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Introduction.

The group Amenfiferee, which consists of a series of orders related
lo ome another but seldom regavded asoa special laxonomicsl unily,
15 of o greal svslemalical inferest, Aecording to one sehool of seientists,
among e loremost names o which Excrer and Ricnarn WETTSTEIN
may be mentioned, the dmenteferae belomg Lo the most primilive of all
Angiosperms; it is thought that this group, or i any ease the larger
unity 1o which il belongs. forms the transition from the Pleridophyta
or the Gvmnosperms (o the Angiosperms, Anolther school, founded by
BrnToasm ond HooKER and especially adhered o in England, regards
the Amentiferac as reduecd deseendants of higher organized lypes:
their simple flower slrueture, seeording to this school, is not an original
fealure bul o secondary chavaeler resulling from veduetion. Aecordingly,
the group is placed high in lhe system, There are, thus, Iwo quile
different opinions on lhe systemalical position of the Amentiferae, and,
aceording s the one or the other is adopted, quite a different picture
i received of the whole svstem and the origin of the Angiasperms.
Our view of The Amentiferas 15 o a greal extenl decided by how we
inferprel cerluin morphological conditions in the flawer steoclare, and
it is therefore an important purpose of researeh o clucidale these,
Another muotter of imporlance is the elarificalion of the aflinities and
evolulionnry lines within (he group itself, among ils different lower
systemalical units: it will thass e casier to bring it in relation to other
groups. The present study is on atlempt to elucidate the alfinities of
the Amentiferae on the basis of morphological investignlions, especially
of the Mower.

Most of the earlier inveshiganlions made into the [loral morphology
ol the Amentiferae are talher old, dating lrom the latter hall of he
b century or the beginning of the 20th cenlury. In recent times,
however, valuable contributions have been made fo the knowledge of
lhe flower morphology of the [amilies in this group by American
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scienlists (FrsoEr, 1928; Asre. 1935 and 1938; AsRE and EAnLg, 15940,
Maxying, 1938, 19403, who have generally made combined analomical
and morphologieal analyses. These investigations have been ol greal
vilue for the presenl study. Some families (e.g. Fagoucene), however,
Bave not heen the snbjeet of any such thorough analysis Ihey will
here be teeated in greater detail — and it may also be of value Lo give
a comparalive account of the whole group, laying skress opon the
characlers important for judging ils systematical posilion

In concluding this work | wish to express my greal gralilude to
all the persons and instilutes — Botandceal gardens and museuwms -
which have given me aid in the procurement of malerial or in other
wavs, Expecially 1 thank my Chicf al the Systematieanl Depariment of
the Botanical Institute of Lund, Protessor HERIBERT Ninsson, for his
inlerest and benevolenes. My thanks are also due o the heads of Lhe
botanical museums in Geneva (Conservatoire e Jardin Botaniques),
Paris (Muscum National &' Tlstoire Natarelle, Laboraloire de Phanero-
gamiel, Kew (R Botanic Gardeost, Edinburgh (K. Dotanic Garden}),
Copenhazen. Arnold  Acboretum. and Washington (17 5 National
Muscum)  for having  provided me wilh opporionilies of  stodying
vederial diffieull 1o procure.



The range of the group.

Ta the group Amentiferae belong in the Tiesl place four orders:
Juglandales, Pogales, Betwlales, and Salicales. The delimilation of these
orders varies: thos the Juglandales ave often divided into two orders,
Myricales and Juglendales, and the Betaioles hoave hitherto always
been uniled wilh Fagales. Still, there s no doubt that the plants
Lelonging 1o (hem are related to each other. They conslilule a large
natural group, To this group, however, some syslemalists have relerred,
willy more o less lesibiation, some other small orders,

One of these orders is Jufionintes, with the family Jufionfacear,
Alveady when HEMSLEY (1908) proposes the family, he advances as his
opinion that il is reladed o Capwdiferae (Fogoceae), and places il
between this fumily and Suglondicese; o the latler Tamily it is in his
opinion nol closely relaled, 1le also poinls oul, however, The existing
stmilavitivs with the Tnmily Anacardiacere, in the anatomy as well as
in the embryology, HALLIER (1908} unites Julivniaceae wilh Anccerdio-
ceae, bl al the same lime he also refers the Juglandaceae 1o the family,
Terebint lraceae, wherein he makes Hhese and some olhers be merged; he
is then af the opinion that there is a close relationship between Joliania-
cewe and Suglomdacene, and also regards Lhe olhér amentiferons plants
as reduced descendants of the family Terebinthaceae, Following HEMS-
LEY A, Excrnei 9090 and several other suthors after him have made
ihe ﬁ“"“."‘ Jirdivcinricrcece o -,»111'(‘i.'|! order, Sotianales or Julieniales, among
the Amentiferae, WETTSTEIN (19330 goes so Tar thal he refers the Tamily
to the same order as Juglandaceae, Jugfandafes, On the other lund,
ed NagkEL (1914 in his thorough investizations of the Juglandacene
his eome to the opinion thal they are ol at all related Lo Jelinrdacedae,
As a maller ol Cael, mueh speaks (or the eorreciness of this view and
for the Julfaniceeae nol being al aony rale elosely relaled Lo the Amenti-
ferae, to o which gronp they therefore are not Lo be relerred,

As early an observer us HEMSLEY stated that the family differed
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amatomically from Joglendoceae aml resembled  Anocordinceae. The
more recent investigntions of KRAMER (1939 have confirmed this fact;
this authar linds o greal agreemenl wilth Aaecardiecar, none with
Juglandaceae, Emphasis is perhaps o be laid especially upon the
pecurrence of resin ducts in the stem, which wee enlively Taeking in e
litter Tamily bul are present in the former,

The occurrence ol @ scupules, an involucre thal surrounds (he
{ruits; has been considered to shaow the affinily of Julienicceae with
the Ameniiferae, where cupule-siructures also occur. The enpule 15 in
Julieenioweear formed of eonlescent bracls. which sarround 5—4 female
Howers, although only in one or two of these s fronl developed, A

cupule, originating from leaf-structures. is also to be found in Jug-
lendaceae, Here, however, each flower is surroonded by a cupule
Within Fagoacene 11 ocenrs that several flowers are sorrounded by o
single cupule; but this is bere o slem- and not a leaf-strudlure, and,
moreover, it is no doubt derived from a primary Ivpe with one cupule
round each flower; such o development is nol indicated by any known
[aets in Julfaniacere, Further, in the Inlier family there gre some speeial
peculivritics wilhoul correspondence in the Amealifeeae; the parcow
edges of the fruils are adnate to the mer wall of the eupule and e
stalk of the cupule is often broad and winged.

The male Howers of the Julicnfeceae bave @ simple perianth, of
mtch the same appearance as i Fopoeene, but they show an important
deviation from the owers ol the Amendiferae, a fact lhal seemns never
o have been emphasized. In Julfaniocese the stamens are distinetly
allernaling with the peviauth leaves. In Amentiferae, on he eonlrary,
they are typieally superposed; somelimes by splithing they hecome more
than the ]ji_'rinnlh leawves, and then II:II'!]}' alsty allernale withh [hem,
somelimes there is no clear relalion helween perianth lobes and stamens,
bul only alternating stumens are o feature that is foreign o the
Amentiferae.

Thus, in e author’'s opinion, the similavities hal exist between
Julinnineear and the Amentiferae are o resull of secondary convergenca,
and lhere is no real alfinity between these groups, at any rale no near
affinity. Julianicceae should instead most likely be plaecd in the
proximity of Anacardiaceae.

A second order (hal offen is atlvibuted to the Amentiferoe is Bati-
dales, consisting of the family Bofidoceae, with the monolvpic genus
Batis. In placing the order vaN TiEGHEM (1903] is generally referred
to, who has earefully mvestigated the systematically important charae-
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ters. The male (lowers have no perianth. bt are surrounded by a
cup-like leafl, @l first close. later on ireegularly bursting, according
to vaN TIEGHEM an adossate bracteole, which al the lop has a crest-like
appendage. Further alternating with the stamens there gre four disgonal
scales, long-stalked, spalulale, according lo vax TIEGHEM arising as
emergences from an extra-staminal disc. In the female flowers, also
without perianth. there isoa four-chaombered ovary, which however,
as vaN TIEGHEM has polnted oul, is composed of two transverse carpels
and originally has bwo chambers. each of which s again divided inlo
lwo by a false partition. The vumber and posiion of the carpels is
thus the same as in mony of the Amendiferae; false pariitions not
inlrequently oceur also there, and the seales of the male owers mighl
have a correspondence in the disc-structures that ocear in Salicacenar,
The divergences, however, are also greal: adossate bracleoles of (he
peeuliar structure that is to be found in Beffs do nol oceur in the
Amentiferae, amd he seale-like stroetures have gquite another shape
and position than the glands of Sefie. Van TiEcHEM himsell, in facl,
did not refer Batidaceas o some group Amendiferae, bul hie placed the
Family in his order Piperales, between Soficacene and Ligeidambera-
ceae; thus, he connecled it pot only with Salfeaceqas, Tl also with
several families thal do nol belong o Amendifcrae. Cn o account ol ils
peculiar characters the family is difficull to place i the svslem, having,
as. many aulhors allirm, an isolated posilion. By reason of the greal
divergences from the Amentiferae Thal exist 1 think it is nal juslifiable
o refer il Lo this group, bot 1 leave lhe question open whellier il has
somne disland relationship with il

The Tamily Garryoceae, which earlier was placed near Cornaceas,
i5 sometimes also referved to the Amentiferae as a parlieular order,
Grarrgedes, AMore recent investizations . (Haipock, 1930), however, have
shown that morphologically the order in guestion attaches iself o
Chnbelliflorae (1o which Cornaeieoe also belong), and embreyvologieally
in certain respeets resembles the Spmpetalee; In WETTSTEINS luimad-
book (1935) it is therefore placed last among the Choripetalae, after
Utabelliflorae. The old statements lhal Garrgoe may be grafied on
Auecubn faponiea (Movisce 1918) also show that it is celited to ITmbelli-
flarae. Wilh the Amendiferac 1he family certainly has nothing o do.

The order Balonopsidoles, proposed in later time, which consists
ol one Tamily, Balonopsidecene, wilh one genus, s usoally assigned
to Ameniiferoe. Externally the lruils are very reminiscent of acorns.
However, the cupule surrounding the base of the fruit is not a slem-
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structure as that of Queres, bul is composed ol Broels. e Prail is ool
a nul, bul g deupe, and e owers have no true perianih, o (hese
respecls the arder differs from Frgecene, but within the ovder Faglin-
dides corvesponding characlers are to be found, Other leatures rescmble
more those ol Fagaceae, and, judzing from the maderial in hand, the
order seems to lil wilthin the hounds of the Amentiferae. There are
however slill some gaps in onr knowledge ol the Bolanopsidales

The order Leitneriales with the family  Leitneriaceae and the
species Leidnerio floriduna is placed by, for inslanee, WETTSTEIN (1935}
in the proximily of Myricides, which he regards as a special order,
thus wilthin Ihe Jdmentiferae, though he denotes This aerangemenl as
apparently provisiooa!, Lo the vegeltalive construclion there are wilhoul
doubl some characters that are wilhoul correspondence in the Admenti-
ferae, hul in the structure of the flower, which is of greatest imporiance
for the placing in the system, the order apparenlly allaches ilself to
the Amenliferae, cspecially o the arder Juglandales (wilh Myriceales).
Concerning e pistil there is the divergenee, il is true, that it is baill up
of ome carpel, while the other Amendiferae have two or Wiree carpels,
but there is clear evidence of its development through reduetion of a
Bicarpellary pistil of the same ype as is 1o be found within Juglendales
and alher Amesdiferae. In an embryvological respeet there are some
deviations from Juglandiles which mark some ditference as agnins)
this arder, These deviations, bowever, are nol grealer than il is possible
to find similar charielers within other orders of (he Amentiferae. In
the essentinl flower-morphological condilions there scems o be good
agrecment with the type of the Amenfiferae, as will be fuether developed
later on, when the gquestion will also be taken into consideration as o
whether the genus Didgmeles, as is somelimes done, is 1o be placed in
the proximity of Letfnerioeeae.

The vesull of this review ol the range ol he group dmentiferas is,
thus, thal hesides the orders Juglandales, Feegeles, Betulales, and Sali-
1”\(!!Jr1:'e?J the members of which are grm"t'.q”?.' relerred 1o the groug,
HFH"rrm;r.'dl'ihrh‘:r aned Leftnerioles are alsa abivibuled to it while Juliondi-
fes, Butidales, and Gurrgales are excluded o it



Order 1. Juglandales.

Family 1. Myricaceae.

Among earlier investigntions especially CHEVALIER's monograph (1901] is fo
b mentwned, in which morphological condilions aee also aleserilasl,. However, no
detniled stndy seems to have been made on the homologies in inflorescence aned
flower, although these here allord mueh of interest. In opder to illusteale Them 5t
will B :u;l-|iruj::r|.:|h* lie Dregine with o soevey of e organigation of the Qocal paris
within different genern gl sections,

Within the section Morelle of the genus Myrica M, Nagi ' seems o
be al-a very primilive stage, The male flowers form compound calkins,
which emanate from the leal axils: The primary eatkins are quile short
(Fig, Lo At their base [here 5 a brael of the infloresednee, gland-
dotted, above it aboul four large braets, with generally Iwo stamens
in the axil of each, thos male flowers of very simple organizalion
(Fig. 1 b1, At the lop there is often a small, rudimentary beacl with
only one stamen. The female eatkins, conlvary o the male ones, are
simple. Corresponding 1o the primary male catkins here are flowers
(Fig. 1 i, which outermost have a bract thal wholly resembles that of
the male calkin Further there are around the eentral pistil four
large hraets, which have some small, rodimentary, in parl elavate
stroctiures in their axils, strongly reminiseenl of fransilions between
stamens and papillae: sometimes oo seeond fower is develaped ol some
poinl (Fig, Ld], There is no doubt that the Female flower of Myrica
Nagd has originated through reduction of a small inflorescenes, with
female [lowers in the cenlre,

Myrica name, which is velated to M. Nagd, is somewhat more
advaneed, The male flowers are generally simple, with only aboal four

! In the nomenclature of the Myricacese T follow the monograph of CHEYALIER
P I as proposed  (BrQeeT, 10351, the Ivpe speciea ol Mgrice should  be
M. Gale, the gonus Myrice of CHEVALIER most have another nwme, 1L is, Bowesor,
not necessary (o lake this species as e species ol Myprica, os LINNAEUS (1753)
has deseribed three other speeies, which belong to Myrica s, str. (of, Hviasoen, 1945)



Fig. 1. o Myrice Nogi, male part calkin the stimens remeved: b the same, stuminnte

Newer; ¢ ihe some, femuyle flower in front view; o the same, female Jower (rom

the siile witll o extrn pistil hoving a large and g small stigmng ¢ M. oo, male

flewer, (he stomens cot off; §f M. javardes, Temale cotkin, Uhe oppeor purt; o the snme,

femmle flower in front view, the bract removed, o about 210, § aboot 56, the
others abrowml = 15,

stamens, bul the two bracleoles are in some flowers of sueh shape
and size that they are shrongly suggestive of hracls (Fig. | ¢}, CHIEVALIER
iLe is of the opinion thal actually they are nol bracleales bul bracts
in a— lhrough reduction — one-flowered inflorescence; In some cases
he has observed Iwo separaie male fMowers in this. As o matter of fact,
o aecount of the similarity to the primary male eatkin of M, Neagi
it is near al hand to suppose thal the flower has derived from sueh an
infloresecnee by reduction. The female flowers are arranged in a simple
calkin, but they show by their encircling whorl of bracteoles and by
lhe ecmergences of the fruit thal they have the same origin as in
M. Negt.

Another speecies that is referred lo the section Merelln is M. jova-
e, This species differs rather much from the lwo species jusl men-
lioned. In W jovanica both male and female calkins are eompaond.
The former are built up of parl-ealking, Literal and lerminal, which
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conleary o the comditions in W, Nagi are velalively long and many-
flowered; in each flower Lhere are four stamens, but no bracteoles, The
parl-inllorescences of the female catkins (Fig. 1 /1, on the other hand,
are small and fewAlowered, mosl of them having about Cooar fo six
Nowers: at the fop, however, there is generally a lerminal parl ealkin,
which is somewhat larger snd may contain aboul 15 flowers. The
individual flowers have each bwo teansvierse beaeteoles. Tn the froil stage
the Fruils may coalesce with each other o so-called sypneoarpia (CHE-
vaLter, Leb. It might Le thought that the small parl-inflorescences
were i correspondence 1o the parl-catking of for instance M. Nagi,
There cannol however be sueh g homology; a close examination of a
temale flower (Fig. 15 shows that on the ovary there are some
emergenees, one or lwo of which are often larger and appear a8 reduced
seale-struclures; undoubtedly they correspond lo similar slroclures in
aother Miygrice '5'!1‘1.'i1."‘1. Moreover, the dr“ﬂupl'ﬂ female flowers pre nol
placed at the top but in the lower part of the part-catkins, while their
upper parl is occupied by a bud of sterile bracls; these are more
numerous in the ateral parl-calkins than in the terminal; apparently
the number of Aowers is greally reduced, espeeially in the former. The
individnal flowers of M. jervnica are thus apparently homologous 1o
the male parteatkins of M. Nagd, The parl-catkins of the former lo Lhe
compound calkins of the laller species. As regards the inflorescence
M. fovanica vepresents o for advanced 1y pe, where the Qower, originally
formed by oan inflovescence, has oblained a simple straclure throagh
reduction, and where, moreover, o ramification occurs m the eatkin,
which is withoul eorrespondence in most other speecies. Conditions
similar lo these in M, japanica also prevail in the M. esenlente likewise
referred Lo the seet, Marelle.

Within the section Fapa of the genus Myrica the species M. Faga
shows several interesting peculiarities, The male calkins are also here
compound. The parl-catkins (Fig. 2 4) contain a number of male
flowers, only consisling of a few, often theee, stamens, which emanate
from the axil of o bract, slichily above il. The stamens are irregulariy
arranged wilh extrorse anlthers. In ome case T have observidd at the base
of a compound catkin o part ealkin which in its turn was compound;
instead of the solilary flowers there were hranchlels with several small
stamens and Iwo o four bracteoles, in part intermingled with the
stamens. This, tegether with the posilion and orientalion of the slamens,
poinls too (he male cptking havieg  developed  through redoelion of
doubly compound entkins, though it does not afford sofficient prool



Fig, 2. Mgeica Faga, A male catkin the stamens cul off; B female part cutkin iy
Mowering: € lemule part ealkin in yorng fruil stage: N the same in leogitudinal
section; £ androgynons part calkin with three bronehes, the side bronetes, supportod
by the bracteoles & and 0™, with more or less undeveloped plafils; Foandrogynons
part catkin wilh two side branches, sapported by (he heacleoles 8% and 57, the ome

hearing slamens only, the olber an wodevelaped sl and one stamen; & sandea-

gynoms part ealkin  in longilisling]l  seclion. br=lbracts, bh=heacleales ar  [leshy

structures probably arisen from bracleoles, s=stigmas, o=ganibiers or siamoens
Aot = 12,

ol this: The Temsle ealkins are not eomposed of small part eatkins bul
of TNower agalomerations with each aboul three or four flowers, some-
times more, somelimes only one. A rather common eondition is thal
lhere is a eentral female flower and Two lateral ones, often in addition
i Fourth, ab the abaxiol side. AL e surlace They bear Pleshiy papiliae,
sl Llee surrounding braclecles ave pactly pliveed high ap on ovary aod
fruit (Fig. 2 68— In cach agelomeralion the froils coalesce with each
othier tooa ssyncerpivme, A third Kind of inflorescence, androgynous
ealkins, somelimes oceurs. oo, The catking are here al least somefimes
very like the female inflorescences, composed of small agglomerations
(Fig. 2 £ (), the laleral ones of which, if vigorously developed, divide
into some branches, oflen three, one in the centre and two laleral. Facl
of these may consist cither of a female flower or of a centeal pistil
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and around it theee Lo four slamens, spivally arvanged al differenl height
and connale with the pistil, and some bractesles. Pavallel with e
cecurrence of the stamens funs the disappearince of the papillae
clutraeteristic of the female flower: In the side branches Lhe pistil is
o ten somewhal reduced. Lor instonee has only one stigma, and in more
wenkly developed sgglomieralions in the npper parl of the eatkin il oflen
disappears enlirely and theve only remains o group of three or four
stamens willin a bracl. Such o group If‘:!]l'rf‘ﬁl'lt_.ll'l{f.\; no doubil 1o o Flower
of the male eatkin, Thus, (here is o complele (ransilion between female
and miale Mowers, The androgynous agglomerafions are surrounded by
w varying nunber of bracleoles; besides the bracts supporting the dif-
Fevent (odlen Lhree) branches there ave some shracleoless of varying
posilion: in the agglomeralion reprodueed in Tig, @/ the tolal number
all broeteoles or fleshy struclures probably arisen of  (eansformed
bricelenles is eighl. Somelimes it may be seen thal one or two slamens
are placed above the axil of a bracteole (¢ in Fig, 2 K, and o in Fig. 2 (;
in this figure a” and a are also placed alove o bracteole, on the other
stde). These facts, as well as the emply bracteoles on the surlace of the
fruit and the above-mentioned conditions in the male catkins, speak
strongly in Favour of 1he fael that the branches of the bisexoal pgglo-
miridions and the female snd male Nowers hoamelogoos to (hean have
arisen froan an original infloreseence with a cenlral female flower and
i number of simply buill male Oowers avound i so thal the flowers
are pseudanthia, In contradistinetion o M. Negd but in some similarify
anged o componnd catkins

lo M. jaeanico these pseudanthin arve ar
anolher likeness o the ldler speeies is the eoalescenee of the female
pseudanthin eecurring in both species, in M. juoanica in exeeptional
eases, in M. Feagir as a vule.

A species related o Myrica Fageois MW, eadifornica. This species
has o male Hower which al lepst in some cases i3 lurnished with a large
number of shractesles . and The stamens are united o slems (Fig, 3 4.
10 is hardly possible to Tind any distine! relation belween cerlain stamens
and cerlain bracteoles. Such o flower is somewhat reminiscent of the
bisexual flower agglomeralion of M. Foga, though here evolulion has
gone o step farther. The female Nower (Fig 3 2—0) is in o high degree
ils, corresponding

inflorescence-like, too: there are often lwo or Hiree pis
by as many original female flowers, and v addilion there are large
rudimentary stamens outside, somelimes perfeelly developed stamens,
g remnant ol sarrounding male ONowers, As in M Fegp, Irom each
flowers here may develop more than one frail, twooor three, which
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Mg, 4. A Mgeiee coliforpica, male flower frem-an androgynons catkin with four
larger bracleoles and several smaller opes above, aod aboul (welve slamens, Hhe
branches of ihe stominal column cul off; B the same, fewer fram an andeogyinous
calkin, i fronl view, with bwo pistils, one of them with (bree stipmas. one normal
anther (@ and some sl rediments, probably of apthers (a); € the snme, female
flower from an androgyaous catlin with rodimentavy pisiils (5] and stamens (e,
the larger bracleoles are removed; ) the same, [ruil im loongitadioo]  section,
E M. inedore, stamisale flower with brael aod hreee oweeow beacleoles ot the
staminal coluwmn, the beanches of the ecolomn eut of . = hracteoles, A, IV abaout
s 20, the others about 2 15,

coulesce to a ssyncarpium -, allhough in this species such only oecurs
in exceplional cases, Without doubt the flower has here arisen from an
inflorescence; the similarities 1o the androgynous inflorescences of
M. Fuyo suggest thal the primary form was not a simple but o com-
pound, ramose one.

The third species of the section Faga, M. inodora, is more strongly
peduced than the alhers. The catkins are here apparently simple. How-
ever, in the male flowers the stamens forme a small, ramose eolumn
wilh one or Iwo small bracleales among the skanens (Fig, 3 |, and in
the female Hower there may, aceording lo Cupvavien (Le.), occasionnlly
be two ovaries localed in the axil of lhe same beacl, hus condilions
reminiscent of the other species, Evidently M. rodora s w0 laler link
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in the evolulionary line issning frome these species; the redoction is
considerably  grewter, but the flower has also here arisen from an

original inflorescenee,

The thivd and mest comprehensive ol the sections, Cerophora,
shows also a cerfain evolulionary chain from more complicaled o more
simply built flowers, though the flower stroeture here is, on the whole,
more derivaltive. some more primitive species sl show rather obvioosty
the aeigin of The flower from an intloreseenee.

I Mypriger golicifolio theve ig thug i the male lower o large number
af stamens branching off from a4 common column-like stem (Fig, 4 4).
In the lower |;|'.|_|;'|; there are a number of so-called bracteoles, 1 the
veproddiced flower, four, These bracteoles are ool placed below the
slamens, bul one or two ol them may also be mlermingled with the
stamens, cmuanake higher up than the lowest ramilications. Noo doabi
this flower represents o further stop in the evolulion eompared with
e male flower of for instance M, cafifornieas; the reduelion is somewhil
grealer, hut il is still possible, especially by comparison with M, eali-
foratlea el fnedoea, looestablish s origin in an intfloreseence, The
Cevale Tlower of M, seffedfolio (Figo 4 M) is surrounded by aboul fhree
tee five bracleoles Inside the braet, In the cenlee lhere is a5 a rule one
pistil witly twor medinn stigmas, but as already stated by CHEVALIER
(Le., po 2230 00 sometimes ocenrs Nl there are more than one ovary
in the axil of the sime brack An instance of this is shown in Fig. 46
here, inside the broet there are lhree hracteoles and o the midsl ol
Hiese o lirge pislil with bwo median stigmas and by the side of this

and separaled from it a small one with lwo rather lransverse sligmas,
vach of the pistils ol course representing one female flower, 1n the
Front of the krger pistil there is 3 small appendage ), Lor the grealer
parl connate with the stvle. possibly representing o veduoced (hivd pistil
[ =female Tower) . Heee thios, theee may exceplionally oeeur miniature
inltorescences similar fo those earlier described for M. Nagi, which do
ol olherwise, in bracleole pumber o in any other way, differ from
Hhe eonumon, Hil'l'll)ll;‘ Female Plowers, Hue extra pistil (or pistils] showing
sigis of reduction. This musl be considered as a prool that the lemale
flower here, as in M. Nagf, has arisen through redoction of an in-
{lorescence.

Another species ol Lhe seclion, Myrica conifera, is, in agreement
with M. ealifornica bul in contradistinetion to mast olher species,
monvecious, often with androgynous catkins, The male flowers are

F
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Fig, 4. A Mprico selicifolie var. sabofpinr, male: Nower; I M, salicifolio, female
flower of uwsual type; 0 the same. female Nower with twa pistils; 7 M. conifero,
femuole Mower in fronl view, e bract removeds £ the samee, Disexual Mlower from
sn undrogynous  eatking & M. pabeacens, male ower with slominal - eaolumm;
i Compfonio peregring, lemale flower Ivom fhe oxis, the braet removed: f the
same, vouung fraill with lenf copule, at the left it 15 seen that new seales cdevelop
wmiddsl (e older ones, br=Dbracl, &= bracteole, o=anther or stamen, r=rudiment,
probally of pistil, see furthor the text. A about 3 00, B about 328, the olhers
kot 2 15




of a simple structure, with (our stamens and no or oecasionally one
or two small bractesles below, The female flower |}'|g 4 1 has aboul
four bractedles. In the androgynous calkins however bisexual (owers
also occur, which in this connection are of the greatest interest. Besides
a normal pistil there are often one or two perlectly developed stnmens
i sueh a flower, somelinies (here are rudimentary stamens boo anad
other pecoltarities, ss in the Hower reproduced in Fig. 1 E In this there
are six bractecles, the two transverse ones of which are the largest
Three developed stamens hove occurred, the two of which are removed;
ane, the larger, was located in the axil of the large braclenle al the right
(B, the other, the smaller, above o small beacteole (877, The thicd
stamen (0] is paced on the posterior side ef the flower, and is connale
wilh the posterior sivle branch, Besides these there are two soall, rodi-
mentary stamens (o and o |, adnale to the ovary, especially the one
(e | small and suggestive of a papilla. The flower deviales in addilion
by e ocearrence of three carpels. Thus conditions here are met with
thal are reminiscent of W, californica, where in the same s lowirs
there may occur mwore than one pistil and several slamens, most of
them rudimentary. The reduction is stronger in 3. conifera, in most
cases tmuch stronger, bul the origin ol the fower mst be the saome s
i M. ealifornica, 1e. from an inflorescence.

Besides these two more elosely deserilad .~;|;|r_'-{"jg}s (here are alio
somne olhers which afford clear evidence ol The psewdanthie eharaeler
of the flower, Thos, (T iy somelimes oceur more Lhan one female
Mower inside the same bract in M. Paconds (GHEVALIER;, 190011 as well
as in M, Cretissii, Tn W, prhescens 1L mav happen as 1n W, sedicefolia
Hheat The stamens form o ramose eolomn with so-ealled bracieoles inter-
mingled wilh the stamens (Fig. 4 7). In the majority of species 1here
are, however, novsueh evident signs of Lhe development, but o lestimony
for the origin ol the flower Feom an inlloreseence is the whaorl of
bracteoles, in reality bracls, surrounding the ovary in a large number
of spreies,

Somewhat dilleren! condilions from those within Myrica are mel
with in Comptonia peregring, In the female flower of this species there
are lwo braclesles, amd inside each of them a group of small seales,
which together wilh lhe bracteoles grow out into a leaf copule after
Mowering (whils emergenees are Lacking on (he ovaryl. ITn oan early
stage, al the very flowerng, it may e observed (Fig. 4 &) that in the
seale groups inside the bracteoles there are some seales next o the
ovary which are larger than the others; this being especially troe of the
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two outerimos! of wem, neares| the hracl and the axis respeclively,
The other seales are Hl]l}' seen ds some siall cmergences on the side
of (hese seales furmed Trom e ovary, The developuent of e fiest
senles lhos proceeds more or Tess centeifugally. In oo laler slage (Fig,
4 ), when the leaf cupule has almost grown onl around the voung
Fewit, it moy however he seen-that new seales develop amidst the ofhers,
Thus at this stage the development is no longer centrilugal. CHEVALIER,
Le.. stales thal the firsl development of the cupule struelures in Comp-
foniin is exaclly the same as {hal of the emergences on the ovary of
Myrica, which moreover may somelimes oceur on the surroonding
bracteoles oo. 1t must on this account be considered thal they are
strueh

es homologous to these, e bracls and possibly flower prim-
ordin in an infloreseence, which surround the single developed flower
and which hive here aequired a special development for Frail disseomina-
lign by wind. A deviation is That these struelures do oo oecur here on
all sides bl form [wo groups t:n|_~,‘ i e axils af the ]}:I'illutl'}' braeLeeales,

The Mowers of Gale padusteis, Tinally, might be thought to be of
a primitive type; as the flower is of a relatively simple organization,
willwut bracleoles in the male Cower, and with two laleral hrocleoles
only in the Yemale [oower, adoate to the ovary, In the androgynons
silkins which nol infrequently oeenr (el Daviey and Giesos, 1917
there ave however some bisexual tlowers of o peculine stroelure, which
show that this is ool the ease. Flowers feansibional helween female
and male flowers hove heen earlier described by Hacepue (1934, who
however seems only o have examined alterations of original female
flowers, which never have more than bwo bracteoles. Similar cases
have also been observed by the anthor, bal of greater interest are some
other devialions, probably arvisen through teanstormation of ariginal
male flowers, which parlly have a rather complicated organization. In

Hie Bisexual Mowers iere is sometimes as normally o hicarpellary pistil,

which generally has however an unusual orientabion: the carpels ifliem
stand obliquely to the median plane, somelimes quile ransversely. A
more common evenl, however, is that the pistil is bailt up of one carpel
only, of varving position. The stamens are one o three in oumber,
fused with (he ovary. If there are only one stamen and ooe earpel,
these may bolle have o medisn postbion (Fig. 5 B) ar bolh have a

transverse one (Fig, 5 A): if there are one stamen and a hiearpellary

T !
pistil, the carpels may  stand  transversely and  the stamen either
medinnly or transversely by the side ol the pishil, U two slamens seear,

then often one slamen and ane carpel stand lransversely alongside cach




Fig, 5. feale palusteis, Nowers, paetly in fenil skage, of andeogynons entkins. A flower
wilh four bracieoles, a monecarpellary pistil and one stamen, brunsyerse, B flower
with three brocteoles, 8 monocarpellary pistil and one slamen, median; O flower
with three hrngteales on olique Bicarpellney pestil and Doee slamens (o) 2 lower
with  hree himacléoles anid 40 '1!'AI|;\-‘ sleweliee, Iransitional  bolwesn stanien sl
bBrmcleole, the pistal oblique, bicarpellary: E flower with Tour eancteales, one of i
small, rudimentury (b, & probably mopocacpellary pistil and one laleral stamen
o)y mow . fallen; F lower with two small lateral bracteoles, a monocarpeilary 3Ji.!1|l
amd bwo slomens, e ome mediann belore (he 11'i.‘\.“|.. b wllber Baloeal; & Nowor with
twin sinall latera] heacleoles, one developed stamen and fwo rudimentary enrepels;
i Hower with two very small bracteoles and three stamens. two transverse gl one
madinn nedrer (he bract; § flower with fwo small bracteoles, o pistil with  teee
eorpels of oldiqee ariendobion and one stamen wilhe o beoad Tilament; K flower
(Hhhe Bt iselriwn withe b unegnil beactestas, o pistil will one developed anil
onee rudimentary carpel, and ome staoen, median, abaxial, L Oower with ooe small
braeteole (k) four rudimentary stamens, three of which are visible {a), and the
pistil dissalved inlo two large branches (¢ and four narrow lobes o) A - C, E—T.
[ in fronl view, G—H, K from behind, Aboul 2 10,

ather, and the second stamen medianly inside the hract (Fig, 5 F);
they may also all stand medianly. (In one case [ Fig, 5 C] a bicarpellary
pistil wilth obligue orientation was observed, amd three stamens inoa
whorl around.] The pishil may exceplionadly be broken up into lobes
of drregulor shape. generally lwo larger and fwo lo four smaller,
narrower ones, soime of which as well as the more or less rudimentary
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stamens may be pliaced outside the former (Fig. 5 L), Of special inferest
is, novw, et in these bisexoal flowers the number of braeleoles is oflen
more than two, In the cases reproduced in Figs, 3 8, C, and [, there
i, Desides the bwo transverse ones, o third, median, abaxial (a8 com-
men condition|. and soemetimes a lourth, adaxial bracteole occars also,
as illustrated io Figs, 5 A and £, When four bracleoles occur, one ol
Mem is somelimes clell i the tip, possibly composed ol two. Tf the
pistil is well-developed. the bracteoles are large: il it is weakly developed
or rudimentary, they are quite small. Structures lransitional between
stumens and bracteoles (Fimo 5 T oceur too, (On the other hand,
transilions between stamens and carpels, which are common in andro-
aynous calkins of Salee, were never observed. ) I might then be thoughl
that the bisexual flowers had originated feom male flowers, where in
connection with the appearing of o pistil some stamens were lrans-
formed inflo bracteoles, That this is not the ease as regards the orngin
of the brpeteoles is however evident from the Taet thal in an andeo.
gyvnous calkin a male ower was observed with four stamens as usual
and in addition four small rounded bracteoles: no pistil-rudiment was
here to e seen. The bracleoles must therefore al least for the most
part be true bracleoles (or bracls), and that their number may be three
or Fomr in the same Plower, as in many Wyrieo-species, must be laken
as a proal thal the Mower has here also arisen throngh redoction of an
infloreseence, a reduction in most eases so far advanced that the real
nature of the flower is diffieall 1o deeide,

Thus, from this review it 15 clear that there oecurs within Myrico-
cene o whoele series of transitions from an inflorescence of very simply
built Mowers to Flowers homologons to this, at firsl ol more complicated
organization, later on by preater and greater reduction of simple con-
struelion. As nol only monoecious species willt androgynous eatkins
bul ulso (iele polustris, which as a rule is dioecions, may exeeplionally
possess hisexunl flowers wilh one or more siamens oulside the eentral
pistil jor pistils), il must be supposed that the original inflorescence
his alse been hisexual, with ane or more female flowers in the cenfre
and male lowers around,

The origin and the general organization of the flower having now
been treated, it remains to examine some details in the floral strocture.
As mentioned above, the ovary s olten surrounded Ly a whorl of
bracteoles. Often there are two more strongly developed frans-
verse brocleoles and two smaller median ones. Somelimes there are
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Fig, & o Myrice adcrobrocteata, female lewer n Dront view with gix hracteoles
carpels ransverse: Bothe sanwe, [emale flowers sico bracleoles, niedian  carpels:
¢ M. cerifere, Pemale Mower from i frool with fone brocteoles; o M ponetota
male Aewer with bract and two small heacleales from the staminal column; ¢ th
same. male [ower with four bractesles; f W Liftmaadzcharicn v, micropfiytla Exor

male [Mowier wille hracl anid Deo bracloales: g Woeertfera, male flowsr with bract and
e bracteole, Trom the column: b M cordifoelio, muale Qower wilh bract amnd column
of two stomens, ne bracteobes: | 1he same, male flower with bract aond one stiomen

¢ abaul ¥ 20, § aboul = 6, the athers aboul = 15

1M, micrebrecieatn H, WEDM., Fig. 6 o—>D) four lransverse, two o
eilher =ide of 1he ovary, the one inside the olher, and two median.
thiis six in all. If the number is 4. which is rather vsoal, they may be
regularly developed and resemble o simple perianth (Fig. 6 ¢). Some-
times, however, one of the median braeteoles is lacking and somelimes,
as exemplified aliove, both may have disappeared through reduction
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In the male Mower the bracteoles aire nol so owell 4!1-\'4,']1;}1111. bl i
cerfain eases there may also oceur lour bracleoles here, as is exemplilied
by Fig. Ge lor M. punclata; The general condilion is neverlhieless also
in this species thal the number is 2 only | Fig, 64},

Even as the bracteoles bear witness of e arigin of the Mower
from an infloreseence, the organization of the slamens may also
in many eases be explained by sueh a development. As skaled above.
the stamens of Myrica ealifornica, salivifolia, and pubescens may Lorm
g ramose column with so-called breieteoles infermingled with  (he
stamens. Olher \.|b|'l"]:-~. have also ];lrm*, hu\.liil}' ramaose slems with
many slamens (g Mo Mifiarendscloriea, Fige 6 7). but the hracleales
emanale here below [he branches ondy, Thal the [Glaments are in Uhis
way uniled inlo stems, cgrown logethers, s common within the nily.
Even when the nuwmber of stamens is only 4. 3. or 2 the filnments are
oflen united, at least al their base, somelimes high up (for inst. W, pune-
fabe, Fig. 64, ¢). With regard o the transitions lo Lhe riehly ramified
slamen aggregales that are found among these is also M. certfera,
where one or two parrow bracteoles may occur al the lowermos! rammi-
ficalions (Fig. ) Ihese cases must also be consideresd as originaling
through — a here strong — reduction from an original inflorescence
and nob be (as il bas been done) compared with the divided stamens
within RBefdoecne, These differ also by e two branehes having each
only @ hall anther. I o comparable struchure is soughl within Amwendi-
ferae. it can inslend be found within Salicacese: some Saliv species
have the Dlaments uniled in o similar way, In M. cordifolia there are
in some male Dowers (Fige 6 &) two stamens with united fikiments, in
clhers one stamen only ocears (Fig, 60, Here thus an example is mel
wilh of the greatest coneeivable reduction of the original inflorescence.

While in other Amentiferae the stomiens — owing o eonditions
ol comlescence often emanate seemingly from the surface of he
braet, this is nol generally the case within Myriceeeae. The slmens
or the common column of stamens spring here instead generally from
the main axis al the alluching point of the bracl; sometimes (M, cordi-
felia and others) they even emanale a bil above the braet. In somse
Mypricea species there may however be seen o tendency of the stamens
to turn out on the base of the bract, and in Complonia il has gone so far
that they have grown togelher with the nareow elaw of the hract and
emanate from he border disteret between this and The brosder plate
(Fig. 7a); the male tlower ol Camplonda is by This very reminiscen| of
cerlain Corglacene,




Fig, 7. o Complonin, mule flower, the stamens cob aff, b Myriee hooalis, fenunle
flower rom thie axis, with transverse earpels, o M, eocuirineis, female Tower with
obliquely placed stigmus; owe broct and 3 beactooles, o M. pennsgleoamice, Toaid o
erioss seclion, with o median Sivipe n the wall, ¢ Gide palustris, adeveloped il
willv one abaxial aod we adaxial stigmas, froem in feonl, [ lhe same, frimeroos
feail i eross dection, besidos the two feansverse bracteoles, sectioned, these 5 n
sl paisterioe, hoencdike braelenle, issuing elow the seobion suefmee: mad-sieipes
through the enrpels. Alaaet < 15

The Iwo stigmas have gencrally o median position  (though they
may e turned by the pressure of surronnding leaves), mul the ovary,
which is often somewhal exiracled in the dircction of the stigmas.
becomes by this more or less Hattened frome the sides, an orientation
eisily understood in those cases, when lhere are only bwo lransverse
bracleoles or these are considerably larger than the others, It has how-
ever heen stated above, that when in Gale palusiris the hracleoles ure
more han two, amd possibly stamens also oceur in the flower, The
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stigmas frequently gel an oblique position, or even o ramsverse one.
The same may be observed in those Myrica species which have more
Lhan two bracteoles, In M. homifis for instance, which has lounr about
equal bracteoles, 1he stigmas are often fransverse; in omy malerial this
aorientation [Fig. 7 5 was maore eonvomaon han the median, and in olher
speeivs dlso the position may varss: i is obviously nol veey lirmly Fixed,

Coneerning the position of the corpels il was supposed already by
Ercnienr (1878 that they had the same orientation as the stigmas, The
correciness of this view is proved, as shown hy BENSON and WELSFORD
(1909) for Gole pelustris, by the course of the vascular bundles in the
avary. No line of union between the carpels is however possible to
observe, On lhe olher hand, both in (e and Comptonio and —
especially fairly — in several Myrien species (see lor inst. Fig. 7 d)
I have observed a stroke in the fruil wall which vuns through the mid
of the carpels, thus generally medianly, and marks the plane, where
the Froit breaks ot germinating, Sometines theee 1%, as i the illustrated
case, 4 small ridge on the fruit over this stroke. This opening line
corresponds to the often very strongly conspicaous one thal is found in
Juglnnedaeeoe: in this Tamily there is however [requently a unton line
perpendicalar o this oo,

Somelimes there are within the family three carpels instead of
iwo, aned theee shigmas, Tnstanees of this are shown in Fig, 7 e and
For e pedustets (rom a normally Temale catking not an androgynoos
onel, where there in one of (he flowers is a small third bracleole loo
A corresponding trimery oceurs also in Juglandaceae and has there been
considered o prove a descendance from Lvpes with fernary number in
the gyvnoeeinm (BeExson and WEeELsForn 1909). Per

Lhiaps [his Irimery

should rather in both esses be considered as o wilness of unstable

live organization.

The structure of the foil and the different development of the
bracleoles of e female fAower in e froit stage are deseribed by
CHEVALIER (1901), who foremost on these characters founds his division
of the family inlo three geneca. On this aceount 1 do not dwell upon
these condilions bul am conlent with stating (hat there are so greal
differences that with regared to them and Lo the other exisling differences
a division into differenl genera appears well justilied, 11 owill anly be
luken up a maller of more general interest to diseussion, namely the

condilions owing lo a pri

origin of the {leshy or wax-seeerning papillac which oceoar on (he Frait
in the genus Myrica. In some more primilive species there may, as
meptioned above, be observed structures intermediale between slamens
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and papillac in the Female Nower, which emanate above leal-like scales,
In the androgyvoous eatking of Mgrice Faya here somelimnes ocewrs
above a shreactenles anly a group of stamens withoul any papillae, In an
apical flower agglomeration there-was in one case observed above such
a biracteale a normal stamen, ahove this two large eshy lumps, and
by the side of [he stamen, probably Lelonging to the same group, a
fleshy structure on a short slalk, apparently a transition bebween stamen
and papilla. In the same flower agglomeration there was af about the
same height a bracteole with one normal slamen and a large number
of papillae, arranged in (wo groups and considerably smaller (han the
twao large papillae al the other bracteole. No doubt these groops had
arisen through splitting of twa origing] primercdis. Tn this and other
similur cases the papillae thus seem o arise throngh lransformation
and splitling of stamen primordia in undeveloped Flowers of the original
intlorescence; in ather eases, when no bracteoles are found on the
strlace of the frail, these take probably also part in the Tormation of
papillae: slamens and hracteoles are besides known easily Io pass from
s to the other, as shown for fale podisteis, Tt is of conrse also possible
that within the family in some cases bracteokes only take parl in the
Formation of e appendicular structures of the fruil; especially 1his
could be thoughl o be the case in the leal eupule of Comgifonia,

I their shape the stigmas are somelimes long and narrow, almost
Wiremd-like (Fig, 7 ¢l, sometimes they are more broad and flallened,
reminiscenl of cerlain Juglandoceae Tor instance W fooomica, Tig, 1 gl
In M. pernrgleanicn e stigmas are (hin and Dattened and ace below
nniled with their edges 1o oo obolae stroctore, In M. foomidlis they are
also flatlensd and sometimes grown logether helow ol the one side
{Fig. 7 &) and turned to the one side in e same way as it may oceur
wilhin Jugleadaceas fe.g. in Begelloediio npoénsisi. The Fruil wall of
Myrice is also reminiscenl of Juglondaceae throogh its thick, hard
edocarp, which (for inst, i W pacedfolic] may Ie furrowed  and
sculplured on the outside in some similarity with the conditions for
instanee in Jaglans.

Coneerning the position of the ovule BENSON and WELSFORD { 1809)]
think Ihal it is appendicular to g earpel, HAGERUP (18934), an The other
hnil, is of The apinion (hat it in Myrieaceae (Gole polugirig) as in many
other familics is formed from the apexs of the axis. The former aulhors
plead as support for their conception that in Gale the vasewlar bundle
supplving the ovule is formed by hranching from the hundles of the
anterior earpel; it receives no axillary bundle, and no branch from e
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jm'\lq'l'iul' :'.'|.I']Tr;1 cither, These observalions of the course of The bundles
are no doubl guile correct ol seem Lo be sullicienl prool Tor the ovale:
heing appendicular 1o the anterior carpel. Probably each carpel liis
originally  been furpished with one, possibly  wo. ovales and  the
remining of These has ol the disappearing ol the other (or the olbers)
been displuced to the centre of (he ovary, aud gol o seemingly apiesl
posilion,

The original posilion might with this presumption e reminiseent
al for instanee The one occurring in Bedanepsidacese and the members
of Safteacewsy having 1wo or four ovales; vel the ovale in Myricaceae at
leasl in most eases is ortholropous, while it in the former two Families
heeames anatrapous in the conrse of developmient.

RErsmaw (1909, 1908 a) has called attention to some features in the
embryology, which she regards as primitive, namely thal the inlegu-
menl is furnished with a whorl of vascular bundles and that it is guile
free from the nueellus, which rises with a small stalk above the depart-
ing point of the inlegumenl. BENsON and WEeELsPporn (1909 do not
consider these features as primtive, as lhev oceur in quite dillerent
places in the system, and later aulhors (for instance KTy 1928) have
Fomned Fuelher inslapmees of bundles o the integoment, not only within
Mesioeldompdeas bul also in groups widely separated Trem This, and
by Ihis reason they do nob either regard this qualily as o primilive
character, WorrsTEIN (1935). however, makes a comparison in this
respect with the Gyvmnospermis and hinks that 0 may Be g primilive
fealure, thoush it sometimes occurs in olher groups oo, and also
ScuNaRF (1929, po 58] inclines to the same opinion: he holds fucther
ecxnminations of the details for necessary in order W deeide, whether
the oeceurrence of bundles in the differenl eases is quile comparable
T TH

Comeerning the developmend of the embryo-sae the Family does not
show any such deviations as some other Amendiferne, nor ocenrs there
chalazogamy, known from several olher families. bal the noomal
porogainy; yvet only two species are examined, (rale polusteis (KERsDaw
L9089, HaGgeERTP 1934, and Myprica Lobbii | =M. escndenton var. Lobbii,
TREUR 1891}, aned the inveshigntion of the laller form is of a ralher
oled dale,

[t the three genera of Wyricacene shall be compared with regard
to Lheir Ploval organization — e most important maller from a phylo-
genelical poinl of view — i must be said that this in Gale is at most
derived. For one (hing both male and female flower are here through
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rieduclion of o very simple stroetore. Lor the olher there are rather far
acvanced bansformadions for frull disseminalion, in as mueh as the
bwo brocteoles in Hhe female Nower inerease after flowering and develap
into flealing organs, adnate to the Fruit. Al comparison belween Comp-
toroe and Myrice it may be more doablfal whal genus is more primi-
tive. Within Myriea there are no donbl species that are wore primilive
than Cemptonie. but on the other hand there ace among ils ralher
numerous species some whicl are ot leasl as derived as The only nisw
living Comptonin species. On the whole, however, 11 must perhaps be
saiel thal this latter in its floral morphology 15 somewhat more adyvanced
than Myrico. The hracteoles of The fermale ower lave here golb a special
development for the fruil dispersion, inas mch gs lhey increase afler
Cowering and form a leat copuele round the fruit, which maloes o dis
seminabion by wind possible: in Mgrica the bracteoles do not inerease,
and only inosomve, by far nol all. species there are possibililies for
ciidozote dispersion. Further, i the male flowers of Compleaio (he
slamens i centradistinelion o Myrica are mackedly carcicd up on the
brael, and as in feefe the ealkins are developed on speclal Branches,
soon perishung. Compfonea must thus be rezgarded as o somewhal, bl
nol mueh dvaneed tvpe in comparison with Myrica and separating
from This senns in on olher direclion Than (el

The preliminarcily  deseribed  genus Conaconmreica [GUILLAUMIN,
LA Fromn New Caledonma, has. accordhing to the deseriplion, like somea
primibive Mgeica species, both wade and bisexwal flowers, the Liller
with fully developed stamens al the ovary wall, all surrounded by bracls
ard bracteoles, but differs Trom all other Mgricacese Dy Difid shgmas
and o pendolous ovule frome an erect funicle, wilthe the micropyle
downwards, If This genus really i 15 probuable — belongs to M-
coceae, 1t represents o deviating tvpe and formes o feansition from s
Famnily and the order Juglandales 1o the orders with analropous oviles,
ared the bifid sligmas form an intéresling parallel fo the partilion of
stignias aned siyvles in Juwplandaceae, Balnanpsiduceae, amd Salicacear

The relation of Myricaceae o other families of Amendiferoe shoald
mast properlv. be discussed first after these have also lwen treated. Al
present b mav only be stateid that there oceur several Feabures thadl
reppenr i ather families or are revuniscen! of tThem. With Joegdond -

et There are greal similarilies in Mower stroeteee, (eoit, cmbevology
cles, reminiseend of Corglocene 15 For inslance The male flower and leat
cupule of Conpdonia, and here are cerluin points of contact also with
Seelicaeeae (for imstoas o the androecionm) asd the other Tamilics
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Imipurtanl earlier papers: QRSTED, 1836, 1870; Bravs, 1872, (L JECANDOLLE.
1862, 101; Brenren, 1378; ENGLER, 1S589; KARSTEN, 1902 MNwOLoer, 190-—1906;
Naren, 14914, STASDLEY, 1927 Koinevm, U7 Masmindg, 10958, 140, Hemscn and
WETMORE, 1030 Koasa, 1941,

To begin wilh the inflorescence. the eonditions concerning Lhis
live recently reeeived an exhavstive deseriplion and  cloeidation by
Maxpine (1938). and | have nol much lo add lo this. As Manwixc
expounds in considerable delail, in the genera Engethardtio, Oreanmun-
neia, Alfaroa and Platyearya there is a4 more primitive type of in-
Morescences, in Uheir Ly pical form composed of o levminal female catkin
and lateral male catkins under it. From this tvpe the less eomplicated,
aften simple infloreseences of lhe olher genera. Pferocarga. Juglans,
and Carge, as expounded by the author menlioned, may be derived
through reduection. and then Pleroedarga forms the transilion from the
e Ij.":u.' fer the olher, 1o the former !)'Irr, TS Hnﬂr*”}rrrrfﬁn by, E, Wal-
lichina Lazon,' has in Manying's doublless correct opinion a very
ariginal ype of inflorescences, groups of inflorescences with Ialeral
male calking and a terminal female eatkin, which are located parlly
on side branches, partly at the Hip of the main branch (Fig. 8 o).
Alfeireer, whose inflorescenee was only partly known in 1938, is also
of o primitive character. According 1o the descriplion of Staspriey
(1927), the inflorescenees of the fertile spreimens are lerminal and in
their grealer parl female: at the base only (here are two short branches
wilh two o fovur male flowers on each or in olher cases o few sessile
male flowers [(Fig, 8a). A later collection 1A, ) SKuTcH, Noo A0S,
Herh. Washington) shaws a specimen with entively male infloréseences,
very likely from an enlirely male tree (Fig, 8 b}, The inflorescence
groups are parlly loeated in the Braneh ﬁim. lmrll_‘l. o lateral bhranehlets,
which cmanale — one or two from the leafl axils pnd bear some
leaves below; they are large and many-flowered, and the parlicular
calkins are generally arranged in groups of two or three or more, which
especially below are rather widely separaded. The position of the eatkin
groups is thus the same as in Engelhordtio Wallichiomg, That there is
a transition towards dicecism. is. of eourse, o more advanced chiaracter,
although in Eng. Wallichiana also there are often bhranches with only
male or only lemale inflorescences {earlier regarded as a0 parlicular

Fln the nomenelolore Bempeas Mooual (U0 s Tollowed  For 1lis amel

[he Folbirwing fumilics, as far as the species gre tdoen up theres only in eiher cases
are the anthors' names eited



Tiz. 8 The garersngement of the ealkins i funlandneear, sehematically, a—f A friran,

o Gpeamneed, o Eogelfeodtie Wellichteni, e B omotifiore, | Platgpeerin, g Mero-

carga Palturaes, v Juglons (similardy in certain Plerocarga-speeics), © Cargo Tnfegri-
faliolate, & Carge, the common condilien

speeies, see MasNiNG, TS, po 408}, while in olher species the reduction
is gircaler, The inflorescence tvpe of OQreomunnea, loo, secms (o be primi-
live, The calkin-bearing branches in the leaf axils ave small, il is lrue,
but the catkin groups - copsisting of bolth female and male catlkins

ey also be located in the branch tips [judging from malerial in Herl,
Geneval and fhe miale eatking are generally arranged woo ol wo
at different height (Fig, 8 el. Maxyiwg (Le) s of the opinion thal the
original infloreseence within Jeglandaceae wos o terminal  paniele,
comparable with That which acenrs within Aracardiceeae in the genus
Rites. In Plafgearga it sometimes ocenrs that two or Hree ealkin groups
are inserted in immediale proximily to each other in o panicle-like
cluster; the same mny, according o Mavwiveg (Lo occar in Eagelh,
Wedlichiona: it may nlso be observed in Chreormmnen (Fig, 8 o) This,
Lomwever, musl most likely be regarded as a speeial ease ol the eonimon
inflorescence arrangemoent: one or more catkin-bearing side branches
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haivee come elose o the infloreseence group of the main branch, an
arrangement (hal might! develop lurther o o componnd panicle bl
ein hardly have or
— a5 will be Lurther justified laler on compare Juglandaceans with
Myricaceay and, as most primitive; consider the inflorescence arouaps
where, as in Ceeomirnpen and A farow, The male catkins emanale singly
ar in groups from an exlended axis, which moy eorrespond 1o oo ealkin-

ginaled from such an inllorescence. | would rather

Learing heaneh of Myrica willl one eatkin (or Uwo o three) o each

v redueed in Juglandaeear,
Lut the posilion of (he eatkins, e.g. in Oreomunnen — generally opposite
as e leaves —, agrees with the presumplion thal the inflorescence
sroup corresponds toosuchoa catkin-beaving branch of the Myricacear,
which sometines may also have redoeed leaves, The dense agglonvern-
tiom ol calkins thal aceurs in PMlatgearye (Fige 8 ) must, on The other
band, e i'q-g.—;t':lml a5 a0 more derived t'undlliuu, jli.ﬂl as several olher

leat-axil. The supporting leaves are strongly

characlers of this genus are more advanesd (eg. the androgvnous ler-
minal eatking .

The development thal takes place wilthin the «Fuglans 1
to which the three genera PMerocarya, Jaglons, and Carge belong,
consists to o greal extent in continuwed redoclions. - and has been
illustrated by MaNNING  (TUBN . Some differences from the eommon
condilions i Carga are shown by (he pecently discovered specics (hal
By ils deseriber, Kvaxe (1941, is regarded as o genus of ils own,
”h-urr;-hm'nrgn, It in 1y Hpilli”ll shnled eather be celereed o Liarrype

pus,

as (. imlegrifaltalata (ne., = Rhomphocarie integrifoliolata KUARG in e,
Fl Siu 1, 1, 14900, p, 1), According o Kuase e mode calkins, which
here are comparatively nomerouns, 5—8 together, arve arcanged ol
Birsnehlets hat do ool spring from the axils of bod seales as in other
Crrga species, bul from lest-axils of the year’s shoots (ig, B i, Dbud
seales being neeording Lo he deseription lolally absent, while the female
calkin is of the common Carga-type, In lhe arrangement ol he male
calkins, thus, this species forms o lransition from Pleroeoryga Lo Goargr,

An inderesting condition within the Joglans group is that the male
catkins sometimes spring from the base of the present vear’s branches
(Ceega), somelimes from last vear's wood, out of the axils of Last vear's
leaves. To onderstand how lhese conditions have arisen il is best to
g baek L the genus Pleracaria, which also in this respect is more
promilive than Jouglens aod Cargee Here, in the aulumn most species
develop side branches which hewr undeveloped male ealking in fhe
leaf axils and female eatkins an the fop, The mple calkins pass Lhe
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winter without any shelter and the femade ealking are not cither
enclosed in buds; (hey are only surroanded by loosely aggregate leaf
primordia. Next vear the bud point is developed Lo o new shool, which
may bear a female catkin at its tip, while the male calkins are arcanged
on the lower parls of the branch, formed the precodent year but notl
sharply distingnished from this year's shoot. From this type the develop-
menl then follows two dilferent courses. In SJugfans conditions arealmosd
thes saume, the only differenee being Lhal the side branches developed
in the autumn have their lips surrounded by iroe bud scales, hough
only few in number, Hence the difference is here greater between This
vear's shools wilh their female colkins and Lust year's wood, wilh its
miale catkins. In Corge, linally, the whole branches are in most species
enelosed o Dbuds, usole exceplion being C. infegri foliofnta, which is transi-
tiomal b Prepocarya,. The primordin of the basal male eatkins, then,
are also surrounded by (e bod  seales: thus, the male ealkins are
inserled on The same vear's shool as the Temale calkins. In one speeies
of the genus Plecocerga (PLoclaifolia), which secns fo be the mos|
harvdy o the genus (ol ReppeEr, 1940, po 116—117 ), there is moreover
an inchoate bod formalion of (he saoe kind (thoosh the bud scales
are enrly deciduous), and it is not diflicalt to bring 1he whole develop-
ment in line with the biology ol the species: il is associated wille o
teansilion from lropical to femperate climaote with greoter demands for
shelter in the resl period.

L all generas, perhaps with exeeplion of Platyeaeyo, ibotten hoppens
that the calkin-bearing branches or the inflorescences corvesponding
1o These emanate front serial buds in the leal axils, This has no direct
correspondenee in Wyricaceae; it may there cerlainly oceur two or three

calkin-buds in the same leat axil, bul they are then arranged beside
and nol above each other, In U genus Lithaearpus of Fagaceae, how-
ever, there are similar serial inlloresceneces.

The involuere or so-called (leaf-)eupule thal surrounds the ovary
and fruil of the Juglendaceae may with vespect Lo ils development e
divided inle Pour dilTerent (ypes.

The firs! ype oceurs in the genera Engelhardtio, Oreomannea, and
Affarae and is characterized by the connection of the leaves of the
invaluere to o thin wing. the greater part ol which is free from lhe
fruit. This wing max cither be 3-lobed (Eng, Wallieldew, Alfaroa)
wilh o lorger median lobe and bwo side lobes, or, opposite The median
lobe, there mav in addifion be an adaxial winor lobe (Figo 9 o0—5b),
scmmnetimes divided into 1wo or even in more (Eng. spicata B, Bng.

E ]
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Frge 9 Fruts of Spgelfmedlin species owith involuere. o B spicata var Cofelroo-

hema, frait of common type. & the same, fralt with protracied  mesoprophyHum,

¢ E spicate, fruil with lobate mesoprophellum, o £ apedfusiz, fruil with 10-lohate
mesaprophyllun, Nat, cize,

eifrafiinis ELM,, here up to 11, Fig, % e—adi. There are different opinions
abhout the identity of the ditferent leaves ol the involuere. NAGEL (1914)
cansiders inoagreement wilth some older aulhors hal the larger lead
is the brael of the flower, the wo Taleral ones bracteoles, The fourlh
ol thal often ocewurs he significs as cmesoprophvilums and regards
us o supernumeriaey  bracteole, whose exislence is explained by the
flower having developed from a small infloreseenee, similar to the 1wo-
fowered dichasin of Fagoceae; as o matler of fact there somelimes
occur lwo flowers in the same involuere. Mavsiveg (19401, on the other
hand. in attachment 1o sn earlier interpretation of DECAxDoLLE, lhinks
that the brael is S-lobed and that the bricleoles are either wanting
(Afaroal or, lwe in number. together form the  mesopreoplylumes and
the proximale parts ol the side lobes; in this he has support in the facl
that i the male flower there is o 3-lobed bracl, which sometimes
grows ol in The siwme way as that of the Temale ower and for This
reason must e homologous to this. Noo doubl There s actoally such
a homology, as is proved by the great agreement thal may somelimes
b foned (seee Fige 10 A but it is not sure thal the Three-lohed Teaf of
the male MNower is mads up only of the brael, Examination ol some
male Howers reveals a rather greal variation in this leaf. In some
Mlowers, as lhe one reproduced in Fig. 108, the mid- and side-Tobes
are connecled high up, and the whole may give the impression of a




bl

Fig. 1 A Engelharedtia spiedate var, Gedebreckeams, mole ower with broact and

Bruncteales enlarged, from below (& perunth-leavesy, B the same, male flower fram

the sime specimen with bracl and lwacteclés ratlior slrongly conmele |5 periandls-

lenves: w0 aned b oare also periwnth-legves, are nat further ool than the others, on the

cotleary o is further o than ¢ wed ofd, © the same, male Mower from the same

specimen, bruct and bracleoles more separate (8 perianth-leaves, r o rudimentory
pistil, poartly stamen-like), Inoall figores §# —=braeleole, About < 13,

F-lobed leal, In other flowers of he siane speeies, on The other hand,
the side lobes are almos) quile separated from the median lobe and
oudslanding al vight angles (Fig, 10 €9, In this case the side lobes muost
represent independent leaves, hracteoles, and then this muost also be (ke
case with the involuere-like leaves ocearring in the male Mowaers of Lhe
same species, amd in the involuere of the femule flower. In the opinion
of the guthor, thus, there must be bwo lateral braeleoles in the involucre
of the Fngeffordiio vpe, often in addilion o hind adaxial one, or, if
this is lobed, pechaps still more, The parallel with Jugdans and Carga
alsiy speaks in favour of this interpretation: in hese genera there are

an undivided Dbract, bwo laleral bracleoles, and — as in the Engef-
Breveedtia Ivpe — offten in addilion one or bwo (o sl more) adaxial

lobes. NaciL's interpretalion of e supermwmerary lobes as bracleoles
in an inflorescence. veduced o o flower, is no doubt eorrect, but their
origin is mosl probably nol connected with o reduclion of previows
dichasia within the tamily Juglandaceae. In number and position they
o nob ggree with the breaeleoles ol the dichasia, and heir ocearrenee
i several widely separaled genera indieates thal the condibon shounld
be traced hack o an older lyvpe. The bracteoles mos| likely correspond
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Ly the supernumerary »bracteoless, oceurring in the family Myrieneene,
whase origin through reduction of an infloreseence, as earlier shown,
is eusy to Follow. When the smesoprophyllum = is lobale, it is probably
composed of several bracteoles, this being indicaled Ty the distinel
nerves in different lobes (Fig, 9 o),

In the genus Cheeomunnea the involuere is of about the same
structure as in Engelliardiia, e anly difference being that here |he
wing of the (roit i larger and eomiser and with a somewha! deviating
nervature, A minoe fourth lobe is also presenl: sometimes il §s slightly
emarginale, three or four bracteales (hus laking parl in the formalion.

T the Engelhaedtia type Afaror undoubledly also belongs, though
the fruil on account of ils somewhal [leshy exocarp has sometimes
Leen compared with Jougfons (STANDLEY, 1927; Kotpzuosi, 19357)0 At
the hase of the froif there is o diminulive, sometimes 3-lohed wing o
be Found, froe from (he feoil, thus of the same ype as in Engelharidtio,
only mueh smaller, Sometimes, however, it may be small in Fngel-
herdlie, too: o specimen of Eng, Wallichiana {elrysolepis) svar, brae-
teis prarmiss that T have seen (STEwAarD and Cueo, Plants of Kwangsi
No, 805, 1953, Herb, Stockholm) bad on ils fruils, apparently cipe,
bractls only abont hall the length of the Trail,

A secomd lype of involuere is shown by he geonus Plaf gearipas,
Here the brael inereases in size alter flowering-lime and becomes @
rigid and aeute seale, Though il does uot fall ofT with the fruil, but this
loosens ilself from it with a characlerislie, concave fracture. According
Lo an old interprelalion, the leaves that make up the wings are brocteoles
and a perianth s lacking in the (lower. NaGern (1914), however,
lfollowing ALEXANDER Bravs, makes himsell an advocate of the view
that they are eomposed of perianth leaves, while the bracleoles are
suppressed, sinee inoan early stage they seem to be morphologically
eqquivalent oo the bwo (maore or less rodimentary) median perianth
leaves Hhat may often be observed. Aceording to Maxwivg (1940} Lo a
ecrbain éxtent botl |'n|u‘1*|:l-lurh are righl, inasmuch as he thinks thal
e n"lugu are lormed “'|.|'nugh fusion of a Ih'l'inlllh leaf and @ bracleole;
oflen the pu'mt i5 2-dentade and there are considered o be analomical
indications of ils double nature,

One way o seek clarity as to the function of the bracleoles is 1o
search for some abercalions with bracleole-like leaves. In the female
Mlowers T have nol Been able o Fid any soeh, bat i the male Howers
i las i several cases heen observed Thal the braet at the one side has
been furnished with a side lobe of aboul the same appearanee as o
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Fig. 11, A PMlafgearipe steabflecen, mnle Oower witle noside Inhe on the heael, F Opeo-

npengee, ambe flewee, B beact with twa adnate breactooles, the oane quite small,

poperianth-denves (inomddilion there are twoo nob visiblel, aoa ball anther ino lhe
margin of g pevianth-leal, A-abonl #1247 abool = 10

< lobe formed by g bracteole in the Engelhardtio group (Fig, 114,
More offen there is no Leue lobe, bal only a slight sinualion is observed,
Such may also ocenr in the female Tower, and as the bracls of the
nutle and the female Qowers are no doobl homologous and, in the
antdrogvnons catkins, wilhonl any forther change show transition From
the one fo the other, it seems as though the braeteoles of bollh male
and female flowers are strongly reduced and fuse wilh the bract. (A

cerlain reduction of the side lobes also ocears elsewhere in the Bamily,
g, in the male flowers of Oreemunnes, Fig, 11 B).

Also in the intermediale flowers thal occur belween Pemale and
male flowers in the androgyvnous catkins there are some fealures
indieating thal froit-wings and perianth-leaves are oquivalenl, though
thes conelitions hiere are nol easy o interpret.

The morphelogy of hese (lowers seems never to bave been nnalvsed in greader
detadl, Figs, 12 A= show o ommber of Flowers Trote the transiBional gone belween
the female mnd the male part of the eatkin, “The frsl change (Fig 128 and )
consisls in the disappearing of the wings and the appearing in fheir sfesd of small,
irregular bumps. In o laler stage of development [Figs 12.00) a stamen, more or
less allmormal, has been Tormed ol ench side in the reprosluced case the one (g
hins very braad filament and econnechve, fhe olher (&0 o snall, rll:liluulllul}'
drther — and l'drikher & seale has \p]il off im the feanl (B &snd @ |,'|r;.’|'*_ il“l-‘{',_'_!1l|r|r
bump has developed sl the haek. The skyvles also exhilal g tendency  boo division
inte four or five branches, Fig. 12 8 shows a flower in which at one side a normal
stamen has developed swhile sl the alher thers 35 a0 soall, sossile stroclure (b,
abioul ame-half of which s seole-like, e olhes hobl more stomenclike, with o
lpcwlus, In Whe frond thore are dhree fleshy seales, the cight aned the Jeft ones of
which show rodimentary thecae al the imner side and thus form traonsilions o
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Fig. 12, Platgoargn dleobilocen. Flowers: Trom ane andragynous colkin. A normal

female flower, H—O transitional flowers, §F §s seen oldiguely  from bebind, the

alliers [rony an fronl. br beael, o stamens, an ) :l|r‘l1l.".||'!|'l1{'|||."|.' I||"p'|.'1|l|‘|1'rt. Boan £y small

seale (projecting al the righl of e pistil), b i & and F leangitions beiween seales
and slamens. Forther explanation in e tesl, =0 15,

slamens. Al e adaxisl side of 1he phﬁl there is mlso hore o large h'lu'np'. Lheris are
thris styvle brameles, one of which that at thee right on the figure shows
tramsition to stamen lower down, A simidar transibonal Qower s shown in Fig, 12 F,
T this epse o stamen has split off atl encl side and (wo stiraelores (B Chat e
intermedinte hetween seales ond siamens have been delached e dhe dronl; i
addition (he pistil has divided into several branches. Finally, the flowsr thal is
illustralid in Fig 12 6 appronches forther to o male Oower, In the centre it has
a pistil-rudimen! with three lnrge branches, which show an incipient developrent
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e stamens. Pasteriorly there are four stamens (o', branchies of the spme parl
hnleriarly Bhero are bwo slomens @, e anthers are removed) | Capd ol each side,

mmserled lowier, one slamen ol

It thus appears as if ol The transition from female to male flowers
seule-like struclires were splil off in lransversal as well as in o medinn
dircelion, which, wholly or divided, developed into stanens, as well as
the stvle bramehes. AN Hhese scale-like straclures appear o be homo-
logous with each other; very likely they all correspond to perianth-
leaves, amd it is probably not correct o rvegard the lateral ones as
braeteoles, eontrary to the others. The Faet that the lateral strouelures
are split ofl enrlicr and are inserled lower than the others muost be
taken as a prool that they really corrcspond o the leaves developed to
Fruil-wings, though no o diveel ieansition is (o be found, In the transi-
Licanad Nlerweers there secm o be no signs of the geenrrenee of additional
leal structures interior lo these laleral ones.

A third type of involucre is the Mereeargn tepe. 1 is ooy found In
Prevocarge. As ine Fledpearge. the frmt has bwvo wangs, which here,
however, are lormed by bwe braeleoles, whereas the braet does not
enlarge. bul disappears after Mowering-lime, The coarse, more or less
fleshy wings are partly adnate to the fruit and gencrally unite wilh
each olher al the one side, somelimes af bolle sides (PE Poliures), so
[hal a wing is Lormed that surronnds the whele froil. In these respeels
the type forms a lransition (o the Jogliong type. Thal only the bracteoles,
but nol the brael, grow ool foan invaloere, is withonl eorrespondence in
other Jugdandacene, bt there is o parallel within Myricoceae, in the
genus Greele,

The J;.rr}!'rum Iype oeenrs i the lwo Zeeri ..fultl-.fﬂlr.w anil f,'ﬂ'.l'!;ﬂ.
Here the leaves of the ipvolucre are greally transformed. The sub-
sequently fleshy bracls and hracteales Join along their whale length
wilh eacle olher and willy the Troil; only e omtermost lips are Tree.
In Juglens the different leaves of the involoere coalesce entirely, bt
NICCGLOFE [1904]. by investigations of e development, has shown ol
anme braet and (wo bracteoles fake parl in its formation in J regin In
lor instanee S, aendshurice, somelimes also in 5. Sieholdiaona, it s
genernlly possible al the Horifieation o distinguish rather clearly the
labe thul is formed By the bhreaet, which is generally longer and narrower
Huane e aolbaer lohes and surrounded by deeper incisions, and one big
lobe al ench side (which may be toothed at the lipl; in addition there
somnctimes ocenrs i fourlh lobe opposile fo the bract. In these and other
species, cansequently, The inveluere appears lo e made up of one bract
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nnd two or lhree bracteoles (perhaps in J. regio, oo, there may some-
limes ocour three bracteoles, Though this has not been so in the eases
investizated by MNiCOLOFF). 1o Juglang pigea Maxsixa (19404 has
shown [he ocourrenes of o whorl of dimanutive seales inside he ouler
involuere: no doubt these represenl supernnmerary  bracleoles, more
or less redueed, As lo Cargr, il has strangely enough been o comumon
conceplion thal among  (he here clearly separated — invelueral
leaves there are besides the bract only two bracleoles; the fourth leaf,
opposite (o e bracl, that generally occurs: (and in the same way (he
alh that has sometimes been observed] s generally regarded as he
reduced perianth of the flower, this in spite of the parallel that exists
with other genera having more (han wo bracteoles, Thal they are not
perinndh leaves is nevertheless shown by the fael That a perianth may
somelimes occur above Lhe inveluere; in several species T have obscervied
one (o three small perianth leaves just below 1he stigmas, olbwiously
deviating from  the involueral leaves. These must accordingly  be
regarded as bract and bracteoles: In Carga eordiformis (he number of
bracleoles often rises to 4, sometimes even to 5. This is also the ease
in O, indegrifoliolata, where, aceording lo Kvaxa (1911, the valves often
have projecling midribs, or somelimes two ribs at the same valve: the
rils are however somelimes lncking.

As in other dmentifercde the male [lower is grown ogelher with
the supporling bract and more or less extended in the longitndinal
direction of the bracl. The two bracleoles are generally easy to dis-
tingnish, eonnected with the braet (ef, above Tor Engelhordlio spicota,
also Fig 1006, In Platgearya, hoswever, I|||_=5_.‘ are a5 o8 ride (el above)
reduced, and likewise they are lacking in Plerocaryen palfurus, where
the beact also is very small, According lo NaGEL (1914), they arve nol,
cither, to be Tfound in the remaining Pterocargpa species and i the
seclion Crnevea-ftegio of Joarfans: the obliquely Torward-divected leaves
that here have been earlier regarded as bracleoles, are assigned by him
to the perianth. In Plerocarga frovinifoalio and stenoptera, however, in
some parlicular flowers there mav exceplionally oecur an obliguely
Forward-directed leaf, whieh lies above the edge of ane ol The supposed
braeleoles (Fig, 13 A}, o proof thal these really are bracteoles of Lhe
same nalure, as in other genera, and in for instance Juglans Siebol-
dicna, which belongs 1o the section mentioned, (wo leaves are probably
also 1o be interpreted as bracteoles; they differ froom the perianth-leaves
proper in being, like the bract irregulacly oulward-earved in the Cront,
Probably the bractesles occur also here, though they have more or less



Fig. 18 0 Plerpcargn slenoplers, male (lowers with additional perinnth-leaf (p)
besides the anlecior median, ¢ e same, Aower wilh bwo stroclures (070 (hat
appear to be transitions between stamens and perlanth-leaves: 0—8 FEugelinrdtio
epicata var, Gelebeookeann, male fowers with 3 and 4 pedianthdeaves aml the
slpmens i |!||rr -\.Ilill"rrllr‘\.l-ll Lo Dhvemn, B bendel, B hracteole —¢ alwoul = 13, 1 E 95

been lransformed 1o contormily wilh olher lTeaves: They may so o say
take part in the perianth formation, The conditions in Carga will be
Further eated helow,

The perianth ol the male Flower within the family is as ruale
irregularly developed, with a varying number of leaves of various size.
NaGEL (1914] states that radial Dower-constroetion oceurs in some
species of three quite different generea, Engelhardtin (Wallichiona)
Plerocarya (Pedinrus), and Juglans (seel. Nigral, The morphology of
the flower, however, does not seem o be at all the same in these three
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different eases: they are al various stages of development, and il might
b possible o follow o line of development between the genera also in
the strocfure of the male Hewer, The eondilions will probably e anore
elosely illustrated by aoollier author in the near futuree, and 1T will heve
merely give them a shorl review,

In Engelhardtio there is a greal variation in the slruclure of the
male flower, as in several other respeetls, £ Wallichiana, which is
referred o o special seclion, has o well-developed perianth of four (1o
sig) leaves i Fig, 220, These ave however inserted ol different heights and
ppely of them ineludes eop-like a small group of one o three, vsually
ihree stamens, hus giving the flower an appearanee resembling the
pseudanthian of the Myricacene;, ecrtainly il represents a very primi-
tive lvpe. The other Fngellwrdtio speeies have a more irregulare and
reduced perianth. In K. spicate |here are sometimes three 1o lour
perianth-leaves in the male Hower (Fig, 13 D, Ei, while in other flowers
of the same specimen there is no perianth. & puediflors Hooks £ has
ane or bwo narrow perianth-leaves, F. rigida B is according o NAGEL
9141 enlively devoid of perianth, Also in Alforea and Oreomonned
the mule flowers are of a similar, jrregular structure — generally
however somewhal heller tl("l."r‘|.u|}l'l| —in W fearoa there are aboul five
perianth-leaves, in Oresammnes aboul three to six broad leaves (Fig,
L By Platyearya is quite withoul perianth in the male flower: the
reduction is here still stronger than in the female [lower.

Pteraearye Palivrns has o comparatively regolar perianth in the
male flowers, four leaves of approximalels The some size. They are nol
however quite equal in size, and theie position varies o some degree:
the type should on this account nol be regarded as specially far ad-
vanced, though perhaps it is somewhal more devived than in the other
species, These have like the one Juglans-scetion (Cinerea-Regoa) an
irregular perianth with more or fewer leaves. The radial perianth in
Juglans, weetion Nigra, has a really regular construction and no douell
represents a e advanced Iype.

In the genus Carya there are as o rule only three leaves in the
staminate Nower, the bracl and two transyerse leaves generally regarded
as bracteoles, In addition there is exceplionally a fourth leaf epposile
Ihe bracl, mentioned by DECANpOLLE (1862} for €, Peean, by the
present wriler observed in several eases in €. ovata and tomentosa (see
Fiz. 14 41, in one case there were even Iwo leaves side by side in this
posilion in the latter species. The fourth leal was assumed by DECGAN-
DOLLE o be o perianth-leaf in the same way as the fourth leaf of the



l"ig, bh o of Large fonkinensis, male flowers from below, the transverse leaves

of irreguloe shope aml size, e—F Hhe same, mule flowers from above, in § the one

lateenl leal is bipaedite, slamens 4, in f one stemen partly. seale-like; g Carga oen-

Fosr, male flower withe an ndditional leaf opposite the brael wod one sterile stamen

{the others remaveds, h—i €. cordiformis, the Tateral leaves partly reduced, & € fo-
maeredoeger, Uhe Baleral lewves Tused fabo one strocture, Aboal > 15,

involuere. Inomy opinion This inveluere-leal is cerlainly o bracleole
like the transverse involueral eaves, bul as (o the fourth (and Fifth)
Lead of e male Plower The conditiong are somiewhal different, hecanse
the two transverse leaves vecurring here ave apparently uol bracteoles
bul perianth-leaves, In Corga fonkinensis LEC., which appears (o be an
original species, these leaves are (Fig, 14 e—J) considerably larger than
the beaet, unegqual in size to one aoother, and ircegolar in shape, some-
Hmes twoeparled above (Fig. 14 [): lhey appear in consequence lo be
g reduced perianth, al least parlially arisen through fusion of the
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original leaves. In C, fomentosa (Fig, 144, k| they may also be larger
e the bract, in € cordiformes (Fig, 14 8, 1, they may be small, reduecd,
in botli they are often erenale-Tohate in their cdge: occasionally they fuse
into a unitary structure above the braet (Fig, 14 &) these facls argoe in
favour of their perianth nature. Thus, 1 oo of the opinion that in
Carge There exists o perianth in the male flower, generally consisting
af two leaves, sometimes of another one (or twoj, this perianth however
being reduced-leanslormed, while the bracteoles, as in Pterocargi
Paeliverns, hove quile disappeared. Tn their position The perianth-legves
are reminiscent of the arrangement in the pistillate flower, which will
be deseribed laler on.

Sometimes intermediate structures between stamens and perianth-
leaves mav be ohserved in the male Qower. Thus, aeeording to Ons1TeD
(18701, the lateral perianth-leaves of Plerocaryn fraxinifolic are olten
transformed inte stamens, somcthing thal I have nol myself observed;
o the other hand, | have found intermediale forms belween perianth-
leaves and stunens in o few {lowers of Plerocorge stenoptera and
Juglans mandshorica and in several cases in Oreemunnea, The question
lhen arises whether the perianth-leaves are homologous with stamens,
inasmuch as they are possibly made op of lranstormed stamens, In
Pleracarge stenoplera, where any perianth-leaf beyvond the anlerior
median but ravely occurs (Fig, 13 A—I and where the number of
slamens is relalively small, there seems however lo be no deercase in
the nwmber of Lhe stamens at the appearance of an extra perianth-leal;
they appear independent of each other — save possibly i exceplional
special enses (Fig. 13 C), And in Engelhardfio spicata {(var, Colefroo-
kevnn Hook), which seems to represent rather primitive condilions,
the extra perianth-leaves may eome in jusl oulside stimens, whieh are
thus superposed to them (Fig. 13 O—FE|, This speaks in favour of o
view thal the perianth-leaves are ol least lo o greal extent of bhraet-
miture, [t seems as if a [dower such as the one reproduced of E. spreala
rather strongly resembles Those Myrica-flowers where the sperianth»
is composed of a munber of chractecles:. in realily braels of Tlorels
in g pseadanthiovm, At all events most of the perianth-leaves in the
male flowers of Souglundacese appear to be homologous with these
hracteoles.

The perianth of the female fower is more regularly developed Uhan
that of the male flower and is nol entirely lacking in any genus. though
in the genern Plafyearye and Carge it gives proof of o ralther advineed
reduction or (ransformation. As a rule il consists of four seale-
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like, epigvoous leaves, bwo medinn and bwo Ieansverse, all about equal
in size. However, several minor devialions occur from the common
type, and it oy be possible also here to find a certain line of develop-
ment from more original o more derived forms, In the genus Afaroa
the pertanth-leaves have an irregulor position — Wey are not exactly
median and transyverse and o varying size. They are rather coarse
and stift, somelimes broader towards the apex, and resemble slaoi-
miliae This is sl more the ease in Oreomunnes, where they are quite
marrow, almest elavadle in shape: besides, they cmanale here at (lowering-
e (ef, DECANDOLLE, 1914 nol [roan the top of the ovary bal from
about the middle, being carvied up on the lop Giest later on, The Two
median Jobes are somewhal lower inserted than the wo bransverse,
Within Hngelhordtio the lwo lrapsverse peciaoth-leaves soe often simaller
than the ofthers: sometimes one of them is gquite absent, One species,
E. apoénsis, which has o regolar demembered perianth inside the in-
volueral whaorl, has; like Oreomunnen, the two median lobes obvionsly
lower inserled than the trapnsverse ones (Fig. 15 ).

As o dhe perianth of Platyearga my opinion, as shown above,
agrees with thal of Nacen (1914), thal there are two  fransverse
leaves, transformed inlo fooit-wings, and inaddition one or two median
ones, The wo pairs are, os in Oreomunnea and Engellordtio apoénsis,
inserted ot diflerent heights, but owithe e median paiv higher, As,
contrary o these bwao species, the carpels are here Iransverse, e leaf-
[rirs as in the two olher cases — alternale willh the carpels. The
medinn lobes, i presend, arve firmly adnate o ovary and Feail, and aree
only  discernible at the [ruil as small sears, consequently strongly
reduced. On the whole, Lhe perionth of the female flower of Platgenrga
must be said to be of a strongly reduced-melamorphosed 1vpe.

In Prerocoarya and Juglons the perianth s generally regularly
Fmembered, bul in exceplional eases — nol so uneomimon in The
former genns an ireegular development of the perianth may be
abserved, often consisting in one or two of the lobes (which then may
b more than four) heing quile small and inserted higher Than the
alliers (min Fig, 14 G 4 and 5 in Fig, 15 8, observe further the small
labe al the base of leaf 5. Judging from these devialions, it appears
as if the perianth leaves had originally been spirally arranged Dut
through secondary displacements and suppression of one leal or fusion
ol 1wo had come 1o form a -membered whaorl.

ln the genus Carger v perianth eorresponding o thal of he olher
genera has never been observed in the female flower: for this reason
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Fig. 1a. A Engeifinnifiio apofnsiz, (he upper paet of 2 Ffroil with median opening

lissure, & of the | operinnth-deaves visible (another median leal i present, low

Inserted as the visible onel, 2 lransverse style hranchws, B—i{ Juglans Sieholdianm,

e perriantl from above o bwo Lemale Chowers wilh wnegual periaoth-leaves, in B
in # rather abwicus spizal The heoel s indicated, A about 26 0 % 8

il has generally been supposed thal the third bracteole (and the fourth
that may occasionally be present) represented the reduced perianth,
Marsing (1940) is of the opinion that this has fused with the stigmas
lo a estigmatie discr, As mentioned above. however, o true perianih
mayv olten be observed above the involuere, [ s easy o observe on
living flowers. Fresh Nowers of Coegpr foamendasa and onafa from eolli-
valed trees in Lond were thus found for the maost parl 1o have a
perianth; a third species, £, cordiformis, which was also examined. had
such in exceplional enses, though generally il was here absenl, When
i perianth is present, i1 generally consists of wo leaves, more or less
short, veunsded, inserled close benealh he stizmas, one ab either side
of the brack, in the space between this and the adjceent bracteole
(Figs. 16 and 17). Somelimes, more rcely, only the ooe of these Teaves
is developed. Ocensionally w third leat also oceurs — fully developed
only ebserved in €, tomerntosa (Fig, 16 D). This is opposed 1o the bracl
and, a5 8 rale, is only developed it the third bracleole, opposite the
bracl, is lacking, so thial the edges of the 1wo Lileral bracleoles meel
one the avars, The three perinnih-leaves hen become regularly aller-
naling with the three involueral leaves gs in o perinnth with two whaorls,

[ one case il was observed thal o thivd perianth leal was developed,
though the opposite bracteole was present:; the perianth-leaf was then
quite small, rodimentary (Fig. 16 G, On the whole, i0 must be admitted
that even il there may be a perianth in Caryer, i gives the impression



Fig. 16, A—8 Corgn tnamerdosa, female Dowers wilh 2 or & perianth-leaves () ani

in addition 2 ar (A 3 brocteoles; E—G Corga opate, femole fowers vwath 3 braeteales

ana 2 |_||_'-ri:|,|||||-|1':1u~\ 11 in K the one 1Jt'ri;Ll|I]1-[Pﬂi ip'h has o stamen-like sleicliree

i ils marging, in e theee 35 an incipienee to g thind periantic-leal (a0 and a slamens
Lilke strociure (be. Stigmas removed o all Towers. = 5

ol bemg reduced; one or two of The leaves obten aee quite soall, oo
aften il totally disappears. The unosual position probably depends on 2
displacement Tor the sake of room of the bwo leaves 1o the twio gaps
in the mveluere, where there is beller place, and suppression -
mally — of the other leaves. The perianth of Curga fntegrifoliolata is
probably reduced in g similar wav as thal of olther Carge specics; no
perianth is mentioned in the deseripltion of KUuaxG (194100 1 have how-
ever nol had any apporlunily o investizale tiwering specimens,
Coneerning he origin of the perianth in the Temale flower some
informalion may be given by cerlain ¢condilions in the genus Ergel-
Dardiin. As menlioned alwove, o fourlh lobe oflen oceurs here in the
involuere, which is somelimes divided into maore. In E. rigide (Fig.

18 A, 2, ) this (ourth lobe (or the middle-most of s components) is
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FFlg. 1%, Cargo vordiformis. Female flowers Trom o above, e stigmas  oempoved. -3
with fwa perfanth-leaves, € without perianth leaves, O—££ with one perinnth-leal.

hr hrm'l. B breacteole, P pl,'rlulell-EF:lf. Aboul 2 7.

narrow amdd oblong in shape, well separated from the others and firmly
adnade 1o the frnil, There is no perianth-lent inside of i1, bt it serves
as perianth-leat; in addilion here are one perianth-leaf just opposite,
considerably smaller, and one or bwo lateral ones (generally still less
developed: sometimes The one of them is entirely lacking). In another
species, E. zambedensiz Eis, (Fig, 180}, the eorresponding lobe is
sowaller and differs from the (hree true perianth-leaves only by being
sonnewhal larger and olduser, A (third species, B nodiflara ook, 1
has at flowering-lime  sometines in some flowers — bwo median
perianth-leaves, which are aboul equal in size (Fig, 18 El. somelimes

in other flowers — Lhe posterior one, lurned lowards the axis, is
evidenily larger, which indweates that il has originated from an in-
voluere-lobe, @ Iracleole. The laleral peranth-leaves are also here
small, sometimes the one is totally lacking, Thus it 15 obyious thal lo




44

Flg. 18, A—8 Engeihuedtiv eigido, froits with inveluere, in which o small median

segmyent serves ns periantb-lenl’; O Saog sambalensis, doo O Eng eigede, Teail from

U siles e mvoluere romoved excep he smadl median segment b sne periantl:

leal, medinn, visthle (i, apolher, transverse, oot osvasibles B Eng audiflera, Temale

Mower with 4 peripgnile-Teayes, the posterior one. oppesite the brocl, prolally arisen
from o bractenle, A—& =2 B o= 5 E %15

a cerlain extent the perianth of he Temale flower may be formed by
lesives ol bract-nalure. o Hie other hand, there are facts arguing i
favour of the view thal slamens also lake parl in the formabion. In
£ vigidea the anterior median perianth-leat may be (wisted and buekled
an the suetsce g way that s suggestive of Transilions belween slamens
aned perianth-leaves, in Oreompnnen all Tour perianth-leaves are narrow
arl maore or less clavale, stronghy cesenbling staminodin: o Afferoo,
loa, they may be mere or less staminode:libke. In Platpearga the
perianth-deaves appear, as above stabed, to be tmnstormed into stamens
at the transthion from female to male [ower. In one case the author
has alserved o Juglans mandshrien that one of the four perianthe
leaves was converled into a structure that might be regarded as inler-
mediate between stamen and earpel, and in Carga ovata there occor
stroctures tHat might be beld for fransihons between stamens  amid

4



Fig. 1% Merocarge stenoptera. male Dowers, A lower with radimentary  pistil ir)
m the centre; B the rudimentary pishil shows transilion lo slamen (e, £ iwo

-

stomens 181 have been Formed of the plage ol the pistil-rmlment. Aboul 212

perianth-leaves (Fig. 16 £ and 7). Probably the perianth of the female
as well as of the male Hower is formed both of bracls and stamens, bul
while in the male flower thi bracts play the greater parl and the slamens
seem to participate only in more execeplional cases, in he female flower
the stimens appear o be of greater importanee and the bracts 1o play
a subordinate part; they are in the first plaee engaged in the formation
of the inveloere.

The stamens are gencrally of very varving number even in lhe
siome cilkin, They seem to e areanged in fransversal rows, 3, 4 or
even o in the flower, and il is 8 matter of question whether their
arrangement may be referred lo o common plan, Blueidative of the
question are 1he conditions in the genus Pterocaryo, In PLostenoptera
the number of slamens is nob so 2eeat and ol so various: it is generally
eighl, three in the two anlevior and wo in the poslerior of the three
transversal rows in whieh the stimens appear to be arranged. The
middle-most stamen of the middle row is somelimes replaced, however,
by a pistil-rudiment (Fig. 19 Al and on ils place lransitions may often
be observed Detween pistil-rudiment and stamen (Fig. 19 B No doubt
the stamen that oceurs here has arisen by transformation of the rodi-
meniary pistil o g stamen, which often diffeérs in some degree from the
olhers Throngh ils long filament, ete s sometimes there are two sueh
somewhal devialing stamens side by side, evidenlly bolth arisen from an
original pistil [Fig. 19 C), In Plerocarya frovinifolie the number of
shatens is somewhal grealer: generally  they make four framsversal
rows, Lhe posterior one often only with bwo slamens, A codimeenlary
pistil somelimes oceurs and it then generally hos its place in the secomnd
row as in PEostenoptera, or close to this row, The two anterior rows
correspond on this accounl o The o anterior ones ol 'L glenoplfera,



Fig. 2o A8 Feerocargn stenoplera, female fowers with supernomernry  stigena
lonbes, A wilth 3 |.||'l_|’|'| ‘uliE]L‘m ‘|1'51IIL,II|‘| aind o osmall .L]rE.-l_lu,].q:_;i, fa B with 5 1Iigl‘l‘l:'|
i.l::.!l'l'ld_lrl:s In A the one ‘-r_-|'i,'|,||||| lonf has bean I,.p]_il_ mio two lobes ibi. n B theee
are & perinth-leaves, € Espgeliordtino Wallichiano, the upper parl of o fruil with
Lwor medan, biparctite, sessile stigmas, the ling of coalpscence of the earpels visible
ab Ahe swrfaee and  (helow ] at section (hreugh the fooit wall, B Eo apocmsis, cross
section of frud., £ E. spleata. do. the lransverse coalescence lines and the median
opening [BEsures are visible, A-—B aboul = 00, €3 15, 0 FE X &

the bwo posterior are apparenily Formed by splitting and displacenaent
in the third row. TPurther splittings and displacements, especially in
the posterior part of the tower, mayv be eonecived as giving rise Lo e
Larger number of slamens that 18 Tonnd foe instanece in Saglans regic
[where they may appear o make four or five lransversal rows, Lhe
posterior of whieh however is often irregular). The original type,
seeording 1o the authors opinion. is the one that s met with in the
Mowers of PMlerocargn stenaptera, where The stamens in realily form a
simple, somewhal oregular cuwele round a rodientary pistil, The saie
tvpe occurs in Engelhordtio jeg B spicata v, Colebrookeonn, see Vi
13 70 K above) and may also oceor i Wfaron [aceording o STANDLEY,
1927 and Orecmunnea. In Carge the stamens are few and of o lixed
rimber, often four, no doubl o secondary comdilion: in e apparently
primibive € indegrifoliolata the number may rise 1o 15 (hvasa, 1941

The stamens are ollen quile without Olaments (eg, Juglars Sie-
Baldinnal. somelimes there are quite short filaments (Pferocarya frert-
nifofic). The connective often has a1 well-developed appendage. Lor
inslance in Joglans regia and other species: the occurrence |[hereol
niav, however, be different in lhe same penus, as in Ergelhardfio,
where some species possess (e, B spicatr and nudiflora) and
alhers lack such an appendage (Nacer, 1914, These characlers may
searcely bhe wsed for the syslemalics of the family itself, but are of
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Fig. #1. Diagrams of the ||-1i' structure ol Jaglendacear. a Oreomannes, b Uforoa,
o Engelhardtin apicata, o K Wallichiome, o Plafgeaega, fq Mleracieya, I foglins,
i Carge, The coalescence lines of the carpels are marked. Trae pactition walls bluek,

False alvemliecd

interest for comparison with other families where similar conditions
exist (sessile stamens in Balanopsidaceae, appendaged connective in
certain Fagaceae, Salanopsidaceae, and Salicacear)

The carpels are generally lwo as in Myricaceae, bul nol rarely
here are three earpels, which is exemplified by Manwixa (1H40), who
also mentions Nowers ol Jugdos with ome o Lour earpels. A very
virying species is Plerocnrga stenoptera: here in eerlain eatkins often
four or even live carpels ocear [Fig, 2004 Bi. Thus, ns in Myricacene,
the number of earpels is also cather unstable in Juglandacear,

Il the carpels are of the normal number. wo, they may cither
have o median or a ansverse position, and the stigmas may in bolh
siaes be either earinal or commissural, differences which generally
follow the generie limils (Fig. 21). The genus Oreomuniters has hoth
carpels and stigmas median, like the Myrieaeeae, In Enigolhardtio the
conditions are dillercent in the bwo seelions of the genus: in seet,

Trichmtocarpeae al least several, probably all, speeies have median
curpels (Fig 200, E and transverse sligmas: in secl. Psilocarpeae, to
which only F. Wallichinmn (ehrysolepis) belongs, the earpels are lrans-
verse — lhere is a dislinel median line of demarcalion —, bual The
shifmas median (Fig, 2060, In both cases, thus, the stigmas are come-
missural: conformably willh Masxive (1940) it may be said that lhe
bipartite stigmas of E. Wallichiana ave transitional between the earinal
and commissural type, In Aforsa the stigmas are median; aceording
lo MaxzinG the earpels have lhe same posilion: judging from my own

material —  fruits only —, however, they are transverse; as lar as 1
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can nnderstand, the teansverse walls have o dividing fissorve, the miedian,
on the other hand, bave o narveow, dark line, shich mus! be the limi|
belween the carpels, The stigmas, thus, might here as in Engelliardtian
be commissural, In Pladycarya, on Bhe other haoed, e stigmas e
carinal as in Chreomunnes, bl they as well as the carpels are here
transverse, nol median (Fig, 21 e), In Plerocarge (Figo 21 f—g) 0 the
carpels have, as carlier mentionied, 3 very varving position, even in the
same species. PE fracinifolic generally hias median carpels, bul some.
times they are ahliquely or quite lransversely directed. In Pi. sfenoptera
l!ll.'}' have a '-'nl'},'i!];; IJU:,iIil,rli. ferrs iy o teee that 1 have it‘n\'vhli{.{:llﬂ]
they were generally transverse, The stigmas, however, abwaxs hayve the
sume position as the carpels; they are always carinal. This (hev are in
Juglans, too, where (he carpels are more regularly median (Fig 21 fij:
the conditions huve sequired more. stabilisation. In Corge, on the other
hand, the carpels are transverse and the shigomas median (Nig 214,
comissural. o more advaneed eondilion than in Juglans and Plero-
ceeeyge, ey Hhamphocaryn) integrifolisdota seems to have the same
carpel posilion, as well as stigma bvpe, as ollier Corgo species | judging
from Kuane's Figures and q specimen with Tfroit in Herb, Rew).

The shpe of the stigimas has been described in delail by MasNinG
(1048 a, 19401, who is of the opinion that the suhbglobose stignas of
Chreomunnned wnd  Afaroa are the most primilive and thal the esalu-
honary development from this tvpe has lollowed three different lines,
(i) one over Eagelhardtio Wallichinong with ifs sessile sligmas 1o he
clongale, on the edges papillate stigmas that are the common bype in
Favgelfinrdtiog, (i1] one to the type occurring in Platgearga, Pterocargno
avd Supdernes with stigmatic areas on the inner side, snd (i) one o the
dense, bushy stigma-agglomerations of Corgi. This developmen! seems
very probable: only eoncerning Afaroa am 1 oinelined ooeall indo
dquestion. whelher the — according o my  opinien conmissural
slicmas are nol somewhal more sdvaneed than those of Orecmannen,
perhaps even than than those of Engelf,. Weallteherna.

Afler this veview of the organization of the [Tower the imporlant
aquestion of its origin will be considered.

[ may he said that the ty pe of the flower in fuglandiaceae is
the Tollowing: furthermost a whorl of bracts; in the female flower af
least in The greater parl developed as dnvohaere, in the male us 4
perianil, within this a eirele of skimens that in the male flower may
partly, i Lhe lemale tolallv, be lransformed info perianth leaves, and
in the cenlre a pistil of as o rule bwo carpels, io the nule Nower rudi-
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menlary. With regard to the offen oceurring pistil rudiments of the
male flower which have heen recorded lor all genera of the
Gunily — and the occasional stamens of the female Tower (according (o
Massivg, 1540, recorded for Platycarga, Plerocarya, and Saglons it
has been supposed that the flower has arisen from an originally bisexual
flower (NAGEL, 18145 Mannivg, 19401, The present aulhor cannol share
this opinion. In the floral structore of Juglandaceae there are so many
delails reminiseent of the psendanthia of the Mgricaceae thal 1 am
eonpelled 1o conclude [hat the flower here has arisen by a further
development of these, The primeval poinl of departure, thus, might
be an inflorescence with puter male dowers and one or more female
Mowers i the centre, Concerning firstly the female flower, the remark-
able; supernumerary bracteoles indicate the psendanthic natore of the
flower and bring il inlo Fairly elose agreement wilh thal of Myricacede.
In this family, besides the two fransverse bracteoles there offen occur,
:

s mentioned above, one or two median = bracteoless, actually bracts
1 lhe original inflorescence; somelimes the nomber is grealer, in all
a—0 or more, The number may s be quite as greal as Lhe leafl
number in the invelucre of Jeglandoeceae, and when in this there are
one bract and three bracteoles. it has ils correspondence also in Myrico-
cere, viz, in those cases when only the posterior median bracteole is
developed besides e transverse ones (eg. M. cacaminis, Fig, el In

st species of Myricoceae braet and bracleoles are not further
developed after lowering-time as in Affaroa —, bul in eerlain eases
there 15 o development that is quile parvallel with that of some Jaegloandrr-
ceae. Tn the genns Gafe the two bracteoles enlarge atter [lowering,
coglesee wilh the fruit and form coarse wings in a way similar lo thal
in Merocarga, and in the genns Comptonin the hracteoles form thin
wings in g manner thal s reminiseenl — though not in details vet in
principle — ol Engellardtiao. Within Myricaceae stamens sometimes
oecur in the female Mower, eonnale wilth the ovary, often elavale slaomi-
nadia, emanating high up an the ovary: the former has a direel
correspondence in some Jugfoandoceae, (he laller is suggestive of the
staminode-like perianth-leaves that are found in cerlain genera and
prabably are a further developiment of such stroctures. With regard
I the male tlower of Juglondaceae, then, il has in the more origingl
form lhat vecurs for inslanee in some Engelhardtin speeies and Oreo-
mumnnea a cirele of hract-like perianth-leaves ol irregular posilion with
stamens superposed lo them, Soch a flower musl be said to be very
pseudanthivm-like and in some cases it calls strongly lo mind the
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conditions in Myricoceqe. Espeeially this is true of the male lower of
Fongeth, Weallichifana, where Lhe cop-like leaves, inscrted ot dillerent
heights, each swround & swall group of stamens [Fig. 22}, an
arcangement that is very reminiscent of the small primary spikes of
Myrica Neyi.

Thus, here 15 much arrning in favoor of the view that the flower
of Suglaredaeens represents o forther stage of the development That
may be abserved within Myricoceae: the veduclion here has only heeorne
slronger. the origingl inllorescence-nalure more olseare,

The fruil is generally described as a drope, in Corger and Juglans
s a0 Talse drope, as the incolucre here lakes parl in he formalion of
the fleshy covering. The limit befween froffewall and involucre s
difficull te determine, and Manwisa (1940) is of the opinion that the
froit in all genera is a nut, in Segfens and Coarge enclosed inoan
invelueral husk. In Plerocarya, however, where the bracteoles are only
partly connale with the Troit it is clearly discernible thal the Froit s
fleshly on the surface alse aboyve the poinl of separation of the
bracteales, and in Alferacn, Orecouearca, and Engellirdiio the froil
has @ thin parenchymatous tisswe at the surface; on this account it
miay rather be said to bea deupe wilth a thin flesh in these genera as
well as in Suglang and Cerga, (Plotgearga has a dey and hard nob)

In the froit-strpelure there are some peculiarifies very characteristic
af the family, Lucunase occur in (he hard endocarp ol the froil in
Jeglans und Carya, They also oecur, as DECARDOLLE [ 1862) states, in
Pterocarya — the contrary account of OpsTen (1870) probally depends
on the fact that they do ool always occur. There are further a varying
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number of incomplete parlitions, troe as owell as false, and early
established fissures by which the fruil is divided ol gecmination along
the midrily of The carpels. Some species of Engelfoardtio, Plerocer g
and Juglans have only troe paclilions in the fruil (below), olhierwise
lhere are False partitions, especially richly developed in Oreominrmey,
where they as well a5 the true ones famify inlo lamellae, o ramilieation
of this Kind is also found, though to o much less degree, within Ergel-
heeecltior (. apoénsis, Fig, 20 D 1is & maller of question how the false
partitions have arsen; ey are entirely lacking in Myricacere, According
to the author's opinion, they need not he derived from another tvpe.
In lor instanee the genus Engellviedtio there may be seen, on the ouler
side of the [ruit-wall, a regular number, often 8. somewhat impressed
veins, In one species. E. rigida, which has true parlilions only, low
down on the inner side of the Fruit-wall some ridges o bands may
b discerned, correspanding o lhese veins, 10 il is supposed thal these
ridges or some of them were o become higher, incomplele paclitions
woutld arise; in heir location the partilions correspond Lo (hese ridges
and veins.

The ovules have the same number and position as is eommon in
Myricacear, For Juglans as well as for Gale BENsON and WELSFORD
(LR Bavve shoswn Bhal Phe ovale s appendicolar oo corpel and forther
that o second placenta is sometimes developed, rudimentary: thus
originally there were al least bwo oviles in the ovary, The colyledons
are strongly plicate and divided into lobes. OrsTED (1870 points oul
the dilterenee that exists between, on one hand, Joglans, Cargea, and
Creomnnneda, where lhe seed-coal accompanies all whirls of The sced,
awd, on the other hand, Pterocaryae and Engelhardtia, where it forms

an even covering over them all. This is possibly as assumed by
OrsTED connected with the fact thal the eolyledons in Plerocarya
acecording o Roxsvrcae (WE74 also e Engelhoedioe are epigeal,

whereas al any rate in Juglans and Carga they are enclosed in the froil
al germination, serving only as depols for reserve nourishment.

In their emdbwyology the Jaglandaceae show some peculiar feafures
reminiseent of the Gyvmposperms. Aecovding 1o KARsTeEN (1902) al
andhesis e t.‘:lriu'lk are offen ol 1’:|Ilih;- conndale wilh caeh oflier Dl
an opening is lefl betwean them, Nawascuiy and iy (1912 state
thal the eytoplasm of the pollen tube is preserved very long in Juglens,
contrary 1o the common condilion in the Angiosperms bl in some
sitilarily o thal in e Gyvmnoesperms. Do the aothers there oy
sormelimes e found six loeuli recorded Tor Jiagfons, NooLorr 1905),
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Ollen there are alse two embryo-saes developed in the nuoeellas
(KArsTEN, Lo, In some Engelhardifo species, examined by the present
wriler, K. spiewler and E, pareifolia DU the inlegument is protracted
upwards into a narrow tube, which perhaps should be eompared with
the integument-prolongalions o some Gymoosperms  (finefales) . As in
some other menfiferae chalazogamy. ocours. ab leasl in the three
genera — Suglans, Carga, and Plerocarpa — that have been examined
in this respeel. OF special interest are the peeuliar appendages Thal
eranale from the placenta and extend up around the ovule oo greater
or less heighl, sometimes as hich oas the nuecllus, For Quglons regia
I|1q'_1.' are dleserilbsed h_\.‘ N1COLOFF (1905 as SCOTPS ailése aned by BENSON
and WELSFORD (1909) as »packing lissues, By some authors (RARSTEN,
1902) they are considered as corresponding 1o an outer integnment
iwhich is disputed by NicoLorr), by others (BENSON anid WELSFORD,
Loy they ave supposed o be homologous with the hair-brosh on e
sevds of Saffenceae. In Platgearge (Figo 23), where they are only
l.le".'s:!nlh‘.'{] in o bransversal direction, ll‘u—_—:\' are bushlike lobated
may well be thought o be teansformed by Turther development inlo
trichomes; in other cases they are undivided and are more suggeslive
of rudiments of an outer inlegunment. which, as is known, oceors in
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many lmendiferae. I is perbaps nol quile mpossible thal these
appendages may develop into both these steuctores,

From the point of view ol the Moral worphology e relalionships
of the family will now be considercd, The family may be divided into
some few natural groups. One group is formed by the three gemera
Chreomunned, Eogetfemdtin, and Affaroa. That the bwo first-mentioned
are closely related is immedialely quite elear: in fael they have ollen
been brought together o one genus, this by mosl later aulhors | NAGEL,
1814;: DeCaNpoLLE, 1914 STanoLey, 1927 4 — vel with some reserva-
tion —; Manwsing, 1988 and 1940), As is evidenl from the preceding,
however, he anthor's opinion is thal Qreemannea is o ogenus of ils
owrn, there being several importanl characters distinguishing it from
Engellardtio, as alveady in part pointed out by ORSTED (1856, 1870).
An especially important difference is thal the sHgmas ol Oresmunnea
are carinal, median as the carpels, while those of Engelhardfic are
commissuril, whether the carpels are median or transverse, A second
important difference is thal the testn in Oreomunnea atiaches itself 1o
all irregularities of the colvledons, while in Engelhardfia il forms an
even covering, Orecmunnea in this respect approgehes the type that is
found in fuglons amd Corge, the character possibly . being  connecled
with the fact that the germination is hypogeal as in these: the germina-
tion of Oreomunnea is, however, nol deseeibed, Olher distinguishing
characlers, though nol of the same imporlance, are the primitive in-
floreseence-lype of Oreomunneg (which however does nol deviale much
trom thal of Engelli, Wellichiana), the occurrence of oumerons walls
and lamellae in the feuit, the deviating nervalure of the fruil-wing, the
characteristic horseshoe-shaped  stigmas, the staminode-like perianth-
leaves ol the female Plower, atl ficst inserled ab the middle of the ovary,
ele. To this some vegelalive characlers mav be added: in Orecinitnned
thi leaves are as a rale opposile, as in Alfaroe, while Engellarditia, as
all other genera, has spirally arranged leaves, None Lhe less, there can
be no doubl that Orcomunnea and Eagelhordtio ave elosely related.

By ils discoverer, STANDLEY (1927}, as well as by Koipzos (1937)
the genus Adfarea was brought together with Juglens, and not with
Fngellurdiia, on accounl of the Neshy exocarp of the fruik, This, how-
ever, cannol be a correel arrangement, In the Juglons groap the froil
is a False drupe. the outer laver of which is made up of the [leshy
involuere, in Alfaroa il is a true drupe and the diminudive involucre is
free from the froil, of Engelliardtio tyvpe (ef. Manmixe, 1940, This
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beings Alfaroa, inslead. close o Oreomunnes and Engelfardtio (hese
three genera form logether a nalural group, which shows a similar
organization nol only in the involucre, but also as Lo inflorescence and
in olher respeels, as well as in vegelative charaelers: for instance, the
leswves in these three genera are paripinnate, inoall others imparipinnale.
Alferrea bas o fleshy exocarp, il is troe. bul B s thin, almost dry
[STANDBLEY, 1827 and <oes nol ditfer much from the thin paren-
chymiatous lissue that covers the froit in Oreomuanenea and Engellaedtio,
OF the thiree genera. Alfaroa no doubt shows several primilive leatures,
with regard o inflorescence ns well as o fruil involuere: in the
involucre it approaches Myricacene and does not differ very much from
somne Myrice species wilh drupe and disappearing bract and bracteoles.
A somewhat more advanced character, however, is that the stigmas,
so lar as the author can find, are commissural. Oreamunnea presents
very primitive characters, too: the sligmas are for instance carinal and
pecupy (he same position as in Mygricacene, inflorescence and perianth
have an original structure, but with regard to the development of the
involuere, the greater number of stamens, the ramose partilion walls
of the lruil, ele. it is more advaneed. The zenus Engelliardtin shows a
greal varialion between differenl species; some of (hem, especially
E. Wallichfane, ave very primitive as lo inflorescence, stigmas
fruil struciuree, others muost b considered as, on the whole, a some-

whal more advanced type wilh regard to inflorescencee and sligmas,
The commissural stigmas are of course a ralher advanced generie cha-
racler; the structure of the testa on the other hand resembles that of
the Myricaceae, Biologically the evolulion passed through by froil and
involuere is ensy o understond, Alfares lacks special means of froil
dispersion: in Oreosmuonnen brael and hracteoles are organized as o
wind-spreading organ, which by reason ol he size ol the Frail maost be
of eonsiderable dimensions: in Engelfierdtio the nul-like fmat as well
as the wing diminishes, dispersion being thereby facilitated. 1L appears
as il the three genera represenled an old evolutionary chain of which
the two monolvpical ' Central American genera were isolaled rem-
nants, while Engelhardtie had arisen through a later development of

UThe pecently  descrilwed  Engetfordtie sweextcome  (STANpLEy, 1027a). which
s present i one collection anly, does nol appear, so far s the aathor can judge
fram Ahe deseriplion and s photogeaphicsl reproduoction, to be separated (o e
species from Oreomuonnen plerocarpn, The frull-wing is smaller, it is true, tlan
is common in [his species, but there is a great variation in (s cespeet,
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some now exlinet links which in some vespects had been inlermediate
between the two alher genera, To the old evolulionary chain |rrui|:|!:|_'\'
belong the fossil finds thal are deseribed as Padococarga bul that are
relerred by NaGEL (1914) 1o Engelfiardtiv; in the nervadure of the wing
they resemide rather moch Oreomunren, Whether they meril heing
regardecd as o genus of their own, cannotl be decided withoul koowing
the delails of te Troit-straeture

A second malural group in the Tamily is composed of the hree
genera Juglons, Carga, and Pleroearga. () these the lwao [irst-men-
tinned SENCTH Are no cloantlad l:lﬂ.u:l:.‘ redalied o each olher, qlgrﬂ'in:_: ns
they do in the few-flowered sprke, the development of the involucie,
as well as in other respects: as poinled oul above, Corge musl be
regarded as a reduced tvpe in various respects. Prerocarye dillers not
so little from the other geners, omong aiher eharacters by U long,
pendulons fenmile o
stituled by lwo bracteoles. Still, it no deubt allaches itsell to them,

kin and the partiolly free invelucere, only eon-

especially to Jaglans, showing several similaritics to lhis genos, for
instance in the location of the catkins, the arrangement of the slamens,
Ihe shape of the stigmas, and in vegetative characters, oo, e.g. bath
genera have a chambered pith. Plerocorpa mast be considered 1o
represent a more origingl tvpe than Joglane and Carga, Arguing in
Favour of this view are the greal variation in lhe eharpelers of [he
floral purts, further e lvpe of infloreseenee, the

rangemenl  of
stameens, the even seed-coal, the epigeal germinabion, ele. The involuere
is laid down as (ree leaves and it must therefore be regarded as mare
original, when ils leaves as in Plerocarya are only parclly connected
with ench olher amd the fruil. Biologically viewed it may be peculiar
il an evolution has tiken place to an enlirely adoate iovoluere from
one (hat is parlly developed as wings and that seems 1o serve froil-
dispersion better, The importanee of the wings lor wind-dispersion,
however, is al leasl in several Plecocarya species very doubtful  jef,

NAGEL, 1914, p. 522): perhaps it is biologically more to advanlage il

the leaves entively surround ovary and frail as a prolective covering,
I oseems as though Joglans and Carga could be fraced back o the
Ptorocarya ype: NaciEn (1914 sopposes thal a common ancesiral
genus first developed, as o represenbalive of which he regards Corga
copfrrto, a Cossil form wilh both Juglons- and Corgaecchavaelers, Aecord-
ing to Miprner (19391, this form belongs to Jiuglans. There are however
other forms which seem to have an inlermediate posibon (NAGEL, 1914,
i AR The recently diseovered Carga infegrifeliolada also approaches
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in some degree sueh an original bype, I resembles foagfons in Hhe high
stomen number — which, however, in other Carga speeies as well may
rise Lo ab least 10 (BEnpeEr, 194 —, and in the arcangemend of the
male inflorescences il is even reminiscent of Plorocargn, Owing to the
agrecments in the essential Hower characters, e.g. in the structure ol the
gynoecinm, it should however, in my opinion, be inchided in Cargeo.

The genus Plaf pearge shows so greal deviations in various respects
fram other genera that 0 must form o separate gronp, NaciL (1914 s
of e opinion that it represents the most primilive {ype in the Family,
Iram which the others have developed. MaxxinGg, on the other hand,
comsiders Lhal with regard o floral characlers il is among the most
advanced genera, though the tyvpe of inflorescence is primitive | 194,
193481, No doubt fower and [roit are of a very simple structure That
mayv he reminiseent of certain Myricocese, hut. as pointed out above,
this is in parl undoubtedly dae Lo reduction. The absence of bracteoles
inn bath female and male flower, occasionally rudimentary bracteoles
in the latler, and the rudimentary development of the median perianth
leaves in the lemale flower must be regarded as o resull of redoction;
the transformalion of the transverse perianth leaves inlo fruil-wings
must also be o secondary phenomenon. The areangement of male and
female flowers in the catkins does nol either agreee with that comamon
in the androgynous catkins of Myricaeeae. On e other land, the genos
seems in some respecls Lo oceapy o relabively orviginal  pessition, Lor
instance as to lhe arrangemenl of the eatkins and the varving size
of the perianth leaves in the femaale lower. 11 should maost Tikely be
regarded as o reduced descendant of a relatively original ype, In view
of [he aloresaid characbers this Lype is Do Te soughl within the Erged-
feredfie gronp: perhaps the genus eonslitules the end of o side fine
thal has emdnated from the above-mentioned supposed series con-
nicling Oreamuonned with Affaroa. That the remaining  genera should
Tesavee dow E"|u:r1n*t| from the Platycarga yvpe, however, secins inconceivable,

IF orenwnins o discuss The :iur\ﬁuj: of whatl relalionship the fngel
Mearcliier group has io the Jnrﬂrrnh groug, (M course, il 1 conceivable
thal bolh groups Torm different parallel evolutionary Lines. In the
invoduere Mecocarpa s o some degree reminiscent of the genas Goly
in Myricacene, Aforon ol some Myrico species. There are however so
greal comnon divergences from Myrieacese, Tor imstanee coneeriing
invaluere, fruil jespeeially the ineomplele partitions), and also in the
compotnd nalure of the leaves, that it is impossible to imagine such a
diphyvietic deseent; the family Joglandacese most go back 1o o common
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origin,d An this origin must e nearer the Engelfiardfie geoup. The
maore imporfant morphologieal characlers of Plerocarya may be derived
from the lvpe of the Engelhardtin group, bul aol wice versa. The
inveluere of Plerocarge may have arisen from the Affaroa type by one
of the initially free leaves, the bract, having stopped in its growth as
bere, both the others enlarging and parctly joining with the ovary, As
mentioned above, the inflorescence of PRerocorgoe and the whole Juglons
group iy be derived from the tvpes of he Engelfiardtio groap through
a developmenl that appears binlogically woll-gronmded, and the male
Tower of the J”:’ﬂrrrlﬁ CTOUp may e braeed over f}.‘l’.r'r.ﬂ'ﬂrﬂ-:; Lack to 2
bvpe oecurring in he Erngelfordtia group that is very reminiscent of
the pseadinthia of Myricoceae.

As already several limes pointed out, the family  Juglandocear
attaches itsell morphologieally in different respeets to Myricaeeae, being
more closely relaled o this family than lo any olher. specially it may
be mentioned that bolh the male and the female Mower of Juglanda.
ceere tepresenl lurther developed slages, nol much changed, of the
pseudanthin of Myricoceae, Tn consideration of this and of the olher
greal coincidences present it st be supposed thal the Jugdendoaceae
have developed from the MWyricaceae type. It s scarcely possible Lo
point oul some particular type wilhin Myricacear as the proper origin:
sotne of the eharaelers of Soghondoeene may, though in aosomewhal
different form, be found in Complonic, others in Gale, olhers in certain
Myrico species. Al the origin of o new group il secms offen o be so,
that ehuraeters already present at different places are united to a new
combination characterizing the new group. Through such o recombina-
tion and further development the Juglundocese may be thought 1o have
originated from the Myricaceas type.

The question hen arises whether the lamily Juglondaeeas eounts
its lineage from any olher group besides Mypricaedne, In some respects
il agrees more with other Amentiferne than with Myeicacene. The
ivoluere of Engelhardtio is rather reminiscent of the corresponding
structure in Carpings Befwlus: the female flower and Troil of Platy-
cecyfin are suggestive of Anus, Such similarities, however, do not neees-
sarily mean any direct relationship between Jeplandaceae and Corgla-
cerre ar Befedaeene, so thal the former were descended from these or
pice perse: they are no donbl parallel phenomena, natoral wilthin
relaied groups with common origin and similar heredilary dispositions.
The same seems to be true of the similarilies in fruit-stroclure found
Letween Juglandaceae and some Lithocarpas species, where Tneunae in




6}

the froit-wall ocenr as well as false partitions ef, GrsrEn 1867): s0
fur as these siroctures veally are homologous with those of fuglanda-
e, They are cerfainly results of o parallel development. Of greater
imporlanee is the likeness in an embryological respect that exists o
Aelwlucene and Corglaceae, thal chalazogamy oceurs, while, as [ir as
kuown, il is lacking in Myricaeede, The fact has to be borne in mind,
however, that Myricaceae is an old group. whose now living representa-
tives seem o bear lraces of reduction in various respects. Perhaps
chalazogamy has slso oceurred here inoan earlier stage, perhaps il is
shll seeurring in some primibive species, which have nol been examined
in this respect. In any cuse the chalaeogamy of Joglandaceas cannal
Lis taken as prool thal the family is also derived from Beloalodes: il any
direct phylogenctical line should actually exist, it must go in Lhe
conlrary divechion. [ regard Joglondacene as mevely a further develop-
ment of the Myricoceae type, by which, il must be emphasized. T do
nol ez that the now living Joglandecede descend {rom the now
living Myricacear, but only thal the Ly pe ol the fuglondaceae has
arisen from the Wyricacere bvpe, whose cepresenfalives, according to
the leslimony of the tossils, appeared carlier than the Joglaardacens and
showed o greater polvmorphism in earlier lmes, Under such cireuim-
stanees it cannol be proper o refer Juglandeceae tooa particalse order,
as often is done, bt the family should, in the suthor's opinion, form
a eommon order together wilh Myriceaceae,



Order 2. Balanopsidales.

Family Balanopsidaceae.

More importan! lileralure: Rateeos, BE71 73, 1871 1873 4. and 1877 ENGLER,
IS0 SCHLECHTIR, 1906; Duiuacss, 1932 A, C, Saire, 192

The male fowers, which are known only for some species, are
gathered in small, narcow catkins, which are spirally arranged on
ihe voungest inlernodes, only supporied by diminutive scales. In the
cathins some emply bracts wsually oceur below: olherwise there is
inside cach hwaet a small group of stamens, generally about Ave to six
or fewer, or even only one stamen, oo braeteoles or perianth Jeaves,
The bracls are frequently corved upwards wilth the ouler part darker
v, Baltnops microstachyn Bann, Fig, 24 0, F) and the stamens are
wore or less losed  with the beael, scemingly emanating from il
fespecially obvious i B Theopfrasta BalLL. ), condilions reminiscenl
ol other Amenfiferae. A small radimentary pistil somelimes occars in
the male Hower [Fig, 24 Dy In the apex of the eatkin T have in Balunops
Balansae BaLL, (Fig. 24 B) as well as in B, Vieillardi Bann., (Fig. 21 4}
and (Fig. 24 ) in B, piliensiz ne. | Triloenfario vitiensis A, G, Sareri,
Surgentin, 1942, p, 11) observed a whorl of bracls with stamens in their
axils, surrounding o central rodimentary pistil, oflen two- or Uhree-
parted, thus o small growp of male flowers round a terminal, rudi-
mentary lemale flower, The number of broaets in soeh o grouap s aboul
five lo six (in one ense four) amd the stamens are aboul as many; vel
generally there is nol regularly one stamen inside cach brael, bol some
braets are ecmply, while theee are lwo stamens together inside olhers.
The seales are inserled al somewhal diffevent heighis and are of varving
sizes somelimes there are three larger and three smaller albernaling
wilh each other. In the theee species memlioned there are in addition
al the base of the calkins similar groups of braets and stamens, though
somewhal smaller, Fig, 24 € shows sueh a group of B Balansae, which
emtamites From the axil of o small, conrse, bluck-edged brael and eon-
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Fig. 24 Male Nowers of Hafanpps species. A4 apes of male extkin of fL Vieihaordi
with & bracts amd 6 stamens (Hiree of these removed)  arownd o bapoctile. pestil-
rudimend (hr cmpty bract, bt bove! o swlusae axil theee has heen at least ane sBaomen|;

B R Betamsee, apex. of male eallin, b stamens (2 removed) and 6 bracts arpumd 2
fripaplite pistil-endiments © the same. o small side-branele ot the base of 2 catkin
with 3 seales and 4 stomens; O Tlower of B microsiochga wilh Ewo stamens and
a rudimentary st E the same species, two stamens with a0 common column;
Foihe same, part of catkin with two flowers. o staminal columng G wpes of male
catlein of B itiensiy with & stamens mud 5 seales around o flallened vudinent, in
addition an ey seale (Bl H O the same species, side-branch ol the base of a
calkin with & whorl of bracts and stamens; | the same, small side-branch at fhe
middle of @ eatkin with 2 seales aud 4 slamens, &r the beact of the braneh; K the
sume, flewer willi bwa slamens, o eonneclive-appendage, beak-shaped, About X 10

sists of three scale-like bracts and four stamens. Fig, 24 8 shows
another instance, from B, oiltensis, o gronp that is of aboul the same
development as the apieal ones mentioned, Fig. 24 1 shows a higher
lisentied geoup with four stamens and 1wo lateral seales. Two or possibly

ok
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three sueh side Lranchlets may oceur al the base of The eaikins anmd
hesides those Lhere may be one or two ligher up in e entking smaller
Hugn the basal ones, Thos we find that il occurs here as within Myrice-
ceae il small Howers of simple struchere (cf, Fig, 24 F, K) unile
together into small NMower-ike inflorescenees, pseadanthia, which in
somne cases are strongly remminiscent of the Howers of eg. Fagaceae,

In Balanopse Theophrosta tThe aulhor has observed on oo male
specimen small undeveloped sealeé groups, in and above The leal whorls
of the catkin-hearing shoofs, which appear to be undeveloped female
flowers, (therwise, however, the female Howers of Brfanopsiduceae
accur on particular specimens, They are arvanged in lhe same way as
the male catking, being scattered over the younngest inlernodes and
emanating from lhe axils of very small scales, Their arrongement
argues consequently in favour of their being homologous to the male
calkins; lhe cupule-like scales — sometimes comparalively numerous
(B. Panchert BaiL,), somelimes less numerons (8, ousfrodiame MUELL.
— thal surround the female flower also indicale thal this, as ENGLER
(1897) slates, vepresents o catkin redoced to a terminal flower, The
surrounding scales may lthus be regarded as emmply Dracts. The presend
writer has not seen any flower primordin in the axils of the cupule
scales proper, bul above the small seales thal ocenr below  The roe
cupule in Bolanops sparsiflora nee. (Tritoecdtarta sporesiflora SCHLEGH-
TER. Engl, Bol, Jahreh,, 38: 1, 1906, p. 95], al the fruil stalk. there are
sopmebimes some small, t'll_'3.||:|.'1 low rudimentary primordin of some
kind of shool siruclures. The cupule seales, lignilied al [ruil matura:
lion, broad and rounded, may show some likeness o the cone seales
of some Conilfers. Conlrary o the cupule scales of the Fagaceae, they
are larger in the neighbourhood of the flower: close 1o This, however,
o seale may sometimes be found thal is considerably smaller than the
others, A true perianth is absent as in the male Tlower.

The stumens genernlly have very short Hilaments, the anthers are
almost sessile (exceplionally longer filaments occor in B Theoplirasta),
and the shorl [iliments mav be united with each other (Fig. 24 E, F),
The anthers are generallv [urnished  wilh  perspicuous  connective
appendages al the apex (Fig, 24 —F, G—~K|, and in virtue of this show
a great similarily (o some species within Jfuglandaceae, where the
stamens also may have very short lilunents. They ool inlfreguently
contain only lwo or three loculi

The carpels are two or three in number, Thaose species thal have a
dimerous pistil, according to Engler (1897, have median carpels, The
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Fig 2% o lemale Qover of Balirops speasiffoee o longiading] seclion witly sur-

romnding braels: & stigmgs of {8 Mofensae: c dooof f moetoa;, o do, of B euster-

liema: e stigmas of dimecous pistil ol B eitiensis; Joovary of B sparsiffeen in cross

section; ¢ slone ol B, packeplgila, from e convex side. a2 10, § aliout >0 A,
TRRE

styles are vigorously developed and there may appear o marked enlarge-
mrent of the pistil al the upper pact of the ovary (Balanops sparsiflora,
Fig. 25 a).

The Iwo or three shigma lobes are deeply divided, and tThe two
segments sometimes stand straight oot from eaeh olher and approach
the segments of Ihe adjacent carpel (Figo 25 ) this condition seems
to b fransilional between cavinal and commissural sligmas, Somelines
the stigma segments are gquite short, tapering oubwards (Fig, 2h b, ¢/,
sometimes they are long and vigorous (Fig. 25 a, ¢, ] and may hen
be in turn bifureated, once or (Fig. 25 d) even Iwice. Bilurcatled stigma
lobies oceur, as menlioned ahove, in Juglondeceae oo, According o
Barteow (1871 —73) there are incomplete pardition walls in lhe ovary
of some Balomops species, as in Fagales: the only species, however,
that I have had an opportunity of examining in this respeel, B, sparsi-
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flora, hiad al anlhesis the ovary completely divided by thick walls inlo
quite separate eells (Fig, 25 f).

Conecerning the embryvology there are some statements by BarLLon
(I8T1I—33 and 1877, Each chamber of the ovary conlains two ovules,
one smwaller and one larger, one of which only is generally developed,
They are basal and apolropous, thos differing both from Suglandales
and Fegrles. Tn the lew-seeded Salicocene there is, however, the same
position amd, as mentioned above, i1 does not differ very mueh in oan
carly stage from thal of Juglandoles, o which the new genus Canaco-
myrica el above) may also forme a fransilion. Al The funicle there is
anoldurator-like enlirgement fowards the apex of the ovule, possibly
this carresponds o the protuberance oceurring al the base of the ovuole

wilthin Juglundocene, hough it has here, where more than one ovule
occurs, been unilaterally developed. The ovule has one integoment only
[(WETTSTEIN, 1985).

The fruit is a drupe with thin flesh and generally fwo, somelimes
three, stones. IF lwo stones are developed, they are }r]::nl;: an the one
side amd convex on the olher, i there are three, they are Iriangular
with o rounded outside, To a dry condition 1hey are oflen coated will
a nelwork of fibres (Fig. 25 4, in the same way as may occur within
Juglandacere lon, Some species show g small, deep, sometimes alimos]
iuadrangular excavation al the base of the stope, possibly being of
iportaned for the germination, The only strueture possibly reminiseent
of this in other Families might be the narrow cavity that oecars in the
basal part of the Trait of Pledyearya.

The sesds possess, according to Bamwnox (1871—73 and I877),
hesides the large embryo which almost fills them ap, a quile thin laver
of enlosperm around ef, Mygricoceae amd Salicacene) .

The family has been divided into two genera, Balonops, charae-
terized by o dimerous pistil, and Treilocwlario, with three earpels in
the pistil, Throwgh (he new speeies thal was deseribed in 1042 by
A G Sy and was relerred by him Lo Frifoculiria os T pitiensis il
is obvious, however, that the two genera cannol be kept distinet, The
new species has on the same specimen some froils with a trimerous
aynoceium and some dimerous ones see Figo 29 ¢}, and the slaminale
flowers, which were previouslv wnknown for the species referred to
Trileculario, are ol gquile the same lype as in species referred Lo Balo-
nops (ef. Fig. 24 G—K. alko A, (. Smrrn, 1942, Fig 2], There 15 no
difference in the development of the stigmeas either between the species
reterred o Balanops and those relerred lo Tritocularia: in bolh groups
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here s o change belween long. vigorous, somelimes (doubly) Bifurealed
stigma segments as in B, custralicna and B, sparsiflora and on the other
side the shorl lapering segments océurring Tor inslance in B, Balansoe
and the new species B, pitiensis,

In the matier of the systemalic position of the family a reservation
must be made willh vegard to the incompleleness of the material, several
species heing incompletely known; some embrvalogical details have
nol heen investigaled, From the koown facls il seems neverlheless
evidenl that the family is o group thal shows muny allachmenls o
ollier Amentiferae (and espeeially 1o the order Jugfandales), Particularly
lhis is true aboul the male catkins with their simply built flowers,
bracts of amentiferons tyvpe, and lusion belween stamens and bracls, That
the bracts of the female Plowers increase in size and lignify is also a
feature having ils correspondence in other Amentiferae.

Exteriorly the leaf cupule is very reminiseenl of the cupule of
{ruercus: however, lhe elevated axial struclure is abscent thal in the
Frgacear bears up the scales of the cupule and this is therefore more
comparable with the one oceurring in fuglandales, Al an carly stage of
the development of the Querces cupule, belore the axial swelling has
veb begun, there is nevertheless some structoral similacily 1o this loo,
Al weveral other points there are, as tovched apon above, similavities o
Juglandales — Myricaceae or Juglandocene — and on 1his aeeount
Ralanopsidales prabably stand nearest this order,

OF special inlerest is the development from inflorescence Lo flower
it may be traced back within the family and thal o the male ealkin
is al so early a slage as lo be comparable with the in this respect
mast primitive members of Myricaeeae, In the female flower, on the
other hand, the development is more advanced: hevond the remaining
apical lower there can hardly be found any fuether flower rudiment,
as 05 the cise in several of the Myricaceae. 11 is also of interesl lo see
that in the male ealkin, besides the apex. also lwao (or threel basal side
branches are advaneed, in o similar way as may be observed in Myriea
Fegor: perhaps Comptonia should also be compared in this eonuection,
A eontinuation ol (his development might lead 1o o formation ol
J-flowered dichasin, the common lype within Fagales and Betulules.

While the general flower strocture compared with Mpricacene is
al a rather primilive stage, this is also e of the ovary, which is
more or less divided into two or three chambers with lwo ovales in
ench. From such a lvpe or o similar one the ovary of Juglandales may
be thoughl 1o derive. A more advanced feature in comparison with at
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least mast Juglandales is undoubledly that the ovules in their later
development take an almost perfecly anatropous posilion. Thuas, original
amd less original characlers are mingled together in the order. On this
acconnl lhe Hualanopsidales can hardly be thonght to constituie the
original type. from which Juglondates have developed, 1D may however
e possible that he arder is o deseendund of this Bepe somewho b modified

through secondary changes.




Order 3. Leitneriales.

Family Leitneriaceae.

Imporiant garlicr Iersfore: BAmLos, 1877 v TIEGHEM nml LECOMTE. 1886
TrELEAs:, WERD: Prevrece, 1912 ARRE amd Eance, 1940,

The only apecies belonging o the family, Leftnerio ffocidane, was
recently exsmined by ABBE and EARLE (1%4)) wilh respect o ils floral
morphology and anatomy, Ax regards the male ecatkin these aulhors
arrivie al lhe eonclusion thal awing lo the eourse of the vaseolar bundles
the particular (lowers have arisen by eoalescence of three [lowers with
four stamens each, in the same way as, aceording o Asre (L9I5),
occurs within Corglaceae. That the flowers are formed by union of
vather simply built [owers also secms very probalde in view of the
statements of the aulhors about the vascalar system and of the gronping
of the stamens thal may more o less obviously be observed in the
Mower. That just three letrandrie flowers form the poinl of deparlore
is perhaps more uneerkiin, however; other possibilities arve alse eon-
ceivahle: In one case analvsed by ApeE and EARLE, regarded as original, a
fMower with welwe stamens in the lower parl of g catking the three larger
vascular bundles divide into respectively 4, 3 and § branches, supplyving
one stamen vach; i must thas be supposed either thal one  (lower
receives a4 bundle from another (the aothors ineline o this view), or
that ane flower is pentandric. one triandric. In other enses, with reduced
number of stamens, e irregularitics are greater, I must also e noled
il the staminal number may ool only rise lo 12, the highest number
found by ApBeE and Fanre, bol secording Lo van TiEGueEs and
LecosTe (1886) may amount 1o 15, and thal the grouping is very
irregulan: sometimes here seem lo oceur more Than three groups wilh
Iwo or three stamens in each (Figo 26 40 Perhaps the androecia should
therefore cather be compared wiltle (e rcegularly branched  stamen
groaps of Wyricaeeae with varving number in each group, thoogh there
is generally a subdivision into three groups. The chiel feature, however,



is the compound nalure of the flowers. A small perinnih may according
to BatnLon (1877) cecasionally oceur
Leen abiserved by (he present aulhor,

in the staminate flower: il hias nol

Concerning  the |r'n|i”u1{' flower o ~i|1v[‘i:1| inlerest i3 eonnceted
with Ihe small perianth-like scales {hal surround the ovary, Two ol
these are morve or less sharply separated Trom he others and should
withoul doubl be regarded as bracteoles, as is done by ABBE and EARLE
(EE40). The remaining scales are of varving number, size amd posilion.
Nol infrequently there are four approxineitely diagonal seales, but their
position mav also be different and the number lavger (or sometines
even smaller). In the flower illustrated in Fig, 26 B there are, besides
the bracteoles, two lavger seales (o—of) towards the axis, one of them
two-clell, and Dwo somewhat smaller (e—f1 lowards the bract, In
ancther flower (Fig. 204 three lurger scales were observed, two ol
them placed at the one side, the third at the other: in addition there
were two small seales towards the bract, one (] being placed farther
in than all the olbers, and @ smaldl, emarginate one towards (he axis,
A third flower (Fig, 26 D) had two Lirger laleral seales. o small aboul
median scale fowards the axis, and towards (he brael a rather small
one (aj, the last-menfioned being inserted [orther oot than all the
ollyers, and inside bwo very small scales. (¢ and o), one of them (d}
seeringly being placed further in than all the others. Thuos, it is nod
possible o refer the posilion of the perianth-leaves lo any determinate
plan: or lo refer thent o bwo delinite eveles, a8 ARRE and FARLE (le.)
think is suggested by their arrangement: There are inner and ouler
seales, it is true, bul several different graditions, nol merely two, They
should maost likely be regarded as o spiral of freegularly arranged
perianth-leaves, where — owing lo space-condilions — the lateral have
been favoured, whether hey are now one or bwo al either side. In their
arrangement They resemble to some extent (he bracteoles that in many
cases surround the ovary in Myrieeeae, 10 does not seem incorrect o
regard them as perinolb-leaves: similar periantb-leaves,  somewhal
fleshy and frequently with glands in the maeging ocenr For inslanee in
Befulaceae (The hracteoles of the Wgpeieaceee aree also somelimes of
similar development, bul they are occasionally regarded as perianth-
leaves too),

Checasiomally i accurs, as already slated by BaiLpox (1877), that
somne stamens are developed in the female (lower, so that o bisexual
Mower arises. An inslance of this is shown in Fig, 26 £ In the flower
there reproduced (the pistil is removed) there arve four inner perianth-



Fig, 26, Leitneria floridena. A mole Mower, e groaping of the stamens 15 indicated;

=11 female flowers, B bisexual flower, all with the pistil removed, scen from the

axis side (b bracteoles; ¢ f aned o perianth-segments, see further the fext); F female

flower with twa corpels: (0 Temale Tlower of the comnon [ype; Boovary of the same

flower in [ongiludingl section, more enlarged: A, F, G aboul X 5, B—E and H
abomb # 15.

lesives e, e, of, ef and two ouler (f and g). One of the stamens {with
a short filamend) stands further in than the ouler perianth-leaves, bul
quite on o level wilth the inner; the other (withoul filkunent) s also
placed in the margin of the flower. They represent ne doubt trans-
formed perianth-lobes. Quite similar conditions are met with in Jogfon-
deceae, and within Mgricacens the corresponding transition belween

bracleoles and skimens is ound,
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Coneerning e strwelure of [he pistil i@ hos been supposed on

account of the peeuliar position of the earpel e venteal sulure and
the [Lattened stigmatic surface turned to the bracl — that it has de-

veloped (rom a bicarpellary pistil, where the one carpel has disappeared
through reduction: Asee and Eanie Lo state that there are also soime
details in the vasenlar system that may be interprefed as relies of sueh
a development: these authors hold i1 probable thal the Dicarpellary
pistil has been apoearpous. A proof that the pistil was originally bi-
earpellary is present in a case observed by the present author, where
inn one flower there was aclually o pstil with lwo earpels (Fig, 26 Fi.
These were here medion, wilh o common ovary and wilh wo slyle-
branches, as is often lo be found in other Amentiferae. The gencval Lype
must have arisen by the anterior, abaxial carpel having been supproessed.

The single ovale has g position |pendulons, epitropous on the
venlral side of the carpel, rather high up) which approximales thal
vecurring in Fagales, Aeeording lo ABBE and EARLE (Le), there s
anabomieal evidenee (hal earlier there was jal leasl) lwo ovales on the
placenta, thus a correspondence o the conditions in the Fagaeeae and
probably the original condition within Betwleceae and Corglaceae. In
tlie oecurrence of Iwo well-developed integuments (PrEirrFERr, 1912)
the embryology agrees also with Fogoles (and certain Saficales). The
embryology offers otherwise, aceording o the investignlion of UFEIFFER
iLe), no especially remarkable fealures. PFPEIFFER thinks there are
some rescimblances 1o the Gyvmnosperms in the deep immersion ol the
embryo-sae in the nuecllos and in some other detuils, m the same way
as olher Amentiferoe are known o show some agreements with then
no prooounced similarities o the Gymoosperms seem however 1o be
cdneible from the account.

Coneerning the taxonomic position of Leitnerioles opinions have
been to a high degree divergenl. ABBE and EARLE (1940) give an
aeeount of different leories and think there is ne reason for relerring
the order o Amentiferae, as is often done because of The ealkin-like
inflorescence; they regard this group on lhe whole as heterogencous
and unnatural. It is then however o be observed that these authors
assign Goregaceae also o Amentiferae, a family that has quile another
systemalie position, and further that they regard the pistil of Leifnerio
as prabably arisen from an originally apocarpous one, and the perianth
of the female Plower gs hicvelie. [ must be admilted that in the analomy
of the vegetaton organs (lhe secrelory passages of the stem and leaves,
the struciure of the bark, see TRELEASE, 1895} lhere are considerahle
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deviations from the common conditions of the Amentiferae, bulth with
regard 1o the Toral organization, which must be of decisive importance
iy Wese relationships, e ocder can appacently very well be Gitled info
the group. We have in Leitrerion simply buill {lowers, lacking perianth
or having an inconspicunous perianth of irregularly arranged. scale-like
feaves of varving numboer, whieh are reminiscent of hroets and nol of
reduced perianthial eireles, In the male flower there is clear evidence
that the ower has arisen through veduction of an inflorescence, and
the seale group of the female Jower must e considered o indieate the
same origin, if compared for instance with Mygricaceae, The axis of the
flower is moreover fused wilh the bracl and often unilaterally exlended
fsee Figo 26 £, oas is usual within Amentiferce, and the gynoeciom
agrees in its original stroclure wilh the conditions in the group. In
the most essential flornl morphological condilions, thus, lhe order
apparently altaches ilsell 1o the dmentiferae, and should therefore be
referved 1o this group,

On oo comparison ol Leitneriales with other Amentiferae orders il
musl Beosaid that the grealesl agreements are found with Jogfandeafes,
especially the Family Myricaceae, It has alrendy been pointed out thatl
there are considerable similarities o Mygricaceae in respect of the
periamth af the fomale flower, The areangemenl of the stamens, and

— as well as to Juglandaceae — o the development of the bisexual
flowers: the original arrangement of the coarpels and the nature of the
fruit (drupe with thin flesh} wre reminiscent of eondilions in both
fomilies of Juglandafes. Especially in the cmbryological condilions
there are however constderable divergences Teom Jogfandeles: the ovale
has analber position, and is forpished with (wo integuments, 1o these
respects the order comes eloser lo Fagoles or Befololes aod must be
reggarded s constderably more advaneed than Joglandeales, To Salicales
as well ib has cerlain similaritios; the lobed dise thal in moany cases
surronnds the inner parts of the Nower in this order may show likeness
I the basally conmale perianth of the Leftneriocese. 11 seems 1o be
most correel to regard Leidneriales as o line issning trom the Iype of
Myricacear, where, however, — especially in the gynoecinm there
have faken place considerable modilications, which in some coses are
reminiscent of olher groups of Amentiferae.

To the proximily of Leitnerindes the genus Didygmieles from Mada-
gasear is somelimes also referred, either as a family of its own along-
sidde Leitnerineeane, Didlgrelnceae, (LEANDRL 1927 or even as o second
genus parallel with Leftneria (Barmnnon, 1877, wilth some hesitabion),
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There are also wilhout doubl some résemblances to Leifneriacene, The
female lowers consis as is proved by LEaNDRTs (L9937} discovery
of 4 seeond species, () Perrierf —, only of & monoearpellary pistil with
an oldiquely truncale stigma surrounded by one to four scales, and
having an epilropous ovale of similar position as in Leifnerio, The
male flowers differ, il is true, from Leidfneriales — so far as they are
kuown (L. madagascariensis WiLLD, ¢ they confain only Iwo shlamens
with eonnate filiments, hub o similare steoelore may, as menlioned alove,
be met with in Myricoceae. There are however considerable differences
loo in the floral morphology. The inflorescence of Didymefes is nol a
catkin. In the pistillale flower there is nothing that indicates the develop-
ment from biearpellary o monocarpellary pistl that has withont doobt
Laken place in Leftneria: contrary lo Leitnerna, The earpels have (he
posilion Ivpical of monoearpellary pistils, with the dorsal side outwards,
The scales oecurring around the ovary in I, Perrieri do nol give the
impression of being homologous o (he somewhal gland-like seales of
FLettnerier Mere ocenr one or two coarse scales beside each olher, which
rather appear to have arisen by reduction of o more perfect perianth. The
appearance of the stigma also differs considerably [rom the primitive
Iype of Leidineria, and 1he ovale is furnished at the top with an extended
neck. possibly o e regarded as o coruncala (Bartnon, 1RO4—1840G,
PL 308 Al. The sulhor therefore holds it probable that the family is
not to be brought logether with Leifnerioeeae, bul should be excluded
from the Ameniiferae, thongh 1 may be diffienlt o pronounce an
opinion on ils froe affinilies,



Order 4. Fagales.

Family Fagaceae.

[mportan! ewrlier papers: OnsTeEn, (8067 and 1RTL; Ewarew, (878 Prasti,
1887 and IME0; Coragovsery, 1800, Scmovrey, 9123 Troww, 100G Casus, 19290,
Sciwars, 196 BarneTr. 15942 end 1944

In respect of the inflovescence the genus Lithocorpus shows o
greater varintion than other gonera (this also if Geerens and  Cgelo-
bediropeis shoulid be regavded as o commoen genus|, and several dil-
ferent tvpes may hieve be dislinguiished, 1o which the structure of the
inflorescence in the other genera maw divecily or indircetly be traced
baclk, Fiestly there is the difference (hal while most species have com-
pound catkins, made up of 5—7-Mlowered or even more-flowered
[SCHOTTEY, 1912, p. 623 dichasia, in some species the female catking
are simple, [he flowers are arranged one by one in the catkin, — this
somelimes also being the ease wilh the male lowers [within the
cortieus-group, SCHOTTEY 1912, p. 660, further for instance in L. Cure-
bafi! 15 were given by Onsren (1867, 1871)
a5 a character of his genus Cyelobalanos; according o laler observi-
lions, however, this charcler is nol always (for instance not in £ Cond-

I. The simple femule ca

fegunus) uniled. with 1he olhers denoting this group, thoogh it is
commin here. Some Lithocorpos species have the lemale Mowers now
solitary, now in dichasia, Ffor instanee L. Mageei and (SCHOTTEY, 1912)
L. eorneus: in the former there are on one hand more than three.
Mowered dichasia, on the other there occur in the same calkin 3-Mowered
dichasia, 2-flowered, wilh the lerminal flower and one side-flower, the
other aborted, amd solitioy lowers, obviously dichasia, where both
side-MNowers ave Failed (large scale groups may sometimes be obscrved
at their places). Some species have the female flowers in three-loweared

! For species helonging o the genera Lithocarpas and Costenopsis. which are
aga ride not included in AEHDER'S Mamual (18340], the nomenclaiure follows BaRNETT
105
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dichasia, bul only (he terminad lower develops Tarther: alt the froil
slage there are only small rudimentary appendages remaining of the
twa side-Nowers and their [‘l{]jlllq_‘h; this is lthe ease in several species
of § Cyclebafanits (KING, 1838}, Thus, there may — at leasl in soine
ciases — De found a development from compound to sjimple infloreseen-
ces, Frogquently it may be observed thal in e (three-flowered dichaisin
the lerminal {lower is g e Infer in ils development than the side-
flowers, This fact may be due either to the inllovesecnce nol being o
trine dlichasium bul a bolrylic inflorescence, or — as the mid-llower
is somelimes (e in L, fitseifolivs) earlier developed than lhe side-
flowers — more probably o o lendency o reduction of the ferminal
flower, this reduction being complete in other geners. Purther in the
genus there is o difference belween species whose catkins are separaied
from easch other, issuing from Lhe axils of folinge-leaves, and olthors
where lhe leaves supporfing the eatkins are redoesd and seale-like, 50
that the ealkins constitule o paniele-like eluster, s condilion usual
within the genus, In one case a lrue ramificalion of the calkins was
observed by the author, namely in Lo Henegf, where male calking, borne
in the leaf-axils, bear dichasia hoth on the upper part of the primary
axis und on a number of branches supported by small scales, issuing
from its lower part. Contrary to the paniele-like infloresecnce groups
jusl menlioned, there is here. thos, s troe termioal spikelet in each
cluster, The female catkins are unbranched. & ramiticalion of this kind
also accurs according to Praxve (1887 in Litlocarpus Beccarivntus,
according to SCHOTTRY (1412, p. 666 in L, Haclandii and oceasionally
in olher species,

As in Jouglendaceae, it may  sometimes occur that two calkios
stamd in the same leaf-axil, one above the other,

Also in respect of the distribulion of male and female dichasia
{or flowers) there are differen! tvpes:

1} In some .‘\'pt"!_'i.l_'h all ealkins eonsist of Female Mowers in their lower
and male flowers in their upper part, The Iwo parts may be well
separated, as in L, concentrices (n.c., Quercus concenirice LOUREIRO,
Fl. Cochinch., 1790, p. 572], where there is a slalk between them without
Mowers, or may show an insensible lransition from the one to the
other, the common condition.

2 T other speeies only the apper eatkins are androgynous an this
way, wilh lemale flowers below, male Howers above, the lower ealking
are entively staminate. This is o common condilion in the genus. In the
androgyvnous eatkins there are not uncommonly a few male Plowers
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also al the base, not only in the upper parl. for instanee in L, refo-
villosus | MAanrkGr.| Renp.

3 Other species have male and female eatkins completely separale,
he upper containiog only Female Nowers, the lower only male flowers,
Examples of this ave L. dealbutus, L. fenestratus, and aceording o
SCHOTTEY, Lo also the other species of his dealbalns-group: yel there
may here not infrequently b seen some  few male Dowers, often
lIII{fi."l.'i'!uFl!'li. in the top or elsewhere in the female eatkin,

There are of course lransilions between these fheee bypes: in Lthe
seeond tvpe, for instance, the upper catkins generally contain only a
few female lowers helow, but sometimes 1hev are mainly female, only
aving o few aade dichasia al the lop and we thus have a transition
ey the thired by e,

Originaling from the genos Lithoeerpis There may now. in respeel
of the inflorescenee, be distinguished different evolutionary lines to the
other genera of the Family, The genera thal are elosest to Lithocar pis
are Casfanopsis and Castanen, These two gEneri allach tThemselves per-
fectly lo cevipin types of Lithocorpus. Castaneg has the male (owers
arranged in 3—7-flowered dichasia, as many Lithocorpues species: the
female [lowers generally also form such dichasia; in some species, how.
ever, Lhey are solitary i the eatkin, The distribution of female andd
mrale dichasin (owers) is that of Lepe 25 vel in the somewhal devialing
C. Henrgr Where is a tendeney for the upper androgvinous calkins 1o he
enfirely female (Camus 19240), Castonopsis Tas slaminale amd pistillate
MNowers grouped one to (hree logether iexceptionally Tour or five,
Casus, Le, pp. 336, 441} when the pistillate Nowers are solitary, this
posilion has undoubtedly, on gecount of the conditions that will later
on be deseribed for the cupule, here as in Castanes avisen throngh
reduction of seversal-lMowersd dichasiag presuomably (he same of course
is lrue of the sthminale owers, The catkins of Caslanopsizs are as a
rule (CaMUs 1029) either entively male or entirely female as in type 3,
and oflen they are umtbed inlo panicle-like cluslers as in Lithocorpus,
Just as Lithecorpus, both genera have slout, crecl or somewhal inclined
cialkins, this being probably connected with the facl that in all three
generi insect pollination is probably prevalent (RENDLE, 1925, p. 331,

The specics generally called Castanapsis chrysophylla (wilh O, sem-
pervirens). which in my opinion — as will later on be further developed

shoold bee vegarded as o genns of ils own, Chegsolepis, differs also in
ils illorescence from Castenopeis. Boll slaminale and pistillate Howers
are here grranged in 8—7-flowered dichasin (the male dichusia some-
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limes even up lo Ll-Mowered) and the Hower distribution is that of
bype 2, the uppermost catkins are 1hus androgynous  with  female
dichasin betow, often a Lew only. [n these respeels the genus is siilar
o Crsdeanee, but il differs from the latter and is reminiscent of Cosfe-
nopsis by the fact that the catkins are often clustered panicle-like, andd
a dillerence from both genera is that the male eatkins may be branehed,
wilh small side-branchlels at the place of e diehasin, as oceasionally
may be the case in Lithocarpus.

Another difference s the large number of hrapeteoles occurring in
the male dichasia. While the three-lowered dichasia of Castanopsis
have lwo bracleoles only (Fig. 27 A, el Camues, 1929) and the 7-flowered
of Costanea have six such bracteoles (Fig. by EicnLes 1878), in bolh
kinds ol dichasin in Chrysofepis there are bracleoles al the flowers of
the voungest generation too, secondary, ferlinry or even qualernary.
They are irregularly developed, often quite narrow seales (Fig, 27);
samelimes They seem lo grow logether, bul somelimes their number
miy alse be inereased, perhaps through division, something thal is of
interest owing o the parallel that is formed with the cupular scales
of the female dichasiom.

The genus Querens and The genus Cpelobalanopsis, separaled from
thit tormer, differ more from Lithocorpns than the three previonsly
mentioned genern and vepresent aospecial line of development. Boll
male and Temale calkins are heee simple. An exceplion is afforded only
by i species of Cyclobalanopsis, €. argentata (Kot Oersr., which
has -Nowered dichasia in the male eatkins (SCHOTTEY, 1912 [urther,
in €. weuta (Touwss) OersT. there oecasionally oecur such dichasia
in the female eatkins: these cases, as well as some inlermediate forms
described helow, Torm a teansifion between the compound and simple
calking and indicate a development from the former to the lntler. Male
and female eatking are in Quercus and Cyclobalanopsiz complelely
separale and the female ones arve placed higher, as in Lithocarpes,
Ivpe i Al the top of (he female catkins of Quercns robur @ Iransitional
flower wilth rodimentary pistil and one or (wo stamens may somelimes
be seen (further dala on this ave given below): this may be regarded
as indicaling that the female calkins have developed from androgynous
salkins by reduction of the upper, staminate porfion. Only the lemale
calkins are erecl in Querens and Cyclobelanopsis, generally shart and
few-Tlowered; the male eatkins are weak, pendulous, which s un-
doubledly connected with the fact that pollination is here effected by
wind-ageney,



Fig. 27, A Casbanopets forseosang, male dichasivm atier removal of the lowers)
& f__'Jl:_q:nIrPF! rJ}r[;.su_lhhl_lrﬂdr. llulln\ Ll;id,-'l'lua.ia. |hu f||:|'l.'l.'Hra. !'l,'I|1|:|1\.|"-l’I1 bhir ]'l'l‘;'l.l:'L f.l"
primary, 6" secomdary, 5 lertiary bracteole: B S-Mowersd dichasiom, the one
primary bracteale is decply cleft, the aoterior lobe possibiy corresponding (o an
anterior secomdary brpcteole, m thal ease o 15 o supernumecary seale, ¢ wao seales
hafore e LelE i.iJlr-"u'Lﬂ_'r, ll:-::llmh[:. L"-:lrrl:5||_|q1|:|-(]i||E' 1o i Ll-(‘nu-;lury hractlenle: ¢ 7.
flowered dichuasinm, ¢ oroel senbes) seeiningly brockeoles  (Lectiaryy of the ooaterior
lertiary NMowers, while the anlerior secondary bracleales appaonr fo bo connale with
e primary, o o Lilid seale apparently composed of o secondary and o ferliacy
bracieole; B T-flowered dichasivm, ¢ anferior secondary bracicole, concrescenl with
e |n'irrun"\.'. i anel @ S pernumeriry weples, al leasl o hos III"{.I:I!IIF:I;\" AFisE 1|'IHrLig'h
splitting of @ terbinry bracteole: £ 7-flowered dichasiom wilhh whole scale groups ic)
urivind the posterior fertiory (owers and ol the one anterior o groop (ff et moy
eorrespoaul o an antertor secondary braeteele, while some few seales inside il may
|."1:||':|'|"'\pn||4,| (TR Iltrlinr}', A onmd F X1, B=I ¥ Ak

Another line of development with stronger divergences [rom
Lithocar pas is formed by the generan Fagus and Nothofagns. Here,
the Howers are certainly arranged as o rule in dichasia, but these form
no real eatkins ot stand singly in the leaf-axils. The genms Nothafagus
never has maore han three Nowers in the dichasiom, oot inlrequently

i
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the number is reduced o bwo or one, The leeminal flower is always
presenl, however. Pspecinlly the male dichasia aree frequently  one-
flowered, this being sooin N, efifforfinides (Hoox, £.) OErsT., N. Men-
siesii |HoOR. f.0 OERST., N. Sehoulri iHook. [ Oenrst. ete., while
for inslanee in N, fusea (Hoow! [ Oeest. bolh solitary male Howers
and hree-flowered dichasia mav be observed, Solilary female flowers
aceur regularly in N, punilio (Porer. & Exopr.) Rewenr and in N, ofif-
forffoides they are mel with in e rudimenliey female infloresecnces
opeenrring in otherwise male specimens. In this species they hove
flattencd, 2-winged ovaries, and are obviously the remaining ferminal
Mowers ol redueed dichases. In N, parmiffio, however, the female flowers
(Fig. 28 8L} have nol only 3 edges and wings, which could be explained
on the basis ol their having ceturned o an originagl state owing lo
allered spuee condilions, bul frequently four, somelimes even six or
seven, The perianth-lobes and the slyvles may then also be more than
is normal e eimerous flowers, Beeause of hese peculiarilies possibly
a4 eoslescence of two or three flowers into one may be supposed. Perhaps
the swme is the ease with the male flowers of some species which have
i large number of stamens (ahowt 30 to 40} and an explanale, many-
lobed perinnth in the male {lower: N, obligua (MiRB.| Brume, whose
deviating male Mowers were already menlioned by OgrstEp (1871,
p. 333, N, Meaziesii, and N Moored (MueLL) Man,, which show e
same peculinrities (Fig. 28 E).

The Nethofagos species are in general dioecious, Often, however,
there are rudimentary female dichasia in male individuals, such having
heen abserved in N, elifforiteide: (Fig. 28), where the sdichasias are
one-flowered, further in N, obligua, fusea, Menziesii, Solandri, {on-
ninghamii (Hook.} Oeerst., and Dombeyi (Migg.] Brode, aod some-
times male flowers oceur in the female specimens, as i N, betulofdes
IMime.) Brume, where in such o specimen a male flower was observed,
apparently normal, but with comparatively small anthers (see Fig.
258 1. I male and female [Towers occur in the snome individoal, the
male Nowers are placed lower down, the Female ones higher up on the
shoots, Sometimes the lowers or The dichasia are close together and
the supporling leaves are al least ot anthesis undeveloped: we hoave
Lhen a transition o an androgynous inflorescence, which is staminale
below, pistillate al the lop, thus the reverse case lo the common one in
the fanuly (e.g. N, cliffortioides, N. Solandri, see Fig. 28 {1).

In the genus Fagus the male flowers are arranged in shorl, many-
Rowered inflorescences, the nature of which s somewhal debated,
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Fig. =¥, Naottofoegas, A rudimentary female dichasiom (rom a male specimen of
XN, efifjortinides | b primaey eacteols, ¢ poadimentnry enpile, al the ome Siide with
sume scales [f] ab the oafsidei; # (ruit of N, pemitie with edges (o) upwardly
running oul in small perinnth-leaves and in addition 4 ridges [(1—4], 3 of which
(- run oul o permndbeleaves (o ewpule, s stigmeaj O—0F the same, feait rom
iwe sides with 5 periamtheleavies, 2 small 157 froom the edges and 3 lacger (B0 from
3 parallel ridges (5 stigma): E male Mlower of %, Menzicsii; F branchlel of N, be-
fafofdes with-a male flower and a female dichasium (88 stipoles, | beoken petiole;
£ heanchlel of Xo efiffortioidis with male Nowers @od above buds with rodimentary
female Mowers, 4 aboul > 15, B abowl = 4, ¢ —F abwoul 3 5, 5 about % 0
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Acveording o CELAKCVSEY (1890, they represent eatkins, which
hawve developed from definite inflorescenees, e bases this eonelusion
e the first |:|:p{‘|.- an the Tact thal Hu'I\' are inseried lower on the shoot
Mhan the Pemle infllorescences: if male dichasin oceur on the sane
shoal as female ones, they are inserted higher than the latter (for
instanee in Lithocorpus and Costapen), PRANTL (1887 is of the opinion
Hial most likely they are dichuisia. This aathor (1887, p. 339 330)
Foond thal in Fegus grandifalio, o short lHme before opening of the
buds, there mighl be seen o cettain diffterence belween the male flowers
in the length of the pedicels aud the size of the bods: the development
procecds froam the top downswards in two developmental series (in one
case Lhree), e also thought thatl be could always diseern a top flower
[in some cases observed by the present wriler, however, this was
lacking). Aboul the same eonditions as PRANTL observed in Frgis
gronwdifolioc: may also be found in Fagues sylootica i Hhe beginning of
the anthesis is followed in a male infloreseence, A top {lower limiting
the whole inflovescence is however lacking, al leasl in mosl cases. Al
firsl two apical flowers open, one in each parl of the lwo-parted in-
MNoreseence, and then developmen! procecds downwards in cach parl,
guite as in a cyme. The infloreseence might 1hen be supposed to e a
catlkin made np of bwo dichasia, This s, howeyer, in conflict with the
facl thal aceording to PraNTL a levminal (lower may exist in Fragos
grandifolic, which is conlivmed by Cerakovery (18801, who slates Uil
he has seen an apparently terminal flower both in Fagus grandifelia
s sedoadice (p. 1560, In my opinion there is o complete parallelism
with the female inflorescence, where the terminal flower is as a rule
aborted, bul exceplionally occurs, more or less rudimentary. In the
female inflovescence (of Fagus sgloatioa) the number of flowers is nod
inlrequently larger than wao especially in eertain trees — Lhrough
developmenl o additivnal side flowers (Fig. 29). EHaeh of the (wo
commonly ocenrring flowers may be Tornished with two side flowers
and these in their loen may have one or bvo side owers developed, so
that the mumber in The one half ol the inflorescence 35 5 6, almasl s
greal as m the shuninabe one, where il is generally aloul seven or even
more, Transilions alse oeear between male and female inflorescences;
the outer Mowers of [hese or some of them are staminate, the inner are
pistillate, In the suthor's opinion. thus, the male flowers as well as the
Femnle flowers are arranged in bwo-parled dichasia, where the lerminal
flower is % a rule absenl. With regard to CELAROVSKY's argumenl as lo
their position, which seems to be well-founded, 1he conelusion is lo be
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W Fagns gpleatica. Capules witho one flowor and three lobies (Boothe Tef), with
termingl (lower present, more or less radimentary (row 2 froom e left. with 2

secondary flewers aned + terthory Mowers aml elght-Tolale capule (row 2 from e
righti, and wilh @ Boger number of (owers and lolies (0o the right ],

drawn thal in Fagas as well as in Nothofagos, where lhe arrangement
of staminale and pistillate dichasia is the same, hoth the male and the
Female calkin nee reduced inlo o single dichosiom,

The inllorescence of The Fagus group thus seems o have arisen
theough strong reduetion Droo one of the inflorescence ypes occurring
in Lithocarpus which have been signilied above as types 2 and 3
where the lower calkins are wholly staminate, the upper pistillate or
pistillate below. As there somelimes ocenar in Fagus sgploatica some male
flowers oulside the female anes in the Female inflorescenes as also
ey b (he ease in Cestene . A seems maost Ii.l".l'll‘;' Thal the eatkin
Iy fremn which the Froguas [y pee derives 115 origin has been buaill as in
Cestetea, i the upper catking have been androgynous and only atl e
bawse: hiave they had a few female dichasia (or a single one, above these
have they had miale dichasin and, a1 the Limit between the male and
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Fernale, possibly androgyoous dichasin, in the same way as such may
ocenr here in Castaner.

The cupunle charactenstie of Fogaceae is of wo lypes, hetween
which however there are some transitions. The eupule of Lithocear pies
dandd the Qrerens group is one-flowercd, open above and nol bhursting,
Haat of Castanea, Fagies, and Nothofagus contuins more than one {lower
and opens in g delerminate pumber of lobes al maturation of the froil,
The genus Cesfarmpsis forms a fransibon between the bwo tyvpes: the
cipule is here wni- or pluri-florous and opens irregularby, Through
PraxTL's (1887) investigations of Lithocorpies it was made clear that
the cupule s here o stemestructure and is nol — as assumed earlier
made up of bracts: the bracts, or bracteoles, mav here be observed
oulside the wall of the enpule. None the less, even in modern works
feg. hansten, 1936) the view 1s advanced that the cupule of Fegus
and Crsfrerieer s formed by bracls, thus not homologous o the alher
tvpes. As early an anthor as CELAROVSEY (18901, however, showed Ity
investigations of beech-cupules wilh supernumerary flowers and lobes
thal the lobes do nol here correspond in number and position {o bracls;
aecording o ham, the bracls mav instead e recognized, in Fagus as
well as in Castanea and Nothefmgos, smong the lowesl seales ol the
cupule, which he regards as a stem-shroelure. For the stem nature of
the cupule there also speaks the fael thal flowers and fruits offen
emanale high up on the wall of the cupule {Fagos, Castanopsiz) or al
the tip of the lobes (Fagesh, which especially happens when the pumber
of flowers 15 greater than normal, as well as The eircnmstanee that al
an early slage in Faguy o secondary bractesle may somelimes  he
ohserved outside the cupule {see Fig, 33 o) in Castanen all the foar
secondary bracteoles are al early stages discernible o e 3-flowered
dichasia, There also ocear fransilions bebween male and female in-
Horescences, where the Howers are partly staminde with pistil-rudi-
menls and where the reduced coupule consisls only of an enlargement
of the peduncle. with seales on the surface, from which the Mowers
emanale (Fig, 30). Undoubtedly the capule is a stem stractore in the
Fugus and the Costanea gronps as well, quite bomaologous to the cor-
res ponding struetures in Lithocarpus and Quercus: as mentioned above,
Iransilions between The two lvpes are also presenl. vie. in Castanopsis.

In Lithocarpus and the Quercus group the eupule is still undeveloped
al anthesis: the flowers are then surrounded only by a erowd of scales
and not until atter the (lowering does the stem part bearing the scales
grow dp o aronnd the ovary as a cup. the seales being then removed Lo



ez, 3 Feogpus sploalica, Male mflorescenee with
ricimentary cupule. The twe lerminol Tewees with
iriangular  stalk  dradimentary ovary} and  stvles
lIl."ll.'IIIJ.It'II. b

the outer side of this cup, In Fagoes and Castanea Lhe cupuole is already
developed at snthesis. This most be considered 1o indicate (hat the
cupule ol the latler genera is ol a more derived type:; the enpule is
known 1o he a special struclure for the family Fagueeae, developing
within the family, and then thal type should he more original which
i= undeveloped ol an early stage, thal one more advanced which shows
iogreaer didTerentiation al o corresponding slage,

The primordinglily of the cupule type of Léthocorpas is also in-
dicated by ihe greal varialion oeccurring within it. Not only is there
a dilference hetween species having dislinet seales on the cupule and
others having annular lamellae, and belween species where the eupule
covers The fruit completely and others where il only suerounds its base,
There is also the important difference thal in one group, secl, Sgnaedras,
the eupule is fused wilh the feuit-wall and in some species of the seclion
e Lo Maingagi] is asvmmelrvically developed. The section Corglopea-
sarvier dliffers by the cupule being protracted into o long. lubular cover-
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ing, considerably limger than the glans, reminiscent of certain Corglus
species,

Other circumstances, loo. speak for the cupule type of Lithocar pus
iwhich is almost unchanged retrieved in Quercus and Cyelebalanopsis
respeclively| being the more original, Tt is hardly possible (o derive (he
Lithocarpos cupule from Cosfanen or Cosfanopsts, whereas it s very
easy lo imagine a development from Lithecarpus, secl. Pasania, 1o
the Castanes as well as lo the Fagoes group, as was already demonsivaled
bv Praxtr (1887, In the Lithecarpus seetion just menbioned the female
Mlowers are artanged in evmes, generally S-flowered, somelimes with
more {Towers, and the cupules are ¢lose o each other and frequently
coalescent so that the separating walls belween the fruils fuse with
cach olher. The separating walls are often thin. Supposing that these
walls entirely disappear, then (he cupule Lype arises thal is found in
!'_'.'fm.'””r}p.-u'x_ Thal sueh a dm-uiupmonl lias '.H.'tllllll}' faken |3];I.Cl', s
shown by the [aet thal some Castanapsis species with bwo or three fruits
in the cupule show, between these, remnanis of the walls, which have
thus not completely disappeared, e €. Hullettii among species with
cupule and froit partly econnate (Fig. 31 b) and €. Fuebri (Fig. 31 a)
among ather specices,

Henee, as vegards the eupule, the genus Costanopsis is closely
allached to Litheearpus. Some species, as €. euspidato and Iemeeae folta,
are on the border-line helween the two genera and have sometimes
been referred Lo the one, somelimes 1o the other of them, Other species,
BARNETT's {1944) =Group of (. rhamapifolios, have the eupule com-
pletely Tused with the gland, just as the section Syraedrgs within
Lithoearpus, while in another group, BARNETT'S (O inermis-group, the
cupitle is only partly adoate and the fruits are either partially separaled
by walls, as in the €. Holletti mentioned. or olally withoul separsting
walls, ns in O inermids. With regord (o the course of development there
are however some unexplained delails. The cupule is in Casfunopsis
fresuently 4-parted, with four spiny areas, a condition that is still
more pronounced in Castanen, § Encastonen Dove, The canse of this
d-partilion has heen the object of discussion. Aecording o (ELAKOVSKY
(18901, each of the four parls eorresponds 1o an original cupule, in
Costanea as woll as in Costanopsis (and the Fogus group): he imagines
a T-flowered dichasinm as starting-poinl. he four lertiary flowers ol
which take purt with their cupules in the formation of the comman
cupule. while the primary and secondary [lowers are reduced. The
supposition. mighl explain the position of the cupule parts and also
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appears plausible in other respects, bul it does nol seem lo be supported
by the setual transilions thal may be observed within (he genus Caste-
nopsis, o the species O cuspidate and 0 lancenefolin of The secl.
Psevdopesanic Gant, e obiservalion may in seme cases (Fige 31 ) be
made that the capule, though containing one Hower only, is obvionsly
d-parted. The roundedly Iriangalar cupule has the scales arranged in
lhree sestems of curves, above each lhere is o vrounded hamp at the
mouth, and between the two anterior ones there is a sharp vertieal limil.
Undoubledly such a cupule is Formed by the union of three, one poslerior
imid- enpule and bwo anterior (side-jeapules,

The same d-partition of the enpule s refound 0 several other
species, Castunopsis Defapayi, for instance, has lwo spioy arens on the
anterior part of the capuale. each with o sepoarate svslem of curves,
divided from weach other by a feeble, vertical border-line (Fig, 31 ¢},
At the side ol the axis there is a third part with small, Neshy seales,
arranged in approximately straight lines (Fig, 31}, In ©. Egrei (Fig,
A1 ¢} the cupule is rather hilabiale with & shorter, scaly posterior lip
and o longer, spiny anlerior one, which is 2-cleft at the tip and has
the spines areanged in two corve-systems, A similar S-pactition is
found in several other species, though the posterior. scaly part is
generally sl more reduced and as a vesult the copule gels o <t more
ireegulo shape, In € eehidnoearpo DU which aceording to Canios (1926)
belongs lo the same section as L cuspidota, Pscadopasania, there may
now turther be olserved o transibion from the 3- Lo the 4-parled cupule,
It is heve slill possible 1o sec The S-division ol the capube, perbiaps best
in lhe younger one (Fig. 31 A), bol also in (he older (Figo 31 g1, There
are a minor poslerior part, which bears small seales only, and two
larger anterior anes, separatid by g sharp bonndary, These bwo anlerior
paris, however, do nol develop quile regulariy. At an enrlier stage (Fig.
A1 Ay it may be seen Hial he Fiesl spines arise on bwo separale spols
of each parl and that the enpule is almost pentagonons. In a later stage
(Fig. 81 g1 the now fully developed spines are arranged in conlinuous
curves il the base of cach part, but they are more weakly developed
at the middle of the curve, and higher up the curves are bent upwards
at the middle aud here bear scales instead of spines. The two lateral
parls beeome i his way divided into four: inoolher speeies This division
is mare sharply propounecd. and as The posterior (mid-leapule bhecomes
maore and more reduced. the common capule becomes more or less
A-divided, The Four parts thus correspond b bwo bipartite, Baderal
cupules, The partiion is probably i some way connecled with the



velur,  [rom in

same ol G flaltelfl; © young copule of £ Egrei,

in fronl view; [ yvoung cupule of €,

Fig. 31, a yvoung vopule of Casfanopsii Fabri in longitudinal seciion: b (i

(rom the axis: o copule of €, Befevagd. from the axis: # the saine

side ist=stigmal: Jr ¥oung cupule of the same specios in froni view,

lrout; o enpule of € echidrocarpa al fruit stage, from the



IFig. 332, 0 r1|:|_:|||[.|- ol Capsteenaen florideee, the tipiper part, from Framt: B the same

of 1 meliissima. About X 4.

opening of the cupule by longitudinal fissures through the middle of
the part-cupules  (and in addition st the border belween the two
anlerior anes).

The cupule of the genus Castaneda resembles strongly that of Custa-
rro psis o ibs strocture, but il dillers by being svimelrical, whereas (il
of Coastonopses 15 asvimmetrienl, which s wsed as a distinguishing cho-
racter hetween the two genera. This is without doubl eonneeted wilh o
scmewhal devialing origin.

Firstlyv, the cupule s here nol S-parted, bul 4= or somelimes
Loparted. In the sect. Eucasianon there are four diagonal spiny areas
that have narrow sealy stripes helbween them with opening  fissores,
whieh has given supporl Lo e assumplion that four enpuoles are in-
volvid here, In 0 floridune (Fig. 32 0) the capule consisls of four
approximalbely equal parts, lwo median scaly and bwo transverse spiny
omes, and of o weakly bparled swelling al the pomt of the copule. In
fomellissinw |Fig, 32 b, which is close Lo £ saffena, the cupule s as
e severad olther specres a prolonged, spineless poind, which is here very
sharply divided into two median and Dyvo lransverse parcls (The posterion
medizan s somelimes o littlle lirgee than the anterior]. Such a 4-part-
tion s also diseernible in © safiva al early stages and Then, mstead
of the narrow. sealy median slripes that later on may be observed,
there are bwo broad median parts, while the lwo lateral parls are
indistinetly divided (Fig, 33 o—¢}. In early stages of development, thus,
and inoa species such as Castenen floredapa, which 35 reminiscenl of
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|"'|g b S r,'l:l]Lull'-]tri:nnnlhlnr il Caedigmedd seabinn in Froml viese, The % Plow |'r-!uilll-|ll'|!i:|
and the 7 braets removed; b do., from the side, witby remoinimg flower-primaordia;
roelos, o somewhat earlier stage; o copole-primordiome of Fages agltectten ol an early
slage of 1||--.|-'|1||:|'|'|q'||| |'.5.|Jg, S, Feome belid, o Hq-f'nmhn':u' biracteale 15 visible:

e the same from the side; [ oeupule-primordicm wable & lowers from he same
specimen: § Nower-primordman from o femole dichasiom of Casfenen sofipn with
carpel- and stamen-primordie. Aboat = 20,

Casglenapsis, there are lwo compuralively broad median parts of a
nalure differing from the bwo lransverse ones, which laller in the course
ol development are divided inlo four, The position shows thal il eannol
be a question of four eopuales, but of bwo lateral ones and a thivd median,
2edivided (ef, the dingrioms in Fig, 35, In the same way as in Gasto-
nopwix the mid-copuole 15 more or less reduced, especially below, whereas
al the tip il may be very conspicuons jeg. in € mollissima). 1If 1he
cupule is V-flowered instemd of 3-Nowered, each of the fowr terliary
Mowers is surrounded by o rounded swelling = part-cupule, This eondi-
tion is ligared by Bacvox (1876] and max possibly have contriboted
to CELAROVSKY's view of the maller, Yet it is by no means so, thal on
first being laid down the cupule is always 7-flowered; il is olften
G-flowered; and. as stated by Baibpox; in the 7-llowered capales the
central part-cupule persists; the part-cupules of the secondary flowers
ey secmingly dooso, oo

The cupule that is found in e genos Chrgsolepis (Fig, 31 a—e)
differs both from thal of Costanopsis and from that of Casfanea by
being open above. Further, at an early stage, al Aowering time, the
separaling walls belween the parl-eupules are rather well developed,



Tig. 44 Uhregsedepis chegsophpiie. o Sfowered  fomale dichasiom in frond view:

f the same v Jongitedingl section: o 4-owored cupule Teom above, Hhe flowers

removed; of F-flowered cupule [rome above, Mowers removed; eocupide ol froil stage,
longitudinal seetion, o alow =000, e =05

50 thal the componnd cupnule is 3 —7-chambered, with riangular eham
bers (Fig: 34 ¢ and o). A similarily o Casfanopsis is that the side-
cupules of licst order meel in froot of the mid-cupule (see for instance
Fig. Sb«dy. A difference, however. is thal the oulermost parf-cupules
(the secondary cupules of a J-lowered common eupule, the tertinry
of o cupule with more Howers) are 2-lobed during the whole develop-
mienl of the cupule, wilh 1wo Iobes that do not shul to the feoil bt
(Fig. 3 ¢ stand at some distanee from it At maluration anly those



Tig. M5 The dervabtion of the copule 1n Casfepapiis aod Coasdorpea, diagranis. o and
o diflerenl startiog-points. withine Lithoeargay; b oand o developmenl to the eupile-
type of Cosfanoepsts, cilher more vegularly d-pavied (& or almost $-purbed o) with
stromg redoction of the original mid-capule; ¢ and § development to the cupule-type
of Casfanen., willi the reduced mud-copule divided info an anterior and a posterior part,

valvules appear in o d-Nowered euapule four — which are formed
by the kateral parl-cupules; the part-cupule of the mid-flower is hoere
as in other genera stromgly suppressed afb o later stage. The separafing
walls belween the part-capules ave lhen also o some extent suppressed:
they may partly be grown together wilh the fruits, Somelimes an on-
developed truit may be quile encapsulated in the cupule. Charaelerislie
of the cupule of Chrysolepis is. furlher, that the spines are arranged
in straight transverse rows and at the lower part of the cupule emunate
from lamella-like ridges (somewlal reminiscent of the conditions in
somme Nothefogue species) and thal in the margin of the obes theee s
a row of seales which are bent inwards over the inner wall (see Fig.
A4 e} Inifs cupule Chryyolepis thos shows some sioilacities o Cast-
nopsis bal also sueh imporkant deviations fram this genos that il must
be eonsidered 1o belong looa parallel line of development,

Within the Fagus group (Fegus and Nethefagus) there might
appear to be very good reasons for the supposition that the cupule is
formed through the union of four, On the one hand (he cupule is here
pronoumcedly 4-lobed and this d-partition may alse be observed al a
very carly stage (Fig, 33 d - —el; on the other hand at the appearance
of tertiary Towers the cupule lobes of Foagus are two-clett and surronnd
the additional flowers as a biparlite cupule, whereas the sceondary
flowers then have no other, independeni eupule. This may also be
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observed in both ecarlier and later slages (Figs, 29 and 55 f), 1 mighi
of cotirse on this accounl seem well justified to suppose with CELA-
ROovERY (hat the cupule is buill up of the cupules of the Towr tecliary
Howers of a seven-flowered dichasiom (such as sometimes oecurs in
Lithocarpns and Caslonead) and thal sl the reduclion of the techiary
Howers these eopules have been undivided, Yet certain fuels speak
against such a supposition, Fieslly, there sometimes oceur more Thin
sin side (owers inoa copule of Fagees sylecdica: besides the bwo secondary
and lhe four lerligry towers there may also occur one lo three
quaternary ones (Fig. 29, to the vight) 10 we start Prom a 7-flowered
dichasium, we must consequently presume Thal in some eases there has
Leen an inerease, hol in mos! eases o reduction of the nomber, which
does not seem probable. Sceondly, hoth in Fagus and in Nothofagos
il happens that o side Hower Lails o develop and thal The cupule-lobes
at the side of the missing Hower are united mlo one, so thal the cupule
becomes d-lobed (Fig. 29, at the lefll; in Nothafugus puimifio, as a
matier of fact, both side-flowers are regularly absceol. the cupule
2-lobed. Thus, if (he copule were formed by four tertiary cupules, this
would imply Lhal lwo such cupules were completely united al the
failure of the secondary owers inside of them, which would not be
probalile, either, Further, in an carly slage of developmenl ol the cupule
(hetore il has yel been differentialed, Fig, 33 d—¢) il appears as if
there were a grealer difference between the two laterad cupule-halyes,
which may also stand at somewhat different heizhi, than between the
Pwor g rands of he same sides (he boundary beltween these resemliles
more he longilndinal strip that oecors an the tertiary enpules of a
G-flowered dichasinm (Fig. 33 [, In e developed eapules, oo, il
may in Fages and still more in Nothofoaguas be observed that the trans-
verse fssures do ool descend se fur oy The medinn. Al these cirewam-
stamees (logether with the parallelism that exisls with the cupule of
the Costenen group) make it most probable (hat the cupule of the
Fagus group is formed by two original coputes, the lwo secondary
capules, wherens ihe cupule of the mid-flower, which in the Castonen
group is reduced. has complelely disappeared within the Fagoes group,
just as the mid-Nower itself in Fagus, Such an inlerprelalion is o a
greal exlenl also supported by the similarities that are found lo the
genus Chrgsclepis. The Fagus cupule may easily be thought o arise
From a Jd-lflowered cupule of This genus through continuing reduclion
of the central part-cupatle and of the separating walls, so that the two
ateral, two-cleft part-cupales are left only,
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Thus, ilappears as if The cupule ol the Foagos group were o Toether
development of a tvpe that is elose o thal of he Cestanes group,
especially ol oecurring in Clrysolepis. Aceording to this assumplion,
the two ransverse opening lissuces of e Fagos cupule would be the
mid-fissures of the wo pari-cupules, and it 5 then guile @ natural
thing thit these disappear on failure of the flower inside of them, The
larger number of flowers and cupules that sometimes occurs wondd
depend npon seeondary inerease, as a resull of wlhich the new flowers,
s 10 f..l']r”xr:ir'piu fand also Castanen, gel their I:;II'Ii!'llt:Lt' Otljllllv. here
Llobed, and the cupules of the mother axis, which in Chryselepis and
Costanen are more or less reduced, disappear entirely here, inoso Tar as
Ihe basal parls of 1he new cupules. under the attachment of the flowers,
should not be considered to belong 1o these (of. CELAKOVSEY. 184901,

A certain reduction of the eupule is noticeable in the genus Notfo-
fagus, Thus, in N, pamilic il consists of wo narrow band-like lobes
tlul"l..'. searcely more than hall as |u:1|,' as the (eoit (Fig, 28 8|, sand in
the rudimentary female dichasin thal sometimes oceur inmale speei-
mens of N, oliffortioides the cupule-shruclures are still more reduced
and are smaller fhan the surrounding bracleoles (Fig, 28 ).

The cupule that oceurs in the Cuerces group is closely conneeled
on Ao thal of Leihoeerpus, The genus Cyelobolenopsis, however, is dis-
linguished by the pecoliarity thal al the poinl of the Feail there are
some annulae zones of similare appesranes as the onellne that here
oceur al The eupuale, though more weakly developed (Fig, 36 a and bj,
such structures are generally lucking within Lithocnrpus § Cyelobala-
nus, which has & similar copule; only esceplionally  were weakly
developed rings observed on the [ruit of one species, L. Tegsmannii
iFig 36 g-—M. At an earlier stage of the frull developmenl of Cyelo-
balonapsis (Fig, 36 o) it may be seen thal these zones are miore
evenly distribuled over the surface ol the young Frait; it is nol unlil
later that through intercalary growth of the lower parl of Whe fruil they
are carvicd up towards its lop. At a sl eaclier stage, al the Nowering
ilsell (Fig. 36 f1, they are nol vel discernible, bul the innermos! lamel-
lae of the cup are Then nol developed either, When [hese Lumellae are
formed, the gonmtion of the ovary begins to appear (Fig. 36 e}, 11 may
accordingly be said that the zones of ovary and (roil form o a divect
continuation of the lamellae of the cupale in (heir loeation and time of
development: certainly they are homologous with these, This speaks
very strongly in favour of The cupule of Cyelobalinapsis being o furlher
development of thal oceurring within Lithocarpus § Synaedegs, where



Fige 36, o voung fruil with copule i bomgitedinal  section of  Cnedobalrnopsts
mirrsipaefolin (somawhat obhquely cut, so that the whole apex of the I'roil is visible)
b the same of O oeeta: o €. Blaker (SRax ScHEY., seciion of voung cupule; o lhe
same, flower & litlle after anthesis 1w side view: @ - [ sections of cupuoles of . glamen
¢ with vouny fruil. [ wilh Nower; g Lithocerpos Pegemannin. young  froil withi
cupule in longitudinal section: & the same. e frodl fTom the side; § S-flowered
dichasium of {.'Jllli:.f:rl:l(ﬂr:rrn;.l'ﬁr-'ﬁ aedita [rom the hase at a catkin, the ane Mower (fo
the left) fallen off, & the same in Tongiludinal section: [ cupule of 0 acots from
shove al anthesis), e front 8ide below, £ & % 1001 = 15, the olhiers 24 3.
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the cupule is fosed with the Fral, this development having impliced 1l
ils upper pack, still conmude with the Trudl, is here redueed, while the
lower part ix carcied up by oan annular growlth of the axis, which
surrounds Hhe hase ol the rodt as a cup without being adnate to il Thal
such a development lakes place within the genus Lithocarpus oo, is
sugzested by the condilions menlioned in L. Teysmeannii, Thos, the
cup surrounding the Cyclebalenapsis frait does nol seem bo be o
logous to the capule of Lithocarpus 5§ Synaedrys or the capule of the
genera Caslemopsis, Cagtinea, Fagus, and Nothefagos, bat only 1o its
lower part. The same is true aboul the genus Qlrercus, whose cupule
is undoubtedly on the whole a further development of the Cyelobaio-
nopsis lype: within the section Ergthrobolanns a feeble ring may some-
times be seen ot the point of the froit (of. Sonwarz, 1936), indicating
a developmen! [rom o Cyclobalanopsis-similae type through continoous
reduction.

In one of the S-flowered dichasin thal somelimes occur in Cyelo-
brdanopsis aewla (Fig 36§, k| it was observed that the three copules
— about equally developed — showed small gaps bebween the flowers,
so thal these mel wilh each other, This indicales that in this genus a
costlescence lakes place of three cupules inlo one, This s possibly also
supporied by the fael thal . acnta generally has cupuales thal are much
protracted along the length of the main axis, as the base areas of the
Female dichasia of for inslance Lithocarpis fenestrotus, and Hhat the
cupule may be divided into a minor, posterior and o larger anterior
parl (Fig. 346 1),

The perianth of Lhe male flower is within lhe genus
Lithocarpus of somewhat varying development, somelimes expanded,
with he lobes more free from each other, sometimes more cnp-like
or campaniilale (Fig, 37 A} and more strongly connale, somelinwes more
regularly radial, sometimes proteacted in length, somewhal reminiseent
of Juglamdlacene (e.g. in L, glaber). The other genera agree more or less
completely with these diffevent Iypes, Castanopsis, Chrysolepis, and
Coastanea have a 1illle varving perianth with expanded, mather Title
connale perianth-leaves of regular development. As in Lithocarpis, the
leaf-number is generally six. and there may often be discerned three
ouler and three inner leaves, which may also be of different shape
and size. The genera Fuagous and Nethofagus on e other haond have g
cup-like or campanulate, more strongly connale perianth: a devialing
development is only shown by those Nolhofagis speeies whose flowers,
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as mentioned above, have probably arisen through eoalescenee o three
(S page 825,

Within the eeercus group Whe perianth of The male flower is more
(i1} Il"‘i.‘; j.rrl'lﬁ'“l:tl'l}' 'Ii"l‘ l.'Il LII{'I.I, Il‘]li.“j irri._‘::;"'“hll‘“}' i!llt'H rIHt Hl]l:\-’ Illll:{".‘glr

within the genus Quercns, bul — quile contrary to what is generally
slaled jcf, ScHoTTEY, 1912, SCHWARZ, 1936) ur o high degree also

within the genos Cyelebalenopes. In for instance 0 acate 2 well-
developed staminale [lower may consist of a large number ol stamens
[at least up to 17) and o somewhal smaller number of seales ol varying
siee, parlly amids) he shomens: These may ollen he observed o spring
fromm Vhe axil of a seale (Fig. 37 81, And in €, mygrsineefolia (BL.) SCHRY.
the seales are Treguently also intermingled wilh the stimens in o way

reminiscent of certain Myrica species. The origin of these owers is

clucidated by some observed (ower forms in O, mgrseooefolia. Some-
times it may here be observed (Fig: 37 [y that the so-called flowers
are ecomposed of three, one mid-flower. which is somoewhat higher
inserted on the main axis, and two side-flowers, thus a tvpical Fagaceome-
dichnsinm. The boundaries belween the parl-fllowers disappear, how-
ever: Fig. 37 1) shows (hat the one side-flower jal the I'ii.ﬂl* ol he
figure] has o strongly reduced pedantl, Figo 37 F ilustrates  the
coalescence ol the mid-flower with the one side-flower (ot the lett of
the figurel, Fig. 87 F shows thal a corresponding union takes place
wilh the other (al The vight of the Agoret . and in the flower reproduced
in Fig: 37 47 there is only an inconsiderable remnant loft of e perianth
leaves that have separaled lhe original part-flowers [rom each olher,
Undonbtedly the flower of €0, acuta is the resalt of o similar develop-
ment, though at the same fime a cerlain recombination of the (loral
parts apparently lakes place here. Al o grealer reduction there may
appear in those same species Plowers of the simple lyvpe that s repro-
duced in Fig, 37 € and IF. Inolher species, e.g. C. gdariee | THENR.) OERST.,
all flowers are ol o similar simple structure. in e species mentioned
iften wilh 3 perianth leaves and b shanens ||'1ig, 370, Within Querens
the staminale Towers do nol. cither, show any lransilions to dichasia

as i the bwo Cyefobalanopsis species mentioned, Lot certadn condilions
argue in favouwr of these flowers — as well as the simply-loalt Cyelo-
frcieinopsis lowers — representing a (urther step in the development
that is observed in hese species. In Qu. semecarpifolin (Fig. 97 K—LJ.,
castaneaefolia (VVig. 37 M), and gerrata (Fig. 37 N the perianth is divided
imla # few, aoffen three, lnrge lohes, which are somewhal incised in the

murgin and which, il three in number, somefimes have a position eor-



Fig, 3% A mate Nvwer of Lithocarpons deaphpfios: @0 male Oowers of  Cyeto-

hofonogears ceuta, #f Feome the lower, O from the upper part of o eatling i3 qlif-

ferenl stages an e conleseence of (e male flowers in o dichasiom of €, mpgrsinme-

Jotio; H Hower Trom tbhe vpper part of o ealkin of the same; ! omale flower of

G giaca, R Lomale (owers of Querces seqecarpifoita; M Qe castaneasfoiia,

N G, werrata, € Qu, Froaineito, male flowers, br brael, g, b ¢ slomens sprindiong
fram the wxils of odjucent scales. Abonl =0 1),
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responding oo the Howers of o three-flowered dichasiom [Mig, 37 K
aid Np These [lowers are very veminiseent of the type oceurring in
Cypelobalono psts mgrsinaefolia, Other species have o larger number of
narrower lobes, of varying numbeer, shape, and size, often lobed in
their urn (e.g. Qu. Froainetlo, Fig. 47 O, alse the above-menlioned
Cyclobalanopsis glauea), and are more reminiscent of C. acuta, as in
this species, the number of stamens is frequently somewhal larger than
that of lobes, Thaugh nol twiee as large. Thos il is highly probable
that, on the whole, the male fower of Cyclobalunopsis and Quercus
has arisen through the development thal may be followed in For instanee
Cyel, myrsinaefolin, viz, through coalescence of the flowers of 2
defloowered dichasinm, such as occars within the genus Lithocar s
andd nlsoin a Cyclobalanopsis species, . argerdalr,

The maorphology of the slamens has not been considered 1o
have any great imporlance for (he systematies ol Fagaeeae, Onsren,
thus, wha goave an eléeganl demonstralion of the differences an the
struclure of the pistil in different genera, 15 of the opinion that the
slamens, like the male flowers on the whale, do not show any essenlial
distinguishing features (1867, p. 420 1871, p. 353). Closer examination
reveals, however, that between the Larger systematical groups there are
very characteristic differences regarding the stamens as well, Torming
an almaost complete pavallel W the differen! types of development of the
pistil.

In the genus Lithoearpus the anthers (Fig, 38 a, b are very small
fea, ', mm long), about as broad as long, emarginale at the base, and
the filuments are far projecting, with the fapering top fixed at about
e micddle of the dorsal side of the anther. The anthers are versatilely
attached 1o the filmment: frequently the apex is lorned downwards
{Fig, 38 a). The genern Costanopsis, Costanea, and Chrysolepis, which
as o structure of the styles agree almost completely with Lithocarpos,
Bavves aillse stbamens of The same type (Fig. 88 ¢, o, o) The anther is here
of 1he same torm, dorsifixed, versalilely allached to the far projecting,
upwiards thinner lilamen!, The only difference, as a malter of facl, is
that it is or may be a litlle larger; vet also here il is very smiall. scarcely
maore than a '/, mm long, The filamentl may also be a lille hroader
upwards (cf. Fig. 38¢, ¢7).

[n the genera Fagns and Nothofagos the stamens have quile a
different slrineture, The anthers are here mueh beger, oblong in form,
and basilixed, In Foagus lhey are cordale ol the base [Fig. 38 f, o,
in Nothofoagus (Fig, 38 h), where they have o very charoeterislic



Fig. 38 Anlhers of various Fogaeere. o Lithocarpns ffeaphgttuz: b L Henrgi; ¢

Costunopsis hysteiv; o Chrggalepis chrgsophplla; o Costanea sation; [ Foges grandi-

Julice, g F. agleddice: & Nothofogus teancate: | Cyelobalanopais acaba; L0 myr-

siretefedio; | Geercas castaneasfolfn; m o, Fraimeftos o Qa, robar; o Qe Sodferiond,
The apex of the anlher is furned dosnwards inoa. o, ¢ d7 e 23,
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appearance, They are vounded ol the base, much protracted in Iength
and possess o Jarge connective-appendage al the top, They reach hers
a lenglh of nearly four mm in some speeies,

In the genera Cgelobalanopsis and Quercus the anthers (Fig, 38
fo) are, s in the Fagos group, bosilised and comparatively large,
whereas lhe filaments are shorl in proportion to the perianth. The
form. however, is generally broad-rounded wilth cordate base and in
this respeet is somewhal reminiscenl of Lithoeorpus, especially in
Cyelobedanopsis, where  Whe size i somewhal smaller oo Within
Unercies Wthere oceurs some varialion as regards the slaimens — a8 is
the case with the pistil —: somelimes the shape of the andhers is more
prolonged, reminiscent of Fagus (O, Sadlerione, Fig. 348 o), and some-
Limes e anthers are pilose {eg e castereaefolin, Fig. 38 1. and,
further. more or less developed connective-appenduges may occur in
some species’ (o, Sedferiana, Fig, 38 o: Qu. Froineffo, Tig. 38 mj.

There are thus very characterislie dilferences belween the develop-
ment of the stomens in different genern. differences thal lo & greal
extent certainly depend upon a transilion from insect- to wind-polling-
lion somelimes connecled with dicecisin) and  (rem this resulling
changes in inflorescence structure and grealer quantitative demands [or
pollen. (The pollen graims arve alse larger in Fagrcear; it is true, when
the anthers arve larger, ol not in the same proportion: the aumber
consequently inereases oo,

While the stamiens in the family are generally aboul twice as many
as the perianth leaves, partly superposed, parlly  allernaling, their
vuwmber within the Quercis group is reduced, In Cyclobolonopsis acuto
the number of stamens may cise lo 17, bul as the ower s undoubtedly
tormed by coalescence of three, this number already means a reduction,
ane this is still more marvked in the Flowers of this and other species
of the Quercie ceoup, wheres The skunens are only, for instaneo, five
or four, Somelimes il §s possible, both in Querens and Cyeltobalano psis,
1 see how Iwo or theee stmens are united with ench olher (Fig, 30);
Lu'l'll.‘q[lﬁ. lhe reduction may llill‘”_‘l.' be due to such a coalescence,

Within Grecrcus Lhere s generally oo obivious relation helween
stamens and perianth leaves, bhul within Cyefobalanepsis the slamens
may somelimes be observed (o be elearly superposed to cerlain perianlh
leaves (ef. Fig. 37 B, In Lithocurpus, moreover, he slamens sare nol
alwavs elenrly divided into superposed and allernaling, every ather
of euch kind, but there mav oecur two slamens above one perianth
leal, whereas there is none in one of the adjoacent inlerspaces (eg.
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i 3% e Tusion of fwo shmens of Cpeloabolonopsfs aeafe:; b e fusion of 4wo aned
three stamens respectively in Qmercus Safteriamie. a ahowl = 20, b—e x 15

L. edulis), Tt scems very probable that the superposition is the primay
condition and that some stamens for the sake of space have been dis-
placed secondary Lo the inlerspaces, T'his 1s also confirmed by BailLLon's
(1876, p. 6] observations on e ficst formation of the stomens in Castanee,
where the six superposed stamens are formed lirst — and sometimes
only these appear and later on (possibly) (heir number inereases
by oue or more vounger stamens being formed al cach side of them.

The perianth of lhe female [lower in the genera
Lithocurpus, Costanopsis, Chegsolepis, wnd Castosren is regularly de-
veloped, inconspicunons, more or less high connate. generally with six
perianth leaves. three ouler and three inoer, though the pumber may
vary Lo some extenl. Wilthin Lithocarpus the perianih lobes are thick,
Firm wnd sHfT and resemble braets, this espeeially when, as for inslanes
in L. tubolosies (17ig, 40 A, they are lo their grealer part (ree from each
other, (In L. densiflores ook & Axx,| REaD. they are rather thin, but
this is also the case with the cupular scales.) Within Castanopsis the
perianth lobes are rather thick and fleshy, bal nol so sBlCaod firm, being
more solb and Mexible, Chrgsolepis has g thin-lobed perianth, and this
pecurs within Castanen ton, In the Quercos group Cyelehalanopsis is
closes| o Lithecarpos: (he perianth lobes are here regulaely developed,
generally six in number, rather thick and Heshy. Within Quercns Lhe
perianth lobes of the female flower are however thin and soft and Fre-

gquently  of somewhal irregular development. The size oflen varics
irvegularly and some of e perianth lobes are incised. In Quercus pelraea
(Fig. 40 8] it is s1ill possible to see thal (here are twice as many perianth
lohes as styles (in the reproduced case, five in number), every ofther one
larger (0 small perianth lobe in this ease is replaced by a mdimentary
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stamen) . In Qe eoveifera (Fig, 40 € there is searcely any elear relalion
belween the styles and the irvegulariy narrow-lobed perianth, Theee are
thus some similarilies (o the perianth of he stminale fAower, though
the irregularily is greater in this,

ScHwarz (1936) has called allention 1o some differences in the
basal part of the perianth of the female flower within the Quercis
group: within Cyclobafanopsis the periantle gradually passes inlo the
ring-lined s perianthopodinmy | the stalk-like prolongation of the ovary
upwards), in § Ergthrobalanus of Quercus il is sharply and more or
less umbilicately  delimiled from the exvlindrie perianthopoedium, in
other Qoercns groups il shows g gradosl transtion inde the indistine
perianthopodivm, which sometimes may have almost enlirely  dis-
appeared, Similar dilferences ps those observed by Scnwang may also
be found within the genus Lithocarpos. which also in this respect
shows a great variation. though they are oot distributed on cerlain
groups. L. fenestratug hus thus o well-developed evlindrie periantho-
podinm (Fig, 40 1)), Other species laek such, and some have the square,
umbilicate perianth base that is found in § Ergthrobalunes, for inslanee
L. Betmoardtil (Fig, 40 FE). The genera Oostanopsts and  Castanea
generally have a narrow, slalk-like part which shows an even Iransition
inlo the ovary downwards and bears e rounded perignth at The top
tsee Fig, 31a and b, Fig. 40 F); in the genus Clirgsolepis such a
struelure is [olally lacking, however; the perianth is diveelly inserled
al Lhe broad ovary (Fig. 40 ),

The Fagus groop differs vather much from other groups eon-
cerning the perianth ol the female flower, A perianthopodiom is here
quite absent, and as the connate part of the perianth is also very weakly
developed, the perianth lobes seem (o emanate directly from the ovary,
In Fagus all six are well developed, long, narrow, soft, though the three
al the edges of the ovary are somewhal larger than the other theee
(g, W0 M|, In Nothofagus he perianth §s obviously redueed, Some-
Lies here are three (or in the mid-flower twol comparalively large
outer perianth-leaves, which form o prolongation npwards ol the edges
of the ovary, and alterpaling with (hese (here arce smaller inner perianth-
leuves, which are generally much reduced (Fig, 404, In other cases
the inmer leaves are not at all discernible and he ouler ones are not
very conspicuons eilther (e.g. Fig, 40 K. In one ease it was observed
thal one of The ouler perianth-leaves of a mid-flower was lwo-cleft,
which perhaps is to be regarded as evidence that il has arisen through
union of two in an originally tritmerous flower, In N, punalio, where
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Iag. 40 Female Nowers of varions. Fagoeeae, A Lithocorpas tebaloses, Mower with

cupithe (be braell, B Quercas pefraen (15 larger pecianth-leaves, o rudimenfary

stumen, the sivles ecul offi: € O cocofera (o—e larger, lolale perianth-leaves,

v aff-cut stvle belwoen (wo leaves) ) [} Lithocarpes fenestrafus, sechon; L Rein

ardtii, do P Castanopsis cuspidoin, doc 6 Chryselepis chrysephpifa; fF Fogos

yrrrndflﬁrird_ ! .'I.ll.f;rlirﬁﬂul dronceie: B XN, eplaredics. B, €, & X150, H = 5. the
others = 10,

the ovary olten has more than three edges, there is usnally o perianth
leaf at the point of cach of them (Fig. 28 B 1)

The ditferent slraclure of the pis il was alveady demonstrated
by OmsreEn (1867, 1871}, who in a very perspicuous wayv has shown the
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svalemalically important differences of sivle and stigma and especially
Lhe distinetion Detween the evlindrie stvle, with pore-like sligma, of
Lithocarpus and the Costenea group and the {laliened stvle, with
extended shigmatic surface, of the Quercus group, o lype that — wilh
cerlain changes is also found in lhe Fages gronp. Hie hias also shown
the varialion that s found belween smaller syslematical units swithin
the Querces and Frgues graups, To this there is nol much o add. 1
may ouly he mentioned that ScuorTEy (1912) has shown that some
fostanapsis species have the stigmalic surface extended over the whole
— i these species (Tndleped — lop; perhaps iF mey also be pointed out
it sonne Nothofoagus species have o ostvles and stigma-tvpe, that does
ol differ very muoch from the Lidfwearpins type. There are. thas,
transilions between the dilferent bepes, and with SCHoTTEY (o) we
may assine o development lowards a dilaled stigmalie surface in con-
neclion with biological conditions, viz, transilion {o wind pollination.

The carpel nmmber is gencrally lhree, though even in species that
as a rile have this number it often rises to four or live (see Fig. 4004
and B, Some geoups have regularly o larger number, The genus Coste-
e has Lor instance 6 carpels (e.g O premila) or even 7—9 (in €, gafing
up o 12, and certain Lithoearpos species of § Cyelobalanus hiave 5—8
such, which in both cases comes Lo expression in the ovary as well,
which nequires a lavger number of eells, In the genus Cyelobalanopsis,
too, the styles are as a rale more than 3, offen 45, somelimes even
T oor & Camus, 1954, PL 41, Reduclions and fusions ol carpels are here
commaon | Fig, 41 A} apparently there is a transition from a primary
larger mmnber ta the trimery eommon in Qeercas. Thal a larger number
is presenl here is of o special interest wilh régard to the indications
suggesting [hal the eupule has avisen throogh fusion of three, as well
as the unjon of e three staminate {lowers of a dichasium to one,
Possibily such o Fusion has also liken place between the pistillate Dovwers,
although no prool of this is educible from the large number of
carpels, in as much as soch a number likewise occurs in species ol
Crstanen, where the lowers are arcanged in dichasin, There are how-
ever other reasons arguing lor the view that such @ [usion has taken
place. Sometimes it may be observed that there are three chambers in
the ovary Iying at the side of cach other in the same posilion as the
Flivwers in o dichasium (Fig, 41 Fi, and in other eases, when there is a
regular lrimerous pistil, i1 may be seen that cach carpel al the inside
bears two ridges =carpel edges (Fig, 41 G, which is probably withoul
correspondence in L frocoarpes,



Fig. 41 A Cyelobalanopsis glawca. fenale flower with 5 sivles, two of which are
comleseent {4 wnd one devialing i¢i; B the same, female Dower with s small,
rudimientory stxle (o], 1w coaleseent stvles () and o style with oo lomgitudinal siripe
that may indicate a fusion te), br braet, b bractenle; © £ speebes, Lemale Oower willi-
ol cupule, 4 styles, one of which is stnaller (o0 82 Oower trunsitional Letween male
aned Temole Tower in Libhoeor pas fleaplgiiue, B the same of L deal beetirs, a, F
seplic-like gtewetures inside Hwe periznth; F eross seclion of ovary of Cyelobalanopeis
aoata; 6 the same ol snofher fower of the same species, somewhal higher up n
thee ovary., A E aboutl = 1, &G more cnlarged

The assumption of a [lower fusion seems (o be in opposilion lo
the statements that roadimentary side-flowers may ocenr in the cupules
of some Chierens species (Scawang, TG, Che rbra and Cerrix; LEND-
NER, 1916, p. 165, wilh reference to BalLpLox 1876, here o Figure of
Qu. hybridas, which has apparently given cause for the shalement),
In Qhrercus rubra ond Cerris, however, the rudiments seem bo be un-
developed cupule scales, homaologous o the other seales, which al some
sections may look like fower rudiments, and il Q. hybeida, figured
by BarLLox, is identical with Qo Tusitanico, as il probably is, The densely
clustered flowers here belong to separate eupules. though this is mot
evident from the Figure.

The guestion of the origin of the flower and cupule within the
family Fagaceae allracts greal inderest, As in several genera, Costo-
nea, Castanopsis, Cheysolepis, and Lithocarpus, there oecur rudimentary




Fig, 42, Cheereas roiwr, biscxual or otherwise devizling Howers af the top of (he
female eatkin, A flower with 6 stvles and 4 stamens (g anther, b appendage that is
apparcnlly o lronsifion befween stumen ancd carpel, ¢ the same, more earpel-like)
Bohe same [ower o lopgiudinal seclion; O flowers with | larger stwles soud two
smaller ones [0 anther, & strocture apparently  feansitional betwesn stanen and
cappel, ¢ teansitionnl strocture. partly stamen-like, partly corpel-like: o lower inserived
sI,_\."l,l:'!; D \he same lower an [1_11]5"i||.||;'|i||a| secling (o filament of normal stamen,
ey in €, d a small stylo-braoeh); E flower with 5 Wigher located styles, & of which
prolubly correspond o cach 2, aml a small. Jower dinsecbed, B fo anther, ¢ and
lomger permnti-leaves, glalwous at the lip ¢ shorter perianth-leaves, hoiry, J scale-
gromps) s Fothe same Noewer in leogilodinal section, the designations. fhe sane; &
devinting flower togelher with o normal, loogitadinal scetion (b strciores probolily
bransilional betweon seales and <lamens, ¢ seale probally belonging to the devialing
Bower), = 1k

pistils in the male flower; the madiment being espeeially large in the
primifive genus Lithecarpisg, it has been supposed thatl the flower has
developod from an originally hisexual one. Another possibility, how-
ever, is also conceivable: the flower mav have arisen throogh reduetion
af s infleresconce wilh a whorl of staminate flowers around one or
more central pistillate Towers, The perianili-leaves would in such cose



110

i r'L'uIi.l:-.' e Lwnels, which Flw:lf also undeniably 4~|1'1|:|l"lllk' Fessean bl e,
Seme clueidation of the question which of he Iwo possibililies has
been the one aclually occurring is given by the eases in which bisexual
or intersexual flowers appear. This happens sonelimes in Quercies,
e i Qe roleer, where above lhe Female Nowers there may oceur
anolher flower with both stamens and pistil developed [ Fig. 421, The
pristil is here of unusual development, both in form and in carpel nom-
bier {el. for instanee the normal and the deviating flower in Fig, 42 ;).
Besides the lrequently aboul 5—46 eonnale carpels there may in several
cases be observed one or fwo others, small and thin, free from the
Former {Fig, 42 €, d; E, b). Transitions between stamens and carpels
vceeur, loo (Fig. 42 4, b and ¢ probably: €, ¢/. These owers are now
somelimes surrounded Dy oa simple whorl of scale-like perinnti-leayves
i Fig. 42 A), but in other cases (Fig, 42 EF—F) the number is larger and
P clifferent kinds may be distingoished, on the one hand inner leaves,
varrow, glabrons upwards, on the other hand outer, shorter and
brosder, pilose. OF special interest is now thalt the stunens may be
inserted outside the inner perianth leaves, as is shown by Fig,
2 F (1o the lefl, g outside of ¢) and spring from the axil of an ouler
leaf. Asshown in Fig 42 (0 (to the right of the figare), there may also
geeur smll ebyvade struchures, apparently {ransitions belween stamens
and seales (0], ootside as well as inside the periantlh-leaves,

Alsa in the genus Lithocorpus there are nol infrequently flowers
transitional between slaminale and pistillale, whicl are olten Jocated
in the border region belween the male and female parl of a ealkin,
In these flowers there are some devialions too, Thos, the cup-like
perianth of £, ifeaplyfins, caller reminiscent of that of the oale (Tower,
may be dissolved (Fig. 41 1) into several free lobes of different size,
and in L. dealbotus it was observed thal small, pilose seales appeared
inside the coarse perianth leaves (Fig. 41 E). These seales somelimes
resemble slaminodes, and somelimes (L. ifeaphyllos, Fig, 41 1), as a
maller of facl, there may be observed a stumen quite oulside another.

The increase in number of perianth-leaves or seales thal occurs
in the bisexual [owers of Lithocerpus and Quercs s, of course, doe
to o tendency 1o cupule-formation beyond the perianth proper, Judging
(rom the conditions in Lithocorpus jusl menlioned, the perianth of the
male flower is not directly homologous to that of the female flower
But o o whorl of enpular seales further ool

Anolher instunee of bisexual and inlersesual [lowers is given by
win abnormal variely [in reality o chitacra, of, FLIELMQVIST, TOEL of
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Frg, A3, fruercay robar var, heterophgtfe, Bisexoal or otherwise devialing Nowers,
A flower with | sivle, 1 large and 1 small stemen (B Broct); B flower with 1 style
and 3 slamens (o 2 stamens, col off, » oarrow, ecurved scale, glbeous, be bract):
O floweer with 2 skvles and 1 stamen (B porrow lead belboeen The pisti] and the slamen,
glabrous upwenrds, br beact): D flower with 3 sivies and 2 sivmens (8 2 cosloscent
stylex, b 2 seales nnited bDelow. [com the axil of which the large stamen most nearly
cimpnales, ¢ 8 small seales arovnd (he ree style o the right, o 3 soonll seales aronnd
the smaller stomen); F flewer with | slvles io lomgiludionl section (br heact,
Boperianth—enpular scales, o steactore apporendly snsilional belween stamen aud
perianth-leal — cupular scaler; P flower with 4 siyvles (b heacl, e narrow scale,
inserted just below the adjacent siyle, s style thal below o e one margin pisses
over inbe o bairy seale), 0 10,

the common oak, Coercas robar var, hefereplygifo. The flowers here
have a very devialing structure (Fig, 43), possibly owing o different
nuleitional eonditions, They generally contain 1—4 styles. usually free,
and T—d4 stamens of varying size; all of very irregolar socangement.
T webedition theee 1s oo small pomber of sureommding seales, of varying
shape, size, and height of inserlion, These seales ave cither andivided
or 2- ar A-pa red, and often there are bao or three narrow seales side
by side, certainly corresponding lo one 2- or S-divided scale. Sometimes
i stamen or a pistil may be observed (o spring from the axil of a scale,
and in other cases o pistil (Fig. 43 £, ¢} or a slaomen (Fig, 43 1, )
may be enclosed by three small scales, undoubledly corresponding Lo
vne three-lobed scale. In some cases there oceor transilions between
carpels and sedales (Fig, 43 F, &, mm other cases apparenlly between
stamens and seales (Fig. 43 E, c).
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The flowers deseribed show transilions belween oosimple perinth
and o perianth with an additional cupule-strueture, The surrounding
leaf-slenctures may be vegarded as intermodiate belween lepals and
cupilar scales, The free carpels ar stamens, which may olten be seen
o spring from the axil of a scale, ave, infer afio through their irregolar
arcangement al different heights of the axis, very reminiscent of small
flowers of simple arganizalion, which spring From the axil of a bracl,
in the same way as this is he ease with those stamens in the first-
menlioned (uercus flowers which (see Fig. 42} are inserled in the axil
of a scale outside an inner perianth leaf.

Thal the flower of Fagacede is a reduced inflovescence is confirmed
by the conditions at the formation of the male lower within the genuos
Cyclobalanopsis, The staminate flowers may here, as was earlier shown,
avise through Tusion of theee, and then in C. acata a large number of
the perianll leaves muay subsist, with one or two stamens in their axils,
though their arrangement beecomes different, This surely must be con-
sidered as a proof that the coalescing Mowers are in reality inllorescences
with a numlbwer of small flowers uniling into a new inflorescence, o
cireumstanee that facilitates the union both in this and the other cases
when it oeeurs in the family.

The infloveseence nalure of the Cower seenis also 1o be proved by
Barninox's alwwe-menlioned observalions on lhe developmenl of e
slamens in Costanea, where first a sluomen is laid down inside cach
pevianth-leal and later one or two younger ones may De developed al
cach side of i, Thus, there is formed a small group inside each leaf:
within the outer ones there oflen seem 1o be lhree, inside lhe inner
leaves one two (in Fig: 53 g it is evident that two are developing inside
one of The leaves).

As regards the origin of the cupule there is reason 1o nolice the
above-menlioned eases with double whorls of seales around Lhe flower,
where the outer also bear slamens (somelimes rudimenlary) in their
axils, as well as the transitions found between stamens  (or earpels)
and scales. These condilions may surely be laken as an indieation el
lhe pistillale flower forms the upper parl of an inflorescence, where
the lower part only consists of bracts, whose flowers (probably stami-
nale] have eilher disappeaved or been transformed into seales, so thal
the whole forms the leaf slruelures of the cupule, The lower hracls of
the presumed original inflorescenee, thus, would at the female [lower
give rise Lo the cupular scales, the wpper ones Lo Hhe pevinnth of the
flower, wherens — as is evidenl from above-mentionsd examples lor
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Fig, 4. o Litlhocacpey casfanepsisifelins, cupale and froil in loegitodinal section:

fr the same, fermnple Mower and voung eupube n longiludinal section; ¢ supale with
voung Feuils of Crstanapeis ineemis in longitudingl soclion. o amd ¢ 205, 6 0 ML

Lithocarpes — in lhe male flower onby some outer seales would remain
and Form ils perianth,

As the ovary of the female Tower o5 inferior, the pecianth-leaves
thus conmating wilh it it is of cowrse not surprising hal ina group of
Lithocarpos which is apparently very primitive (Syneedegs| the cupule
seales are partly so oo, This is probably o very orviginal condition,
presunable also becanse the union of the cupule with he owvary is
discernible al a very carly stage (Fig, 44 6.

The development of the Frult undoubtedly affords some condilions
ol inderest, more perhaps however wilh respect to the relalions o olber
Families [han 1o the intea-family celationships. As was alveady pointed
ot by ORsTED (18671, in he genns Lithoeerpus here are some simi-
Larities in the fruil steueture 1o Degplandocene: some species have o very
thick froit wall, two-lavercd. and in the innec park there are Beunae in
e wall as lor inst. o Jugdons, seme species have false partitions in the
ruil, so thal the lolal number according to OnrstEp (18710 may rise
o 12 or shll moee, Somelimes there are {(eg. in Lo oegrtorfigoefo,
L. pletyenrpus) o lacge number of irregular indentations of the [ouit
wall, so that the condilions are quite reminiscent of Juglamdacene. The
Fogus group, on the other hand, shows some similarities lo the Family
Betulaeear in the Feudl stroclure. The frodl is here strongly edged and
somewhad alate upwards: if the pistil is dimerons, as in the mid-
flowers of Nothofages, the fruit is thin and [allened and is then sug-
gestive of the froil of, for instanee, Adrus,

B
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The ovoles are two in number: in each eell of the ovary, thus
cgeperally sixoin the ovary, onlv one of which is as a role further
1!:"!.1'|upi~|;i. PEXNSON | 18UY) has i||v{'5ﬁ5_.!:tlm| the embrvology of the three
genera Fagus, Querens, and Casfenea. The ovules are pendulous and
epilropous, with two infeguments, Buxson poinls oub several peculia-
rities whicl are reminiseent of proanitive groups, though they are nal
only found there, 'Thus, in Foages there is formed an axile sporogenons
lissues o the nueellus, consisling of several parallel cell-vows:; from this
lissue he embryo-sae develops, apparently al eather varyving places:
sometimes lwo embryo-saes arise, and nol infrequently there ocenr eells
wilh more than one nueleas, which do not develop forlher bul are
probably 1o be regarded as an incipient cmbryo-sae Formalion, 1o the
axile cellrows of Cosfanea and Quercas there is one that is devialing
and thal can only be designated as sporogenous tissue: the embryvo-sac
aoriginates in this. A point of special interest is that in Castanea there
may be formed one or more leacheides al the base of the embryo-soae:
aceording lo BEXSOR, these canmol have any aelual funetion bul musl
be a wveslige of lissues thal have disappeared in the phyogenclieal
developmenl, possibly Lo be compared with he (racheides thal in Casee-
rinii are formed from the sporogenous issue, A common feadure to all
genera is the formalion of a long, chalazal protuberauce (caccum) from
the embryossac, also o certain similarily o Cosoparing: the pollen-labe,
howwever, does nol enter throogh - this but throngh o large epiderimal
eap lving over the mieropyle. Thus, there does nol oeear chalazogamy
here as for dostance in Juglandaceae and Betolaceae: as in these
fumilies, the pollen-tube may however al least in Querens and
Fagus sendd oul blind branches, The lime between pollination and
fertilization may be very long. in species of Cuercus wilh biennial fruait
ripening over a year (ScisarrF 1929, p. 275, with references 1o several
anl hons

The evalulionary Hnes aned relalionships existing in the family
Fagaceae have already been elueidaled in the main in the morpho-
logical accounl, Both with respect o inflorescence and {o cupule there
is elear evidence that the genus Litfrecacpos 15 the most original genus,
from which two separate lines of development emanale, the one to
Cyclobolonopsis and Cuercus, the other (o the Costanea and Fagrs
groups. In the siracture of the flower ilsell’ there are cerlain condilions
arguing for the same eowrse of development, while other circumstances
al leas! are compalible with such an assumplion.
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OF the Iwo genern Cyelabalenopsis and Querens, which {orm the
ane evolulionary ling, the former s more closely connected with Litho-
corpies, In the Mlivwer structure and cupule af !‘.”{‘fr]hl’lj".ﬂﬂpﬁfﬁ i 1s o still
possible to follow the transition from the Lithocarpus tvpe (o the
Chtercus group, as the catkins are here also morve reminiscent of This
type. Il does nol, however, seem o be derived rom & Cyelebolonas of
Lithoeorpos, whiclh hos o similar cupule strueture,  with Jomellae
instead of seales, bul from the bype of § Synaedrys. This view s
supported. as mentioned abovie, by the Lomellae oeeureing al The surface
of the froit and forther by the Tact that also the pistillale flowers were
here originally gquoile cerlainly arranged in Whrees, as shill oceurs i
some cases. This is often the ease within § Sgnaedrgs, whereas in
§ Cyelebalanus (he pistiliate flowers oeeur as g tole one by one in the
calkin, Somelimes, besides, there 15 also o lamellale cupulé within the
seclion Synacdrys,

The genus Quercus may on the whole be regarded as o furlher
development of the Cyclebalanopsis vpe, as was shown above in regard
to flower struclure and cupuole, On this aceount there is perhaps no
very good delimitation hetween these genera, and, indeed, they are oflen
united o one. Cyelobalanopsis is dislinguished, however, by several
important morphological eharaeteristies thal separabe il Trom Quercns,
e lamellae al the cupule, the lnmellae or rings alzo regularly oceurring
al the upper parl of e feait ilsell. the fordg of he female Plower and
its regnlar, fleshy leaves, the erecl inflorvescences, to some extent the shape
of the stigmas, The grealer number of carpels, the more primilive struc-
ture of the male lowers. Such prominent invesligators as OrsTED 1867,
IR87I} and SCHOGTTEY (1912) separate the twao genera from each olher;
SenoTTRY alse on the groond that they seem b have different deriva-
tion. It is of course also quile possible thal Querens has some direcd
relation lo Lithocarpus as well as o II':_rp'fﬂhrrfnur.lfmr'#: il Zoes i)l."{'i_]:'l_i'l-:;i
hack o some Lithocorpus gronp with sealy eupule, 1 thus seems
Justifiable 1o regard Quercus and Cyclebalanepsis as separale, though
relaled, genera, Any further subdivision of (ueerctes inle o number of
genera in accordance with ScHwarz (1936) seems however searcely
Justifice in view ol lhe less marked differences in the Coral morphie.
logy and The eircumstance thal these groups probably form a single
evolulionary series,

With the Castanen group there begins another line of development
from Lithocacpus, chavaclerized by the flowers being independently
developed and structurally very like those of Lithocarpus, while the
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cupnles of a dichasinm coalesee inlo one, wnd some other changes lake
|I|ill'1‘. In the senns f,'rf.v.fnm.r;h\'fs the coalescence s effectsd i such
mvnner that the copules of the two side-flowers directly grow logether
al the abaxiad side, while the mwid-cupule forms g adaxial parl: in
Costanea Lhe original side-eupules ave al both sides separated by owall-
parts formed by the mid-eupole. Wilh regard o this amd the existing
dilferences in the inlloreseence, the two genera should probably be
regarded as parallel lines of development with different points of
depariure and on this accouni in spile of severnl similarities s
clearly dislinel, Within Cosfanopsis there is o rather greal dilfereice
between the sect. Calfaencarpus A DAL, characterized by fusion belween
cupule and ovary, and olher species. Onpe might be inclined to think
thal here it was o gquestion of two groups (hat had difféerent derivation,
the one from the seehion Synaedrys, the olher from the seclion Prasania
or Clidnmydobalunus of Lithocarpus, However, in view of the fael thal
there ave all sorts of leansitions within Castanepsis between adnate and
{ree copiles (for insltance, the cupule of G fnermis, almost free at an
early stage, see Fig. 44 ¢, and that there are greal agreements belween
the seclions in other respeets, i seems more proballe Thal the seclions
have o commmon ovigim dawd o ave eonsequently relerable to the same
gens, Somewhal different eondilions are presenled by the species thal
is ealled Costanopsis chrysophylle (with (0 semperpirens). W diffors
from the other species inseveral essential characters. Firstly the in-
florescence s different: the pistillale flowers ocour in androgynons
catking amd the dichasia are 3—7-flowered instead of 1—3-flowered.
These are characters which arve to be found within Lifocarpues, and
also within Castonea, bul which can searcely have arisen through some
development from the Castrmopsis type. Further, the eapule is of a
very devinling vpe, open and lobale, wilth teansverse rows ol spines
gl the lobes, the rows helow parlly uniting inlo lamellac, and with
scales o the margins, which bend inwards over the mner sorfiaee,
These characters are 1o some extent reminiseent ol the Fagus group,
especially of Nethofagus, while the walls between the part-enpules,
well-developed ol carly stages. are reminiscent of  Lithocarpas. The
absence of perianthopodiom o the Female [ower may be o omark of
resemblance both o Lithoearpns and 1o the Fagus group, the sharply
riangular ovary o the latter. Froils that are somewhat trinngular
may however gceur in Casfonopsiz too, as well as walls belween the
Cruits, and a parallel with the Costanopsis Wype 15 the meeting of the
privgiey side-cupules at the abaxial side, os e bilobale side-cupules
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also form some correspondence to the bwo-parled ones of many Caste-
nepsis species, the parls being separated at the opening. Wilhoul donbt
Castanopsis chrgsophylla is o some extent connecled with the other
Clastanopets species — and, above all, belongs decidedly to the Cerslinee
group wilth respect to slylés, stamens, cupular spines efic. — buol il
shows considerable devialions in importand characlers, in some respecls
reminiseent of Lithocarpes, in others of the Fagos group, and muost,
as for as the writer can understand. belong o a separale evolutionary
line, The species should on this aceount be detached as a genus of ils
pwn. for which | sugges! lhe name Chrysolepis 7. 1 am inelined to regard
the three genera belonging 1o the fasferea group as represenbing
parallel lines of development, originating from Litheeorpus-like types,

The Fugos group, witle the genera Pagus and Nolliofagus, stands
rather igolated from other gronps. The resemblances found o 1he genus
Castanea in the cupule are held hath by ORSTED and SCHOTTKY not to
mean any real close kinship 1o this genus. 1t is possible, oo, thal there
is no direct relationship of this kind, but a cerlain degree of affinily
wilh the Casfanes group must nevertheless certainly exist owing to the
great agrecments o, among olher things, he organization of the cupule,
Especially T would emphasize (he resemblanecs thal are foond to the
genus G hrgsole pis, which wore already o some exlent pointed oot by
CrLAKOVSKY (18901, The cupule lobes hal sueround the side-Tlowers
of o 3-lowered dichasium in this genus are vory reminiseenl of The

cupule lobes within the Fagus group, which are somelimes also here
separaled from the outsel (Tor instanee Lo a high extent — in Notho-
Jagus pamitio), Aod when lhe cupule is 4—7-flowered, the lerliary
flowers are surrownded cach by o two-parted cupule, jusl s in Fagus
in corresponding cases, [n Clirgsolepis, it is trone: the copule of the mid-
fower is also develaped, as well as walls hetwesn the pact-capules, bl
lhese parts undergo considerable refrogression in the onfogenelic
developmnent and may have quile disappearved in a later phylogendtic
development. Other resemblunees belween Ohegsolepis and the Fagies
group are The similar lamellae of the copule in Chrggelepis and ecertain

U Chergsodepis, gen. pow, Fegocearam; emealts mascedes eel ol roggnis; floribis
F—7— ) fascleuleils, mascults cmpibey Grocteolafis; copofis aperfis, focolos fi-
angwlares circa ffores formonithas, worgine sirea flores evferfores quosgue bifobis,
Jrugiferis exben spinosis-lomellosis of morgine quogee sgoamosis; perigonio floris
Jeminei fenui sine stipite ob evario frigono ereanfe,

Typuy generis: Chrgeolepls chrgsophyiie o comb. | = Casfonopsis chrgsophiptie
(Hoos.) DC
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Notholagus &Fu'["l{‘F.. the Focesaal OVETY wil ol |wt‘i:nﬂI';ul]ﬂllhun and the
pronounced triangolarity of this, while the mid-flower may somelimes
have an elongalely 4-edged ovary  (though sl with three siyles).
Espeeinlly regarding the inllorescence lhere are some deviations in the
Fragus group thal separate it sharply from all others, bul these moy be
due oo lar advanecd reduelion, and it scems possible 1o imagine hal
This gronp has arisen through redoclions and olher changes as a breanch
from the evolutionary line whaose fivsl parl is represented by the Ceste-
nea group, the genos Chrgselepis in Lhis developmen! forming an
important link of union,

OF the two genera belonging to the Fagus group, Nothofagis
appenrs o be more primilive in some characters, such as the occarrence
of a terminal flower in the dichasia, the comparatively few lowers of
the male dichasia, the structure of the sivles, while in Fagus the aborted
lerminal flowers, the manyv-Tflowered  male  dichasia and  the stvle
structure imply grealer devialions {rom the original Feagacene, On Lhe
other hand, in some cases Nofhofagus shows a for advimeed reduclion
in compirisan witlhe Fagas, as in the perianth of the pistillate lower
and the development of the cupule in some species, Also i such a
characler as the thin, normally epigesl cotvledons it appears oo be
maore advaneed Lhan Fages, whose peculine eolfvledons form o transi-
tion to the other genera, The bwo genera should probably maoslt appro-
priately be regarded as pavallel lines oF development from a common
ancesteal group, al which development one genus has become maore
advanced in some respects, one in others,

The genus Lithocoarpus, which aceording (o the previous exposilion
should be regarded as the most orkginal, has with reference o 15 @real
varialion been divided inlo several seclions, oecasionally regarded as sub-
genera. Aceording 1o BaryETT (1944), there are five seclions: this author
includes subg. Oerstedia of HickEL and Casues (1921) in § Synacdrys,
which seems lo be o justifiable procecding, in spite of the peculiar
cupiles of the only species belonging 1o this group.! Some of 1hese
sections have not only in older lime but alse by later authors been

U The specics L, Boalensae, by Hickir amd Casus peferred Lo subg. flersfedia,
seemis oo he ddentioal with L. Tihecerprens (OersT.) e (Pesaein Titfeear pien
ChEmsT. in Vid, Medd, Nodurh. For: Kjobenh, 18606, 1867, po 76, Tale 111} and 1he
subg, Cerstedio with suly, Lifhocarpeea of Orsten (L), Materind (froits) of (his
species i Herls Copenbagen (very good ligures also by Orsten, Le) shows greal
agrosmients with the tignres (nol s good] of DRAgE DEL CAsTinLo (18 of L Ha-

fapsee. material determined a5 belonging 1o this species has ool Deen seen by Hhe
wriler



1149

regniideld as i||:]1’l||i’uu’]|."|1| Benera, Thus the weclinns I!'.'_J:Jlt.'hh‘}ﬂfrrfum and
Syrweeeddeys are regarded by SCuwanz (L8368} as genera, Lhe former wilh
the same name, the Latter with the name Lithocoarpus, while the other
species are relerred tooa genus Posania, Bspecially Cyefobalains also
undoubtedly shows several deviating characters. When OasteED in his
tione | 186G7) proposcd the genus, he did not fonnd it only on the qualilies
al the eupule (lamellatei, bal alse an important characters in the
inflorescenee  single pistillale flowers), styvles (erecl, shoret, high uap
comnalel, and fruil (B—4%-chamberad). Partly owing o the enlarged
materinl that has become known, however, il is clear thal this speeices
and lkewise the olhers considered as seelions — do nol show

Eroup
any. sharp limits and ace nol uanilary cither o the more anportant
characters: on this account lhey cannot be regarded as proper genera,
There ocear ransilions between lamellate and sealy cupule as well as
Between aduate amd free;, some species of § Synaedrys have lamellze
on the eupule (for instanee L. Maingayi); wilthin § Cyelobalanas there
may oceur styles of the common type (For inslance in L. Candfeyns)
Palse pactitions oceur nel only there (bub also for instianee in L. costa-
ties, belonging to Sgnoedrygs). Further, as mentioned above, f.. Teps-
mrerriin | has rings ab e fruit like the genus Cyelobalanopsis, while ihey
are laeking in olher species of Cyefobalomes: henee in this characler too
the seetion is nol unitary; the genos Cyelobalinopsis has o considerably
more nniform organizabion,

Which section of .F.:'Hmrur;u{.y is the most u!'i!.;ijlul, is nal l‘n.'ail_\'
dicided. The small £ Corglopasania, which has the eupule protracted
inlo a long covering reminiscent of Corylus, must surely represent o
special line of development: this is prolably also the case with the
section Chilamydobalans, in whiclh the cupule eneloses the whole froil
wilhioul being united Lo il Thi sections Cgelobalanis aod Synaedrgs both
show original fealures, The simple temale calking of Cgeloblanns are
held by Scdorrey (1912) 1o be a more primitive charaeter than the
compound ones, and il might of eourse also be thonght that the fusion
ol cupule and fruit that is met wilh in Synocdrgs was o lalely developed
character, so that this section was not as original as Cgelobadarnms.
There oecur however in Lithocoarpus examples of redaction of S-Tlowered
dichaszia into one-floweridd the former thus appeasr more primi-
tive —, amd, a5 menlioned above, on I'I].ul'lrh:!llui.:h!;ll grounds il is
probable thal the fusion of the eupule with Lhe ovary §s o primitive
lealure, which is confirmed by observations of The development ol the
flower. FPurther, in one case there was observed in Cyclofalonns a
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developrient of The cupule which. like thal ceeurring in Cyefobalanopisis,
musl Teace ils origin from The Sgnaedegs-tvpe. I must consequently be
assumaed Lhat § GCyelobalanos is less original than § Synacdrygs, and
probably the same is then also trae of § Pasoni, though there are
some original femlures in this also.

Taking then into considerstion the affinities which the familv
Fugaceor andd hienee the order Foagales — show (o olher groups, and
especially o those treated earlier here, steess should in the first place
be 14id upen the agreements that in several cases mav be observed wilh
the arder Juglandales, Especially in the frall stroelure there are some
features reminiseent of Juglomdaceae, such as the thick walls, oceasion-
ally with lacunae, and the numerous wall projections and correspond-
ingly incised volyvledons of some Lithocorpns species, and also in the
structure of the male Mower o certain resemblance may sometimes
he recognized. These similarilies however searcely have any  greal
importance! hey are to be regarded as parallel phenomena, natural in
related orders. More important are the essenlial agrecments found in the
gemeral floral organicalion of very original bypes in both orders, In
some primilive Myricecene i may be obscerved thal the pistillate flowers
are psendanthin made up of cenlral lfemale flowers and — usually
redueed — male flowers sround them, the braets of which may
— owing 1o phenomens ol coalescenee — emanale (rom the surlace of
the svary., The eonditions within Litheeorpas & Synaedreygs seem lo be
a clear parallel Lo this: here, too, we have a pistillate flower which s
evidently of psendanihic character, with a oumber of cmply bracts
surrounding the flower and parctly emanating frome the ovary, In this
case there is a superior perianth. according o the wriler’s opinion
formed by the highest bracts: no soch is as vel developed within
Myricaceae, which family on Ihis aecount shounld probably be held
o have o somewhal more primitive posilion,

With the order anu.lrf'.lp.i‘.'r'r.ifdrw there are in f"a:';r;h‘.i‘.' SO agree-
mends which al e liesl glance appear rather greal, The Troil amd the
cupule are exleriorly of similie appearance, and there may e a
resemblanee, too, between the cirele of male flowers somelimes oceurring
in Bolamops and a staminale flower in Fogocene, As earlier pointed
otl, there are nevertheless also considerable differences. which are of
gregaler importanee than the rather superticial characters mentioned, as
for instance Lhe different nature of the cupule in the bwo eases. the
absence of perianth in the female flower of Bedanopsidales, the different
structure of stigmas and fruit. ete., and the Balanopsidales seem for
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Ihis reason o be eloser o Foglandales than ta Fageles. There e how-
ever some agresments of real importance deserving special menlion
is e fnel thal the Dowers of Fagades seem lo bive arisen through o
similar developnient from  simplyv-buill inflorescences  That may  be
followed  within  Boalanopsidales oand for this reason il seems
probable that a eerlain dezree of atfinity exists. though it is nol certain
that there is a divect line of development.

An indubilable and rather close relalionship exists 1o the order
Betulafes, which us o matler of lael is vsually ineluded in Feogales,
Betore The relalion belween these bwo orders is discussed, the order
Betvlales must however first also be {realed.



Order 5. Betulales.

(Befuteréene A, BrRAUN in Ascn. FL Prov. Brond, 1, 1864, p. G2
PrANTL in ExGrer-PrayTL Nat, Pfl-Tam. 111, 1, 1889, p, 38; WINKLER,
Das Pflangenrcich IV, 61, 1904, p. L5 pro fanedio

Family 1. Betulaceae,

(Betulocear BanTiang Ocd, pal. pl. 1830, p. 99: REGEL in DG
Prodr, XV, 2, 186GH, p. Ll Betalaceae trib, Betaleae Winkeen, Las
Pllinzenreich 1V, 610 1904, po 19, 56, el suctl. plur,

fmportant llerature: Erepokn, [B78; PrasTi, [880; Brxsox, LEG WINKLER,
1804 Worrent, 1900; ARBE, 1905, 1918,

The inflorescence is within Betmloceae as a rule a eatkin composed
of dichasin, bul both in the arrangement of the catkins and in the
strociure of the dichasia there ocears some variation, so that some lines
of development are discernible within and between the genera. In the
arcangement of the eatkins the genus Alnas shows the greatesl varia-
tion, A species thal in this respect appears very original is A nepn-
lensis, belonging to the seclion (lethropsis. Here the calkins (Fig. 45 a)
form large panicle-like clusters in the branch lips (reminiseent of some
Lithecorpus speeiest, with several catkin-bearing branehlets, the upper
wilh mule, (he lower wille female ealkins. At the limit between the
male andd the female part of the compound inflorescence Lhere oceasion-
ally oecur branchlits with superior male and nferior female ealkins,
Anthesis takes place here (ef, Prasri, LRSS in the firsl yer of devel -
mend of the catkins, as well as in the other species helonging o section
Clethropsis. A, nitida. This species, however, ditfers by the number of
calking being econsiderably smaller: there is only a simple eluster of
male calkins in the lop. and in the leal-axils lower down there are
solitary, stalked female ealkins; evidenlly a reduetion has taken plaee
here ol the large, panicle-like eatkin-clhister,

The species A aitida faorms o ransitions 1o Whe seel, {ymnothyrsas,



123

in which the male eatkins wre arcanged in a simple caceme in the lop
andd the female entkins are cither solitury (egl in A, joponica) or some
Few logether on o ealkin-bearing branchlet (examples A, gplafiness and
Ao rabra, usunlly) in the axils of leaves thal are frequently somewhat
reduced (Fig, 45 & ¢l In some specics, as Ao omarilioe, anlhesis takes
place in the autumn, thus as in § Clethrepsis in the same vear as the
calkins are first developed, but in most species not before the following
spring, vndoubledly a more advanesd eondilion, bislogieally  under-
standable in a lemperate climale with o shorl period of vegelalion and
provcunced winter-rest

A further slep of development mavy be observed in the seclion
Alnabetiel. The calkins have here on the whale The same arrangement as
in frpmpoothyrsus. They however do not all pass the winter wilhout
protection as in this seclion, bl the kateral shoots that bear female
catking are encloged in buds during the swinter, and e female eatkins
arve consequently located in the leaf axils of the year's shools (Fig,
45 el}, thus also a development thal is biologieally explicable, While the
Female calkins in this seclion are generally two or more logether al
Lhe same shoot, in one species, . firnw, they are solilary and cmanale
higher up on the main hranch than the male ealkins (Fig. 43 ¢). Some-
times however the male catkins ave here, oo, located in the top (Tig, 45 /1,
Ll also i this case thev are more widely separate than in other species,

The nuost remarkable deviation wilh respect (o Lhe arrangemenl
of the ealkins is shown by the seelion Cremastogyne wilth the species
A, eremstogyne and lanata, Al catking here spring from the leaf-axils
of the yvear’s shoots, the female catkins higher up, the male lower down
(Fig. 3 g1, The male and the lemale catkins are thus bere aecanged
al the same shool, [ might be assomed that this was ane original condi
tion, and that by reduciion of it those tvpes hod arisen which have
male and female eatkins at different branchlets, This is however in
apposilion 1o several eondilions in The infloreseenee (buds arownd the
voung eatkins, inverled relabive order of male and female eatkins as
against A nepafensis), and alse by he strongly reduced flower struclure
in the section. Instead, the infloreseence arrangemen! of secl. Cremasio-
agye should probably be held 1o be the most derived Lype in the genus.
Muost closely il is connected wilh Afnobefula by the development of buds
around he voung catkins. With respect 4o the muloal arrangement of
male and female catkins the U firmo menlioned may possibly form
o beansiion Feom Alnabefuda bo Cremstogyne. As menlioned above, in Lhis
species there are offen female ealking above male catkins on the same



Fig, 15, The arrangement of the catkins in Wens and Setala, sehematicatiy, o Alnas

repelenuis: b A, rubra o A japenive; o A piefdis; e f A firmeeog A fonados D el

fiebeee; & &, Moimemicsiana; & B pepgrifesc; § 3, gleadefose; m B p]”r?fi’n Trmale
calkiny bloek, male eatking dalled,

braneh, though il is nol & shoot of the year bul a onesyear old branch,
The first fonndation of the ealkins takes place in the same vear as lhe
branch develops, and il it be presumed that the development of the
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calkins was aceclerated, so that they were also fully developed thal
vear, we should have a transition to the Cremastogyne Ly pe,

The genus Betoala is in the arrangemen! ol ils inflorescences more
derived Than Adfmas, oo one hand nol showing so great a varvialion, on
the olher attaching to and further developing e advanced
tvpes ol Adnus, in e Lirst place those occurring in § Alnobefoda,

The series Thal in the arrangement of ifs ealkins is mosl elasely
connecled wilth e seems o be § Costatae. Here (Fig. 45 k) the male
calkins are somewhat separate from each olther in the branch tops, and
the female catkins are artanged as in Afnws, § Alnobetada; they arve only
solitary at the shools, conlrary 1o the usual condition in this seclion,
A resemblanee lo Jdpus, further, is that the Temale ecalkins of several
species belomging to this series gre short and erecl, with persisient
calkin-seales.

The series dcuminetae and Whaee have (Fig. 457, k) the male
cilkins closely agglomerale in the tops. and long, more or less pen-
dulous calkins with deciduous seales, characters thal must be regarded
as more derived. Two species of ser. Acuminedare, B3, Morimovicziana
awd edieoieles, have several female catkins together at the same shool,
a condition in some degree reminiscent of Alnus, especially in the basl-
menlioned species: in B Merirooicziona the condilions are not quile
Ihe siame, as the eatkin group is nol localed al o shool that springs from
o lead-axil, bul lerminally al a shoret laleral shool (Fig, 45 ), a position
maore corcesponding 1o Thal of the male catkins, In B, papyrifera,
belimging o ser. Alboe, similar groups of two—three female catkins
iy also e observed al shools from older Lateral shoots of (he branches
iFig. 43 &); in addition there are however here side-shoots from the
one-vear-old branches with solitary female catkins, smd this areange-
el Dseones the predominant one in other species,

The series Huemiles, lnally, os inoseveral other cespeets, also
shows proof of strong reduclion o (he arcangement of ils calkins, Here,
the groups of male eatkins are reduced 1o o terminal catkin (oc possibly
two logelher), and these eatkins are either localed in the branch-laps
onlyv as in B glandalosa (Fig. 45 1), while the female catkins emanate
lower down, or the male calkins are arranged along he branch-sides
in the same place as the female eatkins: This laller areangoment oecurs
lor anstanee in B, pamila (1Fig. 45 m) and B pana and is probably
connecled with a lendeney Lo dioccious flower repartition thal oceurs
here, undoubledly o derived charneter too,

The organization of the dichasia —- as well as of the flowers —
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was recenlly thoronghly invesligated by Apse (1935 1938), One of the
mosh interesting observations made by this author (1938) concerning
devialing stroclural eanditions is thal in Defeda papyrifern the dichasin
may somelinies contain an additional flower What is medinn, abasial,
s must thos beoa third side-Dower to the primary flower, 11 seems
lo me as il this fact should be compuared wilth the cases menlioned
earhier (e.g. Myrica Foagap in owhich o lerminal Mower is surronmnded
by more than tweo lateral ones and should be interpreted as lavouring
the view that the dichasia of the dmenfiferae had arisen from an in-
Moreseenee in which the laleral Nowers were either more than two or
also of varving number, and that the number Jiad not been fised al two
vnlil lnter in the course of development,

SO for
assuiming Afnues 1o be o more advaneed type than Betela, sinee the
former genus has eomstantly only the two side-flowers developed, the
mid-flower aborted, whereas Betula as o orule has all three flowers,

Wilh respect to the female dichasia lhere might be re

Such an assumplion, however, 15 in conflicl with the [aet that the
braetleoles are more completely present in Alnus, generally two primary
and two secondary, than in Sefnda, where there are nol more than two
primary, which, besides, are more strongly connale with the bracl. [
15 very possible that the abortion of the primary lower in Afmos shoald
be teaced back tooa type oulside the famile: (he same thing oceurs hoth
in Pagaeerse and Corgloeeae, in the Foemer Buoily within the Fagus
group, which shows seversl other poinls in common with Beladlacene,

In favour of the view that the dichasia of Lhe genus fefila
represent o more aulvanced type there also arzues the aet that this
genus nol infrequently shows reductlions of [he numbers usually present,
bath with respect to flowers and bracteoles. Within the series Cosfa-
fae Betula corglifolic and B, globispica (Fig. 46 4, B have solitary
female flowers in the dichasiom: the same thing oceurs according o
Appe (1935) in § Humiles, constantly in B nane var, Michauwrii, in
some cases in olher species, In B chinensis the same specimen may
have dichasia with uee and two Howers in ench, as well as wilh ondy
one. When two fowers are preseat, the mid-flower and one side-
flower, the latler is oflen somewhal reduced, somelimes (Fig, 46 0)
sterile and seale-like: and sometimes there are two small seales only
al the place of the side-flowers. which are undoubedly redoced Nowers
(Fig. 46 ), These conditions clearly show thal alse in lhe series
Costedae the solilary lowers urise through reduetion of three-floseered
dichasia. Like the side-flowers, the hracleoles may also e redoced



g, 40 A Betula globispice, calkin scale from female cxtlem; B the same, unitlorons

fermale dichasivmg € 12 B chinensis, transilion Lo uniflorouns Temale dichasivm, b

2 sloeile side-Mower (0], im0 SF Dwo sesles (0l ol the place of the side {lowers

i bregeleoles), B male dichasium ol Afros eremosgtogyne: # the same of A Janefo;

G the same of L firmea the stamens removed. A—8 =< 5, C—0 anll G = 10, £ --F
aboul 2 15

wilhin Betofo, This was shown by Arpe (1933) for & Aerminedae; 1he
same thing occurs within Costatae in B chinensiy, where in Lhe same
cilkin there mny be dichasia with two bracteoles, one hracteole, or no
bracteole al all, and within § Humfles, in B. nonn var, Michauafi, where
also o change occurs belween threedobed and entire ealkin scales
(REaDER, 0, po 138; ABBE, 1H35),

The invariably three-flowered male dichasia have o development
that in Alnes shows a eonsiderably greater variation and in general more
original conditions than in Betoda. In Alngs there are eilher found four
hracteoles, the eommon condilion, or there is — wilhin § Alnebetula
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a number ehonging from two to four, often varving even in e same
individual, or the braclesles are totully lacking: this is the ease in Lhe
seclion Cremastogune (Fig, 4608, FiooIn Alngs nepafensis, aceording
lo ABBE (1935), (st the secondary and Jater also the primary bracteoles
disappear lowards (e top of the catkins. Tn Befula therve are as a rule
lwo primary bracteoles: only within § Acuminatoe is there some varia-
iom, as B, fwminifera and B alnoides var. pgrifolio, belonging o this
seetion. hove no bracteoles according o Aspi (1D353). ln B, alnoides,
howeyver, two small. low-inserted bracteoles were observed in the male
dichasium by the present writer; probably here, as in the female
dichasin of the same sechion, there is o gradoal reduction of the
bracleales,

Concerning the perianth of the staminale flower | may refer lo
ARRE (1933} for details and merely poinl oul that here, too, o line
of development may be followed from the genus Afnoes, which for one
thing generally has o more eriginal organizalion, {or the other o greater
varialion, to Hetela, which does not vary as much and shows a further
development of move advanced fvpes within Alaoes, Most species of
Afnes have a well-developed, four-leafed perianth in the staminate
lower, as the seclions Clethropsis and Gymnothyrsas; in these species
only exceplionally is some perianth-leat or other suppressed; yel o
cerlain lendeney may be diseerned within Ggomatlgrsus to the sop-
pression of lhe poslerior periunth-leal of the side-llowers and lhe
lateral ones of The lop-flower. In the section Alnebelida, however, the
pevianthi-leaves are more weakly and irvegularly developed (and more
strongly connale to each other), for instance in Ao firome (Fige 46 4,
where the flower is also evmbiformly elongated. In the Iwo species
belonging to 8 Cremastogygne a perinnth is motally locking in the shmi-
reade flower (Fig. 46 K, Fi.

The genuos Bededa altaches ifself most elosely 1o 8 Wnobetila ol Ainus
wilh regard Lo the perfanth of the male Oower g5 well as in the arrange-
ment of the catkins, #. Waxdnoeicziong shows in this respeet as well
aomore original character: as a rule it has Tour well developed perianth-
leaves, B afneides however, which belongs to the same series, Das
a somewhal reduced perianth. In the series Albae and Cosfeatae There
way somelimes be four perianth-leaves present, bul generally lhey are
lewer, olten two, and of trregolar shape. The reduction hias resched
farthest in ser, Humeles, where there generally oceuwrs one perianth-
leal only in each Mower. vie. the ouler leansverse one of The lwo side-
Mlevwers andd the anterio-median of the lerminal flower,
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The pevianth of the female flower does not show any obvious lines
ol development within the Famile, bab its morphology is of greal inferes
in ewmparison with other lamilies. Aecording to earlier authors, a
petianth was lucking in (he Female flower. The oceureence of o reduced
perianth was however already pointed oul by Worperr (1909], for
Alvies eiridis, ooed AgsE (19350 is of 1he uj}iﬂiml — nor danll correct —
that both in Afees and Befwfo there is o rodimenbary perianth, asually
fused with the ovary wall, Among the reasons assigned by the anlhor
mentioned for this opinion is the [acl thal in some exceplional cases
maore or less free perisnth-leaves may occur in Befoke as well as in

Mnns. Such struclures may also be very prettily observed in Belula
Jutea (Wig, A8 |, B, where they are not uncommon, and furlher in
somne pistilate flowers of the androgynous catkins that in some eases
occur both in Ales aond Betud.

L Afnmes glictinesa and alse in A, miridis calkins may somne-
times be found thal are male below, fomale ol the lop and thal in o
transitional zone show  dichasin  with  intermediale forms  belween
slamens and earpels, somelimes three o four in one Hlower (el ZiM-
siERsMAxy, 19221, Higher up in the catkin the terminal [lower beeomes
more or less reduced and the mumber of carpels in lhe side-flowers
limited fo two, transverse, In the lower female flowers, however, theee
is o perianth, which towards the top beeomes smaller, e two lateral
perianth-leaves showing a lendency 1o become larger than the medion
ones, Thoere is, thus, o eertain similarily o the genus Nothofagos,
where ree of the lobes in the pistillale fower are longer and form g
prolongation of the edges of the ovary: especially This similarvily s
evidlent 4;_1:111||.'||'1'~.1|u with (he lermingd flowers in the dichasia ol
Nathafagos, which are nol trimerous, but dimerous,

Androgynous calkins are also found in an abnormal Betofa-form,
var. nrticifolio (Spacu) of Betula pendula = pubeseens, which in reality
is u perelinal ehimaera (HagpsovisT, 1944). In the same eatkin there
may here be observed all possible transilions between female and male
Howers and dichosio, In Fig, 47 4 o dichasiom s shown which is
almost normally Temale: yet the side-flowers have poorly developed
wings and in the cenlral flower the wings run oul inlo free perianth-
like points (p). Fig. 47 B shows that at one side in the mid-lower
there oceur a transition belween earpel and stamen and o lobe, {ree in
its upper part (p: one of e side-flowers also has such a lobe, while
the alher is partly redueed. In another case (Fig, 47 € ot either side
of he pistil of the mid-Nower, which had two medizn stvles bul no

4



Fig. 47, Hetule prodwle 20 pabeseens, voar. oeticifodie, Transitlons between male amd
female dichasia, p perinnth segmenty, a stamens or stamen-like structures, b scales,
See further the Lext. About = {0,

wings, there was o stamen-ike steuclure (o) Uhal al s edge was unibed
with a large lepal-like wing, forming a fold beside the stamen, amd
one of lhe side-flowers had n very tepal-like lobe (p), al the base
passing into a wing. In Fig, 47 2 —8 a conlinved reduetion of the side.
flowers is very eonspicuous; in them lhere appear stamen-like strue-
lures and Free lobes, which in some eases are o be regarded as perianth-
leaves: o the termingl flower lhere are also soch., In the dichasiom
reproduced in Fig, 47 # (he lerminal flower consists of a carpel with
a slamen-like structure at either side, with o wing at the edge, and the
side-Flovwers have here ahiost disappeared. being reduced o narrow
scales. From this il is no greal step 1o anitlorous dichasia, either with
two stamens in the Plower and o rodimentary pistil. a rather eommon
condition (Fig. 47 6], or wilh two stamens only (Fig, 47 H), oceasionally
wilh a pishil ondy (Fig. 47 1. (One or two ol the brocteoles often also
disappear in these uniflorous dichasia.] In all the cases perianth-like
segments may be observed at the place of the froil-wings,

[n some of the above-menlioned insianees a distinetdon may he
seen befween (he upper free point of the fruit-wing and the lower
adnate part of i1 (Fig. 47 A, p, to the vight in the eenbeal flower) ; some-
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Himes he uprper parl is also flallened in the opposite direetion o the
[ruil-wing (Fig, 47 €, pl. Tt appears as hoogh similae condilions were
here mel wilh as in e genus Notleofages, where the Drail-wings pass
upwards inlo perinntbi-leaves; only forming erect points in thew pro-
longation. The reduction is only stronger within Hefufecene. As the
perianth-leaves of Nothofagus may bear g gland on their lop, in several
Alnpes- omd Betnla-species there oeeur, as demonsteatod by ARBE 11935,
LG38), glimds at the ovary in the same posilion as was to be expeeted
of the perianth-leaves, according lo this aulthor representing the points
aof the i]i_'l‘i:,[l]”i-h;_‘u_"il“\. {he rest of which are Tused with The OVITY wall,

With respect o the stamen-number there is g similar variation
and @ similar Hine of development as i the pevianth of Hee stamimate
flower, The grest majority of Wnos-species have regularly four stamens.
In exeeplional eases. however, strong devianlions ocenr: thus A, cre-
mestogyre and . lanata of the section Cremastoggne have only Toar
stnmens in the dichasium, fwe in the central [ower and one in cach
of the side-Tlowers (ABBE, 1935, of. Fig, 46 K, F). In Befulo B, Marime-
piezinnag shows alwul the same conditions as those pr‘mlulll'tluﬂ'll;g in
Afnus; most Betala species, however, have a redoeed shonen-number,
generally two in cach flower, and in ser. Humiles the number s often
only one, With regard to the shape of the stamens a development may
bie Tollowed from almes! ondivided stomens in WUnos Lo deeply elefl
ones in Befolo; B Macimoviczianag however has, as Afnes, an undivided
filament, Only the anther is more or less divided in Afnos, he Gilamenl
15 enfire, excepl in abnormal forms like thatl reproduced in Fig. 18
E—1, where some of the stamens are more deeply elell, indicating thal
the tendency is also present in Wpws, Within  Homiles ol Betula, Lor
instance B gplandofosa has undivided filaments, but they are here very
shorl. almost unexisting: in B, pomifa, which has somewhat longer
filaments, they are obvicusly eleft at the top, and the fael that o
clenvage 15 nol observabile in other cases is no doobl doe o the redoe-
tiony characteristic of the series. In § Clefhrepsis of Alnus the sthmens
are furnished wilth Gue-projecting filaments,

The pistil consists as a rule of teo carpels, but, as demonsirated
by ABBE (1935, 1938), trimery nol infrequently occurs. which makes
this author assume teimery o be the original stale and the dimery 1o
have arvisen throogh reduelion. The opinion secms well-Tounded, hul
I cannot endorse Appi's assumplion hat the oblique posilion of the
carpels in lhe side-llowers 15 due o the disappearanee of the adaxial
(transverse) carpel, When Betula ludea gets o trimerous pistil, which



Fig. 48, A female flowers of Befufo Tatea with perianth-segments (g1 I 0 Ivimerons
female flowers of e same al o oler stage, 8§ sile-lewer seen from (be alosiol side,
£ termingl Nower seen from the axis |poperinntb-leavess, 2 male flower of Afnus

giteditkeeer i a uniflorons dichasiom with tewo small breoelealedike structures (o] at
cne of the stemens: E—F male flowers of a laciniate Mows dveane wilh divided
shapens, one of them with a roadwoentary mstily G theoreticsl dingrom showing Lhe
origisl organigation of the female dichasiom; M oehange Tor ceachiog he Afaos
types 1 ehnnge for reaching the Betoda-type. A —0 aboul = 20, D F X 10,

not infrequently happens, the side-flowers have their thicd earpel on
the abaxial side (Fig, 48 B). This must, as [ar as | can onderstand, be
inlerpreted o the effect thal il is the median of the three original
carpels which is wsoally absent, while the bwo remaining, originally
trumsverse ones have assumed g dingonal position (Figo 48 1) as o resull
of torsion under the pressuve of the surrounding leaves, If the terminal
Flower in Betula futea gets a thivd earpel, this becomes — in the rather
numerous cases 1 bhave observed — adaxial (Fig, 48€). ABRE | 1938)
however sfales thal this additional carpel may be abaxial in olher
species, Tre Afnes o fermemd Nower somelimes oeeurs wilh bwo medisin
carpels (Ampe 1935), For these reasons il seems probable thot {he
original eondilion was Thal oceurring in Nollofogees, with two medion
carpels in the terminal flower, which in Afrues have Wotally disappeared,
in Betufo lave been toened by the slrong pressure into a fransverse
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posthieon (cf, Figs. 48 6—f). When the third carpel. which also here
wiis nee presenl. again appears il may consegquently be both adoxial
and abaxial,

We come, then, (o the question of Lhe origin of the flower in Betila-
ceae. The stamens are here markedly superposed. Thus, for inslance,
it is stated by WoLperr (1909 that when in cettain Towers e
number of slamens increases exceptionally to 3 or B, a 5l and &th
perianth-leaf also appear, supporting the addifional stamens | WOLPERT,
1909, Taf, I}, This strong connection between perianth-leal and stamen
alwrve i may of course suggest a psendanthic nature of the fTower, Tl
it is mo proof of il. Such shoubl especially be sought within the genuos
Alnirs, which as shown above, has proved to be the most original. 1t
appears as thongh there is at least a strong support Tor The psewdanthie
theory Gina struetoral sherralion that 1 observed i Alnas, Inoa flower
af A gludfnesa (Fig. 48 D, and likewise in one of A, ineone, bwo
marrow feaves ocourred above a perfanth-leaf, one al eilher side of the
stamnen, They thoas lad exactly the same appearance as the bracleolos
of @ Hower and argue strongly in Gavour of the view that the present
Mlower corresponds o a whorl of simply buill flowers, ils perianth Lo
a whorl of bracts. Possibly the same thing may be snbstantiated by the
[ael that in the eases where The stamens are branched, which oceurs
in laciniale forms, this ramificabion may bake place in differend planes,
so Tl o smmall bushy group is formed above o pevianth-leal |Fig.
43 1, F.

I the develoganent of the (rul there s the difference between

The two genera thal as a general rule Befufe has a well-developed rui)
wing amid good feoit-dispersion by the wind, whereas Afnas generally
has a poorly developed wing and little ellective wind-dispersion. Secl.
Alnebetula of Almes wlso in Ihis respect is Lransitional 1o Befubr, and
in this genuos the series Coglerdae 1nconformity with Adnes has a poorly
developed fruil-wing. T may hus be said that Betoele has o frait develop-
went thatl bicdogically viewed is more appropriate, which is a further
regson lor regarding this genus as more advanced, Inoits froit-wing,
too, & Hmniles gives proof of reduction:)

In an embryological respect the family is primitive, wilh several
peculiarities thal sre reminiscent of the Gymnosperms or otherwise are
original. According to the invesligalions of WoLpERT (1904, the ovules
in Belnlaceans were nl‘i;t'tnu"‘v four i number, issuing from {wo pur'iutul
placentas, twao from each of them, Two of these ovules, however, are as
a rule suppressed, and of the two remaining only one s developed into
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seed, The two placentas grow logether inlo one, and the pendulous,
epitropois aond unitegminous ovales then lake up a posilion tal showald
not need (o change very much for the arising of the common lype
of Jugloanelales, The development of the embryvo-sue [BENSON, 1894
WoreErT, 1909) proeceeds without anv greal devistions; there is no
rie sporogenons lissue. nor any eaecam-structures, as in Foagoeene. In
contradistinetion to this family however a typical ehalizogamy occurs
here (Nawascrmin, 1893 Bexson, 18], and the pollen-lube also shows
— compared with Fagefes — the peculiarity that it forms blind rami-
licalions |BExsox, 1894).

The relationships within the family will be quite elear from the
preceding sceoant. OF the bwo genera Alnns is the more original, Betufo
more derived. Some conclusions may also be drawn with regard to the
seclions of the genern. 8 Alnobetnde of Alnus forms in several respeels a
transition to Betwla, whercas § Clethropsis is probably very original,
Within Befala, § Cosfatee is lhe most original, § famidles the maost
derived and reduced. A more uncerlain position is ocoupied by § Cre-
magtogyne of Afnes; it is in some respecls more reduced than Afnobetula,
bt also exhibits some original Teatures. Within Hetola § Acuwminetoe
alan hias o somewhat uneeriain posilion compared wilh Alle owing to
lhe variation thal is found within the series; on the whaole, however,
it may doubtless be regurded as more original.

The relation of Hetuloceae lo olher families and orders may
approprialely by discussed first when the whole order has been trealed.

Family 2. Corylaceae.

(Corgloceae A, DU Prode, XVE 2, 1864, p, 124; Betaloceae trib.
Corglear WiINELER Das Pllanzenreich 1V, 61, 1804, p. 18, 149, ¢t al
el

Important  earlier lileratore: Fiaicsvem, 1878 Prasrn, [AS8D; DENsoN,  1REL;
WiNELER, HM; AspE, 1985 and 1938; Boarov, 1936; Haceroe, 1HH2

With regard to the arrangement of the eatkins the geneca Carpins
aid Ostrgopsis form o special lvpe: the male calkins spring here from
the axils of last vear's lesves and the female ealking are lerminal on
leafy side-branchlels generally cmanating higher ap ot the one-vear old
branches |Fig, 4% ), Corpinms somelimes has on small branclies
the male cotking placed vight np 1o (he hranch-points, bul the apper-
mosl, seemingly tevminal, catkin alsa springs feom a leal-axil, and a



LFig. 4% The arrangement of the catkins within Cerglaceae, schematically,
 flarpinas (nhoul the some in Owtryopsist, b Ouslege, ¢ Gorglas,

small tip may be abserved on the opposite side, representing the poinl
of the main axis; the eatkins are thus all lateral. In Ihis respeet,
accardingly, there is o deviation from Betwla and Alnus, § Alnobetula, to
which groups the lvpe olherwise shows greal resemblanee. In the like-
rature it s usually slated thal the male catkins of Carpinus pass the
winler enclosed in buds, This, however, is nol quile eorrecl. 11 is true
that in some individoals of Carpinns Befulos these catkins are almosl
entively covered with bud-scales, only the outermost point heing visible,
but often a large part of the ealkin projects and the bhasal part only is
surrrounded by bud-seales. And in Carpinoe Teehonoskii the male
cutkins pass the winler withoul prolection, as in Ostryopsis; there are
certainly some cmply ealkin-scales al the base of The catking bul this
is atlso the case i o instance Ostrye and Corglus,

The genus Ostrge (Fig, 49 6 has he male calkinsg gathered in
dense clusters ol the branchdips, where they pass the winler wilhout
profection. whereas the lemaole etking are developed as in Corpins,
Exeeptionally there are laleral male eatkins below the female eatkins
of the lasl year, generally only ong, sometimes (Fig. 49 b} more, The
Ostrga type is very reminiscent of Befule, though there are eertain
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differences which make it more closely atlached Lo the Carpinus 1ype,
te which il cerlainly should be fraeced back, The male calkins are here
developed on short summer-shoots which appear al the branch-tips in
June —July and besides these catkins only bear strongly reduced leaves,
The calkins spring from the axils of lhese leaves; as here is also such
w lenf elose lo the uppermost entkin and as the maoin axis is zigrag-
curved vighl up lo the tip. all catkins are cevlainly laleral. Such o
sumitner-shool corresponds undoubledly to o catkin-hearing vear’s shool
of Carpimis, which has been reduced and eonlepcted owing o a
proleptic develapment.

The catkin arrangement of Corglus, linally i Fig. 4% ¢}, belongs 1o
a third tvpe. Here, the male calkins ave clustered on side-hranchlets
emanaling from e axils of lasl vear's leaves. These branehlets are
somelimes long, wilh o larger number of eatkins (€, ealnrmg), some-
times shorter, wilth some few cilkins (G aeellanal, and bear sirongly
reduced leaves, only exceptionally was il observed that in Corglus
awellama o leal with assimilating lamina occurred al the lowest calkin
of a branchlel, The lower catkins emanate from the axils of the reduced
leaves: the uppermost is seemingly lermiinal, A differenee from the
calkin-bearing shoots of Ostrga is thal in Corglog there often occurs @
braneh wilh a female eatkin (or bwa Lo theee sueh beanches) helow on
these side-shoots: in addilion, however, such branches wilth female
caltkins as i ather L T ]L';ulll'r and with lerminal eatkins —
emanale from the one-year old branches, The branches wilh male
calkins appear in summer from buds surrounded by bod-scales: as in
Chstrye it is surely also here a ease of proleptic development.

While in Betulaceae and even Juglondoceose @ development mav be
followed from eatkins that pass the winter without proteetion le Female,
possibly also male, ealkins enelosed in buds, 1he developmen! seems in
Corglacene o proceed in the opposite direction: the Gamily may be
Iraced back 1o a bvpe where all calkins are — as in Fagaecae — enclosed
in buds during winter. and developanen! advinees lowards unprolected
male catkins. These different conditions might be explained by the
fact that two different tendencies asserl [hemselves for biological
reasons, one working for winter protection of the calkins, especially
ol e delicate female eatlins, the other working lowards o Pull develop-
micnl of the catkins already in the avhnnn, so thal anlhesis becones
so carly thal the pollination by wind ageney) may take place hefore
leaf development and also the longesl possible Hime s obtained lor
fruil development. The former lendency appears in Befulocede and
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Jugleinddeeae, the laller in Corgluerae, where the inlerests of protection
are already salislied in the original {ypes and a beautiful combinalion
of hoth bivlogically advantageous {actors s altained in Corglus, where
anthesis may entirely Like place before leat development by the stigmas
ol the female catkins projecting belween the bud scales, while the
female catkins, thanks o this arrangement. ave nevertheless enclosed
in hads,

The organization of the dichasia and flowers was recenlly investi-
galed by Anpe (1935, 1938), who as in the ease of Betalacene has maode
penclraling  morphological and  analomical examinations, Through
elucidation of The course of The bundles in he staminale Towers he has
shown thal these are in realily formed by three flowers, ie. are reduced
dichasin of the spme (vpe as oceurs elsewhere in the order. That this
is the fhel is also confirmed by the eases in whieh additional hroaeteoles
and peranth-leaves oceur in the genus Corgfizs. A (1935, 1038
reports instances of this lor Corglus americand, moxime and Vilmo-
ririi, In Corglus colurna similar conditions occur in the bisexual
[Mowers that are semetimes found in the male eatkins, wilh one or {wo
carpels, formed throngh transformation of one or lwo stamens (Fig, 52).
In these cases there are as a rule one or two or even (Fig. 52 ¢) three
exlrg seales in the ower, on the adaxial side. AL least the middle of
these seales, whieh is higher inserted (han the others, must be a
perianth-leal: judging from their lower position lhe bwo other seales
are probably secondary braeleoles, In any case the number and posilion
of these leaves argue in favour of the view that we have here three
flowers that have Tused with esch other, a Unet that, as previoosly
mwenlbioned, is confirmed by the anatomical examinations ol Asere, In
conlradistinetion o the female dichuasia the male dichasia are thus
Furnished with a lerminal flower, as in s,

The involnere lormed by the hracteoles is developed in the family
as i separale covering round each Cruil, undoubtedly a biologically more
advantagecus and o more devived condition than when all eacls aod
bracteoles of the dichasium, as in Sefidfaceae, fouse indlo one seale, In
the genus Cerpinus the involuere in such a species as for instance
. Betulns s withoul doubl of an origina] organizalion. a three-lobed
seale wilh a larger mid-lobie formed by the brael and two smaller side-
lohes formed by The bracteoles. Even within (he same genus, however,
theve are hifferent variations of this organizalinn: Carpineg japonies
bas the one, adaxial, bracteole splil off as a free leaf, while the other
is quile connale with the heacl, and several species have a more marked
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Fig. 50. Oudrpapsis Deedclioese, A female Nower with involuers: Bodiclhasiom with
two voung fruits. Hr beael, D provary bracteole, ad adaxial, ab abaxial secondary
hracleale, 1 oabout 25 20, 0 abouk 208,

lohe ot the side of the axis, often folded in round the Fruil, whereas
on the abaxial side there is no distinel lobe, only a serrate border,
which may somelimes (€. erosa) also be folded m rownd the fruil, To
some species no lobes are discernible.

These types hal oceur in Ostryopsis and Ostrgo may easily be
thought to have arisen out of this vorialion sevies. Osirgopsis has at
an early stage (Fig. 50 A4} an involuers that is rather muoeh reminiseent
ol Carpinns Betelus, though the adaxial lobe is somewhal more sepa-
riled from the other inveluere, bul ol a laler slage (Fig. 50 B il
beeomes pronouncedly biparlite in a way somewhal reminiseent of
these Carpints species which have a more distinetive adaxial lobe, The
bag-shaped involuere of Ostrege shows allachment to the bype within
Carpines where the involueral leaves unite into o single lobe, as alzo
lon such o type as oceurs in O, epesi, where The involoere sureroands
the nul.

In the genus Corglus the inveluere is staled by some aulhors,
g VAN TieGHEM (196} and Asse (1935}, lo be composed of fwo
seeomndary bracteoles, while the primary bracteole is suppressed. Vax
Tricaueym comes 1o this resull maindy through a discussion of the
different orientation of the carpels in Corgplus and Cerpinus: in Lhe
latter genus he thinks the secondary bracleoles are lacking. From
observations ol the inveluere of o Corglus species as 0 aeellan, hiow-
ever, where the lwo leaves of the involucre are wsually distinel, il
appears that the abaxial leal is distinetly larger than the adaxial, and
lurther that al the oulside of the dichasium it regularly surrounds the
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Fig: 31, Corglas apelfona. A bwo Truits: one of (hem with {wo-leafed. the ofher with

three-leafed, involuere; B0 froits with three-leafed Invelocre; 0K involucre, in

which sne of the secondiary bracleoles is somewhat connale with the primary, [rom

the side (00 ol From ahove (K # 7 dingrams showing the development, only

one flower ol the dichasium  designated, the bract black, e peimary  bracteol:
stroakiod, See further the text. A—f nat, size.

latter, whereas the condition varies on the opposite side, This gives
rise to the supposition (hal nol only bwo secondary  bracleoles are
parficipating, The maller is more closely elucidated by the conditions
in the d-leaved involueres which nol uncommonly oceur. especially
on eertain individuals. The three leaves, the primary hracleale and
the two secondary ones, may here have the position relalive 1o he

earpels that is shown in Fig. 51 B, where the bwo earpels — which are
arranged in the longitudinal direction of the fruil — arve very nearly

median Lo he primary bricleole and the two secondary bracleoles sland
one on each side of the somewhat Tallened Truit In other cases (Fig,
A1 A) the earpels gre nearly transverse to the primary heacteole, and
the secondary bracieoles are both placed one the same side of  the
oreatest digmeter of the fruil. The most eommon condition, however,
is probably that the earpels are more or less oblique in relation o the
primary  braclecle [Fig. 51 6}; |he secondary bractecles are then
arvanged s in the iest case (o this The carpels are, indeed, not exactly
median, bt o Little diagonal, as is shown by the margin of the primary
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bracteole reaching somewhal further backwards on one side of the Troil
than on the olther), These different posilions are. as is shown by the
diagrams Fig. 51 F—I, due 1o (he varving position of the carpels, while
the bracteoles have abonl the same position in the differenl cases in
relalion to braclt and main axis. 1L may however now somelimes also
be observed thal two el the three involueral leaves grow together, so
that they are stll free in their upper part and a feeble suture below
denoles the line of eoaleseence (Fig, 51 D—F). Such a eoalescence may
luke plice either belween the primiary Leacteole and one of (he secondary
(Fig. 51 b E, I, or between the two secondary (Fig, 51 1, depending
on whelher the secondary bracteoles are placed on different sides or on
the same side of the greatest didmeter of The frait,

These aclually ocenrring cases argue in favour of e two-leaved
invaluere being formed by parlicipalion of The primary bracteole loo,
which eilhier together with o secondary bracteole Forms the one leaf,
while' the olher is formed by the other secondary bracteole, or also
sl forms the one leaf, while the two secondary bracleoles form the
other. In the former case we get a parallel to the conditions [ound in
Ostryopsis, possibly also in seome Carpinus species, in the latler case
there is a certain similarity with Ostega and for instance  Corpings
Betulis, By the anatomical investigalions andertaken by Arnie of lhe
Carglus dichasium il is certainly shown (reproduciions in ABBE, 1955,
po 20, Figs, 110117, of Corglus cornutal thal no bundles branch off
lo o primary bracteole (secondary bracl according to Appe) below the
ramificiations lo the secondary: on the contrary, the branching lakes
place later, higher up, at the point where the primary bracleole mighi
be expeeted. This, however, is also completely the case in Osfrgo
(AppRE, Le, Figs, 126 —134) and might be secounted in the some way
a8 ABRRE explains i here, viz. by (he primary bracteole being grown
together with the shool emerging from ils axil,

A perianth is lacking in the male (lower of Corglaceae, Only in
abmormal ecases has il been olserved, ad then only in the genus
Cerylus, which is also deviabing rom the others by the regalar oecur-
rence of bracteoles in the staminale flower, Some examples of o
perianth in the male flower of this genos are as menfioned above
reported by ABRE (1935, 1938}, wha observed up o five seale-lilke
perianth-leaves fnoa (part-Hlower, and in Fig, 52 anolher instanee is
shown, though it is nol quite s eomparable one owing to the flowers
nol being pure male Nowers but bisexual, Within the genus Crerpines
there may. as is shown by Fig, 58, also cecar fowers thal only contain
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Fig. 52 Copgluz cofarna, Transitions between male and femade Mowers, with strue-

liures i||,|q'|'|l|||~|ii;:.|t' Pesl wownsq) sEpamesins sl rurl:r-t.‘- Lot} e L:.;1I|:I1'|. (B}, or twia free

carpels |d—f. One exlra scale in a ond e, two in B o, f three inoe, The stamins
cul alf. Abowt > 10

stumens and vel have o perianth: also in this case however the [owers
are Iransitional between staminate and pistillate; on a further develop-
mend lowards staminale Nowers the pecianth-leaves disappear more snd
more: lhey are transformed in any case to a greal exlent — into
sLATEns.

In eomtradistinclion to the staminate flower the pistillate lower
has a perianth, thoogh weakly developed. present in all geners: In
sorme eases, for instance in Carpinug and Ogfrya; it may be seen thal
bwor brnnsverse and Two medinn |ul['i:|h|||-|1‘~;1'\"f".=: are favoured, though
greal irregularvilies ocene. The original condition, at leasl in Carpings,
is however cerluinly nol o tebriomerons pevianth, This s evident for one
Wi Crom Hhe transitions bebween male and Temale Tlowers thal some-
times oceur, especially frequently in Corpings Befulus var, incisa (Fig,
531, In these (owers the perianth-leaves are detached from the ovary
and form free, somelimes two- or three-paried lobes. 11 is evident from
this that they are of both indelinite number and indefinile posilion;
thev are reminiseent of lhe irregular scale cireles surrounding the
flowers of many other Anrendt forae.
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Fig. B, Carpdnes fefalos var, fecisa,  lransilions Tetween male and Temale
Mnwers, A Oower with a carpel open below and o teapsition between earpel aond
stnmen (0l: 8 flower wilh o similar carpel and one stamen (a): © Hower with 1w
somewhat stamen-like stroctures ta and o'l 8 (lower with wo small stmens;
E flower with fwa large fransitions hetween scales and stamens (57, three stamens
with a hall aother each (o', 2 stameas willi complete anthers (o) and a smoll seale
B In A two periandh-leaves are adnade to the ovary, Pwo free: in e olher flowers
e perianth.-leaves are free. Aboul 2 5N

Some aepins species, as O Tschonoskil, have a sleongly reduced
perianth in the female Aower, and in the genus Corglus i is also
much reduced. As is shown by ITAGERUP (1942). in early slages the
perianth 15 inserted al the base of the ovary: first in the laler develop-
menl il is raised through intercalary growth to the top of il A similar
change of posilion was carlier mentioned for Juglandaceae | Oren-
miernrea|.

The slamens are as o role deeply cleft in the family, in the siane
way as within Setafacese in mosl Befula species. According to an old
record (PRANTL 1889, lhe [ilaments in the genms Ostryopsis are un-
divided: other authors state that they are divididd, and this s also the
eommon condition. though  oceasionally  undivided  Tilaments may
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oceur, which are as a rule particolarly short: probably it s o matter of
an occastonally ocearving reduelion cef. Befula & Humiles), An excep-
lion is conslituled by Corglug ferox in the section Acanthochlamys of
Corgfus, where the filnments are entine, only the anther being more or
less eliv ded, ||"|'1||r;1]r!_\ ihe condilion s the same in The olher ﬁ]’u_‘{‘.if'ﬁ
brelonging o the seclion, ©. fbetice) In olther species, as € avellane,
however, they are very deeply split, down 1o the base. 1F must be
assumed That the lendeney to this is also present in g Acanthoceloings,
which is regarded by BoBrov (1936] as the most original in the genuns,
hough it does nol appear unlil in more devived torms [ef. dlnes).

The number of lhe slamens in the genera Corglos and (slrgopsis
is considerably smaller than in Carpines and even smaller than in
Cistryer, Prequently there are in the former geneea only Tour stamens
TR comwpound — flower, Le, bwo stamens i lhe original lerminal
[Tower and one in eilther side-tlower (cf. ABprE, 19350, This musl be
interpreted as a proof of redoelion of he male flowers in these twao
genera.

The twao carpels in the family have a somewhal varving posifion.
According 1o Apge (1935), they are lransverse in Osfrya and Carpinus,
diagonal in Ostrigopsis and Corglus, The lransverse position in (stega
is very clearly evident rom the anatomical invesligations of 1his author,
but it may be gquestioned whether the carpels do nol hoave the same
oblique posilion in some species of Corpinue as in for instanee Chsiryop-
gixw, In for instance Cerepims eriflora the Froit at maturadion is obvioosly
obliguely pluced in relution to the primary bracteole, and for £, frapo-
mica il seems o be evidenl from the analomy as well, as this s
represented by Asse (1935, Figs. 140—151). that the carpels stand in
a plane that is not guite parallel to e primary bractecle and divecled
towards the secondary opes, bul al the axis side is somewhal inclined
towards the primary heactenle. Mowever, other species of Carplinas,
For instames 20 Betidups, have carpels thal mouast be regarded ss trans-
verse; the posilion varies willhin Ihis genus, and both the type ocenrring
in Ohsfrga and hal in Ostrgopsis may apparendly be Iraced back 1o
dif ferent orentations rr{t(&‘urr'ing there, The genus I‘_'or.:j.ir;s, like U.‘#r”‘ﬁp-
sts, has obliquely placed carpels, bul, as previously poinled oul jel.
Fig. H11, they do not only stand in the same plane as in Ostrgopsis,
foeal the owtside of the dichasinm inchining towards the adaxial side
(Fig. 31K, G). bul il may also ocenr that at The oulside it inelines
towenrds the side of the primary braet (Fig. 51 1, 1)

ApBE (1935, 1938 assumes that the dingonal posilion of the carpels
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in COstryopsis and Corglus has arisen theongh the sappression of o third,
aduxinl earpel, placed inside the adaxial secondary bracteole, whereas
in Ostrega and Carpinus o median carpel has disappeared. As regards
Outryopsis, however, The assumplion is in conflict with the conditions
when a third carpel occurs, which is exemplilied by AssE himself
(181, This third carpel is median o the primary bracteole, and the
carpels geperslly occurring must consequently be the Iwoo lransverse
ones: The condilions eannol be allered by the facl thal one of lhese
ithe abaxiall heeomes slerile in the rimerons ovary, Thus, in the same
wiuy as in Osfrge and Cerpinus the median earpel seemns also Lo be
suppressed in Osiegopais, in direct eorvespondence to the conditions in
the side-flowers of Alnus and Betule, the carpel opposite the primary
hracteole disappearing as here and (he Iwo remaining earpels in Osiry-
Gpsis in my apinion also in many Carpines species — forming an
ovary that as a resull of the strong pressure of surrounding organs gels
a diagonal posilion. In Corgfius the conditions are probably the same.

Certainly there are here different positions, whieh might casily he

aceounled by the suppression of in one case the median, in the other
case the adaxial carpel. bul. of course, it is very improbable thal hese
different cases could ocenr in the same species, as would then have Dizd
t b the ease, The different positions arve therefore presumably only
due o 4 more or less stoong torsion ol the origmally transverse enrpels,

Owing 1o lhe elose relationship with Betulacere and Fagaeeae it is
very probable thal, as there, the flower has arisen from an original
illorescence, There are however seareely any sure proofs ol this in the
Family, SHll, there are certain veasons arguing in favour of a parallel
being present o the conditions within other Amendiferae families. Thus,
it has been mentioned that in Corpfons Befwlos, in (he transitional
Flowers previously menlioned, there ocenr round the pistil an irregular
whaorl of seales that are poartly fransformed into stamens (Fig: 53}, this
being reminiscent ol the pseudanthin deseribed for various families,
Further, the easy coolescence of three maole flowers inlo one thal takes
place in the Family is in good agrecment with the assumphion that the
Flowers are psendanthiog such fowers are easily (used with one anolher,
as is evident From earlier instances.

With regard to the development of the froit special emphasis should
perhaps be loid on the difference that exisis belween Corglus on one
hand, with ils large. rounded. comparatively thin-walled Fruil, and on
the other hand the other genera, espeeially Carpinis. where the fruil
15 small, flallened, with a comparalively thick and very hard wall,
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Corglies s in this respeel somewhat reminiscent of Quercéus, perhaps
also of Camplornin in Myricaeene, whereas Carpinges is more reminiscent
of Betulaeece and Plerocarye in Juglendecear, Corglis also differs from
the alher genera by ils hypogeal germinalion, another similarity to the
Ocrees group wilhin Frgeceeor,

The inner organization of the ovary resembles Lthal of Sefidaceae.
There are lwo ovules having the same posilion and stroetore as in tha
tamily., one of which in normeal cases develops [urther. Inoat least
Corygls it has been observed [(Worrerr, 19049; Hacervp, 1942) that

four ovules are primarily laid down, as in Befulaceae. In the develop-

ment of the embryvo-sac there are some very peculiar features. Aceording
to BExsow (1884, there is in Carpinus as well as in Corgplus o troc
sporogenous lissue. in which a number of cells gel more lhan one
nuclens and — especially in Corpinus — several embryo-sacs may
develop, As in Fogocear, the embrvo-saes send out eaecum-struetures
downwards; in Corglug there is generally one such, bul in Corpinns
there are more, and the pollen-tubes, which as in Befudeeeae lake Their
comrse throngh the chalaza, grow by way of these into the embryo-sae,

These econditions differ rather much from these cccwrring in fe-
frideeeeere and are, like corresponding peculiarities in Fogales, o some
exlen! reminiscent of Coswarine, as o matter of fact more so than in
this arder,

The eelutionships within the family are quile clear as regards Lhe
three genera Coarpinns, Ostego, and Ostrgapsis, Among These geners
flarpinns must be regarded as the one showing the most primitive
features, and likewise the grealest varialion, and fhe lwo others
represent a [urther development of certain different types in this genus
with respect o inflorescence-arrangement, involucre, the posilion of the
carpels. ete. The development has also brooght about o certain redue-
lion, as, for instance, in the oumber of stamens. The genus Corglos
shows some divergence from the other evolutionary line. In several
respects it ogrees most with the more advanced forms of This, bul il
also shows some devialing lealures that appear original, Tor instkanee
e oceurrence of Free bracleoles in the slaminate flower and also the
hypogenl eotyledons, These devialions, however, surely necd nol mean
that the genus has another origin and should be referred to a particular
Lamily; there are also greal agreements with the olher genera and il
seems very probable thal Carging may also be traced back to a lype
that is elose fo Carpfnes and that he deviating features — or the

11
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lendency o These — have been present in the original bype common
for the family,

On o comparison Lelween the families Corglocese and Belulaceae
it musl be said that in its floral morphology the family Belulaceae
on e whole represents o more primitive |ype. Especially is this evidenl
as regards the male flawers;, which in Corgloceae arve strongly redueed
and eoalesce in threes. The developmentl of an involucre round each
fruoit musl cerlainly also be regarded as a more derivate feature, hio-
Iogieally advantageons, than the common eatkin seale in for instanee
Alnus, which is without significance for fruil dispersion. The two
lamilies are wilhoul doubt closely relaled, and have also often been
united infe one, Il seems however scarcely possible that the genera
Lelomging to Corglaceae have divectly developed from the Ivpes of he
Betitloeeae genera; the involueres has for instance quile too differend
an organizalion, and in the embryolagy, considerably more primilive
Fealures musl be said to prevail in Corgploceas, inidicating o more direel
connection with Fogrles, The two families, thus, have probably rallier
developed separately from o eommon origin and should conseguently
be kept apart {rom one another.

The arder Hetelales is mosl closely related to Fageales, with which
it is generally united. Several morphologicsl features may have arisen
through a Tarther developmenl of characlers occurring in Foagofes,
there being, as mentioned ahove, an especially close attachment to the
Fagus group. Yel there are also eonsideralle differences. There is no
stem-cupule in Betidedes, wherens bracl and bracleoles develop in special
WS fhal are ol founed in Frr;;rr.l‘.«'s. In the male lower there are
phenomena of coaleseence that are reminiscent of Juglendales, |he
female Nower in for inslance Carpings has o perianth whose irregularity
is cerlainly nol solely due to redoction, o tvpical chalagogamy ocours,
Some of these characters gre retminiscent of Juglandaoles, others of
Cagmorinales, o the latter group there is also g similarily as regards
the skmens, which here as in Bebdales show o lendeney loosplilling,
and in the bractecles, which here as in Alnas are lignified al Froil slage,
the inflorescence thus being cone-like. How  the phylogenclic lines
arve running that connect Belalales with other groups oo Fagales, is
nol easy lo sav: we must confine ourselves to the stalement that there
must certainly exist some such connection, which jusiifies Sefulales
being regarded as an order of its own, This order should lherefore be
considered as having arisen through some changes of the Fagales tvpe
and some contributions from other sides.



Order 6. Salicales.

Family Salicaceae.

Tmportunt carlice lteradure: FoHLEs, 1878 HEGELMAIER, 1880 YELENOVALY.
1004 Kakar, 1920, 1530, Grar, 1921 Gomnocz, 1924—(095; Rawo, 1926: Franen
1928 Krvvea, 1928, 1054

The inflorescenes s Ssalicdeede o simple. wmisexoeal eatking In
Pepules Both male and female eatkins. which in the family always
oecur on separate individuals, are slack and pendulous, in Sefie 1hey
are generally sHft and erecl: some species, however, have more or less
overhanging calkins and i 5. Bracteoso, which is somelimes referred
tora gemus of il own, the male catkins are pendotons and slack as in
Popifus, whereas the female ones are ereel. The development of the
=lkins 15 of eourse associated with the faet that wind-pollination lakes
place in Poprulos, whereas insectl-pollination prevals in Solie: an exeep
tivn 15 formed only by the S brocteoss mentioned (Nagarn 1930, p
A0, and possibly by some other species (Frsmer, 1028, p. 088

The arganizalion of (he flower has in comparailively recent
lines been elucidaled in a meritorions manner by FISHER | 1928],
who made thorough-going anatomical and worphological examinalions
of a large number of Salir and Populns species. Regarding the braet,
this aulhor points outl the greal agrecments between the thin, neised
brael of Populus and the genceally coarser, andivided of Salee. This
miisl indicale thal they are homologous o cach olher, in contrast o
Lhe supposilion of Nagar (1830), ol Frsver is ol the opiion That They
are ol e troe beacls of e owers al which they are siluaded, as
they not only spring from the pedicels but also the supporting viasenlar
bumdles are not detached from the mam axis bul from the bundle thal
runs o the flower. That the braets of Sefic and Popoing are homo-
logoms, may also be considered to be confirmed by the fael that in some
Sedixr speeies (5 dickyonenrn Bock & RosTH. S Hombelditane WILLD.,
Anprrsson, 1867, and others, ef. Fig. 51 4] there oceurs o somewhatb
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ineised bract, while in Popafus there may occur an almost entire one
(', alba, Fig, 56 i in 1%, Tesiocarpa the braet is shallow-lobed, bal of a
different shape From Seliz, hroader upwords), As regavds the posilion,
il is known thal in many olher Amentiferae lhe bracl may grow
together with the flower supported by it and it is probable that also
here we have such s coaleseence, which in this instanee has advaneced
s0 lar thal the two vascular bundles have also been partly nnited,
From the invesligations of ABepe (1930 on Sefuloceae it is evident
it here the bandle of Lhe brael very oflen issues Prone lhe vaseulsr
tissue running to the flower; only in exceplional eases, as in the ori-
ginal Alnus nitida, does il apparently oceur (Apsi, Le., Fig. 42) that
il already detaches ilsell at the common point ol departure of the
vascular lissue.

A matter that has been the object of greal attention by several
investigators of e Nower is the so-enlled dise that is found in Popelos
as a plale- or cup-like structure in both male and Temale Mower. in
Suliv generally as one or a few glands, oflen of unequal development
in stamingte and pistillaie flower,

There bas been some uncertainty whether this dise of Popeelos
and these glands of Sefic ave in reality homologous struelures (el
Hueariamanat, 18807, As pointed oul by GoMBoce (1924—1925] and
others, in the seclion Toronga of Populos (eg, in P, proinosa, of. Fig.
Gd e o) Wiere is o deeply lobate dise (especially in the female flower),
which forms a lransition to those Salix species lhal have a complele
whorl of glands in the flower which are uniled below (see For instance
Fig. &4 fi}, The structhures are consequently regarded us homologous.
Also wilhin the seclion Leucoides of Populus the disc is lobate (Fig,

Fig. 34 a lemale (lower of Popules prifnosa with lobate dise; b the dise from above;
e Cower of the same species, dise nol so deeply lobade; d Hwe same specics,
two anthers; ¢ P, Wilsomd?, dise of female fower, from in front) f twis anthers of

P fasiaearmay g lemale DNower of Sefie spo celaled 1o 8, Safsaf from Senegal (PEwRo
TET 1825 ns 5 colutesides) with lobufate brocl and shightly G-lebale neclarium, open
Lowwards the beact: e female flower of S austrelis wilh r'll|l-l5kl' peelarin, 4 more
profounsd ineision towards ihe beact; @ the same, male Dower Trom the side, with
i slamens oo columog &8 oritrepha, female flower (e pishil removed) with
Lheee glamds;  the some, male fower with (our glands, the stomens  remoeved;
w8 elegamtissioeg, two fomale Towers, e pistils remaoved, from the axis; o 5
Warburgli, neclary of a female flower with o thick wall lowards the axis and twa
thin seales lowards the bract; p the same, male flower with four pectary-lobes, the
ailaxial somewhal deviating: g 5. senegalensis, male flower with two lobate neelaries
and the stamens in o Oullencd eolumn; ropeeleplic male flower of 8, caprea with
four glands. &, e—f about = 10, b, g aboul > 15,
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84 ef. though not so deeply and in the Temale flower nol so irregularly
jin P, Wilsorid, Mg, bd e, often regularly two lobes towards the axis
and three towards the bracti: om this account and beeanse the disc s
il deciduons as in § Taranga, il does nol appear o be quite so ori-
ginul as here, FISHER (1928), wilhh the support also of her anatomical
observations, arrives ul the conelusion that the nectary of Saliv forms
n homology 1o the dise of Popoius, or 1o ifs periphecal pacls, She has
demonstrated thal in some Salfic species (eg. 5. Safsnf Forsk.| the
small internode that bears the Tower is upwards exlended into a eup-
like, oblique receplacle, on which the nectary (cup-like in 5. Safsaf)
is Incaled. and has poinled onl the greal similarity of his receplacle
to the dise of Popedus. The alternalive mentioned, viz. 1thal the nectary
of Srliz possibly corresponds to the peripheral parts of (he Populis-
dise, doubtless means that the author thinks the central purl of the
dise éorresponds to the eup-like stenparl of Salic, which here passes
without demarcation inte the neclary, a supposition thal in any case
also appears very probable in view of the more vigorously develuped
vascular bundles in the Popuins disc. By Nakar (19301, however, it
has been supposed Thal the bract of Saliv oo account of its different
nature on the outer and inoer side, 18— a5 a rule lormed through
emilescence of a proper hrael and a parl of the neclary: econsequently,
the nectary struclures present in the lwo genera would then only partly
carrespond, the dise of Populus being homologous to nol only  the
nectary of Salie but also o a parl of 115 bract, As a maller of fact,
however, even though there is oflen no nectary abwove the bract in
Salie, such is also often presenl, somelimes even more vigorously
developed than al the adaxial side e, 8 capensis THUNR., FISHER,
1O28). 1o hese eases he bract must surely be o brael and nothing
more, and it is Hhen also highly probable thal this is the condition in
other eases too and thal the [requent absence of the necetary here is
only due 1o the narrow space al the side of The bract,

Wilh Ihe reservation thal some central parlts of the Poprfus disc
seem to be axial sirnctures, the various snpectaries: mav thus be
regarded as homologons,

Several suppositions have been made on the real natore of the
dise- or neckary-sivuetures, Frinenr (1928) gives a survey of these and
rejects with good reasons the theories that they are only nectar-
secreling emergences or rudimentary stamens, Instead (hey musl be
leaf-strueiures. This is evident among olher things from the observations
muvde by thal suthor on the vascular bundles thal also in Soliz may
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somelites run o the neclaries, o other eases are only found as redoced
vesliges of an earlier vaseular bissue Io them, VELENOVSKY's (1904)
observitions on sumoner ealking (probably proleplicl of Sedie aaeila,
where dnslead of nectaries three free leaves may ocour, alse argue in
Cavour ol their leat-natuce, On (he olher Land, il s 8 debatable poind
whether they should be regarded as bracts or perianth-lTeayves: DBoth
GOMBOCE (1924—1925) and FisweER [(1928) regard them as a redoeed
perianth: VELENGVSEY (Le.), on the olher hand, is of the epinion that
the posterior gland of Salic aortta, which in the summer-catkins |5
divided into two leaf-like structures, corvesponds Lo bwo fused bracleoles
and that the third leaf, which corresponds to an anlerior glind, is lo
e regarded as o perinntli-leal, He compares the organization with that
ol the male flower o the Jigfendacene, where, besides the two bract-
eoles, There may somelimes be found a reduced perianth of few leaves:
There are ressons argning both in favour of VELENOVSEY s assumplion
and againsl il On the one hand, in most Salie species There ean hardly
be seen any difference in development between Lhe glandular slruelures,
and nor any regularly deviating position of cerlain glands, which might
Justify some of them being regarded as bracteoles, Also in the prolep-
lic: Salic calkins, ohserved bw the present writer in Saflir capreda, the
mimber of glands or leal-stroaclures docs nel only rise to three but
there mayv also be found four glands of ralher ireegular arrangement
(Fig. 51 r). On the other hand, there are somelimes two lateral glands
al the adixinl side, often of an obliquely backwards-orienled posilion,
for instanee in Safix orftreplio Scasein, (Fig 34 &) and 8, elegantissima
iFig. 34 mb, and, when a solitary adaxial gland oceurs, il is often
emarginate o bifid, In Safic Warburgii SEEM. the adaxial part of the
neetary is often thick and eoarse, of other nature than the thin abaxial
fohes (Pig. 54 o—pl. A special importanes seems o altach o the
conditions in Sefic bractensa Tuavry, often referred 1o o genus ol ils
owny, Chosenio, The ghinds hove here as aorule disappearcd by way of
reduction, bul exceplionally the Female flower conlains lwo  small
lateral glands (Fig. 38 a, el. also Kinvra, 1938), somewhal displaced
towards the axis. thus occupying the same position as the bracteoles

in e.g Leitneria. These conditions thal lateral glands are sometimes
present amd that they al reduction seem to disappear later than the
olhers indicate thal there really are twa Iateral glinds of a speeial

nalure, eorresponding to bracleoles, Tn their developmen!, however, they
. . +

agree wilh other glands, al any rate o most cases, Perhaps they might

all be regirded as o perianth where the beaeteoles — as in some other
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T take parl in The perianth formalion. For oo decision on this
question eertain condilions in the nature of the Tower should be lken
into consideralion. Somelimes il happens in Salic amypgdaloides, accord-
ing Lo Fisues (19281, that the neclaries not only surround the flower
exleriocly, but that some small struclures are alse found around the
base of The middle of the three stmmens, This arenes of course stromgly
in favour of the flower being a psendanthium in which each stamen
corresponds o an original flower. The same is econflirmed, as far as
Populus is concerned, by cerlain cireumstances that will be disenssed
laler. Those pseudanthia which are found in olther Amentiferae are
surrounded by leaves of Dract-nalure, which sometimes develop inlo
cupular scales, sometimes into perianth, somelimes o bolth, To this
abracieal envelopes the disc or nectary of Salicecene probably. forms
ncorrespondence, this also v respeet of The irregulor ngemend, al
which small proluberanecss may be Formed considerably Turther in than
the Bvger outer slrnelires, and o he somelimes ocenrring emergences
also on Lhese (in Salixc amygdaloides, Fisner, 1928, Fig. 6, also by the
present wriler alserved in an abnormal Flower of S alba 2 babylonica).
Without doubl they form a correspondence 1o the perianth in the
staminate flowers ol Juegdandaceae, in agreement with the assumption
of VELENOVSKEY, and likewise to the =bracleoles: of Myrecaceme and the
perianth in he lemale flower ol Leitneria, They arve however apparenily
Formed by reduction of soch undillerentiated a bracleal envelope thal
it is perhaps nol quite appropriate Lo denote them as perfanth. This
bracleal envelope has now developed in differcent waws: (rom  the
original fype with several leaves around the flower a development has
laken place in Popafos to a uniform plate-ike structare and i Salic
a reduction of varving extent has oceonrred. Sometimes this redoetion
brings ahout the tota] disappearanes of the glands: his is us o role
Lhe case in Saliv bracteosa. In other cases there seems to be o cerlain
lendeney favouring two median and bwo Iransverse glamds, Tor instanee

in the male flower ol Salic Warburgii [Fig. 54 p), conditions thal are
somewhal reminiscenl of, for example, the perianth of Corglaceae.
With respect (o the greal irregolarity that generally marks the arrange-
ment of the glands — when these are more numeronus these organs
seem originally to-have been ol varving position and number like the
maembers of the hracteal envelope in olthere Amentiferae and nol b have
developed From o perianth with definile eveles, as is sometimes assumed
INAKAL 1930, as well as the diagram of VELENOVSRY, 1904, suggests the
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sume assumplion. though this anthor does nol apparently regard this
plan as the sole aneeslral ivpe).

The slamens in the genus Sofie are either quile few, 1—2, this in
the groups Fhcndroe and Sgrondrae of ANDERSSON (1867, 1808), or
of o larger oumber. the group Pleiandroe of ANDERSSON. The latter
group includes many forms with original characters, among others
also o more developed nectary, and an this aecounl the smaller nomber
may certainly be regarded as having arisen through reduelion. Some-
times the stomens are uniled below, either inlo a bushlike ramose
column {e.g in 5 oustralis s, et Bod, ex Fr, Figo 844, which is
very reminiscen! of some Mygrice species. or there are (the group
Spnandrae) only Two stamens united below (e.g. 5 incana). which also
has its correspondence in Myricn. There may also occur o flattemed,
transversely extended column  ilhis in 8. senegalensis MERT. ex AND,
Fig. 51 ¢). as lhere may al lmes be three slamens inoa lransverss row
[Frauner, 1928, Pig 6. In Sqlic amggdaling the middle-maos) of he
three shumens is somewhat closer o Lhe main axis and generally
develops first at anthésis. Also in other cases 11 was observed {HEGEL-
MAILER, 18800 that the stamens developed sobsequently. While the
slamens of most Sulir species bave g cenlral posilion in the flower and
are Frie frome the braet, thes are in soime species, especially prononneedly
in 8. bracteosa, carried up on the surface of the hrael in o way hal
somewhal resembles the conditions in ey, Congliceas (Fig, 38 b—¢,
e—f, of. also Naral, 1930, Tab. 111 and V). In Popules lhey spring
Urinn the centeal parl ol the obliquely developed dise [Thg 54 ¢ 57 4],
mainly from ils larger, anlerior part, As stated by HEGELMATER (1880,
the first stamen-primoncdin are developed i the centre and from [here
the developmient procesds Lo lhe anterior part of the dise. fo somne
smaller exlent also lo the posterior. The stamen-nonlber moay rise in
Poputus 1o about B0 or 70 (12 Fewrifolin) o These high numbers, as well
as  the low nombers in Safic, must probably be duc to sccondary
changes. Wilhin the seelions Turanga and Lewcofdes ol Popolus There
oecur conpective-apppendages al the tips of the anthers (Figs. bd o and ) ;
for instance in P, lasiocarpa (Fig, 34 f) they are as a rle emorginate,
jusl as this also may be the case wilhin Juglandaceore.

The carpels us a rule are 2 in nuwmber, in Popalns somelimes 3 or 4
Their position. il they are two, has been somewhal differently inter-
prefed. According 1o Bamto (1926), who has examined Seandinavian
Selie forms, even as regards their flower anatomy, the carpels in (hese
are median, with the median placentas o their sarface: VELEROVSRY
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Fig. 55 Cross seelion of ovary of variens Sulic and Popules species. o Salie ele-
gantizsim; b 8. bracteass (wo oveles sl ench placentsl: ¢ 8 ineara, higher up
fome ovule on eneh placenta s o the same, lower down; ¢ Poputus Wilsenii, S-car-
pebiary ovary, the adaxial carpel semewhat smaller; § P condicans, more profound
incisioms. mithianly than fransversely: ¢ P conadersis, ovary with 4 carpels, the bwo
medimn somewhal smaller. The front side always below. oo abod 2 33 e—g

fhomt X 22

1904, Fisuer (1928), and most other authors regard them as rans-
verse bolh in Salic and Pogufus, the placenlas thus being formed by
their edges. From g eross section Hrough the ovary of g more derived
species [diandric or synandriel it may undoubledly appear as 1hough
there were bwo median earpels, The ovary in for inslance Salie ineana
being protracted in the median direction and showing deep Iransverse
incisions (Fig, 5 cl. A corvesponding section of other, more original
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species (Fig, b5 o—»b], or even lower down through the ovary ol e
same species [Fig. 33 d), shows olher conditions, bowever: Lhe [rans-
verse parts are here often thickened, with vigorous nerves, lhe ovary
is frequently protracted in a transverse direclion. In Popoafes the cavities

are often deeper in the median direction or if the carpels are more
Than wa ahove the placentas (Fig, 55 ¢, [). Fisuenr (Le.) stales thal

the median vaseular bundles sre somelimes splil in Salicaceae into bwo,
indicating thal we here have Iwo meeling earpel-edges, a splilling that
also may be observed in for inslance Popafos Wilsonn (Fig. 53 ¢); in
this species il is very obvious el the middle of the carpels is luliway
helween Lhe placentas. Judging (rom these circumstances; the common
interpretation that the carpels if two — are transverse musl he
correct. For Nolty this is alse contirmed by the Facl thal sometimes (in
S, glandedose SEEM., NARAL 1930) two rodimenlary carpels oecupying
a lrangverse posilion have been observed in the male Flower,

When the carpels are three in number, which in Sedic is only found
in abnorowil cases (observed in 5. fragilis and S, aurita by v, SEEMEN,
158%5) but in Populues is common in several species. the third earpel is
generally median, adaxial, or also median, abaxial. 1t is often distinelly
smaller than the other two (FPig. 55-¢), As Irimery is {ound in species of
Popdies thal appear very orviginal, as P. prafnesa, this might be supposed
liv be the primary and the dimery to have arvisen by way of reduction,
The theory of a reduction, however, is in conflicl with the fact thal
the carpels are sometimes nol only lhree, bul four (even in the same
specinen) and that this is found, for instanee, in the hybridogencous
. eanadensis, thus no ariginal foro, Do the trimerons and letrmmerous
gvnaecia we probably have on this aecount inglead an augmentation
of the original dimersus namber, in fhe sime way as the number of
the stamens increases in Popalus,

As regards the stigmas, o development may be Tollowed wilhin
Selic {vom carinal o commissural sligmas, In the pleiandric species
they are iransverse, thus earinal. Within ffandroe there are in for
instanee 8. sifesinen (Fig, 064, d") two transverse, rather horseshoe-
shaped sligmas, e one well soparated from the olther. In S, enpren
(Fig. &G e| They are somewhal eloser o sueh other, and in 5. daphnoides
they meet (Fig, 56 f). The nexl slep is thal the segmenls of the one
stigma grow together wilh corresponding segments of the ofher sligma;
this is somelimes the case in S, edoifnedis and is very beautifully found
(Fig, 56 in the hylridous S sfipularis (concerning this see WIMMER,
L8646, p. 184) 0 bwo median, commissural stigmas are thus oblained. In
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(heir developmen! the shigmas show great variafion, especially perhaps
im Ahe pleiandrie Safic specics. Somelimes they are here short and
hroad, uwndivided, only with a fold ol the middle (Fig, 5060 and o),
somilimes they are exlended. lobulate in the margin and anited helow
(Fig. &6 by, reminiseent of Popufns. Within the East-Asiatic  series
Erbamanae and Chosente, on the other hand, they are deeply divided
inty narrow, round branches (Fig. 58 i s o).

In Populos the sligmas are alwavs carinal. P oalba has deeply
hifid stigmas. with two rather narrow segments (Fig, 567, i P fre-
ridoirles, which belongs to the same section, the stigmas have a small
middle-lobe belween The two larger segments (Fig. 56 &), and in other
seclions they are extended. lobate and plicate, and many times Targer
iFig. 6.4, m). which is doubtless connected with the wind-pollination.

A slyle mav bolh be present and be lacking in Salic. Two lree
slyvles oecur on the one hand in S bracteasa and likewise in S Urber-
ricnc SEEM., In which 1wo species. however, they are slightly united
al the base (Fig. B8 o and o}, and on the other hand in S, glecen
(Fig. 56 f), belonging lo guite o different groug,. Within Popadus  the
slimmas are generally sessile on the ovary; in § Leveotdes alone there
i5 o quile shorl, branching slyle (g, 36 6, Nagar (1930, with Ligures)
has drawn atlenlion to o pecoliariiv in Salie brocteose, vieo 1hol the
shigmas are deetduons, the siyles Tweaking oflf helow the stigmas afler
anthesis; similar conditions are also found in ser. Uelenianoe el Fig,
58 d); and in Popalus, oo, he stigmas are early deciduons,

The intersexual flowers, with transitions between stamens and
carpels, thal are [requently found o Safie (for instance, regularly in
St = babylonica) have been thoroughly examined by Raisio (192465,
He shows among other things that there 15 nof, as is often stated, a
direel transformalion of micro- inlo mMacro-sporangia or pree persi:
pollen-saes and ovules develop at dilferent, definile parls of the sexual
leaves. which have eerlain male and eertain female parts. This 15 of
interesl wilh respeet o the possibility  thereby  indicaled  thal  the
sporophylils of 1he Angiosperms have developed from some lower [ype

Fig, o, Sligmas or female Mowers of Salir and Popafis (seen from in front or

from the axis, except o and &, which are seens from (he sidel. @ femole flower of

Serfie Dlaadboldivener, B stigmas of Selic spe rebded fo 50 Safsaf Trom  Senegal;

e the spamae of & 1'fr'rlrruri'r'.';1.rn|ﬂ_ el ol 8 stlesioen, & of S, Ll chdats |f ol & rhrp-f.lrh’afrf:':r,

gool N stipalaris, boal 5 gleace: 1 female flower of Pogning atho: L& sligmoes ol

P tremeafobfes: T ostigmeas of bicarpellary pistil of 2. Wilsonii: m stigmos ol P, Sar-
gendin, a— &7 and meaboul F01G nbout 2T


file:///ngiosperms




Eh

wilh microsporangia at a eertain part, macrosporangia at another part
of the sporaphyll

In the genns Popufas there somebimes ocenr similar inlersexual
[lowers, by the writer observed i g male individual of P, tremafo var,
erecto SyLy, (Fig. 57). They agree principally with ecorresponding
flowers of Safix, bul while the stamens here are always first united
betore they are leansformed inlo carpels, in Popofus individoal, (ree
slamens may be ranstormed. and st o more advaoesd slage there may
be ooumion with some other stumen, wilh signs of o beginning trans-
formation,

Begarding 1he origin of the flawer it has aleeady been poinled onl
that the small gland-like structures thal somelimes occur around a
particular stamen in the male Nower of Safic suggesl the correspondence
of such a stamen W an original flower that the present flower is
thus o psewdanthium, The same [hing may possibly also be indiealed
by lhe faels thal the flower of Saliz is somelimes furnished with a
smuall joint ot the limit to the pedicel (Fisner, 1928) and that the
ovary is aflen raised on a slalk thal may have similar small gland-
struetures e those which may oceur al the stinuens of the male Plower
(FisuEr, Lo, Fig: 9. Also, the organization of the occasional hisexual
flowers of Popnfis argues in favour of the pseadanthic nalure ol the
flivwer. In the male Plower of P fremula one ol the eomparatively few
(ahout 5 10) shumens iz somelimes lransformed into a carpel. vie,
thal one whieh is placed in the poekel-like depression in the dise,
cenlrally in relation to the stamens emanaling from the sides of (he
dise, mainly (he anterior side (Fig. 57 A). Oceasionally il now happens
that another stamen in the vieinity is transformed inlo a carpel and
then remaing free from the first, so that two distinet pistils arise, with
some stamens besides them (Fig. 57 €], This may surely e regardod
s indicnling that the stamens here corvespond to smull, dichasially
arranged lowers, the central ones of which may sometimes develop
il female flowers, e, thal we have here o psewadanthiom. The same
thing may be confirmed by the Fact thal o Selic, aceording o LUuND-
STROM (I875), there may exceplionally oceur three pistils in the same
female flower {observed in S, egfanea).

The fruit in Suffeales is ol quile a different tvpe from (hal in
other Amentiferae: il is a capsitle bursting ot the middle of The earpels.
[t seems however possible o imagine a development from for instance
the Joglandeceae, with which the Salicales also show some olher
resemblances, In Jaglendaceae the Truil also opens — at germinalion —



IFig. 5% Populus fremelfn var, erectie. A—f) inersexnal flowers Irom am otherwise

for The most parel ade specimen. 4 Tlower wilh a cavpel in the pocket-like envity

i Hve dise wnd G slamens: & Dower wotle one poshil and ome somewhal translormel

stamen:  flower with two carpels, one larger and one smaller, amd 5 slamens;

0 flower with coalesestice helween pistil and stamen: E—I varions transitions be.
Pween slaniens aod carpels. AR about 2010, 1K [ about =0 15

il e maddle ol the carpels. It may be thowght thal this Gamily, in
view ol its pronounced opening Lissures and its highly probabile develop-
menl from a fruil with two or more seeds, derives ils prigin from a
tvpe with capsular fruit, to which the Soficales may also be fraced
Paek, s it is also pessible that o developooent s taken place from
the Juglandacean |ype in conneclion with an increase of the seed
nuher.

Ly the ovary there afe parielal placentias al the coaleseence lines
of the carpels. genvrally each wilh several erecl, analvopous ovules. In
corinin Salix Hl.ll;_:fil_'.‘q Ihal also in other respecls appear original, LB
Soheleracheomen, S, Drectessa, S, Uebaniane, there are only Iwo ovales
oi each placenta, and his s also the cuse inoa Populdus species, Pooalbyg
iGrAr, 1921). In these cases the ovales are placed basally in the ovary
and are apotropous, thus @ postiion similar 1o that in Bolanopsidales.
Regarding that in other Amenfiferae tlus nomber is thal osaally
vecurring: it is here probably the original one, and the larger number
thiat is lound especially in Popalos s a secondary phenomenon. In
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Safix there is exceplionally a reduetion o two ovales in the ovary
(¥ ineana, el Fig. 55 ¢], Aceording o GRAF |1921), there is in Popolos,
al least in ecrtain species, an archesporium of several cells (1Though
few-celled) and in this genus, in contrast to Salie, aporogamy, though
uol chalazogomy occurs, Tnosone Poprfies species, fucther, o small
inner integument was observed inside the ouler one. whereas other
specics like Safix only had ope inlegument. The inner integument was
formed al the same fime as lhe ouler through differentinlion of a
swelling, al firsl unilary, and Grar is nol unlamiliar with the thought
thalt we here have the lormation of a new struchure. The general
opininn secms ko be thal the oceurvence of Iwo inlegumends is o0 more
original slale and thal (he ovoles with one inlegument have arisen
Ihraugh coalescence of the integuments or redoction of one of thomn,
Willient douolst this is also the case in the family Rosacene, as is shown
by JUew (1918), perhaps also in Betidoles, whose onitegminous ovuale
may have arisen lhrough reduclion of the bitegminous one in Fagales,
bul the process neced nol for this reason have always followed the
same course, The unttegminous ovule in Juglindales develops possibly
in other groups inle o bitegminous one, and such o development maoy
also occur wilhin Selicedes.

As regards the hair-tuft that is [onnd on the seeds of Saficaceas
il has previowsly Deen mentioned thal by some anthors il has been
considersd to be homologous 1o The appendages that in Suglandaeeas
cmgndle from the placents and surround the base of the ovule, This
assumption seems lo be well-Founded, and is further corrobormted by
the Cact thal Tagena (19360 and Kimora (1938 have shown that the
seed-hairs in Salicoceae do not spring [rom the [unicle;, as is generally
slated, bul from the placenta, as the appendages in Joglandacene,

Besides |he [wo genera Safic and Popofes that from of old have
been: veferred to Selicacene o thivd genus, Chosendn, has in later Llimes
Been propased and i general gained recognition. It ineludes only one
species, Ch, bracteasa, and was proposed by NARAL in 1920 (very good
figures in Makal, 1930). 1t has been accepled by Komanov (18927,
obviously wilth hesitalion; in 19249 he refers it back o Salir), by
WETTsTEIN (189351, RERpER (1940), and others, whereas by some
anthors: |Hruren, 1928: Fropervs, 1983) it is united with Salir,
Without dould it shows some very distinguishing Features in ils floral
morphology, arguing for its generie voalue, This 15 especially true of
the 1male flower. which deviates very mueh from the common con-
ditions both in Salic and Popalas. The lwo almost entively free slyles



. Xatiz brocteosa o0 and 8 Urbamioma (o —f1, o and o Temale Aowers

5 in o ocour only exceplionally, in o the breaking-places on the stvles are

eili; bopnd ¢ male Towers from above: ¢ and [ male flowers from the side,
Abwnd > 15,
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eonstibifle another such Tealure, and their breaking below e stigmas
alter anthesis differs from most Sehie specics nnd shows some similarity
lo Paomilus, s well as the pendulous male calkine A difference from
both Safiv and Popedes is the Fuet hal as a vule nectaries are wanting
in e lowers. I there had oot been any eansitions belween the Safic-
ane the Clasenie-type one might on this seconnt have been inelined
tiy regard Chosemia as a genos of ils own, There is, however, o whole
series of sueh transilions argoing for ils inelusion o Safie. Firstly
there oveensionally oveur in Saliz bracleosa, as mentioned above, two
lateral glands in the [emale flower, approaching a little 1o the axis.
Further there are in ser. Urbasdonone of Salie many resemblances lo
thi Chosenin-tvpe, especially in S Urbaniona, which in several im-
porlant characlers shows a very strong approach to this lvpe (Fig.
R d—f1: two lateral glands ocenr in e female Mower, the sivles are
of the same Iype and break in a similar way, the ovary is of a similar
struclure, the stamens are lo some extent earried vp on the bracl. A
e is that o small abaxial gland is present in the male flower;
however, only an inconsiderable continuadion ol the  development

alreaddy begun ine the Hower s needed to give rise o Lhe Choseno-ype,

The: other species within Urbanicnae form 1o some  extent
transilion: bebween Safic Urbonicena and the rvest ol the Solir-genns.
The close relalionship of 5 broctéose 1o The whole group is shown
by the fuel thol hybrids are observid helween this species and hoth
S U rBenione und anolher species of the group, S, enrcdiophgilo (Risema,
196, 1937), The series Urebaninnee might then also be ceferred o the
genus Chosenio; as a maller of Fact, Kimuna (1928) has separaled Lhe
series from Safix, thongh he referred it Lo a 2enus of its own, Toisusn,
alongside Choserio. As pointed out by Nagar (1930), however, the charac-
teristies distingnishing Tofsusu are searcely of sufficient imporlance 1o
Juslify ils being separated frome Selic, The same must then alse be
said of Chosenia, owing to the conlinuous series of transilions thal by
wiay ol Urbanicnae unites it with other Salic groups. In agreemend
wilh FFropesus (1933 1 regard Chosenio only as a series of Selir,
which is of inlerest by showing cortain fealures reminiscent of Popelus,
although sueh fewlures, as mentioned above, may also be found in
olher series,

Wil respeel 1o the relationships belween the lwo genera  of
Sedicacear, hoth Goveocz (1924-—-1925) and FisHer [(1928) awrvive al
the conclosion that Poepufuos is 5 more primilive genuas than Sedice.
Undoubledly such o seclion as Toeanga bas also o primilive orga-
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pization of the dise. ad o the embeyology of Popules there are some
foalures that appesr more primilive han in Seliz. On the whole,
however, it must e said that Seliz has a more onginagl Oocal orga-
nigalion, The variation is herve considerably larger, this applyving lo
the neelaries, the stroctuee of the pistl (pow carinal, now eommissural
shigimas of very different shape, wilh two styles, with one style, or
entirely withoutl styvle), the arrangemenl of the stamens (somelines
free, sometimes in columns] and their nomber, and also in the mnnber
of ovules there oecurs o type that seems to he the original in several
Saltx species, wherens it appears to be very reare in Popedus, Inoan
anatomienl respect also there is aecording to Frsues (1928) greal
variation in the Solie flower, whereas Populos shows very unilorm
condilions. On the whale it appears as il Poprdus were a lype originaling
from the Salfa-type — in ils mere primitive form — which was mers
pniform in the development of the disc and in other characters, and
in which at the same lime g cerlain inerease in the number of slamens
as well as of carpels and ovoles bad tuken place, thongh eevfain primilive
churacters are also lound. The wind-pollinalion oceurring in Popolis
is also mel with in Salie bracteose (Nagar, 1030 and perhaps (Fisder,
1928) also in some olher Salia species, where the nectaries are peladoid,

In Popalies the section Toarange, in ibs dise. shows some altach-
ment to Safie: still stronger however do Those atlaclunents appear to
bhe which oceur in 8§ Lerce in Pooafha, o species that in the gqualilies
of s shigmuas and bracts approaches Sedee and o The nomber of ovales
agrees with some original Salie species. Populas alba and ks allies
sheoald pruhul_r]}‘ fvex I‘L‘Hul'{h:ﬂ as he most primifive group of Prr.nuhm,
even though all other groups cannol be lraced direct back to This, but
i COLLIGL Origin ey be |u‘1::d!l!l|_'n|~ frome now extinel Torms.

The order Salicales has 1o some extent an isolaled posilion within
Adunentiferae. Without doubt il belongs to this group, Dut it is o some-
what divergent tyvpe. among olher respects in ils fruil and seed
developmenl. In these respects, however, il may, as previously men-
lioned, be a further development of the Juglandacenn Lype, and s
nectary. or disc-struclure may also be o correspondence 1o [he bract-
eoles pecurring in Myricaceae and the perianth of  Juglendoceae,
Leitnerinles in some degree lorming the transilion, The order is
apparenlly a rather transformed bvpe, which, however, has emanaled
from a primitive origin, probably most closely represented by The
Juglandales type. though relalionships apparently exisl also in other
direclions wilthin Amentiferae.



General conclusions on the Systematics of the
Amentiferae.

From the foregoing account il is evidend thal there are greal
varigtions in e Toral morplology of the Amendiferae, o spile of
this, however, there are many common  fealures ol  lmportance,
indicating that the various orders arve related to each other. This is
aleeady suggesied I the sparallel: phenomena appeating in various
orders, which withoul having any direcl phylogenetie signifieance yel
indicale similar disposilions. Within Fagales There occurs for instance
in some forms o fronl-straciuce that shows striking resemblinees to
that of Suglandacene, and in Saffcafes there s in Sedix, ser. Chosenro
aonple Nower of o type resembling thal ol Cerglocene e Befrloles,
while somne Soliz species in their male flower show great similarities
iy some Mygriea species: OF greater importance than these parallel
phenomena  are apparently  those essential  agreements which are
found in the stroclure and origin of the {lower. As shown in the
|rr|"1,’“|;‘r|i||g rages, in all arders there are 16 be found eilher pu:iilh‘l_'
proofs or al least good probability  reasons for the flower to be
regarided a3 a pseadanthivm thal has arvisen through union of @ momber
of simply built llewers., Within Juglendeles (his development is very
conspicuous in the family Myricaceae as regands both male and female
Mower, in Belanopsidales the same developmenl may be observed as
regards the male flower, while the female flower has probably arisen
in the same way, and in Fagales the female flower has an organization
that in some cases comes close to that of the maost original Myriceoceae,
though the ouler parl-flowers in the pseudanthiom only appear in
abnormal cases. while the male flowers are more reminiscent of 1he
male psewdanihin of Balanopsidales, The most original Fagoles | Litho-
earpus] and the most original Juglondofes (Mygreice) in this way come
close fo each other in important flower-morphological charselors ad
apparently may be traced back o a eommon origin. Which of the
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bwor orders is the most original, is difficoll to decide. The oeder
Juglaricledes has here been placed First, this on the slrenglh ol the
more original organizabion of the pseudanthium. On the olher hand,
the one-seeded ovary of Joaglandales has undoubtedly, as mentioned
abowe; arvisen from an ovary' with fwo placentas and at least 2, probaldy
4 ovales, and hence in this respect the order is more derived (han
Frgedes. This, however, has probably nol <o great imporlanee as lhe
ollierwise on the whele more primilive organizalion: still, it is hetter
to confine oneself to the statemend that both orders may obviously T
traced baek to s common origine The order Bolanopsidales is —— as
pointed oul above original in some characters, more derived o
olhers, and is 1o be regarded as most likely o side line parallel (o
Jugleandates: Turther data coneerning this order. especially its cmbryo-
logy, sre however highly desivable,

The three remaining ovders, Befuleles, Leitnepioles, amd Salieales,
seareely show any presenl teansition feom intlorescence o flower, hot
there are obvious signg of the pseudanthic nalure of he lower; e
redietion of he original indTorescence has here only advanced some-
whal further, The order Befulales 15 most closely connecled Lo Frgales,
thongh il is apparently somewhat more derived and shows some attaeh-
nients in oother divections as well. On the other hoand, the order
Leftneriales is 0 oa similar way conneched with Joglandales, The order
Ealteeles deviales in different rospeets rallier much from other Anients-
feree and is probably to b regarded as the most derived group, on
one hamd with strong ceductions, on the other with dillerenl fruoil-
structure and inereased number of ovales. Withoul deubl, however,
the group has sepacated from the olher Amentiferae at an carly stage
ol development: in the ficsl place il attaches 1o Joglandafes and
Lefineriafes.

The circumstance thal the Nower of the Lmenfiferae is a psendan-
Hhivim that is formed by onion of sioply baill parl flowers need nid
in itself mean that the group has an original pesilion, In for inslanes
Fuphorbia there are also such pseudanthia, and there the simple part
flowers have undoubtedly developed by way of ceduetion from more
highly organized flowers. In the Amentiferae, however, there are no
signg of sueh a development. And to this may be added asoa in he
writer’s opinion — very importand Taet that in theiv embryology here
is a0 series ol peculinrities remdniscen! of origingl lypes, of the Gyino-
sperms or of Casparing, an undonbtedly primitive genus, Sowe  of
these peculiarities. as the several-celled archesporium of the ovule,
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the [res integunment of the ovale, and the vascular hundles of the
integument, e characlers thal may be met with here and there in
the system of the Angiosperms and on this aceounl have by some
authors (cf, above) been regarded as of winor importance. Their
COMMon occnrrence in one group scems however noteworthy, evin
though they may oecasionally appear more or less isobibed in olher
groups, And (he chakizogamy oecurring in Amerdiferae has apparently
no e correspondence within other angiospermons groups, except in
Cosnrinndes: the so-culled chalazogamy thal oceurs in other groups
seems, al least in some more closely examined cases, 1o be of a different
nalure  jef, ScHyany, 19249 po 295—2097). The eaecum-structures
ocearring in Foagales and Betalales are also a0 speeial phenomenon,
which s reminiscent of Cosuarinales, jusl as some morphological
flower-charneters in Befufules also recall this gronp. By some authors
the order Casparinales is united to the Amentiferae info o common
group: RENDLE (18925) places them in this way side by side, while Bertr
Dravy (1987 includes Cousunrinales 10 Tis subclass Anrentiferae. In my
opinion, however, this order differs so mueh from the Amentiferore thal
it cannot be included in the groap, although there must exist a certain
relatiomship that eonfirms the ariginal position of the Amendiferoe.
Among ofher groups That may attach o the Amendiferae in the
first place mention may be made of Prlicales. Here there is o perianth
of similar ype, superposed stamens, some cmbryvological agrecments,
Thal the Flowers are olten bisexual need nol mean any conlrasl; we
have seen that b all appearances The Mowers of the Amentiferae have
developed from pseudanthia with female flowers in the centre. The
genus fhoiplelea, discovered in recent lmes (HANDEL-MAZZETTI, 1932),
nay o some extent serve 1o form the transition from Amentiferae o
rtieales: in ils general Nosweer-strueture, the nalure of ils frail, ele, il
agrees most wilh Oeficales, but there are also some similarilies o
Juglandedos, among others in the anatomy of the slem | WITHNER,
1941, Another order that also seems o have some relationships 1o 1he
Awmetiferae is Profeales, thongh il is more distant Crom il 1t agrees in
cerluim Hower-morphological features and embeyologically also shows
some similarity, in the first place with Selieales | WETTSTEIN, 1945).
Under all eireumsbances there seem, judging from the present
sludy, to be wvery good reasons for placing the Amentiferae in
accordanee with ENGLER, WETTsTEIN, ReENpLe, and other authors —

amang the most original Angiosperms, const
great morphological and syslematical inlerest,

g a primilive tvpe of
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