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Figure 2.  A l ~ n ~ i t u d i n a !section of a hypothetical primitive orchid flower, highly schematic. 
In such a flower we would expect the perianth segments to be similar, and we v:ould espsct 3 
anthers, one of which is borne above the stigma, the other two being lateral in position. Such a 
flower is closely matched in  the living Apostasie-e. A simple form of resupinntion is shown. 

FLOWER 

I t  is probable that the primitive orchid flower n7as a relatively unspecialized 
monocot flower with eq~lal  and similar perknth parts, similar to that  now found 
in the Apostasieae. Such a hypothetical primitive orchld flower is sketched in 
fig. 2. The only unusual feature of the simpler orchid flowers is a certain degree 
of zygomorphy in the androecium. The three anthers which are found in the 
orchids are all on the abaxial side of the flower and are members of two different 
whorls. The adaxial stamens were evidently lost ~t an early stage in orchid evolu- 
tion. In  some groups of ancestral orchids, as in the living Cejhalanthcra, the 
viscid matter of the relatively unspecialized stigma may have served to glue the 
pollen masses of the median anther to  the pollinating agent on its withdrawal 
from the flower. Such a relationship was surely the basis for the evolution of 
those tribes in which only the median anther is functional. A tremendous diversity 
exists in  the form of the column and anther among living orchids. So great is 
this diversity in form and position that i t  is very difficult to use a precise termi- 
nology for  the anther and its parts. The column itself has clear dorsal, ventral 
and lateral aspects (though morphologically confused by resupination, in which 
the adaxial side of the flower becomes ventral).  
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Figure 3 .  Dizgrammatic longitudinal sections of orchid columns, showing the relationships of 
anther, pollen and stigma. Pollen is stippled; the viscidium, where present, is shown in black. 
A. A primitive orchid with the anther terminal and erect, the stigma is undifferentiated; Cephalan-
the~a.  B. A member of the Orchidinae, in which the anther is erect and broadly united to the 
column. The  viscidium (or viscidia) is attached t o  the base of the pollinia. C. An  orchid with 
dorsal anther;  the rostellum is elongate and erect, with the viscidium attached t o  the apex of the 
pollinia; Spiranthinae, Meivacyllinm, Podochilzcs, etc. D. An  orchid with operculate, versatile 
anther;  Dendvobiu~n, Cattleya, Vanilla, etc. E. An orchid with ventral anther overtopped by the 
column, as in Coelosyne. F. An  orchid with a more or less operculate anther and a distinct stipe 
(cross-hatched) attaching the ~o l l i n i a  t o  the viscidium. Typical of Sarcanthinae, Maxillariinae, 
Oncidiinae, etc. 

In  the subfamily Cypripedioideae three distinct stamens are usually present, 
though the median anther is represented by a staminode in Apostasia and the Cypri- 
pedieae. In  the Orchidoideae it  is only the median anther which is functional, the 
lateral anthers being completely absent or represented by staminodia. Three fertile 
anthers do occur as an occasional abnormality, alld are the rule in  a few autogarnous 
forms. Vermeulen considers the auricles of Cejhalnnthera, Ejijactis and the O r -  
chideae not to be staminodia. Some other orchids, however, do bear distinct lateral 
staminodia. Diz~uisis probably the most noteworthy case, for here the staminodia 
are nearly as long as the style and are free nearly to their bases. Column wings 
or stelidia occur in a number of genera and are probably staminodia. 

I t  is quite probable that the anther is primitively erect, and the anther is erect 
in the majority of living Neottieae. In the Spiranthinae, Diuridinae and related 
subtribes the anther is dorsal, and does not appreciably overtop the apex of the 
stigma. In  these groups the pollinia are associated with the stigma by a terminal 
rostellum, and it  may be that the dorsal anther is primitive for these groups. In  
this feature they are quite comparable to  some of the Apostasieae. In  the remaining 
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Neottieae the anther is normally terminal, usually reaching well beyond the stigma. 
Thus i t  is the basal or ventral portion of the pollinin which is usualiy associated 
with the rostellum in these subtribes. Such a condition was the probable starting 
point for the evolution of the Orchideae, for in this tribe the pollinia are attached 
to the viscidia by basal caudicles. In some members of this tribe the anther is 
erect and the anther cells fairly close together, the pollinia attaching to a single 
viscidium or two adjacent viscidia. This is, if not the primitive condition for the 
tribe, certainly the one most readily understood. In  many members of the O r -  
chidinae and Coryciinae the anther cells are widely separated and each pollinium 
is attached t o  a separate viscidium, the viscidia often being widely removed from 
the functional stigma. In  the Disinae the anther is usually reclinate, being "bent" 
backwards from the column. In  most species of Sa t y~ i z l n tthe anther actually has 
the base uppermost. 

In  the primitive Epidendreae the anther is normally incumbent and operculate 
on the apex of the column. In  these subtribes the anther is actually more or less 
versatile, the (morphologically) ventral face of the anther resting against the apex 
of the column until the anther is rotated on the filament, as shown in fig. 3D. 
The anther is erect in the earlp floral ontogeny of these groups, and is erect in the 
mature flower of a few species. This probably represents an ontogenetic "rever- 
sion" in  these plants, rather than a primitively erect condition, ior  they are all 
closely allied to  species with fully incumbent anthers. In  the more derived members 
of the Epidendreae the anther may take on almost any position: dorsal, terminal, 
ventral, or intermediate conditions which render accurate description and categori- 
zation difficult (see fig. 3 ) . 

The rostellum has been given as one of the family characteristics of the Or-  
chidaceae. In  its extreme development i t  is quite comparable to the situation in 
the Asclepiadaceae, in  which part of the stigma has become associated with the 
pollen and takes part in the transfer of the pollen from anther to functional stigma. 
One finds, however, a complete series of gradations in  the living orchids from 
forms with no structure which can be called a rostellum to the markedly complex 
structures in the advanced Oncidiinae and Sarcanthinae. The rostellum may 
perhaps be best defined as the structure separating the functional stigma from the 
anther, a portion of which serves to attach the pollinia to the pollinating agent. I t  
is frequently stated to  be the third (median) lobe of the stigma. As Vermeulen 
(1959) has shown, however, many orchids with a distinct rostellum have three 
stigma lobes, and the work of Wolf (1866) shows portions of the median lobe 
to be functionally stigmatic. Indeed, superficial observations suggest that the 
third stigma lobe may often be much the largest of the three. I t  would appear 
that  only a portion of the third stigma lobe is involved in the rostellum, and it  is 
not clear that  other structures (such as style or filament) are not also involved. 
In the more highly evolved Orchidaceae the column behaves as a separate organ 
sui generis, the boundaries between the phyletically component parts being lost or 
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obscured. Vermeulen (1959) believes the rostellum of the Orchideae to be differ- 
ent in  origin and nature from that  of the Neottieae and Epidendreae, and suggests 
that it  may be derived from the lateral stigma lobes. This does not seem t o  be 
supported by the developmental studies of Wolf (1866).  

In  its most primitive expression, i n  Cepbalanthera, the entire stigma is func- 
tional as such, and the pollinia are normally attached to insects by a portion of the 
stigmatic fluid which the insects receive by brushing the stigma in retreating from 
the flower. In many groups of orchids a special part of the stigma is differentiated 
t o  supply the viscid material which attaches the pollinia to  the pollinating agent, 
but  the transfer is similar to  that  in Cepbalaiztbera. In  Cattleyn, for example, the 
rostellum projects beyond the stigma, but the viscid matter and the pollinia do not 
come into actual contact without action of the ~o l l ina t ing  agent. A slight further 
specialization is seen in Sophronitis and some species of Calanthe, where a portion 
of the rostellum is more or less differentiated as a viscid pad which is attached to 
the pollinia and is removed with them as a unit. This structure is variously 
known as viscidiurn, viscid disk or gland; we use the first term, as the structure 
is not a gland in the usual sense, nor is it  usually a disk. In  the more highly 
specialized groups, the viscidium is a sharply delimited structure attached to the 
pollinia by a strap of rostellar (or columnar) tissue which is not viscid. This 
connecting tissue is termed the stipe, and is cellular in structure, unlike the trans- 
lator of the asclepiads. The high degree of diversity in  rostellar structure, and the 
degrees of specialization within taxa suggest that,  after the initial action of stig- 
matic fluid in transfer of pollen, all of the other specializations (viscidium and 
stipe) have arisen independently several or many times in  separate phyletic lines. 
Early stages in the independent evolution of the viscidium are to  be seen in several 
genera of the Epidendrinae, and the stipe appears to  have evolved independently in 
the Prasophyllinae, Genyorchidinae, Spiranthinae, and perhaps elsewhere. 

The major systems of orchid classification have focused attention on variation 
in the pollen and associated features. As in most other features, there is a high 
degree of diversity in the structure of the pollini~, bu t  this diversity is accompanied 
by many gradations to  a simple and unspecialized pollen. The simplest and surely 
most primitive condition is that in the Apostasieae. In  this tribe we find unspecial- 
ized 4-locular anthers with powdery pollen. In  the Cypripedieae the pollen grains 
are not united into larger units, but  the pollen is somewhat viscid. In  almost all 
members of the Neottieae and Orchideae the pollen grains are united into tetrads 
(free grains occur in Cejhalaiztbeva). Further, this granular pollen is usually 
loosely united into large masses by elastic threads of tapetal origin. These masses, 
or pollinia, may be two in number, each representing the contents of one half of the 
anther; more commonly the two halves are each more or less divided, so that each 
of four anther cells contains a pollen mass. The pollinia of the Orchideae are 
divided into many granular packets, interconnected by elastic threads. This is the 
condition termed sectile. In the Neottieae the pollinia are sectile only in the Good-
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Figure 4. Diagram showing some of the major patterns of evolution in pollinia within the 
Epidendreae. Mealy pollen (only the caudicles in the higher forms) is stippled; the rostellum in A 
and the viscidium, where present, are cross-hatched. A. A relatively primitive orchid as in the 
Arethusinae or Sobraliinae, showing the orientation of the pollen within the anther and the position 
of the rostellum. In such an orchid there are 4 mealy pollinia, each more or less divided into 2 
portions. Highly schematic. B-D. The  evolution of clavate pollinia, as in Bletiinae and some 
sections of Eria. A viscidium may be formed ( D ) .  E-H. The  major pattern of evolution in the 
Epidendrzcm and Polystachya alliances, in which 8 equal pollinia are reduced t o  4 (rarely 2 ) .  
A viscidium may be formed, but is usually attached t o  the pollinia by caudicles. I-L. The  evolution 
of superposed pollinia, as in Cyrtopodiinae, Sarcanthinae, Maxillariinae and Oncidiinae. I n  the highly 
evolved forms the pollinia are frequently reduced t o  2 in number and are attached t o  the viscidium 
by a stipe. 
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yera alliance. Sectile pollinia have, by some, been considered an intermediate step 
between mealy and waxy pollinia, but  they represent rather a separate specialization. 
A single sectile pollinium may pollinate a number of separate flowers, as only a few 
of the packets are normally left in any one flower. In  the Orchideae the basal por- 
tions of the pollinia form slender, sterile "caudicles" which attach the pollinia to  the 
viscidia. The caudicles are largely composed of the elastic strands which unite the 
tetrads of the pollinium, but  some tetrads may be found in the caudicles. Distinct 
caudicles are not formed in the Neottieae. In  the Spiranthinae and some other 
subtribes the viscid disk is attached to the apices of the pollinia, bu t  in the 
Australian Neottieae one finds a complete series from basal attachment through 
ventral to terminal attachment like that of the Spiranthinae. The distinction 
which has been drawn between "Acrotonae" and "Basitonae" is thus an artificial 
one. 

In  some of the more primitive groups of the tribe Epidendreae (Vanillinae, 
Pogoniinae, Arethusinae, some Bletiinae and Sobraliinae) granular or mealy pollinia 
occur, but  the pollinia usually form hard, more or less "waxy" masses. In  the more 
highly specialized groups the pollinia are quite compact and hard. In  the Are- 
thusinae and some Sobraliinae each of the four mealy pollinia is partly divided into 
halves. In most of the more primitive Epidendreae eight waxy pollinia occur. 
These are subclavate or laterally flattened and occur in  two series, each basal pol- 
linium being united t o  the terminal pollinium of the same anther cell by a band 
of granular pollinia which is strengthened by elastic strands, as in  the caudicles of 
the Orchideae. These g a n u l a r  bands or caudicles may be united with each other 
so that  the pollinia form two units of four each or a single unit of eight pollinia. 
I n  these groups it  is the caudicle which is normally attached to the pollinating 
agent and provides a weak zone which can be stretched and broken when the 
pollinia contact the stigma of another flower. Reference is frequently made to 
"a caudicle having a viscid apex" or to  "viscid disk arising from the apex of the 
pollinia." Such statements seem to represent translations from Schlechter's key 
(1926).  As nearly as we can determine, adhesive matter is never derived from 
the pollinia, but  is always rostellar in  origin. Bentham ( 188 1 ) restricted the term 

Figure 5. Examples of pollen apparatus found in the orchids. 1. The  underside or apex of 
the column showing the stigma, and the pollinia in place within the anther. The  anther is shown 
by dotted lines in C-F. 2. Same with the pollinia removed by a needle ( t o  the upper r ight ) .  
3. An  enlarged view of the pollinia. c: caudicle; p: pollinia; r :  rostellum; s: stipe; v:  viscidium. 
A. Cephalanthera rubra: the anther is terminal and erect. Stigmatic fluid serves t o  attach the 
pollinia to insects, but  no rostellum is differentiated. T h e  pollinia are mealy. 4. Lateral view of 
column. B. Cattleya aurantiaca: the anther is operculate and versatile. A part  of the stigma is 
specialized as the rostellum, but  there is no  direct connection between the pollinia and the rostellum. 
Well developed caudicles are present. C. Epidendrum schlechterianum: the anther is dorsal (and 
scarcely visible f rom beneath). A distinct, though semi-liquid viscidium is formed, and is attached 
directly t o  the caudicles of the pollinia. D .  Cymbidium luwianum: a well developed viscidium is 
present, but  no  stipe. The  four superposed pollinia are united into two. 5. pollinium slightly 
separated f rom viscidium to show the stretched caudicle. E. Maxillaria elatior: a short stipe is 
present but is not sharply differentiated f rom the viscidium. T h e  four  pollinia are superposed. 
F. Oncidium anthocrene (powellii): a long stipe is present and sharply differentiated from the 
viscidium (the stipe is translucent at the point of attachment).  This last represents a highly 
evolved pollen apparatus comparable t o  the structure found in Asclepias. All drawn f rom living 
material, except A, which is semi-diagrammatic and adapted from Godfery (1933) and Reichenbach 
(1851).  A: ca. 5.5X. B, C & F: ca. 4.5X & 9 X .  D :  ca. 2 X  & 3.5X. E: ca. 3 .5X 8 6.5X. 
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caudicle to  the tribe Orchideae, and used "appendage" for the mealy portion of the 
pollinia of the Epidendreae. This distinction is taxonomic rather than morpho- 
logical, and generally has not been followed by other botanists. There is a clear 
morphological distinction, though, between stipe and caudicle. 

Several trends of specialization occur in the pollinia of the Epidendreae, and all 
may be derived from the subclavate pattern found in many Bletiinae (see fig. 4 ) .  
In  the Pleurothallidinae, Glonzera, Podochilzls and some sections of Eria, the pol- 
linia are strongly clavate. Within these groups reduction to four or even two 
pollinia occurs in  several cases (ex. in the Pleurothallidinae). Viscidia are rela-
tively frequent (Glonzera, Podochilzts, some Pleurothallidinae, Meiracylliz~m,etc.).  
Stipe-like structures are found in the Podocbilus alliance, but  these may be caudicu- 
lar in nature, as are those of the Thelasiinae, according to Mansfeld (1937b). In  
Dendrobizlm and Bulbophyllztm the four pollinia (which are probably derived from 
a clavate pattern) are quite naked; the versatile anther, however, is well designed 
t o  bring the pollinia in contact with the rostellar adhesive. In the Genyorchidinae 
and Thecostelinae both a viscidium and a stipe-like structure are formed. The 
close affinity of Bulbophyl lz~msuggests that  the Genyorchidinae may lack caudicles. 
If this is the case, the pollinia must be attached to the viscidium by true stipes, 
as they appear to  be. 

In  the Epidendrum and Polystachya alliances, some Bletiinae, and some sections 
of Eria, the pollinia are laterally flattened and usually more or less discoid. The 
primitive pattern here appears to  be that  found in Laelia, Bvassavola, and some 
species of Bletia. In  these genera the pollinia are relatively discoid, and each pair 
is connected by a conspicuous caudicle, which may be about as long as the anther 
cell. The simplest modification of this pattern is the reduction or complete loss 
of the terminal pollinium in each set. Thus the pattern of Cattleya, Epidendrugn, 
etc. is achieved, in which only four laterally flattened pollinia are formed. In  
these genera each pollinium bears a well developed caudicle which projects down- 
ward to the vicinity of the rostellum. In  several genera, such as Neobenthamia, 
Sophronitis and Epidendrum, a small or ill-defined viscidium is formed, which is 

attached to the pollinia by means of the caudicles. In Polystachya and some species 
of Epidendrum the viscidium is quite well developed. In  some species of Poly-
stachya, such as P. masayensis, a distinct stipe is formed. Some other species, 
however, lack a stipe, and the close affinity of Stolzia and Neobenthangia clearly 
align Polystachya with the Epidendrinae. Reduction or fusion to two pollinia is in- 
frequent in  this series, but occurs in Epidanthzcs and some species of Polystachya. 
Also infrequent is the formation of superposed rather than laterally flattened 
pollinia. I n  some species of Polystachya, there appears to  be a phyletic torsion 
which could lead to superposed pollinia. Semi-spherical, non-flattened pollinia 
occur in some species of Ejidendvum and closely allied genera. 

One of the most important trends is the development of superposed (rather 
than laterally flattened) pollinia, which are usually attached to a viscidium. While 
we have suggested that this pattern might be derived from the clavate pattern, 
further study is needed. The Collabiinae and Coelogyninae would seem t o  be 
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especially critical in this respect. Fusion of the four pollinia into two is common 
in this pattern. Hol t tum has suggested that  division of two into four may occur 
in the Sarcanthinae. The fusion into four is frequently imperfect, and it  is not 
unlikely that  the trend may be reversed in some groups. Superposed pollinia are 

Roots fleshv. without velamen 

Rhizome slender, subterranean 

Growth sympodial 

Stem slender, elongate 

Corms or pseudobulbs of many internodes 

Leaves many, scattered, spiral 

Leaves plicate 

Leaves non-articulate, persistent 

Leaves herbaceous or leathery 

Inflorescence terminal 

Lip similar to the other petals 

Flower without a spur 

Filaments and style only partially united 

Lateral anthers present and fertile 

Anther erect 

Pollen soft, granular 

8 waxy pollinia 

Rostellum absent, or simple, without a 
viscidium 

Pollinia without a distinct rostellar stipe 

Ovary 3-celled 

Seed with endosperm 

Seed with a wing or sclerotic testa 

Roots s ~ o n e v .  with velamen 

Rhizome fleshy, epiphytic, or absent 

Growth ~nono~od ia l  

Stem fleshy, or otherwise modified 

Pseudobulbs of a single internode 

Leaves few, clustered or distichous 

Leaves conduplicate 

Leaves articulate, deciduous 

Leaves fleshy 

Inflorescence lateral 

Lip variously modified, unlike the 
petals 

Flower with a spur or spurs 

Filaments and style completely united 

Lateral anthers staminodia or absent 

Anther incumbent, or otherwise 
modified 

Pollen variously united into pollinia, 
hard 

Pollinia 6, 4 or 2 

A clearly defined portion of the rostel- 
lum (viscidium) removcd with the 
pollinia 

Pollinia with a distinct stipe 

Ovary 1-celled 

Seed without endosperm 

Seed with thin, reticulate coat 

A chart comparing some of the primitive and advanced features to  be found among the living 
orchids. A number of other specializations, such as saprophytism, sensitive anther, united sepals, 
etc., could be added. In some cases generally primitive features, such as non-articulate leaves or a 
simple lip, may occur among highly specialized groups. These features are not necessarily primitive 
in such cases, but may be secondary modifications. Some features are taken from Swamy (1949) .  
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nearly always accompanied by a distinct viscidium (not so in Coelogyne). In  the 
majority of genera from the Cyrtopodiinae to  the Oncidiinae (as listed on p. 2 9 ) ,  
the rostellar tissues are differentiated into a distinct stipe which connects the 
viscidium to the pollinia. In  Cymbidium and some Cyrtopodiinae and Maxillari- 
inae, however, the stipe is absent or very small, so that i t  is difficult to separate 
the "Vandeae" on the basis of the stipe alone. The stipe may be partially or 
completely divided into two, as in  D ~ P O ~ ~ Z L ~ I Zor some species of Angraecz~?n. Even 
when a distinct stipe is present in  these genera, i t  is usually connected to the 
pollinia by small caudicles. In  Oncidiflnz, C y n ~ b i d i z ~ ~ n ,  and others, the caudicle 
is concealed within the furrow formed by the incomplete fusion of the pollinia, 
and is readily seen only when stretched (fig. 5D) . 

With the possible exception of the Neottieae, the currently recognized tribes 
of orchids are relatively natural groups, whose genera are closely knit by clear 
interrelationships. The relationships between the tribes are less obvious; divergence 
and extinction apparently have been more important a t  this level. This is not to  
imply that the relationships between the tribes are extremelj- distant. The resem- 
blances between Tropidia, Apostasia, Paln?ovchis, Seleni)edzz~?n and Cephalanthera 
are strong enough that one may seriously doubt the advisability of distinguishing 
subfamilies within the Orchidaceae. 

The relative advancement of the orchid tribes and their presumed relationships 
are schematically shown in figure 6 .  Since the relationships within the Neottieae 
are not altogether clear, we have diagrammed four different groups of this tribe 
separately. These are the groups as listed on p. 29. The Neottiinae and Spiran- 
thinae are each treated separately, while the Diuridinae, Cryptostylidinae and 
Prasophyllinae are treated as one series of interrelated subtribes, and the remaining 
subtribes are grouped with the Limodorinae. 

None of the living tribes of orchids could readily be derived from another 
living tribe, but  their derivation from similar or common ancestors is easily visual- 
ized. The Cypripedieae are not very closely related to any other group, their 
relationship to  the Limodorinae being perhaps quite as marked as their few resem- 
blances t o  the Apostasieae. The ladyslippers have clearly diverged early from the 
main lines of orchid evolution. The Apostasieae more nearly approach the hypo- 
thetical ancestral type, the median anther being functional in Neuwiedia. They, 
too, represent a small relic group of somenrhat isolated phyletic position, though 
perhaps closer to  the other orchids than are the Cypripedieae. The Orchideae are 
presumably derived from somewhat Cepbalantlnera-like types, but  they would 
stand quite isolated if i t  were not for the relic Epigoniinae, which show some 
relationships to  both the Neottieae and the Epidendreae. The Epidendreae might 
be derived from somewhat Neottieae-like ancestors, but  they show more primitive 
seed structure in the Vanillinae than any living Neottieae, and the two tribes have 
apparently diverged a t  an early level in orchid evolution. The subtribes of Neot- 
tieae which we group with the Limodorinae are among the more generalized and 



MEDIAN BNTHER MEDIAN AMTHER 
TERMINAL DORSALI 


MEDIAN ANTHER 

STERILE 


Figure 6. Relative advancement and suggested reiationihips among the orchid tribes. The  less 
advanced groups have their bases nearer the center, and the ancestral type would fall within the 
central circle. A more complex advancement index would exclude the Cypripedieae from this 
sector. Doshed lines are meant t o  represent closer or more obvious relationships than dotted lines. 
The  subtribes Neottiinae and Spiranthinae of the Neottieae are shown separately; the subtribes 
Diuridinae, Cryptostylidinae and Prasophyllinae are grouped together, while the remaining subtribes 
are grouped with the Limodorinae. The  advancement index is calculated as follou~s: lateral anthers 
fertile, column incompletely formed, anther erect, pollinia mealy, ovary 3-celled, and seed with 
sclerotic coat or wing; each 0. lateral staminodia present, a distinct column formed, anther incum- 
bent or reclinate, pollinia sectile or ceraceous, ovary I-celled, and seed coat thin and reticulate; 
each 1 point. lateral stamens completely absent; 2 points. 
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primitive of the living orchids, and would be a typically relic group if i t  were not 
for the great evolution of this group in Australia, n~here several striking specializa- 
tions occur. The association of the rostellum and the pollinia is usually basal or 
ventral ( to  the pollinia) in this group, but  it  is subterminal or quite terminal in a 
few cases. In  the genus Thelywtitm one finds a series from clearly ventral viscidia 
to  some species with the viscidium quite terminal. There are some resemblances 
between Thelyn~it ia  and the Prasophyllinae, and these may indicate the derivation 
of the Prasophyllinae, Diuridinae, etc. f rom forms with a terminal, erect anther. 
O n  the other hand, the conspicuous, nearly free staminodia, and the slight union 
of filament and style in Diztris suggests a highly primitive condition not to be 
found in Chloraea- or Caladenia-like plants. The position of the anther in the 
Neottiinae is somewhat variable, but  this subtribe seems most closely allied to  the 
Limodorinae. In  the Spiranthime the anther is distinctly dorsal and does not 
overtop the stigma. I n  several genera the co lun~n is more theoretical than real, 
the short filament being only basally attached to the style (see, for example, Ver- 
meuien's recent figure of Goodyeua, 1959 p. 339) .  The Tropidia alliance, especially, 
bears a close resemblance to  the Apostasieae. Trctfiidia has actually been described 
as a new genus of the A~ostasieae by Gagnepain (see Mansfeld, 1934) .  In  the 

absence of clear relationships between the S~iranthinae and other subtribes of the 
Neottieae, their position is unclear, and it  is possible that they are not derived from 
forms with a terminal anther, but  that the anther is primitively dorsal in this 
group. 

The relationships which me suggest between the primitive members of the 
several orchid tribes are yet somewhat speculative. This is the level a t  which 
relationships are expected to be least clear, and, further, many of these orchids are 
poorly known. We have no detailed morphological information on the Apostasieae, 
for example. When more information is available on these plants, their inter-
relationships will surely be better understood, and we will be able to speculate on 
their origins with a much firmer basis. While the orchids are unusually favorable 
for a study of relationship within the family, we may never be able to build an 
exact and detailed family tree for  the early evolution of the group. 

We have suggested a change in the circumscription of the Epidendreae, which 
seems to render the group more natural from the phyletic standpoint and more 
definable from the descriptive standpoint. I n  a similar fashion i t  might possibly 
be desirable to separate the Spiranthinae as a separate tribe, but  further study of 

this complex is needed. With reference to  the subfamily Cypripedioideae, it  may 

be that the Apostasieae should be given subfamilial rank, as Wettstein has already 

suggested, or it  may be that the subfamilial division should be abandoned alto- 
gether. Another possibility which must be considered is the recognition of five 
subfamilies (as Brieger has already suggested, 1958) and the delineation of 10-12 

tribes. Such a system might be more comparable to the classifications used for 
other major families (such as the Compositae and Gramineae). 

In dealing with the primitive orchids and their evolution from groups now 

extinct, we must bear in  mind the bewildering parallelisms to be found in the more 
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advanced groups. If all the monopodial genera with a distinct polliniar stipe were 
at  hand and their sympodial allies extinct, no one could seriously doubt that he was 
dealing with a "natural" group. The separate and parallel evolution of the dif- 
ferent genera of leafless Sarcanthinae would be inconceivable if we did not have 
the evidence at hand in their living relatives. I t  is altogether possible that the 
subfamily Orchidoideae, as now delimited, has not evolved from a single species 
which possessed all the features of the modern subfamily: column, single fertile 
anther and rostellum. Rather, this group has probably evolved from a series of 
related species or genera with partial union of filaments and style, androecial 
zygomorphy and a close association of the stigma and the median anther; all 
features which would predispose the group to parallel patterns of evolution. Some 
of the ancestral populations may have been quite similar to the Apostasieae, while 
others were similar to Selenipediu?~?,and yet others quite unlike either. The orchid 
family is not "unnatural" or polyphyletic in the strict sense, since the ancestral 
group was, itself, a natural and closely interrelated grcup, even though it  may have 
differed from the modern orchids in  a number of features. W e  feel fairly sure that 
the stipe, sectile pollinia and the viscidium have evolved independently in different 
groups of orchids. I t  is quite possible that the rostellum, itself, has evolved inde- 
pendently in two or more separate lines and that thc reduction to a single median 
anther is similarly polyphyletic in the unusually "natural" family Orchidaceae. 

The patterns of phylogeny and relationships within the orchid tribes help us to 
understand the evolution of the tribes themselves. A better understanding of both 
levels may throw more light on the patterns of origin for families and higher 
categories. 

Probably the foremost conclusion to be reached from a survey of orchid classi- 
fication is that there are no infallible "key characters." The habit of g o w t h ,  the 
presence or absence of pseudobulbs, the nature of the leaves, the position of 
the inflorescence, the presence or absence of a column foot, the texture of the pollen, 
the number of pollinia, and the presence or absence of viscidium or stipe; all have 
been assigned great importance in orchid classification. Yet in every case one can 
find closely related species which differ in  the feature chosen, or even, in some 
cases, variation within a species. This lack of hard and fast key characters does 
not mean that  a classification of the orchids is impossible. I t  does mean that  a 
classification must be based on all features of the plant and that  comprehensive 
keys will often be difficult to prepare. Students of the orchids have often erred in 
assigning too great importance to  a single feature. Both our systems of classifica- 
tion and our concepts of relationship are based on relatively few features. With 
intensive systematic and morphological study we will be able to base our systems 
on a much broader and firmer foundation. 

Ames (quoted by Schweinfurth, 1959) has suggested that  many of the difficui- 
ties in  orchid classification are due to extinction. We feel, on the contrary, that 
a relative lack of extinction characterizes the family. Interfertility between 
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morphologically very distinct genera and close morphological resemblances between 
subtribes, tribes and even subfamilies point to a rapidly evolving group in which 
extinction has played a minor role. The groups of orchids are closely interrelated, 
and clear indications of phylogeny are often to be found. Parallelism also plays 
a part in rendering orchid classification more difficult. There is every indication 
that monopodial growth, saprophytism, compact pseudobulbs, conduplicate leaves, 
lateral inflorescences, spurs, viscidia, stipes, and reduction in number of pollinia 
have all occurred independently in two to several different groups of orchids. I t  is 
difficult to define clearly the several groups of monopodial orchids with highly 
evolved pollinia, yet there appears to  be no direct relationship between them. 
Both classification and phylogeny must be studied by tracing relationships from 
group to group. 

As a family undergoing relatively rapid evolution, the Orchidaceae provide 
excellent material for the study of evolution. A chart of primitive and advanced 
features is given on p. 61; a scheme showing the probable relationships between 
the tribes in fig. 6. There is a tendency to define the family Orchidaceae in terms 
of its specializations (such as the column, rostellum or pollinia), bu t  one must 
not lose sight of the primitive features to  be found in living orchids. The style 
and filment are partially free in  both the Apostasieae and the Diuridinae; the pollen 
grains are free in the Vanillinae, and the seeds possess a thick, sclerotic testa in  this 
same subtribe. Ce$halanthera lacks a rostellum, and several genera bear an erect, 
relatively unspecialized anther. The patterns of evolution within the family point 
rather clearly to an ancestor which would be classified in  the Lilialean complex of 
living monocotyledons. Hutchinson has specifically suggested the Hypoxidaceae as 
a possible close relative of the Orchidaceae. Further morphological study of the 
primitive orchid genera may greatly clarify this problem. There is no direct 
relationship between the orchids and the Zingiberales, but  rather striking parallel- 
isms, as Hutchinson has suggested. The supposed relationship between the O r -  
chidaceae and Burmanniaceae is based primarily on the tiny seeds; but  this type 
of seed is t o  be expected in any saprophytic group, and the floral symmetry and 
inflorescence are basically different in the two groups (Jonker, 193 8 ) .  

N o t  only are the fleshy flowers of many orchids crushed in the preparation of 
herbarium specimens; several of the parts considered important in classification 
(viscidium, caudicle, pollinia) are frequently dissolved by either alcohol or water. 
The study of living plants is, thus, especially important. Orchids can, of course, 

be identified from dried specimens, but  a better understanding of relationship is 
to be obtained from the living plant. Field work by specialists cannot fail to add 
greatly to  our knowledge, while the great variety of orchid genera cultivated by 
hobbyists can be of great value to  botanists. 

Finally, we must stress the limitations of the present paper. We have reviewed 

the nomenclature of orchid tribes and subtribes, following the rules of botanical 
nomenclature, including priority. We have attempted to evaluate the system of 
Schlechter, and have offered several changes in arrangement and circumscription, 
as well as a key to the subtribes which we recognize. We do not consider this a 
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final, complete system of orchid classification, so much as an evaluation of previous 
systems, and a working system to be improved and replaced as soon as possible. A 
discussion of several aspects of orchid phylogeny is presented. Many of the 
problems which are raised here can best be studied by regional specialists, and i t  
is hoped that the present paper may stimulate such research. 
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