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Abstract. Observationson the leaf galls of Casearia tomentosa Roxb., induced by

Gynaikothrips flaviantennatus Moulton have shown that the form of the gall is
controlled by the developmentalstage of the leaf and the impact of the gall maker(s)
in terms of population. Population trends of gall maker, predator and inquilinehave
been analysedin the context of gall development.
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1. Introduction

Gall formation by insects, and particularly by thrips, appears to be largely
controlled by the developmental stage of the affected plant organ and the impact
of the gall maker(s), especially in terms of population. Miles (1968) has proposed
the former view to be a modifying factor with reference to the gall structure and it
has been well substantiated by Skuhravff (1971)that the shape of the galls depends
on the time of inhabitation by the larvae of Thecodiplosis in the basal parts of the
pine needles. Although a similar trend is generalised in the galls induced by
thrips (Ananthakrishnan 1978) as well, it has been suggested that the population
of the gall maker has a decisive impact on the morphology as evidenced by the
simple tubular galls and complex branched galls on the leaflets of Schej~era racemosa Harms., induced by Liothrips ramakrishnae A. & J., and Liothrips associatus
A. & J., (Ananthakrishnan 1972; Krishnamurthy et al 1975). Examination of several
galls of Casearia tomentosa formed by Gynaikothrips flaviantennatus (figure 1)
offered a good range of morphological variability and made it possible to establish
a conclusion connecting the two controlling factors of cecidogenesis.

2. Materials and methods

Locally collected young and mature galls of Casearia were processed through usual
methods of fixation, dehydration and embedding, cut at 10-15/z and stained with
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safranin and methylene blue. Populations of the insect community including the gall
maker with the associated predator and inquiline were analysed by random sampling
method over a period of ten months.

3. Observations

Epiphyllons galls of Casearia present two distinct pictures. Galls with tight inrolling
of both laminar halves with characteristic yellowish green colour, generally confined
to the terminal regions of the branches have been recognised as ' complete galls ',
while galls with a fold or only with a partial roll (figure 1) or eruptions along the
surface without any absolute maldevelopment (figures 2 and 3) have been indicated as
' partial galls'
Gall initiation appears to occur at an early stage of leaf ontogeny. As a result of
feeding (figure 4), young differentiating leaves which have undergone the process of
the establishment of the leaf blade through the action of the marginal meristem, show
meristematic activity, particularly in the differentiating palisade and spongy mesophyll
cells. However, the pattern of cell division is not uniform throughout the affected
leaf blade. Divisions appear predominantly in the periclinal direction in the differentiating palisade cell region and anticlinally in the differentiating spongy cell region
(figure 5), resulting in the formation of 10-12 layers of closely arranged small isodiametric parenchyma cells with dense cytoplasm and prominent nuclei. Histologically, mature galls differ significantly from the dorsiventrally differentiated normal
leaves (figures 6 and 7), lacking the hypodermis, one layer of palisade cells and spongy
mesophyll of 6-8 layers indicating hypoplasia (figure 8). At specific areas along the
galled lamina cellular proliferation is evident resulting in an increase in the number of
constituent layers to 15-20 (figure 9). The resin canals are devoid of the normal
contour particularly owing to the proliferation of the neighbouring parenchyma cells
indicating their possible non-functional nature. As a result of inrolling in the galls
along the adaxial side, the epidermal cells appear stretched and hypertrophied
(figure 8). In mature galls, due to cellular hypertrophy, the cells show gradual increase in size towards the abaxial epidermis (figure 10). Though they lack their
morphological characterization as in the galls of other insects, 2 or 3 cell layers adjoining the epidermis, bordering the insect chamber appear compact and smaller in
contour suggesting their possible nutritive function (figure 10). Old galls exhibited
necrosed cells (figure 11) and tannin containing cells as regular horizontal rows
along the inner perimeter of the gall chamber (figure 9).
9Partial galls, folded along one half of the lamina or evidenced only by a few eruptions, show in transverse sections a structure different from the complete galls.
Although the histological picture appears more or less similar to the complete galls at
particular areas involving inhibition of normal development where the galling effect
is evident, the normal histology of the leaf is maintained in the portions where the
galling effect is not apparent. The partial galls displaying a fold, at regions of infolding, periclinally elongated cells have been observed--a feature absent in the complete
galls (figure 12).
Galls of Casearia induced by G. flaviantennatus exhibit a close association with the
inquilinous thrips, A. flavipes Schmutz-recently shown as a potential predator on
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Figures 1-3: 1. A vegetative branch showing a complete gall and a partial gall
2 & 3. Leaves showing eruptions due to feeding. 2 shows feeding thrips.
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Figures 4-8: 4. Part of a differentiating leaf showing the feeding site (arrow) of thrips.
5. Transverse section of a developing gall showing meristematic a c t i v i t y - (arrow).
6 & 7. Portions of developing and mature leaves respectively. 8. Transverse section of
mature gall.
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Figares 9-12: 9. Transverse section of mature gall showing tannin filled cells. 10.
Transverse section of mature gall showing hypertrophy of the hypodermal and mesophyll cells. (ad-adaxial side). U. Transverse section of gall showing necrosed cells.
12. Transverse section of partial gall showing a mixed effect (UE-upper epidermis:
LE-lower epidermis; N-portion showing normal histology of leaf; G-portion showing
galling effect). Note the horizontal stretching of cells.
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Figure 13. Populationtrend of the gall maker in the context of gall development.
quite a number of gall thrips in addition to its role as an inquiline (Ananthakrishnan
and Varadarasan 1977) and the predator anthocorid Montandoniola moraguesi
(Puton), predaceous on gall thrips of Europe (Carayon and Ramade 1962), and India
(Muraleedharan and Ananthakrishnan 1971; Muraleedharan 1973).
Individual galls induced at an early stage of leaf development had a life of 30 days
from inception to maturation. The total population (excluding the pupal number)
has been observed to build up towards the 15th day of gall development and decline
with the ageing of the gall. While a similar trend was seen in the case of the larval
population, the adult population exhibited a systematic increment towards the maturation of the galls with at least 8-10 adults of 3:2 female and male ratio in each leaf
resulting in the complete gall category (figure 13),
Gall formation in Casearia appears to be restricted to a 9-10 month period in the
year from November (after heavy rainfall) to late July or early August (end of summer).
The overall analysis of the population trend (figure 14) of the gall maker revealed the
average of the total population, inclusive of first and second larvae, pupae, and adults
to be 25 per gall with the minimum as observed in August 1977 to be 2 per gall and
the maximum being 64.5 per gall as observed in July 1977 with 8:2 ratio of the larvae
and adults. The rise and fall in the number of total population including the larvae
and the eggs, appear independent of each other but appear dependent on the environmental conditions, particularly rainfall, humidity and temperature. A significant
total population build-up with minor fluctuations has been observed when there had
been the least rainfall, low humidity percentage and high temperature as evident in
the months of May and July 1977. The adult population throughout the period
of investigation showed an abundance of females, especially in the months of
December 1976 and February 1977 with 1:3-3 male: female ratio, though a correlation with particular reference to gall development does not appear significant.
Anthocorid population was observed to increase gradually during February to
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May (1977) concurrently with the declining rainfall and increasing temperature.
Though a correlation is significant between the declining humidity percentage and the
population increment of anthocorids as observed during the months of February to
May (1977), a moderate increase in the population from January to February
(1977) simultaneously with increasing humidity percentage appears important
(figure 15). With the maximum predation effect of 60 ~o (analysing 250-260 eggs) in
April-May (1977), acting as a potential predator, M. moraguesi influences to a very
great extent the decrease in the egg population of Gynaikothrips, with a significant
fall in the following month. This aspect is further confirmed by an increment in the
egg population during July (1977) as a result of a declined anthocorid population in
June (1977) (figure 16).
A.flavipes seems to exercise an influence on the population trends of the gall maker
not only as an inquiline but also as a predator. Ananthalcrishnan and Varadarasan
(1977) have shown the individual predatory capacity to be 49 ~ as a result of an analysis of 250 eggs of Casearia gall thrips, although they have emphasised the role of the
anthocorid as a major predator, predacious on Gynaikothrips flaviantennatus and
Androthripsflavipes as well. The incidence of predation by both predator and predatory inquiline seems to have a direct controlling effect on the number of eggs of the
gall makers (figure 16).
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Figure 15. Population trend of Gynaikothrips flaviantennatus with reference to population of the predator and predator-inquiline.
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Figure 16. Effect of predation on the eggs of Gynaikothrips flaviantennatus.
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Table 1. Population trends of Gynaikothripsflaviantennatus in the galls of Casearia
tornentosa(Data collectedevery 10 days over a period of 60 days: June-July 1977)

Total population*
Complete gall Partialgall
86
79
94
97
85
91

14
21
6
3
15
9

Larval population*
Completegall Partialgall
76
100
100
97
56
99

24
--3
44
1

Adult population*
Completegall Partialgall
82
67
83
64
87
62

18
33
17
36
13
38

*in percentage
Analysis of the total population trends of Gynaikothrips in partial and complete
galls revealed significant differences with the average population, over a period of 55
days, in the case of complete galls being as high as 87 9/owhile partial galls displayed
the gall maker incidence to be as low as 13 ~, a feature also exhibited in the larval and
adult populations as well (table 1).

4. Discussion

Galls formed by more than two hundred species of thrips exhibit morphological
diversity, though they are fundamentally very simple galls of leaf folds, rolls and
occasionally horn or pouch galls. Among the cecidogenous Tubulifera, Gynaikothrips
is one of the principal gall makers with about 25 species inducing simple galls such as
the rolling of the laminar halves as in the galls of Ficus bengalensis L., made by G.
malabaricus Ramk., laminar infoldings meeting in the middle as in the case of Ficus
benjamina L., galls formed by G. uzeli Zimm., and laminar inrollings as in the galls
of Casearia tomentosa by G. flaviantennatus. In spite of the simplicity in form in the
galls of Gynaikothrips spp., formed on a wide variety of host plants (significantly
lacking the morphological complexity as in the galls made by cecidomyiids, cynipids
and other gall making hemiptera), the occurrence of two distinct types of galls on
Casearia with variations in external and internal morphology appears interesting.
This phenomenon appears frequent in the galls of Thysanoptera in general, as variations in form and structure have been noticed within a gall population from the same
host plant as observed in the instances of Schefftera galls by Liothrips spp., (Krishnamurthy et al 1975) and the marginal roll galls of Cordia by Aneurothrips sp., (Krishnamurthy et al 1977).
The process of gall development has been categorised into three fundamental
phases: inhibition of normal development, cellular hypertrophy, and adaptive
phenomena like the establishment of newer tissue types (Maresquelle 1937). Gall
development in Casearia seems to involve the first two phenomena to a great extent.
However, the adaptive phenomena are not well expressed as the morphological
manifestation of the gall showing the inrolling of the lamina lacks complex
histological organization. Lining layers of the inner perimeter of the gall chamber
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(the feeding zone of the gall thrips) during early developmental stages of the galls
do not exhibit any cytological distinction compared with the nutritive zones of the
galls induced by other insects (Rohfritsch 1970). However, the abundance of tannin
in the lining layers of the gall chamber in very old galls appears curious. It has also
been shown that gall initiation occurs at a stage when the leaf has completed the
marginal meristematic activity and is yet to undergo the process of differentiation.
This has been confirmed by the maintenance of almost the same number of cell
layers in galled leaves compared with the normal leaves, in spite of hypoplasia and
hypertrophy in complete galls, and a mixed histology shown by partial galls.
Diversity in structure such as the total expression of the galling effect as in the complete galls and mixed effect in the partial galls also indicate that they are induced at
earlier and later stages of leaf development respectively (figure 17). Gall initiation
occurring during the differentiation phase of the leaf results in complete reorientation
of the normal morphogenetic activity of the leaf, exhibiting an inhibition of normal
differentiation. With the developing leaves having crossed the stage o f ' determination' and perhaps with a weak feeding impact as a consequence of a low population,
there is the possibility of an incomplete morphogenetic reorientation resulting in the
partial gall. This is especially supported by the occurrence of periclinally stretched
cells facilitating the infolding in the partial gall types.
In quite a number of galls induced by midges, mites and aphids, Rohfritsch (1970)
has confirmed the decisive role of the gall maker towards the achievement of the gall
form, and particularly referring to the galls induced by thrips, the number of individuals of the gall maker seems to be an important factor in the eventual organization
of the gall morphology. In Sche2~era galls, Krishnamurthy et al (1975) have hypothesised that the complex and highly branched galls lodge thrips for a prolonged span

Figure 17. Schematic representation of gall development in Casearia tomentosa.
(a-young leaf; b-mature leaf; a-ax-a~-as show the complete gall development; b-bx
show partial gall developmen0.
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of time and also that the number of insects per gall chamber appear to be more than
those in the simple and tubular galls as evidenced by the larger ostiole. The incidence of two types of galls in Casearia, one type with inrolling of both the laminar
halves, and the other as folds appears to be controlled by the population of the cecidogenous thrips in terms of the cumulative feeding effects. Particularly among the
partial galls the morphological variability is probably directly proportional to the
number of gall-inducing thrips which inhabit them. Environmental factors and
predatory action also seem to exercise a marked influence on the control of the gall
maker population with reference to cecidogenesis.
The gall maker-inquiline-predator association exhibits a combined action of density dependent factors and imperfect density dependent factors such as the interspecifie competition resulting in balanced maintenance of the population of the gall
maker. A rise in the population of Gynaikothrips as a result of congenial environmental conditions and weak predatory effect, leads to emigration as a consequence
of intraspecific competition for food and space, bringing down the population of
the cecidozoan per gall.
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