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Summary

PRENNER G. & TEPPNER H. 2005. Anther development, pollen presentation and
pollen adhesive of parenchymatous origin in Calliandra angustifolia (Leguminosae-
Mimosoideae-Ingeae). - Phyton (Horn, Austria) 45 (2): 267-286, with 7 figures. -
English with German summary.

The genus Calliandra s. str. shows a unique mode of pollen presentation and
production of pollen adhesive. Within a septate locule we find two drop-shaped
polyads which are composed of eight pollen grains and which lie with their long-
itudinal axis parallel to the longitudinal axis of the dorsifixed anther. In the course
of anther opening the polyads rise up in a right angle, facing with their apices out-
wards towards the floral visitor. Furthermore, on each apex a small amount of pollen
adhesive is deposited.

To clarify the mechanism of pollen presentation, the mode of anther septation
and the origin of the adhesive, anther development, morphology and anatomy of
Calliandra angustifolia was studied using Scanning Electron Microscopy (SEM) and
serial microtome sections. In these studies we show that the locules are septate with
parenchymatous tissue, and that the pollen adhesive is a resolvent product of parts of
this tissue. This is the first report of an extra-tapetal pollen sticker (namely pollen
adhesive) in Mimosoideae. Furthermore, the mode of pollen presentation is a complex
interaction of (1) lysigenous processes in and between the locules, (2) the appearance
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of interlocking hairs at the periphery of the stomium, (3) movements of the thecal
valves, and (4) of the polyad's morphology. A correlation of locule septation and pol-
lination ecology is demonstrated for the first time, and the isolated position of Cal-

liandra s. str. within Mimosoideae is confirmed.

Zusammenfassung

PRENNER G. & TEPPNER H. 2005. Antherenentwicklung, Pollenpräsentation und
Pollenklebstoff parenchymatischen Ursprungs bei Calliandra angustifolia (Legumi-

nosae-Mimosoideae-Ingeae). - Phyton (Horn, Austria) 45 (2): 267-286, mit 7 Abbil-
dungen. - Englisch mit deutscher Zusammenfassung.

Die Gattung Calliandra s. str. weist eine einzigartige Form der Pollenpräsenta-
tion, sowie die Produktion von Pollenklebstoff auf. In den septierten Lokulamenten
finden sich je zwei achtzellige Polyaden von der Form eines abgeflachten Tropfens,
die mit ihrer Längsachse parallel zur Längsachse der dorsifixen Anthere liegen. Im
Zuge der Antherenöffnung richten sich die Polyaden um 90° auf, sodass sie mit der
Spitze nach außen zum Blütenbesucher hin orientiert sind. Desweiteren findet sich
an jeder Polyadenspitze eine kleine Menge von Klebstoff.

Um den Mechanismus der Pollenpräsentation, die Art der Antherenseptierung
sowie die Herkunft des Klebstoffes zu klären wurden Entstehung, Morphologie und
Anatomie der Antheren von Calliandra angustifolia mittels Rasterelektronenmi-
kroskpie und Mikrotomschnitten untersucht. Diese Studie zeigt, dass die Lokula-
mente durch parenchymatisches Gewebe septiert sind und dass der Klebstoff ein
Auflösungsprodukt eines Teiles dieses parenchymatischen Gewebes ist. Damit wird
der Erstnachweis von nicht tapetogenem Pollen-Haftmittel (nämlich Pollenklebstoff)
innerhalb der Mimosoideae erbracht. Schließlich können wir zeigen, dass die Pol-
lenpräsentation ein komplexes Zusammenwirken ist (1) von lysigenen Prozessen in-
nerhalb und zwischen den Lokulamenten, (2) von ineinandergreifenden Haaren am
Rande des Stomiums, (3) von Bewegungen der Antherenwände und (4) von der Mor-
phologie der Polyaden. Erstmals wird ein Zusammenhang von Lokulamentseptier-
ung und Blütenökologie dargestellt. Desweiteren wird die isolierte Stellung der
Gattung Calliandra s. str. innerhalb der Mimosoideae bestärkt.

1. In t roduct ion

Calliandra s. str. is a neotropical genus of about 132 species (BARNEBY

1998). Some taxa are frequently cultivated as ornamental shrubs or trees,

or used for fuel wood and as a forage crop (eg., NEVLING & ELIAS 1971,

MACQUEEN & al. 2001). Nevertheless, details of the unique mode of pollen

presentation, and some remarkable features in anther morphology are still

unexplored.

In the dorsifixed anthers each transversally septate locule bears two

drop-shaped and eight-celled polyads. The polyads are calymmate (GUINET

1965) and lie with their longitudinal axis parallel to the longitudinal axis

of the anther, showing with their tips against each other. In the course of

anther dehiscence the polyads raise up in a right angle, and a small

amount of adhesive can be observed on the tips of the polyads. The line

drawings of MOHL 1834 are the first documents, showing the polyads with
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a small amount of adhesive on their apical ends. In the following decades
the anthers, polyads and their appendage where discussed by several
authors (ENDLICHER & UNGER 1843, ROSANOFF 1865, ENGLER 1876, MÜLLER

in LUDWIG 1897, GOEBEL 1923, RICHTER 1929, DNYANSAGAR 1958, NEVLING &

ELIAS 1971, ENDRESS & STUMPF 1990). But the mode of anther septation
(either parenchymatous or tapetal only), the exact mechanism of polyad
erection, and the origin of the pollen adhesive remain unknown.

The aim of this paper is to study anther morphology and anatomy in
detail, to clarify the origin of the adhesive, and to investigate the particular
mode of pollen presentation in Calliandra angustifolia. The results will be
discussed with respect to recent results of floral ontogeny (PRENNER 2004)
and with respect to the systematic position of the genus Calliandra s. str.

2. Mater ia l

Calliandra angustifolia SPRUCE ex BENTH. was collected on August 30th 1981 by
H. TEPPNER & K. KEPLINGER in Peru, Dep. Pasco, Prov. Oxapampa, Pozuzo. According
to its natural habit on river banks (TEPPNER 1983: 324), the plant is cultivated in the
Neotropics part of the new greenhouses (Botanical Garden, Institute of Plant Sci-
ences, Karl-Franzens-University Graz, Austria, Europe).

3. Methods

3.1. Stereomicroscopic Observations

Anther dehiscence was observed under a Leica M3 stereomicroscope. Macro
photographs were taken under a Leica Wild MZ3 stereomicroscope with phototubus
and a Nikon F 70 camera.

3.2. Scanning Electron Microscopy (SEM)

For SEM inflorescences of different sizes were collected, immediately fixed in
FAA (5 parts formalin: 5 parts acetic acid: 90 parts 70 % ethanol) for at least 24
hours, and stored in 70 % ethanol. Anthers were dissected in alcohol of the same
concentration under a Leica MZ6 stereomicroscope. The specimens were dehydrated
in formalindimethylacetal (FDA) for at least 24 hours and afterwards critical point
dried with liquid CO2 in a Polaron 7010 CPD. Dried specimens were mounted on
aluminium stubs with nail polish and dissection was completed on the stubs. The
specimens were coated with gold in a MED 010 sputter coater and studied and mi-
crographs were taken in a Zeiss DSM 950 at 15 kV at the Institute for Cell Biology,
Histology and Embryology (Medical University of Graz, Austria, Europe).

. 3.3. Serial Microtome Sections

For serial microtome sections buds of different sizes were collected and im-
mediately fixed in FAA for at least 24 hours. The small anthers were not treated in-
dividually, but whole floral buds of different sizes were cut. In this way the anthers
are stabilised within the bud, and several anthers can be cut in one run. Dis-
advantage of this method is that several buds have to be investigated for appropriate
cuttings. The buds were dehydrated, cleared with tertiary butanol and embedded in
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Histosec. Sections of 6-7 \im were stained either with safranin-fastgreen or aur-
amine-astrablue. The sections were enclosed in Entellan and observed under a Zeiss
Axioskop 20 microscope. Drawings were made with a compatible drawing unit and
LM-micrographs were taken under a Zeiss Axiophot 2.

3.4. Dissolubility of the Pollen Adhesive

To test the dissolubility of the pollen adhesive, tweezers with adhering polyads
were exposed for five minutes in the xylolsubstitute XEM 200 (a 100% lemon extract,
used in the microtome process), in formalindimethylacetal (FDA, used in the course
of the SEM studies), and in 96% ethanol. Afterwards the tweezers where scanned for
adhering polyads using the stereomicroscope.

3.5. Terminology

TOBE & RAVEN 1986 as well as ENDRESS & STUMPF 1990 termed septate anthers as
polysporangiate and thus canceled the synonymy of locule and microsporangium (cl,
GREEN 1980, WAGENITZ 1996: 224 and 297, D'ARCY 1996: 5). GREEN 1980 suggests the

term locellus for such cases of septate locules. In the present paper the term locule is
used synonymous with pollen sac and microsporangium. Thus in the case of the sep-
tate locules in Calliandra each half is named locule-half instead of microsporangium.

To emphasize the difference to pollenkitt, which is defined as a complex mixture
of lipid viscous substances, produced by the plastids of the anther tapetum (HESSE
1981, PACINI & HESSE 2005), we use the term pollen adhesive (Pollenklebstoff) sensu
VOGEL 2002 (original term: extra-tapetal pollen adhesive) for sticky substances of
other origin than the tapetum. The sole function of pollen adhesives is sticking pollen
to a vector, whereas pollenkitt is also responsible for adhering pollen in the open
anther or on another place of pollen presentation (see also PACINI & HESSE 2005). If
necessary, as an umbrella term for both, the term pollen sticker (Pollen-Haftmittel)
would be applicable.

4. Results

4.1. Anther Development and Microsporogenesis

Anther development sets in at a stamen length of c. 50 um. First the
apical part of the stamen broadens tangentially, which strengthens its bifa-
ciality (Fig. 1A). Soon afterwards the two thecae are formed and separated
by a deep constriction (Figs. 1B-D). By this time the dorsifixed character of
the anther (dorsal insertion of the filament) becomes discernible.

Next the two pollen sacs are differentiated and transversely parted
with a parenchymatous tissue (Figs. 2A-C). In each locule-half one pair of
pollen mother cells is formed, and enclosed by a one-layered tapetum
(Fig. 2B). The pollen mother cell pair of one locule-half is flattened drop-
shaped, with one cell in form of a flattened hemisphere and the other of a
flattened cone (Fig. 2B). Within each locule, the pollen mother cell pair is
oriented with its tip looking against each other. Hence, the two pollen mo-
ther cell pairs per locule lie against one another and the two pollen mother
cell pairs of neighbouring locules lie parallel to each other (Fig. 2C).
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Fig. 1. Calliandra angustifolia, early anther development. - A. The young stamen
primordia (St) broaden tangentially. In parallel, the cleft of the carpel (C) is formed
(asterisk). - B. Young anther from above, with the two thecae separated by a deep
constriction. - C. Side view on a young anther of the same developmental stage as B.
- D. Longitudinal section of a young anther before the formation of pollen mother
cells sets in. - Scale bar = 10 \xm in A, 50 |am in B-D.

After meiosis the tetrads stay fused and eight-celled polyads emerge,
the cells laying in one plane (Figs. 3B-D). Due to formation of a uniform
tectum, the mature polyads are finally calymmate. The pollen grains of
each polyad have a characteristic heteromorphic habit, with two central
cells and six distinct peripheral cells (Figs. 3C-D). The drop-shaped basic
form of the mature polyads resembles that of the pollen mother cell pairs.
Finally, four flattened polyads can be found in the two locules of each
theca, oriented in the same manner as are the pollen mother cells, with the
apices lying against each other (Fig. 2C).

In this context the high economy in respect of pollen production
should be highlighted: Only 64 pollen grains per anther are formed. Con-
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Parenchymatic Tissue

-La
Connective (J) Theca

Locule

Fig. 2. Calliandra angustifolia, pollen mother cells. - A. Young anther out of a c. 5 mm
long bud. The two thecae are already differentiated and the locules contain pollen
mother cells. Each theca shows a longitudinal constriction (SE), which parts the
theca into two locules, and a radial constriction (PT), which parts the locules into two
locule-halves (LH). - B. Longitudinal section (left) and cross section (right) of a
young anther, which is of the same developmental stage as the anther in Fig. A. In
each locule-half two pollen mother cells are formed (PMC), which are surrounded by
a one-layered tapetum (Ta). Furthermore, the middle layer (ML) is visible as well as
the young endothecium (En) and the epidermis (Ep). - C. Schematic longitudinal
anther section (details of the anther wall and parenchymatous tissue omitted). Par-
titioning of the anther by the connective into two thecae, partitioning of the thecae
by the septum into two locules, and transversal partitioning of the locules by the
parenchymatous tissue into two locule-halves (PMCs = two pollen mother cells in one
locule-half). - Scale bar = 50 jim in A-B.
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Fig. 3. Calliandra angustifolia, anther maturation. - A. Anther out of an about 6 mm
long floral bud showing the distinct connective (Co) and rows of short hairs, accom-
panying the stomium. The hairs are absent around the stomium's centre (eye). The
rectangle marks the section level of the section in Fig. B. - B. Section through one
locule-half as marked in Fig. A, showing two neighbouring polyads (one marked with
Po). At the tips of the polyads two cavities have been formed (asterisks) due to partial
lysis of the parenchymatous transversal tissue. The product of the lysis is washed out
in the course of the microtome preparation processes. The tapetum is already used
up, and the middle layer (ML) is reduced. Endothecium (En) with partially thickened
cell walls and reduced epidermis (Ep). - C. Line drawing of a mature polyad, showing
characteristic heteromorphic pollen cells, with two distinct central cells, which are
surrounded by six different peripheral cells. Pollen adhesive is found on the polyad's
tip. - D. SEM micrograph of-a mature polyad sticking on the surface of a filament. -
E. Detail of D, showing the pollen adhesive on the apical cell of the polyad. - Scale
bar = 100 (am in A, 50 (im in B-D, 5 (.im in E.
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Fig. 4. Calliandra angustifolia, mature anther. - Mature anther with a distinct con-
nective (Co) on which the two thecae sit in an angle of about 65°. - Scale bar = 100 jam

sidering an average of 9.5 stamens per flower (n = 711) and about 33 flow-
ers per inflorescence (n = 28), only 608 pollen grains per flower and 20,064
pollen grains per inflorescence are produced.

From sporogenesis until anther dehiseence the following important
processes within the anther go ahead:

1. Formation of an endothecium with partially thickened cell walls,
running out in radial skinnier ridges (Figs. 2B, 3B).

2. Inside the locules: Subepidermally lysis of the parenchymatous
transverse wall right under the eyelike broadening of the stomium. This
process sets in at a bud length of c. 6 mm. The product of this lysis becomes
the pollen adhesive, which is finally found at the tips of the polyads
(Figs. 3B-E).

3. Reduction of the two to three cell-layers of the middle layer, and
lysis of the one-layered tapetum during the formation of the polyad's tec-
tum. In this process the tapetum is completely used up, and at a bud length
of c. 6 mm it is no longer discernible (Figs. 3B, 6A-C).
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Fig. 5. Calliandra angustifolia, mature anther. - A. Longitudinally opened locule with
massive connective (Co) and two polyads (Po), lying parallel to the anther's long-
itudinal axis. - B. Detail of A. At the central part of the locule, the tips of the polyads
point directly into two cavities (asterisks), in which residual pollen adhesive is visi-
ble. Beyond of these cavities the central zone of the stomium, which is free of hairs
(Eye; PT = parenchymatous tissue). - Scale bar = 100 |.im in A, 10 \im in B.
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4. Between the locules: Wrenching of the septum from the anther wall.
This happens shortly before the anther opens, and initiates dehiscence of
the stomium (Fig. 6C).

In parallel, the following changes on the anther's surface can be ob-
served:

1. Formation of a distinct stomium along the borderlines of the locules.
The cells of the stomium are small and lack wall thickenings (Figs. 2A, 3A-
B, 6A-C).

2. Outgrowth of epidermal cells to hair cells along the margin of the
stomium. These hair cells interlock along the stomium's margin, whereas
the eye-like central part of the stomium is free of interlocking hairs (Figs.
3A-B, 5A-B, 6B-C).

3. Degeneration of the epidermal cells on the anther wall. This hap-
pens in parts complete, and in parts a degeneration to small lens shaped
cells is discernible (Figs. 6A-C).

4. Differentiation of a massive connective, on which the two thecae are
located separate from each other in an angle of about 65°. In the dorsal
region of the connective distinct papillate epidermal cells are formed (Figs.
3A, 4, 5A, 6B-C).

All of these processes and changes are important in the course of pol-
len presentation and application of pollen adhesive, which will be dealt
with in the two following chapters 4.2. and 4.3.

4.2. Production of Pollen Adhesive

Tapetal pollenkitt, which is the common case in angiosperms, is the
least plausible. The tapetum is used up in parallel with the tectum forma-
tion, and it is soon no more discernible (Figs. 6A-C). Furthermore, in the
case of tapetal origin an exact application on the tip of the polyads would
be impossible and small amounts of sticky substances on the polyad's sur-
face would inhibit their exact erection (see next chapter).

Fig. 6. Calliandra angustifolia, transverse anther sections. - A. Young anther showing
pollen mother cells, which are separated in each theca by a usually four-layered
septum. The pollen mother cells are enclosed by a one-layered tapetum and a two- to
three-layered middle layer. Furthermore, the young endothecium and a one-layered
epidermis is visible. - B. Older developmental stage after meiosis. The tapetum is
used up completely and the middle layer (ML) is reduced. Within the endothecium
cell walls are partially thickened, and the locular epidermis (Ep) is reduced to small
lens shaped cells. Along the stomium epidermal cells enlarge to hair cells (Ep-Hair). -
C. Anther out of an anthetic flower. The septum (Se) wrenches from the anther wall
and thus the theca becomes unilocular. The stomium (St) dehisces, and the middle
layer (ML) is widely reduced. - Scale bar = 50 |um in A-C.
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No evidence for the production of pollen adhesive could be found in
the hairs along the stomium. They are absent in the central part of the
stomium, where the adhesive should be applicated (Fig. 3A, 5A-B). But the
hairs play an important role in anther dehiscence and pollen presentation,
which is shown in the next chapter.

Therefore, the small celled parenchymatous tissue which divides the
locules, was observed in detail. In its range the septum is broadened, and
the connective grows deeply in the locules (Figs. 4, 5A). In the region,
where the tips of two polyads of neighbouring locules show against the
parenchymatous tissue, small subepidermal cavities were found (Fig. 3B).
The same cavities were also found in anthers, which were opened artifi-
cially (Figs. 5A-B). The tips of the polyads point directly into these cav-
ities, where small amounts of pollen adhesive could be found (Fig. 5B).
Because of these results, anther dehiscence was examined with particular
attention to the centre of the thecae. By this, the assumption that the pol-
len adhesive is a product of the lysis of the parenchymatous tissue was
confirmed. The adhesive is applicated exactly on the tips of the polyads,
and no sticky substances contact other parts of the poly ad's surface. Fur-
thermore, the optical similarities of small amounts of pollen adhesive,
which we found in artificially opened anthers and on adhering polyads
confirm that it is a product of the partial lysis of the parenchymatous tis-
sue (Figs. 3D-E, 5A-B).

Dissolubility tests showed that the adhesive is solvable neither in
ethanol nor in formalindimethylacetal (used for SEM), whereas it is well
solvable in the xylolsubstitute XEM 200 (used for LM). Hence the adhesive
is found in SEM micrographs (Figs. 3D-E), while no remnants could be
found in microtome sections, in which the pollen adhesive is washed out in
the course of the preparation process (Fig. 3B).

4.3. Anther Dehiscence and Pollen Presentation

At a bud length of c. 6 mm, anther dehiscence is initiated by lysis of
the parenchymatous tissue, which parts the locules (Figs. 3B, 5A). At the
day of anthesis the septum between the two locules is redeemed from the
anther wall, and the thecae become unilocular (Fig. 6C). Because of this,
the thecae loose stability, and tensile stress by the endothecium acts en-
tirely on the small-celled stomium. In this phase the interlocking hairs
along the stomium's margin strengthen this region for a small amount. This
firmness lacks in the centre of the stomium, where it is eye like broadened,
and where the hairs are absent. Hence, the central part of the stomium is
the most unstable part, where the dehiscence starts. From there the sto-
mium dehisces towards the ends of the anther. Parallel to this, the anther
walls move inwards glove-finger like from the centre towards the theca's
ends. In this process adjacent polyads are successively pressed against

©Verlag Ferdinand Berger & Söhne Ges.m.b.H., Horn, Austria, download unter www.biologiezentrum.at



279

Fig. 7. Calliandra angustifolia, mature anther at the day of anthesis. - A. The black
arrows show the mode of stomium dehiscence from the centre towards the margins of
the theca. The white arrows mark the forces of the anther walls, which move inwards
glove finger like from the centre towards the margins of the theca. - B. Opened theca
[polyads and one (outer) theca valve removed]. Residuals of the septum (SE) and the
parenchymatous transverse wall (PT) are visible, and act as guide rail and abutment,
respectively, in the process of polyad erection. - Scale bar = 100 [im in A-B.

each other from their tips towards the rounded end. Furthermore, the an-
ther wall in the centre is shuffled successively under the polyads (Fig. 7A),
and the anther valves finally are bent to the dorsal side of the anther. In
this way, the polyads lying parallel to the anther's longitudinal axis are
forced upwards for 90°. Remnants of the septum and of the par-
enchymatous transverse wall assist this process by acting as guide rail (the
septum) and as abutment (the transverse wall; Fig. 7B). They fix the poly-
ads in a convenient position and allow no other movement of the polyads
than a gradual erection.

5. Discussion

5.1. Microsporogenesis, Locule Septation, and its Biological Significance

The locules of Calliandra angustifolia are septated transversally by a
parenchymatous tissue and not only by the tapetum. This fact was not en-
tirely clarified by ENGLER 1876 (see also ENDRESS & STUMPF 1990). Par-

enchymatous septation is common in Mimosoideae and is found in Albiz-
zia, Archidendron, Dichrostachys, Parkia and Leucaena (e.g., DNYANSAGAR
1954, ENDRESS & STUMPF 1990, 1991, JAIN & VIJAYARAGHAVAN 1992).

The transverse locule septation in C. angustifolia takes place in an
early developmental stage, and goes along with the formation of two pollen
mother cells per locule-half. The pollen mother cells undergo meiosis and
eight-grained polyads are formed. The number of two pollen mother cells
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per locule-half has already been emphasized by DNYANSAGAR 1955, and
stands in contrast to CHEN 1973.

Multilocular anthers have been reported for 18 families of dicotyle-
dons (cf. ENDRESS & STUMPF 1990). The biological significance of such
septations is discussed controversial, and is not clarified sufficiently in
most cases (cf. LERSTEN 1971: 494, ENDRESS & STUMPF 1990: 229, BAUM-

GRATZ & al. 1996). Concerning the functions of the septum in the course of
pollen presentation and adhesive production in C. angustifolia (which will
be discussed in the following chapters 5.2. and 5.3.), a correlation of the
septation with pollination ecology is evident.

For Calliandra s.str., the discussed purpose of a better nourishment by
tighter contact of the pollen grains with the tapetum is negligible, since the
pollen grains lay in a single plane and a maximal contact is assured with
and without septation. The tapetum's surface is also only marginally en-
larged by transverse septation.

According to GUINET 1981, Calliandra s. str. is the sole genus of Ingeae
with only eight grains per polyad, which differs from the 16 grains per
polyad in the segregated genus Zapoteca (GUINET & HERNANDEZ 1989).
Within the other tribes of Mimosoideae, polyads with eight grains are
found in 12 genera of Mimoseae and in species of the subtribe Hetero-
phyllum of Acacieae. Particularly these taxa are discussed in connection
with the genus Calliandra s. str., because the pollen grains also lay in a
single plane (GUINET 1981: 846). But GUINET 1990 mentions that the pollen
differences between Acacia s. 1. and Calliandra s. str. do not suggest a close
relationship between the two genera. Furthermore, NIEZGODA & al. 1983
suggest that the calymmate condition among Calliandra s. str. has prob-
ably been independently derived as it is associated with pollen characters
unique within Ingeae, and in the case of the eight-grained species, unique
within mimosoids.

5.2. Proof of Pollen Adhesive in Mimosoideae

Although the sticky substance on the apex of the drop-shaped polyads
in Calliandra s. str. is known since MOHL 1834, details of its ontogeny were
still unknown and erroneous or false interpretations are found in the re-
cent literature. HERNANDEZ 1986 mentions a "viscid appendage in basal
grain", which better should be quoted "ON the APICAL grain" in respect
of the final position. BERNHARDT 1996 cites this statement and mentions
that "glues may be manufactured exogenously by the basal cells of Cal-
liandra", which is incorrect too, as shown in the present paper.

We could rather show that the sticky substance is a resolvent product
of the parenchymatous tissue, which divides the locules. Hence it differs
clearly from pollenkitt, which is defined as a complex mixture of lipid
viscous substances, produced by the plastids of the anther tapetum (HESSE
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1981, PACINI & HESSE 2005). To emphasize the non tapetal provenience of
the substance, the term extra-tapetal pollen adhesive as used by VOGEL

2002 is seen as appropriate; but it is abbreviated here as "pollen adhesive"
because this is sufficient as a contrary to pollenkitt (for definitions see
chapter 3.5.). This is the first report of pollen adhesive in Mimosoideae.
Within Leguminosae pollen adhesive is found only once in the caesalpi-
nioid Tylosema esculentum (BURCH.) A. SCHREIBER (DE FREY & aL 1992).

VOGEL 2002 lists three possible origins of pollen adhesives which are
(1) stigmatic products, (2) extra-locular glands of the anther, or (3) sticky
substances produced by the corolla wall. The pollen adhesive in Calliandra
angustifolia (and most likely pollen adhesives in the whole genus Callian-
dra s.str.) can be seen as a fourth kind of pollen adhesive, which is a lysi-
genous product of the parenchymatous septation within the locules. Ac-
cording to VOGEL 2002 conditions increasing the risk of pollen to be lost
before reaching a stigma are (1) few grains produced per flower, (2) big and
heavy grains or polyads, (3) friction between narrow corolla tubes and
pollen-carrying tongues of insects, (4) attachment on rapidly moving
wings, or (5) too smooth surfaces of vectors (see also VOGEL 1981, MOYANO

& al. 2003). In these cases pollen adhesive would assist or replace pollen-
kitt in attaching pollen to animal vectors. C. angustifolia fits quite well
onto numbers (1), (2) and (4) of this scheme. There are only few grains per
flower produced (c. 600), which are compound to big eight-celled polyads
(c. 140 x 75 |j.m), and the flowers are visited in the night by moths (HT, pers.
observation).

In Tylosema esculentum (Caesalpinioideae) a kind of pollen adhesive
or "anther mucilage" is produced by the anther connective tissue (DE FREY
& al. 1992). But this taxon has up to 14,500 small pollen grains per anther,
and the authors state that the substance serves not only in sticking the
pollen grains to the pollinator. Sticking pollen grains against each other as
well as on the stigma, and serving as protection against running dry and
against radiation are further functions, which are discussed by the au-
thors. Finally, DE FREY & al. 1992 suggest a possible benefit in germination
on the stigma. HARTLEY & al. 2002 found that the anther mucilage dried up
by the end of the first day of anthesis. They suggest that this reduces the
likelihood of pollen adhering to potential pollinators and that "the time
available for pollen transfer is likely to be short".

5.3. Anther Dehiscence and Polyad Presentation

Observations of the anther dehiscence show that the unique process of
pollen presentation is a complex interaction of anther morphology and
anatomy, of lysigenous processes in and between the locules, and of polyad
morphology (Chapters 4.2. and 4.3.). All mentioned components stand in a
strong interaction, and enable the exact application of the pollen adhesive
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on the tips of the polyads as well as the exact erection of the polyads.
Hence statements of RICHTER 1929: 159 are specified respectively emended.
Suggestions of NEVLING & ELIAS 1971 that the massive connective plays a
role in pollen presentation cannot be proved. We could not find parallels
with the opening process of Leucaena leucocephala (LAM.) DE WIT, in
which pollen grains are released through a longitudinal slit-like opening in
the anther (JAIN & VIJAYARAGHAVAN 1992). HUGHES 1997 reports for
L. macrophylla that the tapetum remains intact until after dehiscence of
the anther and that it forms a "sac" which holds the whole locular contents
together as a unit. According to HUGHES 1997, the function of the intact
tapetal membranes surrounding the locules remains unknown and it is
unclear at what stage the tapetal membrane breaks up after dehiscence of
the anther.

KENRICK & KNOX 1979, 1989 show open anthers of Acacia subulata
BONPL., presenting the 16-celled discoidal polyads with their edges pointed
upwards. In contrast to this, GUINET & HERNANDEZ 1989 and HERNANDEZ

1990 showed open anthers of Zapoteca with the polyads lying plain on the
inside of the thecal valves (see also TEPPNER 1998 for Inga feuillei DC).
GUINET & HERNANDEZ 1989 highlight an "inner-outer polyad disymmetry"
of the four central pollen grains in Zapoteca, with only one side showing
lens-shaped thickened areas (see also HERNANDEZ 1989). After anther de-
hiscence the exposed sides of the polyads are those bearing these lens-
shaped areas (see also HERNANDEZ 1990). The authors mention that "inner-
outer polyad disymmetry" can also be found in several other genera of In-
geae such as Abarema, Albizia (Sect. Zygia), Lysiloma (GUINET 1990) and
Inga (Hoc 1985), while it appears to be absent in the other Mimosoideae
tribes.

5.4. Systematic Conclusions

Because of its particular pollen morphology, the isolated position of
Calliandra s. str. with eight-celled and drop-shaped polyads was high-
lighted several times (e.g., GUINET 1965, SORSA 1969, GUINET & FERGUSON

1989), and finally the genus Zapoteca with 16-celled polyads was segre-
gated (HERNANDEZ 1986, HERNANDEZ 1989, GUINET & HERNANDEZ 1989).

A close relationship of the two genera, as suggested by GRIMES 1995,
1999 could neither be proved by molecular data (MILLER & al. 2003,
LUCKOW & al. 2003) nor by morphological observations (PRENNER 2004,
present study). However, both, MILLER & al. 2003 and LUCKOW & al. 2003
could not solve the problem of accurately placing the genus Calliandra s.
str., and for Ingeae as a whole, LEWIS & Rico ARCE 2005: 193 mention that
"clarification of generic relationships within tribe Ingeae still suffers from
a paucity of molecular data".
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LAVIN & al. 2005 show that Calliandra s.str. apparently form a rela-
tively long branch within node 12 of the mimosoid crown node which
suggests a more recent diversification of the genus. Together with the un-
ique patterns of early floral development (reversed unidirectional sepal
initiation, cochlear descending sepal aestivation and helical tendencies in
the androecium; PRENNER 2004), the clarification of the particular mode of
pollen presentation and the finding of extra-tapetal pollen adhesive (pre-
sent study) give further evidence for the isolated position of the genus
Calliandra s. str. within Mimosoideae.
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