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INntroduction

Perhaps the greatest gap which we find in the evolutionary study
of the plant kingdom, Is the one that exists between the Thallophytes

and those groups of higher plants which are collectively called the

Archegoniatae. Not long ago a similar gap was supposed to exist
between the_ Bryophytes and the Pteridophyte”™ Dbecause of the

= /lit
generation and other reasons. This gap has now been greatly bridged

by the discovery of the group Psitophytales, a which In some respects

attha K S S S 7?1 (?reparfed, duri” g the tenure of ray Research Studentship
atthe Lucknow University) accepted fur the Woodhouse Memorial Frize,

be°* P»P« “>
L“ 7 On Old Red Sandstone Plants,
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prneuts nfeffiediato characters. Tho problem In regard to the
mflggl Fufl OTf m Arehegsniatae chiefly concerns the presence of
a well dehned sporopbftie generation In the Archegoniatae and fche

organs [g the two groups, The presence” of a
well defined spropbyMc generation g&Qg 2ms difficulty because In
recent yours, studies of the Thallophytcs have indicated fche possibility
ol a very general tendepey fewarifthe development of asporophyte In
™  PRUP* problem of theillta . of the sexual organs in
the two”toupu, ox more pieci&ely Ifae origin of. fche archegonium and
anfchel 1olurn of tho ®afy#phyiisiis 1tll1 ungalv-sdj bucanse these organs
ham no. t e IN Mm sexual organs of fche Thalfophytes.
Views, howevsiv have been sxpf©830.d from fcijsie to time suggesting fche
possible deiffali“n of Itese: organs tram tho sexual or asexual repro-
ductive organs of dsthif Hit tM fftlw of the fees, but so far no
conclusive statement seems to have been made on Mm subject. In fche
following pages the writer attempted foo review In brief the most
Important fta 1 expressed by different authors on the. origin of the
arsbegoninna, and ft siigg@8filon has be8n aa&lff foo derive M 1 organ
from the oogonium ol Cplemhu®p« A further attempt .has been made
to discuss the evolutionary changes that are observed to have fcaken
place In this organ In different pHfpi tf the Affbigoniatee, of which
It IS so characteristic a feature. The evolution of the archegonium, as
will presently be shown, probably means largely aprocess of retrogr.es-

sion directly dependent upon the Is®} babi-I*

The Origin of the Archegomum 1 Previous Views

Before attempting foo elaborate any original idea on bhe subject,
It seems advisable to summarise erlleally fdhe two most Important

views, expressed respectively by Gotz and Davis.

Um% View.
W

salta wMoh S> out oft from ths a® fata m *m £ The sigrnS-
J T 11 cells, was not fully known before Gofcz  put forth his

na® . *fchev stand for the walls of a reduced archegonium,” fcbus
WIBWS £ L n fdhe female organ “ as a degenerate archegonium

Aluf tbe o @pnoweber, HEAMHANGim S48 P

L * N2 ]2 i * o«
expressed gIS l[ihhough ob%ectlons present themselves in the

Interesting sugges 0 t0 fofhi about the degeneration of
complexity of tbe process
— Qeber die Entwickelung der Eilkumpe bel den Cha-

* G6te, (1899] I'
raceen. Bot. Zmi*




suoh a well-established organ as tho archegonium and Its displacement
by an equally elaborate- envelope of filaments. A\ About the

accessory cells (Wendungszellend, he says that, “ they may be nothing
jnore than the final and somewhat Irregular expression of the

vegetative activities of a growing point that iIs about to become
transformed Into a sexual organ. ”

Davis' Violv.

Davis, however, derives the archegonium from the multicellular
gametangia found jin a number of the Ilower members of the
Pbaeophyceae, e.g. Ectocarpus. He thinks that two sets of factors, one
Influencing the structure, the other Influencing the sexual character of
fche cells, must have acted to bring about the required change.

Regarding the structural modifications of the gametangium,
according to Davis, the most important one which would be effected
concomitant with the adoption of the terrestrial habit would be the
sterilization of the outer layer of gamete-mother-cells, forming an
enclosing capsule. While, on the other hand, as regards the character
of the sexual cells he considers that the first step would be the

establishment of heterogamy and then the development of the differen-

tiation of activity, and finally the retention of the egg within the
gametangium a.

Dr. Church, however, differs from Mr. Davis and has remarked In
his book *“ Thalassiophyjfea,” “ The analogy of an archegonium with a
plurilocular sporangium was considered by Davis (1903) with very

Imperfect data, and little progress seems possible along these lines.” 3
He Is of opinion that the origin of the archegonium must be sought
for In the transmigrant phyla, as the result of the transition to the
new environment. The following few lines quoted from his book give
a summary of his view about the origin of the archegonium. ” It may
be granted that the archegonium, so long regarded as the distinctive
attribute of the m Archegoniatae ” iIs clearly an end product of oogamic
Ievolution, the limiting term of something quite unknown, probably
originating In something quite different from any recent archegonium,

If we saw It, scarcely recognizable as such. Very probably again of
pgiyphyletic origin, arising In phyla of marine algae of quite diverse
descent! and convergent In general factors, as the limiting term <f a

§ Bavis B.M., (1903): Origin of Archegonium, Ann. of Bot. Vol. 17,

* WD
a a series of diagrams illustrating the possible evolution of tbe

archegonium and antheridium from the plurilocular sporangia, see Davis,
1.14. (1903).

®Church, A. BL, (1919): Thalassiophyta ,and the Subaerial Transmigra-
tion, pp. 12-14. Oxford.
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T mechanism; gk PYIIH DO necessary guide to affinity, but

merely md,eating that the Archegoniatae m may be the or

armm er o p Yy aat the same physiological horizon In this particulaf
respect.-

Apart from Dr. Church s criticism, It may be remarked that there
has been a general tendency among botanists to regard the Chlorophy-

ceae ra er than the Phaeophyceae or the Rhodophyceae, as helpful In
tracing the evolution of the higher plants. Among the green algae,
the greatest plasticity of form and structure iIs found In tbe Isokontae
which according to West and others includes the progenitors of the
higher plants. Even Davis seems a little sceptic about his view
when he says that, The lower Phaeophyceaem with plurilocular
sporangila can hardly be supposed to have given direct origin to the
Bryophytes although this 1s conceivable.” 2 In fact he derives the
Bryonhytes from a hypothetical extinct group of Chlorophyceae with
plurilocular sporangia. Therefore while searching for a type which
would possess a female sexual organ nearly resembling an archegonium,

It I1s natural to look for It among the green algae with special reference
to Isokontae.

A Suggestion to Derive tho Arahegonkm from the
Oogonium of Coleochaete-

A searching study of the Chlorophyceae seems to show that the
female sex organ of Coleochaete is more suggestive of an archegonium

than any which we have studied so far™® Al1Chough it Is true that the
procarpium of Callithamnion has some resemblance to the arche*

gonium. but we will not hold discussion on that organ any further
and would reject it on the same ground as the plurilocular gametan-

gium of the Pheophyceae. The female sex organ of Coleochaete is
known as the oogonium. Id Is a unicellular flask-shaped body with a
long neck which opens at the ftp when mature, to allow the entrance
of spermatozoids. The egg Is situated In the lower swollen part of

the oogonium. In general appearance the oogonium looks very much
like an archegonium and iIf we compare It with a mature archegonium
of the Liverworts the lowest evolved group among the Bryophytes-

Um mncf striking difference iIs seen In fche absence of a multicellular wall.
the development of'the multicellular wall can very well be

., L j F an idantation to the terrestrial habitat, that Is to meet a

deroanVfor protection against desiccation. Besides the multicellular
1 i a varving number of neck-canal cells and a ventral-

r " 1"ell In the archegonium of a Liverwort, while the oogonium

--—- (Cambridge University Press), p. 158.
) m ? £ £ £ . Origin of the Archegonium, .4™. of Bot. Vol. 17.

p. 492.
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of Goleochaote i1a a unicellular structure. We know that when the
archegonium becomes mature I1ts neck-canal and venfcral*canal cells
degenerate and their contents becoming mucilaginous exude out of the
neck and diffusing In the water present outside, exert an attractive

stimulus on the spermatozoids. Not only In the Liverworts but even
In the Bryophytes as a whole and also the Pteridophytes, the ventral-
canal and the neck-canal cells have the same function, Thus It seems
gquite clear that the .ventral-canal and the neck-canal cells have no
other function to perform 1In the process of fertilization except
ultimately of serving to attract the spermatozoids after being cdnverted
INto some sort of chemotactic mucilaginous substance. It will be
shown In the following paragraphs that the development of these extra
cells besides the oosphere (sgg) In an archegonium, has been a direct
result of an adaptation to the terrestrial habitat.

When tho migration from water to land took place the Chances
for the act of fertilization naturally became less, as for example In the
ease of amphibious plants {oil* the Bryophytes, etc.) ft© fertilization
had fco be carried out In the presence of only a little amount of
water and that also was not always availlable, so there was less chance
of the spermatozoids reaching tho egg. In order to meet this
deficiency In the chance of fertilization, some moans had to be evolved
by the migrating plants. This deficiency might be said to have been
met by the production gf some chcmotactic substance through the
disintegration of the neck-canal and ventral-canal cells of the mature
archegonium.

We also know cases where tho egg and the ventral 'canal
cell cannot be distinguished one from the other In a mature
archegonium, at least so far as size Is conccrned, for example In
Fossombronia longisata, 1 PowMa, EtillanA&H 1 jliUkamros, 1 Notothy-
las sp., * Notothylas orbicidaris, 1 Ophioglossum pcclunculosum, 1

Marattia Dougimif % Larielid, 8 etc. And in Pinus Laricio,
Ifc IS Interesting to note* that they are not distinguishable until
after fertilization. In abnormal cases the ventral-canal cell In an

archegonium may oven behave as an egg In addition to tho normal
one already present. Then thoro are also cases known In which the
egg, ventral-canal and neck-canal cells may all be alike In size e.g. In
‘PorAeIIIa Iﬁuﬁlanderi \ Besides all these evidences from the mature

1 Campbell, D.H., (1918): Mosses and Ferns, p. 93. fig. 44 ; p. 1)8, fig. 54 F.;
127, fig. 66 A & p. 134; p. 15), fig. 81 A. & p, 151, fig. 82 D.;p 233, fig.
mm F.; p, 280, fig. 153 C.

* Mottier, D.M” (1894): Contribution to the Life-history of Notothylas-
Ann.' of Bot. Vul. 8, p. 399.

8 ©oulter, J. M. and Chamberlain, C.J., (1925) 1 Morphology of Gynjno*
pflfms, p. 267.
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arohegonia represented from different circles of affinity, we have the

developmental study of the archegonium In which 1t i1s clearly seen

that m every case all the cells whether ventral-canal or neck-canal are
cut off from a s.ngle one. With these data before us, it will not be

unnatural to regard tbe neck-canal and ventral canal cells to have
probably been formed In phylogeny by being cut off from an
ances ra egg when the migration to land was taking place. If we
agree to what has been said above we can derive the archego-

nium from the oogonium of Ooleochute by encapsulation in order
to meet the demand for protection against desiccation, and Dby

the cutting off of neck-canal and ventral-canal cells from the egg, these
cells cn disorganisation forming some mucilaginous substance which

exerted an attractive force on the spermatozoids, to meet the defici-
ency of water for the act of fertilization.

In support of the view put forth the writer has to offer the
following arguments:

(1) " The Confervoideae among the Green Algaa are for good
reasons considered to be amonf, living forms, the nearest to the pro*
genitors of the Archegoniatse. Among fche Confervoidea?, Coleochaete
most nearly approximates to the condition found In fche lower
Bryophytes.” 1 If the Coleochaete3 are nearest to the progenitors
of the Archegoniatae as stated above by Campbell then fche writer’s
view as to the derivation of the archegonium from the oogonium of
Colcochaete will probably not appear unwarranted.

(2) As we approach nearer and nearer to the siphonogamic mode
of fertilization, we find that the motility of fche sperms Is gradually
lost andjthat they are bodily carried to their destination (fche egg) by
fche pollen-tube. Concomitant with this feature the neck-canal and
the ventral-canal cells being no longer needed (after disintegration)
to attract the spermatozoids, decrease in number till all of them are

eliminated as we see in some Gymnosperms e.g. Podcarpus. Thus
It Is quite clear that the ventral-canal and the neck-canal cells are
chiefly concerned with the attractive movements of tho spermatozoids.

(3) That the development of the multicellular wall of the
- to meet the demand for protection against

archegonium lies embedded In the protha..us.an
Ifc loses fche i1dentity of its walls and ma5

SECUTE pog nnicljlt agnthere Is no difference between the cells

have NO Wwa
_ the egg cell and the cells of the prothallus.
surrounding

Campbell, D.H., (1918): Mosses and Ferns, p. 563.
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The Evolution of the Archegonium

of

W e
ﬂ%ﬂ ol the arohegonium. Tha most Important characters In this

connection are, the variation In the number of the neck-canal cells,
the ultimate elimination of the ventral-canal cell and lastly ‘~ Posi-

tion of tha archegonium on the female gametophyte. We shall there-
fore take up the consideration of these three characters group by

group. The chart given below contains a summary of the more
Important characters of the arohegonia In nine genera selected from

the Bryophytes.
yOPTY A. Bryophyta.

Ventral ~Neck  Neck 5,401 on the prothallus

Genera - g 0. Cells Cell
Targionia 1 60-80 Projecting on the prothallus
Fossombroni i.. 1 4-6 many do

do
Porella - 1 5 do.
Anaura 1 4-6 do. Partly embedded.
icCi - do. Situated In a cup-sbaped

Biccia 1 ety
Sphaerocarpus 1 2-4 do. do.
Anthoccros ... 1 4 do. Embedded.
Funaria | 5 do. Projecting.
Sphagnum  =-- 1 many do do.

Diseussion . A general survey of tha archegonium in the Bry-
ophytes shows that most members of this group have superBcrsi

archegonia. This character is naturally regarded as on e
T Z Z the base of the archegonium is ponduent with he | Hus
and In tMs respect It offers an easy approach to the condition

In Anthoc*™. where the sterile calls of the archegonia f

lose thair i1dentity In the tissue of the gametophyte. «m £ * | ft**
few variations, the general structure of the arohegonium .s gqu. 0 co00

atant throughout tha phylum. The number BI too
variable and 1s more numerous 10 the Mosses than m the L vcr

It will be seen later that no phylogenetic stress can be la
character,
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The two most important points, whioh deserve mention in this
connection are, firstly, the variation In the number of the neck-canal
cells, and secondly, the position of the arohegonium In relation to tbe
female gametophyte. It will be shown I1a the succeeding pages that
the reduction In the number of the neck-canal oells and the embed-
ded condition of the archegonia In the gametophyte, are criteria of
higher evolution. If these be granted for the time being we would
see that Anthoceros—with 4 neck-canal cells (with the exception of
the Sphaerocarpus) and the embedded condition of its archegonia
among the Bryophytes would be tfye most nearly related to the
Pteridophytes. In fact its partially independent sporophyte iIs select-
ed as illustrating a possible ancestral condition of the vascular plants

at the level of the Bryophytes.

Further Dr. Campbell, In a recent paper on the sporophyte of
Anthoceros fusiformis, Aust.1l, has brought out certain very interest-

INng points which In addition to other facts show similarity of certain
recondite characters in common with the Devonian Ehyniaceae, thus
binding the Bryophytes and the Pteridophytes In a closer bond of
relationship. For the sake of clearness a summary from Dr. Camp-

bell’s papers Is reproduced below

x
I The discovery that the fu
under certain conditions, may become practically independent and

the ability of these plants to develop photosynthetic and conducting

tissues commensurate with their needs, Is a\ery strong argument iIn

favour of the antithetic theory of alternation of generations In the

Pteridophytes”. 1, 2.
" The very close resemblance between the large sporophytes of

Anthoceros fusiformis and the Devonian Bhyniaceae warrants the

assumption Of a real relationship between the latter ana the Antho-

>33
cerotales.

MThe existing Pteridophytes are almost certainly of polyphyletic
ee W all mifiht be traced back to similar, but not necessarily

98y olated 8REESIQFS The ancestral forms had sporophytes
similar 1u structure to that of Anthoccros.

nw H924V . Remarkable Development of the Sporo-
. M ] T h’'los Wiformis, Aust. Ann. of Bot. Vol. 38. pp. 472-)83.

phyte m An TT /1925V* The 'R%'i%\ﬂ%ﬂ%'?ﬂ? of the Authocerotaceae.
. Campbell, o N Zeltwg. Neue Folge, 18 and 19 Band ; (d «

Flora order A

ganzen Relhe N 1pC Relationship of the Anthooerotaceae.
s Campbell, D. . h Zeitungl Neue Folge, 18 and 10. B”ndj

Flora order f U9 Band). S. 63-74.

(der ganzen Reifa© 1 ° 224 —
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B. Pteridophyta.

Thirteen types have been examined, the result of wMiif If
summarised In the chart given below I

G Ventral Neck-Canal Neck  Position on the pro*
shera o cell Cells Cells thallus.
e
. N

E. debile 1 4
Equisetum ... > Projecting.

other spp. 2 4
Psilotum 1 { . & 24 do.
Lycopodium. 1 many 10-16 do.
SelagineUa ... 1 . one 2 Embedded.

one with 2
|soBtes Partly embedded,

C nuclel
(

Ophioglossztm. 1 do* 4 + Embedded,
Botrychium .. 1 do. 4 Projecting.
Marattia 1 _oop M Embedded.
Onoclea 1 do- 5-7 Projecting.
Osmunda ... 1 one or two 6 do.

1 J
Gleichenia ... ] - do.

one Very |
Marsilia *s, 1 ' Embedded*-

small

Pilularia ... i do. 2 do.

| %

Discussion 5 The number of ventral-canal cells is always one and
that of fche neck-canal cells never goes higher than four except in fche

case of Lyeopods In which there are many neck-canal cells and 1a this

respect they resemble the Bryophytes. In the JSilicales the numbef
of the neck-canal eells 1s reduced to one, the nucleus of which silfil®*

Mines divides into two but no wall is formed between them. Thus II®
see that the general tendency among this group has been to rpigfti
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Ib® number of the neok-canal oells and among the Pilicales the redac*

tion has reached the stage of a single uninucleate cell. (lo the
Gymnosperms even this hasi disappeared). The number of nesk cells
varies from about two to sixteen. The heterosporous members of the

group have reached the two-eelled-neck stage which 1s generally
seen among the Gymnosperms. In most of the cases considered, the
archegonia are embedded In the tissue of fche gametophyte as we saw
In Anthoceros. It is remarkable that the heterosporous members of
Pteridophytes have the archegonia on the climax of reduction. Among
the species of Equisetum, E. debile 1 seems in this respect, to be fche
most advanced one, there being only one neck-canal cell as against two

In fche other species. Among the species of Lycopodium, L. cemuum
occupies a similar position, with only one neck-canal cell.

Ci Gymnosperms*

Neck Neck Position
Gene_rg or Ventral Canal Cell Canal Cells on the
Families Cells prothallus.
CyCaS nm Only nucleus nil 2 Embedded.
Ginkgo ~one small cell do, 2 do.
Abietineae x+ one cell or only a OcA 2-8 do.
nucleus
Taxodineae ?LOnIy ephemeral do. \Y do.
nucleus
Cupressineae <= do. do. 2-8 do.
Taxineae Even nucleus may do.  2-25 do.
nofc be cut off
: 2
Podocarpineae ... do. do. 0 ao.
Ephedra gk Only nucleus do. 32 do.

* Discussion * The above chart; dealing with the more Important
characters of the archegonia amongst the Gymnosperms, brings forth
the conclusion that the general tendency among the Gymnosperms

, g (1914) : Prothallus of Equisetum debile. Ann. of Bot.
JP f y?go 181 ’'Postscri/}£.—Since tIxc above was written Sethi(Ann. of
Vol. 28, pp. - - has shown I.hat number of peck-cagal cells
TIAf Vol 4v P» 11 b |

StJi1S Jis two, and»ot oa... report ly Kasbyap.
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seemB to be to eliminate the ventral-canal cell. Among the living
forms so far known, a walled ventral-canal ceil Is retained only In tbe

Abietineae and Ginkgo. In the other living groups the wall has di%$-
appeared altogether and the ventral-canal cell Is represented only by a

free nucleus. In certain forms even thislnucleus has disappeared e.g.,
InN some members of the Taxaceae. The neck-canal cell has been
completely eliminated from the Gymnosperms. The number of neck*
cells shows a good deal of variation. In Ephedra, the neck is tho
longest known among the Gymnosperms, the minimum number of
neck-cells being 32. Next lower In the scale come some member of the
Taxineae which may have as many as 25 neck-cells and the two-celled
neck Is an established feature of the Cycadales, the Ginkgoales and

some of the Pinaceae. The latter condition at first sight may be
regarded as advanced, so far as that character Is concerned, but there

IS SO much variation In the number of the neck-cells even within a
genus (e.g., In Torreya taxifolia there are 2-3 neck-cells but In

maliforn to 6) that no definite phy-
logenetic importance can be attached to that feature.

W e Weliuitschia, the embryo*sac
has two to five-nucleated cells In 1ts micropylar region and all the
nuclel In a cell are potential egg nuclel. In Gnetum the embryo sao
at the time of fertilization contains only free nucleli and each one of

them Is potentially an egg nucleus. Thus we see that In these two
members of Gymnosperms the last traces of the archegonium are

being lost and Gnetum approximates to the condition found among the
Anglosperms.

Summary.

(1) The views put forth by Davis and Gotz, on the origin of the
archegonium have been briefly dealt with and criticised.

(2) A suggestion to derive the archegonium from the oogonium
of Coleochaete (by a process of encapsulation) has been put forth and
discussed. As far as known to the author, this view Is being advan-

ced for the first time.
(3) It Is suggested that the multicellular wall and the neck a'bd
ventral canal cells were produced In response to the terrestrial con*

ditions, the first as a safeqguard against desiccation and the second to
meet the deficiency of water for the act of fertilization.

(4) The further evolution of the archegonium has beon chiefly »
process of reduction and of retrogression of the essential organ, thi
egg-cell, Into the tissues of the gametophyte.
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