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(GROWTH abnormalites, recognizable through exces-
sive cell growth and multiplication or hyperplasy and
hypertrophy, resulting in various degrees of disorgan-
1sation of tissues, depending upon their responses to
insect feeding stimult are typical of galls, pro-
vide striking instances of a more intimate biological
association between the insect and the hosg plant. The
production of galls necessarily involves the redirec-
tion by the insect of plant growth into abnormal cells
and tissues. Malformation resulting from such inter-
actions are generally localised around the feeding
spots, though 1n many cases the effect is also evident
farther away, extending beyond the feeding region,
the impact depending upon the ability of the gall to act
as ‘metabolic sinks’, by uttlising the plant resources for
gall production from areas outside the feeding zone .
Cecidogenesis is therefore a complex phenomenon,
often involving one or more compounds released by
the insects which in turn induce the secretion of sev-
eral plant substances. With the diversification and
establishment of higher plants, specialised trends cul-
minating in gall production occurred and the wide
array of thrips galls induced by several species belong-
ing to the Phlaeothripinae” reflects also, the associa-
tion of thrips generic complexes with specific plant
generic complexes, paving the way for a remarkably
high degree of host specificity, very typical of thrips
galls. This specificity is invariably coupled with the
reciprocal action of the plant, forming different types
of galls mmvolving various patterns of morphogenetic
phepomena. In view of the consistent appearance of
form® in thrps galls, it is surmiscd that thrips are
capable of soliciting ‘genetic expression’ in the con-
cerned host plant, conseguent to the application of the
needed stimulus. This altered differentiation of the
host is naturally the effect of changed metabolisim in
response to the chemical stimulus, the thrips indueing
specitic cellular and metabolic enyvitonment around
the feeding arca resulting in the characteristic (y pe of
diffcrentiation i the host’ In particuliar, annerease
in carbohydrates and hpids in galled tissues enables
the thrips to maintam their hic activities for a i"ﬂﬂ‘jid‘
crable period and 1S ako surmised that there i
antiscnescence factor aspecial adaptation for matn-
naining actine metabolism on plants.

Exery 1ype of malformation docs not nece it Hy
result in gall formation, true galls being alwiys pusi-
tive. directional responses of plant tisues to the cecid-

ogen of thnps, so as to resuit in disharmonic growth
eftects, with the polarity related to the insects rather
than the rest of the plant. Asa result of such a growth
activity, thrips become partially or completely
enclosed, so that they grow, mature and reproduce
within them. Whether the nature of the gall is partial
or complete, 18 however determined by the time of
initiat1on of the gall, the population of thrips withinit,
as well as the degree of intraspecific diversity of the
concerned species. Dhfferent types of tissue reorgani-
satton and realignment that ensue from their activity,
contribute to the dynamics of gall tissues'>. Besides
the varied genetic expressions evident in the exhibi-
tion of form as well as patterns of galls, there also
occurs a convergence of external form, coupled with
divergence in internal structure, so that galls of several
highly host specific species such as those of Liothrips,
Karny, Gynaikothrips Zimmerman, Mesothrips
Karny Liophlaeothrips Priesner etc, reveal a strik-
ingly identical pattern of galling, mostly as rolls, their
subtle vanation being revealed only by their internal
structure, The opposite conditton is shawn by differ-
ent species belonging to one genus asin Crofonoinrips
Ananthakrishnan which show striking complexities
of patterns of gall morphology in plant species belong-
ing to the genus Memecvion L. (family Melastoma-
ceae), so that the form of the gall would necessarily
indicate the species involved.

An overall analysis of thrips galls reveals that they
are mostly open gall systems communicating with the
exterior aiding in the migration as well as the ingres
of inquilines and predators, which exert considerable
influence on gall thrips populations. Closed gall sys-
terns are equally characterntic of thraps galhs, as
evident in the galls of Terminalia ¢hebula Retz. and
Calcopteris floribundus 1am. Hyperplasy and
hypertrophy are necessarily adaptne phenomena and
in particular, hypertrophy of the mesophy ticells show
cellular reahignments n the carly stages of feedmng,
towardsthe establishment of a ‘form’, so that specifie-
iy of gall morphoiogy s characteristic of thrips galls.
Translormation of primaordial tissugs to menstemat ic
tissue is another adaptine trend noticcablv in thaps
gatis, there berng o predise regulatony mechanism,
iy ohving prohileraton of epdermial and hy poder mal
cells, the cell dnvmions bemg perwhnat o antwhnal,
the tegulatory processes acting oniy al the tevebs ol
indnvidual cells and cellubse groups, so that there s
mantfestatton of partial autonomy whau b s fespons-
ble tor the virrations in The diy o son centees of the gald
system, Of equaladaptne sigotbicance s the organiz,l-
von of a zone of nutngse codls enting as wolated
patches along the lamima and extending deeper tn the
lead tissue as a result ol sustained feeding by thrips
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Fxamimning from an ecological angle, adapuve
strategies in relation to the ability of some gall thrips
to switch over to the formation of leaf galls and inflo-
rescence gall. on the same plant with accompanying
changes 1n the duration of life cycles, appear striking.
A typical example is afforded by Thilekothrips babuli
Ramakrishna the rosette gall thrips among Acacia
leucophioea Willd. where the same species forms the
rosctte palls on leaves, as well as the inflorescence
galls. With the drying of the rosette Ealls some of the
apterous adults undergo diapause and with Acacia
Willd. subsequently sprouting flower buds, they leave
the diapausing site. migrate to flowers to form the
floret galls within which both the macropterous’and
apterous populations develop. What is of sigmficance
from the view point of the strategy adopted by the
thrips species, is a shorter life cycle in the inflorescence
galls (12-14 days) as compared to that of the rosette
galls (20-28 days), in view of the comparative short
life of inflorescence”.

The role of intra and inter specific competition In
population regulation within galls appears a signifi-
cant adaptation considering the phenomenon of
resource partitiomng. In this connection the repro-
ductne strategies as well as those involved in popula-
hon regulaton within galls, appear important
parameters, with each species exhibiting very charac-

Figures 1-3. 1. Enlarged eggs of Arrhenothrips

ramakrishnae. 2. A group of Androthnips flavipes
cges nterspersed with A, ramakrevhnae eggs 3.

Population of A. ramak i tvinge within an opened gall
of Mimunops vlengr
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Figure 4. Intra and interspecific interactions within
the Arrhenothnips gall of Mimusops elengi. (unless,

otherwise tndicated mere numbers refer to the eggs).

teristic egg laying patterns varying from small groups
of 4-16 to as many as 60-100, as for instance in the
Mimusops gall thrips, Arrhenothrips ramakrishnee
Hood. The basic cause for this intraspecific vanation
appears to be the impact of polymorphism, in particu-
lar the reproductive behaviour of the major and the
minor females as well as the oedymercus and gynae-
coid males, which considerably influence fecundity.
Such polymorphism also results in patterns of mating

leading to recognizable variation In fecundity’
Resource partitioning is an equally important biologt
cal strategy, very evident in the interaction of indwvidu-
als within the galls, resulting in both intra-—as well as

interspecific competition. Intraspecific competiton 1s
evident in the competition for mating and egg laying,

not to mention that involved in the occupation of
feeding sites Interspecific competition is equally char-
acteristic of gall thrips and thewr associates and 1s
evident among the gall maker. predatory thrips
(Androthrips flavipes Schmutz) and Anthocorid bugs

( Montandoniola moraguesi Puton). There 1s always a
tendency for Androthrips flavipes to oviposit among
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the eggs of Arrhenothrips Hood enabling the emerg-
ing larvae to feed on Amhenorhrips eggs. but the
larger number combined with the almost simultane-
ous emergence of Arrhenothrips larvae preclude its
total mortality at the hands of the thrips predator®®. It
has also to contend with the anthocorid bug which
besides feeding on all stages of the gall maker, also
feeds on the eggs and larvae of Androthrips flavipes,
incidentally enhancing the chance of survival of the
former whose major females also tend to ward off the
nymphs of the anthoconds. Figures 1-3 give the
details regarding the eggs. Figure 4 indicates in detail,
the strategies involved in the interspecific competition
among the gall inhabitants of the Mimusops gall.
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ENERGY metabolism in insects during various vital
activities has been drawing increasing attention of the
insect physiulag:bta Insects, in addution ta sugars and
ipids, use free amino dtlds as the readily available
source of rtf»plramry fuels'™. Schizodactylus monsero-
SUs. @ Carnivorous insect 5hum intraspecific aggres-

siveness and fighting is thus g characteristic feature of

their behaviour. Most of the previaus studies, on the
vatietion of epergy providing nutrents haye const-

dered the fluctuations during flight and there s no
report ol the patterns of energy metabolism during
fighting 1n insects. The present paper, therefore,
attempts to report the variation of free amino acids in
leg muscle, fat body and haemolymph during different
fighting periods.

Specimens were collected from the river basin of the
Damodar and kept separately in jars, with moist sand
(80% R.H.)and provided with cockroach nymphs as
food. Toinate fighting, two adult males were keptin
a large sized glass jars, separated into two compart-
ments by a glass partition. This facilitated visual sti-
muli for the initiation of their aggressiveness. After
5min they showed attacking tendency and were
brought outside immediately to allow fighting.

Haemolymph and tissues {fat body and leg muscle)
for amino acids analysis were collected at S min inter-
val upto 20 mmn. Blood was collected by a calibrated
capillary tube from the cut hind femora; dissections
were performed in ringer solution. Sample prepara-
tion for amino acxd analysis was done following the
method of Rakshpal®. Qualitative separation of free
amuno acids was carried out by two-dimensional
paper chromatography using phenol:water (5:1) and
butanol:acetic acid: water (4:1:1)as the two sohents.
Quantitative estimation of the respective aming acids
was done as previously described”.

Up to first § min of fighting in the fat body, {ree
amino acids (FAA) showed 12.12¢; decline while in
the haemolymph it depicted 29.73% dechne. trom
5-10 min of fighting, the level presented 32,2260 and
25.47C¢ decrease in the fat body and hacmolymph
respectively. Howeser, the level presented 22,2367 and
[7.26¢¢ decline from 10-15 mun of fighting in the (at
body and hacmolymph respectively. In the rest of the
periods, the level, howeser, presented no sigmificant
alterations (table 1}. Varation of individual amino
acids showed significant utilization of proline in hoth
fat body and haemolymph Howesver, the percentape
of decline up to 10 minof fighting appeared high in the
haemolymph in resplet of the far body, Glutamic a¢id
after an initial decrease up to 10 min of fighting,
showed 56.07C: and 52.63% increased level in the fat
body and huemolymph respectively, Among other
free amino acid levels, sering and ghycine presented
shghtly higher level towmdy the end of hghting,
Methiomine, hastidine,  alamine, argmine, keucing,
aspartic acid and vahine cantents depicted subatantial
decline up to the end of fighting in both fat bady showed
hacmolymph. Phenylalanine i the fat body showed
gradudl dechine while tn the haemolymph the rate of
dechne was pronounced up to 10 min of fighting
Threomne i hoth tat body and hacmolyaph pros-
ented notable rale ot decline up to 10 mun of fighting



