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ABSTRACT

There are no papers examining the labellar micromorphology in Malaxidinae in detail. The aim of this paper is
to present the results of labellar micromorphology of our studies on Malaxidinae. The micromorphology of nine
species was examined and described (calli, nectaries, OP structures, concavities). These species are divided into
six groups of which the lip morphology probably represents different forms of attracting and rewarding pollina-
tors. Group one consists of Disticholiparis gregaria and Platystyliparis aurita with characteristic globular nectary
and pad-like callus. The second group with Liparis nervosa has two conelike convexities. The third one is repre-
sented by Liparis sutupensis with spread lip, the basal callus, and the epichile often eroding with age. The fourth
group (Stichorkis cespitosum) has a massive hypochil with basal callus and delicate epichil. The fifth group (Mi-
crostylis ophioglossoides, Dienia ophrydis) is characterized by a lip with developed lateral lobes, three deep con-
cavities in the middle part, an erect callus, and many raphide cells. Crepidium cf. rheedii and Crepidium dryadum
from the sixth group have a three-lobed lip with entire or toothed mid-lobe, basal callus, cavity surrounded by
arim and OP structures with raphide cells.

We also emphasized the different way and place of nectar secretion in the subtribe and gave some suggestions
about pollination strategies.
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scanning electron microscopy.

INTRODUCTION

Plants create a lot of structures and mechanisms to at-
tract and reward pollinators. In descriptions of different
pollination strategies it is reported that the flowers’ teasers
as colour and scent play at first a major role and then re-
wards are in the second place (Proctor et al. 1996). In
Orchidales rewards as nectar, pollen, pseudopollen, oil and
wax enhance pollinators to visit the flower. More complex
strategies like pseudocopulation and pseudoantagonism are
well-known in Orchidales (van der Pijl and Dodson 1969).
Some species produce carrion smell which attracts dipteran
flies or stingless bees (Roubik 2000).

The major orchid attractant is nectar (van der Pijl and Do-
dson 1969; Arditti 1992; Dressler 1993). There are many
different types of nectaries. The term “nectary” itself sugge-
sts where it is produced and offered being visible for polli-
nators, but does not imply the same origins and positions
for all types of nectaries (Pacini et al. 2003). Nectaries may
occur on plant surfaces or inside the plant body as well. The

liquids may be produced in tubular nectar tubes in the ova-
ry, e.g. in Cattleya, Brassavola or in labellar superficial
grooves, e.g. in Listera, Bulbophyllum, Epipactis. More
specialized orchids form a spur developing from tepals (van
der Pijl and Dodson 1969). The secretory cells of the necta-
ry by which the nectar is exuded may be ordinary epidermal
cells, trichomes or nectariferous parenchyma cells where
nectar is transported into specialized intercellular spaces
and outside through stomata (Fahn 1979, 1988a, b).

Specific features of the flower: visual and olfactory sti-
muli combined with perceptive abilities of pollinators and
tactile stimuli and rewards are related with specialization
for particular pollinators, and even specific sex of them,
e.g. Huntleya meleagris is pollinated by male Euglossinae
bees (van der Pijl and Dodson 1969).

From taxonomic, morphological and also ecologic point
of view Malaxidinae belong to a very interesting group of
Orchidales. The basic taxonomic problems within Malaxi-
dinae were e.g. lack of clear and univocal criteria distingu-
ishing taxa on both genera and species levels, ignoring by
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researches the original diagnoses and type-specimens as
only valid reference materials, as well as time dispersion,
difficulties in localisation, and sometimes destroying of ty-
pe-collections; some taxa are known only from single type-
specimens etc. In effect of many taxonomic and nomencla-
tural problems numerous taxa were polymorphic and artifi-
cial, with species gathered on the basis of superficial simi-
larity and cursory determinations. During the recent rese-
arch many taxonomic problems within the subtribe were
solved (Margonska and Szlachetko 2001a-c, 2004, 2006;
Margonska 2002, 2003, 2005a-c, 2006a, b, 2007; Szlachet-
ko et al. 2008; Margoniska and Kowalkowska 2008).

Nowadays Malaxidinae include 22 genera and over 800
species. The orchids are characterized by small, relatively
equal vegetative structures, with numerous, comparatively
minute, differential and often variable flowers, gathered at
apical inflorescences. Indication of the most significant ta-
xonomic features for the whole subtribe is easy. With no
doubt the morphology of flowers, particular lip and genera-
tive structures are the most essential for the most of genera,
but e.g. for Seidenforchis or Liparis sensu lato (Liparis sen-
su stricto, Stichorkis, Disticholiparis etc.) group the forms
of plants are also important. At present, after taxonomic re-
vision of the most genera, combination of morphological
features seems to be significant on species level: develo-
ping of distal (lack, present and form of teeth), basal (lack,
present and form of auricles) parts of lip, its convexities
and concavities.

However the subtribe is cosmopolitan, most of the spe-
cies are occurring in the tropical and subtropical areas. Ma-
laxidinae are terrestrial and epiphytic, rarely lithophytic
species. The relatively high degree of diversity of the
orchids is caused by different habitations and wide distri-
bution. It results in a rather large number of endemic taxa
and in consequence an increase of dangers — destruction of
a few stands can bring about a disappearance of a taxon.

The knowledge of ecology and biology of many species is
very poor. Especially, information about the orchids pollina-
tors are very parsimonious, mostly based on often accidental
observations or few notes of specimen’s collectors.

According to the above, the researches by means of scan-
ning electron microscopy may give solutions for the men-
tioned problems. SEM has been used for the general study
of epidermal surfaces (e.g.: Barthlott 1981; Christensen
and Hansen 1998; Davies and Winters 1998; Davies et al.
2003; Stpiczynska and Matusiewicz 2001; Stpiczynska et
al. 2003; Stpiczynska et al. 2005; Bonatti et al. 2006). Ne-
vertheless, there are not many publications on floral micro-
morphology, which perhaps is related to difficulties with

TABLE 1. Species of Malaxidinae used in the studies and numbers of
groups, which they are placed in.

Species Group

Crepidium rheedii Bl.

Crepidium dryadum (Schltr.) Szlach.

Dienia ophrydis (Koen.) Ormerod & Seidenf.
Disticholiparis gregaria (Lindl.) Marg. & Szlach.
Platystyliparis aurita (Ridl.) Marg.

Stichorkis cespitosum (Lam) Thouars ex Marg.
Liparis nervosa (Thunb.) Lindl.

Liparis sutepensis Rolfe ex Downie

Microstylis unifolia (Michx.) Britton
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flowers availability, fragility and special procedure of sam-
ple preparation (Clark et al. 1986; Davies and Winters
1999). In Malaxidinae only Capeder (1898) described de-
velopmental stages of gynostemium in Malaxis monophyl-
los (Microstylis monophyllos (L.) Lindl.) and Kurzweil
(1987) in Malaxis commelinifolia (Crepidium commelinifo-
lium (Zoll. & Morren) Szlach.). There are no works on lip
micromorphology in these species.

MATERIALS AND METHODS

The materials were young and adult flowers of chosen
species of Malaxidinae (Table 1). The samples were collec-
ted at natural stands or gathered at different cultures (vou-
cher list available from the authors). Malaxidinae flowers
are small, very delicate and fragile. The used flowers were
fresh, dry or conserved in liquid: Kew (ethanol-formalde-
hyd-glycerine water solution) or Copenhagen Mixture
(ethanol-glycerine water solution). Using of cool light of
optical fibre illumination for stereomicroscope prevented
fresh and wet samples from drying and destruction. The
dry samples for protection of their structure before resear-
ching were soaked only in warm distilled water.

For observations in scanning electron microscope (SEM)
flower lips were preserved in Kew or Copenhagen Mixtu-
re. The plant material was dehydrated through ethanol se-
ries. After following critical-point drying in a Critical Point
Dryer Emitech K850 apparatus, the specimens were moun-
ted onto the surface of SEM stubs that had been covered
with a SPI Carbon Conductive Double Sided Adhesive
Disc. The stubs were gold-coated (Sputter Coater Spi-Mo-
dule 220V for 120 s; sometimes the additional period of
mounting time was experimentally examined and someti-
mes additional 20-30 s were necessary. The samples were
examined and imaged in a Phillips XL-30 Scanning Elec-
tron Microscope operating at an accelerating voltage of
15 kV, and spot mag 5.

In SEM study we used the surface characters written by
Barthlott (1981) and Davies and Winters (1998). Neverthe-
less Barthlott described mainly the seed surface, giving di-
vision of epidermal surface characters grouped in four ca-
tegories which can be useful also in describing labellar
cells. The labellar epidermis indicating the potentially use-
ful labellar characters in Maxillaria species is well-descri-
bed by Davies and Winters. Instead of using terms descri-
bing labellar morphological appearance: homogeneity / he-
terogeneity, it would be preferred to use terms: uniform /
non-uniform which are synonyms, but do not indicate the
phylogenesis. This term also was used by Kurzweil (1987)
describing morphological unity of features in gynostemia.

For interpretation the lip in Malaxidinae species charac-
ters combined from Barthlott (1981)* and Davies and Win-
ters (1998) ** were used:

1) Cellular arrangement®; Lip: uniform or non-uniform

(surface glabrous or not; with/without papillae)**.

2) Shape of cells — the “primary sculpture” of the surface
(outline of cells; anticlinal walls; relief of cell bounda-
ry; curvature of outer periclinal wall)*.

3) Relief of outer cell walls (the “secondary sculpture”)
caused by cuticular striations*.

4) Epicuticular secretions (the “tertiary structure”)*.
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RESULTS

Light microscopy

While working out the taxonomic revision of Malaxidi-
nae we have studied morphology and anatomy in these
groups of species. The studies on fresh, dried and prese-
rved in liquid, among others, flower samples, conducted
mainly by using stereomicroscopy and classic microscopy,
let us select species representing the six preliminary groups
of which the lip morphology probably representing diffe-
rent forms of attracting and rewarding pollinators.

The first set includes species of Platystyliparis and type-
section of Disticholiparis. These orchids are epiphytes
from the tropical forest. The studies were conducted on
samples of Disticholiparis gregaria and Platystyliparis au-
rita. Lip of the orchids is characteristically geniculately re-
curved down just below its basal callus. The callus is pad-
like at the basal part, usually covering from above nectary
and hold off the column of gynostemium. The nectary is
globular, opening just above lip blade and directed to the
front of the flower. The hypochil is thick and rather massi-
ve, while epichile is thinner with different micro-ornamen-
tations. Both species, just below the nectary, have a smooth
concavity (“throat of nectary”).

The second group consists in the majority of tropical
species Liparis sensu stricto. As representatives of the gro-
up we chose Liparis nervosa (Fig. 1) — the well known and
widely distributed, terrestrial species. Lip of the orchid is
recurved down about half of its length. The callus lip is ad-
joining the base of gynostemium column. It is ornamented
by two frontally directed, conelike convexities and an ob-
scure concavity between them, situated just above the lip
blade. The concavity is probably a place of secreting
a small quantity of nectary. From the concavity, nearly
along the whole lip length there is a narrow and obscure
depression. The hypochil is thick, with thick and rigid strip
at lateral margins, whereas the alternative epichile is thin-

Fig. 1. Liparis nervosa (Thunb.) Lindl.: A — flower; B — lip (India, Hooker
f-and T. Thomson s.n. (K!) (Margonska).
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Fig. 2. Liparis sutupensis Rolfe ex Downie: A — flower (India, Hooker f.
and T. Thomson s.n. (K!) (Margonska).

HBM

Fig. 3. Stichorkis cespitosum (Lam) Thouars ex Marg.: A — flower; B —
lip (Reunion, Leg. Jussieu s.n. (HOLO-P!) (Margonska).

ner, widely spread, with age often eroding at distal mar-
gins.

The third group includes also terrestrial species of Lipa-
ris sensu stricto, but mostly from colder and more open lo-
calizations (e.g. Liparis sutepensis (Fig. 2)). These plants
have erect, flatways spread lip, without any recurvation.
The basal callus is similar to these from the second group
but the secreting concavity is quickly becoming flattened,
fleshy and convexed strip. The epichile is only slightly
thinner than hypochil and often distally eroding with age.

The fourth group is represented by tropical epiphyte —
Stichorkis cespitosum (Fig. 3). Its lip has features similar to
orchids from the first and the second groups — is recurved
down about half of its length, with convexed “throat of
nectary”. The thick and massive hypochil is a landing place
on which insects may easily sit. The epichile is more delica-
te and more attractive for the pollinator’s complex eyes. The
callus is analogous with the second and the third groups.

Microstylis unifolia and Dienia ophrydis (Fig. 4) from
the fifth group are characterized by lip with well developed
lateral lobes, large and deep three concavities covering the
whole middle part of the lip blade, basally closed by erect
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1 mm

Fig. 4. Dienia ophrydis (Koen.) Ormerod and Seidenf.: A — flower; B —
lip (India Orientalis, Koeonig s.n. (LECTO-K!) (Margoriska).

1mm

Fig. 5. Crepidium rheedii Bl.: A — flower; B — lip (Indonesia, Blume s.n.
(HOLO-P!) (Margonska).

Kowalkowska A. et al.

callus (adjoining the base of gynostemium column); many
large raphide cells are spread on the whole surface and also
aggregated around some lip areas.

The sixth group covers species of Crepidium (Fig. 5).
They are epiphytic and terrestrial plants from tropics and
subtropics, with specific shape of lip. Lips are always 3-lo-
bed; mid-lobe can be entire or more or less splitted apical-
ly; lateral lobes are well developed, with distal margins en-
tire or toothed, mostly with large, prominent over the gy-
nostemium base and directed down auricles. The central
cavity is surrounded at least by slightly convex rim, with
thickening often forming a roof apically. Basal callus, pre-
sence and arrangement of raphide cells are similar like in
the fifth group.

All representatives of Malaxidinae have cells with raphi-
de crystals, which in simple light are visible, yet in UV are
distinctly shinning. In case of their localizations (around
nectar concavities and gynostemium’s elements) probably
they are a part of nectar guides. Malaxidinae usually pro-
duce a light scent, resembling the smell of e.g. fish or cu-
cumber (only sometimes sweet), which suggests pollina-
tion by Diptera, but field works are necessary.

SEM

After studies using light microscopy six groups were se-
lected. SEM studies revealed further variability of charac-
ters in these groups. Cellular pattern is in these species
non-uniform, but without trichomes. The “primary sculptu-
re” is similar: isodiametric outline of cells, straight anticli-
nal walls and channeled relief of cell boundary, flat or co-
nvex periclinal walls. The main differences are in “secon-
dary” and “tertiary sculpture” and these features will be the
focus in describing species. These features are expressed
by Barthlott (1981) as taxonomic important.

The concavity (“throat of nectary”) occurs in Platystyli-
paris aurita and Disticholiparis gregaria (first group) (Fig.
6). Nevertheless the lip surface in both species is non-uni-
form, epidermis around the nectary is a little bit different —
rather smooth in Disticholiparis and with irregular stria-
tions in Platystyliparis. Much more visible striations are on
the cells covering the two protuberances occurring only on
the lip of Platystyliparis. In both species the small canal le-
ads from nectary to 1/3 length of the lip. Then, the cells are
slightly flattened, but do not form the canal. Their surface
is different from cells on margins, and it is visible as a tract
from nectary to the apex of the lip. This tract is better reco-
gnizable in Disticholiparis by more smooth cells. In both
species, irregular cuticular striations on the marginal and
apical cells were observed. In Disticholiparis conical papil-
lae on the folds also occur.

SEM observations revealed that in the non-uniform lip of
L. nervosa (the second group, Fig. 7) the apical one third is
covered by papillate cells. The cells on the callus and con-
cavity are smooth. Only one stoma was found between the
parallel arranged papillae.

The flat-spread lip of Stichorkis sutupensis (third group,
Fig. 7) has smooth epidermis on callus, but on the margins
the epidermis is irregularly striated and with ageing the
borders become erose. The central tract from the callus to-
wards the apex is alike in Disticholiparis gregaria and Pla-
tystyliparis aurita.

The characteristic feature of the next group (four) — Sti-
chorkis cespitosum (Szlachetko et al. 2008) (Fig. 8) is the
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Fig. 6. Group 1: Platystyliparis aurita: A — lip, C — “throat of nectary”, E — irregular striations on the cells at the apical part of the lip; Disticholiparis gre-
garia: B —lip, D — “throat of nectary”, F — fissures on cells at the apical part of the lip. Scale bars: A — 500 um; B — 1 mm; C, D, F — 200 pm; E — 20 ym

(Kowalkowska).

small callus at the base of lip (feature sometimes omitted in
light microscopy studies). Similar to the first group there is
also a visible central slightly concave canal. The epidermis
of the cells was difficult to describe because of easily dehi-
scent very fragile flower. It is supposed that the epidermis is
irregularly striate similar to Stichorkis sutupensis.

The cellular arrangement in the fifth group (Microstylis
unifolia and Dienia ophrydis; Fig. 9) is also non-uniform
with tabular flattish epidermis and some bigger cells with
the oxalate package structures (OP). In Microstylis unifolia
the crystalline material from the concentrated in the mid-
lobe OP structures was tipped to the cavity during sample
preparation. In both the species there are still a lot of rema-
ins of secreted substances in the middle of the lip (even

after treating the flower by several reagents). The lateral
lobes are also covered by viscid substances. During the
sample preparation the lip of Microstylis unnaturally puc-
ked up, so some parts of margins are destroyed.

Characteristic for the sixth group (Crepidium cf. rheedii,
Crepidium dryadum; Fig. 10) is the thickening around the
cavity called lamina containing the bulbous cells with ra-
phides (OP structures). These cells are placed on the bot-
tom of the cavity, too. In Crepidium cf. rheedii the epider-
mis on lateral lobes and on teeth is smooth. In case of Cre-
pidium dryadum there was no possibility to determine if
cells have striations or not, because of the destruction of
very fragile lip, however it is still sure that also in this spe-
cies the OP structures occur in a great quantity.
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Fig. 7. Liparis nervosa: A —lip, C — striations on papillae at apical part of lip, E — single stomata; Stichorkis sutupensis: B — lip; D — the middle of the lip,
F — erose cells on the margins of lip. Scale bars: A, B — 1 mm; C, E — 20 pm; D — 200 pm; F — 50 pm (Kowalkowska).

DISCUSSION

The nectar on the lips of Disticholiparis gregaria and
Platystyliparis aurita (group 1; Fig. 6) is probably leaking
towards the epichil of the lip. The “throat of nectary” is di-
stinct and well visible for pollinators. At the half of the
lip’s length of Platystyliparis aurita there are two protube-
rances. The importance of these structures is still unknown,
which is specific for this species. In this group we obse-
rved cells’ striations on the margins and at the apical part
of the lip, which were also noticeable in stereoscope micro-
scope. They possibly play the role for bordering the leak of
nectar allowing its dripping through the center of the lip.
Both species produce a scent resembling a fish or a cucum-
ber. The smell suggests that they are pollinated by Diptera,
but there is no evidence from field work.

The second group of flowers represented by Liparis ne-
rvosa (Fig. 7) has a lip with basal calli. The papillate cells
at the apical part of the lip may function as an osmophore.
Between them we found the only stomata. Without com-
plex studies of this aggregation of species there is no possi-
bility of any credible claims, however.

Liparis sutepensis (Fig. 7) in the third group has structu-
res similar to the previous group, but because of the flat-
spread lips they are probably visited by different groups of
insects. Having the basal calli, the lip of Stichorkis cespito-
sum (group 4; Fig. 8) is similar to Liparis nervosa and L.
sutupensis. The striations on the margins and central tract
for leaking nectar are alike in Disticholiparis gregaria and
Platystyliparis aurita.

In the next group (5; Fig. 9) in species Dienia ophrydis
basal calli or the basal cells probably produce nectar that
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fills the cavity. In Microstylis unifolia raphides from mid-
lobe cells were tipped to the cavity during sample prepara-
tion. The lateral lobes are covered by viscid substances.
Also flowers of Crepidium rheedii and Crepidium dryadum
(group 6; Fig. 10) attract pollinators by the glistening roun-
ded cells which contain the OP structures with raphides.
The toothed or waved lamina also plays a significant role
in attracting insects.

In Malaxidinae only Hashimoto (1993) described raphide
bundles on the lip in Malaxis khasiana (Crepidium khasia-
num (Hook.f.) Szlach.), M. acuminata (Crepidium acumi-
natum (D.Don) Szlach.), M. bancanoides (Crepidium ban-
canoides (Ames) Szlach.) and few on and in the inner tis-
sue in M. latifolia (Dienia ophrydis (Koen.) Ormerod &
Seidenf.). He noticed that in these alliances the raphides
(“needle-like crystals enclosed by the frail cell membrane”)
are placed in the areas near the gynostemium. He sugge-
sted that they function as a protecting pollination against
herbivores, or to trace “a vectorial course” to the raphide-
free gynostemium area for insects.

The raphides are forms of structures called by D’Arcy et
al. (1993) the oxalate packages (OP). If the OP is an apo-
morphy, which is no longer an adaptive structure and has
different function in taxa, so perhaps in Malaxidinae the
glistening bundle of raphides may enhance pollinators to
visit the flower. The flowers in this group are very small
and often pale, so they may increase their reproductive suc-
cess by producing well-visible for insects intriguing bulbo-
us cells. Moreover, after release from cells, the oxalate cry-
stals glisten on the surface of the lip. In the genus Stelis
Sw. (Chase and Peacor 1987; Christensen 1992; van der
Cingel 2001) they imitate the proper nectar which is called
pseudonectar. Are the crystals occurring in the ways of in-
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Fig. 8. Stichorkis cespitosum: A —lip and gynostemium; B — callus at the
base of the lip and central tract from the base towards the apex; C — stria-
tions on the cells at the margin. Scale bars: A — 500 pm; B — 200 pm; C —
50 pm (Kowalkowska).

sects deter herbivores or/and give the direction to gynoste-
mium also in Malaxidinae? or maybe in some Malaxidinae
species, like in Stelis, it is pseudonectar? — further studies
are neccessary.

According to our studies, we suggest possible pollina-
tors’ position on flowers which results in attractants’
occurrence. In the first group insect may land on the massi-
ve gynostemium having its head downwards and while rea-
ching the nectar the pollinia may be placed on its ventral
side of the body. In the next three groups (two, three and
four) the insect cramming in the flower and reaching nectar
may probably leave the carrying pollinia on the viscid stig-
ma, which is the most common way of pollination. When it
is going back, it hooks the viscidia and pulls out the locules
with pollinia on its back side. Within groups five and six
the insect may sit on the gynostemium trying to reach the
nectary hiding behind the back and the pollinia are placed
on its ventral side of the body.

In Malaxidinae many aspects connected with secretion of
nectary, the characteristics of attractants for pollinators ne-
ed explanation. Besides using traditional methods, TEM
(transmission electron microscopy), cytochemistry may re-
veal responses for these questions.
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Fig. 9. Microstylis ophioglossoides: A — lip; C — the middle of the lip filled with raphides; E — crystals; Dienia ophrydis: B —lip ; D — cavity (see: huge
amount of remains of secreted substances); F — cells with striations covered by viscid substances. Scale bars: A, B — 500 pm; C — 100 pm; D — 200 pm; E —
50 ym; F — 20 pm (Kowalkowska).

also with usage of the digital database — Archivum Orchi-
dalium? and Database of Orchid Ultrastructure (DOUL)!.
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Fig. 10. Crepidium cf. rheedii: A —lip; C — cavity and lamina with OP structures; E, F — OP structures (see: the bulbous cell and raphides tipped from them);
Crepidium dryadum: B —lip; D — cavity and roof with OP structures. Scale bars: A, B —2 mm; C, D — 500 pym; E — 100 pym; F — 50 pm (Kowalkowska).

DAVIES K.L., TURNER M.P., GREGG A. 2003. Ultrastructure
of the labellar epidermis in selected Maxillaria species (Orchi-
daceae). Bot. J. Linn. Soc. 126: 349-361.

D’ARCY W.G., KEATING R.C., BUCHAMANN S.L. 1996.
The calcium oxalate package or so-called resorption tissue in
some angiosperm anthers. In: The anther. Form, function and
phylogeny. W.G. D’Arcy, Keating R.C. (ed.). Cambridge Uni-
versity Press, Cambridge, UK. pp. 159-190.

DRESSLER R.L. 1993. Phylogeny and classification of the
orchid family. Cambridge Massachusetts: Dioscorides Press.
FAHN A. 1979. Ultrastructure of nectaries in relation to nectar

secretion. Am. J. Bot. 66: 977-985.

FAHN A. 1988a. Nectaries structure and nectar secretion. In:
Nectary biology. Structure, function and utilization. B. Baha-
dur. Dattsons J.L. (ed.). Nehru Marg, Sadar, Nagpur, India.

FAHN A. 1988b. Secretory tissues in vascular plants. Nev. Phy-
tol. 108: 229-257.

HASHIMOTO T. 1993. Novelties of the Genus Malaxis to Japan.
Ann. Tsukuba Bot. Gard. 5(2): 1-8. 1993.
KURZWEIL H. 1987. Developmental studies in orchid flowers I:
Epidendroid and vandoid species. Nordic J. Bot. 7: 427-42.
MARGONSKA H.B. 2002. Materials towards the revision of the
genus Pseudoliparis Finet (Orchidaceae, Malaxidinae) — part
1. Ann. Bot. Fen. 40(1): 63-66.

MARGONSKA H.B. 2003. Materials towards the revision of the
genus Pseudoliparis Finet (Orchidaceae, Malaxidinae) — part
2. section Oistochilus. Ann. Bot. Fen. 40(4): 357-372.

MARGONSKA H.B. 2005a. Contribution to the taxonomic revi-
sion of the genus Crepidium (Orchidaceae-Malaxidinae): the
new subsection Maximowiczianae (section Hololobus) Edin. J.
Bot. 62(3): 165-179.

MARGONSKA H.B. 2005b. A new combination and new sub-
section in Crepidium (Orchidaceae). Edin. J. Bot. 62(3): 193-
-194.



150 LABELLAR MICROMORPHITOLOGY IN MALAXIDINAE

MARGONSKA H.B. 2005¢. Materials towards the revision of the
genus Pseudoliparis Finet (Orchidaceae, Malaxidinae) — part
3. section Pseudoliparis. Ann. Bot. Fen. 42: 267-291.

MARGONSKA H.B. 2006a. Notes about genus Tamayorkis
Szalch. with description of new species (Orchidales, Malaxidi-
nea). Richardiana. 4(3): 123-129.

MARGONSKA H.B. 2006b. Seidenforchis — A new genus of sub-
tribe Malaxidinae (Orchidaceae), from Thailand. Acta Soc.
Bot. Pol. 75(4): 301-307.

MARGONSKA H.B. 2007. Platystyliparis Marg. — A new genus
of the subtribe Malaxidinae Richardiana 7(1): 33-41.

MARGONSKA H.B., KOWALKOWSKA A. 2008. Taxonomic
revision of Asiatic genus Dienia Lindl. (Malaxidinae, Orchida-
ceae). Ann. Bot. Fen. 45: 97-104.

MARGONSKA H.B., SZLACHETKO D.L. 2001a. Saurolophor-
kis Marg. and Szlach., gen. nov. (Orchidaceae, Malaxidinae),
a new orchid genus from New Guinea. Pol. Bot. J. 46 (1): 7-9.

MARGONSKA H.B., SZLACHETKO D.L. 2001b. Alatiliparis
Marg. and Szlach., gen. nov. (Orchidaceae, Malaxidinae),
a new orchid genus with two new species from Sumatra. Ann.
Bot. Fen. 38: 77-81.

MARGONSKA H.B., SZLACHETKO D.L. 2001c. Materials to
the revision of the genus Seidenfia Szlach. (Orchidaceae, Ma-
laxidinae), with description of new species. Pol. Bot. J. 46 (1):
47-62.

MARGONSKA H.B., SZLACHETKO D.L. 2004. Disticholiparis
Marg. and Szlach. — A new genus of subtribe Malaxidinae
(Orchidales, Orchidaceae). Die Orchidee 55(2): 175-179.

Kowalkowska A. et al.

MARGONSKA H.B., SZLACHETKO D.L. 2006. The taxonomic
revision of the genus Orestias Ridl. (Orchidales, Malaxidinea)
from Africa. Ann. Nat. Mus. Wien. ser. Bot. 107: 209-220.

PACINI E., NEPI M., VESPRINI J.L. 2004. Nectar biodiversity:
a short review. Plant Syst. Evol. 238: 7-21.

PIJL van der L., DODSON C.H. 1969. Orchid flowers. Their po-
Ilination and evolution. Coral Gables. University of Miami
Press, 214 pp.

PROCTOR M.C.F, YEO P., LARK A. 1996. The natural history
of pollination. London. Harper Collins, 480 pp.

ROUBIK D.W. 2000. Deceptive orchids with Meliponini as polli-
nators. Plant Syst. Evol. 222: 271-279.

STPICZYNSKA M., MATUSIEWICZ J. 2001. Anatomy and
ultrastructure of the spur nectary of Gymnadenia conopsea L.
(Orchidaceae). Acta Soc. Bot. Pol. 70: 267-272.

STPICZYNSKA M., DAVIES K.L., GREGG A. 2003. Nectary
structure and nectar secretion in Maxillaria coccinea (Jacq.)
L.O. Williams ex Hodge (Orchidaceae). Ann. Bot. 93: 87-95.

STPICZYNSKA M., DAVIES K.L., GREGG A. 2005. Compara-
tive account of nectary structure in Hexisea imbricata (Lindl.)
Rchb.f. (Orchidaceae). Ann. Bot. 95: 749-756.

SZLACHETKO D.L., MARGONSKA H.B. 2006. Redefinition
of the genera Malaxis Sol. ex Sw. Microstylis (Nutt.) Eaton
(Orchidaceae, Malaxidinae). Acta Soc. Bot. Pol. 75(3): 229-
-231.

SZLACHETKO D.L., MARGONSKA H.B., KULAK M. 2008.
Nomenclatoral changes in Liparis-complex (Malaxidinae, Epi-
dendroideae). Acta Soc. Bot. Pol. 77(1): 35-40.



		2012-02-27T21:16:27+0100
	Polish Botanical Society




