha t this figure 
was based  on a not very typical specim en, bu t  it 
gives the im pression o f  D idym lum  verrucospo-  
rum  ra the r  than  D. iridis as indicated. U nfo rtu ­
nately  the quality of the tex t is far below  that of 
the illustrations. Som e descrip tions are very  
b rie f  and the  English should have been  checked  
by an expert .  Several taxa  have been  misspelt. 
T he spelling is the same in the species list at the 
beginning o f  the book and in the index. As 
exam ples  can be m entioned toycogala  exiguurn  
( instead o f  L. ex iguum ), C arom yxa  metallica  
(C alom yxa  m.), A rcyrodes  incarnata (Arcyodes  
i.), and  D idym ium  m elanosporum  (D. me- 
lanosperm um ).

In the fo rew ord  it is said that m ost o f  the 
illustrations are based on material collected by 
the au tho r  and now available for investigation at 
the N ational Science M useum , H yakunincho , 
Shin juku, T okyo (TNS). H ow ever ,  from a sci­
entific point o f  view it would have been  valuable 
if  the collection on which each illustration is 
based  had been indicated. There  are some 
species illustrated which have not been  found in 
Japan  (Arcyria leiocarpa, B adham ia  versicolor, 
P hysarum  bitectum , P. ovisporum ),  and which 
supposed ly  have not been collected by Em oto . 
The origin and collection would be im portant to 
know  here, as well as in cases w here  the in­
te rp re ta t ion  and intraspecific variation have 
been  under debate. This holds for e. g. Licea  
tenera  and P hysarum  ovisporum .  Also, w here 
m ore than  one collection has been  illustrated in a 
species (e. g. Arcyria incarnata), it would have
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been  useful to know  from which sample the 
m icroscopic  details have  been figured.

The book  contains four taxa  w hich are not 
found in m odern m yxom ycete  literature. They 
are Ceratiom yxa descendens  Em oto , Dicty- 
diaethalium  cinnabarium  (Berk. & Br.) Hira- 
num a, S tem onitis  syncarpa  (Yamashiro) E m oto , 
and P hysarum  pun iceum  Em oto . Since there are 
no literature references the reader  is left in a 
vague supposition th a t  the formal establishm ent 
o f  these  new  species and com binations are to be 
found in recent Japanese  literature. This is, 
how ever, not necessarily  the case. Thus P hysa ­
rum puniceum  is found  also in E m o to ’s (1942) 
m yxom ycete  volum e o f  N o v a  F lora  Japonica , 
w here  a full reference is given to its original 
publication (Bot. Mag. T okyo  45: 229, 1931). 
The o ther  three taxa  enum era ted  do not exist at 
the species level in the volum e m entioned. H o w ­
ever, although there is unfortunate ly  no citation 
of synonym s in E m o to ’s new book, the p re­
cursors  o f  the three taxa are apparen t at the 
varie ty  level in N o v a  F lora  Japonica. Thus 
C eratiom yxa descendens  is reasonably  the same 
as C. fru ticu losa  var. descendens  Em oto. Dicty-  
diae thalium  cinnabarium  (apparently  m isspel­
ling for cinnabarinum )  is p resum ably  what is 
ca l led /) ,  p lu m b eu m  var. cinnabarinum  (Berk. & 
Br.) H iranum a, and which is based  on Licea  
cinnabarina  Berk. & Br., a nam e generally d e ­
graded  into synonym y with the variable D. 
p lu m b eu m . S tem onitis  syncarpa  is apparently  
the same as S. confluens  var. syncarpa  Y am a­
shiro. In this as well as in the tw o previous cases 
the publications in w hich the varieties are raised 
to the species level are  unknow n to the reviewer, 
and unfortunately  E m o to ’s new book gives no 
help. The illustration o f  S tem onitis  syncarpa  
show s a species o f  Sym p h y to c a rp u s - type with 
striking characteristics .

This is a beautiful book, com plete ly  built up 
around  its outstanding illustrations. From  a sci­
entific point of view, how ever,  its value is li­
mited. Collection indications on all illustrations, 
addition o f  synonym s in a few cases, and a 
bibliography with adequa te  references  to at least 
recently  established taxa, would have greatly in ­
creased  the scientific value o f  the book. Because 
of these  omissions it is hardly w orth  its high 
price.

U no Eliasson

J0 rg en sen ,  P. M. 1978: The lichen fam ily  P an-  
nariaceae in Europe.  O pera  B otanica 45. S to c k ­
holm. 123 pages, 53 figures and distribution 
m aps in tex t.  ISSN  0078-5237. IS B N  91-546- 
0241-6. Price S K r 66 :- ,  libraries SK r 110:- 
(w rappers).

P an n ar iaceae  is a family o f  c ru s to se ,  squam ulose 
or slightly foliose lichens mainly containing 
N o s to c  o r  o ther  b lue-green algae as phyco- 
b ionts. It is usually p laced  near  Peltigeraceae. 
The p re sen t  revision by P. M. Jprgensen  
(B ergen , N orw ay) deals with the E uropean  
species  only. H e recognizes 20 species from this 
a rea  in 3 genera , viz. P annaria  (14), Parmeliella
(5) and  P sorom a  (1 species divided into 2 va r­
ieties). F ive  E uropean  species o f  Pannaria  are 
desc r ibed  as new. In addition 3 new ex tra -E u ro ­
pean  Pannaria  species are  described in an 
append ix . Some o ther  g enera  such as M assalon-  
gia, P lacyn th ium  (with the  segregates M oel-  
leropsis  and Vestergrenopsis)  and  Erioderm a, 
w hich have  often been inc luded  in Pannariaceae , 
are not trea ted .

The au tho r’s approach  is som ew hat unconven­
tional. A brief H istorical outline and a short 
c h ap te r  on N om encla tu re  (som ew hat su p e r­
fluous as there  are no devia tions  from the Code 
o f  N om encla tu re)  p recede  the  main part o f  the 
w ork , viz. Taxonom y. The 20 E uropean  species 
are  descr ibed  in detail. M uch atten tion  has been  
devo ted  to  nom encla ture  and typification. Som e 
well-known species have had the ir  nam es 
changed. Pannaria pityrea  has becom e P. co n o ­
plea, P. microphylla  is now  P. leucophaea  and 
P. lepidiota  is P. prae term issa .  Parmeliella  
corallinoides  has becom e P. triptophylla. T he  5 
species described as new  are  Pannaria ahlneri 
(know n from a limited a rea  in Central N orw ay  
and Jäm tland , Sw eden), Parmeliella ja m e s i i  
(W este rn  Scandinavia, British Isles and Portug­
al), Pannaria  olivacea  (M ed ite rranean  area), P. 
tavaresii  (Portugal) and  Parm eliella  testacea  
(oceanic: W N orw ay , British Isles, W F rance , 
Portugal, Spain, Italy and M acaronesia). P a n ­
naria m aritim a, P. poeltii  and  P. pu lveracea  are 
described  from outside  E urope  (C anada ,  N epal 
and California, U .S .A . respectively). Differ­
ences be tw een  rela ted  species a re  d iscussed  in 
detail; for some species distinguishing features 
are listed in tables.

The distribution o f  the species is interesting. 
All avo id  dry low lands, having high hum idity
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req u ire m en ts .  Thirteen species are restric ted  to 
the o c e a n ic  areas  of E urope  or to the M editerra­
nean  a re a ,  tw o (Pannaria hookeri and P. 
p ra e te rm issa )  are arctic-alpine, the o ther species 
are m ore  or less w idespread. M aps of the E u ro ­
pean  d is tr ibu tion  are given for all species. Fairly 
detailed  lists o f  localities are provided  excep t 
for the co m m o n es t  species. M ost o f  the Pannari­
aceae  are  sensitive to the activities of m an. They 
have low p o w er  of resistance to air pollution. 
Several o f  them  have declined considerably  in 
num bers  during  the last few decades.

T he  following chapters  deal with M orphology, 
A natom y and  Chem istry. M orphological con ­
cepts  such  as hypothallus, isidia, soredia  and 
a p o th ec ia ,  a re  d iscussed with instructive illustra­
tions. T he  anatom y of the thallus and apo thecia  
is e luc ida ted  by means o f  photos  of c ro ss-sec­
tions studied  by light m icroscopy or scanning 
e lec tron  m icroscopy. C hem istry  is o f  little in­
te re s t  in the  Pannariaceae . T he only substance  
reco rd ed  with certainty from some species is 
a tranorin .

In the b rie f  concluding chap ters  the au thor 
d iscusses  certa in  concepts  in taxonom y, habitat 
ecology and  phytogeography. H ow ever,  several 
im p o r tan t  questions, such as definition and 
c ircum scrip tion  of the family, are left open. We 
also find hard ly  any taxonom y at the generic 
level. W hen  defending his thesis at Bergen the 
a u th o r  gave expectation  o f  a fuller trea tm ent of 
the supraspecific  taxonom y o f  the Pannariaceae  
in a fo rthcom ing  second part dealing with the 
ex tra -E u ro p ean  species. The thorough and skil­
ful t rea tm en t o f  the taxa s tudied in the first part 
guaran tees  that the com pleted  w ork will cons ti­
tute an im portan t m onograph o f  an interesting 
lichen family.

O ve A lm born

K ärnefe lt ,  I. 1979: The brown fru ticose  species  
o f  Cetraria. O pera  Botanica 46. Stockholm . 150 
pages, 74 figures (25 in colour) and distribution 
m aps. ISSN  0078-5237. ISB N  91-546-0254-8, 
Price S K r 8 1 l ibraries S K r 135:- (w rappers).

The Iceland lichen, (or “ Iceland m o ss ’’) is 
w ell-know n not the least for its p resum ed m edi­
cal effects. Earlier E uropean  lichenologists did 
not cons ider  that these lichens involved any 
great taxonom ic problem s. T hey  generally  rec ­

ognized tw o species, C. islandica  (with e ither 
one or tw o varieties) and  C. delisei (syn. C. 
hiascens).  Since the middle o f  the 19th century  
C. islandica  var. crispa  has generally been  raised 
to specific level, during the last few decades 
under the new ly-established name C. erice- 
torum. H ow ever ,  some au th o rs ,  e.g. Du Rietz 
(1945) and K ristinson (1969), have questioned  its 
specific rank and recognized  C. islandica  s.lat. 
as a single species with con tinuous variation be ­
tw een broad-lobed and narrow -lobed , ±  canali­
culate specim ens.

In the first half of this cen tu ry  Russian authors 
described  several species within this group, 
mainly from the Asiatic par ts  of the U SSR. M ost 
o f  these  w ere eventually  recognized as also 
occurring in N orth  A m erica. In the 1950s and 
1960s tw o further species w ere  described from 
N orth  America.

In spite of ou r increased  knowledge o f  the 
group it has been ev ident th a t  several taxa  w ere 
insuffiently know n and tha t all brow n fruticose 
species o f  Cetraria  greatly  needed  a critical revi­
sion. The p resen t study by I. Kärnefelt (Lund, 
Sweden) is a well-written and  welcom e addition 
to the m onographic  litera ture  on lichens.

Som e general in troductory  chapters  are de ­
voted to M orphology and anatom y, C hem istry , 
Delimitation and taxonom y , E nvironm ent and 
ecology and P hytogeography. The value o f  sev ­
eral morphological charac te rs  for classification, 
such as habit, branching, co lour, lobes, pseudo- 
cyphellae, marginal s truc tu res ,  soralia and pyc- 
nidia, is d iscussed. S truc tu res  from the cortex , 
apothecia  and pycnidia, as well as cross-sections 
of the thallus, have also been  studied under the 
in terference con trast m icroscope and scanning 
electron  m icroscope. The resu lts  are reproduced  
as micrographs o f  high quality. H ow ever ,  it 
seems doubtful w h e th e r  these refined m ethods 
provide any im portan t new charac ters  for d istin­
guishing taxonom ic units.

Chem istry  plays an im portan t part in the 
taxonom y o f  this group. S po t tests  have earlier 
been used  to differentiate be tw een  C. delisei and 
the re la ted  C. fa s tig ia ta  on the one hand, both C 
(calcium hypoch lo ri te )+  , gyrophoric  acid p res ­
ent, and the rem ainder o f  the species on the 
o ther  hand which are C —. In  the same way PD  
(paraphenylene-diam ine) has been known to give 
a positive reaction in C. islandica  (fum arproto- 
cetraric  acid present), w hereas  C. ericetorum  is
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P D —. All taxa  in the ex tensive  material 
exam ined by K ärnefelt have been tested by 
th in-layer ch rom atog raphy  and the results are  
reported  in detail.

The taxonom ic  part  deals with 19 taxa (8 o f  
them  described  or rem odelled  by Kärnefelt) , viz. 
C. andrejevii (Asiatic Russia , N. A merica), C. 
arenaria  (N . A m erica), C. australiensis  (A u­
stralia), C. delisei (N . H em isphere ) ,  C. erice-  
torum  ssp. ericetorum  (N. H em isphere), ssp. 
pa tagon ica  (Tierra del Fuego), ssp. reticulata  
(N. A m erica), C. fa s t ig ia ta  (N. H em isphere), C. 
inermis  (eas te rnm ost Siberia, no r thernm ost N . 
America), C. is landica  ssp. islandica  (N . H em i­
sphere), ssp. antarc tica  (sou thernm ost S. H em i­
sphere), ssp. crispiformis  (N . H em isphere), ssp. 
orientalis  (Japan  and ad jacen t parts  of E. Asia), 
C. ka m cza tica  (Bering Sea District), C. laevi­
gata  (Siberia, Japan  and ad jacen t parts o f  E . 
Asia, India, n o r the rnm ost N. H em isphere , N e p ­
al, N ew  G uinea; earlier  placed in ano ther  group 
o f  Cetraria), C. n igricascens  (no r thernm ost 
Russia and N . A m erica) and C. subalpina  (w es t­
ern N. America). All tax a  are described  in detail 
using morphological and  chem ical charac ters  
and  distinguishing fea tu res  are d iscussed.

D istribution maps are p rov ided  for all taxa . 
M any of them  show interesting a reas ,  in several 
cases with a  m arked co ncen tra tion  to the Bering 
Strait Region where they  have presum ably su r ­
vived the P le is tocene glaciations. T here  are also 
many analogies w ith the distribution o f  o the r

lichens and with that o f  several vascu la r  plants 
w hose  ranges  w ere  p resen ted  in a classical w ork  
by H u ltén  (1937) and in his la te r  p lant atlases 
( 1 9 5 8 -  1971).

Thallus  fragm entation  and  apom ix is  are im ­
p o r tan t  fac to rs  ruling the d ispersal o f  the taxa 
t rea ted .  In teresting  from  an ecological point of 
view is the  distinction b e tw een  prim ary  and  sec ­
ondary  hab ita ts  depending  on w here  the species 
reaches  its optimal developm ent.

To the  m erits  o f  the book  should  be  added the 
exce llen t co lour plates illustrating all taxa; 
w hereas  m any o f  the b lack-and-w hite  p h o to ­
g raphs are  less inform ative as is often  the case  
with lichens.

The w ell-know n p rob lem  o f  how  m any 
localities, if any, should be listed w hen the d is­
tr ibu tion  is docum ented  by m aps has been  sol­
ved  in an  elegant w ay. E x s ic ca ta  and a large 
choice  o f  localities s tudied (in several cases  all o f  
them) are  recorded  in m iniprin t at the  end o f  the 
book . W ith the aid of a hand-lens  the  read e r  can 
easily find all necessary  inform ation .

As w ith J0 rg en sen ’s thesis  (rev iew ed above) 
K ä rn e fe l t ’s is part  o f  an ex tensive  p ro jec t.  O ther 
g roups  o f  Cetraria  (and re la ted  genera) a lso  need  
to be rev ised  according to m odern  lines. It is to 
be hoped  that K ärnefelt will ex tend  his w ork  to 
these  and  o ther groups.
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