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oceurs, and even more rapidly, if the plants are brought back to Bogor
after this period.

The possible interaction of growth-hormones in the processes involved
is discussed.

Bogor, March 1952
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and Abroma)
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L. Annona murtcata L.

The blooming of this well-known fruit plant (Sour Jack) deserves a
special description as it is fit to become a standard example of self-polli-
nation in the tropics.

Though the plant i1s not indigenocus to Java (it was imported from
the West Indies) its life-cycle appears natural there and the plant often
fruits well. Some trees remain sterile.

Burck ® already pointed to the wide-spread autogamy in the family
of the Annonaceae, where it is often correlated with non-opening flowers.
The self-pollination generally takes plpce when the (lower parts fall oft
at the end of anthesis.

WINKLER *7 later on described the process of sell-pollination in many
other members of the family in South Africa. The phenomena described
here for 4. mamicate agree more or less with WiNKLER's finds in Uvariu
winkler: DIELS and Monodora preugsii ENGL. et Dirng. His data on A.
maricabe ave less detailed then those on A. palustris. Both show autogamy.
No visitors are mentioned.

The flowers of Annona muricate hang down more or less vertically
and are often cauliflorous. The very fleshy peifals, yellowgreen, that
scarcely open, give the flower such a peculiar shape that one expects a
special pollinator, the more so since the flower gives out some sweel
cdour besides the peculiar smell that pervades the whole plant. I found,
however, no visitors at all. While the three outer petals gradually open
somewhat during the first three days of anthesis, the three inner
petals never show any direct aperture, though they are not hermetically
sealed.

There is a special reason why it would even be impracticable for
possible visitors to act directly as pollinators in the next flower. The

— T
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anthers are closely packed together into one compact mass around the
complex of pistils. In this way the pollen is entirely shut off from the
oxterior. The hard sterile heads of the anthers fit like stones in a wall.
In fig. 1 the pollen is represented by dots in the thecae.

The number of pollen grains is strongly reduced. Each loculus contains
only one row of tetrades, about twenty of them in length. Each tetrade of
{irmly connected pollen grains measures about 300 y. The stigmas secrete
a viscous slime that unites into a thick drop, dotted in fig. 1.

The closed condition of the flow-
or is essential to the operating of the
- pollination mechanism. When one of
the inner petals is removed the slime
hardens and becomes functionless.

On the afterncon of the fifth
day after the splitting up of the out-
er petals the anthers change to a
darker colour, more or less gray.

At 7.~ p.m. the filaments are
gradually coming loose, the anthers
glightly separate and the yellow
pollen grains finally beeome visible
as the stamens fall down. Most of
them fall on the still closed petals,
but & number get caught in the slime.
Soon after this the petals also shed
and the slime with the stamens
Tig. 1. Longitudinal section through dries up.

flower of Annone wuricata on its thirvd i
day. The striped plane is not eut and When the ﬁmwm&m.mﬂa hard an
lies siightly below the plane of design. thers fall down and hit the leaves, a

Stime. dotted. peculiar sound is produced — a sound
that repeatedly gave rise to the belief of ghosts haunting the garden at
night. .

The sweet fruitish odour is perhaps a remnant of the primary
condition, when beetles were the pollinators. BURCK?® already suggested
this possibility for the family. CorngER* (p. 126) mentions small beetles
as frequent visitors in other Annonaceae, as Canangium odoratum BAILL.
In some of these cases (Drepananthus, Xylopia, Goniothalamus and
Anczagored) he found that the flowers keep the visiting beetles in a trap
for some days.
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The exposition of the pollen shortly before the flower disintegrates
does indeed fit in with what we kaow about trap flowers. As a consequence
of extreme protogyny pollinators must be kept imprisoned tiil the pollen
is ripe. Our Annona species has already evolved beyond this phase, I
think the very large pollen tetrads would not be fit for transport by small
heetles,

The antique way of pollination by beetles has been abolished entirely
or partly by other beetie-flowers, like Castanea, as seen by PoRSCH 'V

In JuLiano’s study ™ on A. muricate {(and other species) in the
Philippines this author says: “the flowers emit a fragrance which attracis
visitors”. As nothing further is said this makes the impression of being
an assumption not based on aectual observation.

JULIANO cites a study by WESTER, which was not aceessible to me
(Bull. Torrey Bot. Club 1910, 37:529) and which describes beetles in
flowers of A. sguamose in Florida.

JULIANO's data on the flowering of A. muricate differ in some respects
{from mine (e.g. dehiscence of anthers before anthesis). Perhaps he over.
looked the proterogyny and studied flowers during the last hours of
anthesis only. This might explain his describing the opening of the flowers
and the complete anthesis as taking place from 4.- till 10.- p.m. in one
day. WESTER, however, seems to have described the proterogyny as seen
above,

2. Artocarpus heterophylle LAMK.

The jackfruit or nangka is another commeon fruit-irec of which the
flewer biology should be better known.

Its green and fleshy flower-heads give the impression of being
anemophilous like those of almost all members of the family.

CORNER ® (p. 650) already pointed to the fact that in the genus
Avtocarpus there are anemophilous species with dry, dust-like polien and

odourless inflorescences, but that e.g. A. heterophylle has a sweet scent of
~ honey and burnt sugar and that the flowers attract smali flies and

beetles.
* In Java I also found our species to emit the odour of overripe fruit.

¢ The pollen is moreover not produced in large quantities and is’ sticky.

On the thick male flowerheads a number of new anthers project from
‘the mairix every day. The flowering of female heads also lasts for some
days. .
As visitors on male and female heads I found large numbers of small
: Trigona-bees and small Drosophilid flies (genus Detfopsomyia) together
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with the common Phorid Meguseliv acclaris LoEW. Small tjitjak-lizards
(Hemidaetylis) were obviously acquainted with the enfomogamy, as they
were regularly found waiting on the flowerheads. The same flies were
present in great numbers on the fallen male flower heads that always
cover the ground and decay when the atmosphere is sufficiently moist.

As the insects lay eggs here, the improbably large fiowerhead is not
only a producer of pollen, but also a medium for the development of a new
generation of pollinators. .

When kept in a glass tube each male flower head of A. heterophylla
produced a great number of the flies referred to.

in Alocasia pubera (notable by a temperature of 24.5°C. above air-
temperature) I described ' another instance of the poilinating flies (this
time Anthomyids of the genus Atherigona) bresding on the decaying male
flowers, but in this case there was & closer bond between flower and flies
as the latter pupate inside the persisting spatha and escape just when
the spatha-sealing of the apical opening disappears.

For the time being the bond is in Artocarpus only effective as a means
o secure a constantly present popuiation of flies near the plant but, far-
fetehed as it seems, it may perhaps be seen as the beginning of a symbiosis
for the whole life-cycte. In a sense this would be comparable to the
symbiosis between Ficus and Blastophagd.

The male flower heads of Arfocarpus heterephylle are in o sense
apeeially adapted to the breeding of their pollinators and are not just
aceidental medin of development as any decaying vegetable mattcr. This
is made clear by the following comparison to an anemophilous species.

When male flower heads of Avtecarpus elustice REINW. (past anthesis)
were placed in jars under diverse conditions as to moisture, a striking
difference with A. heterophylle hecame evident. After two months hardly
any insects had developed from them, merely some Nitidulid beetles and
one single Drosophilid fly.

These flowerheads are anemophilous as indicated already by
(CORNER >. Before the emergence of the anthers they are green. After
this the general colour changes to light brown. At the time of opening a
distinet smell iz emitted, indicating the transitional nature of the
anemophily. The smell is ester- or aceton-like. 1t (7 still) attracts Droso-
philids if placed in a room, viz, five flies to each one on neighbouring ripe
bananas. After half a day the smell becomes musty and fades away.
Perhaps a special compound inducing oviposition is lacking, compared 1
A. heterophylla, as I saw no signs of this process.
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. An m:..ac\mmm by an animal physiologist of the substances inducing the
visit, sucking, mating and oviposition on flower parts might be valuable
te flower biclogy.

The polien is extremely fine and settles as a dusty layer on the table

on which ripe flower-heads are placed. In newl i
. F . y opened anthers the grains
still stick together. ’ s

3. Typhoniwm trilobatum SCHOTT.

In the month of August 1942 the curious spathae were found scattered
between the grass along the fence of the prisoners’ camp of Tjilatjap.
For a good figure see BACKER, 1934. Onkruidflora Javasche Suikerriet-
gronden (pl. 180). ’

ﬂwm upper part of the spatha is almost flat and lies horizontally
touching the ground. The underside of the spatha is brownish green ci.h
the upper side shows a most peculiar dark purple colour with a ﬁﬁ.mwczw
velvety surface, except for the basal part, which is green.

The Eémﬁ vertical part is greenish and encloses the female flowers.
Later on it persists, enclosing the fruits. Between the lower and upper
part we see a narrow throat.

The thread-like appendix of approximately 20 em. in length is purple-
coloured. PR

ﬂ“rm yellow anthers are conspicuous above the throat.

Though experiments {ef.p. 97) seem to prove that in general the purpie
nc_c.E. does not in the first place attract the flies in “Ekelbhiten”, it is
S_._._.o:m thai the purple colour and foetid smell usually coincide. The H.ho_cE,
will perhaps prove to be of secondary importance in provoking .ﬁ_m landing

,H.:o same holds good for Typhonium. Its smell is musty, but Em:nim
to define accurately. One observer compared it to stale, but moﬁ vet rotten
meat. .mw:osg@. compared it to the smell of a stable. w: my opinion the
E.sm: is moﬁcmwmwﬂm to that of old horse dung mixed with a mﬁ_mow?: smell
M,% gmnmﬁ:m H.H,:#..bm.nﬁ. the productive period the smell still m&m._ﬁ.,mw to
cmmﬁwwwﬁmmﬂx. Various inflorescences show the same rhythm in the course

The data are collected in the table of p. 82.

. After the second day the upper part of the spatha withers anil breaks
off. .Hrm lower part remains succulent and even increases in size m2mu,
the NBE.mmmmo: of a fruit. The planis produced many fruits. h ¢

. At first no visiting insects were seen. It was peculiar that house flies
ﬁ_.a not show the least interest. A specimen of Apis indice did, howeve
cirele around the vertical appendix, many times even m:mrzsm_ for moE«m
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Appendix
1st day Spatha Anthers
Temp, Smell
_
4.45 a.m. splitting closed cold : none
5.30 a.m. almost opened » n »
G.— a.m. flat and hori-
(sunvise) zontal » . 2 n
7.15 am. flat and hori- )
zontal » " faint
7.30 aan. . » Warm increasing
8. amn . ”» " mS.onm.ﬁ
Q.-— a.n. . ' decreasing decreasing
11.30 am. throat closed " cold nong
13.— p.am. turning green " " »
2nd day . ‘,
5.15 am, green incipient emis- » : »
sion of pollen “
5.45 am. ” pollen on throat » S :

moments. The throai underneath the raale flowers is so narrow that it
leaves a slit of less than 1 mm. so that small pollinators were to be expected.
On closer observation very small beetles indeed appeared to be the pol-
linators. Against the dark spatha they were scarcely visible but I noz.E
zometimes observe their conduet. They landed on the spatha and immedia-
tely found their way via the throat into the ventricose lower part. .

The inside of this kettle is not velvety but glossy. I am not certain
that it acts as a “Gleitfelle” as some insects crawled back through the
throat during the morning hours. Most visitors, however, remained in the
tettle. When the throat was cut away the beetles were clearly seen. to
find it difficult to climb the wall of the spatha.

In the afternoon the aperture in the throat narrowed and lbecame
hermetically sealed so that the visitors were trapped inside. On an average
they measured less than haif a millimetre. I couid recognize Staphylinidae
(Athetinae), a Scydmaenid and a Nitidulid, so that the collection may

provisionally be considered as carrion or dung insects. There must, -

however, be some narrower specialisation. No bigger carrion or dung
insects tried to enter. The way in which some authors treat all carrvien
beetles and flies as one class of poliinators is certainly too simplistic.

Most of the captives were found between the yellow, hook-like projec- -

tions above the female flowers. The ecological significance of these hooks

I Ay
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as beavers of nutritive tissue is obvious and I actually observed the beetles
feeding on them. When eating they loosened a powder from the surface
and became covered with it.

The subsequent stages of the flowering closely resemble those in
Amorphophallus and other Araceous protogynic trap flowers.

The time of polien emission in second-day flowers does not coincide
with the time of attractiveness and receptivity in first-day flowers, Af
tirst this seemed strange but the following simple experiment made it
clear that both stages nevertheless harmonize.

The pollen rests near the throat in the shaliow pit of the spatha.
It is pale violet and contrasts strangely with the greenish base of the
spatha. T covered this part of the spatha, including a portion of the
appendix, with a glass tube and sealed it at the boitom.

In numercus cases I found no beetles in the tube up till 7.15 a.m.
of the second day, but at 7.50 a.m. a number of them had entered it from
the throat. Thege insects must have waded through the very fine and dry
pollen and carried it on their bodies. They would probably have been able
to transport it to a young inflorescence.

The fact that the throat opened slightly during this period is partly
due to the shrinking of the male flowers and of the axis between them.
The axis also grows slightly upwards, but the opening and closing
movements are principally governed by the thick throat of the spatha.

i

The data of the life history, m?mm by BaNERJI!, do not primarily
concern the flower biology. The flower biological details described differ
in some points from those given above. His 7. trilobatum var. genuinun

D,oBHsﬁ:m&momwoimmgogrowoﬁnﬁ%mmwwﬁomuwrm spathae being erect
and funnel-shaped. .

BANERJI, however, also mentions small beetles as pollinators, and
polien lying at the neck of the constriction. He thinks that “the neuter
flowers” are eaten away by the insects.

4. Gauetum gnemon L. var. doniesticum MGF.

Amongst the highest Gymuosperms (Chlamydospermae) the two
families of the Ephedraceze and Welwitschiaceae are known to have
developed flowers with insect poliination.

About the Gnetaceae, in so many respects evolved along the lines of
the Angiosperms, we only have suppositions in this respect.

KARSTEN # thought he tasted sugar in the drop of fluid on top of the
“style” and saw ants lick from it. He suggested the possibility of a secun-
dary function as attractive material.
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This “pollination drop” is in itself nothing new in Gymnosperms, but
if it has indeed become nectar-like, it serves no longer only to capture the
microspores, bul has assumed a new function.

I could prove that the more or less slimy drop contains much sugar.
It reduces strongly and without preceding hydrolysis an ammoniacal silver
solution and a Fehling solution. Ants indeed gathered in great numbers
around the fluid on glass slides,

There are other indications of entomogamy in Gnetun. Early in the
morning male inflorescences emit a distinet, sweetish odour.

CORNER * (p. 725) also mentions a scent for the male flowers only.

A visual attraction, as present in Ephedre, is probably unimportant
here, certainly as far as the green female spikes are concerned. The muale
inflorescences in some Giefum species, also in G, gnemon, are more showy
hecause of the many white stamens.

The pollen is preoduced in small quantities and is sticky. It hangs
together in Monilia-like strings.

Future observers should reckon with the right fime of anthesis.
The anthers open at about 7.- am. and the stamens wither after 11.-
aam. At about the same time or earlier one can find the
nectar drops on fertile female flowers (ef. fig. 2) and

A on the sterile female flowers in the male inflorescences.

Later in the day the drops often disappear again. This

disappearance may be due to evaporation or to active

! processes. The secretion is decidedly dependent on at-

/ mospheric conditions. In a dry atmosphere no drops

Lbecome visible, bui when male or female inflorescences

are placed under a moistened glass bell, secretion

. / promptly starts at any time of the day. The drops then

f/..rr\\ easily become bigger than under natural conditions.

Many extrafloral nectaries in the tropics are for their

activity bound to moist air in the same way. Obviously

Guetwm is for its pollination adapted to humid forest
conditions.

Under the glass bell not all female flowers reacted,
only those of u certain dimension, viz., 8%-4 mm. (without style}.

The flowers remain in this phase for a long time. Often the drops on
female flowers do not disappear entirely but dry out to a viscous mass
that turns again Into a liguid during the night.

When I fixed a number of secreting flowers and cut them longifudinally
I found that in all of them the embryo sac was in the phase of 32 - 64 free

Pig. 2. Female
flower of Gnetint
gremon with nec-
tar drop on top of
the inner integu-
ment.
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nuctei. I found in these sections a distinet, though shaliow, pollen chamber
and none of the papillae FAGERLIND ¢ described. The place of origin of the
{laid could be ascertained as the tip of the nucelius of which the cells had
disintegrated and afterwards changed into an amorphous mass with
remnants of nuelel. There was no other special secretory tissue. KARSTEN ®
aiready arrived at the same conclusion.

The fast disappearance of the drop is different from what Porscu ¥
found in Ephedre campylopoda, where it remained throughout the heat of
an August day in Dalmatia. The disappearance, even when the nectar is
not taken by insects, is important for the fertilization. In this way, just
#s in most Conifers, the poilen is sucked into the very narrow style channel
tewards the nucellus. How it escapes bheing lapped up quantitatively
together with the fluid remains to be studied.

Observations on the pollination of the tree in a cultivated condition
are hampered by some circumstances, viz., firstly that around trees in
gardens the atmdsphere becomes too dry scon after sunrise and Turther

jaab it is always doubtful whether the female flowers are in the right
" “Fhase.

Once, however, early in the morning in a garden near Djakarta,
I found that the nectar drops in male inflorescences were being lapped
up by small flies. Small bees (I1igona) collected the pollen. As this obser-
ration was made in a Japanese prisoners’ camp I could not make closer
observations or collect insects. In the Bagor Botanic Garden, I found a
geod number of visitors of many E:amv mostly flies and mosquitoes.

Pemale trees often produce some male inflorescences.

Later on I watched female inflorescences at all times of the day in
Bandung, but could not find any visitors, so that the actual transport of
pollen by insects is far from certain.

Of the female trees I watched in Bandung, the fruiting was decidedly
poor. As said before female inflorescences never emit a smell and are
incongpicuous. On the other hand there are no signs of anemophily.

The explanation of this absence of visitors can be sought in different
directions :

a. The visitors are specialized and not constantly
gardens {cf. Abroma). )

b. The visit to female flowers happens at other times and by insects
other than those mentioned above.

¢. The attraction of female flowers differs from the attraction of
male flowers. In this connection I may refer to cases as Yueea and some
Cycadacene, where one kind of flower is visited for pollen collecting and

present in city
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the other for ovipesition. Porscu ™ compiled such data in his study on
comparable phenomena in Castenec. )

The observation of insects on male inflorescences of Gnefum might
strengthen the idea that the spike of Gnetum is the fore-runner of entomo-
gamous Angiospermous flowers in an ecological sense. PORSCil 'Y, however,
already remarked for Ephedve that the nectar secretion through the
micropyle is not a hemologon to the nectar secretion of Angiosperms and
that the whole contraption in Gnetum is a blind alley, only possible in
bisexual inflorescences and with nude ovules. Angiosperms with covered
ovules had to develop a new line, with other sources of nectar.

Although entomogamy as such in Gmetales still may be seen as an
approach fo conditions in Angiosperms, I must remark that in one other
point the pollination of this group is more primitive than it is in some
Conifers {Tsuga, Arauceria) where the polien germinates outside the
micropyle and forms pollen tubes.

Angiospermy seems as a rule to have been preceded by siphonogamy.
Though ungerminated pollen has been found inside the “closed carpelg’
of some Claytoniales, and though open stylar channels are not uneommon
in Angiosperms, traces of the Guetum method (sucking in of microspores)
cannot be found as a primitive condition in Angiosperms. There are some
cases of pollen being found in the stylar channel (Butomopsis, Trilltwm,
Pritillaric ete., cited by MAHESWARL * p. 423). These instances, however,
do not give the impression of being transitions from the way in which
pollination takes place in Guetum.

5. LIGHT WINDOWS 1% Arisucma fomingtum Bl

Of this Asriscemae an excellent plate can be found in BLUME's
Rumphia I (Tafel 27). Whereas other Asiscemas grow in rain forests,
this species prefers lighter forest on calcarcous and other steep rocks.

Figure 3 shows the beautiful “lght-window” in the spatha. Scen
{rom the back this place in the knee of the spatha shows nething peculiar
except for a tofal absence of colour. Seen from the front (fig. 3) it is
light, as if illuminated by 2a lamp. This feature is partly due to the
transparency of this part of the spatha. The rest of the back of the spatha

#)  For Cyces remphil M1, 1 eannot confirm his pencral idea that the smell of
the male vone of Cycadaceac has an attractive value and that the female sporophylls
have no smell. When groups of female gporophylls arise on top of the stem they emit
{or many days on end the same strong and pnpleasant smell as the male cones, but
only in their youth. This takes place prior to the ripeness of the ovules as no pollination
drops were visible and as ovules and sporophylis were not fully grown. In male cones
the smell azlso precedes the dehiscence of the anthers by a long time, Perhaps the
smell is primarily a result of metabolie processes during rapid growth.
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mm.mmm::m more pigmented. Seen {rom the front the underside of the
,.E:mcs. is framed by a darker plane formed by the extra layer of the
front of the spatha, though this side too is but slightly coloured. On the
upper side the window is set off by the green horizontal part of the hood
of the spatha. This contrast is especially emphasized by a dark-purple line
—only on the inside ~— between white and green parts. (The same line is
shown by the well-known window around the sexual organs in Aristolochin
flowers). A comparabie dark rim on the front edges of the spatha ac-
centuates the contrast with the underside of the window.

Fig. 3. A»isaema laminetu
- Aris . Spatha seen from : in i 'z
surroundings. ¥ nat. size. om the front in its natural

The almost .E«E:ocm spot does not simply lel through light from
back to front, as in that case it could never be lighter than the background
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which it often is (ef. fig. 3). It is brightest when light falls on it from the
sides and from above. The tissue seems to reflect and refract the light,
conceutring it towards the mouth of the spatha.

My notes on the find of this Arisaema (Mt Bongkok near Plered,
Java) are lost and I do not remember finding insects in the spatha.
Neither do I remember any special smell, but the absence of a smell might
only be temporary — as we know from related Araceous trapflowers
T'yphowium, Amorphophallus ete. I am, however, certain that the window
is x contrivance that acts on insects which have been lured into the
neighbourhood by other means, tempting them to enter the trap or hin-
dering them from leaving. The appendix, oftenn so long in the genus, is
short and inconspicuous in our species.

In Avristolochia the function of the window is perhaps move limited,
viz., to that of keeping the insects near the sexual organg., The Tact that
light windews occur in other Arisueme species, either to trap insects or
to keep them near the sexual organs, is clear from the figures in « study
by BarnES® One of these Indian species (4. tylophorwm FiISHER) even
looks identical with 4. leminatum BL. In A. leschenculticne BL. he
figures dark and light longitudinal zones in the tube of the spatha, but
apparently did not study them from the inner side. The name of an other
species, A, transhicens, is in itself significant.

BARNES deseribes the poilination of this species by small flies (My-
cetonhilidae) and mentions an unpleasant smell!

In the light of what we know about fly-flowers in general 1 want to
draw atiention to the remark about A. conwvolutum (a species with a
curious shift of odour production from the appendix to the tail of the
spatha limb), that “the tail serves as a setting place for the flies that are
attracted”. I am not sure whether this is a mere assumption or a refe-
rence to an actual observation.

In KIRCHNER's *Blumen und Insekten” we find (p. 207) that the small
flies trapped in the spatha of Arisarum vulgare do not escape through
the shaded mouth, but fly all the time against the transparent lineale
window in the kettle.

1t is doubtful if this conduct of flies is sufficiently explained by
tieir well-known phototaxy as demonstrated by flies on glass windows
and Drosophiles in bottles. Perhaps it is a more intricate reflex connected
with fright.

NEGER ! (p. 618) already pointed to this supposed function of
window-panes in flytraps.

D
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KnoLL " also noted this connection, when describing the remarkably
bright interior of the kettle of Aswm (pp. 426, 433). Here the mechanism
car operate only on insects that have been trapped already.

In my inaugural address “Het ecologisch moment in de plantkunde”
{Groningen, Batavia, 1948) I already pointed to the fact that light-
windows in Arisaema, Aristolochia and Darlingtonic are not to be looked
upon as mere expressions of a morphological type. From a review by
TROLL 2 that came to my knowledge after finishing this manuseript and
that abstracted an unpublished study of his, T learned thaf he also had
come to the conclusion that light windows may guide insecis to the sexual
organs of some flowers (Aristolochin, Cypripediwm calceolus, Arisaema
ringens and A, furgesit) and into the traps of Darlinglonia.

A most convincing picture of a light-window in an inseci-catching
contraption is the one given by TROLL #%, in his fig. 1611 of the piteher of
Darlingtonio. nm_mw.w%.ﬁ.n?

TROLL says (p. 1825) that it has the form of the fly-catching glasses
our grandparents used and that the window luves the insecta into it.
He remarks that the mesophyll in the translucent spots is absolutely free
{from intercellular cavities. Perhaps there is more than just franspavency
in the physics of this tissue.

In his latest publication TROLL * reverts fo the subject of light-
windows, describing them as “diaphane Strukturen’ to differentiate them
[rom his Fenster, the slits in lantern flowers. In his fig. 24 the window
panc of an Aristolochia appears lighter than the background. He also
rives a clear photograph of the windows in Arisuema fargesit Buch, and
recognizes the ecologic significance of other details, such as the dark line
surrounding the transiucent parts.

McCANN* deseribed light windows in other fly-traps, viz,. the
flowers of Ceropegia and Cryptocoryne species. His explanation {(illumi-
nation of the intericr) is somewhat simplistic.

The windows in the hanging flowars of Cyelemen and Fritillario
have been described by STAGER *° as replacing nectar guides in flowers
where the light from below might be insufficient to show coloured spots
of the ordinary type. Here too the windows in the basal part do net only
transmit light that enters vertically to the surface, but seemn luminous
when illuminated obliquely. There is, however, the difference that no dark
frame surrounds the transparent area and that the surface seems equally
bright from both sides. Perhaps these transparent areas belong to a
different ecological class,
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. Abrome auguste L. f.

We possess an eolaborate description of the flower biology of this
Indonesian plant by WINKLER *7. It was made from a specimen cuitivaied
in Camerun.

The main points agree with what I saw in Java, WINKLER pointed te
the room formed by the queer and hard petal bases {cuculli) fthat have
erystal-clear parts, whereas the upper parts of the petals above the
constriction are thin and leaf-like and flutter to and fro (cf. fig. 4). The
hases form the outer wall of a circular tunnel of which the inner wall
consists of the five flat staminodes {between the anthers) that also have
transiucent parts (ef. fig. 5).

WiINKLER adinits that the ecological Tunction of the {lewer construetion
is not clear, but supposes that the flower may be a Flegentduschblume,

¢ a fly flower with delusion of nectar. He saw num-

ﬂ hers of small flies of the species Oscinis albinervis,
0. rugosa, Desmometopa spee, and Milichie wni-
eolor, all species described by DE MEYERE. Most of
them were found walking round and round in the
above-mentioned tunnel. Sometimes they went in
and out through the outer entrances of this tunnel,
viz., the slits in the side, where the five petal bases
do not touch and leave pores of 2 X 3 mm.

We already know many instances of “kettle-
trap flowers”, that retain insects for a time in a
kettle, but Abroma is the first with dialypetalous
dicotyledonous flowers.

As the petal bases have strong purple bristles
at their base and apex on the outside (see fig. 4)
there is also an outside alley where flies can walk
around the flower base. WINKLER saw flies walk-
ing here, coming in and out of the slits, covered
Fig. 4. Flowey of Alroma  with pollen. The fertile anthers shed inside the
angnsta. LA nat. size. tunnel. The sense of this long stay not clear. There
is certainly no direct, easy access to the pistil from the tunmel,

WINKLER saw flics enter the central, funnelshaped recom avound the
pistil and inside the tunnel (see fig. 5). This must lead to pollination.

1 couid entirely corroborate WINKLER's description. In Java too the
flies remained strongly attached to the tunmel and its outside alley, so
much so thal they even stayed in cut flowers carried home. The small
flies were here also Milichids, probabiy Phylomyza fluvipulpis DE MEYERE,
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which species nowadays is placed in the genus Neophylomyza. Their
watural way of feeding is not known to me. Other flies or dung insects
were obvicusly not interested.

The flies apparently breed on a special substrate, not always present
near my garden. Sometimes during & period of some months not a single
fly appeared on the flowers.

Like WmKLER I could not asecertain what the ultimate atiraction
might be, unless it were the odour itself, faint, more or less dung-like,
somewhat disagreeable. The yellow discus inside the tunnel, regarded
as a gland by WINKLER, showed no nectar in Java, as it did in Camerun.
Neither has it the anatemical characteristics of a secretory tissue.

A stimulus of a more sexual character, leading to oviposition as in
other fly flowers, was also absent or incomplete. I found neither eggs nor
larvae, though the brown-purple colour and the smell characterize the
flower as an Ekelblite, a flower with a nauseating smell.

The caricus flower reveals itself as an ingenious contraption for
leading flies about in a predestined way, when we reconsider it in the light
of “light windows” (diaphanous structures).

The petal bases as well as the staminodes are windows with trans-
lucent tissue framed by dark-purple rims, as familiar by this time. Only
are the windows here divided inio panes by secundary dark lines,
recognizable as ridges in cross-section AQ.. fig. 5).

The windows are luminous from one side only. They are of course
equally transparent from Dboth sides when held against the light, but
they refract light and seem luminous against a dark background only
when seen from one side.

The petal bases, when seen from the outside, are dull-coloured with
light purple lines, not corresponding with the internal ridges. Their basal
and apical parts, already described, make them from the outside resemble
Lhe head and thorax of a big fly. Seen {from the inside of the tunnel — and
of course also from the side entrances across the tunnel — the windows
are bright, as visible in fig. 6.

From quite near, as seen with the eyes of flies on the outside wall,
they are of course relatively larger and mere conspicuous. A glance at
fig. 5 will make this clear. The staminodes are luminous seen from the
inner room, the pistil room.

In both windows the side with the dark ridges is the bright side.
These windows are of course brightest when placed before gaps in the
more peripheral whorl of the flower.
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Pig. 5. Cross section through basal part of the flower (petal Lases, stamens and
staminodes) of Abroma cuguste, with indication of the way flies can sce the windows
in the male and female regions. Interrupted lines indicate what lies below the plane

of design. Magnified.

The stay of the flies in the tunnel is of course not the first phase
after arrival. They could hardly land on the outside of the petal cmmm.m.
Therefore it is necessary to reconstruct the whole process of the visit.

It is well known {cf. KnoLy) that visiting flies in Arum first gather -
in the neighbourhcod and only gradually come to the flowers proper. -

This is in accordance with the phobotactic nature of the stimulation.

Only in a purely tropotactic stimulation the visifors make straight for
the object. This may happen in the very last phase of the approach. .
The same is apparent in Abroma. As I saw personally, the visitors start .

on a nearby leaf and finally land on one of the hanging petals. Here
they remain quiet for quite a time. Why this happens (it has been observed
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in many fly-flowers), must be left to be studied by an animal physiologist,
a sense-physiclogist. In many studies on the smell-orientation of insects
we find these stops, where the insects seem to elaborate the smell-excitation
like dogs have a habit of doing (cf. OTTO 13). While this happens the
tender pefals often flutter to and fro. The petal blades, .namely, are
attached to their more solid bases with a very thin claw and the connection
is built like a spring. These petal blades act as conductive organs that
do not lead visitors straight away to the kettle but induce them to do so
in a psychelogical way., When the visitors go upwards into the hanging
flower (cf. fig. 4) they reach the narrow claws of the petals. The further
way up is obstructed by the hard bristles on the base. Through the space
between two neighbouring claws the insect looks obliquely upwards

Fig. 6. Abroma augusta, windows in petal bases seen through the peres against a dark
Lackground. (Visit to the male region).

Fig. 7. Flower viewed obliquely from below, window in a staminode as an incoming
fly sees it. (Visit to the female region). 13 X nat, size.

against the lighted window furnished by the staminode across the pistil
room. {In fig. 5 the fly in this phase is drawn with an interrupted line
and so is its line of sight, as long as it remains below the plane of the
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section). In fig. 7 this window hag been photographed obliguely from
velow, as the fly sees it on arrival The fly now goes towards this window
entering the pistil room, as deseribed by WINKLER, and pollinates the
flower. When a nunber of flies have arrived they jostle in the narrow
room. *}

Between the spreading tips of the staminodes are triangular openings
through which the brighter cuter windows of the petal bases are visible.
Through these openings the flies can enter the outer eircular room with
the anthers. By their shape and lesser brighiness, when seen from the
tunnel, the openings act as one-way gates, so that flies can never go
hack from anther-room to pistil-room.

When the flies are in the outer tunnel they seem to be hindered from
escaping immediately as described above.

As in most kettle-traps they now have come into the male sphere
of the flower and are dusted with pollen. Even when going out through
a side pore they go in through the nexti, perhaps constantly infiuenced by
the windows and the smell.

In most kettle-traps the imprisonment of insects is necessary because
of the strong proterogyny. In some other fly-flowers there is no detaining
as the flower is not proterogynous or relies en repeated visits in male
and female phases. In Abrome the differentiation between male and
female sphere lies not so much in time as in space. The flower lasts but
one morning.

This lantern-like type of flower with several slits in the sides seems
to appeal to some instinet in the insects. The lantern-flower is consequently
very typical of flowers visited by carrion or
dung flies. Ceropegie is best known in this
connection, but the type is present in many
more example two drawings (figs. 8 and 9) of
describe it in full detail T shall give as one
more example two drawings (figs. 8 and 9} of
Tacea palmate {Tacea 1s well known for its
brown-purple flowers, visited by flies). Three
recurved tepals give access to a circular
tunnel as seen in fig. 9. Only in the places
darkest in the drawing the six slits present
opportunities to enter or to leave. The white
stamens conirast strongly with the dark

Fig. 8. Tacce palmata. Flower :
seen from above. slits.

*}  For the entrance proper I rely on WINKLER's observations.
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Though many other members of the Sterculiaceae, to which Abroma
belongs, have purple, skatol-smelling flowers, only a few have the lantern
type, as, for instance, Ayenic glabrescens, des- R
cribed and pictured by SCHUMANN ' in his mono- | \
graph on the ecurious cucullate Sterculiaceae.
Stereulic rublginose also has lantern flowers.
There, however, the lantern is formed by the
calyx. The genus Theobroma is highly promising
in this respect. The cocoa has some kind of special
room between the pefal bases, but this is not as
secluded as it is in Abromea and windows are use- . N
less here. SOETARDI * described for Java how a ﬁwm m_.%mmwﬂ;mm_mm: MMM”
midge {Forcipomuia spec.) enters this room and ©°f flower to show the

. i . . kettle-cavity. Tepals cut
sucks from the tissues inside it. mwmq. i

Fd

7. Some general remarks about flowers with latile-lraps.

After having given some data about flowers which detain flies, we
shall return to the kettle-trap flower as a constructional unity.

TroLL #* did this in 2 brilliant, though in my opinion not satisfactory,
way, He gave as characteristics of these Kesselblunien:

1. Ventricose lower part

2. Purple colour, sometimes with “panther- design”

8. Sometimes a hood or cover

4. Tiliform appendages i

5. Lantern flower with slits (The term Fensterbliite or window

tlower should not lead to confusion with my “light windows™)
I might add (as TROLL did in later publications):
6, Light windows, which might be denoted as “diaphanous struc-
{ures™.

In this book TROLL sees the type as a purely morphelogical entity.
He refuses to accept convergent adaplation as the cause of the similarity
in flowers of such heterogeneous origin, We intend to show that it is :c,ﬁ
possible to avoid the ecological factor, though TROLL may be right in
stating that the type ultimately develops beyond ecological wants.

Others too {and TROLL uses their sceptical remarks) have doubted the
tcological value of many of the features as individual peints. In most
cases neither this criticism nor the positive assertions are backed by
sense-physiological research of the insects.

Op point 4 — threads thal conduct flies to the centre — most doubt
has been voiced. Neévertheless it is one of the most striking features of
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fiy-flowers, especially as these organs of ecological importance z.em
produced by the most divergent morphological elements in the most dif-
ferent plants.

As instances (most of them have been illustrated by TROLL on pp.
378 - 393), I mention here in the first place a relative of Abroma, viz,
Theobrome Maries (see ENGLER-PRANTL, Tig. 44) with filiform upper petal
parts and further T'acee (sterile bracis), Avistolochin {tip of tﬁ._..wo:m.:c
or tips of separate lohes), Musdevallic (tips of outer tepals), Cypripedium
caudatum (tips of inner tepals), Himeantoglossum (labellum), many
Araceae {appendix), Strophanius (petal tips). In Ariscema we find in one
senus two different ways to obtain threads near the flower: in some
species it is the filiform appendix, in others the thread-like tip of the
gpatha.

GOEBEL — as always allergic to assumed ecological adaptations —
ridicules these conducting threads, the orguni condottori of DELPING. Of
course this, is only justified in regard to simplistic ideas of insects mavching
right into the kettle.

NEGER '* (p. 612) treated the matter moyre critically by looking for a
connection with the habit of flies to sit for a while near the smelling bait.
We already pointed to this possible relation on p. 93. Like NEGER other
observers noted the preference of flies for alighting on hanging narrow
objects. There must be some sense in the hanging of sirips of flv-paper
for domestic use.

That KNOLL, as cited by TROLL, found no preference of flies for the
appendix of Arum is not decisive. This upright appendix has a different
character. That CAMMERLOHER * found no interest shown in the thread of
Aristolochin grandiflore is also not to be wondered at as the giunt flower
itself covers quite a region around the sexual organs, His deseription
nevertheless stresses the approach in sieps, even when the visitors are
already on the perianth.

When Troub and KNOLL deny any ecological value of the threads in
some Arisarum and Aristolochie species because other species manage
without them, they in their turn are too simplistic. This method would
enable us to deny the existence of TROLL's syndrome by pointing to the
fact that each characteristic may be absent in some case. In every flower
class some cases do without one of the characteristics and not all kettle-
trap flowers have all the characteristics of points 1-6. The link with

pollinators can in some cases even he based on only one of the many
features of the syndrome.
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Of course it is not necessary to recognize as alternatives only two
viewpoints: a) of the purely morphological nature of the characteristics,
L) of the selective value of each characteristic. The narrowing of the
bonds with insects in general to one with a special animal can be ecolo-
gieally understood, without thinking of selective advantage. TROLL is right
in so far that adaptations of an originally ecological nature may become
fixed -as organizational characteristics, but I think he goes too far when
concluding (p. 391) that threads near fly-flowers are neutral characters,
Just linked to other characteristics of the type.

Here too the last word rests with the animal physiologist.

The second point of which the ecological function has been criticized
is the purple colour, though it is one of the most faithful companions of
fetid smell. That it would be accidental is too improbable and to consider
it as just linked up with other characteristics would be putting too much
stress on correlation, the more so as in the end only the smell would
remain as the 'vital characteristic — and this characteristic is the one
least commen to fly-flowers in general and the point most specific to
every individual plant and fly.

TROLL cites KNoLL® as having proved that the purpte colour is
vilueless — not of an ecological nature. Of course the old conception of g
resemblance to blood or flesh is somewhat simplistic, the more 50 as it
also occurs in flowers visited by dung insects,

Here too a renewed sense-physioldgical investigation including the
“panther-design” might prove useful. From the study by STEINER *' we
learn of an experimentally proved value of a black-and-white chequered
design of certain dimensions to attract flies.

Point 5 -the lantern construction- TRoLL {p. 371} considers he has
explained sufficiently by assuming an arrest in development, which the
Gesteltungstypus uses to express itself,

There must be something in the environment that lies at the base of
the Gestalt. By the most different means a lantern flower is reached in
species of the genera: Masdevallia, Ceropegia, Abroma, Sterculia, Ayenia,
Cryvtophoranthus, Aserum — all of them with flyflowers. What the type
means in the Burmanniaceae remains to be investigated. g

In a recently received article hy TROLL ¥ this author maintains that
the convergence Ceropegia-Aristolochia may be non-ecological as no use
of the lantern eonstruction can be detected,

About the ecology of light-windows I may refer to what I said in the
foregoing in relation to Ariscema. Here I only want to stress that it may
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e part of a syndrome and also an adaptive convergence, swhich should
be studied experimentally. :

To:consider it only as a neutral part of a Gestaliungstypus would

iead to the enormity, that in the leaf of Duarlingtonie the same blind

Htypus” works as in the flowers of Ariscemc, Ceropegia ete. As stated
before, TROLL in newer siudies accepts the ecological function of .%mmm
windows. Perhaps this may lead to the admission that also the peints 1 -
are tundamentally ecological convergencies.

Bandung, November 1952,

e
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