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(2) Orientation over far distances:—It is mainl roduced
the light and gravity senses. These givcyapgenele :r);er‘:’t:;)t’i;fl

in space and result in the coverage of longer dis
L : r distances ;
it possible. o or make

Up to date, orientation over far distances has, mainly for technical
sons, been less analysed: Here we still meet with sutprises and (b rea-
may be of interest o give a survey on some of the work
during recent years.

erefore it
done in this held

Course 1 (13.8.49)
. )

TN

ittt

Text-fig. 1, Directed locomotion of Cicindela maritimg Latr. (dfter FRITSCHy
Deliberately, we will not concern ourselveg here with .
which from the functional point of view have to be 100kede chemicy] senses
orientaticn in the near distances, since contact hetweep the at a§ senses of
ed and the sensory organs has to be made. Ry the biolon-laterlal perceiv-
of the chemical senses result in orientation over long distan g‘Fal possibilities
minimum concentration of solutions in water direct fishes ces.. FO}‘ instance
stream, in their selection of two possible rivers coming too’et?n their way up
point. TotHIET At a certain

Here we shall concentrate on the orientatin

. eff ik
by light and gravity on the locomotion of animals,g et which s performed

And oyt of all animals we
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shall consider only the reactions of insects to stimuli received from gravity
and light.

The sclection of insects for our observations is made for several reasons.

1st: Long runge orientation by light is very common in this systematic
group.
2nd: This kind of orientation in insects shows all stages from the very

simple reactions to the most complicated performances of so called astrono-
mical navigation.

grd: Gravity also often has an orientating influence on the locomotion
of insects. Their ability to transpose in the central nervous system, stimuli
from light and gravity from one to the other is of special interest.

4th: During recent yecars several investigations have produced interesting
results in the study of long range orientation. Meanwhile many other pro-
blems in this field are still upnsolved.  Therefore a survey on the present
situation may lead also to new questions for further research.

Orientation to light

We start our considerations with the orientation to light. This form of
orientation can be obscrved even in insects moving on more or less zigzag
courses. The beetle Cicindela maritima living along European sea shores,
when running under a net of rectangles for instance in 759, of the observed
cases will move with the sun. (Fig. 2).

This may be interpreted as an optimal optical perception of the prey to
be collected. Indeed the few beetles which were observed moving against the
sun were found soon to burrow themselves or to start flying. This indicates
that they were not looking for food nand therefore not abliged to direct
themselves towards the light (FRITSCH).

Similar patterns in behaviour have been found with ants. These show
basical positive phototaxis leaving their nest (JANDER). Apparently the
direction of the Cicindela is only in a general sense influenced by light. The
physiological situation, perhaps the state of hunger, may to some degree de-
cide if these insects will travel with or against the rays of the sun. We find
therefore a phototaxis of little precision.

For directed, that is orientated, locomotion we still use the terminology

of KUHN for the orientation of animals in space. Following this' conception
we call faxis the orientation of a frecly moving animal against a location
from which a stimulus is going out.  The animal is orientating itself in the
descent of stimulus. A fly approaching the window of a room in straight
line provides an exemple of positive phototropotaxis. Tt is keeping itself in
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a symmetrical position in which each.eye receives the same quantity of light
in the sume place. We call these orlgntated !ocomotions positive when they
approach the plu.ce from which the stimulus is goir}g out, or negative when
they take the animal away from the place from which the stimulug {s going
ow

’O
3

90° —90°

.

Text-fig, 2. Orientation to light of Cicindela maritima Lgir (After ¥x
Arrows at the base indicating direction of sun rays;

beetles.

A ITSCH,)
radial arrows showing locomotion of

Menotaxis (or in the case of ligl}t, photomenotq
orientation to the place the st}muh‘xs 15 coming from,
receive unequal quanfitles o'f light in different regions
unequal situation in itself is .kept constant by the m
behaviour of photomenotaxis is also called light com
it enables the animal to keeP a fixed course. 1In th
the light compass orientates 1Fself i'n such a way (h
the sun with certain ommatidia of its complex eyes

Tis) we cal] ¢

In this cage both eyes
og the eyes, But t¥1is
OVIng  animgj. The
bass movemen,; be
€ open an jpgect
at it receives the r

and then mdves

he relative

cause
using
ays of
on 3
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course which keeps the sun’s rays always in these same ommatidia.  This
kind ol reaction was found first in ants by SANTSCHI (1g11) and later in
bees by WOLF (1927).  The original angle against the sun is determined
spontaneously and can be changed. Since the sun’s rays are parallel, light

compass movement orientated by the sun puts the insect on a rectillinear
course.

To demonstrate light compass movement in a dark room the so called
two lights erperiment (v. BUDDENBROCK) is used. (Fig. 3).

- 2

Text-tig. 3. The ‘‘two  lights  experiment”
{Adfter v. BUDDENBROCK.)

Small circles indicating lights 1 and 2; the
insect runs on course 1 when light 1 is on, and
on course 2 when light 2 is on,

Some insects, crabs, worms, snails react in the same way directing them-
selves to one light and changing their direction accordir}gly. by a predictable
angle wheu the first light is shut off and another one is lit. The classical
opinion until three years ago has been that only tk_le d{rectlon ‘of the light
in the plane where the animal is moving mattered in this experiment. But
in 1955 BIRUKOW and DE VALOIS found that the beetle Geotrupes
silvaticus followed its course not only by the position of the light in the
horizontal plane but was also influenced by the height of the light above
this plane. In the experiments the beetle moved on a celluloid ball which
was floating on quicksilver. The insect was fixed by a turning needle. So
the distance to the light remained constant—as it would be in relation to
the sun. A paper pointer fixed on the abdomen indicated the direction of
the movement on a protractor scale.

Changing the height of the light makes the beetle either:
(i) follow its old direction; or
(ii) deviate to the left; or
(iii) deviate to the right.
Deviation to the left was called negative, to he right positive. These

deviations measured in angle degrees are equal to the height of the light in
angle degrees.

In some cases individual beetles reacted with deviations in the same way
to the same side on the lifting of the light. These animals could be kept
on the old course by changing the azimuth in the opposite sense.
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This fact suggests that height and azimuth ar affect;

onc and the same central nervm?s mechanism. c ccting as antagonistg

A lamip go -~ high, that s verdcally above the bectle makes ¢
’ he

rotate slowly around ity vertical axis on the celluloid baj or move ; Insect
spirals freely on the ground. € 10 narygy

The light compass movement following the sun should
n a rectilinear ¢ i is ‘mi Hops
fr()l‘l v rectilinear course if the sun s permitted long €nough time ¢,
on its daily course across the sky. In fact BRUN could demonstryre move
(Lasius niger) that the llgh.t compass could function only for sho '€ In angs
of time. Ants were kept in the dark for 2% hours,
point of their path where they had been arrested t
direction which was different from the old one by the
the sun had been progressing in the meantime. (Fig. 4).
could be reproduced by JANDER only during the mont

show deviations

same angle
This resy]y

hs of March and Apri]

will dlSCUSS

During the summer the ants reacted in a dilferent way which we
further on.

Textfig. 4 The
movement of Lag; ;
(After Brux,) “ niger L.

ght COmpaSs

Explanation the text

To sum up: During light compass movement or
insect chooses a certain angle between the direction of jtg
direction of the light. This angle is kept constant for
source of light is far away, then a rectilinear course will resul; If the
behaviour. Changes in the position of the light are followed by from this
5 . e 3 " N . o
ing changes in the course of the insect by the same angle. T ITespong.

magnitude in any case is the angle between the directiong fhf? Televan,
movement. of light apnq

photomenotax
Some time,

is the
nd the

The following questions remain unsolved in this context:

(i) [Is there an influence of the height of the light ¢
light compass movement also of insects other than Geotrupes) Ource gop the
does it have?

(i) Which chain of physiological processes cq

! nnects
as reccptor. with the leg muscles as effector? the Eye faceue‘

Fal
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‘The second part of our considerations deals with possibilities of orien-
tation where the angle between the  directions  of light and movement is
changing but the course of the insect is kept fixed in only one direction.

A very impressive example of this “astronomical orz'egtation” has been
found by BIRUKOW (1957) with the water runner Velia currens (Hetero-
ptera).  When put on dry ground, these insects travel ulx'\'uys southward.
Doing this, they orientate themselves in the early morning in such a way
that their left eye receives the light of the sun at right angles to the longi-
tudinal axis of the body. Beforc midday the angle between the incoming
sun’s rays and the longitudinal body axis becomes smaller and smaller the
position of the sun being fixed by facettes which change from side to front
of the head undl at noon this angle has become zero. During the after-
noon the same angle is increasing in 1l§c righL eye  from zcero to ninety
degrees, the position of the sun being fixed first with the front fz@ett(:s and
then with facettes more and more sideways. In a dark room this can be
shown experimentally by using a lamp 50 that during night‘time the fixing
angle of Velia is turning back over the right cyc.fmm tl_le side to t'he froqt
and then in the left eye from the front to the side until the morning posi-
tion is reached again. In day time the regular movement of the point which
fixes the sun across both cyes results in always orientating the animal south-
ward,  One direction of movement only is kept:  We have got an astrono-

mical orientation in one sense.

The cockchafer Melolontha melolontha L. has an aftronomica'l or.ienta-
tion in two senses, as found by COUTURIER and ROBERT. This k}nq of
orientation enables the insect to find its way from the woods (that is, it's
place of feeding) to the field (where egg lay.mg takes plz\cc)b and back to the
woods. When leaving their pupac and coming out of the carth these beetle.s
fly first in spirals and then, optically attracted, direct themscjlves on a recti-
linear course to the highest and darkest area above the horizon. By 'thls
first flight, before taking any food, the insects reach the woods. The direc-
tion of this flight determines the dlrecﬂqn of all following :uniform flights
"back to the field where the eggs are laid and the return  to the place.s of
feeding in the woods. This direction is found astwronomlca.lly by the position
of the sun or qualities of the cloudles's‘ sky. The covering of the sun or
the sky disturb the direction finding 1lblllt.y of thesg beetles. The exclusively
astronomical orientation of these long dlslfxllcc flights has' been' proved ‘by
carrying cockchafers across a long forest stripe. about 1"; miles wide running .
from north to south.  The insects were .caught flying from the western
border of the wood in a westerly dir.ectlon into the open field where they
lay their eggs. Brought to the east 51de. of the same w?od and left free they
continued to fly westward, penetrating into the wood itself.

Female beetles returning from the egg laying places to the wood for
feeding flew away from the wood when they were brought to its other
side and released, a distance of 250 meters from the border of the wood,
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We have met a sense of time already ip the water ru
ioni it specially. A similar sense of time er}ables th
pomii8 aught in the evening dusk to pursue its way
has been‘c'auag in the same direction it was following the
The 'm()“:“tlzkes into  account the relative movemem.
;I‘i?a;ﬂlsﬁgt its original course does notvchange. Cs)olm
their way to the egg laying areas down to + 2

y ir ori ion ability afterwards.
influence on their orlentation
course.

nner without men.
¢ cockchafer which
in the sunshine of
previous €vening.
of the sun in such
g beetleg caught on
C for 10 days had no
They took up their old

X . the cockchafers coming out of the ground

Sumining l;‘lp,d“fhzei\';};?; optically. On this first flight the basi§ for the
before fe:edmg 'itaﬁion which will always be used later must be laid, After
astronomical Ofnedim the beetles are ready to lay their €ggs and then retyrp
10-12 days of hef ha%f’ come from by astronomical orientation,  Also by
to the hleil(:ltoigentation they come back to their feeding places after laying
astronon ‘

€ges. N
ing between the egg laying )

The Si}(;:rlégngy SCHNEIDER as a homing reaction and
o FOII: of ants and bees. In the case of th;e1 cockchafers
Fe)}}?);l(it'lould then have to be thought of as the nest,

a 1 o

feeding wood has
compared to the
the place of egg-

. ockchafers possess only an astronomical orientation of boih
e s ad, back and forth, ants and bees have reache d the

highest I the'sfamie;(iati'on in space with their astronomicy] orientation

hlii;hestsgli;’:ld?rezrions. Starting from their nests thege insec

a pOS

W o e (l l) an Shuttle
i Y aCk thanks to helr astl()“()mical i i

3 o n plaC $ an t

be( een (h(. feedl 4

We may no»:' consider ants, whose astronomica] prient

.}f t more primitive since JANDER four}d their ast

somew n" ly in summer. This author trained ants tq

tion working 10rildy in the middle of an arena of 6o cm,

which were la nest. A graduated grass plate covering th

am'ficxa:‘fll‘as;?rme course which was inscribed into circula
registrat!

ation seems to be
ronomical orient,.
carry their pupae,
diameter, intq an
€ arena permitteq
r diagrams,
jca rufa can orientate itself astronomically by the g
Formica If the sun or moon is obscured but the image of either ig
full moon. the insects in a mirror, the insects orientate themselves now in
presc;ntcd t(;he reflected image. This mirror experiment was first used by
relasloﬂ (I(—)II Under a blue sky polarized light inhibits the mirror experi-
S‘A]\Tsicth ;;mts. When the sky is covered with clouds the ants orientate
Tle’:rtsgves by land marks. In the experiment his can be done
:)ve using a black disk.

un and by the

for instance

Blue sky-light is enabling the ants to orien_tate t
ith ult1 seeing the sun. In this case they  direct
wylxtnr(r)letry axis of the polarization phenomenon,
s

hemselyes

X astronomicany
thelr cours

€ by the one

ION 9
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i ing into Photomenolaxis
Photolaxis as basical oriemation‘ (p- 8) 1s chag%lzge 1;11:St ot 2l poiively
i cess.  Ants leaving their nes re frst ot all postoely
it lear'nmg o o in searching loops and by these finc buck initial
gho"uﬂu(t[lm filllsct\ 'rcl)(r)zéilt'\tcl(l‘ runsnbctween nest anld %O(l‘ln fa;cl)(;t (;f o At
uring the firs ¢ ‘ n st and e .
deViat%O“S e Obs"erved'onjfo;h‘t:hgg};tthfru;de oIf) the directiop Ofioﬁjwrhgé
o 190 }?n insect deviates in a positive phptotaxxs o e
or at smallfer angies, the 1. If the light source is behind t'h; a mal the
course leading toits gOta m of negative phototaxis. If the lig ; sOrl e
de"iat}on hows [lhe If)atoeo off the course the ants deviate p051t1v¢t3h); nest..
sumdflr[:)%nmt]?; r:ens% etoothge goal, negatively on their way back to
way ; :

initi iati iminish more and
h essive training the initial deviations dimin taxds super.
i ogres: \ ‘men
DuunS the Prdcgrstood as the consequence of photo s the “Hiuner
i ‘ i i yords
eding Irhlts) g uln rientation of phototaxis. Or in other w )
seding the basical o
aki er.
certres” are gradually taking ov

i he sun
)t KON i b i
" \ ' ‘ [ i . . .
b SRR ol 0 e ot Mo and Apil when
we . ‘ . :
‘:lltlt:lst1-.:31~cm;1bu1n(t:;t’su;)’[‘)‘;seg Olto”clo::;fiturtr:ao?lzesmajorily of the population.
Younger anumals ¢ E

ir fli between the
he sun on their flights
. i . themselves by t ) . But they
. Bees al&ofot]lf:;a;acc, as was first dlsc0\'ered‘hl)yYnV¥)OI‘:FFRISCH ol
hive and the ic fo; their orientation as has bef.:n s (;V\ w}',hich has been in-
prefer landmg l.s the first flight to a new feeding gace navigation as the
his pupils. ny e must always be directed by sun he opinion
dicated by a dana.ng tt:ee way. WOLF originally_ had ;)esn Oit:[lrteingpfrom
only means of ﬁngilfrfl(ggreﬁce in the orientation react}llc?n}: (l)lad e;e)seen imprisoned
that there was a dill ion and those whic .
. d of detention . mitted to fly home.
the hive after a perto ) lace hefore they were per k
; he feeding place ld prove that the time
for some time at ¢t in 1958 who could p ;

. EDER Onl)’ mn 19 X . time at
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the feedmgl\Plac;k:?€ iiuring their detention. That means tha
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(i) Keeping a course in one direction,
(iiy Keeping a course in both du’ecuons.—..mming and going,
(i) Keeping a deliberate number of courses in both directions

A time sense makes possible  sun wvavigation or
tion. The blue polurized light of the skv can also be
navigation.

astronomical naviga-
used in astronomical

With this we have come to the inportant question :
of time work?  This problem iy still far from its solyt
only just been put before us.

How does the sense
lon, actually it has

The “time sense”

As we have seen In the first part of this discussion
are able to use astronomical navigation to keep moving on a straight course
The most simple exiauple of this kind of reaction i given by the Watex:
runner Velia  cuwrrens  (BIRUKOW 57). By  changing from morning to
evening the angle between its course and the direction of the inCOming Lebt
this inscct when put on dry land always moves southwards. 1y its usual
habitat—water—ithis reaction would not be observed. In principle all kinds
of astronoinical navigation in  insects are based on the capability of the
animal to arrange its position to the sun in such a way that the
movement of the sun during the day 1s taken into account.
"pose the sun need not permanenty r.emain in sight of the
time sense works also in an insect which is kept imprisoned
Released after some time when the sun moved to another POSition in the
sky the animal, using  astronomical navigation will direct itself on o th
same course it was keeping when cu'ptured and kept in g dark place. e
this a new angle between the incoming light and the direction of mO\; o
has to be selected. ement

a number of insects

relative
For thig pur-
msect for the
in the dark.

How does this time sense work?

Bees have a compensation mechanism or system of relation (KALMUS
permitting them lo‘shuulo for s'e\'cr‘nl hmfr.s between their hive and the g )
feeding place by using sun navigation. Ule progress of the syy, acros: lEL
sky is taken into account by the bees which  accordin the

o gly change ‘
between the rays of the sun and the direction of thejy ge the angle

. ﬂi"h(s. . .
sense innate? This question was taken up by KALMUS,D o Fl{slstélg t;]me‘
ad

made the fundamental discoveries  of the sun navigation of b i

northern hemisphere. KALMUS repeated the same experime[ftes in the
southern hemisphere, where the sun moves counter-clockwise, H 5 in the
the orientation of (1) local bees; (2) bees descended from queen Z obser\{ed
had been importcd from the northern hemisphere after being ees .whxch
there; (3) hybrids of both races. S INseminated

Brazilian bees were trained to feed in a region w

ith .
E. from N. Transported during the night out landmarkg 15°

Imto another, unknown region
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without landmarks the bees searched for food in the direction of their pre-
vious training.

Descendants from queen bees inseminated in and imported {rom Cali-
fornia wcre trained for two days in the same manner and then lransp_orted
into an uuknown region without landmarks. The next day the maximum
frequency of searching bees had shifted counterclockwise around the four
prepared feeding tables.

The behavior of the hybrids was similar to that ef the so called nor-
thern bees, but the number of experiments made was too small to provide
any definite results. Studying the results of KALMUS we find the follow-
ing: —The azimuth of the sun changes by about 15° per hour at KALMUS'
observation spot—Piracicaba NW from S. Paulo in Brazil.

Sun navigation may be interpreied like this. (Fig. 5). A “northern” bee in the
northern hemispere was trained at 4 p.m. by fecding it on a table due south

Position during Change of Expected direction
training azimuth : of search
N.
Northern
hemisphere
W.*
Northern bees g
N.
’
16
Southern
hemisphere \n
Southern bees of
S.
N. b
9 hr. ) G’ hr,
Southern
hemisphere Ew: | JON €
=g
Northern bees
s.

Text-fig, 5. The *‘correlation system” of bees. (dfter KALMUS)
LExplanation in the text.
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from its hive, that means 60" counterclockwise or “at the left” frg
m

Next miorning at 0g.oo am. when the azimuth has increased Cloclzh(': sun.
205" — + LN — the bec comes again to the south for feedin e by

(4}

g,

KALMUS' hypothests is that an internal correlation o

terclockwise compensates the relative
counterbalancing 1t.

System N coun-
movement of the sun by

A “southern” bee in the southern hemisphere — middle row—trained
south in the afternoon at 4 pa. finds the next morning that thalr‘lc. due
of the sun has increased counterclockwise, overlapping the angle ofc “Z'fm‘llh
d. = 1z0’. Compensation should work clockwise byH an arile§¢trammg

[w) .

The difference between “northern™ and “southern” bees js that thi
. 1 i | l | .
pensation works counterclockwise or clockwisc. > eon

This difference can be interpreted in two ways: —

(1) The individual bee learns the relative movemen;
this idea of KALMUS, LINDAUER has come back

(2) A sense of cumpensation_ is innate. In this cage lhér b -
have originally been x.mported from the northern hees. which
must have changed their compensation ability sing ¢misphere
the southern hemisphere.  This would me € coming to

: o an- that j
time they have undergone an evoluti(mary Cha;ge"n the mean-

tthe sun, 1y

‘This second interpretation is  supported by

. - the
“northern” bees which have been wained in the atre

behaviour of the

: “ : moon at
their food due south.  Having a "northern™ compensatiop, me 1P-m.‘ to find
the angle LN increasing counterclockwise next mornig Chanism  with

. . . . th
in the wrong direction instead of due South. § the bees searched

Similar behaviour was found by PAPL in Talifyy salla
Amphipoda). when he brought individuals from a ISO ui
Pisa to Argentine.  On the 24th VI 55 at .48 p.m P i:)l .
animals of this species brought on dry sand ”Ome‘ di-(-thelr homel;md,
strand moved in an angle of 33°30" to the left, from the sdc%nce_ 4p the seq
rays. By taking thiy course they were flying south a0 re, lrgctlon of sun
region near the sea. Members of the same Crustacea p edlch{ng the humig
been flewn to Argentine across the equator moved af tﬁu ation which had
means 10.38 a.m. with the same angle to the sun pyys Besame: time, thag
here did not make any sense as it took the animag] 20- W ut thig behavioyy
orientated movement at their home coast of the Talitrys
compared with the flights of the cockchafer femgle- s
shuttled in both directions on one line, orientating
cally. In the case of the Talitrus the line of orie
the geographical situation of the strand itself.

tor

tion living near

€ north-weg;. This

Population ¢y be
S0 the

Tusta
:tg ‘themselyeg astronoxcrf'a
aton was determineq liy
In this context of course it would be extremely jntereq;

how BIRUKOW's Velia currens would react south of tiresung . nd o

t ¢ equatg

r,
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Now we come back to KALMUS's “northern” bees in the southc.tm
hemisphere:  Their northern mode of counterclockwise compensation .bcm.g
hased always on the time of the observaiion of the sun when feeding 1s
shifting the mxaimum frequency at the feeding places from South to East
and further to North and finally West.

Here the same situation is reached which prevailed at training time.

The change in the innate compensation mechanism since the arr.ival of
the first honey bees from Portugal in  Brazil in the year 1530 Is st{ll un-
explained. It could perhaps be looked at as a genetic “s‘elecn'on , if sun
navigation could be proved to play a role during the nuptial flight.

LINDAUER without reference to KALMUS's experiment has transported
Indian bees first south of the tropic of Cancer from South to North. Fig. 6). In
this experiment, which took place on the 24th of April 1956, the bees saw the
sun at the time of observation first in the north and then, the following day
in the south.

78° 80° 8[2"
T T

220

20°

780

16° |

7%°

12°

410°

A 1 |

Text-fig. 6. Transport of Indian bees from south to north after training them to visit

a feeding place north of their hive, (4fter LINDAUER.)
Explanation in the text,
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These “south bees” were trained to visit a feeding place north of thej
hive. After being transported north themselves they searched for foodt cir
table south of their hive. That means they went in the “right” direct; iy
relation to the sun but “wrong” compared to their training. Bees Ofn in
Ceylon were taken by LINDAUER to Munich. There they learnt in rom
to orientate themselves astronomically, that means by sun naViO‘ati0n43 days
local conditions.  Unfortunately their initial faults were not H(;Jted a’ndut}de_r
not mentioned whether they showed a clockwise tendency, It 1s

[s there a possible  explanation  for the

difference in KALMUS'.
LINDAUER's results? s

and

LINDAUER’s  bees coming from Ceylon had lived near the ¢
Therefore for about half a year they had the sun in the south ang thgua;:)r'
half of the year in the north. It could not  be excluded c other

hat thig
tion preconditioned them for a quicker change in their traming. S Situg

KALMUS's bees lived in the next neighbourhood of th
corn, at a distance of only 59 minutes of latitude from i,
had the sun for nearly the whole of the year in the north,

¢ Wopic of (y ti-
Therefore t[k)ley

The so called dances of the bees on the vertical honey.
tain angle between the direction of their midd!e dancing p
of gravity. This angle is the same as Fhat whlhch the bee, ﬂying to its §
ing placc, observed between the direction of its flight ang the sun, reaey(i.
(Fig. 7). 5.

Comb fory , cer-
ath and the force

By lighting the hive and feeding _bees in it, dances cap be pro
experimentally at night time. These mght d.ances. are orientateq inpre;,O]-(ed
to the position of the sun at the respective time, in the same wg ation
be the case, during the day time. . ¥ as would

This fact harmonies very well with KALMUS' hypothesis
pensation mechanism.  This hypothelsis' of KALMUS pres
moving leg of the angle—the one pointing to the SUn—showy
of ihe sun also when the sun is in night position for the place of ob :
If i double training has been applied to the bee in this Sense that Servation,
ing place is visited 1 h. after sun rise the othe.r 1 h. before Sunset thone f?ed-
dancing before mid-night indicates the “evening place,” after mjq en night
“morning place”. Night (he

of the com-
Umes that the
S the Situatipn

BIRUKOW (1957) has already pointed out 'the d

; . . ifferehce
viour of Felia currens which cannot keep its south direct

in the beha-

. . q- . ion duri .
Since the direction deciding spot in the eyes of Velig Moves ang }he Right.
the back of the right eye to the front, changing there to thet l:flght from

t eye ang

' 15
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- . igati this insect
moving in the left eye from front to back the sun navigation of
e}

can only work during day time.

i i Feeding
Hu:e H”:ex Place
N, \60?’*
"’-, Feeding
“. Place

gun Dance Sun

ance .
Feeding Place
»n
d \.‘
‘ \n
. Hive .
Feeding . . Hive
Place x------ e, ‘
. Sun ‘
v Dance . Sun Dance

= . A . . a between
ext flﬁ{ / Dancin pallls of bees circular fi, ure\) mn relation to their way etw

hive and feeding place (dotted line). (After v. FRISCH )

Explanation in the text.

Further results of LINDAUER show that bees which have been raised

by artificial light in the thermostat are }11ma e
sun.  But they learn to do so even when by e nth,
sun track, for instance in the afternoon, for abou

To sum up: Changing of the angle betw
from sun, moon or an artificial light source an lirect o Movemen
of the insect can result in obtaining elther. one direction ? fd'rec’_
one direction in both senses (going and coming), or any num ex;r Ono nii 1
tions in both senses. A sense of time makes sun navigation Or astro ca

ble to orientate themselves by the
are shown only parts of the

een the direction of the light
d the direction of movement
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orientation possible. This kind of orientation can be used

e by the i
where polarized blue sky light is visible. ¥ the insect also

KALMUS's compensation  hypothesis

can serve as a basis fo
i is f r further
research in this field.

The main question remains:  How does the sense of time work ?

Mentioning the bee dances we have noted that the directing angle can
be transposed from light to gravity and back to light. This fact was found
first in bees by v. FRISCH in 1946.  BIRUKOW (1g54) made the same
observation with Geotrupcs Silvaticus, and VOWLES with ants.

Geotaxis alone has been thoroughly analyzed by v, BUDDENBRQCK
observing movements on the slopmgt plane. Here I will not treat it as a
form of hasic orientation but only in its relation with menotaxis,

Ants can be considered as a good example for this Kind of orientation.
VOWLES observed light compass and. gravity reactions iy Myrmica riuginodis
and Lasius niger. Ants run in u stratght line in a horizontal plane by light
compass, using a b‘enm from a l.amp and' foll().w the same direction whon
the running board is turned vert.lcally orientating  themselves by gravity_
Vice versa, ants moving at a certan fmgle Lo gravity on a vertical board kee
a corresponding angle to incoming light when the running board is turneg
horizontally. But this 2nd angle can appear in four relations 1o the original
one. (Fig. 8). If Y is the ungle which the ant ﬁrs; keeps and X the angle which
it keeps after the turn of the plane these possibilities exist:

T 2f//
9 ©
T1 A A v T{"’
Si S)_

S,', first stimulus; S,, second stimulus; T, first track;
Ty, Ty, T2, Ty, four possible second tracks.

Text-lig. 8. Oriemation of ants by light or gravitv. (dfter VOWLES)

Explanation in the text.

Y = X Y =

i} = gbo .. ¥
Y 180 + X Y = 180 — X

!
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Also bees have been . observed dancing with the “right” angle but to the
“wrong” side of the vertical (v. FRISCH, LINDAUER).

VOWLES found that polarized light has the same orientating effect an
ants as gravity and ordinary light and can in the same way be exchanged
with the last two stimuli. VOWLES developed the hypothesis that one single
taxis mechanism is responsible for compass reactions by light, gravity and
polarized light. This mechanism is first adjusted during any movement. Tnis
adjustment then determines the orientation in relation to each of the three
observed stimuli. This mechanism is selective in so far as it always uses one
only of the stimuli out of the complex surroundings. The mechanism can

remain unused when other factors, for instance landmarks, are directing the
movement.

For the basis of the adjustment of the taxis mechanism we must, there-
fore, look to the central nervous processes.

JANDER has combined the ideas of BIRUKOW (1954) and VOWLES and
developed a compensation theory of menotaxis.  This means that efferent
turning impulses would compensate the basic orientation of phototaxis and
so lead to menotaxis as the observed result.

The ability to transpose stimuli of diffcrent sense modalities into each
other, for instance light and gravity, has been found in several insects. But
as far as we can understand it has only been developed into a way of com-
munication (“language”, v. FRISCH) in bees. A further analysis of these
phenomena seems mainly to concern the physiology of central nervous system
of insects. ‘

If we try to trace a biological sense in the patterns of movements which
we have treated here we may say:

(1) Phototaxis leads the insect into its hunting or feeding area, it
perhaps gives good optical conditions, and it conducts the
animal through relatively long distances.

»

(2) Photomenotaxis or light compass reaction leads the insect to cover
long distances and reduces the probability of touching the same
place several times.

(3) Astronomical orientation enables the insect again to find known
points in the landscape and to return to the starting point by
the shortest way. In bees astronomical orientatton can be com-
municated between individuals of the same spscies enabling new
comers to find a place until tnen unknown to them,



18 JOURNAL OF THE ZOOLOGICAL SOCIETY OF INDIA [Vol. 12, No. 1

As a fundamental lesson we can derive from our considerations that tp,
veriation of the specific perceptions and reactions, the so called “Umwel :
(J- v. UEXKULL,) makes detailed observations of each e

. o . : Species necessar
since no generalizations are permissible in this field of research Y

Summary

1. The relevant magnitude in photomenotaxis is the anel
i i gle bet
the directions of light and movement, S ween
2. Geotrupes silvaticus is also influenced by the heighg of i
(BIRUKOW and DE VALOIS). & the light

3. A sense of time enables certain insects to take the d
movement of the sun into account, ie.,
orientation.

aily relative
10 use astronomical

4. Observations on the astronomical orientation }e
thesis that an internal correlation system com
tive movement of the sun by counterbalancip

d to the hypo-
pensates the rela-
g it (KALMUS).

Several insect species can transpose stimuli of different
lities into each other, ¢.g., light and gravity,

x

sense moda-
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Introduction

In a recent publication (Jacob and Rangarajan 1959 b)
fish was described with figures but without a2 name. Since then’
have been examined and we are convinced that this fish belo
Callogobius Bleeker and the name Callogobius seshaiya; is o
Besides the diagnostic characters, its differences from certgj poved for this,
species were also pointed out in the -earlier publication, ! ClOsely allied

a new Gobiid
More specimeps
ngs to the genus

Callogobius seshaiyai sp. nov.,

As stated above, a description of this hag already beep .
continuation of that, the measurements relating to the Published and ip

(No. F. 1908/2 deposited in the National Zoological collect?OIOty_Pe specimen
gical Survey of India, Calcutta,are presented belgy - on with the Zoolo-
D1, VI; D2. I/13; AL/11; P.17. v
Total length——————g6.1 mm. i V. 1/5; . 17.
Height of body (at the level of the orig;
5.1 mm. gin of the second dorsal)-..
Height of caudal peduncle——— g1 my,
Length of head (from tip of snout to ¢h
7-1 mm, e cleft of the Operculum)___
Height of the head (at the level of the opercular cle
Length of caudal————10.0 mm, elt}—z.0 mmn,

(1) This species has been named after E’r;age;;orkn
devotion to Zoology. :

V. Sushaiyy gy a
ya in appreciatiou of h"m
is
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Distance from tip of snout to the origin of: —

I Dorsal 9.0 mm.
IT Dorsal 14.0 mm.
Anal 144 mm,
Ventral 7.2 mm,
Caudal 26.1 mm,

Lengih of base of: —

I Dorsal 5.0 mm,

11 Dorsal 9.4 mm,

Anal 9.0 mm,
Locality

The holotype specimen was collected during low tide from the exposed
muds of a creek, near the estuarine station ‘B’, and where it joins the Vellar
estuary. This region is less than two kilometres from the sea and is submerged
under high salinity water during high tides. (Description of Vellar estuary
and location of estuarine stations; vide Jacob and Rangarajan 1959 a.).
Paratype specimens are preserved in the Museum of this biological station.

This fish appears to be confined to the region mentioned, as it has not
been obtained so far from any other region of the estuary. It makes ‘U'—
shaped or flask-shaped burrows in the soft mud and it appears probable that
this and other ecological requirements limit its distribution.
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Introduction

One of the recent trends in cytology and cytochemistry is the emphasis
on nucleic acids and their role in the metabolism of the cell. The develop.
ment in recent years of cytochemical and chemical techniques for the detec.
tion and quantitation of both types of nucleic acids by staining with basic
dyes and digestion with nucleases, and the adoption of ultraviolet §
copy and tracer techniques have facilitated our understanding of th
bolism of nucleic acids during embryonic develoPmem of animals,

Pectros-
€ meta-

. o S S The
importance of nucleic acids in embryonic differentiation has been strongl
emphasised by Brachet (1947)- The investigations on the nucleic acids gnz
embryogenesis carried out so far have been to a la

TG eXtent confineq (
Amphibia and Echinodermata. Brachet (1940, 1942) and Krugelis ¢ at (63)5;(;

have studied nucleic acids in Amphibia and Brachet (1932) (cited by N

ham, 1950), Elson et al (1954), Callan (1949) and Elson and Chargagfl eed-
have investigated in Echinodermata. Yao (1948) studied nuclejc acids (1952)
developruent of Drosophila melanogaster. In the

Raven (1945. 1946) investigated RNA in the development of Li
and Cleland (1951) investigated the nucleic acid content of various frmfl'aea
by ultracentrifugation in Osfra. Bertbier (19'48) investigateq RNA i;uom
oogenesis of Planorbis corneus, Ranzoli (1953) in Pateliq coeruleq ang M'the
anti (1930} in Limnaea. The present study relates to the localisatiq ing-

in early oogenesis and during early development of Pilg vireps, n of RNA
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Material and Methods

Pila vivens a fresh water Prosobranch commonly found in South India
occursin  collections of water with  plenty of succulent vegetation such as
ponds, streams, and  paddy fields.  The cggs of this species are deposited on
the  banks of ponds a few inches above the water margin in a  superfidal
burrow made for the purpose. Freshly laid eggs were used in this investigation.
For the study of early oogenesis ovaries were removed from the animal and
they were fixed in Serra’s fixative (alcohol: formalin: acetic acid, 6: §: 1)
for 2 hours and stined in Pyronin-methyl green stain (Unna’s stain) as recom-
mended by Brachet (1938). Early stages of development and later embryos from
laid eggs were also fixed in Serra's fixative for 1 hour. Af:er fixation the diffe-
tent materials were dehydrated and embedded quickly at 56°C in paraffin wax.
Sections were cut at 6 to 8 microns thickness. Staining was done in pyronin-
methyl green and differentiated in alcohol quickly and mmounted in Canada
balsam  after clearing in toluene.  €ontrol slides were also prepared by
using ribonuclease and sections so treated did not bind pyronin.

The RNA in the following stages were studied: (1) Early oocytes to full
grown oocytes (in early oogenesis) (2) freshly laid egg (3) cleavage (4) gastrula
(5) veliger.

Observations

In the ovary the early oocyte contains a high content of RNA in its
cytoplasm. During the growth of the oocyte there is a fall in the RNA
content as judged by the decline in staining intensity (Fig. 1). The sudden

Text-fig. 1, Photomicrograph showing the relative content of RNA in the developing
Oocytes of Pila virens Lamarck—Section—Serra—-Pyronin—methyl green X ca io00.

E.O, Farly Qocyte, F.G,O. Further grown Oocyte. F.G.O’. Fully grown oocyte,
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fall in the RNA content may probably be due to a rapid increase in the
volume of the developing oocyte.  In the unfertilized egg, the cytoplasm
takes only a feeble stain indicating thereby the poor content of the acig.
During fertilization an intense accumulation of ribonucleic acid near the
animal pole is noticed when compared to other regions of the egg. A
cytological study (Ramamoorthi, 1960) has shown that the male and female
pronuclei are situated at this region of the egg.  During segmentation stages
a fall in RNA is noticed but at the time of gastrulation an enormous in-
crease of RNA takes place in the endoderm and mesoderm cells. The ecto-
derm cells, however, showed a feeble content of RNA. In the early veliger
a slight decline is observed in the endoderm and mesoderm cells compared
to those in the gastrula. The region ol the shell gland showed a high con-
tent of RNA.

Discussion

In Pila, as stated already, RNA decreases during oocyte growth, A
decrease in RNA content during the growth of the oocyte has been observed
by many investigators.  Yao (1949) using cyto'chemical method observed a
‘decrease of RNA during growth of the oocyte in Drosophila. In amphibia
Brachet (1940, 1942) obscrved that the young yolkless oocytes are very rich
in RNA but in later stages he found that the RNA decreases along an
animal-vegetal gradient. A similar finding has 34150 been reported in Rana
pipiens by Bieber et al (1959). Ranzoli (1953) in Patella found that the
RNA content of the cytoplasm is greatest when the relative amount of nuclear
substance is maximal. .

In Pila, during fertilization, an intense accumulation of RNA near the
animal pole is noticed in contrast to other regions of the egg. The RNA
content declines after fertilization followed by a drop during the segmenta-
tion stages, and a subsequent rise just before the onset ol gastrulation. The
cytochemical findings in Pila bear a close resemblance to the results of the che-
mical findings of Elson €/ al (1934). They found a drop in RNA immediately
afcer fertilization, followed by a rise during blastulation and a second rise just
before gastrulation.

In Pila also a rise of RNA content is noticed at gastrulation and is most
conspicuous in the endoderm and mesoderm cells. But Raven (1945, 1946)
found that the ectoplasm of Limnaea contained more RNA than the endo.
plasm and the mesomeres were rather poor in RNA, Investigations by seve.
ral workers are suggestive of the close association of RNA with

. . rotein
synthesis. Caspersson (1941) ar'ld Brachet (1942) demonstrated that cellspwhich
were actively engaged in protein synthesis contained » high content of RNA

Recent investigation by Brachet and  Ficq (1956) provides evidence for th
intimate relationship between RNA content and Protein synthesis, A -
: 518 § re-

ported by the present author elsewhere (Ramamoorthi, 1g59), 5 high alkgli
S 8 aline
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phosphatase activity is also notited ¥ the gastrula stage. A ‘high phos-
phatase activity simultaneously with a high content of RNA is yet another
indication of the occurrence of active protein synthesis at this stage. Thus
the gastrula stage which is a prelude to differentiation of organ rudiments is
metabolically also an important stage.

In Pila the shell gland which is in the form of ectodermal invagination
in the early veliger shows a high content of RNA. Raven (1946) also made
similar obscrvations in Limnaea. A high alkaline phosphatase activity is
also noticed in the shell gland region (Ramamoorthi, 1959).

Thus in Pila cytochemical studies provide information on the metabolism
in the active regions of the egg and embryo during differentiation. Similar
cytochewical  studies of organ rudiments may be expected to throw some
light on the specilic metabolism in these regions.

Summary
1. The localisation of RNA in the early oogenesis and in embryos up
to veliger stage in Pila virens has been studied cytochemically.

2. In the ovary the early oocyte contains a high content of RNA and
during growth there is a fall in the RNA.
. 2’ . . . .
tilizatior; an intense accumulation near the animal pole has been noticed in
contrast 1o other regions.

5. ‘The unfertilized egg shows a poor content of RNA and during fer-

4. During segmentation there is a fall in RNA content and at the
gastrula stage the RNA increases in the endoderm and mesoderm cells.

5. In the early veliger there is a decline of RNA in the endo-and
mesoderm cells, and the region of shell gland shows the greatest activity.
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Introduction

The post-ovulatory follicle in the oviparous vertebrates, though k.xomo-
logous to the mammalian corpus l.uteum. has recewe;d l1tgl§ at}t‘ent}xﬁn ;n _thti
past.  In this paper an attempt 1is made to study in detail the histologica
changes occurring in the avian post-ovulatory follicle during its resorption
and to compare it with the mammalian corpus luteum.

Giacomini (18¢6) and Sonnenbrodt (19o8) made some greliminary obser-
vations on the post-ovulatory follicle (corpus luteum'? in birds. .Pearl and
Boring (1918) claimed that a true “corpus lu.teum is formed in the post
ovulatory follicle of the fowl by the multiplicauor} of the theca interna cells
after the degeneration of the granulosa layer. Stieve (1918) apd Hgtt (§918
and 1922) also made observations on the post-ovulatory follicles in birds.
Novak and Duschak (1923), Fell (1925), and Cunningham and Smart (1934)
denied the presence of a true corpus luteum in birds. . The more recent
studies on the problem are by Wynne-Edwards (1939), Davis (1942), Romanoft
(1943), Rothschild and Fraps (1944) and by Marshali and Coombs  (1957).
Bretschneider and DeWit (1947) gave a good account of the follicular deriva-
tives in vertebrates. Harisson (1948) and Brambell (1956) have reviewed most
of the literature bearing on the post-ovulatory follicle and the corpus luteum
in the vertebrate series.

¢ Part of a Thesis submittad for the Degree of Doctor of Philosophy of the Banaras
Hindu University in 1859,
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Materials and Methods

12, No. |

Birds were killed by decapitation and the ovaries contg;j
tory follicles were immediately removed and fixeq i fluids 1ik !
Allen's B-15, Zenker, Zenker-formol and Susa. Tissues were ke Bouin’s,
paraftin, sectioned 5—74#  and stained mostly in Heidenhg; ,embedded jp

nNg post-ovyly

idenhain’s

Azan stain were also tried. The presence, if ar s i
0 the ovidycts

was also noted.

Regression of the post-ovulatory follicle in the o

i N vary of
domestic pigeon the

A recently ovulated follicle is easily  distinguishable
follicle by its larger size and by the presence of the g
the egg has escaped out.  Even after the closure of this aperture
remains to mark the spot, and the edges of the follicle after ovy] @ scar
like lips bordering the point of discharge of the oyum., ation look

‘ from gp atretic
perture throygh which

In the ripe and unruptured follicle, the
onc-cell layered and the theca is also thin w
biood vessels in it.

he granulosa layer is thin and
ith little fibroys tissue and few

The histological changes that take place during the

involuti
post-ovulatory follicle of the pigeon can be described in f on of the

ve steps.

Stage I. (Pl I, Fig. »). Immediately after the expulsiop of
the follicle shrinks in size, due to the contraction of the theca
losa hypertrophies, becomes multi-layered and some of X
tatched and come to lie in the follicular lumen. Erythrocyte.s resulg;
haemorrhage of thecal capillaries may also be seen amope the g u tllng from
The membrane propria appears as a very thin, wavy mebmbrani alr)lu Osa cells.
theca interna  and the granulosa layer. The thecy interny 1, ‘Etweer? the
cellular and an outer fibrous layer. No islets of the SO'Called‘ q as an inner
Pearl and Boring (1g18) are seen in the theca interna, Bl uteal Cfflls of
and non-vascular spaces are common in both thecy] layers b00d Capillarjes
internal Juver are more gorged with blood. » but thege in the

the ovum,

- The grany.
its cells becomger d:-

Stage 11 (Pl. I, Fig. 2). As a result of the
granulosa becomes many layered and have 4 syn
globules ure sometimes present in the follicular cavity g
cells bordering the cavity (PL. L Fig. 3).  These yolk
probability secreted by the granulosa cells after the shedd;

Vacuoles are  commonly present in the granulgsy cells 'ng of the ‘
ture of this stage is the thickening of the membran An !Mportant fe,.
appears as a thick and wavy layer between the the(aa- Propria whjc
losa laver. This layer becomes rup Int

ypertr()phy

cytial of its cellg e

appearance‘ YOlk

nd in the granyjoe,
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pucker into the granulosa layer (PL I, Fig. 8). The theca interna cells have
a vacuolated appearance.  Haemorrhage of the thecal capillaries lets the
erythrocytes into the follicutar lumen as well as into the granulosa layer. The
theca externa becomes more fibrous and its capillaries have a shrunken
appearance.

Stage 111. (Pl I, Fig. 4). The follice further shrinks in size, the folli-
cular cavity becomes very narrow, the granulosa cells more or less fill the
lumen and the point of ovulation is closed by a plug of granulosa cells. The
granulosa cells are vacuolated and their cytoplasm is devoid of any pigment
granules. The membrana propria, ag first, is very thick; then it fragments
and gradually  disappears. The theca interna cells are also vacuolazed; fibro-
blists occur among these cells as well as in the granulosa. The theca externa
is very fibrous with shrunken capillaries. Strands of fibrous tissue from the
theca externa extend into the granulosa layer through narrow channels right
across the theca.

Stage IV. (Pl. 1, Fig. 5). The follicle shrinks in size considerably and
the lumen is completely filled by a mass of vacuolated granulosa cells. These
cells have shrunken nuclei and reticulate cytoplasm devoid of any pigment.
Both the theca externa and the interna are very fibrous and are no longer
distinguishable as separate layers. The thecal capillaries aie shrunk and are
not distinguishable.

Stage V. (Pl. 1, Fig. 6). The fina] stage of the post-ovulatory follicle
is very much like the last stages of atretic follicles and it is hard to distin-
guish between the two.  The follicle shrinks further more and the thecal
covering becomes densely hibrous.  Gradually the theca becomes thin and
most of the vacuolated granulosa cells in the follicular cavity become
pycnotic and diappear. Finally, all that remains of the ovulated follicle are
a few cells entombed within the thin theca in the stroma of the ovary. The
connective tissue from the surrounding stroma grows in and finally oblite-
rates the follicle and the original position of the post-ovulaiory follicle is
marked by a fibrous scar in the stroma of the ovary.

In some cases, the final stage of involution shows a little variation in
that the vacuolated cells present in stage IV disappear completely, and the
lumen is occupied by fibrous tissue derived from the fibroblasts of the
theca.  This fibrous knot persists in the stroma for a longer while.

Discussion

The post-ovulatory follicle in the pigeon resembles in many respects, an
atretic follicle. In both of them the granulosa cells play a predominant part;
these cells ultimately become vacuolated and degenerate much in the same
way in both cases. The two kinds of follicles remain in the ovary only for
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a brief period. In fact, it is somewhat difficult to distinguish
ovulatory follicle from an old atretic follicle. an old post-
Many attempts have been made in the past to compare the avj

ovulatory follicle to the mammalian corpus luteum, since both of tﬁ\n
homologous (Pearl and Boring 1918; and Hett, 1922).  The forme em are
reported that in the post-ovulatory follicle of the fowl the ‘luteal’ral;thqrs
the theca interna multiply, migrate into the lumen, and ultimate] obcle' iy
the cavity, giving rise to a glandular structure comparable to the };m erate
corpus luteum. However, this homology is contested by many Otherm.mahaf‘
gators. Fell (1g925), after a careful study, contradicted the findin S Oén;”esu-
and Boring and reported that the cells which fill the lumen ing & earl
ovulatory follicle in the fowl are derived from the granulosa cells ang ehpost.
considerable cytological difference from the ‘luteal’ cells of the theca showed
Moreover, she also showed that the yellow pigment in the granulosa cllx}tema.
derived from the breakdown of erythrocytes and the formation of § t ells was
cells was due to fatty degeperation. at in these

post-

The findings in the pigeon support Fell (1925) in that a trye
luteum does not exist in the avian ovary. In the POSt-OVulamry fOllicClor us
th= pigeon, the theca interna does not contain any ‘luteal’ cells in, the ZS of

ense

of Pearl and Boring (1918) and so the question of their multiplyin

filling the lumen does not arise. The vacuolated cells that §l) thegl e

of the post-ovulatory follicle in the pigeon (PL 1, Figs. 2 3, 4 and ;l)men
3 are

entirely derived from the granulosa layer. Further, the vellow piement. sa;
to be present in the post-ovulatory follicle of the fowl is absent i; the said
of the pigeon. case

Davis (1942) also concludes that there is no corpus luteum in bird
the reason that the avian post-ovulatory follicle rapidly regresses s for
there is no hypertrophy or proliferation of the granulosa cells as in ¢,
of the mammalian corpus luteum. Cunninghamn  and  Smart (19 € case
Harisson (1948) also hold a similar view.  This view is further Su34) and
by the fact that Riddle and Schooley (1938) did not find progestemnepl?orted
avian post-ovulator)‘ follicles. However, Hooker and Forbeg (1g In the
Hooker and Forbes (1948) and Fraps (1955) found considerable :7) Fraps,
progestin in birds and they believe that the past-ovulatory follic)es mount of
atretic follictes are concerned in its production. ' S and the

and that

The process of involution of the post-ovulatory follicles in th )
closely resembles the process in oviparous amphibians and reptilei Igeon
thickening of the membrana propria as seen in the post-ovulatory f'n' The
the pigeon (Pl I, Figs. 2. 3 and 4) is also reported during the r?evo 1.cle of
the postovulatory follicles in amphibians and reptiles by Cunmnbr;ssmn of
Smart {1934). The granulesa cells fill the follicular Cavit'y gham ang

. NS in the
hypertrophy. There is no multiplication of these cells by mitotissr cases by
amitotig

Fig‘

Fig,

Fig,

Fig.

Fig.

Fig.

Expianation of Plate i

Photomicrograph of post-ovulatory follicle in stage I showing the hyperlrophied
granulosa layer, thickened theca and capillaries. X g0

Photomicrograph of post-ovulatory follicie in stage II showing the hypertrophied
granulosa, hacmorrhage of thecal capillaries, thickening of mcmbrana propria

and the fibrous theca. X 4o

An enlargement of a portion of Fig. 2 showing yolk globules in the lumen adjacent
to the hypertrophied granulosa cells and the thickened membrana propria.

X 270

Photomicrograph of post-ovulatory follicle in stage III showing the follicular Jumen
filled with granulosa cells, the closing of the point of ovulation by a plug of
granulosa cells and the hypertrophied membrana propria. X 5o

Photomicrograph of post-ovulatory follicle in stage IV showing the vacuolated

granulosa cells in the lumen and the thickened thecal layers, X 50

Photomicrograph of the post-ovulatory follicle in stage V showing the remnants of

granulosa cells in the lumen and the fibrous theca. X 100

Key to Lettering of Figures

Cpl. Capillary,

Grn. cl. Granulosa cells,
Lm, Lumen,

Men. pr. Membrana propria.
N, vas, sp. Non-vascular space,
Ovl. pt. ’(r)l\:ulation point,
Th. eca.

Th. ext. Theca externa,

Th. int Theca interna,
Yik, gib. Yolk glabules
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division. However, Weekes (1934) reported mitosis and amitosis in the granu-
losa cells of the post-ovulatory follicles of certain lizards,

Signs of secretion of yolk into the lumen of the ovulated follicle as seen
inthe pigeon (PLI, Fig.g)is seldom reported in the case of birds. How-
ever, Hett (1923, "24) found yolk being secreted into the lumen of the post-
ovulatory follicle in Triton vulgaris and in the lizard, Lacerta agelis. Accord-
ing to Brambell (1956) this point is of interest because “itis suggestive of
the secretion of liquor folliculi in the recently ruptured mammalian follicle
as well as because of its bearing on the matabolism of yolk by the granulosa
cells”,

In the present state of our knowledge, it is difficult to ascribe any de-
finite role to the post-ovulatory follicles in birds and other oviparous verte-
brates.  Rothschild and Fraps (1944) found that the removal of the ovulated
follicle in the fowl, when the egg was in the oviduct, resulted in its reten-
tion in the oviduct beyond the normal time. Most cggs were retained from
one to seven days. So these authors believe that the post-ovulatory follicle
of the hen plays an important part in controlling the duration of the stay
of the discharged ovum in the oviduct and its subsequent laying.. Altland
(1951) reported the presence of a well developed corpus luteu.m in the ovi-
parous box-turtle, during the period when the egg is in the .ovlduct and the
shell is being formed and  thinks that the corpus luteum 1is concerned in
this process. Weekes (1934) also found that the corpus luteum (post-ovulatory
follicle) of the oviparous lizard, Amphibolurus, persists while the eggs are
lodged in the oviduct. Hill and Gatenby (1926) reported .the development
of a well-organised corpus luteum in the ovary of Ornithorhynchus that
underwent regression soon after ovulation.

These observations point to the possibility, as Rothschild and Fraps
(1944) have pointed out, that the post-ovulatory follicle in oviparous vertebrates,
“like its mammalian homologue, exerts an influence on the oviducal history
of the cvum it once contained”. In birds, the eggs are retained in the
oviduct only for a short time. This may explain the fact that there is no
organisation of the granulosa cells into a typical corpus luteum in the post-
ovulatory follicles of birds.

Summary

1. Changes that take place during the involution of the post-ovulatory
follicle of the pigeon have been split out in five steps.

2. The findings in the pigeon support the view that a true corpus
luteum does not exist in birds.

3- The cells which fill the lumen of the post-ovulatory follicle of the
pigeon are derived from the granulosa cells and not from the cells of the
theca interna, -
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4. The granulosa cells hill the follicular lumen
Mitosis or amitosis of the cells is not seen.

by hYPeNYOPhy only.

5. The involution of the post-ovulatory follicles of the
resembles the process as it obtains in the case of the oviparo
and reptiles.

pigeon Closely
Us amphibians

6. Some signs of secretion of the yolk into the lumen of the ovulated
follicle of the pigeon are evident but not corroborated by the findings of
nrevious workers,

7. The significance of the post-ovulatory follicles in ov;
rates is not clear. There is some evidence to show tha,
follicle of oviparous vertebraies may be exert'ng some infly
cal history of the ovum it once contained.

parous verteh.
The Post-ovulatory
€nce on the gvidy.
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Introduction

The present communication deals with a new species  of the genu
Heteromicrocotyle Yamaguti (195%) and is represented by two specimeng Whicli
were coilected from the gills of Caranx affinis Rupp obtained at Manda .
Incidentally this forms the first record of the genus from India 2\150’19 1;

differs from the only known species, viz.. Heteromicrocotyle carangis Y
ama-

guti (1yp3) and hence a full description of it is given,

Heteromicrocotyle indicus n.sp.

(figs. 1-5).
The worms are elongate with a narrow body; their length yan
261 mm. to 375 mm. and their maximum width is from o.20 mmgeS from
mm. across the middle region of the body. Haptor is distinctl - toog8
from the body and is about one third the total length of the Ywmarked of
orm  (with

* Formed part of thesis approved for the Degree of e v

University of Madras. gree of Doctor  of Philosoph
erpresent address:  Zoological Research  Laborato Universi

Madras-g, S. India, *y, Lmiversity of Madras, Chepauk

Y of the

‘March 1960] K. RAMALINGAM : HETEROMICROCOTYLE INDICUS N.SP. 35

reference 10 the Jonger side). The haptor is asymmetrical both in the
extent of the two sides as well as in the nature of the clamps on them. The
lt.mger side has 29 to 31 clamps and they are of the microcotylid type. The
siz¢ O.f the clamp ranges from 45 x 106/ to 58 x 1M The shorter
side is two third the length of the longer row and has the ‘pyragraphorus-
type’ clanlps whose number ranges from 24 to 28. Their size ranges from
70 x 39l to 106 x 48 M. Terminal lappet and anchors are not present.

) (Fig. 1). Mouth is sub-terminal, The buccal suckers are
. aseptate and their size ranges from 24 X 36M to 42 X
w» 62M4. The size of the pharynx is from 32 X 32/ to
el 48 x 35M. The intestinal bifurcation is situated at a

=N distance equal to one ninth of the total length from the

anterior end. The caeca extend posteriorly into the
haptor, the shorter one terminating at a distance equal to
one seventh of the total length from the posterior extremity,
whereas the longer one extends further toa length equa1
to one third the distance between the end of the shorter

caecum and the posterior extremity.

w L A
"1 i ::. Gonads occupy the anterior half of the hinder half
wT of the worm. The number of festes ranges from 60 to
: 67; approximately the posterior two thirds of the testicular
AT AGH 3 zone is overlapped by the longer side of the haptor. The
-u-é—] o B gize of the testis ranges from 20 X 14 to 44 X 40/
- Lﬁ | Vas deferens opens at the penis which is armed with
OVW-: X a corona of 16 hooks each 94 to 104 long, Male genital
b J wore i8 median and is situated at a distance equal to two
: | thirds of the length from the anterior end of the worm

to the intestinal bifurcation. The genital pore is armed
‘with two anterior groups of four spines each, two posterior
groups also of four spines each and in between and on
either side of these are two stout large hooks each
In the groups of four spines two are

l

measuring 25M.
longer each 351 long and two are shorter each 29/ long.

Ovary is pre-testicular and its size ranges from 48 x
281 to 56 X 28K, QOvary and the oviduct extend to a
length approximately equal to one third the length
of the testicular region, The digtal end of the oviduct
is directed backwards and is continued hy a narrow
duct which curves in front of the ovary and enlarges into
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Legend for Figures

Fig. 1. Heteromicrocotyle indicus n sp. (ventral view).

Abbreviations,

gic genito-intestinal canal, m g p. male genital pore.
ov. ovary, t, testes, ut. utcrus, v.d_ vas deferens,

vg. vagina, vgp. vaginal pore, vit. viteflaria,

vit.d. vitelline duct,

Figs. 2-5. Heteromicrocotyle indicus nsp. (continued).

Fig, 2, Enlarged view of the gonadal region and their dlcts, (ventral view)
Fig. sa, Terminal region of the female and male ducts, '
Fig. gb. Male genital hooks,

Fig. 4. ‘pyragraphorustype’ clamp (ventral view),

Fig, 5. Microctylid-type clamp.

Abbreviations_

mgh male genital hooks, ot. ootype, od. oviduct. p.h. penis hooks,
r.s. receptaculum seminis, '

sh g. shell gland,

vg.h. vaginal hook,

vg.s. vaginal sucker,

14, No |
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the ootype, surrounded by the shell glands. Beyond the ootype the ovid

. . . . . viduct

is continued as the wuterus which is medianand opens posterior to th . 1
€ male

pore.

Vitelline follicles extend from the level of the intestinal bifurcation to
the end of the crura posteriorly. The transverse vitelline ductg originate
immediately anterior to the level ol the oviducal field and unite to form the
com.mo'n vitelline duct about one third the oviducal length from the
beginning of the oviducal field. The common vitelline duct extends to g
length approximately equal to one third the oviducal  length and opens at
the ootype. Genito-intestinal canal runs obliquely in front of the ovary., It
opens at the ootype at one end and into the right caecum at the other. Va.
ginal opening is median and is situated just behind the intestinal bifurcation
It is surrounded by a sucker whose size ranges from g4 2 t(;
72 x 7p Iuis armed with 20 spines cach measuring from g g to 4, & in
length. The vaginal canal is continued posteriorly close to the inner side of
the left caccum and opens at the oviduct just behind the ootype.  About the
level of the distal end of the oviduct the vaginal canal is enlarged into the

receptacuium seminis and its size 1s from 45 x 20/ to 56 x 260,

Remarks: The only other species known of this genus Heteromicroco-
tyle is H. carangis Yamaguti (1953). described from Macassar from the gills
of a Caranx sp. H. indicus differs from H. carangis in the following features.
Penis has a corona of 16 hooks instead of the cirrus with small spines as
described for H. carangts; vaginal opening is just behind the intestinal bifus-
cation and is armed with spines in H. indicus whereas in H. carangis it is
unarmed and situated about half way between the intestinal bifurcation and
the ovary. Hence H. indicus is described as a new species.

Specific diagnosis: Heteromicroctyle having a penis armed with 16 hooks
arranged in the form of a corona; male genital pore mediun, armed with ¢ )
. . . . ante-
rior groups of four spines each, two posterior groups also of four spines each 1
. . . anc
in between and on either side of these are two stout large hooks Vaging]
. . . . . . . . TS open-
ing is median, just behind the intestinal bifurcation and surrounded bP
sucker armed with 20 spines. Worms' length is from 2.61 mpp t . v a
- 10°3.75 mm,

and width o020 mm. to 038 mm. Clamp-size is from 45 X 106 Mu

58 x 117H, the ‘pyragraphorus  type’ clamp is from 0 xaq
106 x 48 M; testes number 6o to 67 and ovary size is from 48 32# N
X 28 H

g6 x 28u. to
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Summary

A description of Heteromicrocotyle indicus n.sp. based on two specimens
collected from the gills of  Caranx affinis Ruopp. obtained at Mandapam is
presented.
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Introduction

In the field of Helminthology, there has long  been a want of taxonomi
cal and ecological account of the free living nematodes in India, N
pared to the reports on the frec-living nematodes from the other parts of
the world, it looks as though this branch of Helminthology viz., Nematolo
has been almost neglected till now in our country. During the past halfgya;
century, much information on the morphology and bionomics of the free
living nematodes has been made available, through the research .
workers in the various parts of the world—especiall
Bastian (1865) with his monograph on the Anguillulidae, of Butschli (18
who gave a re-arranged version of Bastian’s (1865) classiﬁcatioﬁ and (1876)
Man (1884) with his five ecological groups of the soil nematodes nd of de

When com.

: €s of many
y the pioneering works of

Following de Man’s (1884) report, other workers turned to
netnatology. Among them was cobb (1917, 1918, 1920) who
cotribution to the science of nemazology can he said to hay o
dations for the modern methods in estimating the ne '
soils. In one monograph (Cobb 1917) on the genug

the study of
 Outstanding
e laid the foun.
pulation of the
hus he describeq

he M sc liegrecf :

ma po
‘ i o Monone
# Part of the thesis approved by the Univer;ifvm(,f Ma drrarf .

. S for t
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a large number of species of which not less than 519, were new ones, and
in another (Cobb 1920) one hundred and cighty were new. Steckhoven (1941)
commenting on the discovery of new species by many workers, stated that, “no
less than 909, of the species of Acrobeles described byThrone (1925) were new

tO SCICNCE .. .vivvivrinrnnnnn. and Steiner alone created 150 new species of Mer-
mithidac, which means an increase of 3009,” (over the known species), Pro-

ceeding further he stated that, “the number of the species of the genus Ao-
nonchus discovered between 1934 and 1949 had trebled”. In a statistical
list from 1920 to 1941 of the nemas from the various habitats, he mentioned
that, “whereas the number of the marine nemas discovered, have increased by
1119, outnumbering the other forms. the fresh-water forms have increased
only by 369, the soil-inhabiting by 519, the parasites of vertebrates by 64%
and that of invertebrates by 41%".

Another notable contribution to the field of Nematology was that of
Micoletzky (1922) who described six ecological types of nematodes of the soil-
Thorne (1939) in the U.S.A. published a monograph on the Dorylaimoidea
(fresh-water nematodes) and Steckhoven (1941) brought out a manual describing
the nematodes parasitic on plants. In 1951 Goodey published a monograph
of the soil and fresh-water nematodes, in which he gave a list of all the ne-
matode species from the various parts of the world.

Many soil nematodes feed on plant debris and some feed on plant s-
sues, This observation led to the study of the parasitic nematodes of plants.
The present day work in nematology is mostly the study of the plant para-
sitic nematodes. In this field large contributions have been made by Steiner
(1936, 1949) and Thorne (1925, 1041, 1949) from the U.S.A. and Goodey
(1933, 1951) and his associates from England.

Previous Work in India

Stewart in 1914 gave an account of a few species of nematodes from
Chilka lake. In 1920 Bhatia recorded some fresh water forms from Lahore.
Krishna Iyer (1983) reported about the root-gall nematode Heterodera mari-
onii (Cornu) Goodey, while Venkata Rayan (1933) recorded Anguillulina cei-
cidoplaster forming leaf galls on Androphogon pertusus Wild. Mayne and
Subramanyam (1933) gave an account of the nematode worms in relation to
Cockchafer and mealy bug problem in Coorg. Dastur (1936) reported about
the ncmatode diseases of rice in Central Provinces. In 1936 Kreis gave
an account of some free living nematodes of Madras during some stray dredg-
ings in Cholavaram lake. Iyer (1944) recorded Criconema rusticun Micoletzky
1921 in Travancore. Thirumalachar published a note on the eelworms of
the cotton plant in 1946. An account of the nematode diseases of the Coffee
plant was given by Venkata Rayan in 1947 and the root-knot nematode was
observed on potato-tubers in Simla by Thirumalachar in 1951.

It is obvious from the above that there has not been a regular flow of
information about the free living and plant parasitic nematodes in India,

6
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The Present Work
The present work was taken u
ecology as a side issue. The work was very much hangj
proper 111cmlure. However, it was over come with the ilr(;;\i, ed
dered with a generous supply of Phowslatcopies, reprints ete 0i)uL111;1e helP ren-
and Dr. A, L. ‘ F;{}'lor ot the US. Agricultyral service W’ g’ r. G. Steiner
the late Dr. T. Goodey from England, Buy for their ,hl ashington and by
would not have heen possible, ¢lp the present work

Methods and Materials

Cobb’s (1918) method was adopted in collecting

instead of the volume 2.84” x 32”7 a5 specified by Cobb t};S s)c:ﬂ ls,f"mplels, but
! meal wubes

wcrcAuscd to collect soil samples.  With the fipst insertion at |
two inches layer of. the soil was obtained. By a second j al a spot, the wp
spot the next two inches of soil (from 27 1o 47) was Obt:isxfr(tjlonl;n the same
e .
- By the third

msertion, soil from ‘4’ to _6" was collected, Several such
mixed well and divided into aliquots, samples were taken
'as tied up i
n a small

piece of mull cloth (80o—100 counts) an

stem of the funnel having a rubber tyt u}rllﬂel of water, the

up was allowed to stand for four to six hours, during w;iChCO?Q. Thig set-
Ime the ne-

matodes in the soil, crept through th

! G t € meshes of ¢

in the water. 'The pinch cock was released and tlﬂee rf:,mh and settled down
m

were collected in a test tube, and set aside for somet

todes to settle down. The supernatant water was Cdt_lme

todes in the small volume of water at the bottom ccan
wer

essmg. Since most of

e closed by a pin

€ transferred o 4

Processing Soil Nematodes for Microscopical Studies
ies

The nematodes held in a small v
heat of a spirit lamp flame. Since it j
do not readily render themselves to th
sf
Daubney 1926), the simpler method advaocct;)Izd Zg;d C(l)lll)lélecessary"—Baylis and
for purposes of anatomical studies and sketching, The (1918) was followed
porarily Ipoupted in water. The finer detajlg were e)lclem'am;l inder pom
power objectives. Illustrations were made out o ¢ individoer high

same form and compared*. Out of these forms, fth:ana:rz]e llrllg‘l/‘i/r;duzls O e
. * “Some of the details shown in the diingnT{& be sem:f\..gie_a,t?
:5::?1}[::::?3 of t'he microscope, sl'cillfully used under {favourable circumestaald of the
! ' ore, will not expect readily to see in his specimens, all the stances. The
in the illustrations as they have heen prepared from favourable ’i . eatures - depicted
large number” (Cobb 1918). spectmens  selected from a
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proportion of clarity regarding the body characters was chosen as the type
specimen and described in detail.

The nematodes were fixed in acetoformal fixative (Goodey 1949, 1931).
After fixation overnight the specimens were transferred to a cavity slide with
a few drops of Cotton Blue—Lactophenol (.0025%, — .001%) which had been
previously warmed to 50° ~ 60°C. The intensity of the Cotton Blue stain
was controlled under the microscope, after which the nematodes were trans-
fexred to a fresh drop of plain lactophenol on a slide. A coverslip was then
added and the edge sealed with lactophenol gum. The mounted specimens
(type species) were then deposited in the departmental museum for future re-
frences **,

The present work deals with the soil nematodes of the sub-class: Phas-
midia, Chitwood and Chitwood 1933. The following five new species and
ohe new variety are described in this paper.

Rhabditoides coprophaga longicaudatus var.nov.,

—

Bunonema madrasicum sp. nov.,
Diploscapter orientalis sp.nov.,
Cephalobus minor sp.nov.,
Eucephalobus verrucosus sp.nov.

S gt e m

Eucephalobus setensis sp.nov.,

1. Rhabditoides coprophaga longicaudatus var, nov,

Total: Two females Text fig. 1

#Measurements : L= 05 mm to 065 mm; a=25- 27
b=53-58; c=831; V=50% - 519

** Throtie (1949) tommenting on the type specics stated that, ‘‘mafny nemantode ge-
nera are hased on type specimens which have not been preserved fvell and the original des-
criptions and figures are meagre and requirc extensive emendauonﬁ In many instances,
there is little possibi]ity of anyone's ever collecting topotypes (spccimens  sccured in the
cxact locality in which the type was secured). Therefore it is proposed that representative
species be designated for such  genera and  that these species  be described in detail, and
used as basic material for future comparative work  Designation of the representative spe-
cies. would of course be superseded by an emended description of the type should later
workers collect specimens.”’

sL=Total length of the body. a=Total length of the body.
Grentest width of the body.

b="Total length of the body. c=Total length of the body.
Length of the oesophagus. Length of the tail.

V=Position of the vulva from the
anterjor end, expressed in terms
of percentage, (%)



44 JOURNAL OF THE ZOOLOGICAL SOCIETY OF INDIA [Vol. 12, No. |

Body small and slender with faint cuticular styige, Head narrowed off
devoid of bristles, Stoma

from the rest of the body, with six faintly scen lips

~ e
e Y P )
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long, with concave sides, 13.464 M [2. 308 [¢ being cight times longer than
broad. Oesophagus 0.095 mm. long rhabditiform. Excretory pore ncar the
valvated bulb. Ncrve ring encircles the isthmus near the bulb. Intestine and
its parts call for no special mention.

Ovaries two, outstretched and reflexed, with a simple slit-like equatorial-
ly placed vulva. Tuil 0.19 mm. long, conical with a very long terminal fila-
ment.  Anal diameter 25.06 M,

No male was recorded.
Habitat @ Soil ncar the roots of Canna indica.
Locality : Marina Gardens,

Rhabdiioides coprophaga  longicaudalus var.nov., closely rescmbles R.
copropphaga Goodey (1929) in its general characters, but has a tail which is
twice as long as that of Goodey's specimen. Further, the body is stouter and
the head end is devoid of bristles.

Holotype, 1 Female ] Both mounted on the same slide and labelled ¢ Rhabdi-
Paratype, 1 Female }toides coprophaga  longicaudatus var, nov., Slide
deposited in Zoology Museum, Presidency College, Madras.

2. Bunonema madrasicum sp. nov,,

Total : 1 Female only  Text fig. 2
L= 082 mm. a. =17; b=43; c=7; V=

bl
Measurements : i

Body stout and robust, with a smooth cuticle devoid of warts. Un(%er
the cuticle are arranged pinhead-like bodies in the form of papillue, in pairs,
each pair opposing the pair on the other 51d63 probably correqundlxlg to the
“warts” which Goodey (1951) reported for this genus, ‘;hese being very con-
spicuous from the region of the ovary down to the tail where they resemble
the caudal papillae. Head well set-oﬁ,‘nearly} and 1/3 times as longlas
broad, with the flaps merging to form a tunne!-llke structure, the edges being
drawn into six pointed processes. Neck 7 # wide.

Stoma rhabditiform, with concave sides, made of protorhabdions, resting
on a 1thomboidal telorhabdial structure. Oesophagus rhabditiform with a
muscular precorpus, an isthmus and a valvated terminal bulb. Isthmus as
long as the precorpus. Intestine densely granulated and the anus could not be
located. Only one ovary was clearly seen due to the dense nature of the intes-
tine. It was not possible to locate the vulva. Tail comc.al tapering to an
acute point, convex dorsally, slightly bent ventrally and without caudal pro-

cesses.
No male was rccorded.

Habitat : Soil ncar sewage pool,
Locality : 'T’Nagar,
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Bunonema madrasicim spnov.. resembles B pusillus
in the shape of the concave nature of the stoma, but diffe
Lavine the warts. O the various specie

rFquhS (1930) only
s from it :
s of Bunonemq describé?i llt),y Fuchs

(1950), under the name of Rhodolaimus, only Rhodolaimys pusil Fuchs
ST s ) usi
Bunonema pusillus) shows some resemblance to this new species i _tlls (Syn.

' $ M 1ts stomal

churacters.

Holotype: 1 Female specimen mounted and labelleq “B

ST NI : . . . unonema ma-
drasicun’” and deposited in Zoology Museum, Presidency Colf

€ge, Madras,

3. Diploscapter arientalis sp. nov.,,

Total : 4 Females Text figs. 3, f, 5.
Measurements Li=049 mm; a=177; b=49: c=10.7
V=060

Body short and moderately thick. Head g g wide, with
ventral hook. the lateral lips being apparenty absent, Neék
the amphid looking like a faint slit near the base of the he
tiform, 16 ¢ long, with concave sides, measuring 2.3 1
middle part and 6.3 ¢ below it

a dorsal and 4
TH wide, with
' ad. Stoma rhahd;.
wide at the narrow

Qesophagus rhabditiform, o.1or mm. long with a short isthm
vated metacarpus, while the cardia is very obscure.  Intestine .de
Jated with a slitlike anus.  Ovaries pairved, outstretched angd re
slightly protuberant vulva having apparently prominent lips.
yar and transverse. Tail conical, sharply tapering to a filament,
what blunt terminus.

us and val-
nsely grany.
flexed with 1
Vagina tubu.
with 3 some-

No male was recorded.
Habitat @ Soil near sewage pool
Locality : T'Nagar. Madras.

Diploscapter orientalis sp.nov., resembles D. pach
gencral characters of the head. hooks, stoma, oesophagus ovary and the taj
but differs from it in having the amphid slightly dislodged subdorsal] e tail,
stoma, the latter being not cylindrical but concave in the mi(ldly to the
length of the isthmus is almost  equivalent to that of the precor ¢ The
metacorpus is short. well oftset, bulboid (23 wide) and is Widerpttl:; The
precoipus (185 (). The wil s also fairly long (106 ). The gdiaaprr 00
ween the anus and the phasmid is equivalent to the post-anal bod zlll}Ce bet-
Further the vulval slit is less than half the body diameter, ¥ diameter.

ys Steiner (1942) in its

Holotype: 1 Female specimen mounted and labelled

: “Di .
enlalis” spnov., and deposited Zoology Museum, Presidency iploscapter oy,

College, Madras,
Paratypes: Did not preserve well.
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4, Cephalobus minor sp. nov.,

Tota} : K. Females — 7 aud Juvenile - 1 Text fig, 6
Meusurements :  Li=0-53 min - 065 non; a=1520; h=384;
C=hY - T7; V=!

Body slender and annulated, the annuli being 20 apart.  Head 54
wide, slightly narrowing {rom the postcrior part, separated by a neck which
is 7 ¢ wide. Head not well sct oft, and has four blunc lips of which two are
seen in face view. The papillac and probolae scem o be amalgamated. Am-
phids not visible. Stoma cephaloboid, 7ulong, 2 ¢ wide and globet-like with
a wide part made of cheilostom and a stem-like part made of proto-and te-
lestoms. The wall of the stoma is well reinforced.

Ocsophagus covers almost the cntire stoma, and is with a uniform mus-
cular precorpus, very short isthmus and a terminal vulvated metacorpus. In-
testine vacuolated, and opens out by a slit-like anus. The nature of the
ovary could not be made out due to the dense structure of the intestine.
The position of the vulva is not clear. Tail gradually tapering to a fine
point, conical and bent slightly at the apex.

No male in the collection,

Habitat : Sandy soil.
Locality : Gopalapuram,
Cephalobus minor sp.nov., is related to C. perscgnis Bastian 1865, in its
general characters of lips, stoma, oesophagus, cuticular annulus etc., but

differs from it in having a more prominent isthumus. The cheilostoms are
semicircular. The tail is actuely pointed and not blunt as in C. persegnis.

Holotype: 1 Female mounted and labelled “Cephalobus minor” and de-
posited in Zoology Museum, Presidency College, Madras.

Paratypes: 4 Females. Did not preserve well.

5. Eucephalobus verrucosus sp. nov,,

Total : 1 female ouly Text fig. 7
Measurements : J,=0:57 mm : a=16:7; b=1; e=H14
V=549

Body short, annulated, the annulus being 2.9 # wide near the head end
and wider in the mid body region. Head 6.2 # wide, not well offset, with
four lips of which two are seen on face view, and are devoid of bristles. Am-
phid very obscure.

Stoma 16.2/ long, 3.4 wide being nearly five times, longer than broad
and with two parts: a ‘U’ like part made of cheilostoms and a somewhat
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postcri()rly conical part made of  proto-and  telostoms, ()csophagus cephalo
boid, o.142 mm. long with « ('l\‘llmllnﬂcul })1‘e§or[>.tls a short slender isthmus
and posterior valvated matacorpus. The cardia is very obscure The inte
. - . . . M E ’ )S-
tine runs straight and opens our by a slitlike anus, the rectum being obl;
guc. The ovary is single }vhdt the vulva is slightly protruberant. The tail
is conical. ventrally hent with an acute terminus,

No male in the collection,
Habitat : Sandy soil.
Locatity @ Gopalapwam,

Eucephalobus verrucosus sp.nav.. is related to E. teres Thorne (1937)
in the general characters, the aunulations of the cuticle, the nature of the
tatl, ocsnphugu.si and 111(.* ovary, but ditfers h‘m.n it in 'having the stoma in two
parts, an antevior "U' like part and a posterior  conical one. The vulva ig
slightly - proiruberam. The lips are EBlunt. Further the stomg iy very long,
nearly five times as long ax broad.

Holotype: t Female mounted. and labelled “Eucephalobyg verrucogys”
and deposited in Zoology Museuwn. Presidency College, Madras,

6. Eucephalobus setensis sp. nov.

Toral : 3 fanale only Text figs. 8, 9, 10
Measwenents 1 L=0397 mm, a=152 b=122. ¢=)
V=B,

Jody noderately thick, in the middle, tapering fore and aft, Cuticle an-
nulated in single series, the aunules being 2.308 ¢ apart Head not well set
olf. 6.924 ¢ wide with four blunt lips which are faintly seen. Stomg short
cephaloboid  thrice longer than broad with short telostom.  Stomga measure;
6.924 f¢ 2.3084, Oesophagus ccphulobm.d, 0.14 mm. long, the precorpus being
four and half times longer than the isthmus. Metacorpus  small and vaf
vated. Iutestine with yellow granules. Anus not clear.

Ovary single, anterior outstretched and reﬂe.?;e(l. V'u'lva Protruberant wi,
an oval slit.  Uterus muscular and postvulval in position. Tail 10ng v
trally bent in its  posterior region, whip-ike with an acute tel‘minuSJ ;;
tail is studded with minute fine bristles. . e

No male was available,
Habitat : Sandy soil
Locality : Lloyds Road,

Eucephalobus setensis sp.nov., re.sem'bles E. oxyuroides (de Man 8
Steiner (1936). in the nature of the cuticular annules, oesophagus Ovar;: 76)(,1
, Phagus, an

wir
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tail; but differs from it in that the lips are blunt and not acute. The telos-
tom alonc fornmis the nawrow part of the stoma. The precorpus is nore than
four timecs longer than the isthmus. 'The vulva s morc prominent. The
tail is studded with minute fine bristles.

Holotype: 1 Female mounted, and labelled and deposited in Zoology Mu-
seum, Presidency college, Madras.
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Parasitic Copepods from Indian fishes L Famiiy
Chondracanthidae Milne Edwards, 1840
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Introduction

So far only five species of family Chondracanthidae have been described
from marine fishes from India and Ceylon. In this paper one more species,
of the genus Heterochondria Yu, 1935 1S described, and a key to the genera
of the family Chondracanthidae 1is given,

Subfamily - Chondracanthinae
Heterochondria Yu, 1935
Heterochondria longa sp. nov.

(Text figs 1-10)

Host— Pseudorhombus arsius, and P. triocellatus.
Locality—Estuary of river Rishikluya (Orissa) and Madras.

Female—Cephalon is more or less circular, and is fused with thp first
thoracic segment, which forms a short neck. The test of th(? thoracic seg-
ments are fused to form a long cylindrical trunk. The' genital segment is
smaller than the trunk and is slightly longer than broad. Posteriorly its width
is decreased to nearly half of the width in the anterior region. The abdo-
minal segments are two in number and nearly equal in length, The anal
laminae are as long as the abdomen aud tapering posteriorly‘

* Published with the kind permission of thé Chief Research Officer.
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First pair of antennae are biramous. The basal segment is broad. I
ventral ranrus is the continuation of the basal segment and is noto‘fl(. \lhc
with any spines or sctac. The dorsal ramus is longer urnished

. : S . and  cylindrica
is furnished with four long setae at its free end. ! I and

This biramous condition

Heterochondna longa sp nov.

(1) Female (2) First and second antennae (3) Mandible )
maxilla (61 Maxilleped  (5) First and  second leg (8) Gcnitl;:lkgé'},)n?("“(md waxilla (5) First
lamina (9 Male (10} Cephalothoracic  appendages  of wmale Segment,  abdomen and anal

Key to Lettering

Atl- First antenna. ¢ —Cephalothorax MN .

s Sccond antenna, ES—Fgg sacs MA\{F vljlx'st maxilla,
AD-—Abdomen. GS—Genital segment. M‘;( -'\SC(tor}d maxilla,
AL—Anal lamina. ML--Male < P—»Maxnl]eped‘

T— Trunk.

of the first antenna has been shown in Acanthochondrig

ard (igy7) according to whom this bifurcation is "pflrel cornu
nothing to do with a division into a bifurcate limb”, e d pai

nae are two jointed. The basal segment is  fused will; C;;n\ }E:‘,ur of anten
second segment is a small  blunt claw.  The mouty parts TL Lad and  the
wally in the central region of the head. The upper liI: ‘;:eslfé;lut?;edcu:s:(i

la by Heega-
Y secondary and has
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and its posterior border is fringed with small setac. Mandibles, two join-
ted and the anterior tip is slightly covered by the upper lip. The basal scg-
ment is broad and the terminal segment is lanceolate, both the margins are
strongly denticuled.  The inner margin has 2425 big triangular tecth which
become smaller towards the tip whercas the outer margin has smaller teeth.
The distal oneninth of this margin is smooth. At the basc of the mandible
is a small palp with two simple setae representing fist waxilla.  Second
maxillac are two jointed. The basal segment is broad and the terminal scg-
ment is tapering to a short curved point. The posterior muargin Is beset
with small tecth, whereas the anterior margin has two small teeth. Near the
base of the terminal joint a small forwardly directed palp is present on the
basal segment. This palp constitutes the endopod of this limb and the ter-
minal toothed joint represents the exopod. Thiy biramous condition of the
limb is clearly shown by the developmental studies of Acanthochondria cor-
nula by Heegaard (1947, fig. 135, pp. 161, 165 and 208). Maxillepedes com-
paratively large and two segmented. The basal segment is nearly twice as
long as broad. The second segment is broader in the distal half where it
has two short lobes furnished with small setae which are probably sensory
in function. The terminal claw is curved and is provided with an accessory
smaller claw on its inner margin. The base of the claw is covered by a
sheath, Two pairs of thoracic legs are present. The first pair is situated at
the posterior margin of the cephalothorax. It is biramous and each ramus
indistinctly two jOinted. The second pair of legs is situaf;ed in the anterior
region of the thorax. Fach leg is uniramous and one jointed.

The egg-sacs are multiseriate and longer than the body. The eggs are
spherical.

Male: —The male is very small and is attached to the genital segment
of the female with the help of its second pair of antennae.

The cephalothorax is large and globular and covered dorsally by a cara-
pace. The wunk is small and not clearly segmented. Th{f last segment bears
two simple caudal rami as in the female. The first pair of antennae are
one jointed. The second pair of antennae are prehensile and consist of a
largé basal segment and a small curved terminal claw.. The upper lip is big-
ger than that of the female. The mouth parts are like those of the female
except that the maxillepedes are devoid of the accessary claw and the sen-
sory lobes. The thoracic appendages are absent.

Measurements* . _Female. Total length, 1.885;  cephalothorax,
0.246 o2.29; neck. 0072 X 0.217; thorax, 1.406_ x 0.406; genital segment,
0159 x o0.145; abdomen 0.058 x 0.043; anal lamina, 0.072 x 0.029; egg sac,
3.395 x 0.159; egg, 0.037 diam.

Male—Cephalothorax, 0.203 x 0-174; trunk, o.13 long.
Types-in collection of the Central Inland Fisheries Research Station, Bar-
rackpore.

* All mcasurentents arc in millimeters,
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‘1‘:«,,1(“-/;1.\_,5_. CoYu (tg35) created @ new genus Hel¢rochondria with two
specles Ho dongicephalus (Yu and 1Hu 1932) and H. similis (Yu and Hu 1942)
from, Pscudorftombus arsius and Crossorlcombus  azurcus rcspcctivcly The
present new species belongs o this  genus. Yu and Hu (1932) termed the
long thorux as the genital segment, but they have shown in their diagram a
scpavate small genitad segtnent on which the openings of the uterus are situa-
ted. The fivst leg according o them is single lobed and not biramous as in
the plcscnt‘spccws. H. longu n. sp. differs from H, longicej)/zalus m the
structure of the cephlothorax and relutive size of the body parts. The tho-
1~uc1§‘l]c'g.> .of H. longz'cc[.)/.m/.u.s are bigger than those in the present  species.
It differs from  H. similis in the size of the thorax and the cgg strings and
the mouth parts. ° ‘

Discussion—Chondracanthidae was placed under Lernaeoida of G.O. Sar
by Scotr and Scout (1912) and under the sub-order Lcnmcop()doidu by \,\.,“f >
(1932). Oakley (1930) placed it along with Frgasilidae undey ch forme
and Gurney (1933) concurred with this view. Heegaard (1947) also IZ IOrme.s
the sume cenclusion after .sLud)'illg the (l('\'clopmcm of the represent; t‘% fle to
nerw of - the  families  Caligidac.  Lernacidae, LernanPOdida‘; tve ge-
Chondracanthidac.  He placed Chondracanthidae and Ergasilidae y ’1 .Zm‘d
group FISTULATA, which is more or less like (chlopifor?nes of Oakrllc(‘ o {us
his group PECTINATA is cquivalent 1o Caligiformes. The presence YEA'SO
my-male in Lernacopodidae and Chondracanthidae does not Ilecéssal"lo ‘plg‘*
any close relationship of the two familics as is seen from the delv 1ly show
stages in the two families. ¢lopmental

Oakley (1930) divided Chondracanthidae into two subfamilies (}
canthinae and Lernentominae. g (1948) created a new Subl’amﬂ P;(?nd”f'
nac with the type genus Pharodes Wilson, 1935.  Dcbhouteville Y rarodi-
good diagramatic key to these thyee subfamilies, Oakley (1 90(“)})1) gave a
good review of the family Chondracanthidae, and added ﬁvgdnl Save a very
temoving  some species,  (mostly [rom Chond"(lcan[/,u_‘.) © b W] genera b
these new genera. Wilson (1932) gave « key to the fiftecn fj Placed under
family.  Since then many new genera have beep created and genera of this
twenty six genera under this family, now there are
- rIICIs)l‘lzlS been sowme .('()lll.{u?'l()n‘ 1‘Cg:1r.ding the svstematic .
some species and genera of this family.  Wilson (1952), did _ 'POsltlon of
phacrocephalus Oakley, in the key to the genera :":n,(’l 1 Dot anclude pjy.
only species D, (C) ornatus  T. Scott, 1900, of this aeg aced the type and
genus Chondracanthopsis whose tvpe S‘pcci‘es i C. > BCNUs  under hig new
two species differ in the swucture of the But these
Disphaeroce phalus and Chondmcanllzopc,'_g hav
genera.  Chondracanthus coltuncyl; Rathbun. wag 1
thopsis by Oakley (1930), under Chondracant hys b‘v %ﬁ{:ed under Chondracqy,.
Acanthocanthopsis by Heegaard (1945). From tHe ]% S(?n (1932), and under
tion given by Wilson (1932) it appears (g i dragram and (he descrip.-
Chondracunthopsis, 'S species  shoulq belong LI;
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Key to the females of the genera of the family Chondracanthidae

Body clongate; oviscas straight, cylindical,
Body short; wider than long; ovisacs twisted.

Head produced in a cephalic neck, antennace se-
parate from the mouth parts, later at the base
of the neck,

Head not produced in a cephalic ncck, mouth cn
the ventral surface of the head, and not marked-
ly scparated from the antenna.

Lateral protzubances on head present  thoracic
legs rudimentary or absent.

Lateral protrubances  on head absent thoracic
legs well developed,

Head small, trunk four segmented, processes and
legs absent.

Hcad large, trunk two segmented, leg rudiments
present.

Anterior trunk with two dorsal processes, lateral
pracess absent, leg rudiments bipartite,
Anterior trunk with  two dorsal  processes,  pos-
tevior trunk with two pairs of lateral processes,
leg rudiments (ripartite

Neck hroad and short.

Neck as long as thorax,

Head not distinetly separated from the body, all
unnk segments fused together,

Head fused  with first thoracic segment, other
scgments free or fused together.

Head fused with first two thoracic  scgments
cephalic, dorsal, ventral or lateral processes ab-
sent, two pairs  of bifid legs, sccond leg larger
than the first leg.

Head not fused with the trunk scgments,

Body long, vermiform and without knobs or pro-
cesses; two pairs of biramous legs.

Body not vermiform, anterior thoracic region
with a medjan dorsal processes; onc pair of legs,

Anterior thoracic region forming a long neck,
no processes present  on the body; one pair of
bifid sctose legs,

All thoracic segments distinctly separated, each
segment with lateral processes, sccond segment
with a pair of dorsal processes; one pair of legs,
All thoracic segments fused withom anv proces-
ses or knobs on the body.

o

Phavodinae-17.

Lernentominac -3,

Chondracan:hinae-7.

6

Medisicaste
Kroyer, 18063,

5
Lernentoma

Blainville, 1882.

Oralien.
Bassctt-Smith, 1898.

Rylovia
Markewitsch, 1940,

Brachiochondrites
Markewitsch, 1940,

o

(el

Humphraysis Leigh
Sharpe. 10984.

12

Anderina Brian, 1939,

Ceratochondria Yu,
1035,

Schehrazade Leigh
Sharpe, 1934.

Juanettia Wilson,
1921.

10

5

c
J
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Thoracic legs ahsent,

Thoracic legs present.
‘!
Trunk inflated, two pairs of legs, fust pair bi-
partite, sccond  pair undivided with a sping
sccond antennac (ripartizc.

P

Trunk not inflated; two pairs of cgs, fivst pair
biramous sceond pair uniramous, one jointed; sc-
cond antenna two jointed

Trunk_ slightly inflated posteriorly; two pairs of
legs biramous and two jointed; head with a fron-
tal plate.

Cephalic barbs absent,

Cephalic barbs present,

All lhom(ic segments  fused,  thoracic legs one
or two pairs.

First .thor‘amc segment free, other three segments
fused; three pairs of lateral processes, turncd ven-
trally, one process and two knobs on the dorsal
side head  deflexed:  legs two  pairs bivamons
rami one jointed ’

}-mh [\\"0 llllm‘acxc segments free o her segments
u~c ; Tounc knobs along the margin and trans.
verse dorsal laminae on the bodv; head not de-

{lexgd; two pairs of uniramous gne jointed legs
rami boot-<haped o

All thoracic scgments f.uwd together trunk with
postero-lateral — projections  and  1wo

- medi
genital lobes an

First thoracic segime Free

'St the _segment frec. lateral and dorsal
processes on trunk absent; one pair of legs uni
ramous and bilobed a: the lip &
First two thoracic segments free,

: other segme
mav be free or fused ghitents

Dorsal knobs or processes on the body

Dorsal knobs and processes absent, only one pair
of latcral processes at the posterior  corners of
the body: candal rami abeent: (wo pairs of leey
uniramous or biri S, rami joir Y
ramous, rami one join‘ed

Head triangular; one pair of dorsal processes on
second thoracic scgment; three rows of tubercles
two lateral and one mid-dorsal on the fusé(i
thoracic region; two pairs of legs, fir ir bi

5 $ egs, first nai -
thora g3, pair bira
Head small: dorsal. ventral and lateral
present on the tharax:
partite legs

Hcad small; three mid-dorsal and one ventral

knob present, no processes on v
) . S the 1 i
F g resent he body, two pairs

\ ! processes
two pairs of bi or (-

ye

Prachiochondria
shiine 1957,

i1

Lriphyllacanthus
Oakley, 1930.

Heterochondria Yu,
1935,

Prochondracanthus
Yamaguti, 1030,

13
14

Blias Kraver, 1863.

Chondracanthaodes
Wilson, 1932

Chondracanthopsis
Wilson, 1932

Lmmanthae
Lingh-Sharp, 1944.

Pseudochondracanthus
Wilson, 1908,

15

16

Acanthochondyig
Oakley, 1927,

Disphaerocephalus
Oakley, 1930.

Chondracanthus Ya
Roche, 181,

Acanthocanthopsis
Heegaard, 1947;) ’
1
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Head separate from the trunk, latter with three
pairs of lateral processes; second antennae with
terminal claws

Head fused with the thorax, latter with one pair
of lateral processes bearing knobs and lobes;
second antennae multifid horns

Head fused with first thoracic segment, thorax
produced laterally, into large nodular second
antennae with one claw

Key to the males of the genera of the family

Leg rudiments entirely lacking ’
Two pairs of legs present

Five pairs of legs present
Cephalon separated from thorax

Cephalon fused with first thoracic segment

Trunk with four segments

Trunk segments fused together

Cephalothorax not larger than thorax, caudal

rami simple :
Cephalothorax larger than thorax
Caudal rami two jointed
Caudal rami conical
Caundal rami absent
Caudal rami divided distally
Legs uniramous, rami one segmented

Legs biramous; head fused with first thoracic
segment; exopod of the leg armed with setae,
endopod unarmed; caudal rami stout, conical and

armed ber

Legs uniramous; antennal area separate, trunk
four segmented; each ramus of the leg has one
seta; caudal rami setiform v

Head separate from thoracic segments
Head fused with first thoracic segment
Head fused with two thoracic segments

Trunk five segmented, first two thoracic segments
bearing legs fused; caudal rami small and lanceo-
late; maxillepeda two segmented
Trunk five segmented, first  two th’oracic seg-
ments bearing legs fused; caudal rami small and
lanceolate; maxillepeds two segmented vr

8

Diocus Kroyer,
1863,

Tanypleaurus
Steenstrup and
Lutken 1861.

Pharodes
Wilson, 1035,

Chondracanthidae

2
6
I

3

4
Immanthae Leigh
Sharpe, 1934.
Acanthocanthopsis
Heegaard, 1947.

Heterochondria
Yu, 1935.

Brachiochondria
Shiino, 1957.

Ceratochondria

Yu, 1085.
Brachiochodrites
Markewiterch, 1940,
Preudochondracanthus
Wilson, 1908,

7

(.hondracanthodes
Wilson, 1932.

Medesicaste Kroyer,
1863,

10

Llias Kroyer, 1863,

Andcrina  Brian,
1939.

57
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Trunk four scgmented, vami of the legs with
9. (wo sctae, caudal ramu concical and well deve- Chondracanthus
loped o _ <« la Raoche, 1813,
g. ‘Lrunk non segmentied with inconspicuous demar-
cation between thoracic segment and genital por-
tion; rami of legs with three setae, caudal rami

Prochondracanthys
pointed .

. amagutiy 930.
jo. Trunk five scgmented, first leg laminate with two
setae, second  leg with onc spine
10. Trunk with four segments, rami of the leg with
' a-4 setae, caudal rami seta like
. Trunk with three  segments, rami of the leg
" laminate with two sctac, caudal rami with one
seta )
(0. Trunk not scgmemcd, rami of legs laminate, cau-
dal rami simple

Oralian Bassety-
Smith, 1848,

Acanthochondyrig
Oakley, 1930,

Chondracanthopsis
Wilson, 1932,
Rylovia
Markewit Sech, 1940.
First (wo pairs of legs biramous, cach ramus one
11, g&r:uclllt‘d% third and f{ourth pairs of legs knob
D

Diocus Kroyer,
like 1863
1 First four pairs of legs bivamous, rami two seg-
* mented and well armed with setae, fifth pair of
legs uniramous, one segmented with one seta Juanettia

each Wilson, 1921.
Summary
One new species of Heterochondria Yu, 194 (H.

described, infecting the gills of Pseudorhombus arsiug
kev to the genera of Chondracanthidae is also given.

longa sp. nov.) is des-
and P. triocellatus, A
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Introduction
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the intestine of the larvae of a Coleopteran, Gyrinus sp. (Schueider, 1885).
A. dimidiata from the gut of the centipede. Scolopendra morsitans (Schneider,
1885 b) A. tipulae from the intestine of the larvae of a dipteran, Tipula sp.
Leger, 1897), A. mesnili from the fat bodies of a lepidopteran, Tineola bi-
seliella (Perez, 1899), A. akidium from the body cavity and intestine of two
genera of Coleoptera, Akis and Olacrates (Leger, 1900), A. transisia from the
body cavity of an Embiodea (Insecta) Embia soleri Rambur (Leger, 1904) and
A. zonula from the fat bodies of a coleopteran, Blaps mortisaga (Morofi,
1906) were described subsequently.

Hesse  (1911) found a Coccidian parasite in  the coelomic cavity of an
aquatic oligochaete, Slavina appendiculata which resembled Adelea ovata in
several respects but differed from it in having spherical oocysts with rigid
walls containing perfectly spherical sporocysts, instead of an elongate ovoid
thin walled polysporocystid oocyst with disc-like sporocysts as in 4. ovata.
He considered these differences as sufficiently fundamental to warrant creat-
ing a new genus Adelina. In this genus he not only placed the Coccidian
from ‘Slavina appendiculata under the name Adelina octospora but also trans-
ferred to this genus all the seven species of Adelea except the type species
A. ovata, all of which possessed the characteristic oocyst and sporocyst struc-
ture of Adelina. He considered Adelea ovata as a solitary representative of

the genus.

Chagas (1910) described a Coccidian Adelea hartmanni from the gut of
a Brazilian plant bug, Dysdercus ruficodlds L where the oocyst gives rise to
only three sporocysts, each of which gives rise to 4 sporozoites. Subsequent-
ly Machado(1911) transferred this form to a new genus Chagasella based on
the number of sporocysts and sporozoites. The Coccidian, Adelea hachyle-
brae described by deMello (1921) from an Indian Mollusc, Pachylebra
moesta has an oocyst with two sporocysts each with two sporozoites. Weny-
on (1926) doubts the validity of this form being included in the genus Ade-
lea. The present form therefore appears to be the second species of the
genus Adelea so far reported.

Material and Methods .

The centipedes were collected from underneath decaying leaves of Cas-
hewnut trees in the University Campus. By isolating the hosts and examin-
ing the faecal matter for the presence of oocysts it was possible to detect
the infected ones. The intestine of the infected hosts was fixed in Alcoholic
Bouin’s fluid and serial sections taken which were stained with Heidenhain’s
Iron-alum haematoxylin, Fresh examination of the oocysts were made in
normal saline or Ringer's fluid. The oocysts kept in a 2.5%, solution of
Potassium dichromate solution sporulated in about 4—p days. '

) Observations on the Parasite
Schizogony:

An early sexual differentiation of the schizonts into two kinds, one pro-
ducing merozoites which ultimately develop into females and another which
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produced the males was observed.  The schizont which ultimately produces
the mero:oites developing into the female or the macrogametocyte measures
16 X 13.5 ¢, Each schizont divides into 18—20 merozoites (Figs. 4 and 6).
The mcrozoites are  clongate and vermiformy  with  finely alveolated
cytoplasm the nucleus of which is placed in the centre consisting of a dis-
tinct nuclear membrane and a number of deeply staining chromatin granules
In addition to the peripheral chromatin
also be distinguished. The mero-
and the nucleus measures

placed all along its inner margin.
a deeply staining central  Karyosome can
zoites measure  about r0.5—12f x  2.0M
3.5 M x 20 M (Plae 14, Fig. ).

The second type of merozoite is similar to the first but it lacks a cen-
trai  karyosome in  its nucleus (Fig. 7). The number of merozoites
produced by the schizont is slightly less being only 14—16. Each merozoite
measures 114 — 121 x 1.50¢ — 2.0 (Fig. 6). These merozoites de-
velop into the male gametocytes. The two types of schizonts can be distin-
guished only by the nature of the merozoites ultimately formed and not in

the carlier stages ol schizogony.

When the developing schizonts have been stained for paraglycogen using
Bauer's technique they did not show any differential distribution of this re-
serve polysaccharide as has been observed in the case of Adelina dimidiata
(Joyet-Lavergne, 1926).  Though typical achromatic figures have not been ob-
served some of the division stages of the nuclei showed 6 —8 chromosomes.
From what is known of other Coccidians this number perhaps represents the
haploid number. When the nuclear divisions are completed the schizont seg-
ments into as many elongate vermiform merozoites as there are nuclei. In
gencral no residual cytoplasm has bheen observed but in some a few refrin-
gent granules were seen in the centre of the merozoite bundle. The living
merozoites exhibit slight twitching and bending movements. The cytoplasm
appears hyaline with a transluscent area in the centre representing the nu-
cleus. It would appear possible that the merozoites may either be released
into the lumen of the gut by a rupture of the cpithelium before they invade
fresh cells and develop or they may directly enter the neighbouring cells in

the epithelium.

Association Stages:

As in other members belonging to this family association between the
gametocytes takes place at a very ef':lrly stage and tl.m male and the female game-
tocytes can be identified by the size of the parasite and the structure of the
nucleus (Fig. 8). In the earliest association stage observed the fe-
male gametocyte was ovoidal and measured about 74 x 54 The cytoplasm
is alveolated with a few refringent ganules scattered all over the body. The
nucleus is situated in the centre consisting of a single deeply stained endo-
some and a few extra-endosomic chromatin granules. The early male game-
tocyte is elongated and verm.ifor‘m .mecjlsuring 104 x 250 with a centrally
‘placed nucleus. The chromatin is distributed all along the inner margin of
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the nuclear membrane and one or rarely two
: of th i
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oocysts are kept in a medium of 2.5% solution of Potassium dichromate for
about four days at room temperaturc, the sporoblasts are formed
(Fig. 16, Photo 19). In the majority of cases, they range in number
from 36 — 42, but in a few instances the number was as many as 48. The
oocyst is bean-shaped measuring 96 ¢t x 21 one side of which is slightly
concave and the other slightly convex or flat. The sporoblasts are oval in
shape and disc-like measuring 7.5 X 5250 having an outer hyaline epis-
pore which lies in close contact with the sporoblast wall. (Fig. 17,
Photo 20). At the two poles the epispore is conspicuous. The wall
of the sporoblast is made up of two valves united all along the median lon-
gitudinal line and a suture can be made out along the line of fusion. Sporu-
lation is completed in about 8 —10 days under laboratory conditions. Each
sporoblast develops two sporozoites. The sporozoites are sausage-shaped close-
ly applied to the wall of the sporacyst. In fresh preparations the sporozoite
is slightly larger than the merozoite and it measures 114 x 2.54 The cyto-
plasm is hyaline and the nucleus which appears transluscent in fresh material

is situated at the broader end (Fig. 18).

Discussion
The present form from the centipede, Rhysida longipes resembles Adelea
ovala from Lithobius forficatus in having a polysporocystid - oocyst and disc-
like sporocysts. The oocysts are, however, bean-shaped instead of elongate
ovoid as in A. ovata. The presence of a hyaline epispore for the sporocysts

Photographs :
Fig. 19. An oocyst showing fully formed sporoblasts,
Fig. 20, A single sporoblast showing two sporazoites. Note hyaline epispore
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is characteristic of the present species. The carly sexua
the merozoites is also characteristic of the present species.
the present lorm is consi(.lered as a new species of the genus  Adeleq ang the
name Adeled hyalospora is suggested to accommodate this form on account of
the prescnce of a characteristic epspore for the sporocysts,

1 differentiation of
For these reasons

I have not been able to observe any
zoites in the present form which is said to
idea /Naville, 1g31).

bipolar arrangement of the merg.
be characteristic of all the Adele-

Leger and Duboscq (1go2) described in Adeling dimidiat
schizogony which they considered produced the male and fe
respectively.  Schellack  (1913), however, did not confirm th
Moroff (1g06) described three types of schizogony in the
one occurring early in the infection in which a large schiz
16 — 40 merozoites, a second snialler forming 16 — 24 mero
occurring only at the time of gametogenesis in which the
in two rows forming two groups of merozoites at the ends of schizonts, M
rolt interpreted the second type as schizogony in which micrOgamemcvté .0‘
formed and the third in which the macrogametocytes are formed. S are

a two types of
male MErozoites
15 dimorphism,
ase of A. zonulg
ont gives rise to
Zottes and a third
nuclei are disposed

Joyet Lavergne (1926) observed in Adeling dimidigty , bipolar distrib
tion of cytoplasmic inclusion in the schizonts. The anterjor end from }1]u
the males are formed contained the constituents characteristic of thew 1th
forming cells such as mitochondria, little paraglycogen and g small gy male
of reserve lipoids while in the posterior end there was little chondriomg many
paraglycogen granules and a large quantity of reserve lipoids al) Char’a’?al}Y
tic of the female gamete. In Klossia helicing Naville (,927) found Ctens.
schizont undergoes two divisions to form four cells one of which fomz: the
macroganietocyte and another the microgametocyte. The other two m; the
may not remain undifferentiated.  According to’ Naville (1931) a bipo] y or
rangement is characteristic of all Adeleidea and he considered tha¢ t}l)le al: o
lar arrangement as an indication of a sexual polarity, the microgamet 1VP0.
being formed at one end of the schizont and the macrogametocytes OCytes
other.  Yarwood (1937) noticed in A. cryptocerci thay although th}; dﬁ?t the
is not detectable at the time of division, the occurrence ofamacro l g e
crogametoblasts together in isolated groups indicates thejy comm and _mi-
from single schizonts. Growth and appearance of food On origin

. . reserve .
the macrogametoblasts differentiate them from the microgametobla;gtlsobules in

Summary

1. The morphology and life-history of a pey Coccid;
of a centipede, Rhysida longipes is described, an - from the gut
2. Two types of merozoites produced by different types of schi
velop into the micro-and macrogametocytes, : SChizonts de.
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3. 'The microgametocytes are oval or rounded and each one gives rise
o four comma-shaped microgametes.

4. 'The macrogametocytes are oval and contain a large quantity of re-
serve food material in the form of paraglycogen.

5 Oocysts are bean-shaped, thin walled and polysporocystid. T_he spo-
rocysts are oval in shape and the wall is made up of two valves which fu:sc
along the longitudinal line. There is a hyaline epispore with a characteris-
tic thickening at the poles.

6. 'The present coccidian is placed in the family Adelcidea on account
of the early association of the gametocytes. It belongs to the genus Adelea
on account of its thin walled polysporocystid oocysts and disc-like sporocysts
but differs from the only described species of the genus in t%le presence of
a hyaline epispore for the spores. The shape of the oocyst is also different
from the type species and hence it is described as a new species of Adelea for
which the name Adeleq hyalospora is proposed.
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Introduction

The chromosomes of four species of Stylommatophora and three of
Basommatophora have been described previously by the author (Natarajan,
1958 a, b, '59). In continuation of these studies, the author has _mVestlgated
now the chromosomes of eight more pulmonates. Of these, six belong to
Stylommatophora and two to Basommatophora as shown below.

Order: Stylommatophora: —

1. Euplecta travancorica (Benson);
Macrochlamys vilipensa (Benson);
Mariella dussumieri Gray;
Achatina fulica Fer.;

Rhachis punctata (Anton);
Laevicaulis alte (Fer).

S ook

Order: Basommatophora:—

1. Lymnea luteola Lamarck;
. Indoplanorbis erustus Deshayes.
The present paper embodies the results of these investigations.
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Material and Methods

In Table I is given the list of specimens studied, their systematic posi-
tion according to the classification of Thiele (1931) and the places of their
occurrence.

Table I showing the systematic position and places of collection of
specimens employed in the present study.

. . SR : Place of
No. Name of the species Superfamily Fawmily Subfamily collection

ORDER: STYLOMMATOPHORA

1. Euplecta Ariophantacea Aviophantidae Ariophantinae Koduikanal
travancorica
(Benson) hills,
2. Macrochlamys do do Macrochl.my- Chidambaram
vilipensa (Benson) dinae
3. Mariella do do Girasinae Kodaikanal
dussumieri Gray hills, .
4. Achatina fulica Achatinacea  Achatinidae Annamslai. X
Fep n_agar.
5. Rhachis punctata Vertiginacea Enidae Napaeinae do
(Anton)
6. Laevicaulis alte Soleolifera Vaginulidae do
(Fer,)
ORDER: BASOMMATOPHORA
1. Lymnaea luteola Lymnaedae do
Lamarck ‘
2. Indoplanorbis Planorbiidae do
exustus
Deshayes

The ovotestes were removed from fr.eshly coll.ected specimens 3
possible and were transferred to the various fixatives. Of .these,
acetic alcohol, Sanfelice’s mixture gnd 10'3/9 neutral formzflm pro
cellent. Sections were cut at 8 micron thickness and stanqed in
iron haematoxylin, crystal v1ol§t and Feulgen. Acetocarrpme an
squashes of the ovotestes especially after pretreatment with alph
thol were found to be of very great help in the study
somes.

S quickly as
Carnoy’s 1 3
ved to be ex.
Heidanhaips
d acetoorcein
a-bromo—naph-
of metaphase chromg.
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Observations
Order:  Stylommatophora.

L. Euplecta  travancorica (Bensony:  Fig. 1 represents a spermatogo-
nial metaphase plate of this species in a polar view. The karyotype consists
of 54 metacentric elements, all of them appearing typically ‘V’ shaped with
equal arms and median centromeres,

A karyogram (Fig. 2) shows all the fifty-four chromosomes resolving into
27 homologus pairs, of which five are bigger in size while the rest are all
alike. The karyotype is thus made up of,

99
"‘"$? % LA AL VY veve vo vove
“. o [} 2 3 4 s 6 7 8 9 10
W, T unuvyr oy
DA

""&’.. Yo oo ve ev eo e

“ 22 23 24 25 26 27

Fig_ 1. Spermategonial metaphase  plate of  Euplecta travancorica (Benson)

. in a polar
view—camera lucida drawing from acctocarmine squash. X ca Gooo.

Fig. 2. Karyogram showing the spcarmatoginal chromosomes

of Euplecta travancorica
(Benson) arranged in order of size. X ca 3000.

(1) five pairs of big chromosomes (pairs 1 to 5) and
(b) twenty-two pairs of smaller chromosomes (pairs 6 to 27).

2. Macrochlamys wilipensa (Benson): The karyotype of this form
consists of sixty metacentries as can be made out very well from fig. 4. A
karyograin drawn from this is shown in fig. § Of the thirty  homologous

WY VY VY Ve YV v e
[} 2 3 4 s 6 ?

VO OV O Yy 9 we Ve ow ow Ow eop
8 9 10 12 1) 14 1S 16 17 8

!
Yo oo e Y P P YO PV v e

19 20 21 22 23 24 25 26 27 28 '

29 30

. Fig" 3. Spermatogonial chromosomes of Macrochlamys
scrlajlyrln _Qrdgr of their size. X ca 3000,

vilipensa  (Benson) arranged

pairs, seven appear big while the others are

s, C more or less uniform and small,
A critical analysis of the karyotype, however, ,

shows that,
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(a) six pairs of big chromosomes (pairs 1, 3 4 5

) . 6 and
equnl arims with median centromeres, 7) have

(b) one pair of big chromosomes (pair 2) is '}’ shaped with unequg]
arms and hence with sub-median centromeres, and s
(c) all the smaller elements have median centromeres,

8. Mariella dussumieri Gray: Fig. 5 shows the well spread out
matogonial chromosomes of this form. All the go chromosomes are met;Fc’:;.

Fig, 4. Spermatogonial prometaphase chromosomes of Macrochlamy
photomicrograph—acetacarmine squash X ca g4500. ‘

Fig. _5. Spermatogonial' chmx}msomc:; of Mariclla dussumier;
actocarmine squash preparation. X c¢a 4o000.

Fig. 6. Photomiciograph of a spermatogonial melaphase plate of
{Anton) in a polar view —actoorcein squah. X ca 4000,

s vilipensq (Benson)—
Gray~Photomicrograph~

Rhachis punctata
trics and these resolve into 25 homologous pairs whep arranged ;
order of their size. (Fig. 7). ged serially jp
Thirteen pairs of chromosomes appear bigger in size
these bigger elements, two pairs (pairs 1 and 10) are ‘T
median centromeres while the remaining eleven pairs are
with median centromeres. The appearance of the twel
chromosomes. with arms of equal length suggest the occ
centromeres in them.

than the reg. Of
Shaped with  gyp,.
typically ‘V'-shaped
Ve pairs of smaller
urrence of median

4. Achatina fulica Fer.: A spermatogonial meta
shown in fig. g which shows clearly the sixty meta
karyotype. These, when arranged serially in order

phasg in polar viey is
centric elements of the
of their size (Fig. 10)
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resolve into 30 homologous pairs. On a more critical examination it is seen
that four pairs of big chromosomes are typically V' shaped with median

VWV Ve ¢ VY v v
[} [

2 3 4 $

VYUY UV LY VYV VO YV o

7 8 9 10 it 12 1 14

WS SV VY PO VY gy v v O
15 16 1?7 18 19 20 21, 22 23

v vw
84 2%

Fig. 7, Homologus pairs of spermatogonial chromosomes of Mariella dussumieri Gray
serially arranged in order of size. X ca 3000.

rentromeres, two pairs of big chromosomes are 'J' shaped with unequal arms
and sub-terminal contromeres and the rest are all small, showing median. can-
strictions indicative of median centromeres. '

5. Rhachis punctata (Anton): The diploid chromosome number is 48
in this species. A spermatogonial metaphase in polar view is shown in fig. 6.
which also reveals clearly that all the chromosomes are metacentrics. When
arranged serially, they resolve into twenty-four homologous pairs (Fig. 8) of
which ten appear bigger in size than the rest.

A critical analysis of karyotype gives the following results:
(a) Nine pairs of chromosomes are big (pairs 1 to g) and ‘V’ shaped
with equal arms possessing median centromeres.

(b) One pair of big chromosomes appears with unequal arm; and
hence with sub-median centromeres.

() The fourteen paris of smaller elements are uniform both in sizc

and shape, having median centromeres.

wer UV vy vy YU v QU
| 2

3 a4 S [ 7

WY VWV JJ v v vo ve oy
s

9 o " 12 13 14 15

WY Y v Y VY v e ve ve
16 17 48 19 20 21 22 23 24

_ Fig. 8 Homologous pairs of spermatogonial chromosomes of Rhachis punctata (Anton)
serially arranged in order of size. X ca 3000,

10
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6. Laevicaulis alte (Fer.): The  spermatogonial chromosome of thi
form in polar view 1s shofvn .in fig. 11. 2n=g4 in this species un?l ol ths:
chromosomes are small in size 1n general  when compared with the‘ N (:
Slylommutophorzm forms. Still, the two size groups could be distin ui'ho(tl o
them and all of them appear to have only mediap centromeres guished in

A karyogram of the spermtogonial complement is shown in fig

S ) . )
which it may be seen that three pairs of chromosomes (pairs 1 t2 from

0 3) are

bigger in size while the remaining fourteen pairs appear sm
uniform in size and shape. P aller and more
7
Weo®e
o oo Y VY VWYY Uy ¢ ve e
'eveg [ AERPERAS A ~ -

® @
)'."".“ VO VY VO VY VY v YO ge Ve e v
” " ‘ " ‘ 9 o 1 12 13 l}‘ 15 16 p I: l;
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Fig. 9. Spermatogonial metaphasc  chromosomes of Achatin .
i i . a ; :
camera lucida drawing—Feulgen squash. X ca 6900, fulica Fer_ in a polar view

Fig. 10 Spcrmatogonial chromosomes of

Achating fuli
. . ulica Fe .
serially, X ca gooo. T, auanged in order size

Order: Basommatophora.

L Lymaea‘luteolq L.amarck: In fig. 13 is represented . .
metaphase of this species 1 a polar view, which sh Spermatogonial
very well. Further all the elements are founded o 4 chromosomes

ows the 3
o ro . .
apparent constrictions. blong shaped with no
L 4

y X/
?’.3’ Yyv v g
Y vo vu we o vw we oo’
"'.'.‘f 1 2 34;°7°°.;
0"5 &

29
.s:,' .

Fig. 11. Polar view of sperma‘ogonial meta
drawing—acetocarmine squash. X ca rooo,
Fig. 12. Karyogram showing thc spermatogonial
serially arranged according to size. X ca 3000g chromosomes of Laevicaulis 4 (Fer.)
: e (Fer.

Q’ tidb il L S
" 12 13 14 15 18 17

ha i ] F C
Phase of Laevicay]is alte (Fer) camera [y
. ucida
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When arranged serially in order of their size, the clements resolve into
seventeenn homologous pairs (Fig. 14), of which three pairs are big while the
remaining fourteen pairs are small.  The bigger ones are oblong but the
smaller elements are more rounded and dot-shaped.

o
% “" 00 00 00 00 o0 00 00 00 00 200000
'."’-. ' 2 3 4 5 6 7 8 9 10012
...‘.. 00 ¢ 00 00 0

13 14 1S 6 17
(X 14

O % oo 00 00 00 o0 00 00 00 0000 00 20 00 00
P “ I 2 3 4 5 61 8 % 1001 1213
PP% )

4 0o wous ot 00

“ e 14 1S 16 17 18
00,0 0

% " ¢\

Fig. 13. Spermatogonial metaphase chromosomes of = Lymnaca luteola Lamarck—Camera
lucida drawing from a acetoorcein squash preparation. X ea 5000.

Fig. 14. Spermatogonial chromosomes of Lyuued {uteola Lamarck arranged in order of
their size serially. X ca gooo.

Fig. 15. Spermatogonial chromosomes of Indoplunobis exustus Deshayes—acetocarmine
squash—camera lucida drawing. X ca 5000,

Fig. 16. Homologous pairs of spermatogonial chromosomes of Indoplanorbis exustus
Deshayes serially arranged in order of size | X ca 3000,

2. Indoplanorbis exustus Deshayes: In this form 2n = 36 as could be
seen from fig. 15. All the elements of the karyotype appear rounded or
oblong in shape and show no constructions. Of the eighteen homologous

pairs shown in the karyogram (fig. 16) three pairs appear big in size while
the remaining fifteen pairs are smaller and rounded.

Discussion
The present work on the chromosomes of eight species of Pulmonates
together with the earlier findings (Natarajan, 1958 a, b, ‘59) on seven species,
enables us to arrive at some definite conclusions with regard to the number
and morphology of the chromosomes of this sub-class.

Altogether, the author has studied the chromosomes of ten species of
Stylommatophora belonging to five families, and the diploid chromosome num-
ber varies between 34 and 64 in all these species. In the  families



74 JOURNAL OF THE ZOOLOGICAL SOCIETY OF INDIA [Vol. 12, N
M ' o- |

Vaginulidac and Oncidiidae 2n = 34 to 6, while in Ariophang .

and Achatinidae, the number ranges from 48 10 64. SOpfanudae, Enidae
some numbers of only about Gifty species of this order | 13r, .the chromo-
families are known (Makino, 1931). - The studies by the >elonging 1o eight
tribute to the knowledge of pulmonate chromosomes in {Jresent a.Uthor con-
ing to five more families which have been so far not stuf;1 dSPCCles belong.
previous studies by other investigators show that the range ;e at :‘111' The
some number in this order is between g2 and 6, g¢ of diploid chromo-
the families Arionidae and Succineidae en = 52 o HP the members f
‘45, Beeson, ‘6o) while in the families Limacidae, Cgﬁl( €rrot, ‘g8; Inaba,
Bradybaenidae, Polygyridac and Philomycidae the rap ea-enldae’ Helicidac
(vide Makino, '51; Beeson, '60). It would thug appear %h tls f}rom 44 to Be2.
matophora is rather a heterogeneous one showing hat the order Stylom-
in the number of chromosomes. § @ wide range of varigtion

On the other hand, the present investigation ys w

(Natarajan, ‘59) on the chromosomes of five SPeci: V(”)feuBas the previous gne
longing to the families Lymnaedae, Flanorbiidae ypq El?sor_r}matophora be-
the diploid chramosome number of this order is almogt obiidae show that
between g4 and 6. Previous .“.'ork on the Chromosomescoréstan‘t varying only
species belonging to the families Amphibolidae, Planorb'(?d this order on 20
Siphonaridae (Lecalvez and Certain, '50; Making. ... idae, Physidae anq
53 and Inaba, '53) also shows that the diploig n,unf[;é Inaba.and Tanaka,
only between g2 and 36.  Only three exceptions v of thig order varies
have so far been reported. The highest numbey of h . '

in Ancylastrum (Lecalvez and Certain, "50) must a5 59 chromosomeg obtained
themselves, be due to polyploidy. Kowslowsky )(19

in Melampus boholcensis of the family Ellobiidae (ci%é)))i :)eported that n = g
family Amphibolidae) but it has been definitely Show( Y Makino under (he
in another species of Melampus (M, ceilonicus) ag Welrll (Nfltarajan, ’59) that
rent genera of the same family (Cassidula anq Pyt 45 10 two other diffe-
some number ranges only between g4 and 36, Soy alla) the diploiq chromo.
(1940)‘ rcpf)rted that n = 6 in Physa gyring of the farnsi(l), tho}lgh Mahoney
apd Certain .(1950) and Inaba (1953) have recorded Y Phy51dae’ Le Calvez
different species of Physa they studied. Consequent] that n ~ g in three
Kowslowsky and Mahoney seem to be open to dg Y]; the earlier records of
tion Ubt and neeq reinvestiga-

Thus, cytologically the order Basommat
form and stable. Ophore appears to pe more unj

Wh.en we consider the karyotypes of the Stylo
cluded in the present study, there seems to be , Y MMatophopgyg forms i
morphology of the chromosomes in all of ther griinerall resemblance g tl}l;l
all the species contain only metacentric chromas, at is, the Karyot e
sible into two well defined size groups. In spi Which ape furthype(si'o.f
however, each karytope Is still conspicuo Pite of thege comme er divi-

! . us and djsgg mon  fea
difierences in chromosome numbers, the diﬁerenc(iist_xnct, In addition t(:urt;e‘S,
i S 1n the e

Morphology of the

mosome s,
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chromosomes also show up very well as distinguishing features of each karyo-
For example, in the three different species of Cryptozona studied (Na-

type.

tarajan, ‘58) the aumber as well as the morphology of the chromosomes are
variable. In C. bistrialis 2n = 54 with the complement made up of six big
clements and 48 smaller ones. In C. semirigata 2n = 56 with eight big and

forty-eight smaller elements while in C. belangeri the diploid number is 64
with the karyotype consisting of eight big and fifty-six small chromosomes. In
other three genera of the same family (Ariophantidae) viz., Mariella, Eup-
lecta and Macrochlamys the diploid chromosome numberg are 50, 54 and 6o res-
pectively The karyogrmas (Figs. 7, 2 and g) clearly show the differences
between them. It can also be further seen that though 2n = 54 in Crypto-
zona bistrialis and Euplecta in the karyotype of the former there are six big-
ger chiromosomes while in the later ten such elements are present.

The cytological conditions in Basommatophora are also similar. The in-
vestigations by the author on five members of Lymnaedae, Planorbiidae and
Ellobiidae show that their karyotypes consist of round or oblong shaped chro-
mosomes with no apparent constrictions. Further the chromosomes also fall
into two definite size groups. Previously Inaba (1953) and Inaba and Tanaka
(1953) have also reported that there occur only rounded or oblong shaped
chromosomes in all the six species of Basommataphorous snails they studied.
However, the studies by the author on different species of this order shows
that karvotype of each form differs from that of another either in number
or in morphology (size) of the chromosomes.

As stated earlier, there exists no critical or detailed work on the chro-
mosomes of Pulmonata in general, almost all the previous studies being res-
tricted to recording of the chromosome . numbers only. As such it is not
possible_here to make any reference or comparison of the. results of the . pre-
sent study with any of the previous works. However, the importance and
significance of the study of especially the morphology of the chromosomes in
the identification of the karyotypes of different species of Pulmonates is well
brought out by the present study, which also brings to light the marked dif-
ferences between the two orders of Pulmonata ° (Stylo—and Baso—mmato-
phora) bath in number as well as the morphology of the chromosomes.

The study of the chromosomes of fifteen species of Pulmonates by the
author shows clearly that all the elements of all the karyotypes resolve into
homologous pairs. Further, the behaviour of the chromosomes during sper-
matogenesis is also normal (Natarajan, unpublished). Therefore, it seems that
sex chromosomes that can be identified at the cytological level are absent
in all the forms studied. The absence of sex chromosomes in these forms
lends support to the view expressed by White (1954) that the various authors
like Perrot (1930) who claimed at one time or other to have discovered sex
chromosomes in such groups as flukes, snails and earthworms, were mistaken
either in their observations or in their interpretations.

The aquatic Basommatophora are always considered as ‘a primitive and
basal group. Morton (1958) has stated thay the family Ellobiidae of this
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order is the most primitive one while the other families like
Planorbiidae must be considered as more highly specialised. B
we could not trace any difterence between the families,
appearing as a primitive one with stablised kaTYOtype-s
wide variations.

Lymnaedae and
ut cytologically,
the order 43 4 whoge
which do not show

Of the order Stylommatophora, the family Succineidae ig considered

the primitive one while the superfamily Helicacea is generally taken a5 t;s
most highly advanced. Morton (1958) has, however, added thag almost ey e
superfamuily has at some time contributed a specialised shell-less line C iry
logical findings also seem 1o point to the same view. First of all, the' Ocz 0-
rence of almost unbroken series of 32 to 64 chromosomes in the diﬂer;r_
families of this order seem to suggest only a tendency towards an increase nt
the number of chromosomes during the course of evolution of this grouy in
stated by Husted and Burch (1946). But the secondary SPeCialisatiof topt}z:s
slug habit however, appears to have led towards a decrease in the number ,i
chromosomies again. For example, of the six species of the superfamil f\lr o
phantacea studied the shelled forms viz, Cryptozona, Euplectz l(;
Meacrochlamys have diploid chromosomes numbers of 54 (o 64 while j at{’]l
slug Alariella 2n = 0. So also the highly specialised and the entire]rl : e
families like Oncidiidae Vaginulidae and Arionidae show very 1 y slug
of 32, 94 and g6.

However, it must be pointed out here that the above g

) . ssumptions stj
await support from further extensive data on the chromosome P ill

Summary

1. The number and morphology of the chromosomes of

. $iX specie
Stylomumatophora and two species of Basommatophora have bee pecies  of

n studijed,
2. In five species of Stylommatophora belongin

. g to the famil .
nidae Ariophantidae and Enidae 2n = 48 to 64 w 11es  Achati-

hile in Laevicaulis of the

family Vaginulidae 2n = 34.
3. Of the order Basommatophora, 2n = g4 in Lymneq of .
Lymnaedae and 2n = 36 in Indoplanorbis of the famil ohine family

Y Planorbiigae,
4. Trom a cvtological point of view, the order St

. ! ylommatoph .
to be more advanced while Basommatophora appears Phora appears

to be more Primitive,
The sex chromosomes are absent in all the pulmonates styqg; d
ed.

5.
6. The two orders of Pulmonata show marked variations both i
ber and morphology of the chromosomes. I num-
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' Introduction

This paper records some of the results of an investioar; .
logy of thlc iI;sects associated with stem galls on the wild igri;;g: Oln the bio-
rosia purpurea Pers. (Leguminaceae). The caterpillars of Dact lg’tznt Teph.
da Meyrick produce stem galls on this plant. Brief descriptiozs Tfa c:andz.
have been given by Mani (1948) and Nayar (1948). Kalyanam (0 of this gall
ed observations on the Hymenopterous parasites attacking the 91?7) record-
comprehensive review of the literature on insect galls hag been gall-maker. A
ter (1939, 1952). Other important contributions on the Sub,ectglven by Car-
(1936) Barber (1938). Parr (1940). Short (1947%) Nysterakis (Jl are by Felt
mura (1947). The present study relates to the structyre of t11947) and Saki-
relationship between the gall maker and its parasites, ¢ gall ang the

Material and Methods

Samples of the gall were collected from plants ang Te
Pers occurring wild along the railway bunds near (he Cole
the banks of Vellar Estuary at Porto novo. Specimen tyt,
size were used for rearing the gall insects. Sections of thu es of g~
by using Carnoy’s 1:3 acetic alcohol as ﬁxing agent. Fore gall. “.re.re
minutes the fixation was under a partial vacuum, anq cold in;ﬁteraltr‘mlal

\tion aj

PRrosia purpureq
roon river and opn

fifteen
SO was
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done in a partial vacum. Safranin, Fast-green, Iron Haematoxylin and De-
lafield’s Haematoxylin were employed for staining,

Observations

The adults of Dactylethra candida (10 to 11 mm. in length—Fig. 1),
though capable of flight spend most of the time resting on the stems or on
the underside of the leaves of T. purpurea. The adult life rarely exceeds
4 days, and during this period they do not feed. For obtaining the eggs and
larvae, over a dozen pupae were taken in arearing tube, and this together with
a conical flask containing water and a shoot of T. purpurera dipping into
it were placed under a bell jar. Within two days after hatching the moths
laid numerous eggs on the stem of the twig. The eggs are small, (425 mi-
cra in length), cylindrical and ridged on the surface. They are scattered
along the stem and are lightly fastened to its surface (Fig. 2). The eggs
hatch in eight days (January),and the first stage larvae (0.51 mm. in length)
are found to crawl on the stem and they generally remain in the tender parts
of the shoot. It is difficult to rear the larvae outside the gall cavity under
laboratory conditions. Other larval instars were therefore determined from
the collection of a large number of larvae on the basis of size of head scle-
rites. There appear to be four larval stages. The entire larval period ex-
tends between go and 4o days, and the pupal duration varies from 10 to 18
days.

The first stage larva burrows into tissues of the tender terminal parts
of the stem. A pearshaped (13mm x 8mm)or fusiform gall develops around
the larva (Fig. 3). The larval cavity inside the gall becomes completely shut
off from the outside world. The larvae feed on the juicy inner wall of the
gall. The excretory pellets of the larva accumulate at the bottom of the
gall cavity. The fully grown larva (9 to 10. mm. in length) eats away the
wall at the top of the gall and makes an exit hole burrow and finally the exist
hole before pupation. Very rarely the exit hole is made at the bottom of
the gall near the ‘stalk’. The caterpillar may not be a serious pest of the
host plant because the gall appears to be a localised reaction of the plant to
the presence of the larvae.

When the caterpillar of D. candida completes the exit burrow, the apex
of the gall becomes thin (306 micra). At this stage the female Bracon greeni
Ashamed (Braconidae) oviposits into the gall by piercing the thin walled apex
of the gall. Vertical sections of the parasitised gall show the course of the
ovipositor (Fig. 4). The same method of oviposition is adopted by the other
parasites of D. candida viz. Eurytoma sp., (Eurytomidae), Bruchocida orien-
talis Crawford (Eupelmidae) and Neanastatus proximus Ferriere (Eupelmidae).
Brachymeria sp. and Antrocephalus sp. (Chalcididae) are endophagous para-
sites of the gall-maker. Goniozus sp. (Bethylidae) also attacks the caterpiliar
of D. candida. The larvae of B. greeni (Fig. 5) and Goniozus sp. are eeto-
phagous on the host caterpillar, usually more than one larva parasitising =
single host. ~ These larvae secrete membranous cases in which they purpate,
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The water content of the tissucs of the gall is 16 to 18 per cent. higher
than that of the normal stem.  The histology of the gall also differs markgedl
from that of the normal stem. Serial transverse sections through the U‘ansi}i
tional region between the gall and udjoimpg normal stem show the transfor-
mation of the tssue structure. ‘The gall is a  morbid modification of the
normal tissues. In the carly stages of the gall formation the vascular bundles
are widely separated by the pareuch}"nmlous cells. At a later stage the trga-
cheids proceed from the vascular regions and reach the zone of nourishment
surrounding the gall-maker.  Prominent nudlei are found in meg of the cells
of the young gall tssue. The full grown gall undergoes a great alteration in
its tissues by the hypertrophy, and hyperplusia of its cells with the result
that three distinct zones arc recognized in its wall. The differences in the
diameter measurements of normal cells and gall cells are shown in Table. 1.

TABLE 1

Diameter measurements (in micra) of the normal cells and
gall cells of Tephrosia purpureq

e

Normal Parasitised Well developed Transitiona] T

ransitiona)
Stem gall gall region region
Vertical Transverse  Upper Jevel Lower love]
Section Section
Cortical cell 12.57 34.96 30.3 7.61 23.76
Epidermal cell 13.64 19.32 15.92 19.32 18.18

The outermost zone is the cortical region consisting of thin wa)]
tous cells. The inner zone lining the gall cavity is the nutr
prised by cells rich in cytoplasm. In  between  these regi
highly thick walled cells which obviously lend rlgidity to

led Parenchyma-
e layer com.
ons is g layer of
he gall. (Fig. 6

Discussion

Various theories have been given to explain gall formation. g It
(1936) explained that whereas many insects kill the plant tissues ag th.e elt
of attack, the successful gall-makgs are more subtle in their effects, Acfzou()it
ing to him the histological r.nquﬁ‘catlon‘ in ga.ll is by diffusion of cel] Co; :
tents. the process evidently originating In Yeactions between the gall pr dn-
cers and adjacent tissues. The galls which are characteriseq by deﬁnicp odu-
and shapes are termed by Felt as determinate galls. He holds the viee sizes

the gall is a passive reaction of the plant (o the stimulj from th‘z tt:;lt
maker. 8
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Studies of clliptical goldenrod gall caused by Gnorimoschema gallae-
solidaginis (Riley) by Barber (1938) form a relevent reference. Though there
are parallel characters between the Goldenrod gall and  Tephrosia gall in
structure and biology, there are certain differences  characteristic for these
galls.

It is reported that G. galluesolidaginis produces only onc generation a
year. But D. candida is found to breed all through the year. The silk lining
of the gall cavity of the Goldenrod gall formed by the gall maker is absent
in Tephrosia gall. While the exit hole is closed by an ingeniously made
plug in Goldenrod gall, it is left open in Tephorosia gall. A ccan habita-
tion is maintained in the Goldenrod gall by the gall-maker which covers the
faccal deposits with silk; but in Tephrosia gall the faccal pellets lie uncover-
ed in the bottom of the gall. Parr (1940) studied galls produced by scale
msects and showed that the stimuli arise from salivary secretion.  He also
suggested the presence of enzyme-like substance in the salivary secretion as
responsible for tissue proliferation. The Coccid galls studied by Shrot (1947)
are causcd by the insect’s feeding. In this case the rate of growth of gall
affects the rate of growth of the insect. Nysterakis (1947) showed that the
leaf galls in vines due to Phylloxcra feeding were the result of injections of
indole-g-acetic acid into the plant by the insect. Carter (1952) expres-
ses the view that the toxins sccreted by the insect are comparable to plant
hormones. Sakimura (1947) concluded from a study of the gall produced by
thrips that they arc specific to the host plant and 1o the species of thrips pro-
ducing them. Imms (1947) says that injuries are probably coniributory influ-
ences in gall formation, combined with growth promoting secretions produced
by the insccts. Onc or both of these causes may influence the production of
auxin by the affected part of the plant. The more complex galls according
to him result probably from the combined influence of several causes. In the
Tephrosia gall proliferation of tissue ceases when the gall-making caterpiller is
fully grown. The gall formation in this plant is presumably due to the feed-
ing stimulus of the caterpillar.

Summary

Caterpillars of D. candida cause stem galls on Tephrosia purpurea. The
gall affords nourishment and protection to the ga}ankq and grows
by hypertrophy and hyperplasia of the stem tissues. The stn'nulus for gall
production appears to arise from irritation caused by spreading by the gall
insect. Numerous Hymenopterous parasites attack the gal'l maker, e.g. Goniozus
(Bethylidae); Brachymeria sp. Antrocephalus sp. (Cha}c1d1da§); Bracon greeni
(Braconidae); Eurytoma sp. (Eurytomidae); Bruchocida orienialis Crawford,
insect Neanastatus progimus Ferriere Eupelmidac). Species of Ncanastatus,
according to Dr. C. Ferriers (1957; personal communication) attack only
Cecidomyids; but here it has been peridically found to parasitise D. candida
(Galechidae).
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Introduction

In connection with the author’s taxonomic study of the fishes of the
family Bagridae, samples of Rita chrysea were collected from tht:? River Maha-
nadi during October-November, 1954. The species is endemic in the Maha-
nadi river system and has mnot been so far recorded from elsewhere. Four

samples are utilised for purposes of this study:

Range of Total length in mm,
126 940 to 212:0

It

Sample A from Anicut, Cuttack N

Sample B from Kamli Bazaar,
amp Sambalpur N = 167 485 to 2080

Sample C from Chandrapur N = 50 632 to 1460
e D {rom Tei Kiver,
Sampee Belgaon N = 12 560 to 1540

The fourth sample was collected by Chauhan (1947) from Tel River which
is a tributary of the Mahsnadi (see Fig. 1). The rest of the samples were

collected by the author.

The study was undertaken (i) to Test whether the stock in the River
Mahanadi is homogenous, (ii) to determine the population which diverges
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most, (iiiy to find whether the four samples are different from esc
(iv) to find whether they are taxonomically divergent to be na
rate infra-specific categories.

h other, an(i
med as sepa-

84 8
¢ n PRI 24.
‘,\..f' N "\ ]
< ) : \ -~
‘_ VPR ("\- i
L PRADE S !
A0Sy Y B IHAR
< 2 %
Nn )
d ‘/
,J\’.—- " o
Q\ e S ) | R
co ul‘ (-\./'\,/,,} \'\_\
RAIGARH o [
SHORINARAYAN CHANDRAPUR 0
’SAM BALPUR
HIRAKUD,
2Q°
Fig. 1. Map of River Mahanadi showing the localities from where samples  of Rﬁ
: o

chrysea were collected,

Methods

Samples were collected at random, without any
or fishing effort. The specimens were preserved in f
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ments were taken in the laboratory. The statistical work in this paper is
based on formulae and tables found in Simpson & Roe (1939) and Snedecar
(1946). The graphical representation of the variations are as proposed by
Dice & Lerass (1936), modified by Hubbs and Perlmutter (1942) and Hubbs
(1952). Another modification introduced is to arrange the graphs face to
face, which facilitates easier comparison of the overlapping standard devia-
tions of the two samples. In all graphs, the base line is the range, the hol-
low area is one standard deviation and the solid black area is two standard
crrors on cither side of the mean which is represented by the vertical small
line. ’

Analysis

A preliminary study was carried out employing the method of analysis '

of covariance. The data are presented in tables 1—g. The analysis révealed

possible populational divergence. In order to determine whether the popula-

tion (A) at Cuttack, which is the population from the type-locality, diverged

most, it was compared (table 10, figs. 2 & g (graphs 1 to 1i5) with all the re-

maining populations pooled together (X), employing the ¢ test. Ginshurg's

method (1938, 1939, 1940) of computing intergradation and divergence was
applied to these populations A and X. The results are as below:—

bias as regards to gear
ormalin and a]] measure-

In per cent » '
Intergradation . Divergence
*
SL/Body depth 3512 64-88
SL/Head width 29-49 7051
SL/Head depth 37-28 62-72
SL/Length of dorsal spine 3107 68-93
LH/Snout 33:32 6668
LH/Eye 3135 6865
LH/Width of gape of mouth 3874 61-26
LCPD/HCPD 16-89 83-11 -
LH/HCPD 7-93 9207

L

The analysis indicates that the populaﬁons have 'diverged to the subspecific
or specific levels in respect to charac't'é/rs such as the length and depth .(;)f the

caudal peduncle.

® Throughout this paper SL =
Len_gth of caudal Peduncle, and HCPD

Standard length; LH = Length of head; LCPli =
Least depth of caudal peduncle.



5.6

7.6
Graph

Sample (X)
h 7. LH/Width of gape

5.4
- 5.4

Cuttack;
SL./Head width;

5.0
7.0
5.0
5,0
Anicut,
2 -

6.8
34

44
6.4
6.4
4.4

3,2
%ol
44

; Graph 6. LH/Eye, and Grap

SL/Body depth; Graph

4.0
6.0
G,Q .
4.0
3.0
1.
/Snout

40

Sample (A) from River Mahanadi,

4.0

3,6
5.6
5.6
3.6
2.8
3.6

3.6

parison of two samples of R. chrysea.
together.) Graph

pooled
sal spine; Graph 5. LH

3.0
2.6

5,0
5,0
3.0
3.0
30

24

and Belgaon (all
4, SL/Length of dor

pur,

44
2.4
Biometric com
pur, Chandra
depth; Graph

2,

GRAPH 1
GRAPH 2
GRAPH 3 44

GRAPH 4
GRAPH 5 2.4
GRAPH 6 22

GRAPH 7

Fig.
from Sambal
3. SL/Head

of mouth.

March 1960] K. C. JAYARAM : RACIAL ANALYSIS MAHANADI! RIVER 89

Having thus established that the typical population at Cuttack is diver-
gent to the maximum extent from all the other populations pooled together,
the Sambalpur population (B) was compared (table 10, figs 4 and 4 (graphs
16 to 26) with the population at Cuttack (A) to determine whether it is
statistically different when considered alone. A third comparison was made
(table 10, fig. 6 (graphs 27 fo 29 ) to determine whether the Chandrapur
population (C) is statistically different from the Sambalpur population (B).

Discussion

As a result of these studies, it is concluded that (i) the stock of R. chry-
s¢a in the River Mahanadi is heterogenous, (ii) the population at Cuttack
diverges most, and (iii) the populations at Sambalpur, Chandrapur are statis-
tically different from each other.

GRAPH &
A jom—  wasm|
X o o
GRAPH 9 2.0 2.4 2.8 3.2 3.6 4.0
A ‘-—1:*:!‘—"
b —_—
. .2
GRAPHIO M2 L4 18 2
A — 7
b
. 6.6 7.0 7.2
GRAPH 11 5.8 62
A | S S ——
X | S - ull
. 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8
GRAPH 12
A | em—
e
X
1.0 1.2 L4 1.6 1.8 2.0 2.2
Fig, 3. Biomctric comparison of two samples of R. chrysca. Sample (A} from River

Mahanadi, Anicut, Cuttack; Sample (X) from Sampa]pur, Chandrapur, and Belgaon (all
pooled together.) Graph 8. LH/HCPD; Graph 9 LH/LCPD; Graph 10. Dorsal fin rays; Graph
11. LH/Int. Orb. Wdh; Graph 12 Snout/Eye; Graph 13. SL/Head length; Graph 14,
LH/LCPD, and Graph 15. Int. Orb. Wdth. /Eye,

The taxonomic characters which show the divergence among these popu-
lations best are the relative length and depth of the caudal peduncle. Al-
though the divergence approaches high level of differentiation if Ginsburg’s
method (loc. cit)) of designating populations is used, they are not named
since these differences are purely statistical and may not represent real, bio-
logical differences to separate them taxonomically. Further, the possibility
of geographical gradients among the characters selected in the various popu-
lz'ltions is also not eliminated. As such, these populations are ten[atively con-
sidered as races.

12
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tate. Above the anicut, which

{Vol. 12, No. i
is & stane bridge temporarily  planked during
the suminer months 4 vast sheer of water of

considerable depth s impound-
ed.  Only the overflow is releascd through

sluice  gates across which fisher-
men place their trap nets and catch 2 good deal

at Sambalpur district is surrounded by an undulat
balpur and Belgaon, the river flows fast through a beq of rocks and boulder;
with a number of rapids and riffles. The stream is broken up and flows
over clear gravel or sandy bed. At Chandrapur the river flows through a
shallow bed of sand and fine mud, with a slow current. These different €Co-
clerogenity of the population
anadi studied.

of fish. The river course
ing hilly terrain. At Sani-

logical features also seem to corraborate the h
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Acknowledgements

This work was done in the laboratories o

dwing 1953-1956 when the writer w

tute of Sciences of India. Thanks

Zoological Survey of India and the Nationa Insticute of scicnces

I am also thankful to Dr. M. P, Motwan; and Shri
eritically reading  through thig paper.

[ the Zoological Survey of India
5 a research fellow of the National Insti-

are due to Dr. M. L. Roonwal, Director

or facilities,
K. H, Sujansinghani for

Summary

Four random samples of R. chrysea from Cuttack, §
pur and Belguaon, all of the Mahanad; river system
homogenity or heterogeneity of the stock in the yi

termine the population diverging most, ang

ambalpur, Chandra.
v were studied to test the
vers it heterogenous to de-

the differences, if any, between

method revealeq possible popu-
it was found thgag the popula-
at Sambalpur ang Chandrapur
ough the divergence ;s of sub-

the four samples. Analysis by the Covariance
lational divergence. By employing the ¢ teg
tion at Cuttack diverged most and that others
are statistically different from each other. Alth
specific order as per Ginsburg’s method (1938)
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TABLE 1

les of
Comparison of the regressions of the total.length ‘of fo;.r samp
Rita Chrysea population from River Mahanadi

c D
Sanples A }3”7“7;% v
I:*‘ 125 148% 49 11
S (x-x)? 32394-80 70323-30 10874-76 12167
X-X
S (y-y)? 49690-85 1051-86 17322-33 19892
¥y-y )
8 (x-x) (3-¥) 33930-72 85257-05 13637 15518.65
. ) -
1-202 1.212 1-253 1-276
b
” 332-6 087 19802
3 (%-X y 4670473 10332-64 17
S (x-x -y
byx e v 2896-12 1853 235 90
s (y-y)“——byx S (x-x) (¥-¥) T
Test of heterogeneicy of regressions within the population
o N . Mean sum  Obs, 19 F,
Source of Variation D. ¥. 8. 8. of Squares T
S ” .
Separate Regression 332 5074
Q3 R
Common Regression 335 5401
Deviati 3 - 327 109 715223 4.6¢
eviation
i = Kegression Coefficient
D. F. = Degrees of Freedom byx Kegressio
X = Standard length _ y = Mean of values of y
Y The variable S = Summation
= rved F,
= Mean of values of x Obs, F. = Observe

*  Qut of 167 specimens, 18 had their caudal fin damaged.
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TABLE 2

C . .
ompzau'xsonf ojfi .;he regressions of the length of head of four s |
of Rita Chrysea population from River Mahanadi e

Samples A B
(vemples A C D
D. F, 5 T
S(x_x), ‘ '12;) 166 49 11
el 3239480 74342-18 1087476 12167
S<X-;) - 3016-12 577937 9236 1029
; -3 9250-03 2060336 312976 347‘%
x 0-2855 0-2771 0-2878 02854
b 8S(x-x) (v-v
i (XX) (¥-y) 2640-88 5709-19 900-74 991-19
S - 7 2- B o &
(3-¥) bny (x-x) (3-3) 37534 70-18 22-86 38
-
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20
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T 3 i
0on

Source of Variation D F 8. 8, Mean sum e
— S of Squares Obs. F, 19 F
Separate Regression 350 46T yaai o —— ’
Common Regression 35?3 g?ggg 1-335 T
Deviation 3
. 5077 16.92 A T
12‘674 4'66 ’

March 1960] K. C. JAYARAM: RACIAL ANALYSIS OF RITA CHRYSEA 95
TABLE 3

Comparison of the regressions of the depth of body of four samples
of Rita Chrysee from River Mahanadi

Samples A B C D

D. F. 125 166 49 11

S (x-X)? 32304-80 7434218 1087476 12167
S (y-9)" 218623 5580°56 81371 857
S (x-) (¥-Y) 7489-95  20120-8 2033:20  3202.45
boy 0-2312 0-2706 0-2697  0-2632
bny (x-x) (3-7) 173168 544469 79108 842-18
S(y-i)ﬂ_-byxs (x-x) (3-Y) 454°55 135-87 22:63 1412

Test of heterogeneity of regressions within the population

e

Mean sum o0} iy F,

Source of Variation D. F. 8.8 of Squares
Separate Regression 350 627:17 1-7817
Common Regression 353 862-46

Deviation

3 235-29 7843 43-889 466
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TABLE 4

Comparison of the regressions of the length of snout of four samples
of Rita Chrysent from River Mahanadi

Samples A B C D

D. F. 125 166 49 11

S (x-x)? 32304-80 7431218 1087476 12167
S(y-v)e 482:239 691-691 LiL67 116-77

8 (x-x) (¥-) 3639-700 702510 101802 116988
Do 0-1124 0-0945 0-0036 0-0962
DS (x-x) (¥-9) 409102 663872 9529 112-54
S(y-g%)eul)yxs (x-x) (¥-¥) 73137 27-814 1638 423

Test of heterogeneity of regressiong within the population

Mean sum Obs. F.

Source of Variation D, F. S. 8. of Squares 1% F.
Separate Regression 350 121 57 0-3464
Common Regression 353 12916
Deviation 3 7-585 2:528 7-298 466
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TABLE 5
Comparison of the Regressions of the Diameter of Eye of
four samples of Riie Chrysea from River Mahqnadi" ‘
Samples A B C D

D.F 125 166 49 11
S (x-x)“ 32394-80 74342-18 10874:76 12167
S (7-9)" T1-43 209-65 3302 4
8 (x-%) (7-¥) 102525 3649-75 564:07  650-10
b .

X 0-0316 0-049 0-0518  0:053
by (%) (1) 32:40 17884 2992 34:45
8 ()’ —by, S (6 () 39-03 30+81 380 955

Sour s Mean sum

Source of Variation D. F. . S. S. of Squares Obs.F, 1% F.
Seperate Regression 250 8319 0-237

Common Regression - 353 96-404

Deviation 3 13-21 4403 18-578 4-66

13

T
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TABLE 6

Comparison of the regressions of the interorbital space width of four

samples of Rita Chrysead from River Mahanadi

Samples A B C D
D. F. 125 166 11 49
8 (x-x)? 32394-80 7434218 10874-76 12167
SN © 642-96 912-418 9548 168
S (x-X) (7-Y) : 430962 7807-39 88786 1340-85
yx :
b S(x-x) (F-7) 57318 819-78 1245 14749
yx
8 (79)'—Dy S (x-x) (7-) 69-78 9264 2303 205
Test of heterogeneity of regressions within the population
- . .
. ; Mean sum .
Source of Variation D. F. S. S, of Squares Obs. V. 1% .
Separate Regression 350 20596 0-5868 53-988
Common Regression 353 301-00
—_—
Deviation 3 95-04 3168 53-988 466

s
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TABLE 7

Comparison of the Regressions of the Length of Dorsal Spine
of four Samples of Rita Chrysea from River Mahanadi

Samples A B C D

D, F. 125 166 49 11

8 (x-x)! 3239480 7434218  10874:76 12167
S (y-7)? 491148 11321:50  2093-38 110656

S (x-X) (7-7) 1116155 28509:87 412251 3169-53
bex 0-3445 0 3835 0-4338 02605
b 8 (x-x) (3-Y) 384515 1093354 2048-62 82577
S (y.f)ﬂ_byxs (xx) (y-y) 106633 387-96 44°76 280-79

Test of heterogeneity of regressions within the population

Soutce of Variation D. F. 5.8, NS Obs.F. 1%F.
Separate Regression 350 1779.84 4,929
Common Regression 353 2109.31

Deviation 3 329.47 109.823  22.81 4.66
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Comparison of the Regressions of the Length of Caudal Peduncl
of four Samples of Rita Chrysee from River Mahanadi )

Samples A B C D
bE T T
8 (x-x)? 32394-80 74342-18 1037470 12167
S (y-y) 808674 2129-737 352-48 493
8 (xx) (3-7) 4711-60 12379-009 1895-77¢ 220079
box 0-1454 0-1665 01742 0-181
bny (x-x) (3-¥) 685-07 2061-104 33024 308-33
S (y.§)“—l)yxs (x-X) (¥-¥) 128-604 68633 22-24 94.47
Test of heterogeneity of regression;;\:i;in* t\hgig;;);;;ivo;\ VVVVV -
et v DR ns mam o
e o e
Common Regression 353 247901
— 3 e wm
o ——
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TABLE 9

Comparison of the Regressions of the Anal Fin Rays Count of
four Samples of Rita Chrysca from River Mahanadi

Samples A B C D

D. F. 125 166 49 11

8 (x-X)° 3239480 7434218 1087476 12167

8 (y-y)? 109-64 15255 5162 17-6

S (x-x) (y-Y) 94315 2609-82 623344  374-20
by 00291 00351 0-0573 00308
beS (x-x) (¥-¥) 27466 91-60 3572 11°55
S(y-y)?—byxs (x-x) (¥-¥) 8219 60-25 1590 6-07

~ e T e e e e ——

Test of heterogeneity of regressiong within the population

< Mean sum
Source of Variation D. F. S. S, of Squ';res Obs. F. 19 F.

Separate Regression 350  163-11 04704
Common Regression 353 206-066
Deviation 3 40:956  13-652 29-022 4466

Ny

J -
!< ) Q) O«Lfré\ Zs
NGO 121)
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TABLE 10

Biometric Comparison of the Samples of Rita Chrysea

Characters Samples A & X  Samples A & B Samples B & ¢

e T T T T T T T T T T e———

¢ P ¢ P t P
e
SL/Body depth 610 l;{:;fl b0l 510 {ﬁ:{s} oL 062 (t}‘g:stevo.lo
SL/Head length 190 %;?teté).05 270 {ileasﬁ 001 2:00 0.05
SL/Head width 8:10 Itﬁ:i 001 780 I{E:i 001 260 I{]S:; 0-02
SL/Head depth 530 %ﬁ:i 001 540 [t‘;::i 0-01 +90 Itf:z 0-01
Shjtongi of domsl Lo 0 o T e
LH/Snout 640 :ﬁ;sg 0+01 a0 é‘lf:: 0-01 20 tlﬁg 0-01
LH/Eye 910 Itﬁii 001 0 {f:fl 0-01 1o Itfii 001
LH/Int. Orb. Wdh, 3:50 {f:; 0oL 170 $:§t816-10 7-40 t}h?: .
LEL/Width of gape of 560 Lew o0 0% Gan oo e 001
Lly;iznngglg of Cand. 280 0.01 2:30 g;le:s 0-02 0-21 ?hl::telg);lo
LB Least beight of 268 L0 001 B e oL 0
gt it 110 o S O e
Caud. Ped.
L " o TR 3
Snout/Eye 450 {,;:2 ool 450 if:‘i: ool 1440  Greater

than 010
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Introduction

For the development and scientific management of a fishery, it is essen.
tial to kuow amougst other things size or age composition of its stock from
ceason to scason and from year to year. Sidlago sthama, however, comprises
a minor fishery in certain estuarine and inshore waters of the Bombay State
(original}, and e different stocks generally seem to have a restricted habi-
tat. So far, no studies on the general biology of this delicious foog fish of
this region have becn made, although some o'bscrvations on the Indian Whir.
ing from the Rameswaram Island (Sout:h India) have been‘ recorded by Ragdhg.
krishnan (1037). The present paper is a  purt of the investigation op the
‘biology and fishery of Sillago szhamfz in \K:u:war- waters, conducted Over a period
of three years and relates to the size distribution of the fish, occurring ip
the Kali River estuary up to about g miles from the river mouth ang in the
inshore waters of Karwar. An attempt is made here to indicate the distri-
bution of the fish sizes during the course of the year in sea ang estuary ang
also the pussible movements of the fish from sea to estuary.
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Material and Methods

The fish is caught in abundance in the estuary during the season from
June to October. During this period fishing is generally made by drift nets
in the vicinity of the river mouth, while angling and cast-net fishing is re-
sorted to during the rest of the year. In the coastal inshore waters, the fish
is generally caught in shore-seine, locally known as Yend: over a major part
of the year. Very young juveniles also occur in fairly large numbers in the
inshorc catches made by large shore-seines, known as Rampani, only during
December and January.

Since it was not possible to follow a definite method of sampling on ac-
count of the difficulty in obtaining regular collections of fish for study, all
the samples collected for each month, from different sources were considered
to represeut at best, the general population restricted to the limited area of
distribution of the fish in Karwar waters. To faciliate comparison of figures
for different months, the percentages of fish in each 20 mm. sizeclass have
been tabulated, as the total nunber varied from month to month. The data
collected from estuarine and marine habits relate to the year 1951-1952. Dur-
ing the course of this investigation about 7,000 specimens were examined for
total length. It may be observed that the samples for some months are
rather small for this type of study and no samples could be obtained from the
sea during September, October and April. The object of the present investiga-
tion is therefore, limited to study broadly the distribution of this common
food fish in the two neighbouring surroundings-estuary and sea, during its
life-cycle and only to this extent the value of the data may be judged. Each.
length-class is denoted by the extreme limit of the respective group while
discussing the length-frequencies.

New Recruitment

The first indication of new recruitment to the Sillago population is
the occurence of post-larval and early juvenile forms caught in the large
shore-seines (Rampani), in the inshore waters soon after the spawning’
season viz. August-October. Those young forms further seem to suggest
that the eggs and larvae of the fish drift with the fast moving current
of the river during the monsoon, into the inshore waters of the Karwar Bay

14
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and develop there.  As the Ilarvae grow into  postlarvac
forms, they restrict themselves 1o the inshore waters or to
when it may be possible for them to move up the stream.

served from Fig. 1 that they varied within the range of ¢

and juvenile
the river hank
It may be ob-
mm. to 140 mm.

N\
LENGTH FREQUENCY DISTRIBUTION O8 JUVENILE S SiH
: X J StHAMA
CAUGHT IN “RAMPANY DURING DECEMBER 1951 § JANUARY
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size-groups during December, with a peak at 40 mm, grou
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they were found only within 40-100 mm. size-classes, the

at 6o mm. group.

p- During Jammry
highest mogde being
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Fish from Inshore Waters

- o-frequency percentage distributions of the marine (inshore) form;
The size 1-52 are shown in fig. 2. In the month of June, specimens o
during t.he ycarbltg‘geen 6o mm. and 240 mm. size-groups were recorded with
Sillago ilhi:;l:nc: of 120-160 mm. groups, and a peak at 140 mm. group. July
a fair abu

— - e

]

0] FEBRUARY

A04

~— ' MARCH

130
st
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10
101

: ; - .60-mm. and 340 mm.

. varying between 6o m .

. wider range of fish size, - lmost . negli-

resentec’ & individuals in length-classes beyond 220 mm. were a(‘i“ St t%is

groups, but m. group continued to show the highest percentag;! u(;mg for

giblc.h :js(:) mwit‘h an additional mode at 200 mm. group. The data fo
month aiso,
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August are represented by a few specimeng
with a peak at 160 mm. group. The
ber fell within 100 mm. and goo mm. groups,
mm., 200 nm and 28omm. groups respectively,
December with a fair abundance of 160 and

with 140180 mm. groups
fish measured during Novern.
showing three modes at 100

The same range stood for
180 mm, Eroups and a mode

LENGTH FREQUENCY HISTOGRAMS SHOwInG The
DISTRIBUTION OF S.SIMAMA IN THE INSHORE WATERS oF
KARWAR., DURING THE YEAR 1951-1952,
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at 160 mm. group. During January, the size-classes ran B
to~z40 mm, with a distinct mode at 140 mm, grou Ige .from 100 mm.
material available during February, the first mode se}::'mv N spite of the scanty
ly dominant at 140 mm. group, whi $ to remain consisten;-.
‘Jated. For March, only 100 mim, :40 mm. is seen ise.
'¢ represented with

le a smal} group at
10 140 mm, groups w
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The size-frequencies for May range within 120-180

: . class. r 1
o mode at a0 the first set of the population showing a de-

mm. and 220-240 mm. groups,

(inite mode at 140 mim. group-. | | | |
1 ears from the above that the major population of S. sthama in the
t app

| waters mainly comprised 140 mm. and 160 mm. length-classes during
coasta wia

the course of the year under investigation.

Fish from the Estuary

the data represented in fig. 3, showing the
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from the tiver n‘mutl.l, brings out relatively wider fluctuations ;
rence of the major size-groups of the fish, captured durin( }?5 in
year. The June population presents two modes, firse gt 1g the course of (i
the second at 240 mm. group. During the succeedim; thdo mm. group and
mark the breeding period, the fisst mode (140 mm) bscénlrseefoxz(?lit}n, which

‘ 1sappear, so

——

the occur-

T
15 L FEBRUARY

10

v MARCH

2oy APRIL

15t

U io

that in July, the mode at 240 mm. group is dominant, | )

tember the first “mode lies at 240 mm. apg -+ A0 August gpd Sep-
tively, with an "additional mode at 300 mm. groy #20 mm. classes respec-
the size limit ranges between 120 and gtio mm, b. Durmg JUIY'August

mm. groups in'September. OF the - two modes Ilg;t(:sléip s ;:gnbetwecn 180-36¢

g OCtober, the
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i x 'y is relatively smaller than the prominent second
{irst ouic wt 200 mu. group e g Wilh the. close

' atedd at gbo .
mode, conunotily located at 20

f the brecding scason ‘e, hrom  November onwards, the modes seem to
of the Drecdilly Stas==w . . . ’ 1CC C ;
o size-oroups  presuimably - on account o > disap-
move towards the smaller sizc-groups  Preswtiin’y s b the disap
arecr individuals  from this area. The mode at 200 mm.
“ro

sarance of the ! le
D b [ ‘ine November, showing additional isolated
: : ine November, showing an additional isolated

group becomes dominant durng g

group at 120 mnL This mode (20<" ““'“-) seems 1o shift t’oﬁxlvurds_ smaller
;gr'oups, 31l in Januvary it comes O slay at 14(() mal. grpup, I'he histogram
for February shows four mf)dcs: two ol them at 1;10;1()0 minL and 240 mm.
sroups are pmminem' wlulcrl‘hc first at 100 mm. | and the last ag 920 mn.
gmup are negligibly small. Two populations become marked  out during
March, with the first mode at 120 mm.  group and th; S?Cf)[]d at 260 mmn.,
oroup. During April, the first populatx(.m of small'er'm(.hwduals does not
:ccm to be propcrly rcprcscmcd dmug.h its presence is indicated by the mode
at zoo mm. group, while .Lhc sccomd s .mz.lrked by the mode al 240 mm,
aroup. The two popul:mons are again (llSl{IlCtl)’ sthH by the histogram for
May, the mode at 160 mm. group representing the first, and that at 269 mm.

the second.

Thus the variations in the occurrence of the different size-classes tend to

bring out the following important points:—

, with modes fluctuating between 220-300 mm. groups pre-

i, Large fisl ' ‘ :
uly to October, i.e. during the breeding scason or the

dominate during |
IMoHsooh pcnod,

Sumaller fish with the mode gradually shifting back from 200 mum,

2. !
nm. group, predommale from November to January.

gl()llp to 100 )

g. Two distinct populations of the smaller and larger groups are found
io cxist from February to June, the s‘nmllcr being fepl‘CS?llted by the modes
(luctuating hetween 120 wmm. and 1060 mm. groups, while the larger with

1 g

modes between 240 ml. aitd zbo mm. groups.

The above points futhcr scem  to maintain a close hﬂrmqny with the
phases of life-cycle of the fish, durmg the course of the year. The first one tends
to show the congregation of larger forms, above 200 mm. group, for the
Surpose of breeding c{urlljlg’ the 131(>115<><311 perwd, 1hus'g1vmg a picture of ch0
breeding Population of S.zl.l(zgo, _Fhe stuclllm ?n feXUdl mnturlty of t'h(.z fish
hove shown that the whiting attaius sexudtl maturity »at an average minimum
size of 240 mm. In total length.’ It mgy also I;e gpted here that the' larger
fish migrating (o the estuary takcb. to1 (?t'toz(lll ceding, subsisting n-lamly on
polychaete worms, the common  DbIVd \e; ‘113 hto s(l)]mefextent on crustaceans
like prawns and crabs. This tends- to show lt at the fish may be moving to
the estuary primﬂrily for fo‘od.‘ With the dlose of the breeding season, new

dded. as indicated by major prevalence of smaller groups

ulations are 2 : )
ggtpwe;:n (o0 mm. and 200 miL during the period November to March which
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has been noted by us as the ‘resting period’ from the studies on g
turity. Xual ma.
General Remarks

A close scrutiny of the above observations su
tures. with regard to the growth and movements
under investigation:

ggests some interestip
. g fea-
of the fish ip the loca]ity

1. 8. sthama generally occurs in all phases of the life ¢
during the course of the year, the large-sized fish being well
during the breeding period.

ycle in the river
represented only

2. Small and medium sized fish are generally found

. in the i
waters in all the months. nshore

. The fish larger than 220 mm. group generally s
river,3 first for food fnd then for breed;gng, b8 Y scem to move 1o the

It may be observed here that some earlier workers
possibility of migration of the fish to the deep sea after s
to our knowledge, not even a single stray specimen
known to be caught by fishermen going for offshore
the trawl fishing experiments in offshore waters of Karw
ernment of India during December to March, Sillago, t
was never reported, while many other fishes like
fishes, Synagris sp. etc. were noted. The large adults
do not seem to return to the sea after spawning in the

have indicated (pe
Pawning. However,
of Sillago has been
fishing. Likewise, in
ar, organised by Goy.
hough a bottom feeder
small pomfrets, SOlf;

of Sillago therefore
estuary. ’

4. New recruitment takes place during December and

anu ;
by the sudden appearance of post-larvae and juvenile formJ o, S shown

$ in these months,

5. An attempt to broadly classify the general fish stock
estuary during the course of the year, tends to show th
groups: —

s in (he sea and
¢ following (hree

Group Range of size Habits R
_.____"_”.__.._,,,___..........v-.-------n--“"""“'"“"_*“*’—‘—_‘”‘*\_\
1 Upto 140 mm, Sea
II 140-240 mm. Sea and Estuary
11 240 mm-360 mm. Estuary
——

6. The larger fish above 220 mm. from group II, se
dually from sea to the river, during December to March.
ferred from their meagre presence or total absence in the },

€m .[0 move gra-
This cap be in.

istograms (Fig. 2)
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for the marine fish during these months, and their distinct appearance in the
histograms (Fig. 3) for the estuarine fish.

It may be observed from the preliminary remarks made above that the
whereabouts of the large-sized fish which congregate in the estuary during the
breeding season, are rather confounding as they are neither reported from the
sea nor from the estuary after the close of the spawning. Their recurrence
during the succeeding season, however, needs further study for elucidation of
this point.

The observations made above do not seem to agree with those of Radha-
krishnan (1957), on the Indian Sand Whiting of the Rameshwaram Island.
According to him the fish occurs there in  sizes ranging from 2-29 cm. in
total length, the commercial size being 16-23 cm. It is also reported that the
species attains sexual maturity at a length as small as 13-14 cm. However,
the obscrvations made in the present investigation, indicate that the size at
first maturity is at about 240 mm. In view of these differences, a further
comparative study of the Indian whiting from the two coasts, will be worth
while.
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Introduction

In order that any organism occupy a particular habitay
that it be properly adjusted, mainly in reproduction nutritio
tion, to that environment. The adjustment to respiration is co
habitats may be changed for purpose of food gathering or f

» 1t 1S essentig]
0 and respira.
ntin .
uous, while
T reproduction,

There are at least three types of aquatic environment

in which zep:.
respiration is of advantage to the fish: aerial
(1) In which the water is periodically removed for , tho

for a longer time, as in many shallow freshwaters of

ing the hot and dry summer (April to June)

Tt time o

India dUr.
months,
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(2) shallow freshwaters with lack of oxygen: in these con-
ditions also it will be of advantage for a fish to meet its res-
piratory needs cither by an increase of the respiratory surface
for aquatic respiration and direct contact with the air afrerwards,
or by coming to the surface and then taking in occasional gulps
of air and passing it over the gills,

(3) the stagnant and foul waters, in which exeess of carbon-di-oxide
and other harmful gases, caused by the decaying organic matter
are present.

In gill-breathing the potent factors are oxygen and carbon-di-oxide ten-
sions of the water bathing the gills, as the gill breathers are not able to con-
trol the carbon-di-oxide and oxygen tensions of the water bathing the gills,
since it is more of an open system. The one essential difference in the
physiology of respiration of terrestrial and aquatic animals is that terrestrial
animals are able within limits to control the oxygen and carbon-di-oxide
partial pressures of their external environment by the rate and depth of res-
piration, while aquatic animals have very little at least far less control of the
oxygen and carbon-di-oxide tensions of the water bathing their gills.

The experiments to be described in the following pages were devised to
obtain information on asphyxiation of air-breathing fishes by preventing access
to air and also concerning the influence of carbon-di-oxide on these fishes
in the presence of sufficient oxygen. To my knowledge no attention has been
paid to COz asphyxiation of these fishes in India. ‘

Historical

In recent years several useful reviews on respiration of fishes have appear-
ed by Powers et al (1932) on the relationship of fishes to the environment,
Dam ('38) on the utilization of oxygen and regulation of breathing in aquatic
animals, Korgh (41) on the comparative physiology of respiratory mechanisms
and Hoar ¢t al ('51) on some aspects of the physiology of fish respira-
tion.

The response of some fishes to changes in environment mainly in the
oxygen and also the carbon-di-oxide contents of the inspiratory water, has
been discussed by many workers, but on searching through the literature it
hecomes evident that very little attention has been paid in India to the
differen: aspects of the physiology of fish respiration. In the past quarter of
a century much literature has accumulated. Das (’27) performed
drowning experiments with the air-breathing fishes of India; Ghosh ('33) made
certain  observations on the asphyxiation of some air-breathing fishes of
Bengal; Basu (49) on oxygen requirements of Indian fishes; Black and Black
('’s1) worked on the carbon-di-oxide asphyxiation of some British' Columbia
freshwater fishes; Saxena (59) on the influenec of COz2 on the réspirator
movement of Heteropmeustes fossilis. ‘
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Living fishes were procured throug ]
_ gh  the fisherme
Lucknow. Only Clarias batrachus and Heleropneysie " At Kanpur g4pg

) : . s fossilis, X
breathing fishes, were used. Al] the fishes were ke > the common  aijr.

. Pt under I,
ditions for at least seventy two hours before they were SUbjcsttzratory con-
0 experi-

{nental conditions and data collected in the following experim
in the tables and appropriate graphs also drawn. s are given

Experiments

(i) Preventing access to air.

A. With the fishes in closed jar with conlinuous flow of waye

aler.
. .The air breathing fishes H. fossiliy and C. balrachus are kept i
jar in which a continuous current of water is maintained. "lPt 1‘11 a closeq
water runs at a constant pressure and speed, a constant level ¢ 119 énsure. that
i1s mtroduced in between the tap and the experimental jary 311 cr (Fig. 1)
level cylinder was 2} inches in diameter open at both ends an('1 he Constang

a rubber cork at one end with three apertures and open at t}Il’ZOWtd;d with
) Other eng,

Text-fig. 1. Apparatus to provide a continuous flow of water thronel,
-1

a jar,

Each aperture is provided with a glass tube (a) from the (5
tube and (c) connected to the experimental jar. Precaution
there may be no leakage of air bubbles in the jars from gap 1
ensure this all the joints were sealed with wax and testeq. Zf}t) ace anq ¢,
duction of the fish in the experimental jars, the foy, of r the ingp,.
through them was maintained from 250 to 300 c.c per mianatfer Curreng
experiments. The temperature varied between 21° and 23°C. T ¢ M all the
by each species to stop all the respiratory movements was nOtede Period takey,
content of the water flowing through the jars varied froyp, 3 8 op © oxygen

’ m. tg 4.5

P (b) an gyer flow
S are takep g that
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ppm. and the CO, contents varied from %50 to 835 ppm. through out the
experiments.

Results: —It was observed that H. fossilis and C. batrachus remained
active cven after ten to fifteen days without showing any visible effect on this
activity.

B. With the fiishes in an aquarium with a horizontal diaphragm near
water surface.

The fishes were placed in aquaria (one specimen of each species in one
aquarium) filled with fresh-water from the tap. The aquaria used were of
large size (4 x 2’ x 16”) (Fig 2). A slow but continuous stream of water
was allowed to flow through. The constant current of water caused no dis-

[

R
KL

i

HORITONTAL DIAPHRAGM

SCREW CLIP
l TO REGULATE
WATER FLOw

Text-fig. 2. Aquarium with horizontal diaphragm and continuous flow of water,

turbance whatsoever. The fish were kept in the aquaria for 36 hours before
a diaphragm made of wire netting was immersed under surface of water to
prevent the fish from coming to the surface. The level of the water was
never allowed to fall to the level of the diaphragm and throughout the ex-
periments the fishes had no access to atmospheric air. The oxygen content
of the water in different aquaria varied from 4 to 4.8 ppm. and CO, con-
tent varied from 75 to go ppm. The temperature through out the experi-
ments varied from 21° to 23°C.

Results: —Surprisingly the results obtained were similar to those in the
other set of experiments. Fishes remained alive and active even after twelve
to fifteen days without showing any visible effect on their activity.
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(iiy With fishes in air-tight water filled jar.

The weight of the fishes used varied in H. fossilis between 36.5 gms. and
38 gms. and in C. batrachus between 51.5 and 53.5 gms. only. Individya fisheg
(H. fossilis and C. batrachus) were placed in botdes filled with water con-
taining adequate quantities of oxygen for respiration. The eXperimental
bottles were sealed and care was taken to ensure that they were free from entrap.
ped air bubbles. This was achieved by using a jar fitted with rubber cork pro-
vided with two holes through which (Fig. g) glass tubings were passed, one
of the tubes reaching the bottom of the jar. The tube which does no¢ !rCach
the bottom was connected with the aspirator bottle. Screw-clips  were pro-
vided on both the tubes. The jar was filled wih water and the fish placed
in it and the rubber cork was replaced tightly. The screw clip was opened

FROM TAP

Text-fig. 3. Appavatus for experiment B,

and the water was allowed to flow freely through the jar ang
through the glass tube. The samples .of water were collected fq
CO, and O, contents before the experlmen.ts. When there way no air-bupy,
in the jav the screw clip on the tube leading to the jar from aspirator bble
was closed and later the other clip was also closed. The CO, conten ottle
water was increased due to the respiration of fish. When all (p, o OF the
movements had ceased the jars were opened and two sampl sp-ratory

; . bottles for analvs; €s of watey Werp
carefully siphoned into appropriate bottles for analysis of dissoly, d CO, 4 :1
> an

O,

Passing oy
T analysjg of
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Iree CO, was analysed by titrating 100 c.c sample of water with N/44
sodium hydroxide, using phenolphthalin as indicator. Dissolved Oxygen was
determined by the unmodified Winkler method. The temperature through-
vut the experiments showed variation only of 1°C.

The Oxygen and CO, contents of the water at the beginning and at the.
end of each experiment, when the fish stopped all the respira-ory movements
are given in Tables I & IL

TABLE 1

Showing oxygen and carbon-di-oxide dissolved in water in the beginning and
end of the experiments on H. fossilis

A B ¢ D E F G H I J

0, ppm. 42 338 27 248 61 47 66 329 34 5’7[

Beginning of
0, ppm. 90 69 80 85 104 90 105 70 70 100 | experimente.

. AKX R 1 9.9 4. When all the
0, ppm. 295215194 204 46 355 50 2 123425 respiratory

. movements
CO0, ppm. 206 170 116 120 290 232 300 148 180 266 stopped

TABLE [

Showing oxygen and Carbon-dioxide dissolved in water in the beginning
and end of the experiments on C. batrachus

A B ¢ D E F G H I

O,ppm. 3032 36 41 53559 39 48 6'5}

Beginning of

CO,ppm. 80 69 80 100 83 90 100 102 104 experiments.

0, ppm. 245265 27 28 38 425 275 34 48] When all the respiratory
} movements stopped.

CO, ppm. 150 156 164 185 208 216 174 198 230

-~
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Results: —These are presented in graphical form in F
inflected part of the curve indicates the interference of CO
fully preventing the utilization of CO, despite the 0, co

8% 4 & 5 The
ntent being other.

100 - 200 —

CARBON-DI-0XIDE PPM. 300
Text-fig. 4. Influence of CO2 on the utilization, of 0, by IL. fosilis.
wise adequate for respiration. The first or flat part of the ¢y

the ability of the fish to utilize O. in CO, content which does p
interfere with respiration and the death of the fish is from Q

Ve indicateg
Ot appear to
2 Shortage,
Discussion

There are two groups of air-breathing fishes in Indija (@) fishes th
bitually breathe air, but are capable 'of aquatic respiration for a sh at ha-
longer period, and (b) fishes that habitually respire through ay Shorter g

. o e
adapt themselves to aerial respiration for a shorter or longer Perri’Odbut can

" "Fishes of the first category have developed complicated devices § _
respiration, and Das ('27) showed that some au'bre&thing fishe Or aerig]

N Indj,

OXYGEN PPM.
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drown and die if they are not allowed to breathe air. Carter and Beadle
(‘'31) conducting asphyxiation experiments on tropical air-breathing fishes have
proved that however well oxygenated the water may be, the fish die of as-
phyxiation, if prevented from coming to the surface for breathing air. Hora
('3p) observed that fishes with complicated accessory respiratory organs, even

5'5 L

5.0 |
4.0 |
3.0
L
2.0 r Y

150 200
CARBON-DI-OXIDE PPM.

Text-fig 5, Influence of CO , on the utilization of On by C. batrachus,

when kept in oxygenated water always come to the surface to breathe air.
Dubale ('51) confirmed the results of Hora and Das and maintained that “What
ever may be the differences in the nature of the results obtained by these
authors, the fact that the air-breathing fishes get asphyxiated if preven:ed
from coming to the surface to breathe air is established.”

On the other hand my observations show that if fishes are kept submerg-
ed in well oxygenated running water, they can survive for considerable
periods (upto two weeks) without having recourse to aerial respiration.

My observations show that when H. fossilis and C. batrachus are placed
in jars completely filled with water (without any-air-bubbles and closed air
tight), through which a continuous stream of water is maintained and also

16

250
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in the aquarium with a horizontal diaphragm, the fish remaing

alive and
active even after ten to fifteen days,

Conirury to the chservations of the previous
that these fishes do not get asphyxiated if prevented
face to breathe air provided the CO, and O, conten
above the asphyxial levels as was done by passing a continuous stream of
{fully oxygenated fresh-water through the cox‘nainers, without any air-bubbles
or air-pockets coming into  the picture. Thefleforf!,. in these air-breathing
{ishes aquatic respiration can go on almost indefinitely ag effeciively a5 in
true aquatic forms.

workers, I have observed
from coming 1o the sur-
ts of the water remain

The experimental work that has been reported on the cffects of CO. on
O, comsumption is on the whole fragmentary. [ hag been observeq that at
first. with the increase of CO, content the rate of respiratory movements pg
on increasing, as happens in all water-breathing fishes. Vam Dam ('38) showed
that initially an increase in oxygen consumption is caused by increase in ven.
tilation; with increase in  CO, content of the respiratory water the rate of res-
piratory movements went on decrensmg‘leading to the ultimate death of the
fish; Hall ('31) Mecyer ('35), Van Dam ('38) and Basy ('59) all agree thy in-
creasing partial pressure of CO, lead to a decrease in the percentage of
oxygen utilized.

The susceptibility of different species of fish 1o the lethal action of free
CO, varies greatly. Sensitive fresh-water species may succumb rapidly at frec
CO; concentration hetween 100 and 200 pPpIM. in the Presence of much s
solved oxygen. Lower concentrations o.f 100 10 50 ppm, may be lethal after
prolonged exposure or may interfere with the utilization of oxygen.

My experiments go to establish that if we
as a limiting factor in respiration, then below
and 185 ppm. CO, in C. balrachus, the ,
For H. fossilis the asphyxial level of 0, p
whereas for C. batrachus it is between 2.
an’t betwern 170 and 185 ppm. of CO
prm. for C. batrachus.

consider dissolved water CO,
OW 170 ppm. €O, in H. foeer.
blhly to utilize O, is unaflecee.
ressure is of the order of 2ppm.
5 and 3 ppm, helgy 170 ppm. CO,;

l e
ssilis and 2.8

it is g4 Ppm. for H. o

Summary

1. H. fossilis and C. batrachus
access to air is prevented, provided th
does not show much variations,

do not die due 1o ,

sphyxiation. f
€ OXygen remaing )

sufficient and CO,

2. These two fishes can survive in higher concentrations of g
e . : ~
3. Influence of CO, on the utilization of O, has

been worked oyt
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Rs. 10.00 (I”l““ld‘); .Rs. LL.00 § 3. No.3. The Bombay Oyster, Ostrea cucullata by Prof. it
Vol. 11, Nos. 1 &2 Rs. 20.00 (Il u(xl‘lt))relgjrél) per copy H P. R. &wati, 1931, Rs. 3.00 plus packing and postage i
S &L and): S, 2200 Rs. 1.00. EE
o € FO elg . EE
Vol. X1, Nos. 1&2 Rs. 20.00 (Illlm(]d)-l“t}{{l;) g‘il Copy 4. No. 2. The Shark of the Indian Seas, Scoliodon by &
Vol, XI1 No, 1 (Foreign) =00 Dr. E. M. Thillayambalam. 1958. Rs. 4.50 plus £
ol ' o, . R+, 15.00 (Inlandy. t’R) ber copy packing and postuge. This Memoir is available from
. . Forei 8. 16.00 ' Messrs  Lucknow Publishing House, Lucknow, U. P,
Bulletin No. 1 (1947) Rs. Lo per o oreign) per copy (India) H
M D Q0 A . b g ] ) ) v * H
Bulletin No. 2 (1958) T,yml)‘ll)‘“;lm on “\Pplicaltlig\l of Zvolowi i i
nowledge  to Nation - 4bologieal HH
Bulleti No. B (1939) Rs. 3.0()3 ¢ Nationa] AdVEulcenTent. Terms: On prepayment or by V. P, P,
ulletin No. ¢ 5 Symposium .
( '/A(}ml(l,)«?izrllllmlt o e Modern Trengy H Particulars may be had from or orders for item Nos 1-3
.. ] bgical lesearch in Ingiy, Rg = S in i
rOEher Publications : Year-Book of the Zoological § - Rs. 5.00 $  ploced with
(1956-57 and 1957-58) Rs. 3.00 each; 1958-59 Rs. 5.0, Indian iocnet. of TIndia
(initiated by the late Prof. K. N. Bahl) Nos, 4 Palaemon, 7 g vological Memngiyg i The Hony- Treasurer, i
available, o ¥ Salmacig ¢ 3 Ostreq i
First All-India Corgress of Zoology 1939 . Abstract " Zoological Society of India,
Abstracts contributions for Symposia Rs. 5.00. $ Papers Rg. 10.00 ; 2 34, Chittaranjan Avenue, Calcutta-12
AlL communications regarding the above showld be tddressod ¢ -
¢ tddressed ¢, . e R BT e T 3 ssmssamstasnanntnnnee
THE HONY. TREASURER

ZOOLOGICAL SOCIETY OFf

34, Chittaranjan Avenue, Calcutta.

INDIA
12, India,
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INDIAN JOURNAL OF ENTOMOLOGY

Published quarterly, containing original Papers, Reviews, Short Notes on resy

Research, etc,, in all branches of Pure and Applied Entomology Its of Recent

Annual Subscription per Volume of 4 issues :

Rs. 24 00 in India : : Rs. 26.00 Foreign

Back number available except in the case of first four volumes

A few pages will be set apart for °
advertisemerits at rates available
from the General Secretary, Ento- the T L
mological Saciety of India, care of e n]tomologxcal Society of Ingia
Division of Entomology, Indian g‘n also be had on sale from the
Agricultural Rescarch Institute, eneral Secretary, New Delhi-12,
New Delhi-12. °

I'rom such of the subscribers of the general public, as cap spare th
copies of single issues or complete sets of the first four volumes ( al‘tiEmg
which are out of print) will be purchased by the Society at cost Pl'ic: s of

Copies of Memoirs published by

Please apply to the General Secretary
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CURRENT SCIENCE E

=)

(EsTD. 1932)
The Premier Science Monthly of India devoted o the

publication of the latest advances in pure and applied sciences
Conducted by '

THE CURRENT SCIENCE ASSOCIATION

with the editorial co-operation of eminent scientists in India
Annual Subscription:

India: Rs. 12.00 Foreign: Rs. 16.00; £, -40; ¢ 4.00 é
m

ADVERTISEMENT CHARGES

INDIA

P
Full page Rs.  75.00 per insertion RS?Ilzgé)G(%
Half page Rs. 45.00 . Re. 60‘
Quarter page Rs. 28.00 . .00

Rs. 40.00
Further particulars from :—
THE MANAGER

X
CURRENT SCIENCE ASSOCIATION E

PO O0— 90—’ 00— ¢0_—¢0_r—_900_—_0¢__°___¢

HEBBAL P.O., BANGALORE-¢.
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HELMINTHOLOGICAL SOCIETY OF INDIA

(ESTABLISHED : 1948)

Registered under the Societies Registration Act XXI of 1860

Membership subscription Rs. 1000 (Inland); £ 1 (Foreign)
per year. .

Admission fee Rs. 500,

Publishing the Indian Journal of Helminthology

§ Started 19848: vpublished bi-annually: g
Vol. 9, Nos.1 &2 (1956) came out recently. é
Journal despatched to members in gocd standing only.

Copies of Dr. G. S Thapar 60th Birthday Commr. Vol. also available now.
All remittances and correspondence to be addressed to:
DR. B S  CHAUHAN.
Hony. Treasurer cum Secretary i
$

HELMINTHOLOGICAL SOCIETY OF INDIA,
34, Chittaranjan Avenue (Zoological Survey of India), Calcutta-12

Chief Editor: DR. G. S. THAPAR
14, Mahatma Gandhi Road, Dilkhusha, Lucknow (india)
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Orders for publications of the Zoolo
of India, the Indian Journal of He/mmthology, reprints o
of a few papers of the Indian He!mmthologist the
tate Dr. G.D. Bhalerao, Prof. G, 5. Thapar 60th Bir'thda
Commer. Vol. etc. could also now be placed witz
Dr. B. S. Chauhan, Hony. Treasurer, Zoological Society
of India, 34, Chittaranjan Avenue, Culcutta-12 (India) e
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PROCEEDINGS

o OF THE
A A Leading Journol of Zoology

Publishéd Bi-Annually

ZOOLOGICAL SOCIETY ﬂ

SUBSCRIPTION
1 Inl
nland: Foreign:
Rupees Tv.velve per Yolume One Pound Five Shillings per Volume
Rupees Six: Single Copy Twelve Shillings Six Pence: Single Cop

L
Space for adverti i '
¢ adyertisements available - for rates contact Business g
Copies ' ! e
ﬂ pies of advertisements and bapers for publicarions should e addressed ¢
0:

The Honorary General Secretary, I[

ﬂ THE ZOOLOGICAL SOCIETY

35, BALLYGUNGE CIRCULAR RoAD
CALCUTTA - 19 (India)
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Just Published !!
Poultry Keeping in India

BY
P. M. N. NAIDU
ops veliable, helpful and uptodate information on the numerons
X Ay gt L] . -

It Of‘lf'l‘v(ﬂv(,‘d in Ponltry-Keeping.  Recent advances in poultry.
probh?mb ‘1“0\15‘111& nutrition, disease control, marketing ote.  are exhaus-
breeding. I; w}thw Written in a popular style and profusely iHustrated
tively d?‘ L as day-to-day guide to poultry keepers and a reference
it will 5@1\7?;[(1(»1()“” in agricultiwre and veterinary colleges, extension
Worﬁ :; a,x?(l others connected with poultry keeping.
worse”. 91 coloured plates, 192 black & white illustrations

293 pp- Rs. 19.80 (Rs. 22.80)

t Publications
Other ReceAnGRlCULTURE AND ANIMAL HUSBANDRY IN INDIA
By Dr. M. 8. RANDITAWA
tandard and reference volume on all important eomponeuts of
A sl Ln[mre providing a comprehensive account  of India's
. atuves, soils, climate, vegetation, irrigation
. agt, physical featuves, soils, chi » vege 1, g
ged{’g‘c;irlj)culiuial holdings, crops, farin animals and fisheries,
works, ag ‘

364 pp., 117 Mlustrations, 1157 x 857 (1938). R 15.00 (Rs. 19.00)
STATISTICAL METHODS FOR AGRICULTURAL WORKERS
By V. G. PANSE and P. V. SUKHATME
An important text hook on statisticsd methods and  designs of
£ .
pxperiments in relation lo agriculture,
561 pp., 93" % 637 (1938)

Tudian Agric

Rs. 15.00 (Rs. 18.00)
THE MANGO
By 8. R. GANGOLY K7 AL
The first authoritative monograph on Indin’s most important frait,

‘ 913 colour plates, 63 black ana white illustrations, 73 x 107
s #L eolom Rs. 40.00 (Rs. 44.00)
AGRICULTURAL RESEARCH IN INDIA-INSTITUTES & ORGANISATIONS

By Dr. M, 8. RANDHAWA
Provides a connected account of all agricultural research institu.
tions and orgauizations in India.
450 pp., 79 plates. 107 x 84" (1958) Rs. 20.00 (Rs. 25.00)
MECHANICAL CULTIVATION IN INDIA
By D. A. GADKARY

A monograph discussing thg scope for the use of mechafnical
aids in Crop production and provides information on farm machinery
and implements and their maintenance, ete,

148 pp. 10 plates, 10" x 7 (1958) Rs, 7.25 (Rs. 9.25)

Available from :—
THE BUSINESS MANAGER,

Indian Council of Agricultural Research, New Delhi-2.
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FIRST ALL- INDIA GONGRESS OF Z00LOGY (1959)

The First All-India Congress of Zoology, sponsored and opean:
the Zoological Society of India and orviginally scheduled to l‘)e 10.11ﬁm}lsed by
had, for certain reasons, to be postponed, and wag actually held ;( d 1 1958
24-28, 1959, at Jabalpur at the invitation of the Jabalpuy U .“’I_n,octObUI'
under the Presidentship of Dr M. L. Roonwal, Dil‘ectoll' v nlv.cl“”t}", and
of India, » foological Suryey

The inauguration and the scientific Ineetings were held i .
buildings of the Mahakoshal Mahavidyalaya. Both the ~(‘111 the splendid
India and the Government of Madhya Pradssh gave theijr vwlu')lrolvm.'nInOIlt of
The President of Lidlia sent a gracious message, The Min‘iqt:) ‘; batronage,
Research and Cultural Affairs, Profezsor Hﬁm%’uu Kabir, ir o Seientific
Congress on the 24th October, and the Deputy Mi,,i‘,t'el_“ﬂfugurgtga 'thc
Research, Dr Mono Mohan Das was also present. Dr & D or Scientitic
Education Minister in  the Government of M;t(ll}yq 1"1"‘uie N Shatma, - the
Exhibition. ‘ adesh, opened the

In his Inaugural Address, Professor Kabir laj
sation of zoology. Dr. M. L. Roonwal,
emphagised the need for work on field e
importance of the protection of wild life,

| d stress on the
1 his Presidentin
cology and taxonomy

pPopulari-
Addregg,
and the

Nearly 120 papers were received, abstracts of which wer
and igsued in advance intwo hooklets called Abstracts /
Albstracts of Contributions to Sympusia, The bapers WG'
eleven Sections, each with its Chairman and Recorder gg foll

¢ printed
of Papers ang
re classified ingo
OWS :—

List of Sectional Chairmen & Recorders

Section Chaitrman

1 General Zoology, Dr, H. S, Rao
Zioogeography and
Evolution

2. Histology, Cytology, Dr. A, P. Mathew
Embryology and

Recorder
Dr. 1. 8. Chaudhuri

Dr. A, Ghosh

Geneties

3. Physiology Dr. N. K, Panikkar Dr .

4. Vertebrate Dr. M. A, Moghe D;' g;vli\-l)b‘harma
Morphology . rakagh

5. Systemalic Zoology, Dr. .S, Thapar
(excluding Fishes
Insects and
Helminths) .
6. Wild Life, Ecology, Mr. N. N, Sen
and Population
Studies

Dr. '%‘ N. Anantha.
krishnan

Prof, D, C. Mahanta

7. Marine Zoology Prof. R. V. Seshaiya M
r. G, :
3. Economic Zoology Dr. M. Puttarudraiah Prof. & Rgmgkrlshna
9. Helminthology Dr. G. 8. Thapar Dr S L J fupta
10.  Entomology (inclu- Mr. Y. Ramachandra .o, L, Jain

ding Arachnids) Rao Dr.K. s. Kushwaha

11. Fish and Fisheries  Dr. B, Sundara Raj Dr.H. §
« H. Swarup
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vere held as follows, ench with its own Chairman and
L were

Three symposi:
Recorder as follows :—

List of Chairmen and Recorders of Symposia

S 1,7709?'1()77' Chairman Recoider
y}” S (L

(A) R orientation  of Prof. R. V. Seshaiya Dr, H. S, Chaudhuri
e - orientat

teaching of zoology
in India

B. Sundara Raj Dr. H, Swarup

(B) Marine zoology and  Dr.
fisheries in the
Indian Ocean

Dr. M. A. Moghe Dr. B, K. Behura

(C) Recent evolutionary
gtudies in India
over 100 members and delegates attended the Congress, and

: i tl)’ . .
AT Government Departments and Institutions had sent

goveral Universities,
delegations.
The First Plenary Qession of the Congress was held on  the 24th
e ut,

Octol The Final Plenary Qession, was held on the 27th October, and
ctober, ,

passed 2 number
also decided t0
held in 1962.

The Procecdings of the Congress, which will include the ) Ofﬁ_Cial
full papers together with illustrations, and the full contributions

of resolutions dealing with a variety of subjects, It was
hold the Congress every three years, the next Congress to be

reports, the ) "
Pde to the symposia, are under active prepavation and ave expected to be
made t )

gsued in the next few months.

During the Congress, a Zoological Exhibition was also organised in

hich several institutions and private enterprises took part. The Exhibition
W ; : Th

consisted of three principal items, namely; (i) an exhibition of new

discoveries ; (ii) a general exhibition on zoological matters; and (iii) an
9

exhibition of recent zoological publications,

*

Further particulars may be obtained from :—

DR. B. S. CHAUHAN, General Secretary

i (ndia Congress of Zoology; C/o. Zoological Survey of India,
First All “‘:,‘; Chifm—anjan Avenue, CALCUTTA-12 (INDIA)
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FARMERS OF INDIA

Vol. I—Punjab, Himachai Pradesh ang Jammy & Kashmiy

BY
Dr. M. S, RANDHAWA g PREM NATH

This is the first of @ sepies of books o f:n'mm:s of India whin}l the
‘ Tk beinging out (o promoin prrapey mulvrs(;mtlmg. :m;fl uppl'ucm(}()n
Counell Hi tems of the farmers of the coantry gy, essential iy fm'mu]a.tmg
of the problen ixmé and their Fuecessfag impimnan(ution4 '
(1“"“1"1311,1}1(jl'lt;,£:]m,;,\ gives a vivid portvayal of o) 00 of P
Pt 1:1;1’1 Jun. & K;mhmir: '.J‘lm clixn:‘n.v, topo
ion erops and agrienhinnl ractices are (e
ton, (”lv[ s ahonat the fartning commang
ks t‘“”.”? ‘lwli(‘f" and taditions, g, acenund iy very oyl
way of “f‘i ,“,¢1¢-;-9v:t1111i115\" oF 1l life gy shap

a '1.1-1)501‘111:[ religion.  The hudeeq and o] ph
Chm]ut(‘;:zt:nclw Tho hoauty  of (he landseagye and thy
;111\::1(;:1);:' it an intensely himan docuney,

PRESERVATION OF FRlJtlT

unjaby, Himachal
Zraphy, 801, vegey.
The hook
% culture,
and showy
y, Revgraphy,
ieh lustpnte
§ People,
00 (Postage Rs. 2-50)
S AND VEGETABLES
By

GIRDHARI LAL, G. . SlDDAPPA, &G. LT

The book is the vesalt of ntengive
[{ONF} h : ‘ : l
cars by (hree senior eflicers of (o
vears b o of
Institnte, Mysore, 1 deals with
Instifute, My gk
technician as well as layn

ties, theip villagey, home

istic
ed by histar

ANDON
aned researeh gy
l‘uchnoln;,ricul

the Subjeet,
brested in g hoolk

rice Rs. 11-50 {Postage R 2-00)
ZYGNEMACEAE
By
Dr. M. s. RANDHAWA
i : 't fuliilx a g
Thix monog aph |

subject. 1l\l deals with t!u- geney
:t’ructm-e and mf'thn(.l,\' o 1'(“1)}'0;

;he systems of classifications,

study

Contral Foed '
all aspeeqy of
1 he iy

r long
Rescarely
Both (1

ngfell nepg fop
A and speei
ction, (he

& standapd

B ool bhe Zywu\m:

CORCEHL 0f {gqy

Price Rs. 26-00 (p
CYANOPHYTA

BY

Dr. T. v, DES

This mmmzmph on I.)lue.;:.‘l‘ec‘

general moypbolopy n}cll.lfl'll’%’l 13“‘“

marine habitats, sywbiotic and b

00k 61 tha
eeae, tlheip
evolution and

Ostage Rg, 3-00)

IKACHARY
1 algae iy Qe
W0lngieyy
asilic

voted tgq
:tspects,
AS80cialions and

P
THE MANGo
BY

S. R GANGOLY gT 4

The first authoritative monograph o, Indin's ost |

. Mportant fruit,
Price Rs, 40-00 Postage R 4-00)

l(ascript,ion of
i walt and

s availuble from : .
cones ¢ The Business Manage,

INDIAN COUNCIL OF AGRICy

Dr. Rajendra Prasad Road, NEw DELH;i,

|
|

:—_;—;zquFﬂ‘
FREEE e . 3
o ———4

Xiv

|
|

= F—=

‘F

L

S

L

LTURAL RESEARCH ﬂ

PRODUCTS
A—INDUSTRIAL

THE WEALTH OF HilZLTv“-L) -

{f plates Demy 4 to Price

) 53 4 )Ositioll
he development and present y
f the develor

290 xii pp:

ive account o
ehensive ac . , - Jron and
. omprellensive i vies @ ou and Steel 3 Iron :
Gives @ CO% {lowing indust esticides ; Irou and otives,
of the fo tivides and Pestie i Leather ; Locoms

. SCC dry o Lead ) el " .
; lndUSt”eswms- Mill Indusiry ;L Printing wuld writing) ;
Malor ] Castings ; Jute jes—Ice; Ink (b1 ' 1(()1‘!\‘5' Lapidary :
P 1§ - Scale i“dUStniel Famps and Lante ;
: Sheitac s 1a
. & Sma jac and S
Med|um i

"y i q
¢+ Lubricants,
‘ - Locek
° i SHE
tron ()mnp(m”(i” " Lime ; Linol ;
s g
mpotit
Lend Co

y y * 3 i h,
1 - ]\'l”]]il Ilnll (/H(( h , \1\ "
J('\\'(‘l ﬂ«(‘. s oti I

OrY . institutions,
|ndustries...1w1,\ boak for educational inst
Cottage eference

i ies.
An indispensable rlibraries and industri

wse apply 1o ions Directorate,
ies please apptl cations ¢
For copies ple The Publ{;flc 2 Industrial Research,
entin

il of Sci I-1
Council of 3¢ ill Road, NEW DELH

Old M

KKK IO

Xv

x
X O )I()'.(X:a:
v - x XX A ~

@
X s~ I KK b
LSO OKOK KK o e A
e
S
=
=

P4

e
Y FE PR
q-

*

ol 12 of the Journal of the
with Vot 1<

. ndue
Beginmigd logical Society of In
‘ Z00t0

[he two in March
) 111 be publlbhed 1 '
iSSU.e W
h t

d
" nd Septembers &%
a

2

|5-00 (lnland)
Rs. 16.00 (Fofeign)

\
i



vvi

GOLDEN JUBILEE - 1969
Allahabad Agricultural Institute, Allahabad, U. p,

The Allahabad Agricultural Iustitute, a pioneer institution in ¢
agricaltural eduncation, research and extension, is commemoratine it he fielq of
service to Indian agriculture by a weel of celebrations, Octohep 33 356 o0 years of
theme of the celebrations will be centered round an historica] preg;nt’ tl'%('). The
past and the planning of the future, atlon: of the

The Allahabad Agricultural Institute was founded in 1910 by 4
pioneers under the leadership of the late Sam Higginbottom, Init?a]l Li
courses in Agriculture and Dairying were given. Trom 1934 4 de );,e iploma
in Agriculture has been given under the control of the Allahubag Uni'%of)/- course
1942 a degree course in Agricultural Engincering, the first of jig kind ’lmt‘y' m
east Asia at that time, was started. The degree course in Home Econom'm South-
sion commenced from July this year. The research programme b ICS: Exten-
integral part of the Institute activities since the early days, Researc}?s~)een an
breeding, development of agricultural implements, work on ﬂgl‘icult{]ml {n cattle
fruit trees have been in operation for decades. During thege years %(ev Cul?ps and
term research projects have been conducted here, financed 1y Cent‘ml era S}zOI-t-
Governments and other research sponsoring agencies.  For mope t};'m i State
our Extension Department has wmade pioneer eflorls to disseminaté ] a decade
gained here for use in the farming areas, and has made efforty to eval tﬂm}vkdgg
modes of transmission of such knowledge. vate different

More than one thousand students have graduated from thj
many are holding important positions in the field in the country,

group of

S institation and

Our programme for the week is :—

October 23 Dedication of Chapel
” 24-29 Farmers’ Fair
v 24 International Day
" 26 Seminar on Agricultural Educat
’ 27 Alumni Day © cation

Every evening : Dramatic & cultural programines,

- : s ¥ Sri S. Sriraman _\
at Commercial Printing & -Publishing House, 46, Armenj .

Published by the Zoologicai7 Society of India CAIl.;(l:rl:T'i:l-e'Ct' Madras.y,

Editor: Prof. R. V. Seshaiya 1.

Notice to Contributors

SCOPE—The Joumnal of the Zoological Society of India will publish articles embodying
original research as well as critical reviews of modern researches by specialists, in the
field of Zoology (including the natural history of animals) in the widest sense. A section
will be devoted to Short Notes which will contain original observations as well as Reviews &
Recent Advances and News & Announcements; books and other materials sent for review will
becume the property of the Zoological Society of India. Two numbers, later to be raised to
four, will be published every ycar, in June and December.

MANUSCRIPTS FOR PUBLICATION—Manuscripts must be type-written on one side
only of the sheet and must be double-spaced with ample margins. The pages should be
numbered. Manuscripts should not be offered to any other journal for prior or simultane-
ous publication. Preference will be given to papers by the Members; papers from non-
members must be communicated by a Member.

Authors must drastically condense their manuscripts so that they do not ordinarily exceed
ten pages in print. Long historical introductions and lengthy discussion will not be accepted.
All Tables should be numbered. Only such Tables and illustrations as are essential can
be published. Papers must conform to the usage of the J Zool, Soc. India in all typographi-
cal matters. They must be accomparigd by a Table of Contents and must end with a Sum-
mary not exceeding § per cent of the main body. The summary should not be of a general
character, but should resume one by cne, all the principles, facts and conclusions given in
the paper One proof is sent to authors and as few alterations as possible should be made
in it. Contributors will be required to pay for any excess over the usual charges allowed
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Quantitative biological data too extensive for complete publication should be submitted
separately in a suitable bound book-form not larger than foolscape size (6x9 inches) indicat-
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sures and weights should be given in the decimal system. The metric system should
measures in other systems may, if desired, be given in brackets. Temperatures
should given in degrees Centigrade, with, if desired, the Fahrenheit reading in brackets.
REFERENCES— References must be listed at the end of the articles as follows: Name and
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