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Abstract

The three subtribes which are recognized within the tribe Vandeae are represented in the tropical African
and Malagasy regions. All taxa of the Vandeae have a monopodial growth habit. The first subtribe,
Sarcanthinae, is mainly Asian-Australasian, but a few of its species occur in Madagascar and in Africa. The
other two subtribes, Angraecinae and Aerangidinae, are both represented in the latter two regions. The
Angraecinae is characterized by the presence of a short rostellum, but this is elongated in the Aerangidinae,
According to earlier authors there is a correlation between presence of the short rostellum and a basic
chromosome number of x = 19 in the Angraecinae, and between the presence of an elongated rostellum and a
basic number of x = 25 in the Aerangidinae.

The results presented in this paper are placed in perspective with the chromosome numbers recorded by
other authors. From the resulting chromosome number survey it appears that only part of the Angraecinae
(Aeranthes, several species of Angraecum, Cryptopus and Jumellea) have a basic number of x = 19; some
members of the Angraecinae (other species of Angraecum) were found to have a basic number of x =21, 24
and 25.

The Aerangidinae is not characterized by a single basic number of x =25 but by a series ranging fromx =
23tox =27, of which x = 23, 24 and 25 are the most frequent. The genus Calyptrochilum, although havinga
distinctly elongated rostellum, is characterized by a basic number of X = 19 and its position within the
Acrangidinae may therefore be questioned.

The present evidence suggests that too much weight has been attributed to a single character, i.e. the shape
of the rostellum, in distinguishing the two subtribes. As there appear to be two groups according to basic
number in Angraecum, it appears questionable whether Angraecum, as presently conceived, is a *natural’
genus. Further chromosomal and other taxonomic evidence is needed to substantiate the challenge to the
present views in respect of Angraecum. ‘

Taxa with x =19 appear to be frequent in Madagascar and the other islands in the Indian Ocean, whereas
taxa with x =21 to 27 mainly occur on the African continent, The predominance of x = 19 in the Malagasy
flora suggests a link with the monopodial taxa of the Asian and Australasian floras, which are exclusively
based on x = 19,

Introduction the ‘angraecoid’ orchids of Africa. The taxa in this

group of orchids, which are characterized by a mo-

This paper is a continuation of our previous pa- nopodial growth habit, occur in Africa but also on

per (Arends et al,, 1980) which deals, among other the islands of Madagascar, the Mascarenes, the
things, with the somatic chromosome numbers of Comores and the Seychelles.
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Schlechter (1918, 1926) divided the ‘angraecoid’
orchids into two groups: the first group (Angraeci-
nae) is characterized by a non-elongated and deeply
cleft rostellum, whereas this structure is elongated
inthe second group (Aeranginae). Schlechter’s view
was accepted by Summerhayes (1966) who gave
both groups the rank of subtribes, naming them
Angraccinae and Aerangidinae respectively. Ac-
cording to his latin diagnosis the Angraecinae is not
only characterized by a short rostellum, but also by
a basic chromosome number of x = 19. The Aeran-
gidinae in contrast is characterized by an elongated
rostellum and a basic number of x = 25. Evidence
for these character combinations was presented by
Jones (1967).

Our earlier publication showed that the correla-
tion proposed by Summerhayes cannot be main-
tained for all species, as presently allocated to either
of the two subtribes. The evidence which was ac-
cumulated also indicated that the chromosome
numbers of the ‘angraecoid’ orchids are not solely
multiples of x =19 or 25 because deviating numbers
such as 2n = 46 were found (Arends et al., 1980).

This paper presents additional evidence that in
particular in the Angraecinae the correlation be-
tween rostellum shape and basic number has to be
refuted, and that several basic numbers occur in
each of the two subtribes.

Material and methods
Methods

Permanent slides were made according to the
method described by Arends e al. (1980). For fu-
ture reference they are kept at this department
(WAG). Their numbers are mentioned in the sixth
column of Table 1.

The preparation of good slides in the first place
depends on roat tips with actively dividing meris-
tems, The epiphytic monopodial orchids however,
produce limited numbers of such root tips. As fre~
quent sampling of the tips is harmful to the plants, it
should be done with care to avoid damage.

Altogether, this means that the karyotype analy-
sis of this group of orchids is a matter of patience
and time. Many of the species are rare in nature as
well as in cultivation, and it will be a long time
before the *angraecoid’ orchids are analysed com-
pletely.

Material

The plants analysed for their karyotypes are list-
ed in the first column of Table I, They are part of
the living plant collection of this department. Many
of the specimens were collected by department
members, but Mr. C. Bruin at Zwaagdijk, Dr.
D. Mulder, Dr. W. G. Sombroek, both at Wage-
ningen, and Mr. J. M. Wubben at Hollandse Rad-
ing also kindly donated plants collected in Africa.
Other plants were acquired from the botanical
gardens at Copenhagen, Frankfurt and Munich.

I'n most cases the provenance of the specimens is
known. A general indication of their provenance is
given in the last column of Table 1, but more de-
tailed information is recorded on the labels of the
preserved plants (dried and alcohol) which are kept
at WAG. Colour slides of the flowering plants are
also available at WAG, In those cases where no
voucher material is cited in the seventh column of
Table I, the specimens have not yet flowered in the
collection, but could be identified on the basis of
vegetative characters. Vouchers will be made as
soon as they flower.

The plants have been identified by the authors.

Results and comments

The observed somatic chromosome numbers are
presented in the second column of Table 1. Well
spread metaphase plates, which are essential for’
conclusive counts were rare. Metaphase plates
showing for example 2n = 48, 2n = 50 or 2n = 52
chromosomes are very similar in appearance, par-
ticularly when the chromosomes are small. More-
over, the chromosomes are usually ‘sticky’, hence
the interpretation of metaphase plates is difficult.
Apparently earlier investigators (Chardard, 1963;
Jones, 1967) have had similar experiences; some of
their records are to some degree erroneous or indi-
cated by an approximate figure,

With respect to chromosome length there are
differences and similarities between the taxa. With-
in certain limits the size of the chromosomes de-
pends on their contraction. This means that the
figures indicating the lengths of the shortest and
longest chromosomes in the observed metaphase
plates are approximate. It appears that with the
present methods the differences in overall chromo-
some length between the various taxa are of limited
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Tahle I. Somatic chromosome numbers observed in monopodial orchids of the African and Malagasy regions.

Taxa Chrom. Approx. Living Voucher Slide Provenance
number chrom. plant number
(2n) length number
(um}
Sarcanthinae
Acampe pachyglosse Rehbf, 38 1.0-2.5 £1-335 JKW 262 9- 62 Mozambigue
Angraecinae
Angraecum
A. aporoides Summerh. 48 1.0-1.7 80- 42  WALG 367 7- 83 Principe
Laan I8t
A. caicealus Thovars 38 1.0-2.0 80-424  lLaan 53} 10- 18 Madagascar
A. caricifolium Perrier 38 1.0-1.7 80-431  Laan 394 [0- té Madagascar
A. cultriforme Summerh. 38 1.5-2.5 82- 62 Laan 506 10- 35 Kenya
A. deratophillum Summerh, 92 1.0-2.0 80-102  Laan 307 1e- 23 Sdo Tome
A, erectum Summerh. 42 1.0-1.7 80.267 Laan 252 7- BS Kenya
A. gabonense 46 1.0-1.7 81-264 Laan 526 8- 9 Zaire
A. feonis (Rchb.f.) Veitch 38 1.5-3.0 80-416 Laan 568 9- 88 Madagascar
A. pungens Schitr, 46 1.0-1.5 81-424  laan 440 10- 36 West Africa
A. sesquipedale Thouars k13 10-20 - Laan 559 8- 22 Maudagascar
Aeranthes
A. caudata Rolfe 38 1.5-30 80-406 Laan 395 9- 1 Madagascar
Cryptopus
C. elatus (Thouars) Ldl. 76 1.0-25 10- 37 Madagascar
Acrangidinae
Aerangis
A. brachvcarpa (A. Rich.) Dur. & Schinz 50 1.0-2.5 00-517  Laan 326 2- 31 Cameroon
A. calantha (Schitr.) Schir. 46 1.0-1.5 80-395  Laan 237 7- 79 Zaire
A. citrata Schitr. 50 1.0-2.0 80-411 Laan 382 8- 94 Madagascar
A. cryprodon Rehb ., 50 1.0-15 80-474 9- 22 Madagascar
A. kirkii (Rchb.f.) Schite. 52 1.0-2.0 80-135 Laan 148 5- 94 Kenya
A. luteo-alba {Xraenzl) Schitr. var.
rhodosticia (Kraenzl.) J. Stewart 42 1.0-1.7 B0-262 Laan 347 7- 87 Kenya
A. somalensis (Schltr.) Schitr. 54 1.0-2.5 80-421 Laan4]9 9- 39 Kenya
A. ugandensis Summerh. 50 1.0-1.5 £0-423  Laan 209 9- 13 Kenya
A. ugandensis Summerh. 50 1.0-20 £1-449 9- 89 Kenya
Ancistrorhynchus
A. capitatus (Ldl.) Summerh. 72 1.5-3.0 750 Burgl 248 7- 99 Liberia
A. capitqius (Ldl.) Summerh, 72 1.5-3.0 80-403 Laan 540 9- 5t Zaire
A. clandestinus (Ldl} Schitr. 48 1.5-30 00-437 Laan 366 Ivory Coast
A. ovarus Summerh, 48 1.5-3.0 80-402 Laan 205 6- 69 Zaire
A. recurvus Finet 00-499  Veldhuizen
619, Laan 194 T7- 90 Ivory Coast
A. metteniae (Kraenzl.) Summerh. 48 1.5-30 B0-68 WALG 101 Sio Tomé
Laan 378
A. species 96 1.0-2.5 B1-326 9- 6l Togo
Angraecopsis
A. gracillima (Rolfe) Summerh, 50 1.0-1.5 B0-527 Laan4l18 9- 37 Kenya
A. pusilia Summerh. 50 1.5-2.0 81-386 Laan 455 9- 53 Ruanda
Chamgeangis
C. hillebrandtii (Rchb.L) Garay 50 0.7-1.5 80-410 Laan 287 7- 10 Madagascar
C. hillebrandtii (Rchb.L) Garay 50 1.5-20 81-459 Laan 485 10- 4 Madagascar
C. odoratissima (Rchb.f) Schitr. 50 00-439 I- 26 Ivory Coast
C. vesicata (Ldl.) Schiir. 96 0.5-1.5 78-706 Laan 228 7- 2 Cameroon
Setten 326
Crrtorchis

C. arcuata (Ld1) Schitr, subsp. variabilis
Summerh. 46 1.5-2.5 00-471  Laan 196 Ivory Coast
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Tahle {. (continued).

Taxa Chrom. Approx. Living  Voucher Slide Pravenance
number chrom. plant number
(2n) length number
(pm)
C. greuata (LdL) Schitr. subsp. variabilis
Summerh. 138 1.0-25 80-503 8-82 Uganda
C. arcuata (Ldl.) Schitr, subsp. whytei
(RoXe) Schitr. 138 1.0-20 81-322  Laan422 9- 70 Togo
C. brownii (Rolle) Schltr. 46 1.0-2.0 78-742 Laan4?5 Ivary Coast
C. monteiroae (Rschb.f.) Schitr. 46 1.0-2.5 755 Burg 268 7- 75 Liberia
C. praetermissa Summerh. 46 1.0-2.5 80-263 Laan 488 6- 72 Kenya
C. praetermissa Summerh. 92 1.0-2.5 81-385 Laan455 9- 82 Ruanda
C. ringens {Rehb.f) Summerh. 46 1.0-2.5 00-434 Koning 6132 2- 1 Ivory Coast
Diaphananthe
D. brevifolig (Summerh.) Summerh. 50 1.0-2.2 80- 99  WALG 481 7- 37 Sio Tome
D. fragrantissima (L.di.} Schitr. 50 1.0-2.0 BI-318 8- 98
D. peliucidg (LdL) Schitr. 50 1.0-3.0 80- 46 Laan226 9- 6 Sio Tomé
D. pulchefla Summerh. 50 1.0-2.5 80-485 E- 89 Kenya
D. pulchella Summerh. 50 1.0-2.0 81-315 Laan 398 9- 14 Uganda
. rutila (Rchb.f) Summerh. 160 1.0-2.0 80-266 LaanS$I8 8- 99 Kenya
D. xanthepollinia (Rchb.f.) Summerh. 50 1.0-2.0 80-260 Laan 195 9- 34 Kenya
Microcoelia
M. exilis Ldl. 48 Lo-1.7 81-237 Konings.n. 9- 66 Mozambique
M. macrorhynchium {Schltr.) Summerh. 48 1.0-1.7 80-428 Laan4l3 8- 87 Zaire
Mystacidium
M. capense (L.£.} Schitr. 43 1.0-2.0 8[-476 Laanél0 9- 77 culta, Frank{urt
Plecirelminthus -
P. cqudarus (L.dl.) Summerh. 46 [.0-2.0 81-272 Laan534 9- 35 Togo
Rangaeris
R. brachyeeras (Summerh.) Summerh, 50 1.0-2.0 BO-103 WALG 473 7- 46 Sio Tomé
Tridacryle
T tridacrylites {Rolfe) Schltr, 46 1.0-20 80- 54  Laan 369 7-100 Principe
T. of wridaciyfites (Rolfe) Schitr, 46 1.0-2.0 80- 91  Veldhuizen 6- 19 Sio Tomeé
704
T. species 46 1.0-2.2 80- B8  Laan 388 7- 32 S30 Tomé
T. tridentata (Harv.) Schitr. 46 1.0-2.0 81-329 Laan 451 10- 6 Mozambique

value. When the aspect of chromosome length is
relevant, it will be considered in the discussion.

A number of metaphase plates could be photo-
graphed (Figs. 1-11). As can be seen from the pho-
tographs, centromeres are usually not very distinct.
In general, however, the chromosomes appear to be
(sub)metacentric.

Some of the chromosome counts presented in
this paper are new; others corroborate records giv-
en in earlier papers (Table 2). Table 2 thus presents
a survey of the chromosome numbers which have
been observed so far for the ‘angraecoid’ orchids.
This survey facilitates the assessment of basic
chromosome numbers (see Discussion).

It was found that the names of two species re-

ferred to in our earlier paper (Arends e gl., 1980)
were erroneous. These are Aerangis brachycarpa
{Table 1), which was presented as 4. biloba (collec-
tion number 00-517) and Cyrtorchis arcuata subsp.
variabilis (Table 1) which was presented as C. ha-
mata (collection number 00-471).

Discussion

This section deals in particular with the assess-
ment of basic chromosome numbers and their rele-
vance to the taxonomy of the *angraecoid’ orchids.
We realize that these basic numbers are derived
fromrelatively small samples of the various genera,



Figs. 1-2. Chromosomes in root tip cells of African menopodial
orchids: (1} Angraecum leonis, 2n = 38;- (2) Angraccum apo-
raides, 2n = 48, (Ca 2000X).

for at present only about 7% of the species of the
Angraecinae and about 25% of the species of the
Acrangidinae have been analysed. This means that
the conclusions which will be drawn below might be
affected by the outcome of future research.
Information about the size of the taxa was ga-
thered from the Orchidaceae volume in the Flora of
Madagascar by Perrier de la Béithie (1941), the
Floras of Africa as mentioned in the survey of
Bamps (1981), the publications of Summerhayes
(see the introduction to these by Redpath & Hunt,
1972) and those of several other authors such as
Garay (1973} on Angraecum, Jonsson (1981) on
Microcoelia and Stewart (1979) on Aerangis of
Africa. It shows that the Angraecinae appears to
comprise about 14 genera with about 330 species.
Within this subtribe 4 ngraecum is the largest genus
with about 200 species. Other large genera are Ae-
ranthes and Jumellea, both with about 50 species.
The Aerangidinae on the other hand comprises
about 30 genera with about 260 species. Its larger
genera are Aerangis (about 50 species) and Dia-
phananthe (about 50 species). Second in size are
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Figs. 3-6. Chromosomes in root tip cells of African monopodial
orchids: (3) Aerangis ugandensis, 2n = 50;- (4) Aerangis kirkii,
2n = 52;- (5) Aerangis lutea-alba var. rhodosticia. 2n = 42;- (6)
Aerangis citrata, 2n = 50. (Ca 20600X).

Tridactyle (about 30 species), Microcoelia (26 spe-
cies), Ancistrorhynchus (about 15 species), An-
graecopsis (about 15 species) and Mystacidium
(about 12 species).

Most other genera of both subtribes are small
(monotypic or with 2-3 species).

The basic numbers

Polyploid series in the ‘angraecoid’ orchids are
rare, but when they occur, as for example in Cyr-
torchis with 2n =46, 2n = 92 and 2n = 138, it is
obvious that the basic number is x =23. In Diapha-
nanthe 2n = 50 and 100 indicate x = 25. In Ancis-
trorhynchus, with2n=48,72 and 96, and Microco-
elig with2n =48, x =24 is assumed to be the lowest
haploid number, since it is of the same order as the
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Table 2. Survey of chromosome numbers found in species of manopodial orchids of the African and Malagasy regions.

Taxa 2n Reference
Sarcanthinae
Acampe
A. pachyglossa Rchb f. 38
Angraccinae
Aeranthes
A. caudara Rolfe ki
Angraecum
A. aporoides Summerh. 48
A. grachnites Schitr. 8 Jones, 1967
A. qnucentrum Schitr. =
A. calveolus Thauars 8 Jones, 1967
A. bancoense Van der Burg 50 Arends et al., 1980
A. birrimense Roife 38 Arends et al., [980
A. calceolus Thouars as Jones, 1967
A. caricifolium Perrier 38
A. chevalieri Summerh, ca 8 Jones, 1967
A. compressicaule Perrier 38 Jones, 1967
A. cultriforme Summerh. 38
A. distichum Ldl. 50 Arends ef al., 1980
A. doratophyllum Summerh. 92
A. eburneum Bory 38 Jones, 1967
A. eichieranum Kraenzl, 38 Jones, 1967; Arends ef al., 1980
A. erectum Summerh, 42
63 Jones, 1967
A. gabonense Summerh. 46
A. girvamae Rendle 38-40 Eftimiu-Heim, 1941
A. guillavminii Perrier 50 Chardard, 1963
A. infundibulare Ldl. 38 Jones, 1967
A. leonis (Rchb.f.) Veitch k]
18-40 Eftimiu-Heim, 1941
A. multinominatum Rendle 42 Jones, 1967
A. podochiloides Schitr, 50 Arends et al., 1980
A. pungens Schitr, 46
A. sacciferum Ldl, ca 76 Jones, 1967
A. scorrianum Rehb.f 38 Jones, 1967
A. sesquipedale Thouars 38
38 Tara and Kamemoto, 1970
A. subwlatum Ldl. 50 Arends er al., 1980
Cryptopus
C. elatus (Thouars) Ldl. 76
95 Jones, 1967
Jumellea
J. filicornioides (De Wild.) Schitr. 38-40 Jones, 1967
Aerangidinae
Aerangis
A. biloba (Ldl.) Schite. 50 Arends et al., 1980
Chardard, 1963; Jones, 1967
A. brachycarpa (A. Rich.) Dur. & Schinz 50
A. calantha (Schltc.) Schitr, 46
A. citratq Schitr. 50
ca 50 Jones, 1967
A. compta Summerh. = 5t Jones, 1967
A. column-crgni Summerh.
A. eryptodon Schltr. 50
A. kirkii (Rchb.1.) Schltr. 52
A. kotschyana (Rchb.f.) Schitr. 50 Jones, 1967
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Table 2. (continued).

Taxa 2n Reference
A, luteo-alba (Kraenzl.) Schitr. var, 42
rhodosticta (Kraenzl) Stewart 42 Jones, 1967
A. modesta (Hook 1.} Schitr, 50 Chardard, 1963
A. somalensis (Schitr.) Schir. 54
A. ugandensis Summerh. S0
S50 Jones, 1967
A. species (several) ca 50 Jones, 1967
A. species ca 200 Jones, 1967
Ancistrorhynchus
A. capitatus (Ldl.) Summerh. 72
A. clandestinus (Ldl) Summerh. 48
24 Ar-Rushdi, 1971
A. metieniae (Kraenzl) Summerh. 48
A. ovalus Summerh. 48
A. recurvus Finet 48
ca S50 Jones, 1967
A. species 96
Angraecopsis
A. breviloba Summerh, 50 Jones, 1967
A. pusilia Summerh, 50
A. gracillima {Rolfe) Summerh. 50
Bolusiella
B. batesii (Rolfe) Schltr. 50 Arends et ol., 1980
Calyprrochilum
C. christianum (Rehb.f.} Summerh. 38 Arends et al., 1980
C. emarginaium {Sw.) Schitr, 38 Arends et al., 1980
Chamaeangis
C. hillebrandtii (Rchb.f.} Garay 50
C. edoratissima (Rchb.f.) Schitr. 50 Arends er af, 1980
. vesicqta (Ldl.) Schler, 96
95-100 Jones, 1967
Cyrrorchis
C. arcuara (Ldl) Schitr. subsp. 46
variabilis Summerh.
C. arcuata (Ldl.} Schiir. subsp. 138
variahilis Summerh. ca 150 Jones, 1967
C. arcuara (Ldl.) Schiu. subsp. 138
whytei (Role) Schitr.
C. aschersonii (Kraenzl.) Schitr. 46 Arends ef al., 1980
C. brownii (Rolfe) Schitr, 46
C. monteiroae (Rchb.f.) Schir. 46
C. praetermissa Summerh, 46
C. praetermissqa Summerh, 92
C. ringens (Rchb.f.) Summerh. 46
C. species (ca) 50 Jones, 1967
C. species 46 Jones, 1967
C. species ca 150 Jones, 1967
Diaphananithe
D. brevifolia (Summerh.) Summerh. 50
D. cuneata Summerh. ca 50 Jones, 1967
D. densiflora {Summerh.) Summerh, 50 Jones, t967
D. fragrantissima (Ldl) Schitr. 50
D. pelfucida (Ldl) Schltr. 50
50 Arends ef al., 1980

D. plehniana (Schltr.) Schltr. S0 Jones, 1967
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Table 2. {continued).

Taxa 2n Reference
D. pulchella Summerh. 30
D. rutila (Rchb.f.) Summerh. 100
100 Jones, 1967
D. xanthopollinia (Rchb.i.) Summerh. 50
. species ca 50 Jones, 1967
Listrostachys
L. perrusa {Ldl.) Rchb.f. 46 Arends ef af., 1980
Microcoelia
M, bispiculaia L. Jansson 48 Jansson, 1981
M. bulbocalcarata L. Jonsson 48 Jonsson, 1981
M. caespitosa (Rolfe) Summerh. 47 Arends et al., 1980
M. exitis Ldl. 48
48 Jonsson, (98]
M. gilpinge (Rchb.f, & S. Moore) Summerh. 43 Jonssan, 1981
M. globulosa (Hochst.) L. Jonsson 48 Jonsson, 98]
M. hirschbergii Summerh. 48 Jonsson, 1981
M. koehleri (Schitr.) Summerh. 48 Jonsson, 1981
M. macrantha (H. Perc.) Summerh. 48 Jonsson, 1981
M. macrorhynchia (Summerh.) Summerh. 48
M. obovata Summerh. 48 Jonsson, 1981
M. physophora (Rchb.i.} Summerh. 48 Jonsson, 1981
M. stolzii (Schltr.) Summerh, 48 Jonsson, 1981
Mystacidium
M. cf. capense (1..£.) Schitr. 48
Plectrelminthus
P. caudarus (L.dl.) Summerh. 46
Pondangis
P. dactyloceras (Rchb.f.) Schltr. 46 Arends ef al.. 1980
Rangaeris
R. brachyeeras {(Summerh.) Summerh. S0
R. muscicola {(Rchb.f.) Summerh. ca 100 Jones (367
R. rhipsalisocia {Rchb.f.) Summerh. 46 Arends et al., 1980
Solenangis -
§. clavara (Rolfe) Schitr, 50 Arends er af.,, 1980
8. scandens (Schltr.} Schicr, 50 Arends et al., 1980
Tridactyle
T. anthomaniaca (Rchb.f.) Summerh. ca 100 Jones, 1967
T. tridactylites (Rolfe) Schitr. 46
T. tridentata (Harv.) Schitr. 46
T. species ca 50 Jones, 1967
basic numbers x =23 and 25 found in other taxain Jumellea x=19
the group, Aerangidinae
From the chromosome numbers presented in Aerangis x=21,23,25, 26,27
Table 2 the following basic numbers result: Ancistrorhynchus x=24
Angraecopsis Xx=25
Sarcanthinae Calyptrochilum x=19
Acampe x=19 Chamaeangis X =24,25
Angraecinae Cyrtorchis x=23
Aeranthes x=19 Diaphananthe x=125
Angraecum X =19, 21,24, 25 Listrostachys x=23
Cryptopus x=19 Microcoelia X=24
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Figs. 7-8. Chromosomes in root tip cells of African monopodial
orchids: (7) Ancistrorhynchus ovatus, 2n = 48;- (8) Cyrtorchis
praetermissa. 2n = 46, (Ca 2000X).

Mystacidium x=24
Plectrelminthus x=23
Podangis x=23
Rangaeris x=23,25
Solenangis x=25
Tridactyle x=123

Basic numbers and their occurrence in the subiribes

According to the subtribes in which the various
basic numbers are found the following comments
can be made.

Angraecinae: the finding of 2n =38 in one species
of Aeranthes and Jumellea respectively yields some
evidence that these genera have a basic number of x
= 19. Likewise Cryptopus, a small genus with per-
haps three species, appears to be characterized by x
= 19. One of its species, C. efetus apparently is a
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Figs. 9-11, Chromosomes in root tip cells of African monopo-
dial archids: (9) Diaphananthe brevifviia, 2n = 50;- (10) Micro-
coelig exilis. 2n = 48;- (11) Tridactyle tridactylites, 2n = 46.
{Ca 2000%),

polyploid taxon with several cytotypes since Jones
{1967} found a pentaploid (2n =95) and the present
authors a tetraploid (2n = 76) chromosome
number.

In Angraecum, the major genus in the Angraeci-
nae, the chromosome numbers of twenty-six spe-
cies are known. Of these, thirteen have2n =38 and
one2n=76(x=19).

So far the evidence accumulated for the above-
mentioned taxa is in accordance with the conclu-
sions of Summerhayes (1966) and Jones{1967) that
the subtribe Angraecinae is characterized by x=19.
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However, consideration of the chromosome
numbers of the remainder of the analysed species of
Angraecum disagrees with their conclusion. The
basi¢ numbers in this group of Angraecum are vari-
able. They range from x = 21 (from 2n =42 in A.
multinominatumand 2n =42/63 in A. erectum), to
X =23 (from 2n =46 in A. gabonense and A. pun-
gens and 2n = 92 in A. doratophyllum), x = 24
(from2n =48 in A. aporoides) and x =25 (from2n
=50 in A. bancoense, A. distichum, A. guillaumi-
nii, A. podochiloides and A. subulatum).

Aecrangidinae: except for the puzzling case of
Calyptrochifum (a genus with an elongated rostel-
lum, the key character of the subtribe Aerangidi-
nae) with x = 19, all genera of this subtribe have
basic numbers which are higherthanx =19, i.e. x =
23, 24, 25, 26 and 27, those of x = 23, 24 and 25
being the most frequent. Most of the genera exclu-
sively have one of these numbers.

As far as present knowledge permits it can be
concluded that the larger genera such as Ancistror-
hynchus, Cyrtorchis, Diaphananthe and Micro-
coelia have euploid numbers only. In Aerangis,
however, aneuploidy appears to be frequent. Cha-
maeangis vesicata likewise is an aneuploid taxon,
instead of the expected 2n = 100 its chromosome
number is 2n =96 (i.e. 4x-4). Rangaeris is a genus
which is, from a taxonomist’s point of view, rather
heterogeneous (Summerhayes, 1936); the finding of
2n =46 in one of its species and 2n = 50/ 100 in the
other two species shows that a similar heterogeneity
is found in its chromosome number.

In conclusion it appears that the Aerangidinae is
predominantly characterized by the numbers of x=
23,24 and 25. The position of Calyptrochilum with
x = 19 within this subtribe has to be reconsidered.

The Angraecinae, however, appears to be divis-
ible into two groups according to basic number.
The first group, with x = 19, comprises derant hes,
Jumellea, Cryptopus and a group of species of An-
graecum. The second group comprises the species
of Angraecum in which basic numbers of x == 21,24
and 25 occur.

The correlation between rostellum shape and basic
numbers, the evolution of different basic numbers

The diagnosis of the Angraecinae and the Aeran-
gidinae of Summerhayes (1966) states that there
exists a discontinuity between the two subtribes in

respect to rostellum shape as well as in respect to
basic chromosome number. According to Jones
(1967) the discovery of two basic numbers, i.e. x =
19 for the Angraecinae and x = 25 for the Aerangi-
dinae reflects a fundamental difference betweenthe
two subtribes.

In the light of the present knowledge of chromo-
some numbers of the species of the Aerangidinae, it
is clear that the subtribe is characterized by several
basic numbers higher than x = 19. The numbers are
x =23,24,25,26 and 27, of whichx =23,24 and 25
are the most frequent. This implies that the original
circumscription of the Aerangidinae - in short:
monopodial orchids with an elongated rostetlum
and a basic number of x =25 - could be rewritten as
‘monopodial orchids with an elongated rostellum
and basic number of x =23, 24,25 and higher’. The
finding of 2n = 38 and hence x = 19 for Calypiro-
chilum however, would not fit such a proposal. The
flowers of this genus have a distinctly elongated
rostellum, Nevertheless the position of the genus
has apparently been of some concern to taxono-
mists. Schlechter (1925) remarked that the flowers
of Calyptrochilum are reminiscent of those of An-
graecum, but deviate by the presence of a rostellum.

The circumscription of the other subtribe, the
Angraecinae - in short: monopodial orchids witha
short rostellum and a basic number of x = 19 -
cannot be maintained. Its genera Aeranthes, Jumel-
lea, Cryptopus and part of Angraecum indeed have
x = 19, but the other part of Angraecum is charac-
terized by the higher basic numbers of x =21,23,24
and 25.

It is concluded that Jones’ (1967) correlation be-
tween the presence or absence of a rostellum on the
one hand and a particular basic number on the
other, breaks down. All evidence points to the pos-
sibility that the rostellum character for separating
the ‘angraecoid’ species has been given too much
weight.

The ‘fundamental difference’ between the basic
numbers of x =19 and x = 25 as was stated by Jones
(1967) suggests two independent lines of evolution
within the group of the *angraecoid’ orchids. It is
now obvious that the gap between these two basic
numbers has been narrowed by our finding the
numbers x = 21, 23 and 24. Until now evidence is
lacking that the number of x = 20 occurs within the
‘angraecoid’ orchids. Records of 2n = 40 for this
group in earlier literature have proved to be errone-



ous. F. G. Brieger (in Schlechter, 1974, page 101)
points to the fact that the haploid number of x =20
is quite frequent in the Orchidaceae. He considers
this number as a starting point for the evolution of
close numbers such as x = 19 and 21.

When this assumption is applied to the ‘angrae-
coid’ orchids it would mean that a group of species
with x = 19 evolved independently of another
group of species with basic numbers of x =21 and
higher after early divergence. About the ancestral
taxon(or taxa), putatively with x = 20, there is no
certainty: Dressler (1981) states that it is possible
that the Vandeae (i.e. the tribe comprising the Aer-
angidinae, Angraecinae and Sarcanthinae) does
not have any close living relatives.

Basic numbers and taxonomy

Similar basic numbers in related groups can
throw light upon their position with regard to each
other. Jonsson (1981) in his exemplary revision of
Microcoelia concluded that this genus, with x =24,
has an isolated position within the Aerangidinae,
which is also indicated by difficulties in relating the
genus to many others on morphological grounds.
He suggested, apparently on the basis of morpho-
logical similarities, that Chauliodon, Margeliian-
tha and Mystacidium should be investigated for
their chromosome numbers. Indeed Mystacidium
appears to have a basic number of x =24 (Table 1},
which could place it near Microcoelia.

When Ancistrorhynchus, also with a basic
number of X =24, is considered however, it is in our
opinion obvious that this genus is less closely relat-
ed to Microcoelia and Mystacidium than e.g. to
Cyrtorchis (x = 23). The karyotype of Ancistror-
hynchus (Fig. 7) with the longest chromosomes
observed so far in the ‘angraecoid’ orchids, is dis-
tinctly different from that of any other genus in the
Aerangidinae.

It is noted that in the literature, except for the
suggestion by Jonsson (1981) about the relation-
ship of Microcoelia, further suggestions concerning
the position of the other genera do not occur. Con-
clusions about relationships, when exclusively
based on chromosome numbers, would certainly be
erroneous in several instances. Such conclusions
cannot be compared with suggestions or conclu-
sions obtained from (macro)morphological obser-
vations, as the latter are lacking at present. The

9l

authors can only venture to postulate that the gene-
ra Cyrtorchis, Listrostachys, Plectrelminthus, Po-
dangis and Tridactyle, all with x =23 and a similar
karyotype with chromosomes of an intermediate
length (Figs. 8 and 11), have a related position
within the Aerangidinae. It does not seem appro-
priate, however, to include any species with 2n =

46, as e.g. Aerangis calantha, in this group. lis

vegetative appearance and {loral morphology as

well as its karyotype with short chromosomes
would oppose such a decision.

In his diagnosis, Summerhayes (1966) divided
the ‘angraecoid’ orchids into the Angraecinae and
the Aerangidinae on the basis of rostellum shape.
As hecoined a correlation between rostellum shape
and basic number (short rostellum / x = 19 versus
elongated rostellum / x = 25) he attributed equal
weight to both characters in distinguishing the sub-
tribes. When the principle of giving equal weight to
rostellum shape and basic number is applied in the
present situation of knowledge of chromosome
numbers, four groups result, They are:

Group L: Aeranthes, Jumellea, Cryptopus and part
of Angraecum (short rostellum / x =19)

Group 2: the remainder of Angraecum (short ros-
tellum [ x = 21, 23, 24 and 25)

Group 3: Calyptrochilum (¢longated rostellum /
x=19)

Group 4: Aerangis, Ancistrorhynchus, Bolusiella,
Angraecopsis, Chamaeangis, Cyrtorchis,
Diaphananthe, Listrostachys, Microco-
elia, Mystacidium, Plectrelminthus, Po-
dangis, Rangaeris, Solenangis and Tri-
dactyle(elongated rostellum / x =23, 24,
25,26 and 27).

The character combinations in groups |1 and4 are
similar to the combinations defined by Summer-
hayes (1966), although the circumscription of the
basic number characteristic of group 4 should be
changed from x =25tox =23 t027. The character
combinations in groups 2 and 3 are new.

The division presented here would suggest the
introduction of two additional taxonomic groups
at the subtribe level, but we do not advocate such a
procedure. Further evidence from cytology and
macromorphology is needed, and data from e.g.
anatomy, pollen morphology and chemotaxonomy
should also be considered.

In the preceding part of this discussion it was
suggested that the evolution of a basic number of x
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Fig. 12. Distribution of the subtribes Sarcanthinae, Angraecinae and Aerangidinae (solid lines). The figures in the maps indicate
approximate numbers of genera and species respectively. The numbers of genera with a disjunct distribution, i.c. the genera represented
intwo or three different fioras (African, Malagasy and Asian/ Australasian), are underlined. The shaded areas indicate the occurrence of
the particular basic chromesome number (groups). For the Sarcanrhinae the base number js assessed from the chromosome nuinbers as
given in Withner (1974), for the Angraecinae and the Aerangidinae from the chromosome numbers of the species as presently analyzed
{Table 2). When the chromosome number of a species is known from a single sample {e.g. Acampe pachyglossa, 2n = 318, x = 19,
Mozambique) it is assumed that this number applies to the species in its complete area of distribution (in the case of 4. pachyglossa

Madagascar and Africa appr. opposite Madagascar).

=19 from x = 20 is opposed to the evolution of a
group of basic numbers of x = 21 and higher. The
foregoing division implies, however, that the evolu-
tion of these opposing groups of basic numbers
would have occurred in taxa with a short rostellum
as well as in taxa with an elongated rostellum. Of
course one could also consider the alternative that
the evolution of a short versus an elongated rostel-
lum could have occurred in the two opposing
groups according to basic number. This leaves us
with the question about primitive and advanced
conditions in this group of orchids. At present there
are no answers: Dressler (1981) remarks about the
Vandeae, to which the ‘angraecoid’ orchids befong,
‘that it is not at all clear what is the primitive flower
for this tribe, and it is thus difficult to delineate
trends’.

Within the genus Angraecum, which has been
divided into 19 sections (see Garay, 1973) various
basic numbers occur. In some of these sections the
chromosome number is known of more than one
species e.g. section Dolabrifolia (A. aporoides, 2n
=48; A. bancoense, 2n = 50; A. distichum, 2n =50
and A, podochiloides, 2n = 50); section Pectinaria
(A. doratophyilum, 2n = 92; A. gabonense, 2n =
46; A. pungens, 2n = 46 and A. subulatum, 2n =
50); section Gomphocentrum (A, calceolus, 2n =138
and A. guilleuminii, 2n = 50) and section Angrge-
cum (A. eburneum, 2n = 38, A. giryamae, 2n =38
and A. sesquipedale, 2n = 38). Hence it appears
that, except for the section Gomphocentrum (2n=
38 and 50), the sections are characterized by similar
basic numbers, Further evidence is necessary in
order to see whether this also applies to the other
sections.




Cytogeography

Inspite of the proposal by Jones (1967) to distin-
guish five subtribes within the tribe Vandeae Lind-
ley, which comprises exclusively monopodial or-
chids, Dressler (1981) recognized three subtribes,
They are: Sarcanthinae Bentham, Angraecinae
Summerhayes and Aecrangidinac Summerhayes.
We adhere to Dressler’s view, as Jones failed to
stipulate how the two additional subtribes, Vandi-
nae and Acridinae, could be separated from the
Sarcanthinae.

The Sarcanthinae is distributed in Asia-Austra-
lasia, but two of its genera, Acampe and Taenio-
phyiium, have a disjunct distribution, as one ortwo
of their species occur in eastern Africa and Mada-
gascar (Dressler, 1981; Perrier, [941).

The Angraecinae is found on Madagascar, the
Mascarenes and to a lesser extent on the Comores.
The remainder of the group (about 15% of the
number of species) occurs in continental Africa.
Dressler (1981) mentions that the subtribe is repres-
ented in Asia by one species (Angraeccum zeylani-
cum of Sri Lanka), and also by a few small genera
such as Campylocentrum in the Americas.

The Aerangidinae, on the contrary, is mainly
found on the continent of Africa, although 15% of
its species occur principally in the Malagasy area.

All genera of the Sarcanthinae, which represent
the Asian monopodial orchids, are characterized by
a basic number of x =19, as can be concluded from
the chromosome number survey of Tanaka and
Kamemota in Withner (1974). The African repre-
sentative of the Sarcanthinae, i.e. Acampe pachy-
glossa (Eastern Africa and Madagascar) likewise
has x = 19 {(from 2n = 3§, Table 1). Distribution of
the Sarcanthinae is presented in Figure 12A.

The Angraecinae has its main distribution in the
Malagasy area. This pertains in particular to Ae-
ranthes, Jumellea and Cryptopus (Stewart, 1980).
These genera are characterized, as was already as-
sumed on the basis of the present evidence, by a
basic number of x = 19. The bulk of evidence about
the chromoseme numbers in the Angraecinae ap-
plies to Angraecum, by far the largest genus in the
subtribe. As was shown before, this can be divided
into two groups, one with a basic number of x = [9
and the ather with numbers ranging fromx =21to
25.

Of the twenty-six species analysed to date {Ta-
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ble 2) nine (A. arachnites, A. calceolus, A. carici-
Jolium, A. compressicaule, A. eburneum, A. guil-
lauminii, A. leonis, A. scottianum and A. sesquip-
edale} are endemics of Madagascar. Except for A.
guillauminii (2n = 50) their chromosome number is
2n =38,

Of the other species with a basic number of x =
19, A. birrimense, A. chevalieri, A. eichleranum
and A. infundibulare, all with 2n = 38, occur in the
Guineo-Congolian Region (White, 1979), whereas
A. cultriforme, A. girvamae, A. chevalieri and A.
infundibulare also with 2n = 38 occur in Eastern
Africa. The last species of the x = 19 group, A.
sacciferum (2n = ca 76), is widely distributed in
tropical Africa. The distribution of the above is
shown in Figure |28,

Of the species with higher basic numbers, only
A. erectum (2n =42} occurs in Eastern Africa. The
remaining species of this group, i.c. A. aporoides
(2n=48), A. bancoense(2n=50), A. distichum(2n
= 50}, A. doratophylium (2n = 92), A. gabonense
(2n =46), A. multinominatum (2n =42), A. podo-
chiloides (2n = 50), A. pungens (2n = 46) and A.
subulatum (2n = 50) are all found in the Guinco-
Congolian Region, although A. distichum extends
its occurrence east- and southwards. These distri-
butions are shown in Figure 12C.

The Aerangidinae, the second subtribe of the
‘angraecoid’ orchids, is characterized by basic
numbers ranging from x = 23 to x = 27. Most
genera of the Aerangidinae are confined to Contin-
ental Africa, but some species of Aerangis, Cha-
maeangis, Microcoelia and Solenangis occur on
Madagascar as well. The chromosome numbers of
the Malagasy species of Aergngis and Microcoelia
(Johnsson, 1981) are similar to the numbers of their
African counterparts. Distribution of the Aerangi-
dinae is shown in Figure 12D,

The maps presented in Figures [2A and B, which
show the distribution of taxa with x = 19, corrobo-
rate the statement of Good (1974, page 272) that the
flora of Madagascar has remarkable relationships
with the floras of Asia and Australasia. The occur-
rence of some taxa with x = 19, in particular in the
Guineo-Congolian Region, shows that there is a
relationship with the flora of the African continent
as well, although to a lesser degree. This minor
affinity between the floras of Madagascar and Afri-
ca is again demonstrated by the maps in Figures
12C and D; taxa with high basic numbers (x =21 to
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27) are a minority of Madagascar, whereas they are
frequent in Africa.

The geography of apparenily related plant
groups often yields valuable information concern-
ing their mutual relationships. The generally ac-
cepted affinity between the flora of Madagascar on
the one hand and those of Asia and Australasia on
the other, together with the common number of x =
19 for the monopodial orchids of these floras, pres-
ents a challenge to the taxonomy of these orchids.
The present system implies that the taxa withx =19
of the Angraecinae have a closer affinity to thetaxa
with x =21 to 25 within the same subtribe than with
the Asian Sarcanthinae having x = ]9,
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