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Bionomics and Control of Perina nuda Fabr., a Pest
on Ficus sp. in South India

BY

S. Venvcorar, M.Sc.,
Madras Agricultural Department
(Received for publication on 6-11-1959)

ABSTRACT

The life cycle of Perina nmuda is described. The full life cycle
takes about 28 to 34 days. All the stages are described in detail.

This moth is a pest on various trees. Conirol measures are
suggested.

Introduction :

Ficus carica is one of the important fruit plants occasionally
attacked by different species of caterpillars which assume some im-
portance when they are in large numbers. Among them Perina
nuda Fabr. assumes the status of a major pest in Coimbatore and
during the periods of abundance defoliate the trees, leaving only
the mid-rib and larger veins of the leaves with remnants of leaf
tissue. It has a wide distribution throughout India, Ceylon and
China as reported by Hampson (1892).

Alternate Host Plants:

It is commonly observed to feed on the leaves of Mangifera
indica (Barlow, 1900), Ficus indica (Fletcher, 1919), Ficus religiosa
and Artocarpus integrifolia (Lefroy, 1909). It was record-
ed by Ramachandra Rao on Figs in 1917. The following is an ac-
count on the larval features, bionomics and control aspect of the
pest.

Life-history :

The adults begin to lay eggs in 3 to 5 days after emergence.
Each female is capable of laying about 280 eggs and they are laid
in clusters on the undersurface of the leaves.

Eggs :
The individual egg is brick-red in colour, rounded and flat with

a circular depression at the tip. Measures about 1 mm. in length,
The egg period lasts from 5 to 6 days.
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Larva :

The newly hatched larva is 3-5 mm. in length and orange yellow
in colour. Head and prothorax are bigger than the body segments.
Head shield is dark brown. Prothorax is yellowish with light
orange coloured processes. II and III thoracic as well as 3rd, 8th,
9th and 10th abdominal segments are pale white or yellow in
colour. There are five pairs of prolegs which are slender. The
long lateral tubercles on 1st and 2nd segments are blackish with
longer racemose hairs.

Second instar -

The larva after first moult measures 100 mm. Head portion is
big and black in colour with reddish brown prothoracic processes.
The thoracic portion is light greenish with ashy white irregular
bands on I and Iif thoracic segments. The first thoracic segment
bears black band across and having reddish brown dorsal paired
tubercles and lateral processes with a white line traversing across
and separating the head shield. Paired tufts black or grey black
are noted on 1st and 2nd abdominal segments. 3rd and 6th abdo-
minal segments are black laterally with median white dorsel area
intercepted longitudinally by thin streaks and intersegmentally by
light brown patches. The 7th abdominal segment bears a pink
coloured protuberance and the 8th segment has a reddish brown
pair of tubercles. The ninth segment is dirty yellow dorsally.
Hairs on sides are longer than on body surface.

Third instar :

The larva attains a 1e£1gth of 12 mm. and the general coloura-
tion is black with white median longitudinal band and with long
white lateral hairs. The head is distinctly black. The 6th abdo-
minal segment has a white globular and glandular protuberance.
The 7th segment bears a similar yellow protuberance.

Fourth instar:

The larva measures 16 mm. in length and the general
appearance is more or less similar to the previous stage.
Fifth instar :

The larva after this moult measures 20 mm. in length and
shows no distinct difference from the previous stage. Head is olive
brown in colour. On the first thoracic segment 3 dull red colour-
ed tufts of hairs are seen on the lateral surfaces,
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Sixth instar:

The full grown larva is 25 mm. long. The head is ashy grey
in colour and slightly bigger than body segments. The prothoracic
segment is fairly big, ashy white in colour, with median paired
turbercles and with red lateral processes. Hairs are white on
segments II and III with a median dorsal band and lateral black
parch on yellowish white tubercles. The abdominal segments
appear whitish ventrally and ventrolaterally with a median dusky
grey dorsal area. There are erect tufts of hairs dusky grey in
colour dorsally on segments 1 and 2. A distinct fine black streak
is noted on the mid-dorsal dusky grey band. Dorsal tubercles are
located on either side of dusky grey band like eye spots with
black base and ashy white centre. Hairs on th’e tubercles are
dark brown and smaller. Anal segment is whitish. The
characteristic glands on 6 and 7th are yellowish white and deep
red respectively and appear as conical protuberance, Numerous
white hairs are visible on head shield. The setal arrangement is
characterised by the presence of verrucal and dense group of hairs
on the dorsal side of 1st and 2nd segments. The crochets on
prolegs are uniordinal and are borne on slender fairly long prolegs
bearing a few secondary setae. The larval period lasts for 18 to
22 days.

Pupa :

Pupa is brownish green in colour with no definite cocoon with
supporting silken strands. The pupa is hairy and brightly colour-
ed on the dorsal aspect and pale yellowish white on the ventral
portion. The pupal period varies from 5 to 6 days.

Moth :

The following description has been adopted from “The
Lepidoptera of Ceylon” (Vol. II) by F. Moore (1883).

Male:

Fore-wing {ransparent, except at base, which is obliquely
covered with pale ochreous brown scales, hind wing pale ochreous
brown, darkest towards anal angle; a transparent spot at the apex;
thorax pale ochreous brown, abdomen blackish, with narrow

whitish segmental bands, anal tuft reddish ochreous; antennae
brown.
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Female :

Dull ochreous-white, the base of posterior border sparsely
irrorated with minute black scales. Body dull ochreous white;
head palpi, legs and anal tuft pale ochreous. Expanse, male 1%,
1% inch. Generally moths begin to emerge in October. The
females are much longer and have cream-white wings and body.
On emergence the females are sluggish and dull in disposition and
inactive at all times as compared with the males. During the
day the moths are for the most part quiescent and become active

just at dark. The male lives from 3 to 10 days and the female
from 5—11 days.

Total life cycle:

The total life cycle of the pest varies from 28 to 34 days the

egg, larval and pupal periods being 5 to 6, 18 to 22 and 5 to 6
days.: '

Natural enemies:

The following parasites have been reported. (Cherian and
Israel, 1939). An unidentified chalcid has also been reported in the
egg stage of the pest. (2) Megarhogas n.sp. on fairly grown up
caterpillars. (3) Tricholyga sorbillans Wied. a tachinid parasite
on the body of the larva. (4) Brachymeria euploene Westwr. a

chalcid on the larva and Goryphus nursei Cam. an Ichneumonid
parasite also on the larva.

Control measures :

Before the advent of synthetic chemicals the pest was con-
trolled to a small extent by spraying lead arsenate or calcium
arsenate at a strength of %% oz in one gallon of water or by
dusting flowers of sulphur as a repellant. A small scale insecticidal
trial was conducted in the orchard during 1956. Four treatments,
namely, sprays of BHC 0'1%, DDT 0-1%, Aldrin 0:1% and Dieldrin
0-1% were tried on the infested plants and the population of cater-
pillars were counted before and after the teratment. From the
trial it is evident that BHC 0'1% can effect a complete mortality
of the caterpillars within 48 hours after treatment. Next in order
of efficacy are Aldrin and Dieldrin respectively. 'The results of
the trial are presented in Table I,
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TABLE I
Pering nuda, Fabr. Treatment and population counts
Population Population Percentage
Treatments before after of reduc~
treatment treatment tion in
population
24 hrs. 48 hrs.
1. BHC 0'1% 12 4 0 100%
2. DDT 0-1% 14 9 7 55%
3. Aldrin 0-1% . 10 6 4 60%
4. Dieldrin 0°1% 16 8 6 63%
5. Control . 12 12 12 Nil
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Relations between Sums of Singular Series
Associated with Certain Quadratic Forms

BY

K. Ananpa Ravu

ABSTRACT

In this paper the equality is proved of the sums of singular series
relating to quadratic forms whose coefficients satisfy certain condi-
tions.

The singular series relating to the quadratic forms
a(x?+v?) + c(Z + )
a(a?+?) +2c (B + 1),
where z, y, z, t are integer variables and the coefficients a, ¢ are
0dd positive integers, prime to each other, were considered in a
recent paper [1], and certain expressions were obtained for the
sums f the singular series. It is the purpose of this paper to

show that we can use these expressions to prove the following
theorem.

TueoreM: Let a, ¢, a*, c* be odd positive integers such that

(a, ¢) =1, (a*, c*) =1, ac =a*c*. Then the sums of the sin-
gular series relating to the forms

a(x® -+ y?) +c(®+ ) e Q)
a* (x2 + y?) + c* (2% + t?) e )
are equal; and the sums of the singular series relating to the forms
a(x% 4 y?) + 2¢(2? 4 t?) o @)
a* (x® + y?) + 2c* (22 + t?) o (9

are equal.

Proor: Denoting the sums of the singular series relating to
the forms (1), (2), (3), (4) respectively by

2 2

g (), n’n

ac a*c*

men

2a*c*

2
$*(n), %S' (n), S* (n),

it is plain that in view of the hypothesis

ac == a*c¥,
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we have only to prove that
S(n) = S*(n)
S (n) = 8* (n)

. It will be convenient to recall some of the notations and defi-
nitions used in [1]. As in [1] we represent by k a variable run-

ning through all positive integers 1, 2, 3,
(a, k) =f, (¢, k) =g, (2¢, k) =w
a/f =a, c/g=1, 2¢c/w =
, (k) = — fgif+e, @, (k) = dfgiotr
¥, (k) = — fwiftw, W, (k) = 4fwio+n
M == 2ac, N = 4ac, P = 8 qac.
Analogously we define f*, g*, ete,, by
(a*, k) =f*, (c*, k) =g*, (2*, k) = w¥*,
a*/f* = ¥, ¢*/g% = v*, 2c/w* = p*
D% (k) = —frgrisiee,
Bx(k) = dfrgrintoe
Wy (k) = — fraptifstwr
Wo* (k) = 4fcwir*-tue
M* = 2a*c*, N* = 4a*c*, P* = 8q*c*,
Now from (a, ¢) =1, (a*,
values of k
faw= (k, a) (k, c)-= (k, ac)
f*g* = (k, a*) (k, ¢*) = (k, a*c*),
and therefore since ac = a*c* we have
fg = f*g*.

..... ; and we write

¢*) =1 it follows that for all

. (5)
Similar reasoning shows that the hypotheses
(a, 2¢) =1, (a*, 2c*) =1, ac = g*c*
lead to
fw = f*w*. (6)
Further, applying (5) and th iti
e 2 (5) e definitions of q, Y, a*, v¥* we
oy ac a*c* '
e = = ¥ k.
fg g M5 S
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and applying (6) and the definition of a, 5, a*, y* we get

2ac 2a*c*
an = " = Froot = a*p*. .. (8)

We saw in [1] that f, g, a, y are odd for all values of k and that
when k is odd we have w odd, and that when k=0 (mod. 8) we
have 5 odd. Similar reasoning shows that f*, g%, a*, v* are odd
for all values of k, and that when k is odd we have w* odd, and
that when k=10 (mod. 8) we have n* odd. It follows from these
that for all values of k we have

(f—1) (g—1) =0, (f* —1) (9*—1)=0,

(a—1) (y=1)=0, (a* —1) (y*—1)==0,
the congruences being to modulus 4; and further when k is odd
we have

(f—1) (w—1)=0,  (f*—1) (w*-1)=0,
and when k=0 (mod. 8) we have
(a—1) (n—1) =0, (o*—1) (5*—1) =0,
all the congruences being again to modulus 4. Using the above

congruences and the equalities (5), (6), (7), (8) appropriately
we obtain without difficulty

iHFo—iforl—iirorHl—jf*+o* for all k )
jety—javHl—jerysHl—jar+re for all k .. (10)"
Hw—fwtl—jfewstl—jf++w* for k odd .. @an
jotn—jantl—josn*+l—jos+n* for k=0 (mod. 8) .. (12)

Viewing the definition of @,* (k) given above together with (5),

(9), and the definition of @, (k) we see easily that for all values
of k, and in particular when k is odd we have

Q* (k) = @y (k). .. (13)

Similarly, by appropriate use of (6), (7), (8), (10), (11), (12)
we are able to prove that

®,* (k) = @, (k) when k=0 (mod. 4)
W, * (k) = ¥, (k) when k is odd .. (19)
Yo* (k) =W2 (k) when k =0 (mod. 8)
Since
M*=M=2ac, N*=N=4ac, P*=P=8ac
s.2
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we get easily the analogues of the relations (20), (58) of 1,
namely,

S') =20 @R, @ + 30 OR, ©
.. (1S
S¥(m) =3IVt OR,, (@ + TV OR, (), o

where, ¢, E, © run through the numbers prescribed in (21), (59)
of [1]. By appropriate combination of (13), (14), (15) with
(20), (58) of [1] we obtain easily.

S*(n) =S (n)

S*(n) =8 (n),
as required to be proved.

REFERENCE

1. K. Ananda Rau: On the Summation of Singular series associated with
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Studies on Indian Cryptonemiales—I
Grateloupia C.A.Ag.

BY

M. S. BALAKRISHNAN
Um'versity. Botany Laboratory, Madras-5, India*

(Received for publication on 21-1-1961)

ABSTRACT

Details of reproduction are given for three species of Grateloupia,
G. comorinii, G. indica, and G. lithophila. The study has shown a
common pattern of post-fertilization development existing in all the

three species.
Introduction

Schmitz (1883) stressed the importance of characters of cysto-
carp development in Floridean systematics. Since then the classifi-
cation of the Florideophycidae has rested essentially on these
characters. Kylin and Svedelius and others have emphasized the
importance of a detailed study of the ontogeny of the cystocarp as
a guide to the interpretation of the phylogeny of the group as a
whole. There is, therefore, now a great need for intensive studies
of the tropical red algae which have not received much attention

so far.

The present accepted classification of the Florideophycidae is
based mainly on that of Kylin (1932). In this system, the
Cryptonemiales are separated from the Gigartinales by the fact
that in the Cryptonemiales the auxiliary cell and the supporting
cell of the carpogonial branch are formed on special accessory
branches, while in the Gigartinales the auxiliary cells and the
supporting cells of the carpogonial branches are modified inter-
calary cells of the normal vegetative branches themselves. Some
workers have felt that this distinction is somewhat unsatisfactory
(Fritsch, 1945, p. 656; Papenfuss, 1951, p. 10). In the light of

In;l: Present Address: Depariment of Botany, Poona University, Poona-7,
a.
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present insuflicient knowledge, especially of the developmental
morphology of the different families of these two orders, it is
rather difficult to assess the value of this character. Intensive
studies on the comparative morphology of several members belong-
ing to a single family and several families blonging to the same
order are essential before any pronouncement can be made regard-
ing the autonomy of these two orders (see Norris, 1957; also Drew,
1957). Among the Cryptonemiales the family Cryptonemiaceae
shows a good deal of resemblance in vegetative characters to the
families Nemastomaceae, Sebdeniaceae and Furcellariaceae of the
Gigartinales (see Kylin, 1956, p. 216). 'The writer, therefore,
selected this family (Cryptonemiaceae) for a detailed Investigation
as he felt that such an investigation would lead to a better under-
standing of the inter-relationships of the genera and families of

the Cryptonemiales and possibly also of the Cryptonemiales with
the Gigartinales,

There have been comparatively few detailed investigations of
the developmental morphology of species belonging to the family
Cryptonemiaceae till very recently. While the family is
one with about twenty genera, detailed informa
production is available only for a few genera,
was the first to devote attention to details of r
his monograph of the Cryptonemiaceae of the G
has given an illustrated account of the pre-
development in two species of Grateloupia and one of Halymenia
Schmitz and Hauptfleisch (1897) have in the ‘Naturlicher;
Pflanzenfamilien’, also given a short account of Grateloupia filicina
(Lamour,) C.Ag. (=Grateloupia filicina (Wulf.) C.A ). Daines
.(1913), in his account of Prionitig attempted a (.ietai.leg.a.nal sis of
its rep.roductive structures. But, Sjostedt’s reinvestigation 3:)f the
genus in 1926 showed that Daineg’ observations were incorrect in
many respects. Sjostedt (1926) also studied the developmental
morphology of Cryptonemia borealis Kylin. In 1930 Kylli)n pub-
lished a detailed and complete account of Grateloupia fiilicina
Subseqqently Balakrishnan (1949) described the dezt)ail )4 e:
production in an Indian species of Grateloupia, G l:th(:)pl:ila
Boex:gs.” Dawgon (1954) in his “Marine Red A,lgae. of Pacific
Mexico” has given some details regarding reproductive structures
and figures of some species of Grateloupia and Halymenia as well
as of Cryptonemiac angustata (Setchell et Gardner) Dawson
Polyopes bushize Farlow (=Carpopeltis  bushige (Farl w),
Kylin.), Zanardinula andersoniang (Eaton) Papenfusg (:Pj;:‘:it’is

a large
tion regarding re-
Berthold (1884)
eproduction. In
ulf of Naples, he
and post-fertilization
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andersoniana Eaton ex J. Agardh) and Z. acroidalea (Setchell et
Gardner) Dawson.

Okamura (1907-13) in his ‘Icones of Japanese Algae’ has
given a few figures of reproductive structures in Japanese species
of Grateloupia, Halymenia, Corpopeltis, Prionitis and Cryptonemia,
but he has not attempted an analysis of these structures. Recently,
Kawabata has published a series of papers on the developmental
morphology of Japanese algae belonging to this family: wviz,
Grateloupia turutury Yamada (Kawabata, 1954a); Pachymeniopsis
lanceolata Yamada (Kawabata, 1954b); P. yendoi Yamada
(Kawabata, 1957); Cyrtymenia sparsa Okamura (=Phyllymenia
sparsa (Okamura) Kylin) (Kawabata, 1956) and an unidentified
alga belonging to the Cryptonemiaceae {Grateloupiaccae)
(Kawabata, 1955).

The family Cryptonemiaceae is well represented on the Indian
coast. Four species of Cryptonemia, six of Grateloupia, ten of
Halymenia and one each of Polyopes, Carpopeltis and Coryno-
morpha have been reported from the Indian region. At the kind
suggestion of Prof. Iyengar, a comparative morphological study of
this family was undertaken. Eight species have been studied in
detail viz., Grateloupia comorinii Boergs., G. indica Boergs., G.
lithophila Boergs., Halymenia porphyroides Boergs., H. floresia
(Clem.) C.Ag., H. dilatata Zanard., H. polydactyla Boergs., and
Corynomorpha prismatica (J. Ag) J. Ag. The results of this
investigation are presented in three parts. The present one deals
with the genus Grateloupia.

Material and Methods

Material used in this investigation was provided by the writer’s
own collections as well as collections made at various times by
Prof. M. O. P. Iyengar, Dr. T. V. Desikachary and Mr. V. S.
Sundaralingam, all of whom were generous enough to place their
collections at the writer’s disposal. For the most part the material
was preserved in 4% Formalin in sea water from which it was
transferred by stages to 4% Formalin in fresh water before
handling. Material preserved in Form-acetic-alcohol was also
used, especially for microtoming. Most of the observations were
made with squash preparations. Material was cut up into small
pieces a few millimeters square and washed thoroughly in several
changes of distilled water for 5-8 hours. Then the material was
stained in a 1% aqueous solution of Erythrosin or Cyanosin for
about five minutes; excess stain was drained off, a drop of 10%
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glycerol in 4% Formalin added, and a coverslip placed on the
material. After this, the material was slowly squashed with slight
pressure exerted by the fleshy part of the thumb or the handle of
a dissecting needle. This method yielded satisfactory preparations
which, if sealed by ringing with Canada Balsam, lasted for a good
length of time. Pretreatment with 109, potassium or sodium
hydroxide or acids in various strengths as recommended by other
workers, did not offer any particular advantage in the species
studied. On the other hand, Norris’ (1957) suggestion of using
distilled water alone for 24 hours or more was found to be helpful
in some cases, especially when the material had been killed and
preserved in form-acetic-alcohol. Chopping into fine bits with a
safety-razor-blade was also found useful in the case of recalcitrant
materials.

Microtome preparations were also made, and these were found
useful especially in confirming details studied by squash prepara-
tions. Microtome preparations were made by the paraffin method
in the customary manner. Sections 10 thick were found most
satisfactory and of all the stains tried, Haidenhain's iron-alum-
haematoxylin gave best results. Observations made from micro-
tome preparations were very useful in supplementing those made
with squash preparations.

GRATELOUPIA C. A. AGARDH

Berthold (1884) has given a good account of Grateloupia
cosentinii Kiitz, (= G. proteus (Kunth.) Kiitz.) and G. dichotoma
J. Agardh. This account also includes some figures illustrating
the essential features of reproduction in these two species. Sub-
sequenly, Kylin (1930) gave a complete and detailed account of
G. filicina (Wulf.) C.Ag. Balakrishnan (1949) dealt with the re-
productive stages in the Indian species, G. lithophily Boergs
Finally, Kawabata (1954a) has given a detailed account of the.
Japanese species, G. turutury Yamada. Okamura (1908), in his
‘Icor'1es of Japanese Algae’ has figured carpogonial branc};es and
auxiliary cells in G. lancifolia (Harv.) Okam., but a detailed and
correct analysis of the reproductive structures is not given by him
Dawson gives figures of G. schizophyla Kiitz. and G. hancockii:
Dawson. He also makes some remarks about reproduction in

some more species in his account of the marine red al :
i ae
Mexico (Dawson, 1954). gae of Pacific

In the present investigation, three species of Grateloupia
occurring in the Indian region have been studied, viz. G. comorinii
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Boergs, G. indica Boergs, and G. lithophila Boergs. The results
of these studies are presented below.

Grateloupia comorinii Boergesen

Material: Cape Comorin, 28th October, 1957.

G. comorinii was described by Boergesen in 1938 and is based
on specimens collected by Prof. Iyengar in September 1929 from
Cape Comorin. The material used in the present investigation
was collected by the writer from the type locality, and agreed in
all respects with the type specimens in Iyengar’s herbarium of
South Indian Algae now located in the University Botany
Laboratory, Madras.

The alga grows in abundance on rocks exposed to the surf,
south east of the shore temple at Cape Comorin. Plants are
mostly solitary, reaching a height of up to 30 (35) cm., and yel-
lowish purple to brownish in colour, often with green specks,
especially in the basal portions. The laminate fronds are highly
variable in width and shape, tough in consistency and very slip-
pery to touch on account of the highly lubricous surface. Attach-
ment to the substratum is by a small discoid holdfast from which
the single laminate frond arises. The blade is stipitate, the very
short stipe gradually expanding into the foliaceous lamina. Occa-
sionally clumps of more than one frond are seen, and in these
instances, the fronds may issue from the discoid holdfast or from
the lower part of the stipe (Plate III, fig. 3). The base of the frond
is cuneate; the shape of the blade is very variable (see Boergesen,
1936, p. 217). Sometimes it is linear obovate to oblong-lanceolate
and gradually tapering upwards to a blunt tip; in some it is rather
abruptly truncate probably due to injury. Sometimes the blade
is divided more or less deeply into two to four segments (Plate III,
fig. 3). The laminae vary from one and a half to five times as
long as broad. In general, the simple entire fronds are narrow
while the truncate and divided blades are broad. The margins
are more or less sinuate and undulating. Proliferations are almost
always present, but the amount of proliferation varies. Some
specimens are almost destitute of proliferations while others have
a large number of proliferations from the upper parts, leaving the
basal portion comparatively bare. Proliferations are usually most
numerous and well developed along the upper margins of the older
truncate specimens. The proliferations are elongate-elliptic and
often have rather broad bases, tapering from the middle to the
somewhat sharp tip. They may vary in size from quite small ones
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(Plate III, fig. 4) to well developed ones which are about 2-2-5 ¢m
long and 5-7 mm. broad (Plate III, fig. 1), .

At the time of his original description, Boergesen had only
tetrasporic material. 'The writer was able to collect tetrasporic as
well as mature cystocarpic specimens in October 1957. The cysto-
carpic plants are quite similar to the tetrasporic in general ap-
pearance, but they are slightly smaller in size, and almost always
truncate with a large number of proliferations (Plate III, fig. 2).
The cystocarps are scattered on the surface of the thallus in the
older portions, the tips alone being free, and are seen as small
dark specks when the plant is held up against the light. 'The
cystocarps are almost totally immersed in the thallus, only the
ostiolar portions projecting very slightly as minute conical
protuberances. As a result, the cystocarpic plants have a slightly

rougher feel as compared with the tetrasporic ones, though both
are equally slimy.

Structure of the thallus :

As in all other Cryptonemiaceae, the thallus is multiaxi
construction, growth being of the fountain type.
fronds are up to 400 p thick, and show the typieal
in the genus (Text-fig. 1). The medulla is proportionately large
and somewhat loose in texture. The inner medullary regiongi’
composed of loosely interwoven longitudinal filaments 5.9 |, iri
diameter, interspersed with slender rhizoids 3.5 I in diameterl nd
a large number of stellate cells, 15-20 i in diameter and with aa
up to 60 p long. The stellate cells may be in direct con :m :
with one another or may be connected by long slender r}rll'ec 'lc(lm
The outer medulla is somewhat more compact and co ste of
slightly irregular cells 15-20 U in diameter, and gradin r}SItS o
inner cortical region. The cortex is many layered aidm 10 ﬂlle
divisible into an inner and an outer cortex. The in’ner ; ear'y
somewhat loose and is composed of fairly large and irre s?rtex 1]1s
10-20 1 long and 6-9 p broad grading almost imperceptib]g .axl; c«ihs
outer medulla on the inner side; the cells get progressi 1y e
and more rounded as we approach the peripherylofvet}hy s:}rialler
where Fhey gradually merge into the outer cortex TE ellus
cortex is compact and composed of tightly packed.di he T
ﬁlamen.ts, the cells of the filaments being rounded Ic)l plomous
measuring 5-8 p by 3-4 . The terminal cells of the c(z)rt('mgl e
ments are somewhat narrow and with rounded tips, ¢ e

3 1 wide, densely pigmented and forming a sort of surfatel(;;%iszr:ii

al in
In section, the
structure found
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layer. Quite often some of these cells grow out into unicellular
hairs 2-2'5 p wide and up to 150 p long.

Development of the carpogonial branches:

The carpogonial branches develop in special branch systems,
the so-called ‘ampullary clusters’ or ‘ampullae’ (Sjéstedt, 1926).
Each ampullary cluster arises as an accessory branch system
from a normal vegetative cell in the inner cortex (Text-fig. 2); it
is, therefore, secondary in origin. The primary branch of the
cluster (the primary ampullary filament) is four- to six-celled and
is incurved or slightly coiled. 'The cells of the primary ampullary
filament are subspherical, measuring 6-9 p diameter. From the
cells of this primary ampullary filament five- to ten-celled erect
secondary branches are given off towards the surface of the
thallus; occasionally, from these secondary erect branches, branches
of a higher order may also be produced. 'The cells of the erect
secondary ampullary branches are somewhat oblate-spheroidal to
inverted conical, 6-9 p wide at the base of the branches and get-
ting gradually smaller towards the tip. The terminal cells of the
secondary ampullary branches are somewhat cylindrical or sub-
conical, 7-9 p long and 3-4 p broad. The fully formed ampulla
is a hollow, conical flask-shaped structure, 20-25 p wide at the
base and 10-15 p wide at the tep; the bottom of the flask is formed
by the slightly coiled primary ampullary filament and the sides
by the erect secondary branches, which reach almost to the sur-
face of the thallus.

The carpogonial branch normally arises from an intercalary
cell (Text-figz. 6 sc) of the primary ampullary filament. The
carpogonial branch is two-celled, consisting of a terminal carpo-
gonium (Text-fig. 6 cp) and a single hypogynous cell, the carpo-
gonial-branch-cell (Text-fig. 6 cb). As the ampulla matures, the
carpogonium develops a long trichogyne; a short three- to five-
celled lateral sterile branchlet is developed from the carpogonial
branch cell (Text-fig. 6 st). The trichogyne originates as a small
papillate structure which ultimately develops into the thick
walled long trichogyne. ‘The trichogyne is 3 u broad and projects
appreciably above the surface of the thallus (Text-fig. 6). 'The
length of the trichogyne is variable, but it is usually 12-15 times
as long as the carpogonium. The carpogonium is short and conical
with a curved base, measuring 65 p wide and 7 p high. 'The
trichogyne is slightly constricted at the base. Because of the
incurving or coiling of the primary ampullary filament, the carpo-
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gonium usually occupies the centre of the ampullary cluster at the
base.

Development of the auxiliary cells:

As in all Cryptonemiales, here also the auxiliary cells are
distinguishable even before fertilization. Like the carpogonial
branches, the auxiliary cells also occur in special ampullary
clusters which arise as accessory laterals from cells of the inner
cortex (Text-fig. 2). The general structure of the auxiliary cell
ampullae is quite similar to that of the carpogonial ampullae (Text-
fig. 3). They show a 5-8 celled primary filament which is slightly
incurved and from which erect secondary branches arise, finally
forming a hollow conical flask-shaped structure. The cells of the
primary ampullary filament are spherical and 7-5-9 p in diameter.
The secondary branches are six to ten cells long; the basal cells
of the secondary branches are flattened spherical, and 6 p high
and 9 u in diameter; cells higher up get progressively smaller
and are flattened spherical or inverted conical in shape and are
4.5 u X 8-9 1 in size. The terminal cells of the secondary ampul-
lary branches are cylindrical or conical and are 7-9 p long and
3-5 n wide. The auxiliary cell ampullae are slightly larger and
more profusely branched than the carpogonial ampullae, and are
30-35 p wide at the base and 20-25 p wide at the narrowed top
portion. The auxiliary cell is an intercalary cell of the primary
ampullary filament (Text-fig. 3 au), or occasionally, the lower
most cell of one of the erect secondary ampullary branches. It is
much larger than the other cells in the ampullary cluster; it is
spherical to ovoid, 10-12'5 p in diameter or 10-12-5 p X 811 y,
uninucleate and densely protoplasmic. The auxiliary cell occupies
the approximate centre of the ampullary cluster at the base.

Post-fertilization development :

After fertilization, the trichogyne is first cut off from the
rest of the carpogonium. The fertilized carpogonium now enlarges
and produces a number of connecting filaments directly, without
tusing with any cell or cells of the carpogonial ampulla (Text-
fig. 5). This observation of the writer agrees with that of Kylin
(1930) who found in G. filicine that the fertilized carpogonium
enlarges and directly sends out connecting filaments without fus-
ing with any cell of the carpogonial ampulla.
species the writer has been able to observe very clearly earl
stages in post-fertilization development. As is seen from Texstr:

figure 5, it is only the carpogonium which enlarges and sends out

In the present
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connecting filaments without prior or later fusion with any cell
of the carpogonial ampulla. In all the cases examined, the carpo-
gonial branch cell and its lateral sterile branch could always be
made out in their entirety (Text-fig. 5, ¢b, st) G. comorinii further
resembles G. filicina in that the enlarged carpogonium still retains
a fairly regular shape (cf. Kylin, 1930, fig. 10c, with Text-fig. 5
of the present paper).

At this stage of post-fertilization development, there is an
impoverishment of the contents of the cells of the primary and
secondary ampullary branches. There is also a slight widening of
the protoplasmic (pit) connections between the cells in the vici-
nity of the fertilized carpogonium. It appears likely that the
enlarging carpogonium draws nourishment from the sterile
branches of the ampullary cluster in order to sustain its further
development.

The connecting filaments lack cross walls; they run in all
directions, seeking out the fully developed auxiliary ampullae and
fusing with the auxiliary cells in them. Usually there is a slight
swelling at the point of fusion. After fusing with an auxiliary
cell the connecting filament frequently continues its growth, seek-
ing out other auxiliary ampullae and fusing with the auxiliary
cells in them. The auxiliary cell, after fusion with a connecting
filament, and presumably after receiving a diploid nucleus from
it, enlarges slightly and divided transversely by a concave wall.
The upper lenticular cell thus formed is the gonimoblast initial.
This by further divisions produces the gonimoblast. The develop-
ing gonimoblast is seen to consist of several distinct clusters or
groups of gonimoblast filaments (gonimolobes) in various stages
of development (see Kylin 1956, p. 215; Fritsch, 1945, p. 365).*
The lower daughter cell resulting from the first division of the
auxiliary cell enlarges and becomes irregular on account of fusion
with adjacent cells of the primary ampullary filament; the pit
connection between it and the gonimoblast initial is quite large
and prominently seen. The lower cells of the gonimoblast filaments
remain sterile; the upper cells become carposporangia, each
carposporangium producing a single carpospore. The carpospores
are somewhat polyhedral with rounded corners about 10-15 u in

*The term ‘Gonimolobe’ is used here as was used by Schmitz (1883)
and other earlier authors (Kylin, lc., Fritsch, Le.) and not in the sense indi-
cated by Drew, 1954 (see also Prakasa Rao, 1956).
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Texr-Fies. 1-10: Grateloupia comorinii Boergs.

1. Longitudinal section of the thallus showing internal organization, 2. Young
ampullary cluster, developing as an accessory lateral branch from a cortical
filament. 3. Fully developed auxiliary ampulla; note that the auxiliary cell
is an intercalary cell of the primary ampulary fllament, 4, Tetrasporangium
after the first division. 5. Fertilized carpogonium sending out three connecte
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diameter. They are uninucleate and contain a number of ribhon-
shaped chromatophores.

Side by side with gonimoblast development, the erect secondary
ampullary branches develop lateral branches in some pro-
fusion. These newly produced branches are few to several cells
long, and are more or less horizontal, with the tips directed down-
wards (Text-fig. 7,br). By interlacing, these branches soon form
an intricate network surrounding the developing gonimoblast.
During later stages of gonimoblast development, this ‘basket’
surrounding the gonimoblast is gradually destroyed, and finally
only scattered remnants of it are seen in the mature cystocarps.
Production of these branches is evidently for nutritive purposes
as is seen from the fact that these get gradually impoverished and
ﬁnal%y destroyed altogether during the gonimoblast development.

The ripe cystocarps are flattened subglobose, up to 200 § in
diameter, 100-125 p high, and are completely sunk in the thallus;
there is a central ostiole at the top through which the ripe
carpospores finally escape (Text-fig. 10).

Development of tetrasporangia :

The tetrasporangia arise as secondarily developed one-celled
lateral branches from the cells of the inner cortex. The tetraspo-
rangium is cut off by a curved wall from the top portion of the
mother cell. It soon enlarges and attains an elongate ellipsoidal
shape (Text-fig. 9). After reaching a fairly large size, it divides
transversely into two (Text-fig. 4). Each of the two daughter-
protoplasts thus formed, divides vertically once again, so that four
spores result (Text fig. 8). Depending on whether the vertical
divisions are both in the same plane or perpendicular to each
other, the tetraspores are cruciately or decussately arranged, Ripe
tetrasporangia are ovoid to ellipsoidal in shape and 25-30 u long

ing filaments; note that it still retains a regular shape; note also that the
carpogonial branch cell (cb) and its lateral sterile branch (st) stil] retain
their identity. 6. Mature carpogonial ampulla. 7. Auxiliary ampulla show-
ing an early stage in gonimoblast development and the initiation of the
lateral branchlets from the cells of the secondary ampullary branches.

‘8 Mature tetrasporangium. 9. Young, unidivided tetrasporangium, 10, Ripe

cystocarp in section, )

(au: auxiliary cell; br: nutritive side branchlets; cb: carpogonial branch cell;

¢f: connecting filament; cp: carpogonium; g: gonimoblast; sc: supporting
cell; st: lateral sterile branch).
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and 12-16 w broad. They are superficially situated in the cortex
and scattered all over the thallus surface, with the exception of
the parts just behind the apices. The ripe tetraspores are uni-

nucleate, densely protoplasmic and contain several ribbon-shaped
chromatophores,

Grateloupia indica Boergesen

Material :  Okha, 6th January, 1955, leg. T. V. Desikachary.

Grateloupia indica was first described by Boergesen in 1932
based on a specimen cast ashore at Okha port. The material
used in the present investigation was collected from the type
locality and comparison with Boergesen’s specimens in Iyengar’s
herbarium at the University of Madras has confirmed its identity.

Both tetrasporic and cystocarpic specimens were present in the
collection,

The alga grows on rocks facing the open sea. It is a large
alga, plants often reaching a length of one metre (see Boergesen,
1932), though smaller specimens are more common., The basal
disc is rather small for a plant of its size, and the single erect
frond arising from it is distinctly stipitate. The stipe is short,
cuneate, and expands rather abruptly into the flat oblong — linear
blade which is much divided. The blade is very tough in
consistency, with a highly lubricous surface, making it very slip-
pery to touch; the colour of the living plant is purple, but dried
specimens appear dark purple with a violet tinge in the older
portions, slightly paler in the upper parts. Division of the lamina
is very irregular, resulting in lobes of various sizes and shapes
(Plate 1V, fig. 5). The overall width of the blade ranges from 25
cm. to 30 cm; the segments vary from 5 cm. to 10 em. in width.
In old cystocarpic plants the blades show a large number of
perforations of varying sizes. These perforations probably origi-
nate from empty cystocarpic cavities. 'The margin of the blade
is usually irregularly sinuate and undulate. Proliferations are not
very common and are usually seen only in old blades which have
been damaged or are highly perforated. When
quite numerous, small and spathulate.

Structure of the thallug:

Th.e blades are 300-350 u thick, multiaxial in construction, and
in section show the typical structure of Gratelou

i pia (Text-fig. 11).
The medulla is somewhat large and more or less loose in texture,

present, they are
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just as in G. comorinii. The inner medulla is composed of longi-
tudinal thick-walled medullary filaments, 5-8 w in diameter, and
interspersed with stellate cells and slender rhizoids. The stellate
cells are about 15-20 y in diameter with arms up to 75 u long;
the rhizoids are 3-4 p thick. The stellate cells may be in direct
connection with one another or may be connected by rhizoids.
The outer medulla is more compact than the inner and consists
of large irregular cells measuring 15-30 p X 10-12 p, and gradually
merged into the inner cortex. The cortex is many layered and
clearly divisible into an inner and an outer cortex. The cells of
the inner cortex are more loosely arranged than in the outer
cortex. Cells of the innermost layer are large and somewhat
irregular, 10-15 p long and 10-12 p broad. As we go towards the
outer cortex, the cells get progressively smaller and more round-
ed. The outer cortex is composed of densely packed dichotomous
cortical filaments with cells somewhat rounded and measuring
58 u by 3-5 u. The terminal cells of the cortical filaments are
narrow and cylindrical and 6-9 u long and 3-4 u broad with some-
what rounded tips. They are densely pigmented and form a photo-
synthetic surface palisade layer.

Development of the carpogonial branches:

As in Grateloupia comorinii, here also the carpogonial branches
are developed in special ‘ampullae’, which are accessory laterals
of the inner cortical cells. 'The primary ampullary filament is four
to six cells long, the cells being subspherical and 6-9 y in diameter.
From the cells of the primary ampullary filament, erect secondary
ampullary branches arise. The cells of these secondary branches
are rounded, or inverted conical, getting progressively smaller
towards the tips; the basal cells of these branches are usually
5-6 w in diameter and the subterminal cells 3-5 p in diameter.
The terminal cells are cylindrical or conical, 7-10 p long and
3-3'5 u broad. As in G. comorinii, the fully developed ampulla
is a conical flask-shaped structure, broad at the base and narrow-
ing towards the top, which reaches up to the level of the outer-
most cortical layer. The entire cluster is 20-25 p wide at the
base and 10-15 p wide at the top.

The supporting cell of the carpogonial branch is an intercalary
cell of the primary ampullary filament. The carpogonial branch
is two-celled; the carpogonial branch-cell always has a short two-
to five-celled lateral sterile branch (Text-fig. 18 st). The carpo-
gonium is short, subconical, 5-8 1 wide at the base and 5-7-5 p
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high. The trichogyne is much longer than in G, comorinii, often
up to 25 times as long as the carpogonium, and occasionally twist-
ed or coiled; the trichogyne is 2-5-3'5 1 wide, and has a thick wall.
The basal constriction is very pronounced. The primary ampul-
lary filament is curved, so that the carpogonial branch occupies
approximately the centre of the ampullary cluster, with the long
trichogyne pushing through vertically and projecting appreciably
above the surface of the thallus (Text-fig. 15).

Development of the auxiliary cells :

The auxiliary ampullae also arise ag accessory lateral branches
of the inner cortical cells, Their general construction is quite
similar to that of the carpogonial ampullae, but they are, as a
rule, much more profusely branched th
ampullae. The primary ampullary filament is five to eight cells
long, the cells being subspherical and 8 pt in diameter, The erect
secondary ampullary branches are up to ten cells long: the basal
cells of the secondary branches are 6-8 p in diamete’r and the
subterminal cells 3-5 u in diameter. The terminal cells are
cylindrical or conical, 7-10 u long and 3-3'5 u wide. The fully

developed auxiliary ampullae are 30-35 u wide at th
20-25 y wide at the top. e base and

an the carpogonial

The auxiliary cell is an intercalar
lary filament (Text-fig. 12) or the b
secondary ampullary branches (Text
spherical, 10-13u long and 7-5-10pn w
uninucleate. The primary ampulla
the auxiliary cell occupies
in the basal part.

y cell of the primary ampul-
asal cell of one of the erect
.-ﬁg. 13). 1t is ovoid to sub-
ide, densely protoplasmic and
ry filament is curled so that
the approximate centre of the ampulla

Post-fertilization development -

After fertilization, the trichogyne is first cut off. The ferti-
lized carpogonium then enlarges and ultimately becomes a much
swollen, irregularly lobed structure; from the tips of the lobes
connecting filaments are produced (Text-fig. 15). Here also it’
could clearly be observed that it was only the carpogonium wh’ich
had enlarged considerably and developed into an irregular lobed
cell; there was no fusion of the carpogonium with any adjacent
cell or cells of the ampulla either prior to or after fertilizlation
As Text-figure 15 shows, the carpogonial branch cell and its short.
lateral sterile branch preserve their identity and can be ;learly
made out (Text-fig. 15, cb, st) at this stage. As compared with G.
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comorinii, a greater widening of the protoplasmic connections bet-
ween the fertilised carpogonium and the connected cells of the sys-
tem is seen in this species. There is also a greater impoverishment

Texr-Fras, 11-19: Grateloupia indica Boergs.

11, Longitudinal section of the thallus showing the internal organization,
12, Auxiliary ampulla; note that the auxiliary cell (au) is an intercalary
cell of the primary ampullary filament. 13. Auxiliary ampulla; note that the
auxiliary cell (au) here is the basal cell of a secondary ampullary branch,

84
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of the contents of the cells of the ampullary branches. This is
perhaps due to the fact that in G. indica the fertilized carpogonium
enlarges much more than in G. comorinii, becoming greatly lobed
and sending out a much larger number of connecting filaments
(cf. Text-fig. 15 with Text-fig. 5); this would, obviously, mean
a greater drain on the cells which remain in organic con;uection
with it. The connecting filaments are non-septate, thick-walled
and 2-3¢ in diameter. They run in all directions, seeking out
auxiliary cells and fusing with them. After fusing with one
auxiliary cell, the connecting filament in many cases continues
its growth, seeking out successive auxiliary ampullae and fusing
with the auxiliary cells in them.

After fusion with the connecting filament, and presumably
after receiving a diploid nucleus from it, the auxiliary cell cuts
off the gonimoblast initial at the top by a curved wall. By further
division, the gonimoblast initial produces the gonimoblast, which
is densely clustered and divided into a number of gonin"lolobes
As in G. comorinii, here also the lower derivative of the auxiliars;
cell gradually fuses with the neighbouring cells of the primary
ampullary filament and an irregular fusion cell results (Text-
fig. 17). This irregular fusion cell is prominently seen at the
base of the gonimoblast in the ripe cystocarps (Text-fig. 19).

A network of tertiary and quaternary branches is developed
from the ampulla during the early stages of gonimoblast develop-
ment just as in G. comorinii. This nutritive ‘basket’ fully enve-
lopes the gonimoblast. Early stages in the production of this
network of nutritive branches could be easily followed in this
species. The initiation of these branches appears to coincide with
fusion of the connecting filament with the auxiliary cell, or in
some cases, with the cutting off of the gonimoblast initial (Text-
fig. 16). The tertiary branches are up to six cells long, slender

14, Mature tetrasporangium. 15. Fertilized carpogonium sending out six
connecting filaments; note its large size and lobed nature; note also that the
carpogonial branch cell (¢b) ad its lateral sterile branch (st) retain their
identity. 16. Auxiliary ampulla showiug an early stage in gonimoblast deve-
lopment and the initiation of the lateral nutritive branchlets (br). 17. A
later stage showing the gonimoblast clearly divided into two goni.molt;bes
and the well developed lateral nutritive branchlets. 18. Carpogonial ampulla.
19. Ripe cystocarp in section. P
(au: auxiliary cell; br: nutritive branchlets; cb: carpogonial branch cell; ¢f:
connecting filament; cp: carpogonium; g: gonimoblast; gi: gonimoblast ini'tial;
sc: supporting cell; st: lateral sterile branch).
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and horizontal, slightly curving downwards (Text-fig. 17); the
cells of these branches are long and marrow; the quaternary
branchlets arise almost at right angles from these slender tertiary
branches, and the cells of these branchlets are quite short and
rounded (Text-fig. 17). Only remnants of these are seen in the
mature cystocarp, as they get used up during the later stages of
gonimoblast development.

The ripe cystocarps are subspherical to spherical, occasionally
somewhat flattened, about 250 p in diameter, and 150 to 225 high.
The cystocarps are scattered, and totally sunk in the thallus.
There is a central ostiole through which the ripe carpospores finally
escape (Text-fig. 19). Ripe carpospores are polyhedral with
somewhat rounded corners, 18-20p X 10-15p, uninucleate and
contain several short ribbon-shaped chromatophores.

Development of tetrasporangia :

Just like the carpogonial and auxiliary ampullae, the tetras-
porangia are secondarily developed laterals of the cells in the inner
cortex, but they are single-celled. The tetrasporangium initial
is cut off by a curved wall from the top portion of the mother
cell. It enlarges considerably and becomes cylindrical or ellip~
soidal in shape. The first division of the tetrasporangium is trans-
verse, resulting in two uninucleate protoplasts one above the
other. Each of these daughter protoplasts then divides vertically
and four tetraspores are formed (Text-fig. 14). The tetraspores
are cruciate or decussate depending on whether the planes of the
second division coincide or are at right angles to each other. The
ripe tetrasporangia are much larger than in G. comorinii. They
are sub-ovoid in shape, 35-40 u long and 15-20 p wide. The tetras-
pores are uninucleate, densely protoplasmic and contain a number
of parietal ribbon-shaped chromatophores.

Grateloupia lithophila Boergesen
Material: Madras harbour, 20th October 1940, 10th July 1941.

Grateloupia lithophila was described by Boergesen in 1938
and is based on specimens collected from Madras (Madras
Harbour) by Prof. M.O.P. Iyengar in 1925. Boergesen’s type
specimen was tetrasporic. Sexual plants were not seen by him.
Subsequently, Prof. Iyengar and the writer have collected sexual
material. The alga is dioecious. The writer described in 1949
some aspects of reproduction in this species but a few stages could
not be obtained at the time. In the present account spermatangia
and some more details in the development of the cystecarp are
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described. The material used in this investigation was collected
from the type locality.

The alga grows immediately north of the Madras Harbour
(the type locality) and also at Mahabalipuram (Srinivasan, 1946)
on stones exposed to strong surf action. The plants are m;rkedl;
caespitose, growing in thick short clumps up to 15 em. high, and
firmly attached to the substratum. The basal discoid holdf:;st is
small and the several erect blades which arise from it in a clump
are subsessile, simple or divided and linear-lanceolate, tapering
from the middle to the extremities (Plate IV, fig. 6); they are
either flat or markedly sinuate or undulating. The brea;dth of the
blades varies from 0-25—1 cm. and the margins are usually devoid
of proliferations. However, specimens in which the upper end
has become truncate and rounded owing to injury, show a number
of proliferations usually issuing from the truncate tip.  These
proliferations are up to five em. in length and resemble the main
fronds in shape. The plants are generally olivaceous to violet;

the surface is highly lubricous and very slippery to the touch
Structure of the thallus: .

The thallus is multiaxial in construction, 200—250 u thick
and,has the typical internal organization of Grateloupia (Text:
fig. 20). The inner medulla is composed of loosely interwoven
thick-walled longitudinal (medullary) filaments, 4-7 u wide, inter-
mingled with rhizoids and stellate cells. The stellate ce’lls are
12-15 p in diameter, with arms 40-50 u long; they are either in direct
connection with one another or are connected by slender rhizoids
which are 2:5—3 u in diameter. The outer medulla is composed
of somewhat loosely arranged irregular cells 15-20 p long and
12—15p broad. The cortex is six- to eight-layered. The cells
of the inner three layers are somewhat large, 8-12u long and
4-8 p broad, grading into the outer medulla on one side and the
outer cortex on the other. The outer cortex is composed of com-
pactly packed dichotomous cortical filaments, the cells of which
are somewhat rounded, 5-6 u long and 34y broad. The terminal
cells of the cortical filaments are subeylindrical with rounded tips
4-6 u long and 2-5-3 p broad and posses a number of small ribbon-

shaped chromatophores. These cells form the
thetic layer. surface photosyn

Development of Spermatangia :

The ?lga is dioecious. The male plants are smaller than the
cystocarpic or tetrasporic ones, reaching only about 10 cm. in
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height; the blades also are somewhat narrower, the maximum
width being usually about 1 cm. The spermatangial sori occur as
irregular patches in the younger portions of the thallus just behind
the tips, and are not easily distinguished in living specimens. In
these sori, the outermost cortical cells are somewhat elongated
and function as spermatangial mother cells. The spermatangia
are terminal on the elongated mother cells; usually only one is
seen on each mother cell (Text-fig. 23) very rarely two. The
ripe spermatangia are ovoid spherical, 2'5-4p in diameter and
show the typical organisation of the Floridean spermatangium.
The nucleus occupies the upper end and is situated above a large

‘posterior vacuole; the protoplasm forms a thin lining to the wall

of the spermatangium. The spermatia escape by squeezing out
through the gelatinized walls above them. Their passage is
clearly discernible (Text-fig. 23) in the clear, gelatinized empty
patches in the sori.

In the aggregation of spermatangia into regular sori G. litho-
phila resembles G. dichotoma (Berthold, 1884, Pl 7, fig. 8) and
G. howei Setchell et Gardner (Dawson, 1954, Pl 1, fig. 2). In
the two former species, the fertile cortex is unmodified, while in
G. howei the cortex in the fertile region is nemathecially modified.

Development of the carpogonial branches :

As in the other two species earlier described here, the carpo-
gonial branches in G. lithophila are formed in ampullae which
arise as accessory laterals of the inner cortical cells. The primary
ampullary filament is four-to six-celled; the cells are subspherical
and 6-8  in diameter. Erect secondary ampullary branches arise
from cells of the primary ampullary filament. The basal cells of
these branches are subspherical, 5 in diameter; the upper cells
get progressively smaller towards the tip, the subterminal cells
being 3-5-4u in diameter; these upper cells of the secondary
ampullary branches are subspherical, flattened spherical, or occa-
sionally inverted conical. The terminal cells of the secondary
ampullary branches are elongate cylindrical with rounded tips, or
subconical, up to 10p long and 4p wide. The fully developed
ampullae are 20-25u wide at the base and 10-15p wide at the
top. The supporting cell of the carpogonial branch is an inter-
calary cell of the primary ampullary filament (Text-fig. 22, sc).
The carpogonial branch is two celled as in the other previously
described species; the carpogonial-branch-cell always has a short,

3-6 celled lateral sterile branch (Text-fig. 22, st). The trichogyne
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develops from the carpogonium as a small papillate structure
(Text-fig. 22). Later on it increases very much in length, and
whgn fully developed, is eight to fifteen times as long as the c,arpo-
gonium, projecting appreciably above the surface of the thallus
(see Text-figs. 1-3, and Plate I, fig. 1 in Balakrishnan, 1949). The
carpogonium is conical, 8-3p wide at the base, and 5-7-5u high.
The trichogyne is 3-5-4p wide, and thick-walled: in the basal
portion, the thickening of the wall is so great thi;t the contents

are reduced to a slender protoplasmic strand (see T
t-figs.
in Balakrishnan, 1949). (see Text-figs. 3, 4

Development of the auxiliary cells:

The auxiliary ampullae are also accessory laterals of the cells
of the inner cortex. These are more profusely branched but
otherwise resemble the carpogonial ampullae in structure. The
primary ampullary filament is six to eight cells long; the ceils are
subspherical and 7-9 in diameter. From the cells o’f the primary
ampullary filament erect secondary ampullary branchesp arise:
these are up to ten cells long. The basal cells of the secondar;r
ampullary branches are subspherical, 565 in diameter: cells
higher up are progressively smaller, the subterminal cells,being
4-4-5y in diameter. The upper cells of these branches are either
subspherical, flattened spherical or inverted conical, The terminal
cells of the secondary ampullary branches are elongate-cylindrical
or conical and 10 p long and 4-5u wide. The auxiliary cell is an
intercalary cell of the primary ampullary filament or the basal
cell of one of the secondary ampullary branches. It is slightly
larger than the other cells in the ampulla and is ovoid to sub-
spherical and 8-10 p in diameter, and densely protoplasmic and uni-
nucleate (Text-fig. 21) (see also Text-figs. 6, 9 in Balakrishnan
1949). The mature auxiliary ampulla is more or less éonicai
and is 25-30 p wide at the base and slightly narrower at the top.

Post-fertilization development :

After fertilization, the trichogyne is first cut of. The ferti-
lized carpogonium then enlarges to form a large il:regular and
densely protoplasmic cell from which two to sev,eral connecting
filaments are given out (Text-fig. 26). In 1949, the writer had
stated that he was unable to determine whether this large cell
is formed by the enlargement of the carpogonium alone or whether
it is due to the fusion of the fertilized carpogonium with
one or more cells of the carpogonial ampulla. In the present
investigation, several stages in early post fertilization development
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were clearly seen, and it can now be definitely stated that in
G. lithophila also it is the fertilized carpogonium alone which
enlarges and sends out connecting filaments without any fusion
with adjacent cells of the carpogonial ampulla. The carpogonial
branch-cell and its lateral sterile branch could be clearly distin-
guished in their entirety in the cases observed (Text-fig. 26, cb, st.)
The enlarged carpogonium is slightly larger and more irregular
than in G. comorinii, but it does not attain the size and lobing
seen in G. indica. Correspondingly, during its development, the
cells of the carpogonial ampulla get more impoverished than in
G. comorinii though not to that extent as in G. indica (cf. Text-
figs. 5, 15 and 26). The connecting filaments are thick walled,
nonseptate and 2:5-4u in diameter. They Tun out in all direc-
tions, seeking the auxiliary ampullae and fusing with the auxiliary
cells in them. After fusing with one auxiliary cell, in many cases
the connecting filament continues its growth, seeking other auxi-
liary cells and fusing with them.

After fusion with the connecting filament and presumably
after receiving a diploid nucleus from it, the auxiliary cells cuts
off the gonimoblast initial at the top by a slightly concave wall.
This gonimoblast initial, by further development gives rise to the
gonimoblast, which is a compact subspherical cluster divided into
several gonimolobes. As in the other two previously described
species, here also the lower derivative of the auxiliary cell fuses
with the adjacent cells of the primary ampullary filament and
develops into an irregular fusion-cell which is prominently seen
at the base of the ripe cystocarp (Text-fig. 28).

Side by side with gonimoblast development, the erect secon-
dary ampullary branches begin to develop lateral branchlets which
form a network more or less completely enveloping the young
gonimoblast (Text-fig. 29) (see also Text-figs. 11, 12 in Bala-
krishnan, 1949). During the later stages of gonimoblast deve-
lopment the cells of this network become impoverished and finally,
in the ripe cystocarp, only remnants of the network are seen.
As already suggested (Balakrishnan, 1949, p. 208) these branch-
lets are presumably nutritive in function.

The ripe cystocarps are scattered over the thallus surface.
They are subspherical to spherical, 100-200 p in diameter and are
completely immersed in the thallus. They have a single central
ostiole through which the ripe carpospores escape (Text-fig. 28).
Ripe carpospores are polyhedral with rounded corners to irregular
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rounded, 10-15p in diameter, uninucleate, and have a number of
short ribbon-shaped chromatophores.

e %%Eé ﬂ

Gy

Texr-Fis. 20-29: Grateloupia lithophila Boergs.

20. Section of thallus showing internal organization, 21. Auxiliary ampulla
22. Young carpogonial ampulla. 23. Section of spermatangial sorus show-:
ing the formation of spermatangia. 24, & 25. Early stages in the formation
of tetrasporangia. 26. Fertilized carpogonium sending out two connecting
filaments; note the carpogonial branch cell(cb) and its lateral sterile
branch (st) which still retain their identity. 27. Section of tetrasporangial
plant showing three mature tetrasporangia. 28, Ripe cystocarp in sectigon
29. Auxiliary ampulla showing an early stage in gonimoblast developm n';
and the formation of the nutritive side branchlets pme
(au: auxiliary cell; br: nutritive side branchlets; cb: carpog;)nial branch
cell; ¢f: connecting filament; sp: carpogonium; g: gonimoblast: se: support-
ing cell; st: lateral sterile branch). o SRR
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Development of tetrasporangia :

The tetrasporangia arise as one-celled secondary lateral
branches from cells of the inner cortex. The tetrasporangium
initial is cut off by a curved wall from the top portion or occa-
sionally the side of the mother cell (Text-fig. 25) and soon enlarges
to form an oblong cylindrical to ellipsoidal tetrasporangium (Text-
fig. 24). The tetrasporangial nucleus also enlarges till it is about
5u in diameter. Reduction division then takes place in the
tetrasporangium (Balakrishnan, 1949, p. 211, Text-fig. 15). After
the heterotypic mitosis, cytokinesis takes place, leading to the
formation of two uninucleate daughter-protoplasts one above the
other. The nucleus in each protoplast divides once again
(Mitosis II, see Text-fig. 16 in Balakrishnan, 1949) and four daughter
nuclei are organized. A vertical cytoplasmic cleavage takes place
in each protoplast resulting in four uninucleate tetraspores. The
tetraspores are cruciately or decussately arranged depending on
whether the planes of vertical cleavage coincide or are perpendi-
cular to each other (Text-fig. 27). Mature tetrasporangia are
ovoid, 20 to 35 long and 15-20 u broad; the ripe tetraspores are
densely protoplasmic and contain a number of parietal ribbon-
shaped chromatophores (see Text-fig. 18 in Balakrishnan, 1949).

Conclusion

In the ontogeny of the cystocarp, the three species of Grate-
loupia, G. comorinii, G. indica and G. lithophila, show very close
agreement and are in agreement with that known already for
other species of the genus (Berthold, 1884; Kylin, 1930; Bala-
krishnan, 1949; Kawabata, 1954a; Dawson, 1954). ‘

The carpogonial branches and auxiliary cells are formed
separate from one another, remote and borne in distinet ampul-
lary clusters which are special accessory fertile branches. The
supporting cell of the carpogonial branch is generally an inter-
calary cell of the primary ampullary filaments. The carpogonial
branch is two-celled. It bears a short lateral sterile branch of
2-6 cells.

Following fertilization, the carpogonium enlarges, and without
fusing with any of the cells of the carpogonial ampulla, sends out
a number of connecting filaments, each of which seeks out an
auxiliary cell and fuses with it. The connecting filaments, after
fusion with an auxiliary cell is capable of continuing its growth
and fusing with other auxiliary cells, a

S's.
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After fusion with the connecting filament, the auxiliary cell
cuts off the gonimoblast initial towards the top. The gonimo-
blast initial by its activity produces a compact gonimoblast made
up of several distinct gonimolobes. During the early stages
of gonimoblast development a nutritive basket of inter-
locked fiilaments is developed from the ampullary branches;
this basket is used up during later development and only remnants
are left in the mature cystocarps. The ripe cystocarps do mot
possess a pericarp.
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ABSTRACT

The sequence of origin of floral envelopes in Epithema carnosum
is as follows: sepals, stamens, petals, carpels.

Three wall layers are differentiated in the young anther —the
endothecium, the middle layer and the tapetum. The tapetal cells
become binucleate and behave in a secretory manner. The micro-
spore mother cells undergo division by the furrowing method, result-
ing in tetrahedral tetrads of microspores. The pollen grains are shed
at the two-celled condition,

The ovules are unitegmic and tenuinucellate. The single arche-
sporial cell functions directly as the megaspore mother cell, and the
latter forms a linear tetrad of megaspores subsequent to meiosis,
The chalazal megaspore develops into an eight nucleate embryo sac
of the Polygonum type.

The first division of the endosperm nucleus is followed b& the
organization of the primary micropylar and chalazal chambers. The
micropylar chamber divides vertically to result in two juxtaposed
cells which undergo segmentation in a transverse plane. The primary
chalazal chamber forms a two nucleate haustorium, while the upper
tier of cells derived from the primary micropylar chamber orga- -
nises the micropylar haustorium with two uninucleate cells.

The seed coat is fomed of an outer layer of thick-walled cellg
and an inner layer., The thickenings on the radial walls of the outer -
layer of cells are not uniform and present curious forms in trane.
sections,

. The earliest contribution to the embryology of the Gesneriaceae
is that of Hielscher (1883) who studied the biology and morpho-
logy of Streptocarpus. Subsequently, the genus Klugia was studied
by Balicka-Iwanowska (1889) and also by Schnarf (1917). In
1907 Cook’s study of Rhytidophyllum was published. Two species
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of Ramondia were investigated by Glisic (1924). All these
authors have reported the differentiation of micropylar and
chalazal haustoria in the taxa studied by them. Corytoloma
cyclophyllum (Laurent, 1923) and Roettlera (Glisic, 1934) were
found to develop a binucleate chalazal haustorium. Considerable
variation in the origin of the chalazal haustorium was recorded by
Glisi¢ (1928) in Haberlea rhodopensis.

Recently Thathachar (1942) published an account of the
embryology of Didymocarpus tomentosa. This was soon followed
by the study on Rhynchoglossum obliquum (Thathachar, 1943).
Crete’s (1942) thesis includes detailed investigations on the
embryology and development of endosperm in Streptocarpus and
Ramondia. He reported the absence of chalazal haustorium in an
interspecific hybrid of Streptocarpus. An account of the develop-
ment of the endosperm and embryo in Chirita lavandulacea
(Crété, 1949) and of theembryo sac and endosperm in Alloplectus
sanguineus (Crété, 1955) have been published recently. The pre-
sent study deals with the embryology of Epithema carnosum.

Flowering material of Epithema carnosum was collected from
Poringalkuthu rain forests of Kerala State during 1958. The
customary methods of infiltration and embedding were followed.
Sections were cut at 10-12 microns and stained with iron alum
hematoxylin.

Observations
Floral organogenesis:

The earliest primordia to arise on the floral apex are those
of the sepals (Text-fig. 1). Following the origin of sepals, the
staminal and corolline primordia get differentiated (Text-fig. 2).
Subsequently the carpel primordia appear (Text-fig. 5). Two
placental ridges differentiate at the base of the carpel primordia
(Text-figs. 5, 4). Each of the placental ridges grows initially in
the vertical direction. Later, growth is confined to the marginal
regions as a result of which a more or less peltate placental ridge

gets organized. Numerous ovule primordia appear on the surface
of the placenta (Text-figs. 3, 9).

The ovule primordium initially develops into a papillate
structure, three cell layers thick (Text-fig. 7). 'The tip of this
structure could be distinguished as the incipient nucellys, Soon
a hypodermal cell in this part enlarges and functions gs the
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archesporium (Text-fig. 7). The archesporial cell functions
directly as the megaspore mother cell.

As soon as the hypodermal archesporial cell could be distin-
guished the ovule primordium begins to assume the anatropous
condition (Text-fig. 6). The bending of the primordium is caused
by unidirectional cell enlargement and growth at the base (Text-
fig. 6). A periclinal division in one of the epidermal cells lying

Fres. 1-5. Diagrams illustrating floral organogenesis. c-calyx, p-placentum.

all X 125; Fics, 6, 7, 8. Some stages in the development of the ovule,

Fi6s. 6, 7. X 500. Fic. 8. X 400. Fic. 9. Longitudinal section of the flower.

X 100. Fies 10. Ls. of ovule showing tetrad of megaspores. Fra. 11. Two

nucleate embryo sac, Fig. 12. Four nucleate embryo sac; all the nuclei in

division. Fig, 13. L. ovule showing mature embryo sac. Fias. 14-17, Stages
in the development of the anther.
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adjacent to the archesporial cell marks the initiation of the single
integument (Text-figs. 6, 8). The rest of the epidermal cells in
the apical part of the nucellus divide anticlinally. The megaspore
mother cell enlarges about four times its original height (Text-
fig. 8). The integument overgrows and envelopes the nucellar

tip, the micropyle being organised during the process (Text-
fig. 10).

Microsporogenesis :

In the young anther the microspore mother cells are enclosed
by three wall layers—the endothecium, the middle layer and the
tapetum (Text-fig. 14). The tapetal cells enlarge considerably and
exhibit dense staining cytoplasm (Text-fig. 15). With the onset
of meiosis in the spore mother cells the tapetal cells become
binucleate (Text-fig. 15). At the time of pollen formation, the
two nuclei of the tapetal cell fuse to form a dark-staining mass
(Text-fig. 17). The tapetal cells ultimately degenerate in situ.
Hence their behaviour corresponds to the secretory type.

The hypodermal cells of the sporangial wall develop into the
endothecium. Thickening strands appear in the walls of these
cells (Text-fig. 17). The strands are disposed in radial planes and
are often found branched. The epidermal cells remain intact even
at the time of dehiscence.

The microspore mother cells enlarge slightly before embark-
ing on the meiotic divisions. At the close of meiosis II, the four
resulting nuclei are aligned in a tetrahedral manner. Clevage
furrows are initiated in the cytoplasm and the cell gets partitioned
simultaneously into four microspores arranged in a tetrahedral
form (Text-fig. 16). Soon after, the microspores separate from
the tetrahedral configuration and increase slightly in size. The
microspore nucleus undergoes division to form a smaller genera-
tive cell and a larger vegetative cell. The generative cell soon
comes to lie without any definite position within the cytoplasm of
the vegetative cell. In this condition the pollen grains are shed.

Megasporogenesis and female gametophyte :

The megaspore mother cell enlarges prior to division. At
the close of meiosis a linear tetrad of megaspores is formed. The
chalazal megaspore enlarges and matures into the gametophyte
while the three micropylar ones get disorganized and appear as
black masses (Text-figs. 10, 11). Prior to the first division of the
functional megaspore the nucellar epidermis gets disorganized
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(Text-fig. 11). After the first division of the megaspore mother
cell, the daughter nuclei migrate to the poles, a large central
vacuole appears and the micropylar end of the embryo sac grows
into a bulbous structure (Text-fig. 12). The division of the two
daughter nuclei results in four nuclei, which in turn soon embark
on mitosis (Text-fig. 12). The eight nuclei of the mature embryo
sac organize an egg apparatus, two polars and three antipodal
cells. The egg apparatus consists of a pair of synergids each with
a basal vacuole and a beak-like tip, and an egg cell. The anti-
podals are arranged in a linear fashion at the chalazal end while
the egg apparatus is situated in the bulbous micropylar end. The
polars lie juxtaposed in the middle part of the embryo sac (Text-
fig. 13).

The integumentary cells bordering upon the lower tubular
part of the embryo sac elongate in the radial direction and assume
the characteristics of endothelium,

Development of endosperm :

Soon after double fertilization the synergids are disorganized
and the triple fusion nucleus undergoes division followed by the
deposition of a transverse wall which separates the micropylar and
chalazal chambers (Text-fig. 19). The chalazal chamber func-
tions as the chalazal haustorium and the antipodals included in it
degenerate and are completely absorbed. Even at early stages of
endosperm development the chalazal chamber becomes binucleate
due to one free nuclear division (Text-figs. 20-22). The primary
micropylar chamber is partitioned vertically followed by transverse
cytokinesis (Text-figs. 23, 20). 'The resulting four cells are arrang-
ed in two superposed tiers of two cells each. The micropylar tier
constitutes the micropylar haustorium which remains two-celled
even at maturity. The subjacent tier augments the formation of
endosperm proper. Divisions in this tier initially occur in pre-
dominantly in transverse planes (Text-figs. 21, 22). Hand in hand
with the early development of the haustoria the central part of
the embryo sac elongates considerably accompanied by enlarge-
ment in diameter. The zygotic tube becomes situated in between
the two cells of the micropylar haustorium. The cells of the
incipient endosperm proper (Text-figs. 21, 22) appear highly
vacuolated and elongated in the direction of the long axis of the
embryo sac. Further divisions oceur in transverse and longi-
tudinal planes and a mass of endosperm cells is formed (Text-
fig. 24). By this time the apical pole of the developing proembryo

S. 8
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gets embedded in the cellular part of the endosperm proper
(Text-fig. 24). Internal differentiation in the endosperm mass oc-
curs subsequently. Three regions could be recognized: the outer-
most layer of deep staining cells, the middle layer of slightly
vacuolate narrow cells and innermost group of highly vacuolate
and large cells (Text-fig. 25). The embryo consumes all the
endosperm cells, except the outermost layer and small groups of

Fics. 10-17. X 400.

Fic. 18. Surface view of mature seed. X 200. Frcs. 19-23. Stages in the
early development of endosperm. Fics. 19, 20. X 800; Fes. 21, 22. X 320.
Fics. 24-26. L.s. through ovule showing the late development of endosperm
and haustoria. X 160. Fic. 27. Ts. of seed, a portion of seed coat enlarged.
j-integument, P-persisting layer of endosperm cells, E-embryo,
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cells at the micropylar and chalazal ends which persist in the
seed (Text-figs. 25-27).

The chalazal haustorium exhibits little activity except for the
slight enlargement at the basal end (Text-figs. 22, 23, 25, 26). With
the maturation of the seed the chalazal haustorium acquires a dark
staining mass of cytoplasm, and its two nuclei fuse to form a black
mass (Text-fig. 26). Similar developments occur in the micropylar
haustorium excepting nuclear fusion.

The seed :

At the time of fertilization, the integument is made up of
about three to four layers of cells. The innermost layer function-
ing as the endothelium gets stretched during the early develop-
ment of the endosperm (Text-fig. 24). The cells of the outermost
layer enlarge considerably and their radial walls get thickened
in a peculiar fashion. In transsections of the seed the thickening
band on the proximal half-length of the radial wall appears in
the form of the letter W with the two lateral arms bent inwards
and touching each other. In the upper half-length, the thickening
appear V-shaped (Text-fig. 27). 'The characteristic long spirally
twisted ridges seen on the surface of the seed (Text-fig. 18) are
the loci of this curious type of wall thickening. The cells of the
endothelium filled with pale yellow contents get adpressed to the
outer layer, the middle layers being completely absorbed. Wall
thickening occurs in the persisting endosperm cells. Large dark
staining granules of proteinaceous nature are densely distributed
in the persisting endosperm cells. It is of interest to note that cells

of the embryo also get filled with such granules at mature stages
of the seed (Text-fig. 27).

The embryo:

The embryo of Epithema carnosum follows the Onagrad type
of development. A detailed account of embryogenesis will be
published separately. :

Discussion
Microsporogenesis

The structure of the anther in Epithema carnosum is similar
to that reported for Didymocarpus tomentosa (Thathachar, 1942).
vT.hree_ wall layers are differentiated in both species—the endothe-
clum, one middle layer and the tapetum. The middle layer gets
obliterated at late stages. The behaviour of the anther tapetum
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corresponds to the secretory type. The tapetal cells become binu-
cleate in Epithema whereas in Didymocarpus as many as five free
nuclei are formed. The free nuclei formed in each tapetal cell
undergo fusion at late stages resulting in a dark staining mass.
This again is a common feature in Epithema and Didymocarpus
Cytokinesis in the pollen mother cells occurs by simultaneous
deepening of peripheral furrows. The pollen grains are shed at
the two-celled stage in Epithema carnosum (present work), Didy-

mocarpus tomentosa (Thathachar, 1942) and Gloxinia hybrida
(Elfving, 1879).

Megasporogenesis and female gametophyte

The investigated members of the Gesneriaceae exhibit tenuinu-
cellate unitegmic ovules, hypodermal archesporium and linear
tetrads of megaspores. The embryo sac of all species studied
exhibits a bladder like micropylar part and a tubular chala-
zal portion. Development of integumentary tapetum is con-
fined to that part of the ovule bearing the tubular part of the
embryo sac. While the antipodals and Synergids disorganise after
fertilization in all the species studied, a peculiar case of persist-
ence of one synergid has been recorded in Rhynchoglossum obli-
quum (Thathachar, 1943). Extramicropylar development of the
embryo sac was recorded in Roettlerq (Glisic, 1934) and in Mono-
phyllaea horsefieldii (Oehlkers, 1923). In Didymocarpus tomen-
tosa (Thathachar, 1942) the embryo sac exhibits no tendencies to-
wards extra-micropylar development even though the endosperm
haustorial cells grow out of the micropyle. In Epithema carnosum,
neither the embryo sac nor the endorsperm haustoria show extra-
micropylar developments.

Endosperm

As summarized by Thathachar (1943) and Crete (1955) the
development of endosperm in the Gesneriaceae falls under two
distinct types. In one type, the division in the primary micro-
pylar chamber is vertical while in the other a transverse wall is
laid down resulting in a row of three endosperm cells, including
the primary chalazal chamber. Corytoloma cyclo;:hylium (Lau-
rent, 1923), Haberlea rhodopensis (Glisic, 1928), Roettlerq (Glisic
1934), Didymocarpus tomentosa (Thathachar, 1942) and E;m'them;
carnosum (present study) belong to the first type, whereas Klugia
zeylanica (Schnarf, 1921) Ramondia Nathalige and Ramondia ser-
bica (Glisic, 1924) fall under the second type. In all species in.
vestigated, the micropylar haustorium is constituted of two uni»
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nucleate cells. Only in Didymocarpus tomentosa an extramicro-
pylar development of the haustorial cells has been recorded.

The chalazal haustorium is formed of two uninucleate cells in
Haberlea rhodopensis (Glisic, 1928). Two-nucleate single celled
chalazal haustoria have been recorded in Didymocarpus tomentosa
(Thathachar, 1942), Roettlera (Glisi¢, 1934), Haberlea (Glisic,
1928), Alloplectus sanguineus (Crété, 1955), Chirita lavandulacea
(Crété, 1949) and Epithema carnosum (present work). Uni-
nucleate condition has been recorded in Rhynchoglossum (Thatha-
char, 1943) Klugia zeylanica (Schnarf, 1921) and two species of
Ramondia (Glisi¢, 1924). No chalazal haustorium is formed in a
hybrid Streptocarpus (Crété, 1942).
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ABSTRACT

The development of embryo in Dorstenia indica conforms to the
Urtica variation of Asterad type. However, there are minor differ-
ences from Urtica pilulifera. As far as embryogenesis is concerned
Dorstenia falls in line with other members of the Moraceae so far
investigated.

Introduction

The existing literature on embryogenesis in the Moraceae is
too meagre to permit any generalization. Four species belonging
to four genera have been studied: Artocarpus integrifolia (Subba
Rao, 1940), Streblus asper (Anantasamy Rau, 1942), Ficus carica
(Condit, 1931), Morus sp. (Singh, 1954). Recently Johri and Konar
(1956) have included a brief account of embryogeness in their
study of Ficus religiosa. The present paper deals with embryo-
genesis in Dorstenia indica. Fruiting specimens of Dorstenia indica
were collected at Kodaikanal, S. India, during October, 1956.

Observations

The zvgote undergoes division by a transverse wall (Text-figs.
1, 2). The terminal cell ca is partitioned vertically to form two
juxtaposed cells while the basal cell ¢b divides transversely to
form two superposed cells m and ci (Text-figs. 3, 4). Thus a
T-shaped proembryonal tetrad is erected at the second cell gene-
ration.

The next division in the terminal tier of the four-celled pro-
embryo takes place in the vertical plane but at right angles to
the first formed partition and the resulting four cells form the
quadrants q (Text-fig. 5). Meanwhile cell m divides vertically and
ci is segmented transversely to form n and n’ (Text-fig. 5).



48 THE MADRAS UNIVERSITY JOURNAL  [Vol XXXI

The octants are originated by the deposition of obliquely verti-
cal walls in the quadrant cells (Text-fig. 6). At this stage tier
g consists of four circumaxial cells surrounded by a corresponding
number of peripheral cells. Thus all the eight cells are disposed
in a single tier g. Subsequent development in the proembryo is
associated with initiation of histogens.

Of the eight octant cells, the circumaxial ones undergo a trans-
verse division, the upper derivatives forming the initials of derma-
togen while oblique walls in the peripheral cells isolate the epi-
dermal initials (Text-fig. 8). The two juxtaposed cells composing
tier m undergo vertical divisions forming a group of four circum-
axial cells. Initiation of histogens in this tier takes place by the
deposition of vertical walls in the concerned cells in such a man-
ner that four peripheral epidermal initials are isolated (Text-
fig. 7). At this stage the tier m is composed of four axial cells sur-
rounded by four peripheral cells. The axial cells divide again in
the vertical plane and the derivatives adjoining the dermatogen
form the cortical initials (pe) while the rest function as the ple-
rome initials (pl) (Text-fig. 10). It is of interest to note that
generally initiation of histogenic layers takes place earlier in the
tier m than in the terminal tier q (Text-fig. 7).

The cell n undergoes cytokinesis in the vertical plane while n’
is segmented transversely to form o and p (Text-fig. 9). Subse-
quently the cell p undergoes a transverse division. The lower
derivative becomes swollen and forms a suspensor along with the
upper derivative (Text-figs. 10, 11).

Subsequent development leads to the attainment of the late
globular stage. Further cell divisions in the tier q are associated
with the initiation of cotyledons. After the isolation of the epider-
mal initials the inner derivatives of the octant cells (Text-
fies. 8. 9) undergo divisions virtually in the same plane as that
of their mother cell (Text-fig. 10). Thus the circumaxial cells
undergo divisions in a transverse plane while the peripheral
cells are segmented in an oblique plane. Of the derivatives of
the peripheral cells two inner ones (mv in Text-fig. 10) situated
on opposite loci (with reference to the transverse .topography of
the embryo) are concerned with the initiation of the inner core of
the cotyledons while the outer ones (mc) take part in the con-
struction of the cortical regions (Text-fig. 10). Further divisjons
in these cells results in the initial heightening of the cntvledoﬁ
primordium (Text-figs. 11, 12).  When the cotyledor;s begiﬁ to
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emerge, a distinct sub-apical-initial cell is organized by one of the
derivatives of mc (Text-figs. 10-12). The sub-apical-initial cuts
off derivatives in the periclinal plane. Anticlinal divisions in the
resulting cells are associated with the initiation of the histogenic
layers of the cotyledon primordium. An inner core of procambium
differentiates in the cotyledon primordium in continuation of the
strands formed in the tier m (Text-fig. 13).

Figs. 1-13. See text for explanation.

Fres. 1-10. X 625. Fres. 11-13. X 400,

S 17
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Transverse divisions predominate in the cortical and plerome
initials of the tier m, particularly at early stages of the globular
embryo. Subsequently vertical divisions become frequent. It is
of interest to note that while overall cell enlargement is charac-
teristic of the cortical region, cell elongation in the vertical direc-
tion is distinctive of the plerome. This is one of the features of
differentiation within the axial part of the embryo.

A vertical division in the cell n resulting in two juxtaposed
cells (Text-fig. 9) occurs at early stages. The next division also
oceurs in the same plane leading to the formation of four cells
(Fig 10). The initials of the root cortex (as also part of the root
cap, co in Text-fig. 11) are isolated by oblique divisions of the cells
composing this tier. The derivatives of tier o contribute to the
central part of the root cap (Text-fig. 11). The plerome initials of
the root are derived from the lowermost derivatives of the tier m.

At the shedding stage of seed the embryo possesses two well-
defined cotyledons each with an axial core of procambium in
continuity with the strands in the hypocotyl. The root meristem
is well defined. The region in between the cotyledons (the epicotyl
apex) exhibits one layer of epidermal cells over a core of three
subjacent layers (Text-fig. 13) which are derived by transverse
divisions in the inner derivatives of the axial octant cells.

Discussion

Johansen (1950) assigned the development of embryo in the
following species to the ‘Asterad type: Ar'tocarpus integrifolia
(Subba Rao, 1940), Streblus asper (Anantaswamy Rau, 1942),
Ficus carice (Condit, 1931). However, he expressed doubt over
the reports on Ficus carica. Since the proembryo of this species
is stated to be a linear tetrad assignment to the Asterad type is
not tenable. On the other hand Condit states that later develop-
ment resembles that in Urtica pilulifera (Soueges, 1921). A simi-
lar statement has been made by Subba Rao (1940) in regard to
Artocarpus integrifolia as also by Singh (1954) on Morus. Even-
though Johri and Konar (1956) are not explicit about the type of
embryo development in Ficus religiosa, their illustrations (their
text-figures 66-69) are definitely in favour of assigning this spe-
cies to the Asterad type. The present investigation indicates that
Dorsteniq indica falls in line with the other members of the family.

The Moraceae, therefore, seem to be characterised by the Asterad
type of embryogenesis.
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Regarding the assignment of the embryogenic type in Moraceae
to definite variations Johansen (1950) states that it is probable
that Artocarpus integrifolia conforms to the Urtica variation. In
the case of Streblus asper as stated by Johansen, the structure of
the indistinct suspensor precludes assigning this species to the
Urtica variation.  Dorstenie indica follows the Urtica variation
closely eventhough there are some differnces in the post-octant
developments. In Urtica pilulifera two subepidermal layers are
initiated in the cotyledonary region whereas in Dorstenia the pre-
vailing condition indicates no large departure from the typical
Asterad type.

Acknowledgement

I am deeply indebted to Prof. B. G. L. Swamy, for guidance
and encouragement,

ey

REFERENCES
Anantaswamy Rau, (1942) Development of the embryo sac and embryo in
M. Streblus asper Lour. J. Mysore Univ. 2:
109-114.
Condit, I J. (1931) The structuure and development of flowers in

Ficus carica L. Diss. Stanford Univ. (Quoted
from Johansen, 1950).

Johansen, D.A. (1950) Plant Embryology. Chronica Botanica. Wal-
tham, Mass.

Johri, B. M. and (1956) The floral morphology and embryology of Ficus

R. N. Konar. religiosa. Phytomorphology 6: 97-111.
Singh, S. P. (1954) Morphological studies in Morus sp. Agra. Univ.
J. Res. (Seci). 3: 323-341.
Soueges, R. (1921) Developpement de lYembryon chez 1'Urtica
pilulifera. Bull, Soc. bot. Fr. 68: 172-188, 280-
294.

Subba Rao, A. M. (1940) Cytology and embryogeny in Artocarpus inte-
grefolia Linn. J. Mysore Uni_v. 2: B 63-73,

[



J. Madras Univ,, B. XXXI, No. 1, Pages 53-58, 1961.

Studies on Seeds with Ruminate Endosperm

1. Morphology of ruminating tissue in Myristica fragrans.

BY

K. Periasamy,
Department of Botany, Presidency College, Madras.

(Received for publication on 27-2-1961)

ABSTRACT

The seed of Muyristica fragrans Houtt., is the classical example
that illustrates the character of ruminate endosperm. Its seed deve-
lopment is of the most pronounced massive-chalazal type and the
tissue that gives rise to the rumination ingrowths belong wholly to
the chalaza. Neither the inner nor the outer integument takes part-
in the production of rumination.

Introduction

The ruminate endosperm is a peculiar feature met with in
certain members of the higher vascular plants, and the seed of
Myristica fragrans Houtt., is the classical example that illustrates
the phenomenon of rumination. Indeed, it is to explain the cha-
racteristic appearance of its endosperm in the mature seed, that the
term ruminate endosperm appears to have been first coined. This
is indicated by the meaning given by Asa Gray (1879) to the
word ruminate: “Ruminated — as if chewed; said of the albumen
of a nutmeg”. A clear understanding of the phenomenon of rumi-
nation in this plant is, therefore, necessary.

Seed Development

The investigation of Voigt (1888) on the phenomenon of
rumination, gives a detailed account of the post-fertilization
development of Myristica fragrans. The development of rumina-
tion and the structure of the mature seed coat have been clearly
dsecribd by him. While, therefore, reference may be made to
Voigt (1888) for a detailed account, a brief summary of the seed
development in so far as it concerns the phenomenon of rumina-
tion, may be given here, based on the description of Voigt and on
personal observations.
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The mature ovule (Text-fig. 1), is anatropous, bitegmic,
crassinucellate, and attached basally in the monocarpellary ovary.
The vascular strand ends at the chalaza. The micropyle is formed
by the inner integument alone. The inner integument is inserted
at half the height of the nucellus and does not arise from the
basal part from where the outer integument starts. Therefore, a
considerable portion of the ‘nucellus’ below the place of insertion
of the inner integument is directly in contact with the outer
integument. The outer integument lies loosely around the inner
integument, above the level of the latter’s insertion, but the inner
integument in tightly adpressed to the nucellus.

After fertilization, the entire outer integument as well as the
tissues that lie inside it below the level of insertion of the inner
integument become actively meristematic and grow rapidly. The
inner integument and the nucellus surrounded by it, do not exhibit
much meristematic activity and remain arrested more or less in
the same state in which they were before fertilization. As a re-
sult of this differential growth, the inner integument becomes

pushed more and more towards the apex of the enlarging seed
(Text-fig. 2).

The nuclear endosperm first consumes the nucellus inside
the inner integumuent and then extends lower down into the
central part of the tissue that is produced by post-fertilization
meristematic activity. The peripheral tissue that surrounds the
endosperm below the base of the inner integument, produces, by
meristematic activity, finger-like ingrowths which push in the
nuclear endosperm and make its surface wavy and irregular
(Text-fig. 3). The ingrowths are not absorbed by the endosperm
and, therefore, continue to push deeper and deeper into the
endosperm until the seed almost attains its mature size. Even
after the endosperm becomes cellular, the ingrowths are left intact
to constitute the characteristic rumination processes of the ma-
ture seed (Text-fig. 4). Neither the inner integument nor the
outer one takes part in the production of rumination ingrowths; the
inner integument becomes pushed to an insignificant portion
around the micropylar part at the apex and the outer integument
forms a covering outside the ruminating tissue (Text-fig. 4).

The vascular strand at the chalaza undergoes extensive
branching and the branches ramify in the periphery of the tissue
that produces the rumination ingrowths. The ingrowths them-
selves are formed along the lines of vascular ramification and each
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ingrowth gets supplied with a radial branch from the peripheral
network (Text-fig. 4). The vascular branches extend up to.the
base of the inner integument but do not actually enter into it.

H
y"y

%))

Texr-Figs. 1-4, Myristica fragrans (after Voigt, 1888). Fic. 1—Median Ls.

of ovule at the time of fertilization. Fies. 2, 3—Median L.s. of two stages

of young developing seed after fertilization. Fie. 4—Median L.s. of mature

seed. (chalaza stippled; embryo sac and endosperm cross hatched; nucellus
striped).

a—aril; ii—inner integument; oi—outer integument.

Morphology of the Ruminating Tissue

It may be seen from the above account that the ingrowths of
rumination develop from the tissue that arises in basal continua-
tion of the nucellus and the base of the inner integu-
ment. Regarding the morphological nature of the tissue, conflict-
ing views have been expressed. Voigt (1888) assumes the tissue
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to be a portion of the nucellus itself and designates it as the
‘lower nucellar portion’ in contrast to the ‘upper nucellar portion’
which is surrounded by the inner integument in the ovule and
which becomes completely replaced by the endosperm in the
mature seed. Netolitzky (1926) dos not endorse the view of Voigt
(1888), but considers the tissue as belonging to the chalaza
morphologically. Sastri (1955), however, considers the tissue as
the inner integument, evidently because it occupies a position in-
side the outer integument and also because it develops below the
base of the inner integument of the ovule. The following points
taken in conjunction with the observations of Netolitzky (1926)
and Voigt (1888), point to the correctness of the view expressed
by Netolitzky.

1. Since, in bitegmic ovules, the chalaza in the tissue situated
below the place of origin of the integuments (Periasamy, 1961),
the tissue below the place of insertion of the imner integument
must be looked upon as belonging to the chalaza and not to the
nucellus.

2. There is no clearly established instance of a well defined
vascular strand within the nucellus in angiosperms. (Only the
occurrence of isolated tracheids in the nucellus, without connec-
tion to the main vascular supply to the ovule has been reported
in certain instances (Bensen, 1894; Frye, 1902; Bensen et al, 1906).
Of the other reports of vasculature in the nucellus (Guerin, 1915;
Orr, 1921a, b; Grove, 1941; Earle, 1938; Landes, 1946; Fagerlind’,
1947), some have been contradicted (Mauritzon, 1939; Fuchs
1938; Kausik, 1940; Singh, 1959). In other cases also it is probable_:
that the chalazal vascular supply is mistaken to be that of the
nucellus, because of failure to identify chalazal hypertrophy).

3. In all cases where there is chalazal growth after fertiliza-
tion, the entire chalazal region is supplied with vasculature
(Periasamy, 1959; Periasamy and Swamy, 1961). 'The ruminating
tissue in Myristica fragrans is supplied with a peripheral network

of vasculature from which radial hranches are given off to the
ingrowths.

' 4. The ruminating tissue becomes histologically quite
different from the nucellus, even during the early stages of

development. The nucellus is replaced by the endosperm while
the ruminating tissue is left intact.

5.. The tissue of the inner integument can he seen as an
insignificant, but clearly separate tissue at the extreme apex of
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the mature seed, but no rumination ingrowths arise from this
region. Histologically too, the persisting part of the inner
integument is quite different from the ruminating tissue.

Sastri (1955) appears to misinterpret the structure of the
mature seed coat in Muyristica fragrans. The single layer of
radially elongated and thick-walled cells which forms the mechani-
cal tissue of the seed coat, and which is designated as the
‘Hauptpalisadenlage’ by Voigt (1888), is interpreted as consisting
of several layers by Sastri. This is evidently because, on account
of the small cross-sectional area of the cells of this layer, it
presents the appearance of being many layered in sections even
slightly oblique to the radial plane in which the cells are
elongated.

Periasamy (1961) has distinguished three types of activities
in regard to the behaviour of the chalaza after fertilization, as
normal-chalazal, perichalazal, and massive-chalazal. Seed deve-
lopment in Mypristica fragrans is of the massive-chalazal type and
represents perhaps the most pronounced expression of this feature
among the bitegmic ovules. Even though the ovules are bitegmic,
none of the integuments take part in the production of rumina-
tion which becomes wholly a function of the hypertrophied
chalaza. Further, it is the ruminating tissue that constitutes the
most prominent part of the seed coat around the endosperm in the
mature seed.
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ABSTRACT

Three more species of the soil nematodes of the genus Mononchus
Bastian 1865 are described in this paper. Of these one is a new
species another is a new variety.

Mononchus (Mylonchulus) madrasi sp.nov. (Text-fig. 1.)
Total 78. Female 32; Juveniles 46.

Measurements: L = 0-947 mm. a =163, b=33, ¢=22-7,
V =577%.

The head end is blunt, being thrice broader than deep, and
not well set off from the rest of the body. The lips and the ampid
are not clear. The stoma is slightly longer than broad measuring
18-464 p by 16-156p, being in the form of a cup. It consists of
dorsal, middle and ventral ribs of moderate length. The dorsal
tooth is pointed, not massive, being situated almost at the top.
The base of the dorsal rib is obliquely turned inwards. The mid
rib is in the form of a cross bar at the top. The ventral sector has
six rows of denticles, the first two rows being situated at the
top and bottom margins of the cross bar of the ventral rib. There
are three submedian onchii in the ventral sector. The base of
the ventral rib is swollen.

The oesophagus is muscular and the cardia is obscure. The
rectum is oblique with a slit-like anus. The tail is ventrally
bent. The gonads are paired,, opposed and are almost made invisi-
ble by the densely packed intestine. The entrance of the vulva is

guarded by two cuticular plates. No male was recorded in the
collection.

* Part of M.Sc. thesis approved by the Madras University,
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Habitat : Soil near the roots of Mimosa plant.
Locality : Presidency College garden. No. 72.

Mononchus (Mylonchulus) madrasi sp. nov. is related to Monon~
chus brachyuris (Butschli 1873, Cobb 1917) in having two ova-
ries, the dorsal tooth being relatively small the amphid being
very obscure but differs from it, in that the caudal glands are not
saccate. The spinneret is not dorsally oblique but centrally
placed. Further the tail is ventrally bent near its middle part.
There is a cross bar in the ventral rib and there are three sub-
median onchii in the ventral sector.

"~ 2w

Fie. 1. Mononchus (Mylonchulus) madrasi sp. nov. Female Head end.

F1e. 2. Mononchus (Mylonchulus) subtenuis var. subventralis, var. nov.

Female Head end. Fic. 3. Mononchug (Mylonchulus) obtusicaudatus Cobb.
Female Head end.

Holotype: 1 Female mounted, labelled and deposited in the
departmental museum. Number Pck 43.
Paratypes: were not preserved

2, Mononchulus (Mylonchulus) subtenuis Cobb, var. sub-
ventralis var. nov. (Text-fig. 2))

Total 49. Females 29. Juveniles 20.

Measurements. L=0'99 mm. a=19-8, b=32, c=
22-4., V=159-8%

The head end is blunt and flat, not well set off from the rest
of the body, being 30 n wide and 5 deep. The stoma is20:772
uw long, 16-156 p wide and wider at the mid region, with a
dorsal, ventral sector being wider than the dorsal sector, with both
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the sectors having cross bars. The dorsal and the ventral sector
have each, four rows of denticles forming the rasp areas. The
first row of the denticles in the ventral sector is situated on the
cross bar itself. There are two submedian onchii one for each
sector. The dorsal tooth is shifted subventrally towards the mid-
dle of the stoma.

The oesophagus is tubular and muscular, with a slightly
expanded posterior part. The nerve ring is situated at the ante-
rior third of the oesophagus. The cardia is not visible. The intes-
tine is densely packed with granules and calls for no special men-
tion. The anus is quite prominent The tail is ventrally bent as
in other Mononchus. The nature of the gonads is not clear, being
covered by the dense intestine. The vulva is post equatorial in
position. No male was recorded in the collection.

Habitat

& §Same as in the case of the previous forms.

Locality

This new variety is related to Mononchus (Mylonchulus) subtenuis
Cobb (1917) in its characters of the stoma, and in the other body
characters but differs from it, in having four rows of rasps in each
sector, the first row of the ventral sector, being situated on the
ventral cross bar itself. Further the dorsal tooth is shifted sub-
ventrally towards the middle of the stoma.

Holotype: 1 Female mounted, labelled and deposited in the de-
partmental museum. Number P. C. K. 44.

Paratypes were not preserved.

3. Mononchus (Mylonchulus) obtusicaudatus (Daday).
Cobb. (Text-fig. 3.)
Daday 1899. Cobb 1916.
Total 12 Females.
Measurements: L =105 mm. a=21, b=2336, c¢=
30., V=155-64%

The body is moderately stout and cuticle is plain. The head

is not well set off, being five times wider than deep and with
amalgamated lips.

The stoma is globet shaped, being 2308y long and 16-156 p
wide. The dorsal tooth is very prominent. The ventral rib has
a cross bar opposing the dorsal tooth. The “rasp” area consists
of six rows of denticles with a submedian onchus below the
“rasps”.
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The oesophagus is stout and muscular. It is 297u long and
35 p thick and envelops the base of the stoma. The cardia is flat.
The intestine runs straight and is packed with fine granules. The
rectum is almost transverse, while anus is slit-like. The anal dia-
meter is approximately equal to the length of the tail. The latter
is ventrically bent, with a blunt tip with two caudal glands and a
spinneret. The gonad is single, anterior and with two cuticularised
plates at the vulval opening. No male was recorded in the collec-
tion.

Habitat : Soil near the roots of Canna spp.

Locality: Marina garden plot No. 79.
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ABSTRACT

The present paper describes five species of free living soil
nematodes from Madras city. Of these two are new species,
Viz: Mononchus (Mononchus) neotumbridgensis and Mononchulus

rotundicaudatus.

1. Mononchus (Mononchus) mneotumbridgensis sp. nov. Text-

Fig. 1).

Total: 8 females.

Measurements: L =0'836 mm. a=14'3, b=23'1, c¢=14,
V=2

The cuticle is smooth. The head end is blunt, 13-84 u wide,
with amalgamated lips. It is separated by a shallow neck fr.om
the posterior part. The stoma is twice as long as'broad, bel.ng
18464y in length and 9-232u in width, with paral.lel sides and with
capitate heads. Each side of the stoma has a pointed tooth at the
top. There is a centrally placed tooth. There are no rasps.

The oesophagus is plain and cylindrical with the nerve rin.g
surrounding it. The cardia seems to be absent. The rectum is
transverse with a slit like anus. The tail has a large caudal
papilla. The gonad is not visible due to dense nature f’f the
brownish coloured intestine. No male was recorded in the
collection.

Habitat: Soil near the roots of a fern spp. in a pot.

Locality: Green house, Botanical Gardens, Teynampet No. 66.
\

*Part of M.Sc, thesis approved by the University of Madras,
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This new species is closely related to Monochus tumbridgensis
Bastian (1865), Cobb (1916) in the nature of the stoma, the
centrally placed pharyngeal tooth, which is less than half the
length of that of the species described by Bastian (1865). The
two stomal ribs have each a tooth. Further, the head end is more
rhomboidal in shape and the cephalic notches are deeper than
in Mononchus tumbridgensis Bastian (1865).

Holotype: 1 Female mounted, labelled and deposited in the
Departmental Museum, Number 35 P.CK.

Paratypes: Mounted and labelled Number 35(a) P.C.K.

2. Mononchus (Prionchulus) muscorum Bastian (Text-Figs. 2,
3 & 4).
Bastian 1865; Cobb 1916.
Total 18. Females 8, Juvenilles — 10.
Measurements: L=20—2'5 mm. a=26-31, b=4-4-2,
c—=14-15 V=7

The body is short, 0:04 mm. wide with smooth ecuticle. The
head is not well set off. The lips are six in number and not
prominent. The amphid is slit-like.

The stoma is globet shaped with well developed dorsal and
ventral sectors and with a large dorsal tooth at the anterior third
of the stoma, being opposed by longitudinal teeth on the ventral
sector. The ventral rib is supported by a “leg” pushing into the
oesophagial tissue. A transverse ridge encircles the stoma at the
top of the dorsal tooth. There is also a similar ridge at the
hottom of the dorsal tooth but faintly developed. Two additional
submedian longitudinal ridges are also seen in the stoma. 'There
is a foramin in the basal subdorsal plate.

The oesophagus is tubular and muscular with its anterior
part extending up to nearly half the base of the stoma. The
cardia is flat. The intestine is straight, and dense, ending in a
slit like anus, the rectum being oblique. The tail is slightly
greater than the anal body diameter, being convex dorsally, and
bent ventrally with a blunt terminus, the caudal gland being
absent. The gonad has a well developed anterior part and an
attenuated posterior part. It was not possible to locate the vulva.
No male was recorded in the collection.

Habitat: Soil near the roots of Mimosa tree.
Locality: Presidency College Garden No. 67.
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3. Mononchus (Prionchulus) muscurum Bastian, var macrolai-
mus Cobb (Text-fig. 5).

Cobb 1917.

Total 4. Females 3. Juvenile 1.

Measurements: L = 2-1-2'4 mm. a = 26-30, b = 4-4%
¢ = 14-15, V == 51-52%.

The cuticle is unstriated. The head is not well set off and
the lips are not very distinct. The stoma measures 18:464 p long
and 11'54 u wide. The head is 18:5pn wide. The stoma is longer
than broad, nearly one and half times its breadth.

The dorsal tooth is massive, while the ventral sector is thin
with the teeth arranged longitudinally. A transverse ridge at the
top of the dorsal tooth is prominent. The oesophagus is cylin-
drical, muscular and the cardia is very thin. The intestine is
densely packed with granules, while the anus is slit like. The
tail is curved ventrally with a gland like tissue. The anal diameter
is half the length of the tail. The caudal gland and the spinneret
are not clear. The ovaries are two, opposed and reflexed. The
vulva is slightly post equatorial. No male was recorded in the
collection.

Habitat
& Same as in the case of the previous form.
Locality
4. Mononchus (Iotonchus) cosimilis (Text-fig. 6).
Cobb 1917.

Total 4. Females 2. Juveniles 2.
Measurements: L—=12 mm., a=20,b=39,¢=12'3, V=2

The cuticle is plain with the head set off with 6 confluent
lips, of which only the extreme ones are distinct. —The head
measures 20 i in width. The stoma is well cuticularised, 30 p long,
20 p wide being one and half times as long as broad. The dorsal
tooth is comparatively small, situated basally and opposed by two
median onchii.

The oesophagus is simple, tubular and muscular measuring
310p by 30p. The cardia is not visible in this specimen. The
intestine is dense. The tail is straight and digitate, with a caudal
gland opening through a spinneret at the tip of the tail. The tail
has five papillae, ventrally placed while there is a sixth one dor-

sally placed. The tail is nearly thrice the anal diameter. The

S. 9

v
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Fic. 1. Mononchus (Mononchus) neotumbridgensis sp. nov. Head end of
the female. Fic. 2. Mononchus (Prionchulus) muscorum Bastian, Cobb.
Head end of the female. Fic. 3. Mononchus (Prionchulus) muscorum
Bastian, Cobb. Region of the oesophagus and intestine of_ the female.
Fic. 4. Mononchus (Prionchulus) muscorum Bastian, Cobb. Tail end of the
female. Fig. 5. Mononchus (Prionchulus) muscorum Bastian var. macrolai-
mus Cobb. Head end of the female. Fic. 6. Mononchus (Iotonchus) Cosmilis
Cobb, Head end of the female. Fig. 7. Mononchulus rotundicoudatus sp. nov.
Head end of the female. Fig. 8. Mononchulus rotundicaudatus sp. nov. Tail
end of the female.
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gonads are not very well developed and it was not possible to
locate the vulva. No male was recorded in the collection.
Habitat

& Same as in the case of the previous form.
Locality }
5. Mononchulus rotundicaudatus sp. nov. (Text-Figs. 7 & 8).

Total 1 Female.

Measurements: L=1001 mm. a =222, b=4'0, c = 43-5,

V =54"7%.

The body is cylindrical while the cuticle is without straiae.
The head is not well set off and without lips and bristles. The
head end measures 16 p in width.

The stoma is strongly cuticularised, deep, 20-7p long, 6:9pn
wide, with a simple dorsal sector. The ventral sector of the
stoma has a big shield like tooth. No additional teeth or onchii
are present. The oesophagus encircles the basal part of the stoma,
at the anterior end, while the posterior end is slightly enlarged.
The oesophagus is one fourth the total body length. The cardia
is two-celled of which the dorsal cell is small and the ventral
one is large. The intestine runs straight almost filling the body
cavity while the anus is slit like. The tail is blunt, with a cen-
trally placed spinneret. The caudal gland occupies %th the length
of the tail. The anal diameter is equal to the length of the tail.

The ovary is single, anterior, outstrected and reflexed. The
vulva is a simple slit, post equatorial in position, being situated
at 54'7% from the anterior end. The body is widest at the region
of the ovary. The sides of the vulva are not cuticularised. The
uterus is a simple sac. No male was recorded in the collection.

Habitat: Soil near the roots of Canna spp.
Locality: Marina garden plot Number 79.

Mononchulus rotundicaudatus sp. nov. is related to two
closely allied species: M. ventralis Cobb (1918) and M. nodicau-
datus (Daday 1901) Schneider 1937 (Syn. Prismatolaimus nodi-
caudatus Daday 1901) in its general characters of the body, gonad,
stoma, cardia etc., but differs from them (the two above men-
tioned species according to Goodey (1951), being the same, since
they are similar in size and in general characters), in that, the
oesophagus is slightly shorter in length. Further, the length of
the tail in M. routundicaudatus sp. nov. is tiwce that in
M. ventralis Cobb (1918). The caudal gland opens out through
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the spinneret which lies at the centre of the tail and not ventrally
as in M. ventralis (Cobb 1918).

Holotype: The only female was mounted, labelled and deposited
in the Departmental Museum, Number 32 PCK.
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ABSTRACT

A description of four species of Mononchus (Bastian 1865), a
group of predatory soil nematodes is given in this paper. Of these,
two are new varieties. All the four forms are recorded for the first

time in Madras.

1. Mononchus (Mylonchulus) montanus Thorne (Text-fig. 1).
Thorne, 1924
Lotal 46. Females 28. Juveniles 18,
Measurements. L =10-974 mm., a=16-2, b=3-4., ¢=

25-2., V = 56-53% — 60%

Body not very long. Head end blunt, bearing six faintly seen
lips. Head 23-08 w wide, 4616 w deep. Amphid circular.

Stoma globet shaped, well cuticularised, measuring 20-77 p by
16-16 p. The dorsal sector has a large massive tooth situated mid-
way between the pharynx. The ventral sector is quite wide, with
six rows of denticles forming the “rasp” area, which is bounded by
two transverse bars, one above and one below. There are three
sub-median onchii below the ‘“rasp” area.

The oesophagus is tubular, muscular, nine times longer than
broad. The cardia is flat and not prominent. The intestine is
densely packed with granules. The rectum is 0-2 mm. long and
opens out by a slit-like anus.

The nature of the gonads is not clear due to dense structure
of the intestine. The uterus bears a single ovate egg (0:15 mm. by

* Formed a partial fulfilment of M.Sc. thesis approved by the Madras
University,
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0-05 mm.). The vulva is post-equatorial in position, with two tri-
angular plates at its entrance. The tail is convex dorsally, bent
ventrally with a caudal gland. No male was recorded in the col-

lection.

Habitat: Soil near the roots of mimosa tree.

Locality : Presidency College garden. No. 72.

2. Mononchus (Mylonchulus) montanus Thorne, var. trionchu-
lus var. nov. (Text-fig. 2).
Total 48. Females 21. Juveniles 27.
Measurements : L=1-17 mm, a=234, b=23'3, c¢=
15-05., V = 60-61%

The body is fairly long and stout. The head end is flat with
indistinct lips. The stoma is well cuticularised, compressed slight-
ly at the sides giving a leniar shape, being twice longer than broad.
The dorsal sector is wide. The dorsal rib is plain, wide at the ante-
rior and middle part and narrows down at the bottom. The dorsal
tooth is not very large, situated midway between the stoma. It is
not connected with the dorsal rib, but shifted away from the dor-
sal rib.

The ventral rib of the stoma is serrated with four teeth like
ridges and with two cross bars projecting into the stoma. There
are six rows of denticles in the ventral sector forming the “rasp”
area, being bounded by the two transverse bars. There are three
submedian onchii in the stoma, situated below the dorsal tooth.
The dorsal sector has a single row of fine denticles.

The oesophagus is tubular and muscular. The intestine runs
straight, opening out by a slit-like anus. The tail is, as in the
other Mononchs. The caudal gland is trifolicate. The gonads are
paired,. opposed and reflexed with a slit-like vulva. No male was
recorded in the collection.

Habitat

& Same as in the case of the previous forms.
Locality

Mononchus (Mylonchulus) montanus Thorne var. trionchulus
var. nov. is closely related to M. (Mylonchulus) montanus Thorne
(1924) in its general body characters. The points of variations
which differentiate this new variety are: the dorsal tooth is not very
massive, neither does it form a part of the dorsal rib. On the
contrary, it is a separate piece of moderate size and it is shifted
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away from the dorsal rib. The dorsal rib has a single row of denti-
cles. The ventral rib is characteristically serrated with teeth like
ridges.

The characters similar to both of the above mentioned forms
are: the ventral “rasp’ area (denmticles) is bounded by the
transverse bars. There are three submedian onchii and six rows
of denticles in both the forms.

Holotypes. 2 females mounted and deposited in the departmental
museum. No. P.C.K. 42.

Paratypes: Did not stand preservation.

3. Mononchus (Mylonchulus) sub-tenuis. Cobb, (Text-fig. 3).
Cobb, 1917.

Total 6 Females.
Measurements: L=1-1-1-21 mm,, a=22, b=23-36,
c=15-75., V=27

Body fairly long with smooth cuticle. The head is 25-4 p
wide and is well set off by deep notches. Only four lips are
faintly seen. The stoma is globet shaped, twice longer than
broad with a mid rib dividing it intc a dorsal and ventral sector. The
tooth is fairly massive and centrally placed. There are two “rasp”
areas, one for each sector, having six rows of denticles. There are
two submedian onchii, one for each sector, placed in the middle
of each sector. Each rib has a cross bar.

The oesophagus, intestine and anus call for no special men-
tion. The tail is as in other Mononchs. The ovaries are paired,
opposed and reflexed. The vulva could not be located. No male
was recorded in the collection.

Habitat

& Same as in the previous case.

Locality
4. Mononchus (Mylonchulus) subtenuis Cobb, var. bionchus
var. nov. (Text-fig. 4).

Total 6. Females 4. Juveniles 2.
Measurements: L =—1-15-1-17 mm., a =23, b=23:2, ¢ =
23., V=158%

The body is fairly long with smooth cuticle. The head end is

not well set off by notches and has four faintly seen lips. The head
measures 15u. The stoma is globet shaped and well cuticularised.
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The tooth is not centrally placed, but shifted to the dorsal sub-
median position in the dorsal sector. The dorsal rib is plain and
slightly swollen in the upper middle part. The ventral rib is ser-
rated with four teeth like ridges. The ventral “rasp” area con-
sists of five rows of denticles while the dorsal “rasp” area consists
of six rows of denticles. There are two submedian onchii, one for

i
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Fie. 1. Mononchus (Mylonchulus) montanus Thorne, Head end of the female.
Fr. 2. Mononchus (Mylonchulus) montanus Thorne var, trionchulus var.
nov. Head end of the female. Fic. 3. Mononchus (Mylonchulus) subtenuis

Cobb. Head end of the female. Fic. 4. Mononchus (Mylonchulus) subtenuis
Ccbb var. bionchus. var, nov. Head end of the femalé,
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each sector and these two onchii are not wide apart, but are very
near the mid rib, near the centre of the stoma. The dorsal “rasp”
area is encircled by an oval rib while the ventral cross bar is
absent,

The alimentary canal calls for no special mention. The anal
diameter is less than half the length of the tail. The gonads are
paired, outstretched and reflexed. The vulva is post-equotorial
in position. The tail is ventrally bent and with a caudal gland. No
male was recorded in the collection.

Habitat
& Same as in the case of the previous forms.
Locality

Mononchus (Mylonchulus) subtenuis Cobb var. bionchus var.
nov. is closely related to M. subtenuis Cobb (1917), in the nature
of the stoma with two rasp areas, and in its other features. The
points of variations are: the ventral “rasp” area has five rows
of denticles, while the dorsal rasp area has six rows. In M. sub-
tenuis Cobb (1917) both the sectors have six rows of denticles in
each. The tooth is not centrally placed, but shifted to the dorsal
sector. Further the ventral rib is serrated with four teeth, and
the ventral cross bar is absent. The dorsal “rasp” is bounded by
an ovate rib.

Holotype : 1 Female mounted and deposited in the departmental
museum. No. P.CK. 41.

Paratypes: were not preserved.
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Introductory

The main idea in this thesis is that the invariant theory of
two conics is essentially the same as the invariant theory of a
fundamental triangle and two points in its plane. In fact, the
whole thesis may be taken to be an explanation of this statement
in its various aspects.

Any two conics have in general a common self-polar triangle
and thus belong to the net of conics having this triangle for a
common self-polar triangle. It can be further shown that any
conic-invariant of the two conics is also necessarily a member of
the net. Now the net contains three special members invariantly
associated with it, namely, the three line-squares which are the
sides of the self-polar triangle of the net. If we represent these
three line-squares by three arbitrary points in a complex projec-
tive plane, not on the same line and a non-degenerate conic-locus
of the net by an arbitrary point in general position with respect
to the fundamental triangle formed by the representations of the
lLine-squares, it follows from the general theorem of projectivity
that a unique 1 — 1 correspondence is set up between the conics
of the net and the points of the plane. Thus the conic-invariants
of the two conics are represented precisely by the points which
are invariantively associated with the fundamenntal triangle of the
representation (as we call it) and the two points representing the
two conics.

It now turns out that the theory of polar reciprocation among
the conics of the net becomes the theory of quadratic involutions

* Madras University M.Se. thesis, 1959.
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with the fundamental triangle of the representation for the fun-
damental triangle of the involutions. The apolar theory of conics
is reduced to the polar theory of the fundamental triangle by our
representation.

Let S and 8’ be the representations of the two conics, ABC
being the fundamental triangle of the representation. The points
which are invariantly associated with the triangle ABC and the
point pair S, S’ and which arise naturally are as follows:

1. The pole of the line S, S’ with respect to the unique conic
through A, B, C, S, S’. 4.3 says that this is the represen-
tation of the F-conic of the two conics.

2. The fourth intersection of conics through A, B, C touching

SS’ at S and S’ respectively. By 4.6 this is the representa-
tion of the & — conic of the two conics.

3. The unique conjugate points of S and S’ with respect to
the pencil of conics through 8’ and S respectively and hav-
ing ABC for the common self-polar triangle. These are
by 4.11 the representations of the polar reciprocals of S and
5" with respect to S’ and S respectively.

4. The four fixed points of the quadratic involution with ABC
for the fundamental triangle and S, S’ for corresponding
points. 4.10 shows that these represent the four conics
which reciprocate S and S’ into each other.

5. Pole of the line SS’' with respect to the triangle ABC. 'This
represents the F-conic of the unique pair of doubly apolar

conics in the pencil formed by S, S’; which is a combinant
for the pencil. (4.43)

6. The two intersections of the polar conic of the pole of SS'
with 88'. These represent the unique pair of doubly apolar
conics in the pencil formed by S and S’. (4.43) 'These are
Hessian points of the three intersections of S§’ with the
sides of the triangle ABC.

7. The pole of the unique conic 3 through A, B, C, S, &, with
respect to the triangle ABC. This represents the F-conic
of the unique pair of doubly apolar conics in the range
formed by S, S’; which is a combinant for the range (4.44)

8. The two intersections of the polar line of the pole of conit
5 with respect to ABC with . These represent the unigue
pair of doubly apolar conics in the range formed by S and
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S’. (444) These are the Hessian points of the triangle
ABC on 3.

9. The cubic-covariant points of the intersections of the sides
of ABC with SS’ and also those of the triangle ABC on .
These represent respectively the three conics in the pencil
and range detrmined by S and &' which have double con-
tact respectively with the combinants in 5 and 7. (4.48)

The thesis is divided into six chapters according to the subject
matter. In Chapter I, we prove that the necessary and sufficient
condition that a triangle is self-polar to a conic is that it should
be left invairant by the four group of the triangle: and conse-
quences.

In Chapter II, after a short account about the nature of conics
with a common self polar triangle in section (1), we proceed in
section (2), to define the F' and & conics of two conics in a
manner naturally suggested by the course of our arguments. We
later [Chapter IV, (2)] prove from our definition that the F and
& conics possess the property contained in the usual definitions.
Section (3) of this chapter is devoted to a study of quadratic involu-
tions which we pursue as for as we require for our purposes in
later chapters. We close this chapter with a short section giving
two classical examples of quadratic involutions which arise in the
camplex Euclidian Geometry of the plane.

Chapter III is subdivided into five sections. In the first sec-
tion we define apolarity of plane curves and prove just those
results on apolar curves which we require for the development of
the polar theory of the triangle in the next section. In section (2)
we develop the polar theory of the triangle just to such an extent
as we shall require in the apolar theory of conics to be developed
in Chapter IV. Section (3) expresses the apolarity of the three-
point and a three-line in terms of the polar theory. Section (4) dis-
cusses an important configuration of four triangles required later,
while the next section indicates the connection of the configura-
tion in (4) with the theory of a non-singular cubic and its
inflexions. :

In Chapter IV we come to the representation theory. It is
this chapter which is devoted to the explanation of the main prin-
ciple of this thesis. In (1) we discuss the representation and its
immediate consequences. We then represent the F and & conies
in (2) and use the representation to prove their harmonic locus
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and harmonic envelope properties. We also give here ruler con-
structions for the representations of the F and @ conies of two
conics represented by two given pointts in the plane of the fun-
damental triangle ABC. The next section shows that the theory
of polar reciprocation of conics of the net is essentially the theory
of quadratic involutions of the fundamental triangle. We here
obtain the representations of the polar reciprocals of a conic with
respect to another given conic; the points representing them being
given. Also the representations of the four conics reciprocating
two given conics into each other are obtained; and the ruler con-
structions for these points. Section IV is devoted to show that
the apolar theory of two conics is essentially the polar theory of
the triangle. Section (5) is a short application of the representa-
tion theory of ‘Harmonic Conics’.

Chapter V deals with the metrical specialisation of the repre-
sentation by introducing an arbitrary conic through A, B, C, as the
conic of ‘parobolic points’ and an arbitrary point of the plane not
on this conic as the ‘circular point’ and consequences.

Chapter VI indicates the possibility of the dual representation
in which conic-envelopes of the net are represented by points of
the plane. After explaining the representation in (1) and noting
the corresponding the metrical specialisation in (2) we proceed
to an important particular case of the dual representation in (3);
viz., the representation of a conic by its centre. The theorems in
Chapters IV, V, VI now translate themselves readily into theorems
on centres and centre-loci of conics and their relations with the
centres of the conic invariants of two conics. The more important
of these results are merely stated here.

It will be remarked that throughout the thesis we have appeal-
ed to pure geometric arguments with little or no use of co-
ordinates.

CHAPTER 1
The Four Group Associated with a Triangle

If I, L, I, denote three involuntary plane collineations with
the vertices and opposite sides of a triangle ABC for their respec-
tive centres and axes (so that if P is any point in the plane I; (P )
is the harmonic conjugate of P with respect to A and the inter-
section of AP and BC etc.) and I denotes the identity, then by
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definition I,2=I,2=I32=1. Also it may be easily verified directly

from definition that I.Iq=I;, I3I;=I,, I;Io=I3. Hence I,1;,15,1;3
form a group known as the four-group. Thus we have the result:

The three involuntary plane collineations which have their
centres and axes for the vertices and opposite sides of a triangle
together with the identity form the four group of the triangle.

Let now ABC be a self polar triangle of the conic S. Let
any line through A cut S at X and Y and BC at P. Then (AP,
XY) = — 1. And hence I, interchanges X and Y. Thus S is in-
variant under I,. So it is under I, and I also. Thus S is left
invariant by the four group of the triangle ABC. Conversely, if
a conic S is left invariant by the four group of the triangle ABC,
a point X on S is transformed into another point Y on S by I;:
so XY passes through A and if XY meets BC at P then (PA, XY)
= — 1. Hence A and P are conjugate points with respect to S.

‘Since this is true for all points P on BC, it is the polar of A with

respect to S. Similarly polars of B and C with respect to S are
CA and AB respectively. Hence ABC is a self polar triangle for
S. 'These are summed up in the following result:

11. The necessary and sufficient condition that a triangle is
self polar for a conic is that the conic should be left invariant by
the four group of the triangle.

Now it is well known that any two conics having distinct
intersections have the diagonal point triangle of the quadrangle
formed by the intersections for the common self-polar triangle.
Hence by 1.1 these conics are left invariant by the four group of
the common self-polar triangle. Since any conic-invariant of S
and §’ is invariant under any collineation of the plane which leaves
S and S’ invariant, it is clear that any conic-invariant of S and &
is invariant under the four group of the common self polar triangle
of S and S§’. Hence it has the common self polar triangle of S
and S’ for a self-polar triangle. Thus we have the fundamental
result:

12. Any conic-invariant of two conics belongs to the net of
conics which have the common self polar triangle of the two conics
for a self polar triangle.

Thus the invariant theory of two conics is in a sense contain-
ed in the theory of net of conics having a common self-polar tri-
angle.
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The well-known conic-invariants of two conics like their F
and @ conics, the polar reciprocal of either with respect to the
other are all therefore members of the net determined by the
common self-polar triangle of the two conics. We shall return to
these conic-invariants presently.

CuaPTER 11
The Net of Conics having a Common Self-Polar Triangle

By the above, Conics having a given self polar triangle have
three linear restrictions on their coefficients and hence belong to
a linear system with two degrees of freedom, that is, a net.

Section (1)
Nature of the Net

The line-pairs of the net are those harmonically separating
two of the sides of the common self polar triangle. The squared
lines in the net are the three sides of the common self polar
triangle. Any two connics of the net determine a pencil of conics
which are all in the net. Pencil of conics having double contact
contains a side of the self polar triangle squared. When consi-
dered from the dual point of view, the point pairs in the net are
those harmonically separating two of the vertices of the self polar
triangle. The three vertices squared are the point squares in the
net. Any two conics in the net determine a range in the net and
range of conics having double cotact contains a vertex squared of
the self polar triangle.

The four group of the self polar triangle of the net transforms
any point in the plane into the four vertices of a quadrangle hav-
ing the self polar triangle for the diagonal point triangle and hence
the pencil of conics in the net through a given point passes through
all the vertices of the quadrangle generated by the point under
the four group. In a similar mannner the four group generates
the quadrilateral associated with the net from any given line.

Now consider any conic of the pencil in the net determined
by a given point. The four group of the self polar triangle leaves
this conic invariant and hence carries the tangent at the given
point into the tangents at the corresponding points to the conic.
Hence the conic is inscribed in the quadrilateral generated by the
tangent at the given point under the collineations of the four

-—
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group, the points of contact being the vertices of the quadrangle
generated by the given points under the four group. But quad-
rangles and quadrilaterales generated by the four group have the
self polar triangle of the net for their diagonal point and line
triangles. Hence we have:

2.1. The tangents at the vertices of a quadrangle to a conic
circumscribing the quadrangle form a quadrilateral having the
diagonal point-triangle of the quadrangle for its diagonal line
triangle.

Now we are in a position to define the F and & conics of -
two conics by our approach.

Section (2)

F and O conics of two conics

Consider the points of contact of common tangents to two
conics S and §. The two quadrangles formed by them have the
diagonal line triangle of the quadrilateral formed by the common
tangents for their diagonal point triangle by 2.1. And this is the
common self polar triangle of S and §’. Now consider the unique
conic F through the four vertices of one of these quadrangles and
one vertex of the other. This has the common self polar triangle
of S and S’ for a self polar triangle. Hence it should be left
invariant by the four group of this triangle. Now it is an imme-
diate consequence from the harmonic property of the gquadrangle
that the four group of the diagonal point triangle of the quadrangle
permutes the vertices of the quadrangle among themselves. It now
follows that F has to pass through the other three vertices of the
second quadrangle. Thus we have:

22. There is a unique conic through the eight points of
contact of common tangents to two conics with them, which we
define to be the F conic of the two conics.

As a corollary from the above arguments we get the follow-
ing results also:

2.3. There is a conic through the eight vertices of two
quadrangles which have a common diagonal point triangle.

A complete dualisation of our arguments above is the follow-
ing two results:

24. There is a unique conic touching the eight tangents at
the four intersections of two conics to thein, which we define as
the & conic of two conics.

S. 1
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2.5. There is a conic touching the eight sides of two quadri-
laterals which have a common diagonal line triangle.

It is at once clear from their definitions that the F and &
conics of two conics are necessarily conic-invariants of the two
conics. It now follows from 1.2 (or directly from definifion)
that the F' and & conics belong to the net of conics determined
by the common self polar triangle of the two conics. We reserve
the identification of the F and & conics thus defined to a later
section,

Section (3)
Quadratic Involutions Associated with the Net

By a quadratic involution, we shall mean throughout this
thesis, a plane Cremona involutary quadratic transformation of the
isogonal type (as opposed to the inversion type)*

We recall that any point in the plane of the net determines
a definite pencil in the net, namely the pencil of conics through
the four vertices of the quadrangle generated by the given point
under the four group of the common self polar triangle of the
net. Now this pencil of conics in turn determines a unique
quadratic involution which transforms any point in the plane into
its conjugate with respect to the pencil. In particular this quadra-
tic transformation takes the base point of the pencil into them-
selves. Thus we are led to:

2.6. Any point in the plane of the net determines a unique
quadratic involution having the vertices of the common self polar
triangle of the net for the fundamental points and having the
vertices of the quadrangle generated by the given point under the
four group of the self polar triangle for the fixed points.

That the transformation is involutary and 1-—1 in general
is obvious from its definition. The conjugate of any point on a
side of the self polar triangle is the opposite vertex and hence
the transform of a vertex is any point on the opposite side. Thus
the vertices are exceptional points for the transformation. Again
the transform of any line in general position with respect to the

* For purposes of this section one may consult with advantage page 46
to 49 of Semple and Roth: Introduction to Algebraic Geometry, as also
page 50-51 of Hudson: Cremong transformation, ’
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self polar triangle is the locus of its poles with respect to the
pencil and hence is a conic circumscribed to the self polar triangle.
These considerations show that the transformation is quadratic
Cremona with the self polar triangle for the fundamental triangle.
The proof is complete when we observe that the base points in
the pencil are self conjugate with respect to the pencil and hence
constitute the four fixed points of the transformation.

Now we proceed to prove the converse of the above proposi-
tion, viz.,, any quadratic involution is essentially the process of
taking congugates with respect to the pencil of conics through
its fixed points. We first prove:

2.7. Any quadratic involution permutes with the collinea-
tions of the four group of its fundamental triangle.

Let PP =T (P), where T is a quadratic involution with the
fundamental triangle ABC. Let the involuntary collineation I,
centre A axes BC take P and P’ into Q and Q' respectively. If
AP and AP’ meet BC at X and X’ then (AX, PQ) is equal to
(AX, P’ Q) = — 1. Since T takes any line through a fundamental
point into another line through the same, AP goes over into AP’
under T. Again T(A) = X’ when A is considered as a point of
AP. Also T(X) = A. Since T is essentially a 1 —1 transforma-
tion, it leaves the cross-ratios invariant. Hence if T(Q) = Q”
(AX, PQ) = (XA, PPQ”) = —1. Hence Q and Q" coincide.
This means that L (P) =Q | =T(Q) =TI (P) = AL,T-!(P)
It follows I;T="T I, and two other similar results. 2.7 follows.

Suppose now that P is a fixed point of T. Then by 2.7 if G
is any element of the four group from the fundamental triangle of
T, then TG (P) =GT (P)=G (P) since P is a fixed point. Hence
G(P) is a fixed point. Thus we have

2.8. The four fixed points of a quadratic involution are the
four transforms of any one of them by the four group of the funda-
mental triangle and hence they form the four vertices of a quadr-
angle having the fundamental triangle for its diagonal point
triangle.

By the above result the pencil of conics through the fixed
points has the fundamental triangle for its self polar triangle,
Now by 26 the process of taking conjugates with respect to this
pencil is a quadratic involution with the same fixed points and
fundamental points as T. Hence since the fixed points and funda-
mental points are enough to determine a quadratic Cremona

.
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transformation uniquely, these two transformation are identi-
cal. Hence we have:

2.9. Any quadratic involution takes any point in the plane
into its conjugate with respect to the pencil of conics through
its fixed points, and the fundamental triangle of the involution
is self polar with respect to the conics of the pencil.

Since a pencil of conies is uniquely determined by its com-
mon self polar triangle and a pair of conjugale points we have:

2.10.  Any quadratic involution ig uniquely determined if its
fundamental points and a pair of corresponding points are given
and hence alortiare, a fixed point and the three fundamental
points determine uniquely a quadratic involution.

2.6 and 2.9 together show that gquadratic involutions of the
plane having the given fundamental triangle are precisely those
associated with the net of conics having this triangle for their
common self polar triangle, We now praceed to find ruler
constructions for the correspondent of a given point under a
quadratic involution specified as in 2.10.

Let ABC be the [undamental triangle of T and § .- T(S”)-
It is required to construct T(P) given P. First construct the
double lines of the involutions determined by the pairs AB,
AC: AS”, AS. Let them be the lines APQ, ARS. Similarly
construct the double lines BPS, BQR of the involution determined
by the pair, BC, BA: BS”, BY cutting APQ and ARS at the
points P, Q, R, S. It is clear now that S” and 8 are conjugate
points for any conic of the pencil through PQRS. Hence the
points PQRS are the four fixed points of T. To construct now
T(X) given X construct the harmonic conjugates of AX and BX
with respect to APQ, ARS : BPS, BQR. The intersection of these
two lines is T(X). The proof is obvious when we note that X

and T(X) are by construction conjugate points for the pencil of
conics through PQRS.

. Ifl the case when T is specified by a double point S” and S’
COlnC.lde and hence in the above construction APQ and ARS are
the lines AS’ and the harmonic conjugate of AS” with respect to

AB and AS etec.
The above discussion gives the following corollary:

2L The necessary and sufficient condition for two given
pairs of points to be corresponding pairs under the same quadra-
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tic involution is that their joins to any fundamental point of the
transformation and the fundamental lines through that funda-
mental point should belong to the same involution.

29 species the fixed points of the quadratic involution hav-
ing a given fundamental triangle and a pair of corresponding
points as the base points of the unique pencil of conics having
the fundamental triangle for the self polar triangle and the pair
of corresponding points for conjugate points. We proceed to con-
sider an interesting alternate geometrical specification of the same.

We first observe that if P’ =T (P), the unique conic through
A, B, C, P, P’ is the transform of the line PP’ and vice versa.
Conversely, if a line PP’ in general position intersects its transform
under T, i.e. a conic 3 through ABC at P and P’: then P’ = T (P)
and P=T(P’). For, because P is an intersection of ¥ and PP’
T (P) should be an intersection of PP’ and 3. Hence either T (P)
=P or T(P) =P. If T(P) =P, since T is essentially 1—1
T(P) =P’. This means that P and P’ are fixed points of T,
contradicting the assumption that the line PP’ is in general posi-
tion with respect to T. The same argument shows that if we
take a line through a fixed point P but not through any other
fixed point, the transform of that line under T should touch it
at P.

With these preliminaries, let us suppose that P is a fixed point
of T. S, S’ being a pair of corresponding points. Then the trans-
form of SP is a conic through A, B, C 8 touching SP at P.
Similarly the transform of S'P is a conic through A, B, C, S
touching S'P at P. Thus P is a point of intersection of the two
loci L and L’ where L is the locus of points of contact of tangents
drawn from S to the conics of the pencil ABCS' and L/ that of
points of contact of tangents drawn from S’ to the pencil ABCS.
But these loci are cubic curves passing through the five points
A B C S, 8. (It is well known that the locus of the points of
contact of tangents drawn from a given point to the conics of the
pencil is a cubic curve touching the lines joining the given point
to the base points at the base points, passing through the vertices
of the self polar triangle of the pencil, touching the line joining
the given point to its conjugate with respect to the pencil at the
given point and passing through the conjugate point itself). And
since these are cubic curves, they intersect in nine points, The
remaining four points of intersection are therefore the fixed points
of T. We have as a corollary the following result:
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92.12. The cubic loci associated with the point S and the pencil
of conics ABCS’ and the point 8’ and the pencil of conics ABCS
intersect at four other points which are the base points of the
pencil of conics having ABC for the self polar triangle and S, S’
for conjugate points.

The following is an instructive alternate construction for
T(P) given P, T being specified by its fundamental triangle ABC
and a pair of corresponding points S and S'. Let A’, B’, C, be
the harmonic conjugates of A, B, C with respect to S and S’ on
the conic ¥ through ABCSS’. We note that A’, B, C’, can be
constructed by ruler without constructing . Because T preserves
cross-ratio, T(A’) T(B’), T(C’) are harmonic conjugates of the
intresections of BC, CA, AB with SS’' with respect to S and .
Hence T(A"), T(B’), T(C’) can be constructed by ruler. Let '
be the conic through ABCA'P. Then T(3') is a line L’ through
T(A’) and T(P) such that the cross-ratio of the points X”=T(A’)
and intersections of BC, CA, AB with L’ is equal to the cross-
ratio P(A’ABC) on ¥. To construct L’ it is enough a line AX’
intersecting BC at X’ such that A (X”X'CB) =P (A’ABC). Then
X”X’ is the line L ete., T (P) is the point of concurrence of L'M'N’.

When P is a fixed point of the transformation, we see from
the above construction that L’ passes through P and because
T (L) =Y, ¥ touches L’ at P. Thus P is a point of contact of a
tangent from X” to a conic of the pencil ABCA’ and so on. Hence
the three cubic loci associated with X” and the pencil ABCA’, Y”
and ABCB’, Z” and ABCC’ should have four common points other
than ABC, which are the four fixed points of T.

Section (4)
Two examples of quadratic involution

When the circular points at infinity are corresponding pairs,
the pencil of conics through the fixed points is the pencil of the
rectangular hyperbolas through the in and ex-centres of the fun-
damental triangle ABC. Two points are correspondents under the
quadratic involution when their joins to A’, B’, C are separated
harmonically by the bisectors of the angles A, B, C, viz. they are
isogonal conjugates for the triangle ABC.

The other example is an example for a dual quadratic involu-
tion. Here the mid-point and the point at « on the sides of the
fundamental triangle ABC are the double points of the funda~
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mental involutions on the sides. Two lines are correspondents if
their intersection with the sides of ABC are reflexions with res-
pective mid-points. The fundamental range of conics is the range
of parabolas inscribed in the medial triangle of ABC.

CaapTER 111
The Polar and Apolar Theory of Triangles in a Projective Plane
Section (1)
Apolarity of Plane Curves*

The point locus S represented symbolically by the point equa-
tion S=a,m=b,™=0, and the line envelope given by the line equa-~
tion S=I,"=Ig"=0 are said to be apolar if a,”—"a,*=0 (m =n).

Thus apolarity is equal to the identical vanishing of a covariant
linear in the coefficients of the point to one curve and the line

equation of the other. ,

When the class of the envelope is the same as the degree of the
locus, i.e., when m = n in the above the condition for apolarity is
a," = 0, i.e,, the vanishing of the lineo-linear invariant of the locus
and the envelope.

A particularly interesting case is when the locus is an n-line
and the envelope an n-point. Let S=—a x(l)a (Z)ay ® ., e ® =0
be the n-line which is apolar to 3. Then a,Va,@a,®...a,("=0
where 3 = I,"=l,q)laz) ... .. looy = 0. Hence the apolarity condi-
tion becomes.

31 Sa.aMage ... .. Qo) ("W = 0 where the sum runs
over the factorial n permutations ry, 7s,. .. 7,, of the first n natural
numbers.

The following is an immediate consequence of the definition
of apolarity.

3.2. 'The necessary and sufficient condition that a locus of the
nth degree is apolar to a point taken n times is that the point
should lie on the locus.

3.1. at once gives the following two results,

* See Grace and Young: Algebra of Invariants,
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3.3. Any n-line is apolar to an n-point situated entirely on
one of its n-lines.

3.4. Any n-line is apolar to an n-point consisting of an arbi-
trary point and an intersection of two of its n-lines taken n —1
times.

Let now an n-point be situated entirely on a line, say the join of
(v) and (z). Any point on the line is of the form (Ary4Argz). IE A,
y=l,...n are the paramelers of the n points, then the n-point

. . n . \ n
is given by N==al (A, W y+arsMz) =0.le. T=n (A P4r 0 L)
X 1

. n
=0. If now S=a,"=0 is apolar to I then x (A, a,4r:Va,)=0.
1
Putting now a,—A,, a.==A., so that All\x(Y)+A2)\2(7):Al(Y) the
relation becomes A A, @-«--A m=0. But this is precisely
the condition that the n points A y=1...n should be in binary
apolarity with AK":O, ie, with (a,A;4aA)?=0 and the latter

equation gives precisely the intersections of a¢,* = 0 with the join
of (1) and (z). Hence we have:

3.5. A necessary and sufficient condition for an n-point situ-
ated entirely on a line to be apolar to a locus of the nth degree
is that the n-points on the line and the m intersections of that line
with the locus should be in binary apolarity.

Section (2)
The Polar Theory of the Triangle

The results of the previous section will now be applied to a
three point and a three line; i.e. the apolar theory of two trian-
gles in a plane will now be made the basis for the polar theory
of the triangle. We define

3.6. The first polar of a point P with respect to a triangle
ABC is the locus of points Q such that the three-point PQQ is
apolar to the triangle ABC considered as a three-line. The locus
of a conic through A, B, C called the polar conic of P with respect
to the triangle.

To prove this we first observe that the apolarity condition 3.1
involves linearly any line of the n-line or any point of the n-point.
Also from 3.4 PAA is apolar to the three-line ABC. 3.6 follows
immediately.
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3.7. The second polar of P is defined as the locus of points Q
such that the three-point PPQ is apolar to the three-line ABC:
This is the polar line of P w.r. to ABC.

That the locus is a line is clear from 3.1.

The following result is an immediate consequence of 3.6
and 3.7.

3.8. If the polar line of P passes through Q, the polar conic
of Q passes through P and vice versa.

Let now the harmonic conjugate of AP w.r. to AB, AC cut
BC at X. Let PX cut AB and AC at Y and Z respectively., Con-
sider now points P, Q such that the triad P, Q, X is binary apola-
rity to the triad X, Y, Z. Then to any P there is a unique Q and
the relation between P and Q is symmetric. Hence P and Q
generate an involution on the line XYZ. Z, Y are corresponding
members of the involution since a binary form of odd order is
apolar to itself. Also X is a double point of this involution for
the triad XXX is apolar to XYZ. Hence the other double point
is P. Thercfore PPX is in binary apolarity with XYZ and hence by
3-5 the three-point PPX is apolar to the three-line ABC. This shows
that the polar Jine of P w.r. to ABC passes through X. Similarly
it passes through the intersection of harmonic conjugates of BP
w.r. to BA, BC; CP w.r. to CA, CB; with CA and AB respectively.
Thus we have:

39. If X, Y, Z are the harmonic conjugates of intersections
of PA, PB, PC with BC, CA, AB wr. to B, C; C, A, A, B res-
pectively, then X, Y, Z are collinear and the line XYZ is the polar
line of P w.r. to ABC.

Now let us use 3.9 to find the polar line of a point P which
is infinitesimally near to A along a definite line through A. The
points Y and Z coincide with A. But the point X is the harmonic
conjugate with respect B and C of the intersection of BC with
the definite line through A. Hence polar line of P with respect
to ABC is AX. Hence we have

3.10. The polar line of a point P infinitesimally near to a
vertex of a fundamental triangle on a definite line through that
vertex is the harmonic conjugate of that line with respect to the
sides through that vertex.

S. 12
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If now P is any point in the plane of the triangle and Q the
point infinitesimally near to A on the harmonic connjugate of AP
with respect to AB and AC, then by 3.10 polar line of Q pases
through P. Hence by 3.8 polar conic of P passes through Q.i.e.
Polar conic of P touches the harmonic conjugate of AP w.r. to
AB and AC, etc. Hence we have

3.11. If AX, BY, CZ are the harmonic conjugates of AP, BP,
CP with respect to the sides taken two at a time of ABC, there
is a unique conic touching AX, BY, CZ at A, B, C respectively and
this is the polar conic of P w.r. to ABC.

If P lies on BC, the lines BY and CZ coincide with BC. Since
the polar conic of P should touch BC at B and C BC is a part
of it. Since it should touch AX, AX is the other part. Hence
we have

3.12. When P lies on a side of a triangle ABC, its polar conic
breaks up into the line BC and the harmonic conjugate of AP w.r.
to AB and AC. In particular, polar conic of a vertex of the tri-
angle with respect to itself is the degenerate conic consisting of
the sides through that vertex.

As a particular case of 3'9 we have that the polar line of a
point on a side of a triangle with respect to itself is that side.
The polar line of a vertex as such however is undefined, since any
point in the plane together with a vertex squared is apolar to the
triangle as a three-line.

Let now the polar line of P and the polar conic of P w.r. to
ABC intersect at a point X. We assert that PX is a tangent at X
to the polar conic. For, if it is not, let X and Y be the distinct
intersections of PX with the polar conic of P. Then the triads
PXX, PPX, PYY are apolar to the three-line ABC. Now points
Q, Q" on PX such that PQQ’ is apolar to the three-line ABC evi-
dently form an involution with X and Y as double points. Hence
if P’ is the harmonic conjugate w.r. to X and Y (this is distinct
from X and Y since X and Y are distinct) of P then the triad
PPP’ is apolar to ABC. Thus we have two distinet triads PPF’
and PPX apolar to ABC. Hence the polar line of P is PX. Hence
PPP is apolar to ABC and therefore P, X, Y are three distinct
intersections of the polar conic and polar line of P. This means
that PX is a part of and hence is a tangent to polar conic of P.
Thus in all cases the tangents at the points of intersection of the
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polar conic and the polar line of a point P passes through P.
Thus we have

3.13. The polar line of a point with respect to a triangle is
the polar line of the point w.r. to the polar conic of the point.

Let now the polar line of the point P with respect to ABC
cut BC, CA, AB at X, Y, Z so that by 3.9 P and X separate har-
monically the points of intersection of PX with AB, AC. Now
apply any quadratic involution T with the fundamental points A,
B, C to the configuration. T(PX) is a conic through A, B, C,
T(P) and T(X). Since T preserves cross-ratios B, C T (P),
T(X) is a harmonic tetrad on this conic and further T(X) =A.
Hence the line joining A and T(P) is the harmonic conjugate of
the tangent AX’ at A to this conic w.r. to AB, AC. Now the polar
line of P w.r. to ABC passes through X; hence it is transformed
into a conic through A, B, C, touching AX’ at A. Similarly the
transform of XYZ touches BY” and CZ’ at B, C respectively. A
glance at 3.11 now shows at once that T(XYZ) is the polar conic
of T(P) w.r. to the triangle ABC. Thus the quadratic involution
T takes the polar line of a point P into the polar conic T(P). If
now Q is any point on the polar conic of P by 3.8 polar line of Q
passes through P. Hence the polar conic of T(Q) passes through

T(P). Hence again by 3.8 polar line T(P) passes through T(Q).
Hence we have

3.14. Any quadratic involution with the fundamental trian-

gle ABC transforms the polar line of a point w.r. to ABC into the
polar conic of its transform and vice versa.

If now the pole of the conic through A, B, C w.r. to the trian-
gle ABC lies on a line then consider the unique quadratic involu-
tion which has the intersections of this line with the conic for cor-
responding points and ABC for the fundamental triangle. It takes
the line into the conic and vice verse. Now by 3.14 since the pole
of the conic lies on the line the transform of the pole of the conic
which is the pole of the line lies on the transform of the line, ie.,

the conic. A similar argument proves the converse also. Hence
we have

3.14a. If the pole of a conic through A, B, C w.r. to the trian-
gle ABC lies on a line, the pole of the line w.r. to the s

4 : ame triangle
lies on the conic and vice versa.
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Section (3)
Apolarity of three-point with three-line

Now we can use the polar theory to speeify when a three-point
is apolar to a given triangle ABC. Let Py, Py, Py be the three-point
apolar o the three line ABC. Consider pairs P, Q on P.P; such
that P,\PQ is apolar to the three-line ABC. Then P and Q {orm
an involulion of which P, Py ave corresponding membors. The
double points of the involution are cvidently the interscctlions of
the polar conic ol Py w.r. to ADC with P.P,. IHcoce Py and Py
are conjugate points w.r. to the polar conic of P Conversely if
P, and Py are conjugate w.r. to the poluv conic of 1°; then P. and
P, are corresponding members of involution P, Q on P.P; such
that the triad P,PQ is apolar to the triangle ABC. Hence the
triad P/P.P; is apolar to the triangle ABC. And since apolarity
is a symmetrical relation we have

3.15. If a triad P,P,P; is apolar to the triangle ABC then any
lwo points of the triad are conjugate poinis w.r. to the polar conic
of the third w.r. to ABC, and converscly, if one pair of a triad
are conjugate w.r. to the polar conic of the third w.r. to a triangle
then every pair of the triad possess this property and the 1 is
apolar to the triangle,

triad is

Let P,\P.Py be a triad of points apolar to the three-line ABC.
Let the pencil of conics through A, B, C which have P, P, for
conjugate points intersect at a fourth point [ Thona’by'3.15
polar conic of P; w.r. to ABC belongs to this pencil: i.e. polar
conic of P, passes through .. Hence by 3.8 the polar ’line of
& 23 passes through P,. Thus we have:

3.16. The locus of a point which moves such that the triad
formed by it and two other given points is apolar to a given trian-
gle as a three-line, is the polar line w.r. {o the triangle of the
fourth base point of the pencil of conics through the vertices of
the triangle, having the two given points for conjugate points,

Section (4)

A Configuration formed by Four Triangles

Consider now the points of intersection Py, P; of the polar line
and the polar conic of P, w.r. to the triangle ABC. Then by 3.13
polar conic of P, has P, and P.P; for pole and polar. Now pi'O-
jecting P, P; into the circular points at infinity and denoting pro-
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jections by small letiers, P; is the centre of the circle abc and
because the line at oo is the polar line of p; w.r. to the trian-
gle abe, ap; meets be at its midpoint. Hence ap; is perpendicular
to be. Hence in the original figure if X is the point of intersec-
tion of AP; and BC then X (P.Ps, Pi1B) == — 1. Thus P, and P;
are conjugate points w.r, to the degenerate conic P;A, BC: simi-
larly w.r. to the degenerate conic P;B, CA and hence w.r. to
the pencil of conics through Py, A, B, C. Now consider the conic
of pencil which touches PPy at P: then polar of Py w.r. to this
conic is PyP.. But both the polar conic and polar line of P; w.r.
to ABC pass through P, by 3.8. And hence polar conic of Py
touches PP, at P, by 3.13. 'Thus P,P. is the polar of Py w.r. to
the polar conic of P;. Hence PP, is the polar line of P; w.r. to
ABC by 3.13. Thus polar line of P; passes through P,. Similarly
polar line of P, passes through P;. Hence by 3.8 P, is the other
intersection of the polar line and the polar conic of P;. ‘Thus in
the triangle P;P.P; the polar line and the polar conic of any one
vertex intersect at the other two vertices. :

Hence the triads P.P.P; and P,P,P. are both apolar to the
three line ABC. It now follows that the triad consisting of any
point on P.P; and the points P, Py is apolar to the three line
ABC. Hence by 3.5 this triad is in binary apolarity with the three
intersections of P.P; with the sides of the triangle ABC. 'There-
fore P, and P; are the Hessian points of the three intersections.

Again under the projection effected above abe is an equilate-
ral triangle and the polar of the point at « on be is the line ap;.
Hence the polar of the points of intersections X’ of BC and P,P,
is AP,. Thus AP; and AX’ separate both the pairs AP,, AP, : AB,
AC harmonically. This means that the pairs AB, AC, AP,, AP;:
AP, AP; are corresponding members of the same involution. This
with two other similar results gives by 2.11 the result that the
unique quadratic involution with ABC for fundamental triangle
and P; for a fixed point has P,, P; for corresponding points.

Now since abc is an equilateral triangle and P, its circumcentre,
ap; meets the line at infinity at a point which is the harmonic con.
jugate of the point at infinity on be w.r. to the circular points at
infinity. Hence by 3.9, the polar line of ‘a’ w.r. to the triangle
psp:ps passes through the intersection of bc with pyp;. Hence the
polar line of A w.r. to the triangle P,P,P; passes through the
intersection of BC with P;Ps. Since the relation of the triangle
P,P,P, with ABC is symmetric w.r. to the vertices of the first
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triangle, it follows that BC is the polar line of A w.r. to the tri-
angle P\P.P;. Hence by 3.8 B and C are the points of intersec-
tion of the polar line and the polar conic of A w.r. to P;P.,P, and
so on. Thus the relation the triangle ABC and P,PsP; is sym-
metric w.r. to their vertices and the two triangles themselves.

Again the limiting points of the coaxeal system of circles
through b, c¢: ¢, a:a, b are situated two by two on the three
lines ap;, bp,, cp; and they lie three by three on two circles centre
P, forming two equilateral triangles with their sides parallel to
those of abe. Hence any once of these triangles is in the same
relation with the triangle p,p.p; as the triangle abe. The vertices
of these two triangles are the six points of concurrence of lihes
like ap;, bps, cps. Again the sides of these triangles pass through
the points of intersection like be, pups. Thus the vertices and sides
of the two triangles are precisely the six centres and the six axes
of perspective of the two sextible perspective triangles abe, p;p.ps.
And the symmetry of the whole figure, any two of the four trian-
gles are in the same relation as any other two. Furfher when
abc is real the two triangles formed by limiting points of coaxeal
circles through ab, be, ca are conjugate imaginary triangles and
a side and opposite vertex of p,p.p; are real. The results of this
discussion can be summed up in 3.17.

3.17. The triangle formed by a point and the two intersec-
tions of the polar line and the polar conic of the point w.r. to
another triangle is in sextible perspective with this triangle, the
centres and axes of perspective forming the vertices and sides of
two other triangles. The relation between any two of the four
triangles is symmetric w.r. to the two triangles and w.r. to the
vertices of either triangle: and is the same for any two of the four
triangles. Any two triangles are in sextible perspective with the
centres and axes of pespective being the vertices and sides of the
other two. Any triangle of the four is self polar w.r. to any other
triangle of the four: ie. the polar lines of vertices are opposite
sides, the polar conics are conics touching the two sides through
the vertex at the other two vertices. The triad consisting of any
point on a side of a triangle and the two vertices on that side is
apolar to any triangle of the four considered as a three line. Any
two vertices of a triangle are the Hessian points of its three inter-
sections with the sides of any other triangle. Any two vertices of a
triangle are correspondents in the quadratic involutions having the
third vertex for the fixed point and with any other triangle of the
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four either (i) for the fundamental triangle or (ii) for the trian-
gle formed by the other three fixed points. The system of the
twelve lines formed by the four triangle intersect in the same
nine points,the join of any two of which passes through a third
of them. Of the four triangles one is real, one has one real vertex
and the other two vertices conjugate imaginaries, while the other
two triangles are purely imaginary, they being conjugate imagi-
nary triangles.

Section (5)
Connection with the Theory of Inflexions of a Non-singular Cubic*

The configuration of four triangles discussed in the previous
section occurs in the theory of inflexions of a non-singular cubic,
Any non-singular cubic can be written in the canonical form
f=a3 -+ v® + 2%+ 3maxyz=0. Its Hessian H is given by H=ux3
y3+23--3mxyz=0, where m'=— (44+m3) /3m2  Hence the pencil
formed by f and H is of the form X («3+y*+2%) —3uxry2=0. Now
the condition that a cubic should degenerate into a triad of lines
is that it should be the same as its Hessian. This gives the para-
meters p/A of the triad of lines of the pencil to be 1, a, a2

~where o is the cube root of unity. Accordingly we get the four

triangles of the pencil, viz.,, x=0, y=0, 2=0; x+y+2z=0, r+ya?
+za==0, x+yoa+tza?=0: r+y-+z20=0, rt+yo+t+2=0, raty+z=0:
x4y+4202=0, x+yo2+2z=0, xo?+y+2z=0. Also it is known that
H intersects f at its points of inflexion. Thus the nine points com-
mon to these four triangles are the points of inflexion of the cubics
of the standard pencil determined by them. It is now easy Algebra
to verify that the four triangles form the configuration described

in 3.17.

* For an account of the theory of inflexions of a plane cubic one may
consult page 41 and 42 of Semple and Roth: Introduction to Algebraic Geo-
metry as also articles 173-74, 217 of Solmon: Higher Plane Curves. But in
neither the sextible perspectivity of the four triangles is mentioned as also
some other properties described in 3.17.
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ABSTRACT

A study of a class of asymmetfric uniform spaces defined by
omitting from the definition of uniform spaces [1] the raxiom of
symmetry, was made by Krishnan [2]. The present paper concerns
itself with semi-groups which are endowed with asymmetric uniform
structures compatible with their law of composition and natural
order. We show that the processes of group embedding, uniform
completing, symmetrisation of the asymmetric uniformity and forma- ° '
tion of direct product of a family of semi-groups that are naturally
totally ordered are permutable.

1. PReLIMINARIES : By a semi-group’ (S, --) is meant a com-
mutative, associative, cancellable binary system with an identity
element which we denote by 0. The semi-group S is said to be
divisible if for every element x in S, and non-zero integer
n we can find an element y in S such that '

Yy+y+...... n times — zx.

We can introduce an ordering relation << in S (called the
natural order S) thus: e<b in S if and only if there exists an
element ¢ in S such that b =a 4- c. That this is a partial ordering
relation on S and is compatible with the semi-group operation -
is immediate. This ordering is strict if and only if a +b=0
implies ¢ = 0 and b=0. It is linear if and only if for given a, b
either ¢ = b + ¢, or b=a +d, where ¢, d are in S, holds. 'The
semi-group is said to be naturally totally ordered if the natural
order on S is a total order.

An ordered semi-group S is said to be weakly divisible if for
any non-zero element x in S and any non-zero positive integer n,

' Numbers in brackets refer to references at the end,
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there exists an element y in S such that ny<x. In the sequel
by a weakly divisible semi-group we mean a semi-group which
is weakly divisible with reference to its natural order. We assume
that I, a non-null initial subset of S — 0, has no first element. Con-
sequently we are concerned only with non-discrete uniform semi-
groups.

By a uniform semi-group (S, 4, U) we mean a semi-group
with an asymmetric uniform structure which is compatible with
the operation 4 in the following sense:

(z, y)e U, UgU if and only if (x 4z, y+2) U, for each
z in S.

A semi-group (S, +) is uniformisable in its natural order if
U= {U,} is given by

Ui={(z, ) ly<z+iiin 1}

where ‘<’ is the natural order of S and I is an initial set in S — 0.
It is easy to see that this is an asymmetric uniformity for $ which
is compatible with the law of composition ‘4’ of S.

The following result is easily obtained: Any divisible semi-
group (S, +) which is naturally totally ordered is uniformisable
in its natural order. A more general result (Theorem 1) is also
true. This theorem characterises naturally totally ordered semi-
groups which are uniformisable in their natural order.

THEOREM 1. A naturally totally ordered semi-group (S, +)
is uniformisable if and only if it is weakly divisible.

PROOF. We notice that weak divisibility is essential for
verifying the following axiom of a uniform space: Given a sur-
rounding U, there exists a U; such that the relational product
U,0U, ~ U, is true. It suffices to prove that weak divisibility
implies and is implied by the above statement. Suppose S is
weakly divisible. Then for each i in S we can get a j in S such
that 2j <i. Then U,oU; C U; since

(x, 2) £U; and (2, y) eU; > (x,y)eU.

The converse follows by retracing the above steps.

In what follows by a uniform semi-group we mean a naturally
totally ordered semi-group which is uniformisable in its natural
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order. It is easy to verify that such a semi-group is dense in its
natural order.

By a {I, <)} sequence of S, we mean a collection {x,} of ele-
ments of S indexed by I(=S —10). Itis a Cauchy sequence when
for each i in I we can find a non-null initial subset A (i) of I (a in
A (i),bin], b< aimply bisin A (i) ) suuch that for a, a’€ A (i),
(x,, x)eU; where U, denotes the surrounding of the diagonal.
A {I, <} sequence {x,} of S is said to converge (coconverge)
to x if for each iel, a non-null initial subset A@G) of I can be
found such that when asA (i), (x, x)eU; ((x, x,)eU)).

The space S* with the asymmetric uniform structure is said
to be complete if each Cauchy sequence of S* converges and
coconverges to a common element in S*,

Let (S, U) be any asymmetric uniform space. Let C denote
the class of all Cauchy sequences of S with the following uni-
formity.

For X, YeC, (X, Y) ¢ U, for i in I if and only if there exists
a nonnull initial subset A (i) of I such that for a, o’ in A(3),
(s, Yor) Ui where {x;} =X, {ys}=Y. We say that two
sequences are equivalent if and only if they belong to U, for each
iel. Let E denote this equivalence. We represent C/E by S*
and the quotient uniformity by U* = {U,}.

LEMMA 1. (THEOREM 1 of [2]. If (S, U) is an asym-
metric uniform space then there exists a space (S*,U*) which is
complete and a unimorphism f of S into S* such that {(S) is dense
in S*. This S* is unique upto isomorphism and minimal among
the completions of S.

2. TororocicAL EMBeppNG: We shall now state and prove
the following:

THEOREM 2. If (S, U) is ¢ uniform semi-group then it can
be embedded as o dense subsemi-group of a complete semi-group
(8*, U).

PROOF. Let S* denote the equivalent classes of Cauchy I«
sequences of S (that is 8* = C/E). In S* introduce addition as
follows:

For X, ¥ in 8% X+Y={(z,+y)} where (x}=2X,
(Yo} =Y. Itiseasy {o see that this addition is unique upto equis
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valent Cauchy I-sequences. Therefore -f- is well defined on S*.
This operation is seen to be commutalive and associative without
difficulty while cancellation law is verified thus :

X Y. X |-Z (cquality in the sense of equivalence) then
(X+Y, X2y and (X-}-Z, X-+Y) are in U; for each iel and
this implics the existence of a non-null initial subset A (i) of I
such that for «, «’ ¢ A(i),1

(xu”*'"yu; Xy “l’zu’) and (xa‘*‘zu, Xy’ 'll“Uu/) £ Ui'

Now X being a Cauchy I-sequence, given i, we can find a
non-null initial subset B (i) of I such that for a, «’ ¢ B (i), (x, x.)
and (xy, x,) € U; so that from (x,-}- Yo, 20 -+ 2¢) and (xy -+ 2,
2.tz in U; we get (xo4-Ye xatze) eUU, that is (y, z0)
¢ U,oU, c U; where j and i are related as 2i < j. This being true
for each j (because for each j we can choose an iel such that
2i < j) we see that Y, Z are equivalent. Therefore cancellation
law it true in S*. Thus S* is a semi-group. It is dense and the
completeness follows from lemma 1.

We now introduce an ordering relation in S* and show that
the natural order of S* coincides with this ordering.

DEFINITION 1. We say that X <Y if and only if (i) for
each ie I, there exists a non-null mxtlal bubset A (i) of I such that
for j in A(i), a; <wy,;-+1, (or equivalently), (ii) for each iel,
there exists a non-null initial subset A (i) of I such that for j,
kin AQ@G), x; <yi i

It is easy to see that the above ordering is reflexive, transi-
tive and strict. In order to show that this ordering coincides with
the natural order of S*, we prove the following two lemmas.

LEMMA 2. If ¢ is a mapping of I to I such that ¢(i)
=i < i, and X = {x;} is a Cauchy I-sequence of S, then X’ ={x';}
where x'y = x;, is also a Cauchy I-sequence and X’ is equivalent
to X.

PROOF. Since X is a Cauchy I-sequence we can find for
each i a non-null initial subset A(i) of I such that for
i keA(®), (x;, x) eUi. Now for j, ke A(i) if ¢ (j)=j and

1. Since the intersection of a finite number of non-null initial subsets
of I is a non-null initial subset of I, we can take a, @, ete,, from a ruitable
non-null initial subset.
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@ (k) =k’ then (xy, xw)eU; since j, ke A(i). Thus X' is
a Cauchy sequence. By setting xy =x';, etc, we get X' as a
Cauchy I-sequence of S.

Obviously (x;, xw) e U; and (xy, x;) ¢ U; for each i when
i, k’€ A (i) and this implies that X and X’ are equivalent,

LEMMA 3. If X, Y are two Cauchy I-sequences such that
X <Y then there exists a Cauchy I-sequence Z such that X+Z=Y

PROOF. Let us choose subsequences X' and Y’ from X and
Y as in the above lemma with ¢ having the following meaning:
(i) =1 is an element of the non-null initial subset A (i) of I
corresponding to i. Then X’ < Y’ for each i, there exists a non-
null initial subset A (i) of I such that for je A (i) a';<y’;+i where
j=ay, and y;=yy —->;+2;=y;+1i, since S is naturally
totally ordered.

The set of z; will form a Cauchy I-sequence, for, given i choose
j such that 2j <i and for j, let A(j) be the non-null initial
subset of I. Let k, leA()). If KK =¢(k) and V=9 (l) then
(', ©) e Ujy (' y1) €U We have (yi+i, ¥1+9) € U; and this
implies that (2'3+2% *1+21) eUj Further we have (x,+2),
a’y+2) e U Combining these two we have (a%4+42%, x3+42%)
eUjoU;c U, Thatis (Zx, 21) e Ui, 'This being true for each i
we see that the set of 2'; forms a Cauchy I-sequence. From the
choice of 2 it follows trivially that (X + Z, Y) ¢ U, for each i
and this proves that X +Z and Y are equivalent.

That the ordering introduced above is reflexive and transi-
tive is easy to prove while strictness of the order is proved from

the fact that X+Y=0-X=0, Y=0.
We observe that X+Y=0— For each i, there exists a non-null
initial subset A (i} of I such .that
whenever atA(i), (xa-l—ya, 0) £ U
and (0, x,+v.) e Us ‘
-> Xg, 'ya<xa+ya<0+i,
and 0 < xe+Yoti
-->-‘ra<% Yo < ¢ for each i and &
suitable g
= (x5, 0) € U; and (0, x,)e U,
and (¥4, 0) eU; and (0, y,) e U;
w—p x b= 0, Y = 0'
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We notice that S* is naturally totally ordered if S is naturally
totally ordered.

We are justified in using I as the indexing set for the unifor-
mity of S* because for any element of S* we can find an image
of an element of S under the unimorphism of lemma 1, which is
less than the chosen element. In other words for any given
sequence X &= 0 in S*, we can find a repeated sequence less than
X. We prove this fact in the following:

LEMMA 4. If Z is a positive sequence in S*, then Z is greater
than a repeated sequence.

PROOF. Z< <0 implies that there exists an i such that for every
initial set there is a 2';=2y i, (i.e) zy =i If the initial set
consists of elements less than j, then choosing a fixed j* < j with the
above property, we get zy >1i. The set {z’;} forms a subsequence
equivalent to Z. This subsequence is easily seen to be > {i}, the
repeated sequence of i.

We now show that the intrinsic uniform structure V of S*
and the completion uniform structure U* are equivalent. The
intrinsic uniform structure V= {V,} is given by

. V;={(Y, Z) |Z< Y+ J where J is the repeated sequence

of j}.

3}Griven a ie I, choose a j such that 2j < i.

X Y)eV;»Y <X+ J.
— For each k, we can find non-null initial subset

A(k) of I such that for every acA(k),
Yo < X+ j+ k. Since k is arbitrary, by put-
tingk=jwegetys <ax,+2j < x, + i

- (X,Y) ¢ U,

Thus we see that for each U, we can find a V, such that
V; U,
For the other implication, given i, (X, Y) e U,— For i there
exists a non-null initial subset A (i) of I such
that for every atA (i), (z., ¥.) € U,
~>Ys < x,-+i for all aeA(j). This being
true we have by the definition of order among
Cauchy I-sequences Y < X 4 I, where I is
the Cauchy sequence of 1,
- (X, Y) € V{v
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Thus for a given V; we can find a U, such that U C V;
Thus we have proved the following :
THEOREM 3. The natural order of S can be extended to the

natural order of the uniform completion S*; for S* the intrinsic
uniformity and the completion uniformity are equivalent.

3. Group EMBEDDING: It is well known that S can be em-
bedded in a minimal group G unique upto isomorphism. In case
S is naturally totally ordered, every element of G is in S or in —S
where —S denotes the collection of elements { —x, x&S} such

that x 4 (—x) = 0.

When S is a semi-group with uniform structure U we intro-
duce in G the uniformity W = {W,} as follows:

(x, y) e W, e (x+2z, y+2) e U; where z&¢S such that x4z,
y+=zeS.

The group embedding of S* will be denoted by G and is seen
to have the uniformity V given by

(X, Y) £ Vi «—> there exists a sequence Z (in S*) such that
(X+Z, Y+Z) ¢ T, where Z is such that X-+Z, Y+ZeS*.
We see without difficulty the truth of the following:
LEMMA 5. The completeness of S* will imply the complete-

ness of the group G.

It is easy to prove the following:

LEMMA 6. If G is the group embedding of S and G* is the
uniform completion of G, then a Cauchy sequence not equivalent
to the zero (sequence) of G* consists ultimately of elements that
are all positive or all negative.

PROOF. Assume that the sequence Z is not equivalent to
zero and Z < 0. This means that Z is not ultimately negative.
Then for each i we can choose a i’ i such that 2’; = 2, is posi-
tive; therefore the susequence {2’;} = Z’ of Z which is equivalent
to Z, is positive. Therefore, Z<K0—>Z is equivalent to Z'>0-Z>0.

Now we state and prove the following:

THEOREM 4. If G is the group embedding of S with the
associated uniform structure and G* is its uniform completion
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then, G*is unimorphic with the group embedding G of the uni-
formly complete semi-group S*.

PROOF. We shall denote by S the positive part of G*. S* is
obviously the positive part of G. There is a group isomorphism ¢
between G and G* which is defined as follows: Let ¢ be the map-

ping that takes the elements of S (that is repeated sequences
from §) to the corresponding elements in S*. If X is any arbi-

trary sequence in g then ¢ (X) will be the sequence formed by
the collection of elements of X which are elements of S. That is
¢ (X) contains a residual set of X consisting of elements of S only.
It is a matter of easy verification that ¢ takes equivalent sequences
to equivalent sequences. Put ¢ (X)=X’ Then if X', Y’ cor-
respond respectively to X, Y then X’ 4 Y’ corresponds to X -+ Y.
Thus ¢ is addition preserving. If X*eS*, then X* consistd of

positive elements of G and hence belongs to S. Thus @ is seen to
be onto. It is easily seen to be (1 —1) upto equivalence. Also
if X>0 then ¢(X) > ¢(0) =0. Thus ¢ is order preserving.
Since the uniformities are introduced by the order in both the

cases S* and S and therefore also in G and G*, it is evident that ¢,

which preserves the order, is a unimorphism. Hence the theorem.

We have to bear in mind that though G and G* are two
unimorphic groups with asymmetric uniform structures with res-
pect to which they are complete, they are topologically only com-
plete semi-groups and not complete groups. For, even though
addition is a uniformly continuous operation, subtraction is not.
If we now symmetrise the uniform structure in both the cases we
get two unimorphic topological groups, because under the sym-
metric uniformity subtraction is a continuous operation and we
have the following theorem of [2] which shows that symmelrisa-
tion and uniform completion are permutable processes.

Let (S, U) denote a space with asymmetric uniformity and
(S, V) the symmetric associate of (S, U). Let (S*, U*) and (S*,
V*) denote the topological completions of (S, U) and (S, V) res-
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pectively. Let (S, V) be the symmetric associate of (S*, U*).
Then we have

THEOREM 5. (THEOREM 2 of [2]). The space (S, V) is
unimorphic with the space (5*V¥).

We can now deduce the following:

THEOREM 6. In a naturally totally ordered weakly divisible
semi-group, symmetrisation of the intrinsic asymmetric uniformity,
uniform completion and group embedding are permutable pro-

cesses.

We can extend the above theorem to the direct product of a
family of such semi-groups and get the following theorem:

THEOREM 7. Let {S } be a family of naturally totally
ordered weakly divisible semi-groups. If P, U, G, S denote res-

pectively the formation of direct products, uniform completion,
group embedding, and symmetrisation of asymmetric uniformity
then we get unimorphic groups in whatever manner we apply
the processes P, U, G, S to the family {S, }.

For proving this theorem we require the following two
lemmas.

LEMMA 7. The group embedding G of the direct product S
of an arbitrary family {Sx } of semi-groups and the direct product

G’ of group embeddings {G’)‘ } of {SA } are isomorphic.

PROOF. In the group G each element g is a pair of sequences
of elements from various S, and in G’ every element is a sequence
of pairs of elements from S. It is a matter of easy verification
that if a pair of sequences ({g)‘ ¥ {g; }) representing an element
g of G corresponds to the sequence of pairs {(g)\, g; )} corres-
ponding to an element g’ of G/, then any pair of sequences equi-
valent to g goes over to a sequence of pairs equivalent to g’ and
conversely. Thus the mapping between G and G’ is 1 — 1 both
ways. Since addition is componentwise in both G and G, it is
easy to see that G and G’ are isomorphic.

8 14
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We now prove:

LEMMA 8. The uniform completion of the direct product
and the direct product of uniform completion (of a jamily of com-

mutative weakly divisible semi-groups) are unimorphic.

PROOF. Let b}\ denote the uniform completion of SA. Then

S, s dense in 8% . To show that P, 8% 1is the same as (P,S )*
7 4 4 N P

it is enough to show that P S is dense in P 5* which is com-

plete because it is the direct product of complete spaces.

To show that P S s dense in P, 8% let us take a point
xeP S* and a neighbourhood of UM:*» 4  (x) and show that

11y $2y ¢+ oo vip

-l

A, (:L') ip, i2s o
iy, o, . iy, nP)\ S}» + g NOW U)\llg Ay, (x)

=P, UM (.1:) ) where x L s the A.-th coordinate of x and k=1, 2
& k

‘i
....n and at other places whole spaces are taken as neighbour-

hoods. Further X s in S/ and S \ is dense in S*; which
A " .
&

implies that U\ks, (xl\k )N S;“ == @& and this is true for Ag, Az,..An

k k

. ) N
Therefore there exists y, in [8) o (x, ) n S, for Audg... M

and for other places we can take any arbitrary point from the com-
ponent space. This shows that

Ya. .. 1s 1 v A2 e s
(yl, Y Y N ym ym [P yhn ‘e .) is in T l?ll. i;: i)‘n (x) and in
s iy

P S, . Therefore P, S, is dense in P, SA*,

LEMMA 9: (THEOREM 3 of [2]). If (S, (Uj))ic],jeJ(i)
be a family of uniform spaces and (S%, (V4)) are the complete
associates, then the complete associate of the direct product of non-
complete asymmetric uniform spaces is unimorphic to the direct
product of the complete associates of the individual spaces.

Now the proof of the theorem 6 is evident fro
m th
3 and 4 and lemmas 7, 8 and 9. e theorems
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We give a very simple example to illustrate our theorem.

Example: Consider the semi-group of non-negative rationals
under the usual ordering. The uniform completion of this
semi-group under the uniformity given by the natural order gives
the semi-group of reals with the one-sided (left) uniform struc-
ture and its group completion gives the set of all reals with the
order uniformity under which only addition is a uniformly conti-
nuous operation. If we now symmetrise this uniform structure
then we get the usual topological group of all reals. This is the
same as the symmetrised uniform structure of the topological
completion of the set of all rationals which is the group comple-
tion of the semi-group with which we started.

The author takes the opportunity to thank Prof. V. S. Krishnan
for his helpful suggestions and advice in the preparation of this

paper.
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