South Dakota State University
Open PRAIRIE: Open Public Research Access Institutional
Repository and Information Exchange

Theses and Dissertations

1930

Abortive Stamens and Carpels in Lychnis Alba

Gus B. Ulvin

Follow this and additional works at: http://openprairie.sdstate.edu/etd
& Part of the Plant Sciences Commons

Recommended Citation

Ulvin, Gus B,, "Abortive Stamens and Carpels in Lychnis Alba" (1930). Theses and Dissertations. 1915.
http://openprairie.sdstate.edu/etd /1915

This Thesis - Open Access is brought to you for free and open access by Open PRAIRIE: Open Public Research Access Institutional Repository and
Information Exchange. It has been accepted for inclusion in Theses and Dissertations by an authorized administrator of Open PRAIRIE: Open Public

Research Access Institutional Repository and Information Exchange. For more information, please contact michael.biondo@sdstate.edu.


http://openprairie.sdstate.edu?utm_source=openprairie.sdstate.edu%2Fetd%2F1915&utm_medium=PDF&utm_campaign=PDFCoverPages
http://openprairie.sdstate.edu?utm_source=openprairie.sdstate.edu%2Fetd%2F1915&utm_medium=PDF&utm_campaign=PDFCoverPages
http://openprairie.sdstate.edu/etd?utm_source=openprairie.sdstate.edu%2Fetd%2F1915&utm_medium=PDF&utm_campaign=PDFCoverPages
http://openprairie.sdstate.edu/etd?utm_source=openprairie.sdstate.edu%2Fetd%2F1915&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/102?utm_source=openprairie.sdstate.edu%2Fetd%2F1915&utm_medium=PDF&utm_campaign=PDFCoverPages
http://openprairie.sdstate.edu/etd/1915?utm_source=openprairie.sdstate.edu%2Fetd%2F1915&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:michael.biondo@sdstate.edu

 ABORTIVE STAMENS AND CARFPELS IN LYCHNIS ALBA

[ " LIBRARY

SOUTH DAKOTA
STATE COLLEGE

BY
- GUS. B. ULVIN

| 4 thesis submitted to the Committes en Advanced Degrees, South Dakota
|| State College of Agriculture end Nechanic irts, in partisl fulfillment of

th‘ requirements for the degree of laster of Science.
’ June 1930

SCUTH DAKOTA STATE COLLEGE LIBRARY .




)

: Intrqéuetioa

Botanists have long been interested 1n the manner of “sex expression"
in plants., Some plants have perfect flowers, that is, both sexes are expressed
in a single flower, with no variation from this condition within the species, ﬂ

;OGM plants have flowers 1n which only one or the other sex is expressed, while
l oun'aghcr plants oceur in which "pure staminate or pure carpellate and all in-

termediate degrees" oeccur. Schaffner (7)

(Indfan Turnip or Jack in the Pulpit) to such an extent as to even reverse it by
ehanging the enviromment., FHis conclusion was, in part, that "sex in Arisaema is
dependent on 2 functional state and not on hereditary factors; that the sexual
| state is readily controllable and is reversible in either direction, ;1110 to
female, female to male and back again; and that the dimorphism which appesrs in
the inflorescences of these diploid organisms can not be due to homozygous and

‘ Schaffner (7) was able to control sex oiprenion in Arisaems triphyllum,
|
|
|
l

Moruyms factors or chromosome constitution,”

A plant of Salix petiolaris was found by Cha-borhin (1) that oxh:lbitcd
it "most surprising vaeriety of sports,” Pistils were found with microsporangia
,boru on stalks that closely resembled the placenta on which the ovules were
| i‘uc. Both staminate and pistillate catkins were found on this plant and also
| sthers in which two stamens and one pistil, or ome stamen and ome pistil came
kon the same bract.

Simons (9) working with Cucumis sativus came to the conclusion that

| “each flower of Cucumis is essentislly perfect, but due to envirommental fectors
"i'mnh; fh. potentizlities of the chromosomes for the expression of certain
1 organs, abortion of stamens or pistils usually occur.”
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Shull (8) quetes Strasburger on hermaphroditism in Lyehnis diccea as
being due to infection by Ustilago violacea. This was confirmed by Doncaster
quoted by Shull (8) by artificial infection of Lychnis with Ustilagos

Correns (2) was successful in shifting the sex ratio in Lychanis by
varying the amount of pollen applied, his conclusion was that "unequal production
of heterogemetes and umequal growth of pollen tubes modifies the sex ratie in
Lyehnis " '

Studying chromosome behavior in Elodea, Santos (6) arrives at a con-
clusion somewhat differenmt from the others menmtioned that “segregation of sex
factors takes place during sporogemesis.” Santos (6) quotes larchols as being
“unable to alter sexes in losses by changing envirormental comditions.”

In view of the literature cited above, and the sonclusions reached by
the several inmvestigators this present investigation was undertaken with the
hope of contributing something im the search for an uplmtory mechenism of sex
deternination in seed plants: The effort being first, to ses whether or not

m that are apparently unisexual are fundamentally sos ,

Material and Methods

. Pistillate and staminate flowers of Lychnis alba, (Figs. 1, 2 eand 3)
known also as VWhite cockle or ¥hite Campion, were gathered from June 17 to July"
11, 1929, most of them from the Agromomy Station Farm, Brookings, South Dakota.

: The material was collected from plants wherever they happened to be
growing on the lawn. Noisture conditions were about the same, with one possible
M,MpMmluntdmwMIMaamm The lawn was made
on a plase, filled in with clay, old plaster, concrete, ets, and with a 6 or 8 J
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| inch Black soil cover: Even them in places where the old plaster did show 1
th-ngktm may have been very little difference in the n'ni_labh moisture or
soluble ‘M;s If externsl enviromment has any influence on sex expressiom in |
Lyehnis albe the envirommental difference here was: evidently mot great emough to
have a noticeable effects

The material to be sectiomed in paraffin was collected in all msm of
development, buds singly and h clusters, and placed immediately in Formalin-
I acetic alecohol and imbedded in paraffin, Sections were cut 8 to 10 microms thick
with a Smor rotary nicrotomes Some of these intiont-, after being mounted on

I slides, were stained in Haidenhain's iron-alum haematoxylin, alome or with Orange
G counter-stain, Vith few variations Yamanouchi's schedule for staining with
Haidenhain®s iromealum haematoxylin was followed. The other sections were
stained in Safranin, (in 507 slcohol) 8 to 12 hours, them placed in distilled

| water 10 to 12 hours, rum up to 957' aleohol, ceuﬁorstaho& with Light Green,
eleared in xylol, then covered in Canadian Balsam. Some whole plants were col=-

I lested, pressed, and képt for future reference as were also some specimens pﬂ-

served in a 67 Formalin solutionm.
Succession of Floral Organs

The order of succession of the flower parts is acropetal i.e. sepals,
petals, 2 whorls of stamens, and sbortive pistil, or pistilledium, in staminate
flowers; in pistillate flowers, the succession ic sepals, petals, sbortive sta-
mens, or staminodia, and carpels. The stamens do not always develop in the same
_order in separate flowers nor even om opposite sides of the pistillodium in the

same flower. Tn Fig. 20 4% is evident that the outer cysle has developed, per-

at the expemse of the inner cyele, and both sides of the flower are the same.
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A sestion of another staminate flower, older than the one in Fig. 26 shows
Woly the same relative differemce in stamen development on one side
while on the other side it appmuifthtwﬂmwimrdhmmupu-"

gother, The staminate flowers aes well as the pistillate flowers are consistant
only in their variability. The youngesi flowers observed had transverse diam -
oters almest as great as their longitudimal dismeters, and except for the termis ||
nal one, were subtended by a bract or leaf. The terminal flower had neither
bract nor leaf between it and the mext lower flower. In the very early develop-
mental stage there are no visible differences between the staminate and the pis-
tillate flowers, but differences soon develop. (Figs. 17, 18, 19).

Pistillate Flowers

The number of styles varies from 3 to 8 in pistillate flowers with 5
occurring more f‘r«whntly than any other number in the specimens examined, The

eross sections of styles of a young pistillate flower show that they are rounded
at and near their tips, but successive mtienl progressively neerer the develop-
ing capsule are more or loss heart shaped with the indentation towards the cemter
and of course larger as the capsule is apprmhod; (Fige 5)« The styles seem to
approach one another and their edges fuse, or clse we reach the level at which
the tissue between the adjacent styles developed at the same rate and time as the
dﬂu themselves, thereby causing a comtinuous cylinder, the outer wall of which
will later be the capsule wall, (Fig. 6).

The infolded margins of the CN;I)OII seem to fuse, where their dorsal
surfaces are contiguous, or else they grow up simultaneously, and extend
towards the cemter of the sapeule, (Fige 7). As these infolded margins approach

'_tu"mthr in the center of the capsule (Fige 8) they become more and more




hll!"k shaped but with extended, ;'uthcr thick attachments instead of indentations
(Fige 9) and at a slightly lower 3ovel all entripetal ends of the fused mergins |
of the garpels will constitute the axial placenta and completely fill the center |
of the’upaulo. (Fige 10)e The pheonu' is now a solid mass of tissue and the I
indentations of the heart shaped styles, or carpele, have developed into chambers l
or cavities of the capsnli; (Fige 11). Parts of the fused margins of the car-
pels form partition walls between the capsule cavities, and those portions of the
carzels corresponding to the midrib region of leaves constitute the capsule wall,
Before maturity these partitions break down, (Figs. 12 and 13) as in the Primrose,
"thus leaving a mases of {issue in the basal portion of the ovary, the remmant of
the sxis, upon which the ovules are atteched.” Pool (5).

In Lychnis alba the mase of tissue that "fills the basal porticn of the

ovary” as in the Primrose, extends the full length of the ovury and there is an

attachment between the top of the plucenta and the immer surface of the wip of the|
capsule. (Fig. 14). The partitions that oxtend longitudinally between the cav-
ities of the capsule break down before the attaciment from the top of the"dome”

to the capsule tip bresks. The capsule wall contimues to expand after the pla -
centa and ovules have ceased to increase in size so t&t in the mature capsule
the cevity which 1s now single and comtimuous is not completely filled. it
maturity there are no indications of partition walls mor of the attachment of the
ﬂmm to the immer surface of the sapsule tip, though in young pistillate
flowers these attachments are readily observed, From observations made in this
investigation it may be concluded that in Lychnis ulba the placenta is not the
m of the axis but is composed of the fused margins of the carpele, The
ovules are therefore of foliar origin, rather than eauline,

y Staminodia of various sizes and shapes occurred in every pistillate

' flower examined, Fig. 15, & longitudinal sectiom, is fas:rly representative of



those ohserved. Ome staminodium was found that in cross mtoa-hﬁodanu

‘ W cavity (Fig. 16). There was no definite layer of cells lining the cavity

| that eould be compared with the wall of the anther chamber or the tapetal layer

but it was oqually evident that the cavity was mot due to cell disintegration.
The pistillate flower of chhllh alba seems to be potentially bisexual

amhthWth mwummmitmumtum.

flowers as the normal otamens occur in staminate flowers.

Staminate Flowers

is mentioned before there is no noticeable differomee in very young
pistillate and very youmg staminate buds, (Figs. 17, 18 and 19) but a difference
is soon nmoticed in that part of the receptacle that develeps imto the ovary in
the pistillate flower and into the pistillodium in the staminate flowers.

Gray (4) deseribes Lyohnis as having S styles, rarely 4, snd pod open-
ing with twice as many teoth; otherwise as Silene,™ Lychnis alba, if like Silene,
‘would then have 10 stamens and flowers dioecious or polygamous; but only 2
flowers were found with 10 meture stamems, and no polygamous plants were found,
In “?lie sections of almost ‘laturod pistillate flowers ten staminodia were found
in «- eycles, with alternate omes, those opposite the petals, taller or further ||
developed then those altermate with the petsls,

Of six meture staminate flowers disected,; two were found to have 10
mature steamens, one hed 7 mature stamens, ome 8, ome 9, end in the other no two ||

stamens were of the same size, Two very smell stamens were found in ome flower
that were berely visible o the eye end they remaimed attached to the petal when
| 1%t was removed, while in the other lowers, except where 10 mature stamens

] RSN G i
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occurred, it seemed usual for ome of the larger stamens to be attached to each
pcm and the smaller ones altermate with the petals, The stamens are borme on
| ¢he stipe or stalk of the ovary and inm the pistillate plant 10 staminodia occur,
mﬁy the staminodia opposite the petals appear before the omes opposite the
sepals. There are potentially 2 cycles of stamens inm these flowers with a tem= ||
dency for the outer cycle to a_bart oven in stamimate flowers, (Fig. 19).'

"~ The spex of the floral axis in the staminate flower still seems in-
elined toward production of some kind of carpel rfeprasentativc. No specimen of
stominate flower was found in which separate sarpels could be distinguished, and
| nome in whish any lateral growth bad fused to form amything like an ovary cavity.
But at the point, where in pistillate flowers carpels occur, a short, solid,
eylindricul mads of tissue develops resembling a style in appearance, though not
in origin; this is the pistillodiume In the roceptacle just below the pistillod-
in-. a rather large group of cells was seoen to be disorganizing (Figs. 21 amd 22)
but the eavity resulting from this diserganization could scarcely bs called or

m compared with a true ovary éavity because thore is no regular layer of cells
lining the cavity ; the cavity is not in the right position; and moreover, am
Cﬁy"tuity is not caused by the disorganization of any cells im a solid resep-
tasle. _

It is &liﬂod that the staminate flowers ef Lychnis alba are also
Potentially bisexual as indtcated by the pistillodium that was found to ocour im
M staminate flower examined.

wt ies

Some pistillate “udswere foumd that showed imteresting digressions

1 the mammer of development deseribed for pistillate flowers. In ome bud
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ovales wers developing st irreguler places befors the mergims of the carpels had
. fused to form a solid placenta, and, as in other cases of irregular ovule devel-
opment, this was accompanied by the appearance of small greupi of very peculiar
cells, that in this instance dccurred inm the capsule wall (Fig., 23). A sestion
of the same capsule showing that the group of cells, mentioned above, were torn
loose from the adjoining cells by the misrotome knife as if there was a difference
in somsistensy of wall betwsen these cells and nmormal ones is pictured im Fige 24.

‘ Another capsule was found, where on & single section three ovules gould
be seen attached to three differemt surfaces within the capsule. One was attached
to the imner surface of tho. capsule wall, one to a partition wall end a third in
- a cavity vith_ia the placenta with its funiculus pointing toward tht capsule wall
(Fige 25)s The ev;h attached to the capsule wall is shown under higher magnifi-
cation in Fig. 25. ! |

. . Abnormal sonditions sre shown im Fige 27 in that the regionm occupied
ul-—ny by the placenta is an empty space. The margins of the carpels that
normally develop into thi placenta which in turn bears t‘.ho‘c’vulu, are here shown
developing ovules directly. While ovules may be borme on any "free surface with-
in the ovary", Coulter and Chamberlain (3), it is uwsual, except among primitive
M!:h-. for the ovules in a given species to be borme on the same surface.

The groups of abortive, or peculiar, cells that usually occurred along
with other irregularities im the pistillate flowers were first noticed in the
region of = staminodium. (Figs. 28 and 29). It was found later that groups of
these cells occurred in various parts of the pistillate flowers: in the capsule W
wall (Fig. 23), in the staminodia or receptacle (Fig. 28), in the placenta 1
(Figs. 30 and 31) and on the border line between the capsule wall and petal
(Fig. 32). One instance was found where one group of these cells ocourred on

the border line of the petal and capsule and in the same petal, toward its mergin
e e — e
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a group of these cells occurred Mhtly free from the capsule of the flower ‘I
(¥ig. 33)s Another section was found of & petal in which a group of these cells

ocourred, so large as to reach almost across the thickness of the petal near its
-urib. (Fig. 34). The group of cells shown 1n Fige 35 is the same as shown in |
n‘. 31 but under greater magnification, Anetha- group of these cells highly
umnu is shown in Fig. 36.

In every instance that groups of these cells occurred, regardless of
their position in the flower, they sectioned with greater difficulty then did the
neighboring cells and were always torn loose from them on one side at least.
Because of the location and appcmneo'cf the groups of these peculiar cells that
m first noticed it was thought that they might be abortive microspore mother
cells. Chamberlain (1) reports a “stramge sport* of Selix petiolaris "sometimes
the misrosporangia were borne upon long stalks, some times on'plac'enta-mo out~
m of the carpel, and sometimes imbedded in the carpel wall." He describes
snother flower of this same "strange sport” as having "two quadrilocular stamens
d‘tl‘i.ﬁimtl united below and with the commective prolonged zbove into a stigmaJF
Writing of microsporangia borne inside the mx;iu he says “the uiompm devel~

opment was sometimes normal but as often fecble and abortive."

s Sawyer (10) found ovules borne on stamens of Podophyllum peltatum
"usually on the lower pert of the expanded portion, not far from the pollen sacs.

- The idea that these groups of peculiar cells were microspore mother
nlli was abandomed upon closer study for several reasons: there was no tapetal
hw surrounding them; the denser color seemed to be due to the cell walls
a_dhlr than the cell contents; these cells and their muclei were not much differ-
ent in size and shape from the normal cells; and the mormal microspore mother

una. found in the amthers, (Fig. 21) sectioned as if they were of the same con~
gistency as the neighboring cells,

M e —————




The qmtioa sematns whother Ahors 4 & d3fferense in the clremetis sonl
tent of the usual egg and sperm in phutg. If such a difference normally occurs,
at what point does the differentiation take place? Chamberlain (1) found ‘tmns’ I
borne within the ovary of Salix petiolaris and Sawyer (10) found ovules berne on |
m so in th;so cases the differentiation into microspore and megaspore must
have taken place later than the differontiation inmto stamens and carpels. |

tm. purely speculative, the conditions just deseribed for Banx .
potiolaris may occur also in Lyehnis alba if the abmormal cell groups be comsid- ||
ered u pellen mother cells,

Disgussion
Buuu of the presemce of both stamen and sarpel representatives in

each nmr of Lychnis alba this species is believed to be patuthlly bhoml
Due probably to some undetermimed factor or group of factors, only one or the

B sevnue develops wid)e the reaining 2ot shovise Sinses (9) wites
M "each flower of Cucumis is essentially perfect, but dm to environmental
W suppressing the potentialities of the chromosomes for expression of cer-
ilh organs, abortion of stamens or pistils usually eeem. It seems that sex
&l determined rather early in the life history of these plants, possibly, as sug-
t.‘!li by Correns (2) as early as fertilization. WVhen a plant is either wholly
staminate or wholly pistillate, sex determination must have occurred at the ori
of the plant f.e. at the time of fertilization or very soon after. If branches
of the same plant are unlike in sex, the determining factor must be physiological
end active in the stem before the branches are put out, If sex Seterutuetian 2o
ﬂqﬁ until the flowers on the ultimate branches ere produced, the differen-

thtien would then occur in the receptacle of the flower and a “border-line™ case




could easily be imagined in which a miecrosporangium and an ovule might develop
side by side within a pistil, as reported by Chamberlain (1) for Salix petiolaris,

S_rj

The flowers of Lychnis alba are believed to be potentially bisexual,
am factor or group of factors cazuses ome or the other set of g

mhh:ﬂtodmlep.
mmnnpm-uhuattmmutmwmum

| itself any part of the axis,
The plagenta is carpellary and therefore the ovules are foliar in l
There are two eycles of five stamens each and when less than ten sta- |

mens mature in the staminate flower the immer cyele is usually the ome that tends
to abort tm there is some variation.

| Abnormal ovule and plasenta development was accompanied by the occur~
rence of groups of abmormal cells that seemed to occur most frequently in or anr
the staminodia but also occurred in different parts of the capsule, placenta and
also in petals. As to the imterpretationm of these ceolls, we are still in the
dark, 5

- It 48 a pleasure at this time to acknowledge the stimulating sugges-
tions and eriticisme that were freely givem by Dr. Werd L. Miller, of the South
Dakota State College of Agriculture and lMeghanie Arts, during the preparation of

T e RN S S
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EXPLANATION OF PLATES

~ Staminate and pistillate plants of Lychnis alba,
Pistillate plants of Lychnis alba.
Staminate flowers of Lychnis albe.

Longitudinal section of pistiliste bud: b,bract; bu,very young budj e,
sapsule; p,petal; s,stamen; se,cepal, X77

5 Cross section of pistillate buds i,indemtation in styles s,orose sestion
of style mr its tip; se,sepal, X77 :

 Cress section of pistillate bud meer base of styles: ad,point where mar-
gins of carpels adhere te each other or fuse; i,indentation of style. X77
Cross section of pistiliate bud near upper end of emulu\ adypoint
where margins of carpels have fused; .iadonté.tioa of ujtylas;. s6y50pals
X77

 Cross sectiom of pistilluto bud: ad,points formed by fused margins of
carpels; i,indentation of style besoming capsule cavitly; sejcopal, X77

Cross secction of pistillate bud: i,indemtution of siyle becoming eapsule
cavitys p,points of fused mergins of carpels that will form the placemtas
'v, portion of verpels thai will becowe partitlon walls within capsule.
x77 |

| Gross section of pistillate buds i,vapsule caviiy; pssolid contral pla=
cemta has Just formed. X77

Cross segtion of pistillale budes ca,capsule wall; i,capsule cavity

developed from incemtation of styles; o,poimt where ovules will develops

feaiat e 2 i o RGeS TAR S L e Sl es e g I T



B wypartition wall, X77

Fig. 12
PLATE TV
Fige 13

Fig. 14

- Fig. 15
Fige 16
e +
Fig. 17
Fig. 18

-

Flga 20

'
s

Fig. 21

- wyremmant of partition wall, X77

sepals X77

Fig. 19

e

Crose seetion of older flower: oa,capsule wallj o,ovule; pe,petal; w,
partition wall breaking down. X77

Crose section of older capsules : caj,capsule walls o,o%mla; Psplacentas

longitudinal section of young pistillate bud: s,attachment of placenta
$o capsule tip; cajcapsule wally o,ovules; p,plecenta; s,styles se,

Longitudinal section of capsule: ca,capsule; st,staminodie. X77
Cross section of ctaminodia: ec,cavity in stamincdin; ce,copsule wallj
pogpotals st,ctaninodia., X364

Longitudinal seetion of staminate bud. X77 ,
Longitudinal cection of pistillate bud: b,bracts c,carpellary fqiom
1,lcaf; pe,petal; se,sepalj =t,otemen primordia., X77 :
Longitudinal section of steminate bud: b,bract; e,earpellary region;
pespetals se,sepal; st,stemen primordias X77 ,
longitudinal section of staminate bud: pe,petals poypistillodiumj se,

sepal; spyprimordia of imner cycle of stamenzs st,stamen in outer cycle
of stamens., X977

Longitudinel section of staminate Tlower: d,cells disorgenizing; m,
ﬂ&aom; ms ,nicrocspors sother cellss peypetals pu,w\nhdi-;

se,sepal, X77

From some section as Pig, 21: d,disorganizing cells at base of pise

tillodium; ps,pistillodium, X364 |

EAN




e

“15-

c“;m- section of abnormal pistillate bud: o,irreguler ovule develop~
- ments poygroup of peculiar cells, X77

- Cross section of same bud as Fige 23: o,irregular ovule development;

‘psirreguler placenta; pe,placo where group of peculiar cells were torn

Gross soction noar base of capsule: 2,ovule attached to capsule wally

~ byowulo within cavity in placentas o,ovule attached o partition walls
; x,abnormal placenta, X77

‘ Portion of same section as Fig. 25: aj,ovule sitached to capsule wallj

_._c_a,eapm}.e wall; oj,other abnormal ovules, X364 | '

f c!;ots seetion of same capsule as Fig. 253 ca,capsule wall; o,abnormal
ovules; x,cavity in the position normally occupied by comtimuous tis=-
sue of placanta, X364 S ‘ “

Lonpitudinal coction of pistillate flowor: ca,cepsuls walls hyhole

1eft by group of pesulinr cells whon torn out; oymormal ovuless p,

normal placents; PeyEroup of peculiar cells; po,petal; so,ogpal;

stestaminodiz, X77

Tangenmtial section of pistillats flower: p,placenta; pe,group of
peculiar cells; ot,staminodias X77
Tangential seection of pistillate flower: p,placemta; pe,group of
poculiar cells, X77 ‘ .
ﬂ Cross soction of pistillate flower: p,placenta; pe,group ;f peculiar
cells, Y77 _ '
Cross section of pistilints flower: coz,capsuls wall; pe,group of pecul=

far cells ou bLorder line betweon capsule wall and petal; pe,petal. m
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PLATE II
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PLATE 111

Fig. 11 Fig. 12




IV

&
<
3
ny

14

Fig.
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Fig.

16
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ATE V

Fig.
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Fig.

23

Fig.
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PLATE IX
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