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INTRODUCTION.

During a course of investigation on the phylogenetic relationship between the
various groups of Indian Acridids, we encountered with two different forms of grass-
hoppers belonging to the genus Phlocoba. Both the types were captured from the
field adjoining the Biological Laboratories of the Calcutta University. In this
paper we shall call them form ‘A’ and ‘B’. Form ‘B’ is morphologically. distin-
guishable from form ‘A’ by (1) the presence of two yellowish stripes across each of the
compound eyes and (2) a pair of parallel stripes-of nearly the same shade running
across the two lateral aspects of the thorax and the genae and meeting at the frons
(Figs. 1 and la). In all other respects they were exactly similar. The specimens

Fig. 1. Phloeoba sp. Form ‘B’. Fia. la. Phloeoba sp. Form ‘A’,

were sent to Dr. B. P. Uvarov of the Imperial Bureau of Entomology, London, for
identification. Dr. Uvarov identifies them as two separate species without, however,
assigning any specific names for them. They were also sent to Dr. B. R.
Seshachar of Bangalore, and he is of opinion that both of them belong to the same
species and identifies them as Phloecoba angustidorsis.

A thorough cytological investigation of the two forms was thought desirable
to find out, if possible, any constant difference between them either in the morphology
of the chromosomes or in the details of their chiasma behaviour during meiosis.
Detailed cytological studies of form ‘A’ was done earlier and is being published
elsewhere (Ray Chaudhuri and Dutt, 1947).

The present paper reports a detailed study of form ‘B’ and compares the data
80 obtained with those of the other form studied previously.

MATERIAL AND METHODS.

Adult testes were dissected out in Ringer ‘A’ and fixed in medium Flemming
for sectioning. Belling’s modification of Nawaschin mixture was found suitable
fOI‘ Smear preparations. Sections were cut at 25 to 30 micra in thickness and stained
In iodine-crystal-violet and Feulgen stain. An overnight premordanting in 1%,
chromic acid was found necessary to give the best result with crystal-violet staining.
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OBSERVATIONS

The chromosome complement :—The number of chromosome is 23 in the male,
with 11 pairs of acrocentric autosomes and a similar X chromosome. There are
two dot shaped chromosomes and they lie in most cases at the centre of the plate
(Fig. 2). The second division metaphase chromosomes are more suitable for metrical

LA

Fia. 2. Spermatogonial metaphase of Pkloeoba sp. X 2062.

studies because they are generally very well spread. Five such selected nuclei
were drawn under camera lucida and the lengths of the different chromosomes were
measured. Table 1 gives the mean lengths of the chromosomes in micra.

Tasre I

Tabulation of mean lengths of second spermatocyte chromosomes.
The figures in italics represent the sex chromosomes.

Chromosome Mean length in
type. micra,
Form ‘B’.| Form ‘A".
Long .. 4-77 477
4-36 4-44
4-03 4-12
342 3-44
318 3-21
3:00 2-99
Medium .. 2-54 2-82
2-27 2-66
2:12 2:21
177 1-83
163 1-55
Short .. 1-09 1-05

Chromosome behaviour during meiosis :—Chiasmata are distributed at random
at diplotene. Some of the bivalents at this stage are found to be attached ter-
minally by very fine threads which are Feulgen positive (Fig. 3). Whether these
associations are between heterochromatic segments of different chromosomes as
claimed by Slack (1938) in Corixidae, Schrader (1941) in pentatomids and Thomas
and Revell (19486) in cicer is not known.



ON THE GENUS PHLOEOS4 (ACRIDIDAE). 15

The sex chromosome at metaphase frequently forms an accessory plate like
other grasshoppers and shows irregular staining behaviour previously noted in the

F1a. 3. Diplotene of Phloeoba sp. showing interbivalent connections X 2062.
other species of grasshoppers (Ray Chaudhuri and Dutt, 1947). A large number of
bivalents at this stage show an understained segment in only one of the chromosomes

of a homologous pair (Fig. 4). These are probably undercharged heterochromatic
segments (Darlington and LaCour, 1940; Callan, 1942).

l%f )

A

F1a. 4. First meiotic metaphase of Phloeoba sp., Showing heterochromatic segments X 1376.

The first division anaphase is quite normal except for the occurrence of a bridge
without & fragment (Fig. 5). This may be due to stickiness of the chromosomes

\

Fia. 6. Pirst division anaphase in Phloeoba sp., showing stickiness of Chromosome X 1335.
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caused by an earlier action of the centromere before the lapsing of attraction between
the chromatids (Klingstedt, 1938).

The orientation of the chromosomes on the metaphase plate of second division
is often peculiar. The bodies of the chromosomes in these cases lie within the
spindle substance with the attachment region, as usual, on the edge (Fig. 6). The

Fia. 6. Second division metaphase plate in Phloeobs sp. x1780.

daughter chromatids at this stage remain in most cases closely apposed just like
those of somatic mitoses, but occasionally in one or two chromosomes of a com-
plement, the chromatids are fully separated so as to lie in a straight line (Fig. 6).
This may be due to attraction between the chromatids developing after the orienta-
tion of the chromosomes on the spindle and therefore, the chromatids which are by
chance far apart cannot be pulled together when the force come into play. The
chromatids at this stage often show an external sign of a spiral structure.

Chiasma frequency :—The frequency distribution of chiasmata per nucleus is
shown in Table II. The frequency ranges between 14 and 23 at diplotene, between
14 and 20 at diakinesis and metaphase. The chiasma frequency per nucleus shows
a progressive reduction from diplotene to metaphase (Table II). The differences
are, however, not statistically significant.

TasLE II.

Frequency distribution of chiasmata in three stages of meiosis.

Stage of No. of Mean No. of Xta. Significance of
meiosis, [14{15[16]17{18]19{2G{21j22123] nuclei. per nucleus. difference.
Dip. |..[..| 1j 1] 6} 4| 3] 6] 2| 2| 25 19-724 1-85 T Ty Ty = 2:84 25
Dia. 21 11 21 51 71 5] 2..] 1f. 25 17-724 1-85 Ty
Met. | 1} 6 6| 2| 4| 4} 2{. 25 16-88+41-76 Ty

An analysis of the chiasma frequency in the three different types of bivalents
classified as long and medium were undertaken and the data are shown in Table III.

Short bivalents regularly form only one chiasma and are therefore not included in
the Table. . :
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Chiasma frequencies in the long and medium bivalents.

Percentage of bivalents.

Stage of No. of )
meiosis. nuclei. Long type. | Medium type.

1 Xma. | 2 Xta. | 3 Xta. I 4+Xta. |1 Xma. | 2Xta. | 3 Xta.
Dip. 25 0-0 36-0 57-3 ‘ 66 50-3 457 4-0
Dia. 25 8-0 53-3 37-4 1-3 61-7 36-5 17
Met. 25 2-6 56-0 41-3 ’ 0-0 71-4 285 00

Relationships of chiasma frequency with the length of the chromosomes are
shown in Table IV. The chiasma frequency is not found to be directly proportional
to the length of the chromosomes.

TasLe IV,

Length and chiasma frequency relationship in the long, medium and short bivalents.

Mean length in
Types of micron at Xma. &%quincy

chromosomes second div. per - 8

diplotene.
metaphase.

Long 4-44 2-70

Medium 2-59 1-53

Short 1.05 1-00

Terminalisation :—The terminalisation coefficient for three different types of
bivalents at three different stages of meiosis has been shown in Table V. The
process of terminalisation either results in a reduction in the number of chiasmata
from diplotene to metaphase due to one or more than one chiasma fusing

TaBLE V.

Terminalisation coefficients in the three types of bivalents at different stages of meiosis.

Chromosome No. of Stage of Total Term. | Term. coefi. Significance
type. nuclei. meiosis. Xma. Xma. of difference.
25 Dip. 203 21 -104+02T, | Tg—T; = 15+-03
Long 25 Dia. 174 32 183 -03Ty | Tg—Tg = 07404
25 Met, 179 45 -25%-03Tg | Tg—T,; = -03+°03
25 Dip. 269 70 264 03T, | Ty—Ty = 04403
Medium 26 Dia. 245 56 224 +03Tg | Tag—Ty = 02404
25 Met, 225 65 -284+03T3 | Tg—Tg = 064 -03
25 Dip. 25 21 844 07T, | Ty—Ty = 20112
Short .. | 25 Din, 25 20 | -80%-08Th | To—Ts = -04%-10
25 Met. 25 16 644 -09Ty | Tg—Tg = -16%-12
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at the end of the chromosome, or in an increase in the number of terminal chias-
mata without actually reducing the total chiasma frequency. In the present study,
however, it is seen from the data on significance of difference shown in Tables IT and
V, that nqne of the two facts holds good so far as the medium and the short types
of bivalents are concerned. The long types of bivalents, however, show a statistically
significant increase in terminalisation coefficient. It is to be concluded, therefore,
that the chiasmata remain more or less stationary between diplotene and metaphase
in the medium and short types of bivalents. A statistically significant increase in
terminalisation coefficients from dipletene to metaphase although quite rare amongst
the grasshoppers was also found in Atiractomorpha sp. (Ray Chaudhuri and Bose,
1948).

Disoussion.

A careful measurement of the chromosomes of form ‘B’ shows that the chromo-
somes of both the forms are almost identical in size (Table I). The sex chromosome
in the Acrididae is largely made up of heterochromatin and is therefore potentially
capable of surviving alterations of size in phylogeny than the euchromatic auto-
somes. A difference in the sizes of the sex chromosome was, however, not found.
The X chromosome is not only fourth in the series according to size in both the forms
but also gives an almost identical measurement at the second spermatocyte meta-
phase stage. The nucleination cycle of the heterochromatin in the various stages of
mitosis and meiosis in different sub-families of Acrididae appears to be similar
(Ray Chaudhuri and Dutt, 1947; Ray Chaudhuri and Bose, unpublished; Ray
Chaudhuri and Manna, unpublished), and, therefore, a difference in this respect in
the forms compared is hardly expected; none was found either.

Turning to our studies on chiasma frequency in the two forms, we find that
the total number of chiasmata per nucleus is slightly higher at diplotene in form ‘B’
and slightly less in diakinesis and metaphase. Table VI shows the relevant data.

TasLe VI.

Comparison of total chiasma frequencies at different stages in the two forms.

Stage of - Mean No. of Xta. per nucleus.
TACTOSIE: Form ‘B’. Form ‘A°,
Dip. .. 19-724 1-85 18954 1-48
Dia, . 17-724 1-85 18-0641-69
Met. . 16-8841-76 16-5240-96

Since we expect changes in chiasma frequency at different temperatures (White,
1934), significance of differences’ obtained in the two forms reported above were
not calculated statistically, because the studies on the two forms were done on
material collected at different times and therefore are hardly comparable.

Our analysis of the chiasma frequency in the long and medium type of bivalents
shows a real and significant difference. In form ‘B’ 6-6%, of long bivalents have a
chiasma frequency of 4, whereas the maximum number of chiasmata in form ‘A’
in their longest bivalents is 3. Similarly, in the medium type of bivalents form ‘B’
has a much higher percentage {(4:0%) of bivalents with 3 Xta. as compared with that
of form ‘A’ (0-6%,). In order to avoid error of comparing chiasma frequencies
under different conditions, both the forms were again collected and fixed on the
same day and the frequencies of chiasmata for long and medium bivalents at
diplotene were determined. A large number of nuclei were examined and the

2B
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results agree with our previous observations, when the studies of the two forms were
done separately (Table VII). A difference in the nature of the length-frequency
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Grarr 1. BShowing chromosome length and chiasma frequency relationship in the two forms
of Phloeoba sp.

curve in the two forms as is shown in graph 1, is the result of the above facts,
because for the same length of the chromosome, form ‘B’ has a definitely higher
chiasma frequency for long and medium bivalents.

TasLe VII.

Chiasma frequencies in the long and medium types of bivalents at diplotene in forms ‘B’ and ‘4°.

Long type. Medium type.
Forms.
1 Xma,. 2 Xta. 3 Xta. 4 Xta. 1 Xma. 2 Xta. 3 Xta.
‘B’ 0-0 36-0 57-3 66 50-3 45-7 4-0
‘AY .. 2:9 49-3 47-8 .. 49-1 50-3 0-6

A difference in the terminalisation coefficients between the two forms is also
quite clear. The long bivalents in form ‘B’ show a statistically significant difference
(154:-03) between the terminalisation coefficients at diplotene and metaphase,
whereas form ‘ A’ does not show any such difference.

How far chiasma frequency can be taken as meiotic constant for a particular
species we do not know as yet. A large amount of work on closely related species
and varieties occurring in the same locality is needed before we pass any final judge-
ment on the point. Similarity of chiasma frequency does not of course show phylo-
genetic relationship but whether such differences as we have noted above can occur
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in two varieties of the same species, we cannot say just now. At least here is a case
where two closely related forms have revealed a constant cytological difference in
their chiasma frequencies where accurate metrical studies of the chromosomes have
failed to show any such difference.

SuMMARY.

1. Two closely related forms of grasshoppers belonging to the genus Phloeoba
were discovered and a study on the chromosomes behaviour was undertaken in
order to determine, if possible, any constant cytological difference between them
correlated with their morphological difference.

2. Number, size and the morphological features of the chromosomes in the
two forms are almost identical.

3. Thelong and medium bivalents of forms ‘B’ definitely show a higher chiasma
frequency even when the forms are studied under similar condition of temperature.

4. It has been pointed out that without extensive studies between closely
related forms of grasshoppers, the full implications of the above findings cannot
be realized.
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