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MORPHOLOGY A}ID AI\ATOMY OF THE INFLORESCENCE AXIS AND
FLOI.JERS TN ARENGA PORPHyROCAFPI (PALMAE)

E . B .  H i d a j a t * )

R I N G K A S A N

Pada. Az,enga porphytoearpa, surnbu Degeta-
tif berakhir dengan perkenburyan sumbu repro-
duktif yang mengikuti eara berbunga hapanan-
thie. HqL tersebut diiringi. oleh reduksi gra-
dilil ukw,an dawt, Bagiot swtbu di atas buku
terakhiy, berkenbrng neryjadi perbungaan betina
yong tetdiri atq,s sistin raehilLa dengan kun-
twn-ktmtun bunga. Perbungaan j antan berkenbang
sesudah itu pada buku-buku Lain tetapi dapat
pula berkeob*rg pada buku paling distal. Demi-
kian pula perbungaan betina Lain kerrudion da-
pat bez,kembang pada buku Lebih rendah.

Pereabangan nonopodial tidak hanya terda-
pat pada swrtbu reproduktif melainkan juga pada
sistin pereabongon dal@n perbungaan. Meskiptm
ktmtun btmga terdapat sendiri-sendiri pada na-
ehilla betina atau wmtrmya berpasangan pada
raehilLa ju*an, n@mtn pengonatmt ontogeni me-
nun;jukkan ba\ua pola da.sar bagi perttnbuhan
bunga ado.Lah kelotnpok yang terdiri atas tiga
ktmtun bunga. Padn naehilla betina hanyaLah
bunga tengah, yang bez'kembang paling akhir,
twnbuh jadi detsasa. Pada raehilla jantan hanya
kedua bunga tepi tunbuh sonpai deuasa. Diduga
bala'ta pereabangan dalan kelornpok bunga nengi-
kuti pola sintpodiaL.

Pada bwtga betina gynoeeiton stipitate
berLsi dua buah bakal biji ymtg tidak sana be-
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sar,. Daetah stigma bersarbung rlengan saluran
stylus berbentuk eelqh. Tiga helai stqninodia
berbmtuk fiLanen tendapat pada bunga betirn.
Bunga jantan memiliki 19-20 stqnen Aang me-
sing-nasing ter.dtrt atas fiLorten pendek dan
anther partjang dan La.trons.

A B S T R A C T

fn Arenqa potphyroearpa the uegetatiue
anis is t6ffit tidffWhset of the hapa-
ranthic flot':ering a.ris. This is aceompanied
by a reduction of Leaf size. The par.t of the
a,xts begond the Last node trqnsforrns into a
female i.nfLoz,escenee which consists of a sys-
tem of raehil lqe on uhich the indiuidual f lo-
uers a?e attaehed, MaLe infloreseenees deDe-
Lop afLerwards on the remaintng nodes but may
also deuelop from the nost distal node Latet,
on. AdditionaL fenale infLorescences nay de-
uelop at Lotset, nodes.

Monopodial brvnch.tng is not eonfined to
the reproduetiue a.ris 

-'only 
but oceurs ql,so in

the brutehing system of the infloreseence.
ALthough flouers oeeur solitary at the female
raehil la or in pains generally at the mq.Le ra-
ehil la, ontogenetie eronination shotts that the
basie patterm is a fLouer eLustey, of three.
At the fenale raehil la only the eentzd.L Latest
deueloping flouter natwes uhiLe at the male
z,achilla only the h,so naz,ginal flousez,s deue-
Lop. Preswnably the type of brmtehing in a
floaer cluster follouts a syntpodi,al pattern.

- fn the female flouer,, the stipitate gyn-
oeciwn contqins tua ouules uhieh may not bb- of
the ssne size. The stignatie region Leads to
a eleft Like styla.t, canal. Three stqninodia
oceurl at the fenale flouter, The male floaer
ea?r;.es 19-20 stanens each one eonsisting of a
short filanent and a Long Latrorse anther,.

INTRODUCY ION

Although reproductive axes in palns have attracted much
attention' amongst others because of the cornmercial value of
many members of the group, investigations concerned with their



b a s i c  s t r u c t u r e  a r e  s c a r c e .  T h e r e f o r e ,  e v e n  t h e  g e n e r a l  f e a -
t u r e s  o f  f l o w e r i n g  i n  p a l m s  i s  a  s u b j e c t  r a r e l y  c o n s i d e r e d  i n
b o t a n y  t e x t b o o K s .  I n  1 8 2 4 ,  V a n  M o h l  g a v e  d e s c r i p r i o n s  o f  t h e
reproduc t ive  axes  o f  severa l  pa lms w i thout  much de ta i l  on
the i r  s t ruc tu re .  Michee ls  (1892)  descr ibed f r r r i t  bear ing  axes
in  32  spec ies  be long ing  to  19  genera  o f  the  pa lmae.  H is  des-
c r ip t ion ,  however ,  was  l iu r i ted  to  the  use fu lness  o f  mechan ica l
s t resses  in  such axes .

A rev iva l  o f  in te res t  in  the  sub jec t  was  shown la te1y  by
Toml inson and Moore  (1968)  who ana lysed the  reproduc t ive  ax is
in Nannorrhops r i tchiana and described the branching pattern
up t i l l  the individual f lowers which rnay be used for at least
the majori ty of pa1ns. Morphology and anatomy of palm f lowers
was given by Uhl for At isteAera (1966), Nannorrhops r i tahiana
(1968)  and Rhap is  exce lsq .  (Uh l  e t  a l .  r97 l ) .  I l  became ev i -
dent that many more investigations should be done to add to
the survey of f loral urorphology in palrns which is necessary as
a basic knowledge on which function of the organs could be un-
ders tood.

It  was wlth that purpose in rnind that the present inves-
t lgation was carr i ,ed out. The material selected was Arenga
potphyroearpa (B l  , )  H .E.  doore  (Backer  and Bakhu izen v .d .
Br ink ,  1968) ,  wh ich  appears  to  have a  s imi la r  vegeta t ive
structure as Arenga pinnata of which famil iar i ty with i ts ve-
ge ta t i ve  s t ruc tu re  was acqu i red  ear l ie r  ( I l i da ja t  and Utomo,
1 9 7 5 ) .

MATERIALS AND METHODS

Several reproductive axes growing in the Bandung area
have been cut dorun and examined in detai l .  I l lustrat ions are
made largely fron these shoots. Male and female inf lorescen-
ces rdere f ixed ln FAA. Fol lowlng Uh1 (1966) ,  f lowers aE sev-
eral stages of development were softened by treatment for 3
weeks to one month ln one third connerciaL (522) hydrofluoric
acld. Serial sectlons of f lowers and parts of the inf lores-
cences were prepared by the parafin method and cut at 8-10
mlcrons, and then stained wlth safranln and fast green. Some
flowers and port ions of axes were cleared by treatnent over-
nlght in 5Z sodir:m hydroxlde ln an oven at 58 degrees cen-
t igrade, fol lowed by 2-4 hours j-n one third strength conner-
cial sodtrd hypochlori te and then approximateLy L2 hours i ,n a
saturated soLution of chloralhvdrate.

OBSERVATIONS

Arenga po!,phA!,oearpa is an unarmed, erect dwarf palm
growlng in clunps up ti1l 3 neters hlgh. The short internodes
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at a vegetative shoot t ip results ln a rosette appearance.
Each iuparlpinnate leaf which may reach Lr" - 2 meter ln lenght
ccinsists of a blade, petlole, sheath and a prominent l lgule.

1. The reproductiue aris cnd inflorescenees

a. Morphology

The onset of the reproductlve phase involves a transfor-
mation Of a vegetatlve shoot into one wlth many Lnflorescen-
ces. The axls lni t lal ly produces a long internode but then
shows a reduction in lnternode length. A narrowlng of the
axls occurs accompanied by modlf lcat lon of leaf shape and
slze. The splral phyl lotaxls of the vegetatlve shoot Ls belng
contlnued lnto the inf lorescence axis. Nornal fol lage leaves
as descrlbed above undergo progressive reduction along the re-
pro[uctlve axls. Blade and petiole are abruptly dlninlshed at
the f lrst leaf next to the last norual fol lage leaf. The
flrst three successl-ve leaves are represented by a sheath and
a l igule, and thereafter only a vestlgial sheath remalns which
does not appear as a closed tube but as a thin open f lap ln-
s t e a d  ( F l e .  1 ) .

At a reproductive axis possesslng 6 nodes, 3-5 axl l lary
buds nay be present at each node, part ly or wholl-y enclosed by
the leaf remrant. After the f lrst lnf lorescence, whlch is a
fermle one has developed frorn the ternlnal node, male lnflo-
rescences as well  as addit lonal female inf lorescences may
develop from the axlllary buds at the lower riodes. Male in-
florescences My then also develop from the remainlng buds at
the termlnal node, showing that the f l tst female lnf lorescence
ls dei lved from the dlstal shoot t ip. An lnf lorescence con-
ststs of several axes each with f lorers or f lower clusters
attached to i t  (Fig. 2). Those f lowerlng axes are termed
rachl11ae.

In the young inf lorescence, rachLllae seem to depart from
a connon slte at the dlstal end of a peduncle, the rachi l lae
being of the same length throughout. At the base of the com-
Don pedrmcle 1s formd a hairy bract. At a later stage lnter-
calary grorth seems to occur as each rachl l la appear to
branch monopodially fron a common axls, whlch ls l-ndlcated by
the bract scar at the base of each branch except the ternlnal
one. The latter ls forned by transfornation of the nost dis-
tal part of the inf lorescence axis and has no bract. Monopo-
dlal branching nay be repeated up t111 5 t lmes result lng l-n a
rachi l lae cluster whlch represents an lnf lorescence. No ob-
vious reduction l-n dianeter of srrccesslve branches of the axis



2 7

Flgs. 1-2. Fig. 1, Diagram of the reproductlve axls wlth one
fenale inflorescence. Fig. 2, Diagram of a 'female l-nflores-
cence consisting of 5 rachil lae while nonopodial branching is
shown. Bracts at the four lower rachil lae not drawn. DE-
TA ILS :  A ,  B ,  C ,  D ,  E ,  F ,  nodes l  P r  Pe t i o l e  o f  t he  l as t  f o l i age
leaf ;  1 ,  l igu1e;  sh,  sheath.
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is observed. There is a tendency for lower and terninal ra-
chll lae to be shorter than the others.

b. Anatorny

The fol lowing descript ion is taken from a nale inf lores-
cence. outl ine about circular in transverse section, although
at several parts or areas an el l ipt lcal form is acquired as
result of a f lattening agains! the main stem. Epidernis con-
sl-st ing of snal l  cel ls elongated paral lel to the main axis
with a thin cutlcle and wlthout sinuous marglns. Eairs con-
slst ing of a nu1tice11ular stalk and a head oade of many ou1-
t icel led f l lanents form a dense covering over the epidermis,
coloured white in the beginning but becomes a brown tomentum
later on. Stonates with bean shaped guard cel ls are irregu-
larly dlstr ibuted. Corte.s consist ing of 2-3 cel l  layers com-
posed of thiclq.ral led cel ls whlch are larger than the epidermal
ones. At the inner side of the narror/ cortex a layer of f ib-
rous bwrdles is found. Some of the bundles sholr vascular
elements. Many sl ine cel ls each containing a bundle of ra-
phlde crystals occur close to the margin. Sl ine ce1ls also
occur at other places but not as dense. Central eyl inder
marked by a large amount of vascular bundles especial ly at the
outer edge. Each vascular bundle composed of phloen and xylen
l-n col lateral arrangement and a sclerenchynatous sheath.
Phloen apparently consist ing of sleve tubes and conpanion
cel ls on1y. No isthmus is present. Xylen composed of two,
rarely three large tracheas and several srna11 diametered rylem
cells. No protorylem is found at the inner vascular bundles.
Sclerenchym sheath general ly thicker at the phloen side whlle
the thicker sheaths occur at the outer vascular bundles. Some
vascular bundles l ink together. Orientat ion of vascular bund-
les not uniform.

The anatomy of a fenale inf lorescence is essential ly si-
ni lar to that of the male inf lorescence axis. Often a larger
axis dianeter is found, while with increased vigor sclerenchym
sheaths  tend to  become th icker .

2. Raehil lae

a. Morphology

Male rachi l la can be dist inguished fron feoale rachi l lae
by their more numerous number of slender flowers usually ar-
ranged in pairs. In the female inf lorescence the number of
rachillae tend to be lower with a larger diameter and roundish
sol i tary f lowers. In male as well  as fe'uele inf lorescences
6-7 bracts ensheath the group of rachi l lae within. These
bracts show sini lar areas of disintegration at their distal
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marg in .  A t  a  female  in f lo rescence up  t i1 l  7  b ranches  may de_
velop while the lowest branch rnay branch again forming. a sec_
ond order  b ranch.  F lowers  a re  a r ranged i r r  a  sp i ra l .  c lose  to
the  d is ta l  end f lowers  a re  o f ten  no t  we l l  deve loped wh i re  the
very  d is ta l  ones  usua l ly  abor t .  A t  a  ma le  in f lo rescence
branch ing  takes  p lace  in  a  s i rn i la r  pa t te rn .  The male  rach i r ra
often exceeds that of the female in length. Abort ive f lowers
occur  th roughout  the  p is t i l l a te  rach i l lae  be tween the  nor rna l
f lowers .  rn  the  s taminate  rach i l lae  super f i c ia l l y  there  are
less abort ive f lowers, but there are always some abort ive ones
at  the  d is ta l  t ip .  A long a  rach i11a,  f lowers  mature  acroDe-
t a l l y .

b. Anatorny

Anatour ica l l y ,  a l l  rach i l lae  are  s imi la r .  Ep idermal  ce l l s
are  sma1 l  and s l igh t ly  pap i l lose .  A  th in  cu t ic le  i s  p resent .
Three to four layers of sclerenchyma cel1s are found beneath
the  ep idermis .  Many s l ime ce l l s  con ta in ing  raph ide  c rys ta ls
are foturd in the cort ical part and a few more in the central
part.  Tannin occurs nainly in the central region.

The vascular complement consists of larger bundles in the
cent re  and smal le r  ones  a t  the  per iphery .  The to ta l  number
o f  vascu la r  bund les  is  p rogress ive ly  reduced d is ta l l y  (see
tab le  I ) .  In  p is t i l l a te  rach i l lae  rounded or  po in ted  pro jec t -
ions  o f  the  ax is  ex tend beyond the  f lowers  a t  the  d is ta l  end.
Some vascular bundles are found in this reduced t ip.

Examinat ion  o f  long i tud ina l  sec t ions  th rough par ts  o f
yormg rachi l lae reveals a tr iad systern for the f lowers which
is  s t i11  present  in  ear ly  onrogeny (F ig .  13 ,  14) .  F lowers  a re
subtended by srna11 bracts or bracteoles which nr:rnber 3 in a
f lowep cluster menti ,oned above. rn starninate rachi l lae the
cent ra l  f lower  in  a  t r iad  sys tem does no t  deve lop  fu r ther  and
may abor t .  In  o ther  cases  i t  does  no t  deve lop  a t  a l l  and
there fore  does  no t  leave a  mark  beh ind .  rn  p is t i l l a te  rach i l -
lae the sol l tary f lowers always show two dark pits, one on
each s ide .  I t  can  there fore  be  assumed tha t  the  two s i tes  o f
necro t ic  t i ssues  may represent  abor ted  f10wers .  Brac teo les
subtending f lowers are directed perpendicularly to the mai.n
axis in early ontogeny but owing to increase in size of the
f lower ,  b rac teo les  la te r  assume a  s idewards  d i rec t ion .  Th is
is most obvious in a male f lower pair.

FLowers

Pist i l la te f louer  (F ig.  Z-12)

Each f lower is subtended by three bracteoles of which one
is of a much smaller size and situated inside one of the lar-

?
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Table I. Flowers and bundles per cm of Length in Rachillae.

. t ,  cm  i n te r va l s ,
Dase to apex

p i s t i l l a t e rach i  11 a s  taminate r ach i  l l  a
bund 1es /crn f lowers /  cm bundles /cm fl owe rs / cm

I

2

-t

4

b

7

8

9

10

ll

1 t

13

74

15

16

1 7

. r8

I9

20

) 1

d )

84

84

70

65

60

60

59

5 7

5 7

5 2

50

40

34

2 5

9 0

80

I J

70

70

60

60

60

5 5

4 8

48

) )

4 5

q )

44

40

40

J f

36

20

1 8

I

4

6

3

l

o

b

ct

5

5

5

o

8

o

b

4

t)

0

2 ,  I  abo r t i ve

4 ,  3  abo r t i ve

3 ,  I  abo r t i ve

4 ,  I  abo r t i ve

4

5 ,  1  abo r t i ve

4 ,  I  abo r t i ve

4,  2 abort ive

4

4

4 ,  2  abo r t i ve

5 ,  2  abo r t i ve

4 ,  1  abo r t i ve

4 ,  4  abo r r i ve

5 ,  2  a b o r t i v e

5 ,  4  abo r t i ve

8 al l  abort ive
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F i g s .  3 - 1 4 .  F i g .  3 ,  p a r c  o f  a  r n a l e  r a c h i l l a ;  F i g .  4 .  S e v e r a l
f l o w e r s  a t  t h e  m a l e  r a c h i 1 l a ,  e n l a r g e d .  F i g .  5 ,  l o n g i t u d i n a l
sec t i .on  th rough a  male  f lower .  F ig .  6 ,  one s tamen.  F ig .  7 ,
par t  o f  a  female  rach i l la ,  a lso  showing two abor ted  f lowers .
F lg .  8 ,  fe rna le  f lower ,  s j ,de  v iew.  F ig .  9 ,  female  f lower ,  in -
ner  v iew o f  ca lyx .  F ig .  10 ,  female  f lower ,  f ron ta l  v iew.  F ig .
J-1, transverse section through gynoecium showing two ovules.
F ig .  12 ,  female  f lower ,  long i tud lna l  sec t ion .  F ig .  13 ,  young
f lower  c lus te r  composed o f  th ree  ind iv idua l  f lowers .  F ig .  74 ,
hypothetlcal manner of synpodial branching in the cluster of
f lgure  13 .
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g e r  b r a c t e o l e s  ( F i g .  1 3 )
h a v e  5 - 1 5  t r a c e s .

Accord ing  to  s ize , a  b rac teo le  may

a. Morphology

In  the  f lower ,  the  3-3  f lo ra l  p lan  is  obv ious  bo th  mor -
pho log ica l l y  and anatomica l l y .  The th ree  sepaLs are  connate
a t  the  base fo r rn ing  a  sha l low parenchymatous  cup 1  nun ta11.
Af te r  a  shor t  imbr ica te  reg ion  the  th ree  denta te  lobes  are
f ree .  The to ta l  he igh t  o f  a  sepa l  i s  about  2  unn.  Peta ls  a re
connate  about  ha l f  the i r  leng th  and then separa te  in to  th ree
lobes  a f te r  a  very  b r ie f  imbr ica te  reg ion .  Before  an thes is ,
e d g e s  o f  t h e  p e t a l  l o b e s  s t i l l  j o i n  e a c h  o t h e r  f o r m i n g  a
t igh t ly  c losed cav i ty  in  wh j -ch  the  upper  reg ion  o f  the  gynoe-
c ium is  s i tua ted .  Length  o f  a  pe ta l  i s  about  5  mn.  Dur ing
a n t h e s i s ,  i n c r e a s e  o f  g y n o e c i a l  l e n g t h  n i g h t  a l s o  b e  a  f a c t o r
in  the  open ing  up  o f  the  pe ta l  lobes .  Before  separa t ion  th ree
dark  l ines  mark  the  reg ions  where  pe ta l  edges  jo in .  Adnate  to
each pe ta l  base in  a  pos i t ion  c lose  to  i t s  la te ra l  marg in ,  a
staminodiurn is found composed of a thin membranous f i lament
and a  tann i r i  f i11ed s l igh t ly  w idened d is ta l  reg ion .  The g1o-
bose gy t toec i .um tapers  d is ta l l y  in to  a  two or  th ree  po in ted  t ip
wh ich  composes the  s t igmat ic  a rea .

b .  Anatonry

A l though the  f lower  appears  sess i le ,  a  shor t  s ta lk  con-
ta in ing  vascu la r  bund les  can be  recogn ized anatomica l l y .  In
both  p is t i l l a te  and s taminate  f lowers  an  absc iss ion  zone is
found in  wh ich  parenchymatous  ce l l s  a re  smal le r  and where  the
f ib rops  bund le  sheath  ls  absent .

In  the  sepaL,  smal l  ep idermal  ce l l s  a re  found hav ing  a
t h i n  c u t i c u l a  a n d  a r e  s l i g h t l y  p a p i l l a t e .  A t  t h e  a d a x i a l
s ide  a  row o f  sc le re ids  i s  p resent ,  wh i le  la rge  s l i rne  ce l l s
conta in ing  raph ide  bunc i les  a re  found in  a  sca t te red  d is t r ibu t -
ion .  The vascu la r  complement  cons is ts  o f  approx ina te ly  12
vascu la r  bund les  wh ich  mav branch d ichotomous ly .  A t  the  young
f l o w e r ,  p e L a l  l o b e  m a r g i n s  w h i c h  s t i 1 1  j o i n  e a c h  o t n e r  a r e
marked by  tu /o  ce l l  layers  wh ich  show an increas ing  degree o f
pap i l la t ion  d is ta lwards  and where  in te r lock ing  o f  the  ce1 ls  o f
the  two lavers  occurs  a t  the  cor t rnon in te r face .  A t  the  d is -
ta l  reg ion  the  adax i . r l  ep idermis  i s  pap i - l lose  a lso ,  and ce l l s
i n t e r l o c k  w i t h  t h e  p a p i l l o s e  a b a x i a l  s u r f a c e  o f  t h e  g y n o e c i u m .
r \  row o f  sc le re ids  i s  p resent  underneath  the  abax ia l  ep idermis
r v i t h  a  i r i g r r t ' r  c o n c e n L r a t i o n  a t  t . h e  d i s t a l  r e g i o n .  S l i m e  c e l 1 s
a r e  d i s r r i l r r i . , e d  t h r o u g h o u t  t h e  p e f a 1 .  T h e r e  a r e  a p p r o x i m a t e l y
3 3  v a i i i n i i r r  b u n d l e s  m o s t l y  c o n s i s t i n g  o f  f i b e r s .  D a r k e r  c o 1 -
, r u r e d  ' : . . r r a F - e  p e t a l  m a r g i n s  c o n s i s t  o f  s c l e r i f i e d  c e l l s  w t r i l e
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some necros is  a lso  occurs .  A t  the  base o f  the  separa t ion  re -
gion, petals may show a brief imbrication. The stani i .nodiun is

composed o f  a  parenchymatous  f i lament  and a  s l igh te ly  w ider
d is ta l  t ip  where  tann ins  occur  in  abax ia l  ce l l s  and an t ic l i -
na l l y  e longated  ce l1s  are  present  a t  the  adax ia l  reg ion .  A
stamlnodium may reach 21 rm in lenght. The presence of the
staminodium leaves a shal, low region at the gynoecium where i t
nas  appressed dur ing  growth .

The globose gAnoeeium ls 4 unn in diameter and 3 3/4 mm in
he lgh t  approach ing  an thes is .  The ep idermis  cons is ts  o f  an t i -
c l ina l l y  e longated  ce1 ls  w i th  th ickened wa l ls .  In  the  cent re ,
parenchymatous t issue may be present in an immature stage.
The outer regions of the gynoecium show 3-4 layers of scle-
re ids  wh ich  are  separa ted  f rom the  ep idermis  by  2-3  layers  o f
parenchynatous  ce l l s .  Th is  sc le re id  layer  s ta r ts  a  l i t t1e  a-
bove the gynoecial base and ends somewhat below the st igmatic
region. Raphide cel ls are found in smal1 groups or sol i tary
th roughout  bu t  less  dense a t  the  gynoec ia l  base.  Occas iona l l y
a short canal opening to the gynoecial surface is found.

Although the gynoeciurn superf icial ly shows a tr i  radiate
organization, anatomical ly only two carpels can be recognized
which is indicated by the ventral suture along a plane through
its ventral region. At the very base, the abaxial epidermis
shows to  be  cont inuous  w i th  ce1 ls  o f  the  vent ra l  su ture .
H igher  up ,  par t ia l  fus ion  occurs .  The s t ruc tu re  o f  the  ven-
t ra l  su ture  wh ich  cons t i tu tes  the  s ty la r  cana l  i s  there fore
var iab le .  A t  d i f fe ren t  he igh ts ,  on ly  the  two ou ter  ends
form canals while the region in between these may consist of
th ro  t igh t ly  in te r lock ing  pap i l lose  sur faces  or  may be  en t i re ly
c losed (F ig .  15 ,  L6 ,  I7 ) .  The cana ls  a re  l ined  w i th  g landu lar
ce l1s  (p . ig .  18) .  About  two th i rd  o f  the  gynoec ia l  he igh t ,  two
s ty la r  c le f ts  a re  found perpend icu la r  to  the  vent ra l  su ture
and open ing  in to  th is  septa l  cana l .  Apparent ly  these c le f ts
are contlnuations of locular canals which are narrow cavit ies
occur ing  to  the  le f t  and r igh t  o f  the  s ty la r  cana l .

About  100 mic ron  o f  the  d is ta l  reg ion ,  the  gynoec ia l  t ip
is  d iv lded ln to  th ree  reg ions  each one pap i l lose  to  a  h igh
degree result lng in two or three cel led f i laments and inter-
lock lng  a t  the  common in te r faces .  A f te r  po l l ina t ion  these
stignatic cel1s tend to dry out and become brownish black co-
l-oured. Tannin is fotnd about the st igrnatic region and also
surroundlng the locular canals. The vascular bundles are con-
cent ra ted  in  a  cent ra l  p lane para1 le1  to  the  vent ra l  su ture .
About 12 vascular bundles are found at each half and about 4
more  bund les  a t  i t s  respec t ive  oppos l te  s ide .  Each locu lus
contalns a hemianatropous ovule. The vascular supply to an
ovule consists of about 23 vascular bundles which originate
from the funiculus. The two ovules often srow into a dis-
s i m i l a r  s i z e .
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I igs .  15-18 .  Carnera  luc ida  drawings  o f  the  female  f lower .  F ig .
1 5 ,  I o r : g i t u d i n a l  s e c t i o n .  F i g .  1 6 ,  t r a n s v e r s e  s e c t i o n .  F i g .
17 ,  par t  o f  the  s ty la r  cana l  en la rged to  show in te r lock ing  c f

the  ep ider r , ' ra l  ce1 ls  a t  the  conmon in te r face .  F ig .  18 ,  locu la r
canal of f igr lre 16 enlarged to shor^r the epithel ium. DETAILS:

t ,  s t a n i n o d i u m ;  s c ,  s c l e r e i d  l a y e r ;  s t ,  s t y l a r  c a n a l ;  s r ,
s f ig r ,a t i c  reg ion ;  vb ,  vascu la r  bund le ;  oc ,  locu la r  cana1.
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2. Stqnina.te flouez' (Fig. 3-6)

a. Morphology

In comparison to the pist i l late f lower similari t ies as

well  as dLssini lar i t ies are found. The bracteoles have a si-
'm i la r  

s t ruc tu re .  The s taminate  sepa l  wh ich  is  no t  as  f leshy

as i ts pist i l late counterpart,  is inbricate and about 3 mm ln

length. The three petals are free at anthesis and reach a

lenght of 6L, w (Fig. 5). The stamens number 19-20 and are

attached to an elevated receptaculum. In a stamen the f i la-

ment measur." 1L. mm and is half  a nm thick while the latrorse

anther may reach a length of 4r4 mn. The central part of an

anther is densely f i11ed with tannin.

' '  *: :"1re 

sepal, epidermls consists of smal1, rhin, tangen-
t ia11y elongated cel l-s. Benearh the epidermis, one or thto

layers of thlclcrsal led cel ls occur. Sl ine cel ls containing
raphide crystals are present. Some sclereids are found adax-

1a11y. Seven vascular bundles may occur, each of them branch-

ing dlchotomously. At the petal,  the outer epidermis is pap-

l l lose. Chloroplasts may be found in the 5-6 layers of cel ls

beneath the epidermis. Adaxial to the latter 4-5 ce1ls layers

of sclereids are found. Sl ine cel ls containing raphide bun-

dles also occur. Right underneath the inner or adaxial epl-

dermls another layer of brachysclereids is found. The inner
eplderurls consists of anticl inal ly elongated cel1s. The sta-
nerx conslsts of a thin parenchymatous filament in which one
vascular bundle is present and the long anther.

DISCUSSION

In Az,enga potphyrou.rpa, transfornation of the vegetative
axls Tnto a reproductlve one is acconpanied by a rcductlon of
leaf parts, a shortenlng of internodes after an inlt ial elon-
gaElon and some reduction in axis diameter. These features
are also found ln Rhapie (tJhl- et al. 1960) or Nuvtorrhops
(Tonllnson and Moore, 1968) and may also be comrnon ln rnany
other monocotyledonous plants (Tro11, 1964, in Tomlinson and
Moore, 1968). Monopodial branching is shown in the reproduc-
tive axls as well as in the lnflorescence. This is in ac-
cordance wLth the general pattern ln palos as suggested by
Tonlinson and Moore (1968). In each case the terminal part of
an axls transforns lnto a flowerlng branch.

At the development of a flower cluster the branching pat-
tern changes. Ihe young stages of a flower or f lower cluster
stl1l show three flower prlmordia in an arrangement whieh sug-
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gests similari ty with the organization in a cincinnus such as
found in Atzisteyera (Uhl, 1966) or Nannorrhops (Uhl, 1969 a).
This indicates that the type of branching in th.e Anenga por-
phyrocatpa f lower cluster is also sympodial.  Therefore the
monopodial pattern of branching in the rnaln axes, which con-
verts to a sympodial type of branching in the f lower clusters
is sinilar to that found in Nannorrhops (TonLinson and Moore,
1968). Tn Az.enga porphyrocarpa, however, dif ferentlat ion ln
rachi l lae takes place becarlse the central f lower does not de-
velop further or does not develop at al l  ln a male rachi l la,
while the two marginal f lowers abort ln a female rachl l la. In
the genus a tr iad consists of one feoale and two fenale f lo-
ners (Moore, I973). Therefore reduction of oqe sex gives
spec ia l i za t i .on  o f  rach i l lae .  Wi th in  the  ind iv idua l  f lower
special izat ion also occurs. I t  Mettorglon sagu (Tomlinson,
1971)  fo r  ins tance,  the  per fec t  f lower  seems to  be  in  a  cen-
tral posit ion due to the fact that the male f lower accompany-
ing i t  may be found to i ts r ight to left  side. In Arenga
por-phArocqrpar the central f lower too reminds of a perfect
f lower because of the presence of staninodia. An ontogeneti-
cal study of the f lower cluster in Mettorglon sagu would prob-
ably show it  to have a sympodial branching a1so. I t  is inter-
esting to note that in Arenga porphyrocar.pa tl:'e fenale sex is
always found at the terminal part of an axis whether i t  turns
to be the reproductive axis or the one in a f lower cluster.

In  a  t r iad ,  the  ang le  o f  d ivergence and the  pos i t ion  o f
the bracteole and i ts subtended prinordium wil l  determine the
shape and consequent definit ion of the f lower cluster (Uhl,
1969) but in Arenga porphyrocarpc further development of each
prinordiun also inf luences the ult imate shape and direct ion of
the  f lower  o r  f lower  pa i r .

Carpe l  fea tures  have o f ten  been d iscussed (Eames,  1961) .
The presence of two carpels i t  Arenga potphyroeatpa is a re-
duction of the three which is common in Caryotoideae (Moore,

L973). The relat ively thick area of the ventral suture sug-
ges ts  a  c lose ly  appressed reg ion  o f  the  vent ra l  sur face  o f  a
carpel as would be postulated by the conduplicate concept
(Swany and Periasarny, 1964). The shape of the gynoecium, ab-
sence of a promi,nent st igna and the presence of locular canals
in Arenga porphyrocatpa resembles Ia.tania (Ifhl and Moore,
l97I).  In our species, however, everything is si tuated some-
what higher. The hemianatropous, 1atera1ly placed ovule is an
intermediate form which is also common in Caryotoideae (Moore,

L973). The short canal ending into a pore at the rynoecial
surface, which is found occasional ly in the material investi-
gated may represent a nectary (Uh1 and Moore, L97L).

Arenga porphAroeqtpa seeme to occupy a relatively specia-
l ized posit ion among the Caryotoideae judging from rachi l lae
d i f fe ren t ia t ion .  However ,  a  s t ip i ta te  gynoec i tm,  i s  a  fea ture
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regarded as primit ive. The high degree of ovule protection as
suggested by the presence of f ibrous sheaths and bundles in
sepals and petals, presence of sclereid layers as well  as ra-
phide bundles nay be appreciated.
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