ABSTRACT.

Entomological Investigations on the Spike Disease of Sandal

THE TIFE-HISTORY AND MORPHOLOGY OF SARIMA
NIGROCLYPEATA, MEL.

(11) Furcorvar (Hoxorr.).

Sarima nigroclypeata Mel., is one of the commonest Fulgoridae
found on sandal, Santalusn album, and feeds on seven other plants.
When the attack of this species on sandal is prolonged and severe,
its foliage is entirely shed, young plants and shoots are killed within
a short time and the vitality of the tree is reduced. S. nigroclypeata
is partly responsible for causing thin crowns and the general stag-
headedness prevalent in sandal forests. Under laboratory condi-
tions mass feeding on young sandal plants resulted in a reduced and
The adult life is over three months

clugtered condition of leaves.
Eggs are laid on sur-

and the female has a long oviposition period.
face of bark of shoots and there ave five nymphal stages. The aver-
age time taken to complete development from egg to adult is 121

days. There are three generations in a year and the generations
overlap. Most of the transformations of the different stages take

place within 17-23 days at mean temperature varying from 6¢8°F—
87°F at Denkanikota, N. Salem, Madras. This species is active
throughout the year in sandal forests of Madras, Coorg and Mysore.
All the instars ave described and a table is given for the identification
of the nymphs. Observations on the development and morphology
of eyes, antenna legs, anal brushes, and male genitalia have been
made. This species is considered to be a probable vector of the spike

disease of sandal.
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INTRODUCTORY.

This paper embodies in part the vesults of an investigation con-
ducted in North Salem, North Coorg, and Vellore forest divisions,
on the entomology of the spike disease of sandal (Santalum album),
taken up by the writer under the direction of the Wovest Entomo-
logist.

The Tndian Fulgoridae have heen very scantly studied, and with
the exception of Misra’s work (8) on the sugamcane leaf-hopper,
Lyrilla aberrans, Kivhy, we know very little about the Life-history
and bionomics of the Fulgoridae of India.  From an economic stand
pomt the Iulgoridae must be counted injurious, as all the species
50 iiul‘ known, ave dependent upon growing plants for their food.
Besides heing pests of agricultural crops, fulgorids ave ineriminated
In the transmission of various virus discases.
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Indiain investigators regard the spike disease of sandal as due to
a virus. If the virus of spike disease is insect-borne, a permis-
sible hypothesis is, that the vector is one of the dominant insects
of sandal.  'With regard to the cfficiency of the various groups of
insecls as vectors of virus discases, Smith (72; p. 317-318) writes
“apart from three vather doublful cases, biting insects (Coleoptera
and Orthoptera) seem to he concerned in the dissemination of only
three plant viruses, while all the vest are transmitted by sucking
insects. Then, as regards sucking insects, in the Thysanoptera
there appears to be only one authentic case of virus transmission by
thrips with four others in which the connection is not definitely
proved.” TIle further states ¢ considering the aphididae, these are
found to be responsible for the transmission of no less than twenty-
seven plant viruses, in which twenty-three species of Aphis are
concerned. The Aphididae then are undoubtedly the most efficient
insect vectors of plant viruses’. ¢ Next in efficiency come the
Jassidae including Tulgoridae with seven viruses.’

Studies on bionomies, distribution, incidence, and morphology
of sandal insects restrict the consideration of the probable vectors
of Spike disease to nineteen species of Tlomoptera, belonging to the
families Aphididae, Jassidae, I'ulgoridae and Cicadidae; to three
species of Curculionidae, to three species of Thysanoptera (thrips);
and to one species of Acavina (red spider).

Most of the life-history studies were made during February,
1930, to December, 1931, in the field at Denkanikota, in Iosur
Taluk of the Salem district. TFrom January, 1932, work was started
in the Insectary provided by the Indian Institute of Science,
Bangalore. I'ransmission experiments were also conducted with
some of the selected probable vectors during the 1931-32 season
(April to March), and the results obtained will form the subject
of a separate paper. : :

1. SystrmMaTic PPosSITION.

Melichar (6) has classified the sub-family Issidae into three
groups, CALISCELIDAE, HEMISPHHAERIDAL, and ISSIDAE,
and the third group Issidae is further divided into three sub-groups
(a) HYSTEROPTERINAR, (0) ISSINAE, (¢) THIONINALE. The

genus Sarima belongs to the sub-group Thioninae.
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2. Kconoyic Srarus.

This is one of the very common species of I'ulgoridae found
feeding on both healthy and spiked sandal trees in North Salem,
Coorg, and Vellore forest districts of the Madras Presidency, and
in the State forest areas lying hetween IIunsur and Fraserpet,
belonging to the Mysore Durbar. No previous record on the biono-
mics of this species is available. During the course of field work
and insectary experiments, it was discovered that the combined
feeding of twenty-four adults and nymphs of Sarima nigroclypeatd,
caused the shedding of the entire foliage and the dying-back of the
twigs and young shoots of a sandal branch in two months. A
suppressed sandal plant at Jawalagiri under sleeve-experiments,
was found dead within three months, due to the action of mass
feeding by this species. S. nigroclypeata is injurious to sandal
both as adult and nymph. _

As a consequence of the abnormal drain of sap from the plant,
this species when feeding on sandal folinge and shoots checks the
growth, and if its attack is prolonged and severe the foliage may be
shed entirely, the young shoots may be killed back and thus the
vitality of the tree reduced. The new flush that comes up after
complete leaf-shedding caused by S. negroclypeata, has been
observed in certain cases to be short and clustered, but this condi-
tion lasts for two to three months only. Like Petalocephala
nigrilinea Walk, and others this is one of the species-responsible for
causing the general condition of stagheadedness (7£) in sandal, seen
in the sandal forests of South India.

3. DISTRIBUTION.

Lanouli, Matheran, Bombay; (Melichar). Aiyur, Dasempatti
Daverbetta, Hoganackal, Jawalagiri, Muttur, Nognoor, Uduparani,
North-Salem Torest Division; Kottur-yelagiri, Vellore Forest
Division; Madras; Traserpet, North Coorg Torest Division;
Chamundi Hill, Hunsur, Koppa, Periyapatna, Mysore; (Forest
Research Tustitute). '

4. Foop PraxTs.

This species has been observed to feed and breed on the following
plants : —Albizzia amara, Dodoneca wviscosa, Erythroaylon mono-
gynum, Lantana camara, Pterolobium indicum, Santalum album,
Scutia indica, Webera corymbosa.
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BIOLOGY.
H. TECONIQUE FOR TIN STUDY OF LIFE-IIISTORY,

Considerable difticulty was experienced at fivst, in rearing the
sandal fulgorids, in the building svhich served as insectary at
Denkanikota. After muny trials the following method was found
to be satisfactory.

These insects did quite well inside tubes of 67 x 17  the open
end of which was covered with a small piece of muslin, A cmall
succulent sandal shoot with one or two leaves, was introduced ingide
the tube as food. Owing to the condensation of moisture on the
mside of the tube, due to the drying up of the shoot, the food was
changed every alternate day during September to Jauuary, and
daily during other months of the year. No difficulty was exper-
lenced in dislodging the insects from the shoots or leaves, A slight
shake hrought them on to the sides of the tube, after which the old
shoot was removed and the insects were carefully transferred to a
clean tube with a fresh sandal shoot. Rearing inside tubes had the
advantage that the insects could be examined with a hand lens
without disturbing them much. Tater sleeves 157 x 97 and cello-
phane cages, 147 in length and 57 in diameter, supported on thin
wire frame, covering a nine-inch-high sandal seedling grown from
seed in a pot were used. The diameter of the cage was smaller
than the diameter of the pot, and the space between the cage and
the rim of the pot was utilised for watering the sandal plant, which
did quite well. As the moulted skins are ieft sticking to the stem,
or leaf, or are found on the ground, observations could be easily
made and accurate records maintained, without disturbing the
insects in any way. In this method, the disturbance caused by the
first method in the removal of the various stage nymphs from one
tube to another, was avoided. As a check on the work in the
laboratory, observations weve recorded in the forest. Iiggs, nymphs,
and adults were sleeved on numerous sandal shoots at Aiyur, Don-
kanikota and Jawalagivi and their development watched at fro-
quent but definite intervals.

6. fTapirs.

The first stage nymph on hatching, moves up and down for a
short time over the shoot of sandal, and then selects a spot on the
new leaves or on leaf bud; punctures the surface tissue, and begins
to suck sap. Third, fourth, fifth stage nymphs, and adults suck sap
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from Dboth green and suberised shoots; while the first and second
stage nymphs feed on the fresh flush of leaves and sprouting leat
buds very ravely on green shoots. Just the tip of the rostrum is
inserted inside plant tissues while feeding, the rostrum penetrating
at an acute angle. When leaves are not available, the younger
nymphs die. The punctures made on shoot and leat are very
minute, almost imperceptible to the naked eye. Adults and
nymplhs feed on hoth healthy and spiked sandal, are delicate crea-
tures, and are very active in their movements. They jump about
from shoot to shoot, and plant to plant, and when approached move
away quickly to the opposite side of a shoot or leaf. When alarmed
the adults jump to a height of three feet, and the nymphs about
eighteen inches. The flight of the adult is not strong, but it can
fly short distances to reach adjoining plants. Adults and older
nymphs rest on shoots, while younger nymphs rest on leaves and
suceulent shoots. The nymphs are provided with a pair of anal
brushes, consisting of a number of wax bristles, which are banded
bluck and white. They spread out these brushes fanwise, more
particularly when they are about to moult. During the repeated
process of spreading, the anal brushes wear out, break, drop oft, and
only short stumps projecting from the apex of the abdomen are left
after a time. The nymphs have also the habit of carrying the anal
brushes vight over the back, and moving them sideways apparently
to scare and drive away an approaching enemy. The products of
digestion is a sweet transparent liquid, which is excreted in the
form of a fine spray, with the apex of the abdomen tilted upwards,
The honeydew oceasionally accumulates on surfaces of leaves and
shoots in small lumps. When freshly deposited the honeydew
imparts a shining appearance to leaves and shoots, which subse-
quently become sooty black owing to the growth of & mould. This

species Is not gregarious.

7. CoruLATION.

Copulation takes place end to end, the licads of the male and
female being away from each other and lasts for two to"three hours
during the day time. In some cases the period of copulation was
found to exceed this time. 'The female alter copulation, wanders
over the plant to select a proper site for laying eggs, and the male
either remains on the plant or jumps off to another plant.  Copula-
tion begins within ten days after the last moult, but may be
delayed for more than a fortnight.
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8. Ovirosrrion.

The female begins to oviposit within a week of copulation and
oviposition is followed by further mating. In captivity Sarima
negroclypeata lays eggs by instalments, and the interval between
iwo successive instalments varies from five to seven days. Kxami-
nation records of sleeved shoots in the forest indicate, that mating
and oviposition goes on all round the year; so that females of the
older generation may be evipositing, when adults of a new brood
are emerging from the last moult.

9. Sire or OVIPOSLILION,

The female oviposits on the bark of shoots, at the axil of leaf
and shoot, on the petiole of the leaf, on old and new leaf flush,
and also on sprouting leaf buds. The eggs ave never deposited
inside plant tissue. The eges are laid singly, ravely in clusters of
three or four, distributed all over the branch, and are struck on the
surface with a secretion.

10. INncuBaTION.

The egg when freshly laid is dull white in color, which gradually
becomes pale yellow on the seventh day. The color of the egg
changes to mixed pink and yellow on the tenth day, and ﬁnally
attains a light pink color throughout on the fourteenth day. When
about to hateh the pink embryo can be distinctly seen inside the
egg shell. The hody occupies just three quarters the length of the
egg with two dark red spots, the future eyes of the first stage
nymph at the cephalic end; the abdominal segments are clearly
defined, and the long legs ave seen sticking out at the sides. .

11. Durariox or IxcunarioNn PERIOD.

The shortest time taken for the eggs to hatch was seventeen days
in April and June at a mean temperature of 80°F—82°X, while
the longest time was of twenty-five days in February—March at a
mean temperature of 74°T'. The average of nineteen records is of
R1'4 days and the mode is of 23 days at a temperature of 68°—82°F,
in practically all the months of the year.

12. HarcuiNg.

The nymph emerges by making a slit at the side of the egg with
the help of the third legs, which are provided with toothed tro-
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chanters. By rubbing the toothed trochanters against the chorion
of the egg from within, a meso-metasternal suture is first made,
and is further widened by the spines on the tibia and tarsus of the
third legs. 'The first to come out from the egg are the head and
rostrum. By moving laterally and also backwards and forwards,
the yolk skin or membrane enclosing these parts, is gradually
pushed down tlie abdomen and the legs till the body is entirely free.

18. DrrErENT STAGES IN THE Lire-Histonry.

The nymph undergoes five moults during an average period of
one hundred days and then becomes adult. Collecting on any day
of the year on sandal plant, with yield almost all the stages’ of
this species. The time spent in the different stages during the
different months of the year is given below.

First Nymphal Stage.
The shortest time taken to moult from the first to the second
nymphal stage was fifteen days in' June at a mean temperature of

80°F, while the longest time was twenty-fowr days in January at
a mean temperature of 70°I.

One nymph moulted in sixteen days in March at a mean
temperature of 76°I", while three transformed in seventeen days
- during April; June, and July, at mean temperatures of 85°F, 80°K
and 78°T respectively. Tour individuals moulted in eighteen days
at mean temperatures of 80°F, 78°F, 77°T, 70°F during June,
July, September and December; and four moulted in nineteen days
during February, July, August and Decembf:r a‘t mean temperaturfzs
of 7401, 78°F, 79°T and T0°F. Tour individuals moulted in
twenty days during August, October and December at mean tem-
peratures of 7T9°F, 77°F, 70°F; two moulted in twenty-one days
in January, and August, at mean temperatures of 68°T" and 79°1";
while three moulted in twenty-two days during January, February,
and December at mean temperatures of 68°F, 69°F, and 70°T.

The average time of twenty-three records is 192 days, and the
mode is 18 to 20 days, at mean temperature varying between 70O
t(_) 800_[(" in Practicﬂlly {1,]1 lnolllhs Of the 'year'

Sccond Nymphal Stage.

The shertest time taken to transform from the second to third
nymphal stage, was fourteen days during February—March, at o
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mean temperature of 78°K; and the longest time was twenty-four
days during December—Tanuary, at a mean temperature of G9°T.
Twenty-four individuals, took fifteen to twenty-thrvee days to
moult from the second to third stage, at mean temperature varying
between (9°T'—8GCF. The average time of twenty-six records is
194 days, and the mode is 19 days, at mean temperature varying
between 69°1'—86°F, in practically all months of the year.

Third Nymphal Stage.

The shortest time taken to moult from the third to fourth
nymphal stage, was sixteen days during April—D>May, at mean tem-
perature of 82°T'-—85°T'; while the longest time was twenty-three
days during March and September, at mean temperature of 7H°T1°
and TTOT.

Twenty-two individuals, took sevenicen to twenty-two days to
transform, at mean temperature varying between G3°T—8501%,
The average time of twenty-nine recovds is 199 days, and the mode
is 20 days, at mean temperature varying between G8°T—T79°I¢, in
six out of twelve months of the year.

| }z |
Fourth Nymphal Stage.

The shortest time taken to moult from the fourth to fifth
nymphal stage, was cighteen days during April—>May, al a meon
temperature of 86T ; while the longest time was twenty-three days
during February, at a mean temperature of 73°1.

Twenty-four individuals, took nineteen to twenty-two days to
transform, at mean temperature varying between T0OW—8T7°N.
The average time of twenty-eight records is 2007 days, while the
mode is 20 days, at mean temperature varying between 71°10—86°1°,
in practically all months of the year. ’

Fifeh. Nymplal Stage.

The shortest time taken to moult from the fifth nymphal stage
to the adult hopper, was nineteen days in the month of May, at a
mean temperature of 86°T"; and the longest time was twenty-four
duys during August—September, at a mean temperature of 78CL.

Twenty-two individuals, took twenty to twenty-three days to
transform, at mean temperature varying between G(9°T—8GOF.
The average time of twenty-five records is 21 days, while the mode

ety v
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is also 21 days, at mean temperature varying between G69°F—S83°F,
in practically all months of the year.

14. Mourring or Nyarus.

When about to moult, a fine rupture appears from the vertex
to the base of the metanotum. The head of the emerging nymph
or adult is pushed out first, and the moulted skin previously cover-
ing the head and thorax occupies a ventral position. The emerging
nymph or adult slowly crawls out, and the moulted skin is always
left attached to the undersurface of leaves or on bark of shoots by
the legs. The whole process of moulting from one stage to another
occupies thirty minutes.

15. Recentry Mourreb Aburnr,

In @ particular case on the 13th March 1931, a freshly trans-
formed S. nigroclypeata adult was closely waiched, and the follow-
Ing observations were recorded with regard to its coloration and
development : —

8-30 a.ar.~—The fresh adult is whitish in color; eyes reddish;
wings white; abdomen elongated, with light pink
streaks between eyes, at middle of pro-and meso-
notum, at base and sides of metanotum, and on
first abdominal segment. Wings about a quarter
of the length of the body; legs and rostrum
whitish. ‘

8-45 a.ar.—Wings whitish, and have grown to three-quarters
of the length of body. The abdominal segments
have contracted.

8-50 a.m.—Wings still whitish, but have expanded, and
covercd the abdomen, leaving only the sixth and
seventh segments exposed.

9 aa.—Wings as long as the abdomen, darkish white ;
venation of tegmena distinet; pink rings visible
in between abdominal segments; eyes dark,

9-25 A.M.—Spines on eyes hecome visible; rostrum brown at
base; femur and tibia darkish at places.

9-35 a.a.—Wings have become darkish with spots.

9-50 a.a.—The hopper has assumed its yellowish hrown colora-
tion with dark brown speckling, legs vellowigh
with dark brown stripes,



10 Indian Forest Records. » [Vor. XVIIT

16. Lire or Apurr.

In nature the imago of Sarima nigroclypeata, should have a
maximum life of three to three and a half months throughout the
year. In captivity inside sleeves, and in insectary cages, six
records of adult life have been made between January and Novem-
ber, with a range of 93 to 107 days.

17. Frecunprry axp Sex RatIo.

The female hopper lays eleven to twelve eggs at a time up fo a
total of 124. Counts in the overies have not been made. The sex
ratio based on reared colonies is 1: 1.

18. Durarion or Lire-CycLE.

The following table sminmarizes the time variation in the stages
of the life-cycle :—

Stago. Shortost period | Longest period | Average period
(days). (da . (days).
Bge . . . . . 17 25 214
First instar . . . . 15 1 24 19-2
Second ,, . . . 14 24 19°4
Third ,, . . . . 16 23 199
Fourth ,, . . . . 18 23 207
Fifth e . . . 19 24 21°
Total . 99 143 - 121-6 days

The difference between the shortest and the longest periods from
oviposition to adult is 44 days. The average is 121-6 days, and the
mode is the same.

19. Errecr or TEMPERATURE oN DEVELOPMENT.

The difference of fourty-four days hetween the shortest and the
longest records of the life-cycle, may possibly be due to differences

m temperature. The temperature records, do not support seasonal

vaviation in the vate of development of the different hroods during
the year,- T'or example in the months of Decomber-—January at
mean temperatures of 68°F—T1°F, the ogg takes 23 days to hateh;
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i the month of March at a mean temperature of 74°L, the egy
took 24—25 days to hateh; while in the month of June at a mean
Fenfperatm-e of 8201, the egg took 23 days to hateh. Jrom above
1t 15 inferved, that the development is independent of the mean
temperature during different ‘months of the year. Most of the
transformations of the different stages, take place within 17 to 23
days at mean temperatures varying from G8°IF-—87°F. This uni-
formity of development throughout the year, is to be expected of a
species adjusted to an equable climate. Sarima nigroclypeata is
active throughout the year.

920. NuMmpii 01 GENERATIONS.

Allowing a fortnight for mating and matwration of the ege, it
iy evident that a minimum life-cycle of 99 days, combined with an
average life-cycle of 121-6 days, permnit a sequence of three genera-
tions in a year. As the adults live for over three months, and
the egg laying also goes on a long time, the generations overlap.
Under insectary conditions three broods have actually heen earried
through, the first in January to April, the second in May to August,
and the third in September to December.

21. Broric PorENTIAL,

Assuming that the egg laying capacity of this species is 124
eges per female, the sex ratio is 1: 1, the number of individuals
produced from one egg is one, aud the number of generalions per
year is three, then the annual biotic potential for the species
starting with a single pair is

(2 % 62 x 1)* =1906624 individuals.

22, SpasoNAT, INCIDENCE AND RELATIVE ABUNDANCE rroM Quanti-
TaTIVE AND F1kLbd Conukcrions.

The samples of the population of sandal insects, made at regular
intervals by field assistants under the writers’ divection, were
analysed at Dehra Dun by Mr. C. Dover. The diagrams given in
Plate II are prepared from his data, and are corrected modifications
of those issued on pp. 16, 17, of the bth progress report of the
Sandal Spike Working Committee, (3; pp. 16—17). Of the total
of 2,048 specimens, obtained in one year’s guantitative collections
from the sample plots at Fraserpet, Jawalagivi, Alyur, and Kottur;

: B
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the Aiyur plots yielded 53 per cent., Jawalagiri 40 per cent.,
TFraserpet 4 per cent., and Kottur 2 per cent., Pl TI, fig. 2. At
Traserpet this species is relatively most abundant in plot No. 5,
which is heavily spiked, and least abundant in plot No. 6, which
is healthy. At Jawalagiri S. nigroclypeata is more or less uni-
formly present in all the plots. Tts relative high occurrence in
spiked plots 9 and 14, in which the ground was dug up and
manured, and the spiked trees were removed every month, is worthy
of note. The low figure for plot 10, is due'fo the fact, that the
plot was completely burnt hy five in April 1931, and quantitative
collections were not made in the plot, for a subsequent period of
about five months. At Afyur this species is relatively more
abundant in the healthy plots 16, 17, and 18, pl. TT, fig. 1. Its
abundance in spike plot 20, is more or less the same as in spiked
plot No. 9 of Jawalagiri; and the species is fairly abundant in the
heavily spiked plot 19. At Kotiur, though it occurs in all the
plots, this species may be considered as relatively rare. The graph
for seasonal incidence, pl. TT, fig. 3, shows that {here is a gradual
inerease in abundance from April to August, followed by a decrease
to November; the population increases again, hut less abundantly
in the cold months December and January.

During the period March 1930 {o Mareh 1931, a sepavate collec-
tion of 1202 S. nigroclypeata was made on sandal from numerous
localities by sweep netting at regular intervals.  Iere the monthly
totals do not indicate any marked seasonal variations, but adulis
and nymphs oceur each month,

These observations on the free population confirm those made
on caged individuals, namely that the species is active throughout
]
the year.

23. Nicur CorixeTIoNs.

During the period October to December 1931, collections on
sandal were made hy field assistants in Denkanikota range, for one
hour on alternate days at night, and out of a total of 250 specimens
of Memiptera obtained, S. nigroclypeata represented 11 per cent.

24. TiNneMIzs.

Sarima nigroclypeata in its nymphal and adult stages, does not
suffer from the attacks of parasites and predators.  Parasitism by
a chaleid (?), was noted on one oceasion in December 1930, Na
91"0(\{\t0rs have been observed,



Pave VITL] Cravrerrse: Spike Disease of Sandal, 13
MORPIIOLOGY.
(Description of the various stages Pl. 1; Figs. 1 to 15.)

25. Bee. (Pl 1; Tig. 1.)

Oval, depressed, rounded at both ends, with a short pedicel at
the cephalic eond, which is slightly narrower than the posterior
end. Chorion not sculptured, but shows at certain angles fine
broadly spaced furrows, which arve straight on top but curved at
sides. Length including pedicel 0°95—125 mm; Dbreadth 0-35—
050 mmn,

Iirst Stage Nymph.

oo
in color. Tt acquives its general pinkish-brown coloration with a

whitish Dloom within 48—72 hours. Eyes dark rved; face, vertex,
middle of thorax, and abdomen pale throughoul; pro and mesono-
tum pale or whitish at the lateral margins; metanotum pinkish
brown; abdomen basally pink, apically pinkish brown; apex of
tibia, tarsus, and vostrum whitish or pale; antenna and base of
rostrun pale brown to brown; legs banded brown. Sensory pits
whitish or pale some suwrrounded by brown rim.  Anal hrushes white
with black bands, and Degin to grow within 12—24 hours of hatch-
ing. The proportion of anal brushes to the length of the body of

the nymph is about 1: 1.

Ilead narrower than pronotum. Vertex slightly produced in
front of the eyes, rounded at the anferior margin, angularly emar-
ginate at the posterior margin. TFace a little longer than broad
convex, apical and lateral margins faintly ridged with a fine central
longitudinal carination, with a series of sensory pits on apical and
lateral margins. Thoracic segments distinet, mesonotum Jonger
than pronotun, metanotum ahout twice as long as pronotum; ante-
rior margin of pronotum angularly produced in between the eyes,
posterior margin sinuate, with a series of 8 sensory pits placed
obliquely on either side of the mid dovsal eavination, which runs
from base of metanotum to apex of pronotum. Mesonotum with 4
sensory pits on either side of the mid dorsal ridge. Metanotum
with 2 sensory pits placed obliquely on either side of the mid dorsal
earination. Legs of moderate length, third pair longest. Tosterior
trochauter only dentate, apex of tibia and first tarsal joint of the

" ~ BR

On emergence from the egg, the nymph is of pink to crimson
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third leg with small brown spines, 4 on each. Anterior and inter-
nledmtc legs without spines. 'T'arsal joints two, first joint shorter
than the second in the anterior and 1ntonnulmte legs but longer
than the second in the posterior leg.  Abdomen with seven discer-
nible segments, first segment snmll, third, fourth, fifth and sixth
begnmnts, each with 2 sensory pits, on either side near lateral
margins.  Anal hrushes come out from two small kidney-shaped
white pads, situated at the sides of apparently the last abdominal
segment. loach brush is composed of a bundle of white wax
bristles, which increases in length with the age of the mymph, and
becomes banded with black. L(,nﬂth 1 mm.———l 25 mm; length of
anal brushes 1 man,

Second Stage Nymph.

A freshly moulted second stage nymph is pinkish while in color,
with pink spots on both dorsal margins of abdominal segments and
also at base of first abdominal segment. Three pink spols situated
in a triangle are seen at the apex of pronotum. 'The eyes are at
first pink, and then turn deep red. Tiegs and proboscis are whitish.
In mature specimens the general (:oloration is pinkish-brown.
Vertex and face pale yellow; antenna, clypeus, and base of rostrum
brown. Thorax and abdomen pale at middle; pro and mesonotum
pale at lateral margins, metanotum brown with pale spots at poste-
vior margin. legs pale banded brown, abdomen pinkish white at
base, pinkish brown at apex. The anal brushes begin to grow after
24 hours of moulting, and the proportion of the length of the
brushes to the body of the nymph is about 1: 1.

Head including eyes not as broad as pronotum. Verlex sub-
pentangular, about twice as hroad as long, slightly produced in front
of the eyes, with a fine centrul carinate line. Tace as in the first
stage nymph, slightly ampliated, sinuate before clypeus. Clypeus
short, robust. Pronotum shorter than mesonotum, transversely
bumllu than the following two segments, sinuate at base, anterior
margin angularly 1)1()(1\1(u1 in between the eyes, a faint median

carination present, with 9 sensory pits placed obliquely on either
side of the median ridge. Mesonotum faintly tricavinate at middle,
with 4 sensory pits on either side of the carinations. Metanotum
with a faint median carination, sinuate anteriorly, posterior margin
angularly produced at sides about twice as long as pronotum, with
2 sensory pits placed obliquely on either side. Apex of tibia and
first tarsal joint of the third leg with small brown spines,  on each..
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The antervior pairs of legs without spines. T.egs and tarsal joints
as in the first stage nymph. Abdomen hroad at base, tapering
posteriorly, first abdominal segment transversely smaller than the
second segment.  Thivd, fourth, fifth and sixth abdominal seg-
ments, each with 2 sensory pits, on either side near lateral margins,
The abdomen is mildly ridged mid-dorsally in the male which is
smallei than the female.  Anal pads larger than those of fivst stage
nymph.  Anal brushes as in the first stage nymph but with more
numerous bristles. Length 1'5 mm—I1'75 mm; length of anal
brushes 175 mm; greatest breadth over thorax on the metanotum
0-85 mm.; breadth between the eyes 065 mm.

Third Stage Nymph. (Pl 1; Fig. 2.)

Greneral colour pinkish brown. Verlex, face, clypeus at base,
middle of thorax and abdomen dorsally, apex of rostrum pale or
pale yellow. Femora, tibiw and tarsii darkish, banded. Compound
eyes dark red, with a thin white film. Antenna, clypeus, and base
of vostrum brown. DPro and mesonotum pale at lateral margins,
metanotum with pale spots.  Abdomen whitish pink brown, basally
whitish pink, apically pinkish brown above, with pale brown patches
on the third, fourth and fifth segments beneath. The anal brushes
and the bands on them are most conspicuous in this stage. The
vatio of the length of the anal brushes {o the length of the body of

the nymph is about 1'5: 1.

Tead, vertex, face, clypeus, pro-meso and melanotum, as in
second stage nymph. The faint mid dorsal carination on the pro-
notwn is continued over the meso and metanotum. The angularly
produced anterior margin of the pronotum is slightly raised and
ampliated. Prounotum with 12, mesonotum with 8, and metanotum
with 4 sensory pits placed on either side of the medio-dorso-longi—
tudinal carination. Tegs and tarsal joints as in the second "stage
nymph.  Apex of tibia and first tarsal joint of the posterior leg
with 5 brown spines on each. Abdominal segments as in the second
stage nymph.  Second abdominal segment with 1 sensory pit, third,
fourth, fifth and sixth abdominal segment each with 3 sensory pits
on either side near anterio-lateral margins.  Anal pads larger than
those of the second stage nymph.  Anal brushes as In second stage
nymph but with more numerous bristles. Tength 1:80 mm.—2:25
mm; length of anal brushes 275 mm.—3'5 mm ; breadth over thorax
on the metanotum 1'25 mm; breadth between eyes ") mu,
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Lrourth Stage N ymph.

Similar in coloration to third stage nymph but morve dark hrown.
Vertex, pro-meso and metathorax, hrown, mottled.  Abdomen light
brown, with transverse pink bands in between segments, more
brown apically.  Ilirst abdominal segment castaneous at the ex-
treme lateral margins.  Sixth abdominal segment with a castaneous
spot at middle of the posterior margin. Iace brown, speckled;
clypeus at base pale.  Ifemur, tibia, and larsus pale, banded brown,
liyes dark ved.  Antenna, clypeus, and base of vostrum dark hrown.
The proportion of the length of the anal brushes to the length of
the body of the nymph is above 1: 1. '

Ilead, vertex, face, and clypeus as in the third stage nymph.
LPronotum smaller than mesonotum or metanotum. The medio-
dorso-longitudinal carination runs from vertex to base of metano-
tum.  The angularly produced anterior margin of the pronotum
slightly elevated and ampliated.  Pronotum with 15 sensory pits,
placed obliquely on cither side of the median ridge. Mesonotum
tricarinate with 8 sensory pits, 5 near middle and 3 on fegminal
region, on either side. Metanotum with 6 sensory pits in two
groups of & each, on ecither side of the median carinalion, one group
near middle and the second on tegminal region. Tegmina on meso-
and metanotum present, but small and inconspicuous. Legs and
tarsal joints as in the thivd stage nymph.  Apex of tibia, and first
tarsal joint of the posterior leg, with 6 black spines on cach.
Abdominal segments as in the third stage nymph.  Second abdomi-
nal segment with 2 sensory pits, third, and fourth abdominal
segments each with 4, and fifth, and sixth segments each with 3
sensory pits on either side near anterio-lateral margins. Abdomen
mildly ridged mid dorsally in the male which is smaller than the
female.  Anal brush pads, larger than those of the third stage
nymph. Anal brushes as in third stage nymph but with morve
numerous bristles.  Length 2 mm.—2'5 mm; length of anal brushes
2 mn.—2°25 nun; breadth over thorax on the metanotum I'5 mm;
breadth between eyes L nun.

Iifth Stage Nymph.

General colovation, pale pinkish dark brown or Dblack. Iyes
cdark red with a whitish film. Vertex, face, pro—and mesonotum,
and first four abdominal segments over a grealer avea, pale with
dark brown or black mottling. Pronotum with Dbrown spots;
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mesonotum pale at middle, and at anterio-lateral area; metanotum
dark brown or black, with large pale spols. Two oblique pale lines
on the metanotum, on (,Lther side of thc median rdge, reach as
far as the mcsonohl carinations.  Apices of tegmina, apical three
abdomiual segments, clypeus except at hase, lmse (){ rostrum, and
anlenna davk Inown or black,  Abhdomen in between sunnouts pin-
kish abeve, with a paiv of lavge dark brown or black pdlvhos on the
third, J,ourlh and fifth segments, beneath. I.egs banded dark brown

or black. "Pegmen dark ])10\\‘11 or black, conspicuous with pale, and

brown ov l)la( k strintions. The wax bristles composing (he anal

brushes are most numerous in this instar, and the proportion of the
length of the anal brushes to the length of the body of the nymph

18 Lboutl : 1.

Head including eyes narrower than pronotum. Veriex subpen-
tangular, its base angularly emarginate, with a fine carinale line,
twice as broad as long, slightly pwdu(,ul in front of the eyes. Tace
slightly ampliated, sensory pits at apex and sides, sinuate before
clypeus, with one cenfral and iwo curved marginal carinations
which meet at apex. Clypeus short, robust, shining. Antenna
dark brown, second joint longer and stouter than the fivst, globose,
with o number of fine sensory pits and hairs.  Basal aristal knob
Pronotum transversely smaller than the following

minute globose.
two segments, sinuate at base, anterior margin slightly ampliated,
and angularly produced in between the eyes, with 18 sensory pits
placed obliquely on cither side of the median carination.  Mesono-
tum iricavinate angulaly produced posteriorly at sides, with 11
sensory pits on either side, 5 near middle in one group and 6 dis-
tributed over the tegminal rvegion. Metonotum sinuate anteriorly,
angularly produced ab sides posteviorly, with 3 sensory pits placed
i one group near middle on either side of the median rvidge.  Teg-
mina conspicuous. Posteriorv legs longest with the trochantiers den-
tate.  Apex of tibia, first and second farsal joints with small black
spines, the number of spines being 7-8 at apex of tibia, 7-10 at
apex of first tarsal joint and 13 on the sccond tarsal joint. Tarsal
joints two in ihe anterior and intermediate legs, hut three in the
posterior leg.  Abdominal segments as in the f‘)m“l stage nymplh.
Second segment with 3 sensory pits; thivd, fourth, and fifth seg-
and the sixth segment with 3
sensory pits, on ecither side near apical mavgins.  Abdomen mildly
ridged in the male which is smaller than the female,  Anal brush
pads, larger than those of the fourth stage nymph.  Anal brushes

ments c-\(h with SENSOIY pits,
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a¢ 1 the fowrth stage nymph but with more numerous bristles.
External genital organs dark brown or black. Length 2:75 mm,.—
45 mm; length of anal brushes 5 mm.—6759 mm; breadth over
thorax on the metanotum 25 mm; breadth between eyes 1'5 mm,

26, Avvrr  (PLo1; Fig. 3.)

¢ Vertex twice as broad as long, surface deepened in the middle,
with white grainy middle line. Face somewhat less long than the
maximum breadth, tapering between eyes on sides, surfaces rounded
to clypeus flat, sprinkled with deep brown, with three obvious cari-
nations, bounded with each other in the middle of upper margin
of face, the lateral carinations arve close against the sides of the
face, the middle carination 1uns through the length of face upto
clypeus.  Clypeus with the exceplion of a small yellowish-white
base; black, glossy, and nol keeled. Pronolum and mesonotum
brown or black spotted, the later with three ohvious longitudinal
sarinations.  Tegmen longish, narrower at the apieal end, brownish
yellow, sometimes irregularly black spotted. At the apical end
both the radial veins run closely towards each other. Irom the
root branches a shorter nerve joins in a loop with the outer radial
nerve. Wing smoky brown. Underside pale yellow, sometimes
with davk longitudinal markings and on either side are present o
row of black dots. Tegs pale yellow, fumur with brown longitu-
dinal stripes, on the tips of tibia are seen small dark dots & {
length 5 mm.’

The male is smaller than the female. In twelve specimens of
males and females selected out of a large number of specimens, the
length from apex of vertex to the apex of tegmina, varied from 4
mm. to 45 mm., the average being 42 mm. in the case of the
male; and from 475 mm. to 55 mm., with an average of 5 mm.,
in the case of female.

27. DEVELOPMENT OF ANTENNAE AND PRESENCE 01 SENSORY Prrs
AnD Harrs oN 11 SucoND ANTENNAL JOINT.

In the first instar the second joint of the antenna is robust,
globose, studded with minute projections, being longer and broader
than the first joint; which is small, plain and annular. At the
apex of the second joint is seen a knob, the aristal knob, with two

(* Foornore.—Deseription  translated from Monographic der Tssiden hy
Melichar,)
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fine hairs, and minute lubercles, lateral to which arises the sela,
PLO1; Yig. 5. In the second instar, both the second joint, and
the antennal knob, ave spinulate or are studded with black minute
projections, with few olfactory spots on the second joint. At one
side of the antennal knob, are seen two long hairs, with few small
tubereles probably sensory i function; and on the opposite side is
seent a small pointed tubercle outside which the antennal seta
avises. In the third instar, the second joint with few small,
olfactory pits, is also longer and broader than the first.  Both the
second joint, and the antennal kuob, are studded with black minute
projections or blunt spines, with small spines and hairs at apex.
The large hairs on the arislal kuob seen in the second instar are
also present and the setn avises from the knob laterally. Iu the
fourth instar, the second joint is with small olfactory pits, minute
spines, and hairs, all over, more so at apex. The antennal knob
is small, elobular, studded with minute sl_)ines', and the sela avises
laterally. In the fifth instay, the second joint is spinulate with a
number of stout, pointed, transparent setae. A series of large
sensory fovew are seen on the second joint each with 5-7 thin
triangular pointed projections at the ouler edge. Antennal knob
with sensory pits, fine bairs, and minute tubereles, at apex. In
the adult stage, P1. 1; Fig. 6, the second joint is spinulate also,
with & number of stout, transparent, pointed setw, amongst which
are present a number of large olfactory pits; each with 7-10 (hin
triangular pointed projections at the cuter edge. Antennal knol
small, smaller than that of the nymphs, globose without hairs, hut
with sensory pits and minute tubercles.  The seta arvises laterally.

928, DevinorsmenxT or Lra aND Prusunce oy Tacvine Ilains,

Trocitantir: The trochanter of the posterior leg in all the
nymphal stages, is dentate at the nner margin, Pl 1; TFig. 9;
which is not seen in the anterior and intermediate legs, nor in any
of the legs of the adult.

Fiyur: In the first and second stage nymphs, the femur of the
anterior and intermediate leg, is studded with small setee and haivs,
In the third and fourth stage nymphs, the femur of the first and
second leg, is studded with small whitish pointed spines, besides
setee and hairs. In the fifth stage nymph, small pointed brownish
spines are present in double row on the fumur of the first and second
leg, besides the setae and hairs. The fumur of the posterior leg, is
studded with small fine spicul in the first four instars, and with
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small setw in the fifth instar.  1n the adult stage the Lumur of the
anterior, intermediate and posteriov leg, is similar to that of the
fifth stage nymph,

Tisra: The tibia of the first and secoud leg in all the nymphal
stars, and in the adult is destitute of spines Pl 1; Pig. 11, The
tibia of the anterior and intermediate leg, L. 1L; Iig. 12, is studded
with, small fine hairs in the first instar, with fine spicule in the
second instar, and with fine setw and hairs in the thivd, fourth and
fitth instars and also in the adult. The tibia of the posterior leg
i the fiest instar has besides fine hairs, 4 castancous-tipped spines
at apex PL 15 IMg. 7. In the second instar, besides fine spiculw,
there are one spine at middle, and 5 spines al apex of the third
tibia. In the third instar, besides setw and hairs, arve present one
brown-tipped spine near base, one at middle, and five at apex of
the third tibia. In the fowrth instar are present one brown-tipped
spuie near base, one at middle, 6 at apex, and one spine in between
the middle spine and the apical spines besides seter and hairs.
In the fifth instar besides setw and hairs, are present 7 or 8 black-
tipped spines at apex in addition to the three spines seen on the
tibia of the fowrth instar, Ll 1, Iig. 8; and 8 black-tipped spines
at apex with only two other spines, the basal spine being absent,
in the adult.

Tarsus: The number of tarsal joints in the anterior, interme-
diate, and posterior legs, of the first four instars, is two. In the
filth instar, the number of tarsal joints in the first, second and
thivd legs, is two, two, and three respectively. In the fourth and
fifth instars, the first tarsal joint in the posterior leg hecomes pro-
minent, and remains so in the adult stage, in which the number
of tarsal joints in all the legs becomes three. In all the nymphal
instars, the first tarsal joint is much smaller than the second in the
anterior and mtermediate legs and Jonger than the sccond 1 the
posterior legs. In the fifth instar, the first and the third tarsal
joints are subequal, but the first joint is stouter and more prominent
than the thivd, which is slender and bears no spines.  In the adult,
the third tarsal joint is longest, being longer than the first and
second pub together in the first and second legs; but in the third
leg the first tarsal joint is longest.

The tarsal joints of the first and second legs in all the nymphal
instars and in the adult,.are destitute of spines.

In the nymph of the first instar, 4 brown-tipped spines are
present ab the apex of the fivst tarsal joint in the posterior leg, the
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sccond joint is without spines. Tew small tactile hairs are present
on the tarsal joints of all legs. In the second instar fine tactile
hairs are mostly present ventrally in all legs, move so on the third
leg. At the apex of the first tarsal joint of the third leg, are
seen b Dbrown-tipped spines ventrally. Spines are absent on the
second tarsal joint. In the third instar 5 brown-tipped spines
oceur at the apex of the first tavsal joint, the second tarsal joint is
devoid of spines.  Tactile hairs are present on both the {arsal joiuts
of the first and second legs ventrally, but are more abundant on the
lavsal joints of the third leg. In the fourth instar, tactile hairs
ave present on the tarsal joints of all legs as in, tho third instar
nymph. There are 6 brown-tipped spines at the apex of the first
larsal joint but none on the second tarsal joint. In the fifth instar
lactile hairs are distributed all over the first and second tarsal joints
of the anterior and intermediate legs ventrally. Tu the posterior
leg, the second tarsal joint is smallest, the third tarsal joint is
less hairvy than either the first or the second, on which hairs are
concentrated at the apex. There ave present 7-10 black—tippul
spines at the apex of the first tarsal joint, and 1-3 spines on the
sccond tarsal joint, but nowe on the third joint. In the adult,
hairs ave distributed all over the three tarsal joint of all legs, 1)ut
they are more abundmit ventrally. The bairs are small, 1)0111.1(,(],
and arise out of circular translucent spots. The first tarsal joint
has 15 black-tipped spines at apex, the second {arsal joint only
while theve are no spines on the third tarsal joint.

Craws: The tarsal joints in all nymphal stages, and in the
adul, end in a pair of light to dark browu, curved and pointed
claws; in between which is a bunch of small tenent hairs bent at

tips, P1. 1; Tig. 10.

20. Amnan Paps anb Brusnues.

Nymphs of all instars have a pair of small, thick, kidney shaped,
white pads, one on uthu side of the wnal platu, tmm which the
anal hrushes devolope. Each brush consists of two bundles of
white, rather stiff, wax Dristles; placed very close to one another.
'lhcs(, brigtles increase in number with each moult, and become
banded with black at different places throughout their lengths,

The base of each bristle, is in the form of a cirele or ring with
au internal transparent avea, bordering which are small transparent
spots, the buases pmsunmbly of minute selwe; which are not dis-
cernible under low power. In between these circles ave present
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slightly Targer transparvent spots, which probably are the bases of
still Jarger setwe.  When seen under high power, these rings appear
in the form ol shallow cups or pits with the edges projected, round
each of which ave scen fiftecn to seventeen very minute setae, in the
case of the nymph of the fifth instar

The anal brushes and  pads dvop off with the exuvium, and
fresh Dbristles avise in their places as the nymphs continue to feed
and grow, after every moult. If the bristles forming the anal
brashes, ave cufl off or removed intentionally in the middle of the
nymphal stage, they again grow and the nymph does not appear
to be in any way the worse for their removal.

The pads become larger in size with each moult.  In the nymph
of the first instar the number of anal bristles on ench pad s seven,
PLo 15 Fig. 13, in the second instar nine, in the thivd twelve, in
the fourth sixteen, and in the fifth instar over sixty, Pl 1; Fig. 14,
In the adult stage the anal pads entively disappear, and no brushes

are seen either in the male or in the {female.

30, Growrin or ANAL Brusmnes AND THETR FUNCTION.

The wax bristles composing the anal brushes are most numerous
in the nymph of the fifth instar, and the bluish-black bands on
them ave most conspicuous in the third instar. In order to deter-
mine the time and rate of development of the anal brushes, a
nymph of the third instar was kept under observation from 10 ..
on the 27th February 1931, The brushes were not visible on the
first day. The anal brushes when they first appear, are glistening
milky white in color. On the second day only a small white stump
was seen to come out. On the third day the white brushes were
with two glistening bluish black bands, and had attained only half
the length of the body of the nymph. On the fifth day the brushes
had grown to three-quarters the length of the body of the nymph,
and had three bands. On the eleventh day the brushes were one
and a quarter times the length of the body of the nymph, and
showed four bands.  Ou the fourteenth day the nymph was seen to
have developed five shining bluish-black bands on the brushes,
which were a little less than one and a half times the length of the
body of the nymph. On the sixteenth day, the brushes were found
to have grown a little over one and a half times the length of the
body of the nymph, and had developed seven bands.  The relative
position of the bands on the hrushes was as follows:—The distances
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helween the first and third, thivd and fifth, and fifth and seventh
band were about equal. The distances from the apex of the abdo-
men {o the first band, and from the first to the second band were
equal. The distances between the second to the thivd, the {hird 1o
the fourth, and the fourth to the sixth were subequal.  The
distance between the sixth and {he seventh hand was longest.  The
distance between the fifth and the sixth band was about equal to
that between the first and second. The seventh band was l‘ongcst
and beyond the seventh band the ]n‘\.lshes extended f‘m' a distance
cqual to that between the fifth and sixth band. AL 2 r.ya. on the
sixteenth day the anal bristles were seen reduced {o mere sluml;‘s_
The fragile anal brushes grow \\'ft'l_l tl.lc nymphs and after a ('Ul'(,{l].ll
stage dwindle prior to moulting. With age the brushes loose their
stiffness and luster.

The exact funetion of the anal hrushes is not 1111(101".5\(00(1, nor
is the development of the bluish black lml"lds on ‘thom. The ohject
of spreading the brushes fanwise, and of carrying them over .{J!e
back, may be to scare and drive away predatory and parasitic
nsects,

31, Mank Gexirama.  (PLo1; Fig, 15))

Aedegus short, phallosoma four lobed in. the region of _lhe
mouth, the two dorso lateral lobes hard, .p(nn(od, rach (‘ul'ryl.ng
small, thin, legume-shaped, appendages, 1301111’9(1 and curved at tip,
and serrated at the outer edge. Conjunctiva :\])l)elrflztg-(fs well (.levc-
loped, flattened, spinulate at the distal ends, with t,\\'(: pointed
secondary processes. Vesica wide, .:md blunt at apex, 1 aranmeres
broad, studded with thin spines, slightly pro(hu-ed'u( the posterio-
dorsal region with a thin process hefore the posterio-dorsal corner,
where it is sligllt,ly twisted.

32, Byus. (PL1; Fig. 4.)

The surface of the cmnp(iund eyes in all the nymphal .'stuges. is
glabrous, but in the adult stage the eyes are studded with very
minute spear shaped spines all over, except for a small avea near
the antenn:we.

33, Distiverion perwreN Nyamreian INsTies.

The differences between the uymphal instars, ave bui"im‘ appear-
ance and size minute, and the nymphs of the different mstars can-
not be separated easily without making a special study of “their
characteristics. The (listinguishing characters lie in the number
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of sensory pits on pro meso and metanotum, and also on the second
to sixth abdominal segments; and in the development of spines on
tibia and apices of first and second tarsal joints of the posterior leg.
A reference {o the following table will indicate the different stage

nymphs accurately.

NyMPHS.,
Part of body. Adult.
st nd 3rd 4th 5th
Stage. | Stage. { Stage. | Stage. Stago.

Number of senscry pits on 8 9 12 15 18 0
Pronotum.

Number of sensory pits on 4 4 8 8 11 0
Mesonotum.

Number of sens ry pits on 2 2 4 fy 3 0
Metanotum.

Number of sonsory pits on 0 0 0 0 0 0
Ist abdominal segment,

Numbor of gensory pits on 0 0 1 2 3 0
2nd «bdominal scgment.

Number of sensory pits on 2 2 3 4 4 0
Srd abdominal segment,

Number of gensory pits on 2 2 3 4 4 0
4th abdominal segment.

Number of sensory pits on 2 2 3 3 * 0
5th abdominal scgment.

Numbor of sensory pits on 2 9 3 3 3 0
Gth abdominal sogniont.,

Number of tarsal joints to 2 2 2 2 2 4
anterior and intermediate
legs.

Number of tarsal joints to 2 2 2 2 3 3
postorior legs.

Number of spines on and at| 044 145 215 346 [ 3+7o0r8 | 28
apex of iibia ol posterior
leg.

Number of spines at apex of 4 5 5 6 7 to 10 15
first tarsal joint of posterior
leg.

Numbor of spines at apox of 0 0 0 Y 1 6o 3 2
second  tarsal  joint  of
posterior leg.
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34. Sunamany.

Sarima nigroclypeata is one of the commonest hoppers on sandal
in South India, and feeds on seven different plant species besides
sandal. The nymphs of the first and second instars suck sap from
the new leaf flush and sprouting leat buds; while the nymphs of
the third, fourth and fifth instavs, as well as the adults suck sap
from shoots. As a rvesult of abnormal drain of sap due to the
feeding of a large number of nymphs and adults on the sandal
tree, its vitality is reduced and growth interfered with. Under
laboratory conditions, fecding causes temporary shortening and
clustering of leaves on shoots. As a result of mass feeding, sandal
shoots and young plants die back within a short time.  S. nigrocly-
peatn is considered to he one of the species responsible for causing
stagheadedness generally prevalent in sandal forests. The adult
life is over three months, and the female has a long oviposition
period.  Tiges are laid on the surface of the bavk of shoots. Therve
are five nymphal stages and the average time taken to complete
development from egg to adult is 121 days.  There are three gene-
rations in a vear and the generations overlap. The speeies seem
to be almost entirely frec of parasites and predaceous enemies.
One hundred and fifty records, of the times of development of the
different stages in the life history, dwring different months of the
year have been made. Most of the transformations of the different
stages take place within 17-23 days at mean {emperatures varying
from G8OF-—87°F. ™The studies were mostly conducted at Denka-
nikota, North Salem; where there is practically no variation in
the rate of development in the different seasons. This species is
active throughout the vear in the sandal forests of Madras, Coorg
and Mysore. All the iustars are described, and a table is given for
the identification of nymphs. Observations on the development
and morphology of antennwe, legs, anal Drushes, male genitalin,
and’eyes have also been made,

. The data recorded in this paper, suggest that S. nigroclypeata
is a species, capable of carrying the virus of spike disease of sandal,
Tixperiments have therefore heen undertaken, with the object of
transmitting the disease Ly means of this insect, and the results
will be published when they are concluded. -

e
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Fig. 1.
Fig. 2.
Fig. 3.
Fig., 4.
g, 5.
Tig. 6.
Fig. 7.
TFig. 8.
Fig. 9.
Fig. 10.
Tig. 11.
Fig. 12.
Fig. 13.
Fig. 14.
Fig. 15.

EXPLANATION OF PLATE I.

Sarima nigroclypeata, Mel.

(@) Bgg, (b) Egg about to hatch.

Nymph, 3rd instar, showing sensory pits and anal brushes. Dia-
grammatic.

Tremale hopper (dorsal).

Portion of the eye of the adult hopper. Highly magnified.

Sensory hair on antenna of nymph 1st instar. Highly magnified.

Sensory hair and pits on antenna of female hopper. Highly
magnified.

(a) Posterior tibia and tarsus of nymph, 1st instar. (b) Yosterior
trochanter of nymph, Ist instar.

Posterior tibia and tarsus of nymph, 5th instar.

Posterior trochanter of nymph, 5th instar. Highly magnified.

Marsal claws with tenent hairs of nymph, 5th instar. Highly
magnified.

Anterior tibia and tarsus of nymph, 5th instar.

Intermediato tibia and tarsus of nymph, 5th instar.

Right anal pad of nymph, 1st instar. Highly magnified.

(@) Right anal pad of nymph, 5th instar, (b)) base of a single
anal bristle, highly magnified.

(a) Male genitalia. Cnj. Conjunctiva, Cnj.app. Conjunctiva
appendage, ej. d. ejaculatory duct, gnp. gonopore, Phs. phallo-
soma, Phs. app. phallosoma appendage, Phs. T. phallosoma lobe
Pr. paramere, S¢. PI. Secondary process, Vs. vesica. (b) Spinule;
on conjuctiva appendage. Highly magnified. ‘
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EXPLANATION OF PLATE II.

Sartma nigroclypeata, Mel.

Graph showmg .R,g]n‘twe :\burndance in Sample plots 1—28 Fraserpet
Jawalagiri, Aiyur and Kottur. o

Graph showing Relative abundance in Fraserpet, Jawalagiri, Aiyur
and Kottur,

Graph showing Seasonal incidence hased on one year's totals.
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SEASONAL AND LOCAL INCIDENCE OF SARIMA NIGROCLYPEATA

AlYUR
19.18.17.16.211520.
SSH.H.H.H.HXS.
JAWAL AGIRI —L‘— .
1311.12.8.1014. 9. )
$SSS.S.S. SXSXS. REFERENCE é{
13.= Prot N2 13 %‘
SS= Hearvily spiked. %
S = Spiked.
H =Hea,lt7cy. 8
X = dbrormal. i
g
o~
R
FRASERPET g
5.2.3.4.1.7.6. g
$S.S.S.S.S.HXH. KOTTUR '§
2625282227242, Q
S.H.H.H.HH.H, @
e
Figl Relative abundance irn sample plots 1-28.
FRASERPET
JAWAL AGIRI ]
AIYUR l
KOTTUR Scale 5.5 mm.=40 specimer.s.
Fig. 2. Relalive abundance in Fraserpetl,Jawalagiri, Aiywr and Kotéer
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£g.3. Seasonal incidence based on one years totals.(Modified and
corrected from Dover 1932.)



