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ABSTRACT

The interest of the problem lies in the fact that

Sitophilus zea-mais Motschulsky and Sitophilus oryzae

(Linnaeus) are so closely related that they have only
recently been separated as two distinct species. A

third species Sitophilus granarius (Linnaeus) commonly

found with them in the samg habitats was also used in
these experiments. A comparative study of the behaviour
of The three species was carried out. The different
behavioural aspects examined in the present work were
the preference of the weevils for oviposition sites ,
some factors inducing flight, their climbing ability

on glass, their reactions in different humidity gradients
and in a temperature gradient, and finally their behav-
iour to a source of light. The behaviour of the fourth
instar larvae in a horizontal beam of light and in a
steep humidity gradient was also determined. The sensory
organs involved in some of these mechanisms were located
and described. The differences in the behaviour pattern
of the three species substantiate theilr taxonomic sepa-

ration.
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I. INTRO DUCTION

Ths groncry and the rice weevils have attracted
the attention of nmany workers as they are cxtrenely
inportant from the ccononic point of view, and arc
severe pests of a nunmber of stored cereals. The
taxononic position of the two species of the rice
weevils nancly of 5. zea-nais Motsch. and of §Q oryzac
(L.), was a matter of dispute for scveral yecars until
recently whon Kuschel (1961) gave a satisfactory sett-
lenent and described two convincing morphological diff-

erences between the two species. Over a century ago ,

the description of Sitophilus zea-nais Motsch. (1855)

raiscd the problen as to whether there were one or
perhaps two specics included within the $. oryzac
conplex. Various authors maintainced different positions.
Whilst some centomologists have held the opinion that the
two forns arc separate species; cthers considercd the
differcnces between then to be an expression of intra-
specific variation within onc and the some species.
Genetical studics on nixed populations rcvealed that the
tWo forms were inter-sterile (Richards 1944, and Birch
1944 ), Both authors found sonme biological and ecological
differences between the two species, and differences in

]
their body size and accordingly considered then as two
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strains cf the same specices, a large one and a small onc.
The experinental cobservotions werc not considercd by these
authers tc be sufficient for the rccognition of two scpar-
ate specics since no cerfain morphological characters fo
their scparation were discovered before the work of Kuschel.
Slight differences,however,were described by Floyd and Newsom(1959).
The ainm of the present work was to reveal the differe-
nces that nay exist in the behaviour of the twe species of
the rice weevils in an attonpt to support their taxonomic
separation, and on the other hand to comparc then with 8.
granarius, 2 closely related specics which was frequently
mentioned in the literature as occurring with the two
spceies of the ricc weevils in the same habitats.
The aspects of behaviour examined in this study
dealt with :—~ 1) The prefercnce of the female weevils for
their ovipesition sites on four ccrcals presented separdn
tely and as nixturcs. 2) Some factors which induced flight
in the two species of the rice weevils. 3) The clinbing
ability of the wcevils on srnooth glass surfaces.4) Their
rcactions in different hunidity gradients. 5) The tcenper-
aturc preferendum of the adults. 6) Their rcactions to
light. 7) Few cxperinents on the behaviour of the fourth
instar larvac in o steep hunidity gradicnt, and a horiz-
ontal bcan of light. 8) The rclc of the sensory organs
involved in sonc of the above patterns of behaviour. The
relevant review of literature on each subject is included

in the corresponding scctions.
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IT. REARING TECHNIQUE

Stondard culturcs were brought from the Imperial
Ccllege Field Station, Berks. The insects were reared
on English wheat of 14.2 % noisture content in equili-
briunm with 70 % R.H., in a constant temperature roon
held at 25° C., 70 % R.H., and in conplete darkness.

The grain was first sterilised at 60°- 80° C.
for two hours and then allowed to cool slowly, in a
closed container, over night to avoid excessive conden-
sation ( Richards, 1947 ). This gave insect-free grain.
This grain was conditioncd by cxposurc in single layers
over perforated zinc ploate, in the constant temperature
roon for about two days, to rcach equilibrium.with the
appropriate relotive hunidity.

Cultures were kept in 7= 1b. Jjars, half-filled
with English wheat, and the tops covered with nuslin
fitted with rubber bands. Snall cultures werc kept
in 1- or 2-1b. jars.
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ITT. FACTORS INVOLVED IN RECOGNITION OF THE

OVIPOSITION SITES

A. INTRODUCTION AND REVIEW OF LITERATURE

Though much work has been done on the environmental

factors which influence the rate of oviposition of Sitophilus

weevils (Nakayama 1941, Eastham and McCully 194%, Birch 1945,
Richawrds 1947, Reddy 1950,a , Segrove 1951; Howe 1952 ,

and’ Prevett 1960 ), there is very little reference +o

their oviposition sites in the different cereals. Maclagan
and Dunn(19%6) stated that there is a marked preference for
laying eggs in the hairy end of the wheat grain in C.oryzae

( 8. oryzae ), and that oviposition became indiscriminate
only under conditions of crowding. The preference for this
site was also observed in C..granaria (8. granarius) by
Richards (1947). The work of Ewer (1945) and Richards(1947)
clearly showed that C. granaria choose large wheat grains
for oviposition rather than the small ones,whether in mass-
c-ultures or when offered two at a time. The possibility of
the role played by the'size of the kernel on the prefere~
ntial oviposition of the rice weevil was also mentioned by
Reddy (1950,b). He concluded that in mixed cultures of sound
and halved kernels, whether based on equal numbers, equal

surface area or equal weight, more eggs were lald in sound

than in halved kernels. Seshagiri (1953) stated that grain



size was the major factor concerned in the relative
attractiveness 0 different varieties of rice by c.
oryzae (heavier breeding occurred in big-grained
varieties).

Host selection by Sitophilus weevils was the subject

previous
of some/work. The weevils were allowed Lo oviposit in a

mixture of different cereals and the number of offspring
was counted in each. Khabirova (1938) found that S.
granarius attacked pearl barley more readily than other
cereals. These were in the following decreasing order

of attractiveness :~ wheat, rice, maize and then barley.
Laverkhin (1929) mentioned that C. oryzae and C.granaria
showed a great preference for wheat and rye; barley was
less infested by them and oats scarcely at all. C.granaria
exhibited a decided preference for certain varieties of
wheat. Sandner (1958) found that pearl barley was the
most acceptable food to C. oryzae, and that the females
oviposited in it in preference to wheat, rye, rice ,
barley and oats. The same author (1959) concluded that
the adults of C.granaria and S. oryzae selected rye

and wheat for breeding in‘pfeference to barley and only
rarely laid in oats and rice. Floyd and Newsom (1959)
found a clear preference exhibited by S. oryza for
sorghum followed by unpolished rice, wheat, rough rice

and then maize, while S. sasakii preferred sorghum
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to the following cereals in a decreasing order of preference
wheat,unpolished . rice,rough rice and maize, Both species
produced no offspring in oats. Although the preferred
oviposition media were determined in these experiments no
indicatioﬁ of the actual number of eggs laid in each
cereal was given. Richards (1947) mentioned +that normally
if more than one egg is laid in the same grain it is
eliminated by cannibalismn.,

In the present series of experiments the preferred

oviposition sites of the three species of Sitophilus

were located in four cereals, offered to the weevils
separately and mixed in all possible combinations
These were wheat, rice, maize and sorghum, which all
differed greatly in shape, size, texture and chemical

constitution, and presumably in taste.
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B. METHODS AND T3CHNIQUE

The oviposition of Sitophilus was tested on four

cereals previously sterilised and then conditioned at
25°C., 70 % R.#H. for a few days (see rearing technique).
The moisture content of each cerecal was estimated by
grinding & sample of the grain in a small hand-mill
A certain weight was dried in a ventilated electric oven
for about 4 hours at 115°C. The dry material was allowed
to cool for about 30 minutes in & desiccator and then
reweighed. The percentage moisture was calculated from
the loss of weight on drying of three samples of each
cercal. The four cercals used were :-
1. English wheat var. Cappelle Desprez (14.2 % M.C.)
2. Argentine plate maize (1%.14% M.C.)
3. American brown rice var. Blue Bonnet(13.04% M.C.)
4 Sorghum var. American Milo (13.05% M.C.)

The aim of the experiment was to determine the
preferred oviposition sites on the cereals and to see
whether they were the same in the three species of

Sitophilus. The grain was presented to the weevils in

four different positions, exposing half of the grain
at a time. This was achieved by embedding half of the
grain in a thin layer of paraffin wax (7-10 mm.) just

before it solidified inside a Petri dish. When the grain



Fig. 1 . Outline of a wheat grain; A, entire side ; B, sulured side ;

*9T

’

¢, sagittal half; e, embryo; b, hairy end ; ES, entire side ; SS |

sutured side.
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Outline of a rice seed; A, keeled side ;

2

Fig.

B, sutured side ;

e , embryo

half;

C, sagittal

keeled side.

(e}
KS,



side; B, embryo side; C, sagittal

Outline of a maize seed; A entire

Fig. 3
BE, broad end.

half; e, embryo; TE, tapering end; ES, entire side;

‘81



Fig. 4
C, sagittal

end .,

Outline of a sorghum

half ;

A, entire side; B, embryo side ;
BE& , broad

seed H

e, embryo; TE, tapering end; ES, entire side ;

‘6T
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was embedded horizontally or vertically, two positions

were obtained in each case. The nomenclature of these
positions was related to the position of the embryo ,
which was located by examining a sagittal half of the
grain which was cut by means of a razor blade (see Figs.
1 = 4). When the grain was placed horizontally, the
exposed halves were called " sides ", and when embedded
vertically they were called " ends ". Thus in case of
wheat there was the entire side (ZNT), s-ubured side
(STD), embryo end(ZMB), and the hairy end (HAR)(Fig.1).
In rice there were the keeled (KID) andﬁsutured(STD)
sides, and the embryo (EMB) and tapering (TAP) ends
(Fig. 2). In maize there were the entire and embryo
sides, énd the tapering and broad (BRD) ends (Fig. 3).
In sorghum there were the entire and the embryo sides,
and the tapering and broad ends (Fig. 4). That the
fixed grain provides a more favourable conditions for
oviposition: than when it is loose has besn shown by
Coombs (1957) in his experiments on C. granaria.
Exposing halved kernels to the weevils seemed to have
no inhibiting effect on the oviposition rate of the rice
weevils as has been mentioned by Reddy (1950,b).

The large grains of wheatit, rice and sorghum, and
the smallest of maize szeds, were chosen for these expe-

riments. 10 females (3-6 weeks 0ld) were placed inside
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each dish, covered with a porforated plastic dish (9.5

¢ m. in diameter and 7 mm. high). The number of the

fixed grains was such that each female was offered equal
numbers of each position in all the possible combinations.
In case of wheat, rice and sorghum the following combi-
nations were made :-

Number of dishes Number o@érains Number of

in each dish positions
4 40 d
12 40 2
16 30 5
4 40 4
Total 36 1280

As maize grains are large, only half the number of
seeds was placed in each dish. The experiments were
carried out in a constant temperature room kept at 25°C.,
70 % R.H. and in complete darkness. The females were
allowed to oviposit for 43 hours, except in wheat,lin
the case of which the experiments were conducted for 96

hours. The experiments with wheat were the first ones but

" later it was found that 48 hours sufficed to obtain an

apprcciable number of eggs.,
The eggs laid in each position were counted by diss-—

ecting the grains, which had been soaked over night in
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50 % alcohol to soften them, and which were stained with
acid fuchsin (Frankenfeld,1948) for a few minutes. The
egg plugs which take up the stain were used as guides

to the presence of the eggs but only those actually
revealed by dissection were counted.

A second set of experiments was carried out to
determine the preference of each species for oviposition
on different sorts of cercals. All possible combinations
of the four cereals were offered to the weevils. The
grains were embedded in wax exposing the preferred site
of ecach cereal which had previously been determined in
the first sct of experiments. PFive fcecmales in each dish
were offered five grains of each ccreal, and the eggs
were counted after 48 hours. In the experiments when
the grains of four cereals wcre btested together, the data
represent the number of eggs laid by 20 females in 80
grains of the mixturc in each set of experimentsg. When
three cereals werc tested, the data are of the eggs laid
by 20 females in 60 grains of the mixture in each set.
When two cercals were tested together, the data represent
the eggs laid by 10 females in 40 grains of the mixture
in each set. The weevils were rcared on English wheat of
1.2 % moisture content, in equilibrium with 70% R.E. at
25°C. The original cultures have been kept under these

conditions for several years. Before testing the oviposition
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preferences of the weevils, groups of 200 females were
confined for two days in 2 1b. Jars, half filled with

the grain to be tested. In the experiments with mixtures
of different cereals, equal volumes of the grain to be
used were well mixed up and the female weevils were kept
in that mixture for two days. This preconditioning seemed
to play an appreciable role in mainteining high rates of
ovipogition in the new cnvironment.

In the hope of identifying some of the sense organs
involved i1n the oviposition behaviour, whole mounts of
the ovipositor, labial and maxillary palps of the weevils,
were blecached in diaphanol, cleared in methyl cellosolve
and mounted in Euparal. Microscopic examination was at
1140 X megnification ( oil immersion ).

Sections through the stylus of the ovipositor were
made according to the following procedure ( Mercer and
Birbeck,1961 ) -

1. Whole insects were precooled at 0°C, for half an hour
before fixation.

2. The ovipositor was dilssected out and immersed into

a 1 % solution of osmium tetroxide/sodium veronal buffer
(p.H. 7.4), and left at 0-4°C. for 1% hours.

%. The material was transferred to distilled water for

5 minutes at 0-4°C., and then dehydrated at that temperature

in 25 % and then 50 % alcohol (for 15 minutes each), 75 %
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alcohol (30 minutes) and then in 95 % alcohol (30 min.)
which was warmed up to room temperature followed by 3
changes of sbsolute alcohol (30 min. ecach).

4. The material was embedded in methacrylate monomer
( a2 mixture of methyl methacrylate and butyl methacrylate
in the ratio 4 : 1 ), 25 %, 50 % and 75 % of methacrylate
monomer in absolute alcohol for 30 minutes each, then 100%
monomer for another 30 minutes.

5. The material was placed inside a small groove prepared
in a small block of polymerized methacrylate inside a
gelatinous capsulce (supplicd by Parke Davis Ltd. ). The
capsule was then filled with prepolymerized methacrylate
and left to polymerize overnight at 60°C.

6. The hardencd block was trimmed down to the embedded
material and cut on & Porter-Blum microtoms with a glass
knife. The thickness of the sections weas 0.5 u. The scections
were examined under a phase contrast microscope at 1140 X

magnification ( oil immersion ) .
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C. RESULTS

g e 0 e et e

PART 1 : Onc Cercal Offercd to the Weevils

(For detailed data see Appendix:Tables 70-81)

1. Wheat

a) 8. granarius : The total numbcrs of eggs laid by
560 females in 1280 grains in 96 hours were in the dec-
reasing order of 1308 , 1204; 1061 and 902 eggs in the
entire, hairy, sutured and embryo halves (Table 1). The
selection of the different oviposition sites was highly
significant ( P<0.001 ). More cggs were laid in the
entire side than in the sutured side (both were horizontal),
but in both the preference for the hairy end instead of
the embryo end was highly significant ( P« 0.001 ). The
weevils showed no significant difference in their ability
to choose the hairy end of the grain of the two horizontal
positions i.e. of the entire and of the sutured side.

When comparing the two vertical positions, it was found
that more eggs were laid in the hairy end than in the
embryo end. In both cnds there was a significant prefe~
recnce for the sutured side of the grain. This preference
was not significantly different in the hairy and the em-

bryo ends.
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TABLE 1

Total number of eggs laid by 360 females in 1280 grains
in 96 hours

Entire Side Sutured Side| Hairy End |Embryo End
HAR | EMB HAR EMB ENT | STD |ENT| STD
1066 | 242 878 183 484 | 720 | 3721 530
- 1308 1061 1204 902
Significance of Prefcrence ( X2 Test )
Position Order of preference Significance
Entire side HAR ) EMB P« 0.001
Sutured side HAR ) EMB P < 0.001
Hairy cnd STD > ENT P< 0,001
Embryo end STD P ENT P<0.001

Compared positions
Four positions  ENT) HAR» STD) ZlMB P< 0.001
Entire & Sutured HAR) EMB not significant

Hairy & Embryo STD)IENT not significant
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b) 8. gea-mais : In laying their eggs the weevils exhi-
bited a decided ability to select between the four positions
of the grain. The total numbers of eggs deposited by 360
females in 1280 grains in 95 hours werc in the decreasing
order of 1184, 998, 661 and 633 eggs in the entire side ,
hairy end, sutured side and the embryo end, (TABIE 2).
The preference was highly significant between the four
positions (P<0.001). A highly significant prefercnce
was also found in the two horizontal positions namely the
entire and the suturced sides in favour of the hairy end
(PL0.001). In the vertical positions the prefercnce for
oviposition in the sutured sidc to the entire side was
highly significant in the embryo end (P 0.001), bﬁt not
in the hairy end. When the two horizontal positions were
compared, the preference for laying the ceggs in the heairy
c¢nd rather +than in the embryo end, differed highly signi-

ficantly in the sutured side from the entirc side.

c) 8. oryzac : The weevils did not lay the ir epgs at
random, and a clear preference for certain sites was
determined by statistical analysis. The total numbers of
creEs lQ‘;d in the four positions of the wheat grain were
in the deccreasing order of 917, 738, 708 a nd 624 eggs in
the entire side, sutured side, hairy end .and in the
embryo end (TABLE 3). The significance of preference was

high (P <0.001). The females showed a significant precfercnce
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on Wheat

Total numbers of eggs laid by 360 femeles in 1280 grains

in 96 hours

Entire Side Sutured Side Hairy End | Embryo End
HAR EMB HAR EMB ENT | 8TD | ENT | STD
745 439 4.82 179 498 | 500 | 253 380

1184 667 998 635

. 2
Significance of Preference ( X Test )

Position Order of Preference Significance
Entire Side HAR > EBMB P<0.001
Sutured Side HAR ) EMB P< 0,007

Ha iry End STD > ENT not significant
Embryo End STD > ENT PL 0.001

Compared positions

The four positions ENT)HAR)STD)ENMB
Entire & Suturecd HAR;>EMB
Hairy and Embryo STD') ENT

P« 0.001

P<0.001

P 0,001
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for the hairy end when the grains were fixed in the two
horizontal positions (P« 0,001), but this tendency was
more pronounced in the sutured side than in the entire
side  (P<0.001). Similarly there was a significant
preference for laying the eggs in the sutured side rather
than in the entirc side when the grains were fixed in a
vertical position with the hairy cnd exposed (P« 0.001) ,
but no significant choice was made when the embryo end
was exposed. The diffcrence between these two prefer-

ences was significant ( 0.022P >0.01 ).

d) Comparison of preferences for oviposition sites

exhibited by the threea species

The female wecevils of the three species exhibited
different tendencics in choosing their oviposition sites
on wheat grains. The pattern of distribution of 3. _gra-
narius eggs differed from that of S. zea-maig highly
significantly (P«£L0.001) inspite of choosing the same
order of preference ( see TABIE 4 ). Similarly the
preference for the oviposition sites differed highly
significantly in 8. zca-mais and in S. oryzae (P <0.001).
On the other hand this pattern of behaviour in S. granarius

and S. oryzae scemed to be similar.
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50.

Preferred Oviposition Sites of S.oryzae on Wheat

Total numbers of eggs laid by 360 females in 1280

grains in 96 hours
Entire Side Sutured Side Hairy End | Embryo End
HAR EMB HAR BEMB ENT STD BENT STD
510 | 407 . 540 198 272 | 436 | 290 | 334
| 947 738 708 624

2
Significance of Preference (X Test)

"Position Order of Prefercence

Entire Side
Sutured Side
Hairy End
Embryo End

Compared Positions
The Four Positions
Entire & Sutured

Hairy & Embryo

HAR > EMB
HAR) EMB
STD » ENT
STD) ENT

ENT) STD> HAR)> EMB

HAR> EMB

STD EN

T

Significance
P< 0.001
P< 0,001
P< 0,001

not significant

P< 0.007
P«0.001
0.02> P> 0.01



TABLE 4

Significance of the preference for oviposition sites

of the three species on wheat grain (Distribution of

z

the eggs 1in the four positions). ( X~ Test )
Specics Compared . Significance

8. granarius and S.zea-mais P<0.001

S. grapmarius and S. oryzae not significant

S. zea-mais and 8. oryzac P<0.001
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2. RICTEHE

o]

a) 8. ggggggggg :-~ The total numbers of ecggs laid
by 360 females in 1280 grains in 48 hours were in the
decreasing order of 528, 499, 425 and %55 cggs in the
embryo c¢nd, kceled rside, tapering end and in the sutured
side ( TABIE 5 ). This diffecrence in egg numbers is
highly significant (P<0.007). When the grains were
embedded horizontally, the weevils preferrcd the embryo
end to the tapering end on the keeled side (P<0.001) ,
but- on the suturced side this preference was not signifi-
cant. In case of the vertically fixed grains , there was
a preference for the keeled side of the embryo end

( 0.01> P>0.001 ), but no preference was shown for

either- side of the tapering end.

the four parts of the grain differed highly significantly
(P 0.001). The total numbers of eggs laid in the keeled
side, embryo end, sutured side and the tapering end were
in the decreasing order of 526, 299, 285 and 210 eggs
respoctively (TABIE 6). In both horizontal positions
namely when the kecled or the sutured sides were exposed,
the weevils showed a clear prceference for laying in the

embryo end ; the significance in both sets was high(P£001).
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TABLE 5

Total numbers of eggs laid by 360 females in 1280 grains
in 48 hours

Keceled Side Sutured Side Embryo End Tapering End
EMB TAP EMB TAP KID STD KID STD
290 209 170 185 299 229 220 205
499 355 528 425
2

Significance of Preference (X Test)

Position Order of Preference Significance
Keeled Side EMB > TAP P« 0,001
Sutured Side TAPD> EMB not significant
Embryo End KID > STD 0.01> P> 0.001
Tapering End KID > STD not significant

Compared Positions
The four positions EMB) KID TAPD STD  P< 0.001
Keeled & Sutured EMB & TAP 0.012 P> 0,001

Embryo & tapering KID > STD not significant
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However, the tendency for choosing the embryo end was
greater on the keeled sidc than on the sutured side
( 0.01)P0.001 ). When the grains were vertically
embedded, the weevils preferred the keeled side to the
sutured side almost to the same extent in the embryo

and in the tapering ends.

c) 8. oryzaec :~ The preferred sites for ovipo-
sition were in the following decrcasing order : the keeled
side, sutured sidc, embryo end and the tapering end. The
corresponding numbers of eggs laid in these positions were
511, 373, 3267 and 312 eggs per 360 females per 1280 grains
per 48 hours (TABIE 7).

The significance of the preference for the different
parts of the grain was high (P<0.001). In the horizont-
ally embedded graing ( kceled and sutured upper most ),

a greater tendency for choosing the cmbryo end existed.
When the grains were fixed vertically the wecevils prefe-

rred to oviposit on the kecled side.



TABLE 6

Preferred Oviposition Sites of S.zea-mais on Rice

Total numbers of eggs laid by %60 females in 1280

grains in 48 hours

Keeled Side sutured Side Embryo End Tapering Bnd
. EMB TAP EMB TAP KID | STD KID STD

405 121 183 102 191 108 152 78

526 285 299 210

2
Significance of Preference ( X  Test )

Position Order of Preference Significance
Keeled Side EMB 2> TAP P<0.001
Sutured Side EMB > TAP P<0.001
Embryo End KID > 5TD P 0.001
Tapering End KILD > STD P<L0.001
Compared Positions
The Four Positions KID>EMB>STD > TAP P< 0,001
Keeled & Sutured EMB> TAP 0,01 P> 0,001
Embryo & Tapering KID P STD Not signifiéant



TABLE 7

Preferred Oviposition Sites of S.oryzae on Rice

26.

Total numbers of eggs laid by 360 females in 1280

grains in 48 hours
Kedled Side Sutured Side Embryo End Tapering End
EMB TAP BEMB TAP KID STD KI1D STD
330 181 217 156 219 148 175 137
511 373 367 312
2
Significance of Preference ( X Test )
Position Order of Pre¢ference Significance

Keeled Side
Sutured Side

Embryo End

Tapering End

EMB > TAP
EMB > TAP
KID 2 STD
KID > STD

P< 0.001

0.012> P> 0.001

P< 0.007
0.05> P> 0.02

Compared Positions

The four positions

Keeled & Sutured

Bmbryo & Tapering

KID) STD) EMB > TAP P& 0.0071

EMB) TAP
KID / STD

Not significant

Not significant
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d) Comparison of Preference for Oviposition Sites

‘on  Rice Bxhibited by the Three Species :-

The threec species differed significantly from each
other in their choice of oviposition sites in rice grains.
S. granarius preferred the different parts of the grain
in the following order : the embryo end to the keelcd
side, followed by the tapering end and lastly by the
sutured side. S. zea-mais preferred the kecled side
to the embryé end, followed by the sutured side and
lastly by the tapering end. 8. oryzae preferred the
keeled side, sutured side, embryo end and the tapering

end in this order. The order of preference differed

highly significantly in the three species ( TABLE 8 ).

TABLE 8
Significance of the preference for oviposition sites of
the three species on rice grain. ( Distribution of the

eggs in the four positions. X test ).

Species Compared Significance
S. granarius and S. zea-mais P« 0.001
S. granarius and S. oryzac P<0.001
S. zea- mais and S. oryzae 0.02>P> 0,01




5. MAIZE
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2) S. granarius :- The females exhibited a clear
preference for laying their cggs in the tapering end of
the maizc seed, and the following positions were seclected
in the decreasing order of prefercnce : the embryo side,
the entire side and the broad end. The tota; numbers of
egzs laid by 360 femalcs in 640 seeds in 48 hours were
434, 223, 199 and 50 eggs in the four parts of the grain
mentioned above (TABIE 9). Tha significance of the
difference in the distribution of the cggs was high
( P 0.001 ). VWhen the seeds were embedded horizontally
i.e. the entirce and the embryo sides were exposed, a
highly significant preference for the tapering end of
the sceds was observed, in both positions of the grain
( P<K0.0017 ). VNo significant difference existed between
the behaviour of the weevils when the two horizontal
sides were offercd. When the sceds were cmbedded ver-—
tically, the females laid many more eggs in the tapering
end than in the broad end of the seed, but no significant

preference for the embryo side on c¢ither end was observed.
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TABLE 9

e e S e = e

Total Numbers of Eggs Laid by 3 60 Females in 640 seeds
in 48 hours

Entire Side Embryo Side| Tapering End Broad End
TAP BRD TAP BRD ENT EMB ENT EMB
191 8 210 13 166 268 14 36
199 223 434 50
2

Significance of Preference ( X Test )

Position Order of Preference Significance
Entire Side TAPD BRD P< 0.0071
Embryo Side TAP > BRD P< 0,001
Tapering End EMB > ENT P<L0.001
Broad End EMB > ENT 0.01> P> 0.001

Compared Positions

The four positions TAP)EMB) ENT)BRD  P<0.001
Entire & Embryo TAP) BRD Not Signif.
Tapering & Broad EMB/ ENT Not Signif.
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b) 8. zea-mais :- The total numbers of eggs
laid by 360 females in 640 sceds in 48 hours were 320,
206, 185 and 100 eggs in the tapering end, the
embryo side, the entire side and in the broad end of
the seceds ( TABIE 10 ). The preference for certain
oviposition sites was highly significant (P< 0.001 ).
In the horizontally embedded sceds the weevils laid
very fow eggs in the broad end compared with the |
numbers in the tapering end. A significant difference,
however, existed between the two horizontal positions
in that more eggs were laid in the broad end of the
embryo side than in that of the entire side ( the
probability of significance was 0.01>P>0.001 ).
In the vertically embedded seceds, the numbers of eggs
laid in the tapering end by far exceeded those laid
in the broad end, and the preference for cither the
entire or the embryo side differed sgignificantly in

the two ends ( P<LO.001 ).

c) 8. oryzae :- The distribution of the eggs
in the four positions of the maize seed was far from
random ( P«£0.001 ). The total numbers of eggs laid
by 360 fecmales in 640 seeds in 48 hours were in a
decreasing order of 292, 169, 114 and 44 eggs in the

tapering end, the embryo side, the entire side and in
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TABLE 10

Total numbers of eggs laid by 360 fcmales in 640 sceeds
in 48 hours

Entire Side Embryo Side Tapering End Broad End
TAP BRD TAP BRD ENT | EMB ENT | EMB
180 5 181 25 171 149 17 83
185 206 3520 100
2

Significance of Preference ( X Test )

Position Order of Preference Significance
Entire Side TAP> BRD P< 0,001
Embryo Side TAP > BRD P< 0,001
Tapering End ENT ) EMB Not significant
Broad End EMB) ENT P 0.001

Compared Positions

The Four Positions TAP> EMB> ENT) BRD P <0.001
Entire & Embryo TAB) BRD 0.012 P> 0,001
Tapering & Broad ENT or Emb < 0,001
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the broad end (TABIE 11). The weevils showed a
significant prcference for the tapering end of the
horizontally fixed secds ( P< 0,001 ), but more eggs
were laid near the broad end of the embryo side than

in that of the entire side ( 0,01 P) 0,001 ). A
significant difference was also found between the choice
of the embryo side of the tapering and of the broad ends
of the vertically cembeddcd sceds ( 0.0f) Pj)0.00ﬂ ).
While the choice between the embryo side and the entire
side of the ftapcring end was not significant, a clear
and significant preference for the embryo side was

seen in the broad end of the seed ( P<L0.001 ).

d) Comparison of preferences for the oviposition:

sites in maize exhibited by the threc species.

From TABLES 9, 10 and 11, it can be seen that
the three species showed the same preference for laying
eggs in the tapering end of the maize sceds when these
were embedded vertically. The preference for that end
was also remarkablec when the secds were fixed horizon-
tally. The three specics agrecd in their choice of the
oviposition sites but not always to the same extent.
from that of 8. granarius ( P<0.001 ) and from that
of 8. oryzaec ( 0.02> P)0.01 ). The difference may be

attributed to the greater proportion of eggs being laid



TABLE 11
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Pr gferred Oviposition Sites of 8. oryzae on Maize

in 48 hours

Total numbers of eggs laid by 360 females in 640 sceds

Significance of Preference

Entire Side Embryo Side | Tapering End | Broad End
TAP | BRD TAP BRD ENT EMB ENT EMB
113 1 148 271 1%5% 159 6 38
114 169 292 44
2

( X Test )

Position

Order of Preference Significance

Entire Side
Embryo Side
Tapering End
Broad End

TAP ) BRD
TAP ) BRD
EMB) ENT
EMB ) ENT

P<0,001
P< 0,001
Not signif.
PL0.001

Compared Positions

The four positions
Entire & Embryo
Tapering & Broad

TAP> EMB7 ENT> BRD P<0.007

TAE) BRD

EMB} ENT

0.01) P> 0.001
0.01) P> 0.001
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S. granarius and S.

e e e e et e

oryzae , on the other hand, did not vary significantly

from cach other ( TABIE 12 ).

TABLE 12

Significance of the preference for oviposition sites
of the three species on maize seeds. (Distribution of

2
the eggs in the four parts of the grain.)(X Test)

e

Species Compared Significance
S. granarius and S. zea-mais P<0,001
S. granarius and S. oryzaec Not signif.
S. zea-mais and 8. oryzae 0.02> P> 0.01
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4. S ORGHUM

a) 8. granarius :- The total numbers of eggs laid
by %60 females in 1280 grains in 48 hours were 436,
397, 339 and 230 eggs in the entire and the embryo
sides, and the tapering and in the broad ends in this
order (TABLE 13). The significance of the preference
for the different sites was high ( P 0.001 ). 1In the
grains cmbedded horizontally the weevils showed a signi-
ficant preference for the tapering end of both the entire
and the embryo sides ( P<{0.001 ). This tendency was
significantly higher on the c¢mbryo side than on the entire
side ( P<0.001 ). 1In the vertically fixed grains, the
weevils preferred the entirc side of both ends, but the

significance of this behaviour was high in the tapcering

end, and not clear in the broad end.

b) 8. zca-mais :- The weevils showed a marked pre-
ference for the horizontally embedded grains. The total
numbers of eggs laid by 360 females in 1280 grains

in 48 hours were 520, 418, 250 and 178 eceggs in

the embryo and the entire sides and in the tapering and
the broad cnds respectively (TABLE 14). The oviposition
sites were not scelected at random ( P<0.001 ). A highly

significant preference for the tapering end of the two

horizontal positions namely of the entire and the embryo



TABLE 13
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Preferred Oviposition Sites of S. granarius on

gorghum

Total numbers of eggs laid by 360 females in 1280
grains in 48 hours

Entire Side Embryo

Side Tapering End

Broad End

TAP | BRD TAP | BRD ENT | EMB ENT | EMB
288 | 148 %79 18 199 | 140 123 | 107

436 397 339 230

2
Significance of Preference ( X Test )

Position Order of Preference Significance
Entire Side TAP> BRD P< 0,001
Embryo Side TAP »BRD P< 0.001
Tapering End ENT DEMB 0.01> P> 0.001
Broad End ENT ) EMB Not significant

Compared Positions

The Four Positions
Entire & Embryo

Tapering & Broad

ENT) EMB ».TAP ) BRD
TAP ) BRD

ENT BB

PL 0,001
PL0.00M

Not significant
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TABLE 14

Preferred Oviposition Sites of S. zea-mals on Sorghum

Total numbers of eggs laid by 360 females in 1280
grains in 48 hours

Entire Side Embryo Side Tepering End Broad End
TAP BRD TAP BRD ENT | EMB ENT | EMB
279 139 450 70 143 107 111 67
418 520 250 178
2

Significance of Preference ( X Test )

Position Order of Preference Significance
Entire Side TAP> BRD PL0.001
Embryo Side TAP) BRD P< 0.001
Tapering BEnd ENT) EMB 0.05» P> 0.02
Broad Bnd ENT ) EMB - P<L 0.001

Compared Positions

The Four Positions EMB) ENT ) TAP>BRD PZL 0,007
Entire & Embryo TAP) BRD P< 0.001
Tapering and Broad ENQ}’EMB Not signif.
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sides also existed (P<L0.001). This behaviour,however,

was much more pronounccd on the embryo side than on the
entire side{( P<L0.001 ). TIn the vertically fixed grains
i.c. the tapering and the broad cnds uppermost, the weevils
laid significantly more eggs in the entire side than in
the embryo side 3 the difference between the behaviour

of the wecevils on the two cnds did not vary significantly.

¢) 8. oryzae :- The female weevils selected their
oviposition sites in the following order of preference
the embryo side, the entire side, the tapering end and
the broad end. The corresponding total numbers of eggs
laid in cach part of the grain,by 360 females in 1280
grains in 48 hours ,were %93, 381, 343 and 217
(TABIE 15). The significance of this choice of oviposi-
tion gites was high ( PL0.001 ). In the horizontally
fixed grains a clear preference for ovipositing in the
tapering end in both the entire and the embryo sides
was exhibited (PL0.001). No significant difference
existed between the numbers of eggs in both the entire
and the embryo sides of the vertically embedded grains

namely in the btapering and in the broad end.
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TABLE 15

Preferred Oviposition Sites of 5. oryzae on Sorghum

Total numbers of ecggs laid by 260 females in 1280
grains in 48 Thours

Entire Side Embryo Side| Tapering End Broad End
TAP | BRD TAP BRD | ENT EMB ENT | EMB
262 119 376 17 | 189 154 115 102
581 393 543 217
2

Significance of Preference ( X Test )

Position Order of Preference Significance
Entire Side TAP > BRD P < 0,001
Embryo Side TAP > BRD P < 0,001
Tapering End ENT ) EMB Not signif.
Broad End ENT > EMB Not signif.

Compared Positions

The four Positions EMB> ENT > TAPD> BRD P < 0.001
Entire & Embryo TAP, BRD P < 0.001
Tapering & Broad ENT}’EMB Not signif.
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d) Comparison between the three species in their

choice of the oviposition sites in sorghum :-

e e e e e e e

(?n the/ four positions of the grain differed highly sig-

nificantly from that of 8. granarius and of 5. oryzae

( PLO0.001 ). 8. gronarius and S. oryzae, on the other

hand, did not differ significantly in their preference

for oviposition sitcs (TABIE 16).

TABIE 16
Significance of the preference for oviposition sites of
the three species on sorghum grain (Distribgtion of the

eggs in the four parts of the grain) ( X Test )

Species Compared Significance
8. graparius and S, zea-mais P < 0.001
S. granarius and 8. oryzae Not significant
S. zea-mais and 8. oryzac P <0.001
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PART 2 : More than One Cereal Offercd to the
Weevils

e et b s st s ot

a) 8. granarius

In TABLE 17, the total numbers of eggs laid by the
females in all the possible combinations of the four
cereals are included. The numbers of eggs laid by 20
females in 80 grains of the four cereals were in the
following decreasing order : 82, 8, 6 and O in wheat,
rice, maize and sorghum respectively. In a mixture of
wheat, rice and maize the numbers of cggs laid by 20
females in 60 grains of the mixture were 71, 10 and
10 . In a mixture of wheat, rice and sorghum the numbers
of eggs were 82, 13 and 7. In a nmixture of wheat ,
maize and sorghum the numbers of eggs were 57, 4& and 3.
When whcat was excluded, the numbers of eggs were 40 ,
32 and 2 in rice, maize and sorghum respectively.

In experiments when two cereals were tested together,
the numbers of eggs laid by 10 females in 40 grains
of the mixture werc 60 and 7 in wheat and rice; 62
and 1 in wheat and meize 3 55 and O in wheat and
sorghum; 25 and 24 in ricc and maize; 20 and 14
in rice and sorghum; and 17 and 16 in maize and

sorghum.
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mixture of different Cereals ( Offered in their

preferred positions).

,Total numbers of eggs laid by 160 <females| Significance
;;n 560 grains in 48 hours of
WHEAT RICE MATZE SORGHUM Preference
(ZHL) (EMB) (TAP) (ENT) ( X2 )
82 8 6 0] P< 0.001
7 10 10 P < 0.001
82 1% 7 P 0.001
5% 4 P< 0.001
40 32 2 P < 0.001
60 7 P < 0.001
62 { P< 0.001
55 0] P < 0.001
, 25 24 Not signif.
20 14 Not signif.
17 16 Not signif.
69 12% o4 42 P £ 0,001
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Significance of preference :

In all the experiments, the weevils exhibited a

highly significant preference for ovipositing in wheat.
A cleér avoidance of laying eggs in sorghum was noticed
when more than two cereals were tested together. No
significant difference, how-ever, existed between the
numbers of eggs laid in the following mixtures : rice
and maize, rice and sorghum,and maize and sorghum . The
total numbers of eggs laid in the four cereals were 469,
123, 94 and 42 in wheat, rice, maize and sorghum
respectively (TABIE “17). The preference was highly
significant ( P < 0.001 ).

b) 8. zea-mais

When the W eevils were offered the four cereals in
the same “dishes, they laid their eggs in the following
order : 50 in maize, 40 in wheat, 1% in rice and
5 in sorghum (TABIE 18). When the mixture consisted
of wheat ; rice and maize, more eggs were laid in maize;
followed by wheat and then rice, the number of eggs being
46 , 38 and 18. In the abscence of maize, the weevils
preferred wheat, and then rice and finally sorghum (63,
32 and 12). In the absence of rice or of wheat, most
of the eggs were laid in maize. In & mixture of two
cereals only the following results were obtained : in

wheat and rice mixture 45 and 19 eggs, in wheat and
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TABLE 18

S54.

Preferred Oviposition Sites of S. zea-mais on a

Mixture of Different Cerecals

Total numbers of eggs laid by 160 females | ' Significance
in 560 grains in 48 hours of
WHEAT RICE MAIZE SORGHUM Preference
(ENT) (KID)| (TAP) (EMB) (X Test)
40 13 50 5 P << 0,001
38 18 46 0.01> p»0.001
6% 32 12 P << 0,001
48 61 10 P << 0.001
26 65 8 P < 0.001
45 19 0.01> P> 0.001
18 42 0.01> P> 0,001
44 12 P<<0.001
21 40 0.02>P2> 0.01
33 6 P < 0,001
4 9 P < 0,001
296 172 | 345 62 P < 0.001
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maize 18 and 42 ; in wheat and sorghum 44 and 12;

in rice and maize 21 and 40 ; in rice and sorghunm

3% and © ; and finally in maize and sorghum 41 and

9 . The total numbers of eggs laid in the four cereals
were as follows : 345 eggs in maize; 296 in wheat ,

172 in rice and 62 in sorghum.

Significance of preference :-~ In all the combinations

of cereals the weevils showed a decided preference for
certain sorts of grain. In the presence of maize;most
of the eggs were 1laid in it. When maize was not avai-
lable, wheat was strongly preferred. sorghum was the
least attractive grain in all the combinations . The
distribution of the eggs of S. zea-mais in the different
cereals was far from random in all the tests i.e. the

przference for oviposition sites was highly significant.

c) 8. oryzas
The weevils when given the choice between the four
cereals simultancously, exhibited a marked ability to
choose wheat , followed by rice, sorghum and finally
by maize. The corresponding numbers of eggs laid in
these cercals were 67, 24, 18 and 10 (TABLE -19).
The prefere-nce for oviposition in wheat was signifi-~

cantly high in all the combinations; and the total
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numbers of eggs obtained by summing up the data in all
the experiments were 286, 148, 87 and 40 in wheat,
ricc, sorghum and in maize. When wheat was not avail-
eble, the weevils preferred to oviposit in rice; and
when maize and sorghum werc offered together, the weevils
significantly prcferred the latter. The choice of the
oviposition sites was significantly high in all the

combinations of cerecals offered.

d) Comparison betwecen the preference for

Oviposition Sites in the thrce Species.

The total numbers of eggs laid by the three species

in the four cereals are given in Table 20. 8. granarius

e e et s et e

preferred to oviposit in maize thon in wheat, followed by
rice and finally by sorghum. 8. ggzggg_; on the other
hand, were attracted more strongly to wheat; followed by
rice, only slightly to SOrghum and least of all to maize.
The distribution of the eggs of these species in the four

cercals differed highly significantly ( P < 0.001 ).
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TABLE 20

Comparison of the three species in their preference

for ovipositvion in the four cercals

Species Total numbers of eggs laid by 160 females
in 560 grains in 48 hours
WHEAT RICE MATZE SORGHUM
8. granarius 469 123 9% 42
S. zgar-mais 296 172 245 62
S. oryzae 286 148 40 87
2
Significance of preference ( X  Test )
Species compared Significance
S. granariuvs and §. zea-mais P < 0.001
8. granarius and S. oryzae P < 0.001
S. zea-mais and 8. oryzae P < 0.001
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D. THE OVIPOSITION BEHAVIOUR OF THE WEEVILS, AND
THE POSSIBLE ROLE OF SOME SENSORY ORGANS.

The female weevil when ready to oviposit, prepares
an egg- hole inside the grain by means of the strong man-
dibles located at thc tip of the rostrum. The female
normally chooses a rough surface such as the tapering
cnd of the maize secd, or a hairy arca similar to that
of the wheat grain. These sites scem to be of grecat
'help in cnabling the inscct to grip the grain firmly
throughout the claborate process of preparing the egg-
_hole ; this may last for half an hour or more;apparently
depending on the hardness of the grain. At the beginning
of this process the wcevil appears motionless when exa-
mined undcr the binocular microscope. The rostrum penet-~
rates deeper and deeper until the antennac touch the
surface of the grain and the movablc head starts turning
in a scmi-circle around the longitudinel axis of the
body. Conscquently the curved rostrum causes the widening
of the egg-hole near its basc. Simultancously, the weevil
keeps dragging the first two pairs of legs towards the
body, while the third pair holds on tightly tc the grain.
When the egg-~hole is prepared, the femalc turns her longi-
tudinal body exis through an angle of 180°, and the ovi-
positor, which is normally hidden inside ‘the body is

protruded. Some probings arc made before the cgg-hole is
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found. Thc ovipositor (Fig. 5) makes an angle of about
90o with the last hidden tergum, which is also protruded
during this proccss. Thce wholc ovipositor is inserted
inside the cgg-hole, with the two coxites stretchéd apart,
most probably touching the inner walls of the hole., A
colourless secretion issuing from the ovipositor stoppers
the hole: after the cgg has becn deposited, and good sealing
is ensured by some final touches of the ovipositor. The
egg is laid and covered in about 1 - 2 ninutes.

The weevils in the present series of experiments
cxhibited a marked ability in choosing their oviposition

sites, for instance, S. granarius often laid their eggs

in between the hairs of the wheat grain. §. zeca-mais
and S. oryzce laid their eggs near the hairy area but
never in between the hairs themselves. The latter two
species laid most of their eggs inside the embryo of the
rice grain, whereas 5. granarius normally prepared their
egg-holes near the embryo but rarely right inside. The
threc specics preferred the tapering ends of maize and
sorghum grains, but very few eggs were laid inside the
embryg itsclf.

The mechanisms involved in the behaviour of the
females in selecting their oviposition sites may be
either mechanical, tactile or chemical or'co—ordination
of these mechanisms.

The experimental evidence which supports these views

was as follows :-



Fig. 5 : Ovipositor of S zeamais; Cox:coxite ;

c.s.:campaniform sensilla

;

st . s?.ylus;, v:vulvg .
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1) Mechanical and tactile sense:- The weevils showed a

great tendency for laying their eggs in or near to cer-
tain areas of the grains, where they could hold on tightly
to the surface during the elaboratc process of preparing
the egg-hole.

2) Chemical sense :- In the experiments with onc type of

cereal, the wecvils avoided the embryo in wheat, but
showed a marked preference for the embryo of the rice
grain. In mcize and sorghum the eggs were deposited

very closc to the cmbryo but rarely inside. In the oxp-
erinents involving more than onc kind of cerecal, each
species cxhibited o decided selection of certain cercals
regardles%?%he existing differences in the size and text-
ure of the grains. It may bc suggested, therefore, that
certain chemical sense was involved in this behaviour,
although the final proof would be in experiments on olfa-
ction.

In ordcer %o locate the sensory organs résponsiblo
for detecting the preferred oviposition sitecs, a simple
experiment was carried out with S. granarius which stro-
ngly preferred wheat and avoided laying their eggs  in
sorghum. The results were summarised in TABIE 21. In
the first sct of experiments 10 females with their
antennac removed laid 51 ¢ _ggs in wheat and 2 in
sorghun in 48 hours ( the number of grains used were 20
of each cereal ). In the second set of oxperiments the

females with their six tarsi amputated but the antennsae



TABIE 271

Effect of different amputations on the prefcrence
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and sorghum mixture in 48 hours

62.

Amputated Ports

Number of eggs laid by 10 females

in 40 grains in 48 hours

WHE 4 SORGHUMNM
Antennae 51 2
Tarsi a4 2
Antennac&Tarsi 45 0
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intact, still showed o highly significant preference for
wheat. When both antennnac and tarsi were removed the
weevils exhibited the same efficiency for selccting wheat
as with thesc organs intact. Whole mounts of the oviposi-
tor revealed the presence of o group of 7 minute peg
organs locatcd at the tip of each stylus (Fig. 5). Bach
peg, under high magnification, has o very thin double-
wall with 2 more or less blunt opex (Fig. 6). Unlike
ordinary sctae, these pegs do not arisc from sockets,and
in o longitudinal section cach passes through the very
thin cuticle, and is inncrvated by at lcast two neuroncs
( Fig. 7 ).

A large number of campaniform sensills are found on
the coxites of the ovipositor especinlly on the lateral
sides ( Figs. 5 & 6 ). They are also present on the
last hidden abdominal segment ( on the lateral sides of
the tergum and on the reduced sternum ). The longitudi-
nal axes of the domes are parallel in all the sensilla,
naking an angle with the longitudinal axis of the coxite.
These sensilla, most probably scrve as proprioceptors and
respond to mcchanical stinuli such as touch and pressure.
During the process of insertion of the ovipositor inside
the grein, theso sensilla most likely touch the . .inner
walls of the cgg-~hole ; this may enoble the insect to

detect the suitability of the hole for recciving the egg.
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Fig. 6 . Distal end of the coxiteof the ovipositor, A Sgranarius; B,Soryzae;

C,Szeamdis ; cc., cumpaniform sensilla ;cox., coxite;p,peg; sty,stylus.
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Fig. 7 .L.S.inthe stylus of the ovipositor ot S.granarius;

n,nerve; nc nerve cell; p peg,
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In a profile through the grain the normal egg plug

appcars slightly larger in size fhan the egg, and the
inner walls of the plug arc fairly smooth (Fig. 8). The
sensory organs on the ovipositor probably function as
chemorcceptors, but thoi%?%% the selection of the ovipos-
ition sites is unlikely because the ovipositor is normally
hidden insidc the body, and is protrudcd just before the
egg is laid. The peg orgons may have another chemical
function which is the detection of the amount of the sticky
sccretion which exudes from the ovipositor and covers the
newly laid egg. This is suggested by the action of the
ovipositor which rcpeatedly presscs the secretion on  top
of the egg hole.

The possible chemoreceptors regponsible for the
choice of the cgg-hole are the minute basiconic sensilla
located in a group of about 16 pegs on the apex of the
distal segment of the maxillary palp (Fig. 9). These may
be the taste receptors which explain the efficiency with
which the weevils choose the preferred cercal. The leabial
palps, on the other hand, con play no role in this mecha-
nism since they arc completely deveid of any setae or

scnsory organs ( Fig. 9 ).
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Fig. © . S.granarius adult : a, labial palp; b, maxillary

palp; ¢, distal segment of maxillary palp (apical view) .
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E. DISCUSSION

Sitophilus wecvils were able to choose their ovipo-

" sition sites with great efficicney. When the females were
offered groins of onc type of cercal placed in four diffe-
rent positions showed a marked ability to sclect certain.
parts of the grain. In wheat the three specics preferred
the hoiry end of the grain to the embrys end,both when

the grain was presented vertically or horizontally. In
naize the thrce specics exhibited a strong tendency to
layAtheir ¢ g8s in the tapering end of the secd. The broad
cnd seened to be very hord and smooth while the tapering
end was wrinkled and offered o better foocthold to the
weevils during the eloborote process of preporing the egg
hole. A possible difference in the chemical constitution
of thesc tweo parts of the grain may 21lso contribute to

the prefercence shown by the weevils. In rice the females
precferred the embryo end to the tapering cnd and the

keeled side to the sutured side. The cggs of 8. zea-mais

b s gt et e

s g e mam e

thus nay indicatc an . cxistencc of a scense of taste in
these weevils. In sorghum, a clear ovoidance of the
broad end of the grain may be attributed to a mechanical
factor since it is smooth comparced to the tapering end .

A chenical factor moy also be involved os the embryo
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inside the grain is near to the tapering end. The prcfe-
rence for certoain oviposition sites in the grains of a
certaln cereal was highly significant in 21l the three

species. This preference in S. zeca-mais differed highly

it it e 2000 M Ao e -

e et St S . e s Sl ey s v

more or less the same order of preference for the different
parts of grains of wheat, maize and of sorghun.

When offercd the choice botwecn two or more cereals,
the three species differed highly significontly in their
prefercnce for oviposition sites. The distribution of
sclected wheat in any mixture of cereals., In the absence
of wheat the preference for one of the other threc cercals
was not clear. However, the sun totol numbers of cggs
laid in the grains of the four cercals in all the experi-
nents showed prefercnce in the following decrcasing order:
wheat, rice, maize, sorghum. In 3. zea-mais the signifi-
cance of the discrininating power was high in 2ll the
combinations tested. The order of decrcasing prcference
was as follows :- maize, wheat, rice, sorghum. In S.oryzac
the weevils sclected grains of different cereals in the
following dcclining order of preference :- wheat , rice,
sorghum , naize.

An interesting finding was in the difference in

behaviour of S. zea-meis and S. oryzac which previously
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have becen considered to be a single species. While S.zeo-
be least attracted to the sceds of this ccereal.

The highly cfficicnt ability with which‘the fenale
weevils choosc thelr oviposition sites, nay be accompli-
shed by mcchaonical means ond / or through their chemical
secnses. Unfortunately no cxperiments on olfaction were
corricd out, so no firm statcment can be made about this.
Vision did not play a part since the experiments were
carried out in complete darkness. The two suggested types
of reactions may act in co-ordination, or onec n2y be pre-
ceded by thc other in a response-chain process similar to
that nentioned by Crombie (1941). He concluded that when

Rhizopertho dominica woas in an environment which had the

odcur of food, the sense of touch appcared to be paramount
in the sclection of oviposition sites. Thesc bectles
showed a definite preference for crevices. Mokings (1958)

described o response-chain rcaction in Achroin griscella.

The femoles were atiracted by the olfactory sense of smell
( located on the antemnac ), to the odour of beceswax which
stimuleted oviposition. The ovipositor alone is responsible
for the selection of the crevice. Larson (1927) found a

marked predilection of Bruchus gquadrimaculatus for well

filled sccds with a smooth polished secd-coat, but he could
not locate the organs of touch responsible for sclecting

the oviposition sites. Tarsal rcceptors of Pediculus specics
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were suggested by Wigglesworth (1941) os more probably
responsible for the clustering of lice on the rougher
surface, when they were offered the alternative of silk
and cotton stockinet on which to walk. Hé}ord (1936) ,
found that various types of sceds stinulate the ovipo-

sition of Bruchus obtectus to a different degrece. The

bectles normally preferrcd Phascolus vulgaris sceds,

but when this was absent, the seeds which were nore
sinilar in texture and in form werc chosen. Hc also
nentioned that the " optimum hosts " had a high carbo-
hydrote content. It may be concluded from his experinents
that chemical and tactile scenscs were involved in the
choice of the oviposition sites. Wallis (1962) found

that the olfactory receptors which mediate oviposition

of the blowfly, are situated on the antennac,labellum

and on the ovipositor. Contact chenorcceptors were. men-—

tioned by Dethier(1947) on the ovipositor of certain Hymen-
optera. In Sitophilus weevils, the basiconic sensillae

located at the apex of the moxillary palps are nost
probably the chcmorcceptor orgons responsible for taste or
for smell. The trichoid sensilla fcound on the antennal
club segnents arc hunidity receptors (sce Scetion 4 on
hunidity reactions). Thesc playced no role in the mecha-
nism of sclecting the oviposition sites. This evidence

has been obtaincd experimentolly in amputation cxperinents.

The rcemoval of the tarsi seemed to have no effect on the
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proccss of seclection either. It may be suggested thot
the sensory hairs located at the tip of the stylus of the
ovipesitor, act as contact chemoreceptors for detecting
the amount of the sticky substance, secreted through the
ovipositor on to the top of the ncwly loid egg. This
conclusion may bc derived from obscrvations on the rep~
eated pressing action made by the ovipositor presumably
to cnsurc that the cgg is well covered with the sceretion.
The possibility that these scnsory hairs have an olfactory
function is not dismissed, but the ovipositor is always
hidden inside the body of the female, and it is only pro-
truded Jjust before the laying of an egg.

The canpaniform sensilla found on the coxites and
the last hidded abdominal segnment (which also protrudes
during oviposition) most probably rcspond to mechanical
stimuli or to touch. Their function may be to detcct the
position of the egg-hole and its " suitability " for recce-
iving the egg.

The " Host Selection Principle " put forward by Walsh
(1864) +that " an inscct has a tendency to select that
particular plant on which it has fed for a great many
generations tc deposit its eggs ", was applied to some
insccts by several workers. Hopkins (1916) concluded from
his experiments on some scolytid bectles that an insect

species which brecds in two or nore hosts, will prefer to
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continue to breed in the host to which it has become adap-
ted. This principle was not in agreenent with the behaviour

of some insccts e.g. Rhizopertha showed nc preference for

the grain on which it wos recared for two generations
( Crombie, 1941 ). Iarson (1927) concluded that Bruchus

quadrinaculatus cxhibited avoidance of certain écrcals

even after having bred in then for several generations
i.e. it showed no inherited predilecction for that host.
Herford (19%6) mentioned that the preference for ovipos-

ition by Bruchus obtectus on its favourite host was not

affected by rearing it in other hosts in the course of
five generations.

The " Seclection Principle " in the light of nore
recent concepts of habituation may be considered fron a
different point of view., In the light of Thorpe's work

(1938 and 1939) on Neperitis canescens and Drosophila

nelonogaster, and Crombie's oexperiments (11944 ) on

Calliphora spccics, it has been shown that the natural

aversion to the odour of sonc repellents, can be trons-
forned into 2 high degrec of tolerance sinply by exposing
the adults, shortly after encrgencc, to an air strean
bearing the odour of the repellent to which the insects
becane habituated. Cushing (1944 ) found that the natural

preference of Drogophila guttifera for leying its ceggs in

a nedium which contains fungal growth may be reduced if the

larvae have becen reared in o mediun frec of fungi. Several
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other cxamples of habituation in onimals, as an import-
ant phenencnon influcncing their behaviour, have been
revicwd by Thorpe (195%6). It is cvident thot an adult
inscct oy becone habituated for life to the nedium i.e.
its host ploant, on which the larvee have becen recared.
Thus attraction to the " host " may persist through life
but it may not be inherited immedioctely, until the procc-
ss of sclection over noany gencrations noy intervenc.

In Sitephilus species , it can be concluded that S.

granarius and S.

e s e et 2 et S —

oryzac exhibited a great tondency to
oviposit on wheat, in which they were bred for sevecral
ycars. The behaviour of §5. zea-mais, on the other hand,
was different, sincc they Showod a norked preference for
naize. It has been nentioned by Birch (1954) that the
snall strain of the rice weovils (S.oryzac)is common in
stored whecat ond rarc in stored maizc. The reverse is
truc for the large strain ( S.zea-nmeis ). It was also
shown that when the twe strains (specics) occurrcd to-
gether in crowded cultures onc always drove the other out.
The small strain (S.oryzac) was the successful ono in
wheat ond the large was the successful cone in maize.

It should bec noted that no cxperiments were carried

out in the present work on Sitophilus weevils rcared on

other cereals for scveral generations to sec whether this

affected their powers of sclcction.
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IV. THE CLIMBING ABILITY OF THE WEBVILS ON

SMOOTH GLASS SURFACE

A. Introduction and Review of Iiterature :-

Inscets , in general, cexhibit a great variety of
tarsal structures, being nodified in one way or another
to enable the individual to move about frecly in a cer-
tain habitat in which it lives or to which it has becn
adapted. Normally the claws are used in climbing rough
surfaces, they act as grappling-hooks, being more or less
curved. On the other hand, the claws can hardly play any
role in clinbing smooth surfaces, a process which depends
entirely on adhesive or climbing organs. These are common
in nany groups of insects as in Hymenoptera, Diptera and
nany Hemiptera, they take the forn of empodia or pulvilli
between the tarsal claws. In a few Hemiptera they occur
at the lower end of the tibia in the form of a chitinous
sole plate in which are set thousands of minute cylindri-

cal tubes as in Rhodnius prolixus ( Gillett & Wigglesworth

1932), while in many Coleoptera and Orthoptera it is the
ventral surface of the tarsal segments themselves which
is specially modified ( Dewitz,1884 ).

In many Orthoptera the functioning organs are the
aroliar pads on the ventral side of the pretarsus, and

the euplantulac which are less elaborate pad-like struc-
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tures on the ventral part of the rest of the tarsal seg-
nents. The euplantulac nay play o ninor role in the clin-
bing mechanisn of some roaches, but they arc not brought
in contact with the glass surface when the roaches are
walking inverted ( Roth and Willis, 1952 ).

In Coleoptera the adhesive organs are of variable
types, the simplest usually being in the form of tenent
hairs clothing the soles as described by West (1862) in
nany Carabids, Chrysomelids and Curculionidf The expanded
apices were cither spatulate, clavatc or trumnpet-shaped.
A nmorked deviation from the nornal types is found in the
Q;?tella of mony Harpalinae (Carabidae), in which the
soles arc provided with peculiar flattened scale-like
processes referred to as " squamae " . These nay be
biscriate or pilosc as in the nales of Bi-, Tri- and
Quadripalmati (Fowler,1887).

Onc of the nost elaborate climbing orgons found in
nalc Dytiscus on the fore-leg was described by Miall
(1903). The first threc joints of the tarsus arc enlarged
to form a circular disc, its undef surfacc is roughecned
by o number cf minute stalked suckers or cupules, which
are outgrowths of the chitinous integuncnt. Platcau(1871)

found by actual cxperinent that Dytiscus marginalis freshly

killed by ether, could support nore than 13 times its own

weight when its suckers were applicd to smooth glass.
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The review of literaturc reveals the fact that little
experimg;ptal work has becn donc to examine the climbing
ability of insccts on various surfaces. In the present
work, the cfficiency of adhesive organs on vertical glass

surfaces was deternined in three species of Sitophilus.

The structure of the torsi and of the climbing organs was

nlso cxanincd.

B. Mcthods and Technique :-

ilus was determined by neasuring the speed at which indi-
vidual insccts climbed up a standard height of a smocth
glass surfacc, measured in centimetres per minute(cm./nin).
Glass tubes Sfcet in length and 2.8 cm. in diameter,were
found suitablc for these expcrinents.

A cage 170 X 75 X 30 cm. (Pig. 10) of white card-
board was constructed in a corner of the constant temper-
ature room and fixcd in position with adhesive tape. The
inner wall of the cage was narked at 5 cmn. intervals.
Two card-board shects 5 X 30 cnm. each, were fixed hori-
zontally inside tThc cage by means of adhesive tape; the
upper one 2 5 cr. below the roof the cage, and the lower
onc 5 cn. above the bottom. Each sheet possessed 5
circular perforations of 3 c¢nm. in diametecr, arranged in

a2 nedian row at 10 cm. intervals. These perforations
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Cork-stopper

Glass tubing
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Fig. 10 :Cage for Determining Climbing Abilty of Sitophilus Weevils
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scrved to hold 5 glass tubes in a vertical position.

The tubes were thoroughly washed with water and
soap solution, hot water, distilled water and finally
benzenc. When placed in a well ventilated roon, no
benzenc odour was detected after a few hours. Hach tube
was closcd at both ends with cork stoppers wrapped up in
filter papers and nuslin to prevent the insects from hid-
ing inside the cork crevices ; the white colour matched
the other parts of the cage. The nuslin was fixed fron
the outer side of the stopper by adhesive tape. Two
shecets of muslin, 40 cn., wide each, were fixed to the
top of the cage ond covered the whole front part. Thesec
allowed for o) caose of putting in or removing the glass
tubes, b) clear observation of the climbing insccts ’
¢) even illunmination inside the cagé which was 7.0 Log
Foot Lamberts (as measured by S.E.I. BExposure Photometer).
Even illununation of the constant temperature roon itself
wags obtaincd by dirccting diffused light towards the
ceiling.

The experimentel insects were 4 - 6 weeks old,and
were physiologically nature, witﬂregard to the develop-
ment of the nuscular systeﬂand toithe full functioning
of the climbing organs.

Both intact and operated weevils were experinented
with, but as a control measure, both sets werc ;naesthe—

tized before their climbing ability was determincd. The
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weevils were anacsthetised under a continuous streanm

of carbon dioxide for 3 ninutes, and then kept over
wheat grain in the constant temperaturc roon for 24
hours, then allowed to walk about for a few ninutes

over cotton wcol tc brush off any wheat dust sticking

to the tarsi. A singlc weevil was then introduced

inside cach glass tube by placing it on the stopper
which was fitted to the lower end. The tubc was then
hcld in a vertical position by placing it inside the
cage through onc of the perforations in the upper card-
board shect and then through the corresponding lower onc.
The insccts were transferred from one container to an-
other by means of a suction tube. The disturbance causcd
to the weevils scemcd to be the main factor inducing
then to c¢linb.

The time taken by each wecvil to climb 140 cm. of
the glass tube was recorded, using a stopwatch. The
insects were allowed tc climb the first 10 cm. without
recording the time, in order to be able to watch five
climbing inseccts at almest the same vwine. The weevils
often staycd for varying lengths of time making scveral
trials to cscape by bturning around the edge of the sto-
pper beforec starting to climb upwards.

Every inscct was then transferrcd to a narked flat
botton glass tube, with bored cork and nuslin, weighcd

individually in a tiny specimen tube on an Oertling balance
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reading to 0.2 ngn. and opproximated to 0.1 mgn. The
weevils were then anaesthetiscd by carbon dioxide and
the fifth toarsal segnent bearing the claws was then re-
noved from all the legs. Iach insect was confined in
its own corrcsponding glass tube containing a few wheat
grain, and allowed to rccover for 24 hours in the con-
stant tenperature roomn.

The speed of the opcrated weevils wos determined
once again, and then they werc dissected in order to
sex them. The tarsi were dchydrated, cleared in xylol
and mounted in Canada balsam, and the maximun widths
of the third tarsoncrcs of the pro-, mnid- and hind-lcgs
of onc side werc neasured under the nicroscope by mcans
of an eye-picce micrometer using the high power.

For counting thc number of tenent hairs on the third
tirsomeres; the tarsi of newly enmerged adults werc heated
in KOH solution, washed in distilled water, then the 5th.
tarsomneres were pulled out by means of a fine pair of
forceps to facilitate the count. Immersion in diaphanol
for a few minutes bleached the chitin to a great cxtent.
The naterial was then dehydrated, stoined with basic
fuchsin, clcared in methyl ccllosolve and nmounted in
Euparal. The hairs werc counted under the microscope
at 400 X magnification.

Histological scctions of the tarsi were prepared by

placing the naterial in Bouin's fixative and embedded by
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the paraffin method. Scctions were cut at 4 u and

stained with Ehrlich's hoenatoxylin ond eosin.

C., Description of the Tarsus :-

The tarsal segnents are extremely variable in fornm
and in nunmber and afford valucble fanily and superfonily
characters in Coleoptera (Imms,1957). The prinitive 5-
segmented condition is characteristic of the Adcephaga ;
the Scarabacids and nany cther Polyphage. Anong the
Heteromnera the fore and the niddlce tarsi are 5-scegnented
and the hind pair 4-segnented. In the Chryscmelidac and
Curculionidae the fourth and fifth segments arc anchy-
losed, the feourth being very smoll.

In Sitophilus weevils , the first tarsal segnent is

nearly - ‘twice the length of the second one(Fig. 11)
they are roughly cylindrical - in shapce and increasing

in diameter fron base to apex. The third Joint is sligh-
tly nmodified, tehding at first to becone somewhat flatte-
ned and widened triangularly (in S.granarius it is nore
or less oval in surface view, Fig. 11 ,c), with a notch
arising at its apex, and as a result two lobes being
forned distally. In length it 15 : internediate between

the first and the second torsonere. The fourth and fifth

segnents are anchylosed, the former being vestigial and
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Fig. 11 . Tarsus of Sitophilus weevils : a,5.zeamais;

b, S.oryzae ;c,S.granarius.
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rounded and enbedded between the two lobes of the funct-
ioning penultinate scgnent. The onychiunm is slender
slightly cnlarged distally and nay reach the length of
the basal scgnent. It bears two equal claws, which are
simple and slightly curved. The aroliunm of the pretarsus
is vestigial.

The tarsal scgments, as well as the other parts of
- the body, arec clothed with various types of hairs or
setoe, which are simple, branched or feather-like and
of unknown function. Their orientation and size differ

from one pair of legs to another in the same species.

D. The Structure of the Climbing Organ

It has becn clearly investigated that the adults of

Sitophilus posscss adhesive organs which enable then to

grip sncoth surfoces. The following facts suggested the
inportance of the third taorsal segnent. Careful watching
unde: the binocular nicrmscope of the weevils walking
inverted insidc glass tubes; revealed that the terminal
claws and the tuft of hdiTS'clothing the ventral surface
of the third tarsomercs werc the only structures which
were in oontacﬁ with The glass surface. Further,after
rcrnoving the onychiun bearing thé clawe from the six legs
the clinmbing efficiency of the insecte scened to be uneff-

ccted. On the other hand, when the third tarsomcrcs were
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amputated fronm two pairs of legs or more; the insccts
could no longer procced on a vertical glass surface.

By carcfully cexanining the third tarsal segnent
under the microscope ( H.P. ), two distinct arcas were
identified occupying the ventral side of the bilobed
part which formed the scle (Fig. 12,2). They looked
identical in shape and surface area; each bearing a
uniforn tuft of tenent hairs. The apical hairs are
nearly straight, but those directced towards the median
tarsal notéh are usually curved. When the wecevil is cl-
inbing o smooth surface, the tenent hairs nake an angle
of about 45 with the wall as can be scen in lateral
view (Fig. 12,b). It was also noticcd that the apical
hairs are slightly longer than the rest so that they all
nake contact with the substrotun.

BEach hair is fine, slender and tubular with a sli-
ghtly swollen tip. In S.zeca-nais and S.oryzae, the tips
are nore or less funncl-shaped with blunt apices (Fig. 13,
a & b), While in S.granarius they are rather oval in shape
and slightly smaller in size (Fig. 13,c). The width of the
tenent hair is approximately 1 p , and the width of the
glondular tip is about 3 p in S.zea-mais and S.oryzac ,

— e & im0 e

and about 2 m  in S.granarius.

Tach hair is provided with an inncr ninute canal

which widens ncar the apex, apparently for the pnssage of
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Fig. 12 Third tarsomere of S zea-mais weevils

(a) Ventral view ; (b) Lateral view; t,ténent hairs.
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Fig. 13 : Tenent hairs on third tarsomeres of Sitophilus

weevils ( highly magnified) ; a, S.zeamais ; S. oryzae ;

bl P oS 4

¢, S.granarius ; d, Transverse sectton in tenent hairs,
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the glandular sccretion. The hair is circular in transve-
rse section, with o ninute canal lying right in the centre
(Fig, 1%,d4). The tenent hairs do not arise fron sockets
like ordinary setoe, but cach runs through a decp invagi-
nation in the chitinous solc plate as shown in a longitu-
dinal section in the third torsomerc of S.zea-nais (Fig.
14). A number of clongated glandular cells are found ,

each one being attachced to the base of each hair.

B. Obscrvaticns on the Naturc of Sceretion fron

the Tenent Hairs.

Gillett and Wigglesworth (1932) have discussed
the suggestion that the climbing orgons of many insccts
secrete a fluid which plays an essenticl part in their
nechanisn. Such a fluid night have the wetting prope-
rties of water or of oil, or it night be a sticky or
cohesive substance. Sone cvidence as to whether the
hypothetical fluid is oily or watecry may be goined by
testing the ability of the inscct to clinmb o waxed sur-
face 3 for a watery fluid should not adhcre to wax.

In the present sct of cxperinents, Sitophilus

weevils, however, showcd a narked cfficicncy when all-
owed to climb a vertical waxed glass surface. This app-

lied to the threc species experinented with.
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Another simplce cxperinent which contributes to the
fact that thce fluid sccretion of the glondular hairs is
not watcry was carricd cut as follows :- the weevils were
allowed to walk about on a horizeontal smooth glass platce
and thecn a étrong current of water was dirccted so as to
sweep the glass surfacc. In this state, the weevils were
found to grip firnly to the substratum, regardless of the

dircction of the water current in relation to the body

axis.

F. Results

Part 1. The Nunber of the Glandular Hairs ond their
S Length.
The right and lcft lobes of the third tarsal scgnents
were found to be , alnost always, providced with the sanmc

number of tenent hairs. This applied to the three species

of Sitophilus. Another interesting point is that the

nunber of hairs on the second and third pairs of legs

were norce or less the sanc and considerably lower than
those on the tarsi of the fore legs. This is clenrly sceen
in TABLE 22, which gives the mcan values of the number of
hairs on the legs of the three species. In S.zea-nais ,
the mean number of hairs on the foro legs is 78.1 + 2.2

and is 59.1 + 1.9 and 55.4 + 0.6 for the mid and the
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hind legs rcspectively (TABLES 22 & 24). In the sane
order the mean valucs for S.oryzaec were 47.4 + 1.5 )
37.8 + 1.0 aond 37.8 + 1.0 (TABLES 22 & 25) ; and for
S.granarius they were 41.9 + 1.1, 32.4 + 0.9 and 31.44+
0.8 (TABIES 22 & 26).

Analyses of variance of neans differed significantly
when the number of tenent hairs on the fore legs and
cither mid cor hind legs in thc samc species were compared.
The significance was also high when the variance of neans
of corresponding tarsi of any two speciecs was conpared
(TABIE 23%3). The ncan number of hairs on the second and
third pairs of legs werc almost the same in S.oryzae and

The tenent hairs differed not only in number but
also in their length in the sane individual. In S.zea-nais
the 1q;pgth_of the hairs on the fore legs' varied between
35.71 and 49.99 p having a nean of 42.85 + 2.1 u.Those
on nid and hind legs were %36.42 + 1.5 aond 3%6.78 + 1.9)1
long respectively, ranging betwecn 32.14 ond 39.28 P
(TABIE 27). |

Similerly, the nean lengths of S.oryzac hairs were
57.50 + 1.1, 33.92 + 1.3 and 33.92 + 1.5}1 ; and of
Segranarius 32.14 + 1.5, 26.78 + 1.2 2nd 26.78 + 1.2}u,
for thosc on the fore, nid and hind legs rcespectively. The

nean hair lengths of the threc species arc sumnarised .iin



TABIE 27 .

The analysas of variance of means between the hair
lengths on the fore legs and either the sccond or third
pairs of legs in the same species, and betwecn the corr-

ecoponding legs of any two specics were all highly signi-

ficantly diffcecrent (TABIE 2%).

Mcon Number of Tenent Hoirs on Third Tarsoneres of the

ABIE 22

Three Speciecs ( 10 individuals of cach species )

Mcan Nunbcer

of Tenent Haoirs

Spccies

Fore leg Mid leg Hind lcg Mean
S.zea-nais 78.142.2 |59.1+1.9 |55.440.6 | 64.2
S.0ryzae _ 47.4+ 1.5 137.841.0 [37.841.0 | 41.0
S.granarius 41.941.1 52.440.9 131.4+0.8 35.2




TABLE 23

Analysis of Voriance of Means

(Ten individuals of cach

93 .

sex of each species)

Species conpared

Nunber

on third tarscncres

of tencnt hairs

ILength of
hairs

Male&Female S.zea-mols non-siggnificant

non-signif.

Male&Fenale S.oryzac non-significont non-signif.
Male&Fcmale S.granarius non-significant non-signif.
S.zea-nais&S.0ryzoe P< 0,001 P< 0.001
S.zea-nais&S.granarius P<0O.001 P <0.007
S.oryzac & S.granarius P £ 0.001 P<0.001
S. zea-nais

Tarsi I & II PL 0,001 P<0.001
Tarsi I & III P<0.007 P<0.001
Tarsi II & III 0.01> P> 0.001 non-signif.
S. oryzag

Tarsi I & IT P< 0.007 P<< 0.001
Toarsi I & ITI P «0.001 P< 0.001
Tarsi IT & III non~-significant non-significant

S. granarius

ety e e s

Tarsi I & II
Tarsi I & IITI
Tarsi II & IIT

P<0.001
P 0.001
non-significant

P< 0.001
P<0.007
non-significant
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TABIE 24

Number of Tencent Hairs on Third Tacsoncres of S.zea-mais

e e s

( 10 individuals of each sex )

Legs Sex Range Mecan Total Mcan
Moles |72 - 84 76 .4

Forec 78.1 + 2.2
Fernales| 72 - 88 79.8
Males 50 - &8 58.2

Mid : 59.1 + 1.9
Fernales|58 -~ 64 60.0
Males 50 - 60 56.0

Hind 55.4 + 0.6
Fenmales |50 - 60 54.8

Mean nunber of hairs on the three lcgs
Malecs 63%.5
Fenales 64.9

Mean 64,2
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TABIE 25

Nunber of Tencent Hairs on Third Tarsomeres of S.oryzae

( 10 individuals of cach sex )

Legs Sex Range Mean Total nmean
Males 44 - 50 46.0

Fore 47.4 + 1.5
Fenales |44 - 56 48.8
Males AL - 44 38.2

Mid 57.8 + 1.0
Penales [36 ~ 40 37 .4
Males 36 ~ 40 37.8

Hind 37.8 + 1.0
Fomales 136 - 40 37.8

Mecn nunber of hairs on the threc legs
Males 40.7
Fenales 41,3
Mean 41.0



Nunber of Tenent Hailrs on the

TABIE

26

Third

Toarsoneraes of

%6.

Legs Sex Range Mean Total Mean
Males 38 - 44 41.2

Fore 41.9 + 1.1
Fenales | 38 - 46 42.6
Males 30 - %6 32.0

Mid 32,4
Fenales | 30 - 38 52.8
Malcs 320 - 34 %31.8

Hind 31.4 + 0.8
Permales | 28 - 34 31.0

Males
Fenales

Mean

25.0
55.47
55.2

Mean number of hairs on the thrcec legs



TABIE

97.

Maxinun Length of Tenent Hairs on Third Tarsoncres (}1 )

Legs S.zeo-nais S.oryzac S.granarius
Range 35.71-49,99 35.71-39.28| 28.57-%5.71
Tore
Mean 42.85 + 2.1 37.50 + 1.1 32.14 + 1.5
Rangce 32.14~%9,28 32.14-35,71] 25.00-28.57
Mid
Mean 36.42 + 1.5 33.92 + 1.3] 26.78 + 1.2
Range | 32.14-3%9,28 %2.14-35,71] 25.00-28.57
Hind
Mcan 36.78 + 1.9 3%.92 + 1.3 26.78 + 1.2
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Part 2. Climbing IExpcrincents

e et g - M

a) Speed as related to weight of the weevil :-

1. S. zeo-nais @ The weight of the nmale weevils varied
betwecen 1.6 and 3.3 ng. , and of the fenoales between
1.9 and 3.1 nge . ; the ncons being 2.42 and 2.55 ng
respectively (TABLE 29).

The nininun speed of the nale weevils with their
claws intact was 21.54 cn./nin. and the nexinun was
42,00 cn./min. having a nean value of 30.49 cn./nin.
which was slightly grcater than the mean speed of the
fenales which was 28.39 cn./min. ;3 the mininum and naxi-
nan were 22.70 and 40.00 cm./nin. The analysis of var-
iance of the two means was not highly significant
Q05> P >0.02 (TABLE 31). By plotting the spced of the
insects against the weight, the rcecgression coefficient
was found to be highly significant for thce male wecvils
(P 0.001), whereas for the females it was not significant
(TABIE 3%2). The regression lines are shown in Figs. 15
and 16.

When the fifth torsal segrients bearing the claws were
femoved, the specd of the weevils seemed to be unaffected.
This can be clearly illustragcd by comparing the daga in

TABLE 29. The nean speed of the nale weevils before and
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after the operation was 30.49 rfnd 50.58 cn./nin, res-
pectively. The variance of the means was not significa-
ntly differcnt. The operafed female weevils walked sligh-
tly faster than the inbact ones, the nean specd being
29.47 and 28.39 cn./min. respectively. The variance of
the two neans did not differ significantly.

The regression coefficient obtained byAplotting the
.spced of the operated insects agoinst weight was highly
significant in case of the nmales (Pig. 17) bdbut not sige

nificant in the fenales (Fig. 18 and TABLE 32).

2, 8. oryzae : The weight of the male weovils ranged
between 0.8 and 2.4 mngs ., the mean being 1.55 ngs
(TABILE 29). The nean value for the females was 1.59
ngri., while the ninimun and naxinun weights were 1.0
and 2.3 ngs The variance of neans of the two scxes was
not significantly differcnt (TABIE 31).

The ncan speed of the male weevils was 19.79 cn./min.
( 14.00 - 27.10 ) and was not significantly differcnt fron
that of the females 20.68 cn./min. (14.74 -~ 28.00).

The regression cocfficients calculated for the spced
of the insccts on their weight were significant in both
sexcs when the claws were intact (TABLE 32), but when the
claws were removed the regression coefficicnt remained

highly significant in the male weevils, but was not
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signifigoent in the females. The regression lines are

shown in Figs. 19, 20, 21 & 22.

3. S. granarius : The weight of the weevils used in
this experiment ranged betwecn 2.0 and 3.3 mgi  in the
‘males, and 2.0 - 3.7 ngs . in the females, the means being
2.8 and 2.95 ng, . respectively, their variance not being
significantly different.

As regards the specd of the weevils with claws intact,
it varied between 6.89 'cnd 18.06 cn./nim. in the nales,
and between 5.49 and 20.99 cn./min. in the fenales (TABLE
29). The means were 12.81 and 12.73 cm./nin. re5péctively,

heir variance of means in.the two sexcs was statistically
not signific ntly different.

The relation between the weight of the insect and its
spced was clearly illustrated by the regression lines (Figs.
2% and 25) in the nale wecvils beforc and after removal of
the claws, the regression cocfficients were highly signif-
icant (P« 0.001) in both cascs. On the other hand, there
was no significant rclationship between the weight of the
females ( intact and operated ) and their specd of climbing
dnd this can be scen in Figs. 24 and 26,

The nmean specds of intact and of the operated wecovils
did not differ significantly in the three species. The
data arc sumnmarised in TABIE 29. The analysis of varicnce

of’mean‘weights and sp.cds of the three species proved to
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Fig. 25
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be highly significoant, when the samc scxes were conpared

(TABIE 31).

b) Speed os related to Mean Tarsal Width of the Weevils:

In the three specics the third tarsal scgments on the
fore legs arc distinctly broader than thosce on the nid and
the hind legs, which have nore or less the samc width. The
" tarsal width " of o certain weovil represents the arith-
netic mean of the noxinum tarsal width of the fore, nid
and hind legs of onc side.

1. 5. zea-mais : The nean tarsal width of 53 male wecovils
was 114.64-;1 and - of 45 fenales was 114.08}1. The
variance of the two means was non-significont, but it can
be noticed from TABLE 29 +that the nales have a wider
roange of tarsal widths than the fenales

The meon width of the forc tarsi is 123.87.F,as conpa-
red with 110.35‘p.and 109,72 F.for the mid and hind tarsi
respoctively. Sinilerly in the females the mean widths
are '122,96/h 110.19/11mﬂ_109.08)1jm.tho sane order
(TABLE 28). The analysis of varionce of ncons are sig=
nificantly different between the fore torsi and either
nid or hind ones.

The correlation between. the tarsal w_jidth a_nd the

speed of the insccets was clarified by the calculation of

regression equations;  they were highly significont in



the male weevils (Fig. 27) but not significant in the

females (Fig. 28 and TABIZ 32).

2. 8. oryzae : The nean tarsal widths of the weevils
were 95.84-p. and 95.72‘p for 58 noles and 42 fenales
respectively (TABLE 29) ; the variance between the two
being non-significant (TABIE 31). The widths of the nale
tarsi have a .slightly greater range than those of the
females ( 85.11- 103.56 u and 88.68 - 100.58/p ). The
mean widths of the fore, nid and hind tarsi of the male
weevils are 101.93% o 92.68.p. and 92,85‘P.respeoti§
vely. Thosc, of the females 101.94, 92.42 and 92.76‘p
(TABLE 28). The :analysis of variance of means are
significantly diffq:pent betw-e¢en the forc torsi and
gither nid or hind tarsi in both sexes.

" The regression coe-fficicnts of the mean tarsal
width on spced were highly significant in both scxces

(Figs. 29 and 30, and TABIE 32).

5. S. granarius : The necan tarsal widths of 50 male
weevils and 67 fenmales were 98.12 J and 97.684p
respe ctively (TABLE 29) , the variance betw _gen the
two means being non-significant (TABIE 31). The mean

widths of thc fore, mid and hind tarsi of the male weevils
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WGIa 105.54‘p, 95.24P.anQ 94,10‘P.I@spectivcly, Those of
the females were 105.16, 93.96 ond 95.95/1 (TABIE 28).
The varionce of ncons were significantly different in the
forc torsi and cither nid or hind tarsi. The rogression
cocfficicnts of the tarsal width on spceed was highly
significant ( P € 0,001 ) in the ncle wecvils (Fig. 37

and TABLE 32), but wos nct significant in the femcles

(FPig. 32 ond TABIE 32).

c) Distonce climbed by S. granarius wecvils as
rclated to their body weight -

The gronary wecvils are not as cfficicnt in climb-
ing smooth glass surfaces as the rice weevils. Apart
from the fact that the adults of g. ggggggggg; noved
norc slowly than the obher two SpGCios; net 21l of then
could clinmb the wholc length of the 5~foot tubes. ™The
nininum height that they reached was 50 cn. The
percentage of the male weevils thot could climb to the
top was 48 % with their claws intact, ond 42 % without
the claws (TABIE 30). The mean distances climbed by the
males with and without their claws were 126.6 and 123.9
cre respectively. The varicnce of nmeans of these two
valucs being not significantly different.

The percentoge of female weevils clinbing the w_hole

of the tube was 52.24 % with their claws intact, and cf the
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operated ones only 32.84 %. The mean distances climbed
by the intact and operated females were 123%.1% cn. and
112.%39 cn., the variancc of ncans of these valucs being
non-significant, 5 s well as that between the males and
the fenales. The percontages of the weevils clinbing
varying heights o re illustrated in Figs. 33 and 34 ..
The regression cocfficients rela ting body weight to the

distance climbed were not statistically significant.

G. Discussion

The c¢limbing ability of Sitophilus weovils secms to

depend on & varicty of factors , some of which were
inveg;ﬁigated, nancly the weight of the weevil, the

width of the third torsomere and the number of tenent
hairs involved in this mechonisn. The lo_tter,however,
nay be the moin contributing foctor explaining the signif-
icant difference in the clinmbing cbility of the thrce
specics conccerned.

Other factors may have an influcnce on the climbing
ability but they were not ustudied. Such nay be the var-
iations in physiological conditions -'which themselves are
possibly affcected by the following :~ a) difference in age

of the wecvils, b) previous breccding on differcnt cereals
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other than wheat or c¢) differcnce between strains of the
same specics in other countrics.

Fron the ecological as well as physiological point of
view, conparatively low and high tenperaturcs hove o
definite strong influence on the activity of the weevils
and hence on their speed of climbing. Other environmental
foetors such cos hunidity and air novements probably play
a lesser rolec.

The thrce species concerned, exhibited a marked
difference in their ability to climb a smooth glass
surfoce ;3 the ability was measured by the speed of
climbing in centinetres per minute. The gratneory weevils,
however, werec far less efficient than the two species of
the rice weevils, which on the ~“other hand, also differcd
significantly from one another ( sce TABIE 29 ). The
for the males and the females being 30.49 cn./nin. and
28.39 cnm./nin. respectively. This speed in S, oryzac was
19.79 c¢n./nin. and 20.68 cn./nin. for the nmales a_nd the
fenales ; and - 12.81 en./nmin. and 12.73 cn./nin. for
the male and the femole weevils of S. grancrius. The
differences between the variance of means were highly
s_ignificant when the same sex of any twe specics were
conpared (TABIE 31). The voriance betwecn the two sexes
of any onc¢ species wos not significantly differcent oxcept
in 8. zea-mais ( 0.05) P > 0.02 ).
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b

Moxinunm width of third tarsomeres of the threc specics
Tarsus| Width Moxinum Width (,1 )

8. zea-mais S. oryzac | S. granarius
Mo.lc Fenale Male Fenalel Male |Femalc
Fore Minim. {10%3.56 |114.27 91.06 | 94.6% 89.28| 92.85
leg Moaxin. 1%9.27 {128.56 110.70 M10.70 | 114.271116.06
Mean 123.87 [122.96 101.9% M01.94 [105.34(105.16
Mid Minim. | 94.63 |101.77 82.1% { 85.70 82.13| 82.13%
leg Maxim. [124.99 |116.06 99.99 1103.56 99.99|101.77
Mean 110.%% ]110.19 92.68 | 92.42 9%.241 93.96
Hind Minim. | 94.6% 99.99 82.13 | 85.70 82.15 | 83%.91
leg Moxin. [123.20 |116.06 99.99 03.56 |103%.56 |10%.56
Mean 109,72 [109.08 92.85 [92.76 | 94.10| 93.93




TABIE

29

127.

Weight, Spced, Tarsal Width and Numbecr of Tenent Hairs
of thce Three Species

8. gea-mais | 8. oryzae 8. granarius

Malc {Femnole Male gFemale Male Female
Weight Minin. 1.6 1.9 0.8 1.0 2.0 2.0
(ng. .) Maxim. 3.% %1 2.4 2.3 3.3 3.7

Mean 2.42] 2.55 | 1.55 1.59| 2.80| 2.95

Mean  Minin.| 97.01 |105.94 | 85.11 ' 88.68 | 85.11| 86.3%0
Tarsal Moaxin. [129.15 [120.23% [103.56 100.58 105.94107.13
Width Meon 114,64 (114.08 | 95.84 :95‘72 98.12] 97.68
Cpo)
Mean ~ Minim.| 50 50 34 |36 30 28
Number Maxin. 84 88 50 56 4 46
Tenent Mean 6%.5%( 64.87 40.67 41.%3% | 35.00( 35.47
Hairs
Speed  Minin. | 21.54 | 22.90 | 14.00  14.74 | 6.89| 5.49
cn./min.Moxin. | 42.00 | 40.00 | 27.1028.00 | 18.06| 20.99
Claws Mzan 50,49 28.%9 19.79 20.68 | 12.81| 12.7%
Intact
Speed Minim. | 20.00 {20.49 14,741 15,70 | 6.54 5.83%
cn./nin.Moxin. | 43.08 [38.18 26.67127.10 N18.06 |18.76
Claws Mean 30.58 [29.47 20,451 20.89 n2.01 |12.00
ARemoved
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TABLE 30
Maximum distance climbed by S. granarius wecvils

Distance Males Females

(cm.) Claws Intact|Claws Renoved [Claws Intact Claws Renoved

No. % No. % No. % No. %

150 24 48 21 42 35 52.2 22 22.8
145 2 3.0 2 3.0
140 1 2 1 2 1 1.5 =
125 3 6 1 2 |
130 4 8 7 | 4 4 | 6.0 4 | 6.0
120 1 2 1 2
115 2 4 2 4 2 3.0
110 1 2 5 10 6 9.0 10 14.9
105 2 4
100 2 4 2 4 2 3.0
95 1. 2 4 6.0 2 3.0
90 1 2 3 4.5
85 2 4 1 2 1 1.5
80 6 12 3 6 2 2.0 11.9
75 1 pod g 1.5 1 1.5
70 1 2 1 2 4 6.0 9.0
65 ; 1 1.5
60 3 6 4 6.0 4 6.0
55 1 1.5 1 1.5
50 1 1.5
Total 50 50 6% 67
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TABLE 371

Analysis of Veriance of Means of Weight, Speed and Tarsal

Width of the three Species

Specics and Sexcs Weight Speed Tarsal Width
Compared (intact)

Male & Female S.grenarius|not signif| not signif.|not signif.

Male & Female S.zea-mais | not signif, .O5> P> .02| not signif.

Male & Female S.oryzac not signif{ not signif.|not signif.

Malcs

S.granarius &S.zca-mais | P < 0,001 | P <« 0.001 | P< 0.001

S.granarius & S.oryzae |P< 0.001 | P < 0.001 |{.05> B> .02

S.zca-mais & S.oryzae P« 0.001 P« 0.001 P<. 0.001

Females

S.granarius & S.zea-mais | P< 0,001 | P << 0.001 |P< 0.001

S.granarius & S.oryzae |P < 0.001 | P < 0.001 |.02Y P> .01

S.zea~-mais & S.oryzac [P < 0.001 | P <« 0.001 |P < 0.001
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Significance of Regression Cocfficients Represcnting the

Relations between Weight, Tarsal Width ond Speed of the

Three Species
Claws Intoct Claws Renoved
Species Sex Weight and |Tersel width |Weight and (Weight and
speed and specd distance spced
S.granarius o | P=0.001 P£0.001 not signif.| P<£L 0.001
? not sign. not sign. not signif. | not sign.
S.zea-nais |7 | P<0.001 .01) P> .001 P< 0,001
2 not sign. not sign. not sign.
S.oryzae | o7 |.01) P>.007 .01y B .00 P 0,001
2 .01 P> 001 P« 0.001 not sign.
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The variation in the specd of the three species was
found to be direcctly proportional to the number of the tenent
hairs found on the third tarsal segments. The mean nunber of

63,53 in the males and. 64.87 in the femoles (TABIE 29) .
The ncan numbershn the male and the female weevils of S.
oryzae were 40.67 and 41,35. Those for S.granarius were
35.00 and 35.47 (Data in detail in TABLES 22,24;25 & 26).
No differcnce was found betwecn the two sexes of any one
species, but the variancc between the different species was
highly significant.

By comparing the torsal width of the three species it
was found that S.zea-mais weevils possess the highest mean
volues ( 114.64 j for the males and 114.08 P for the
females ). The foct that S.gronarius weevils have bigger
mean tarsal width then S.oryzoe and yet arc less efficient
in clinbing , nay be attributcd to the following three

mein foctors : 1) The number of tenent hairs is signifi-

cantly lower in S.graonerius thon in S.oryzac. 2) The ratic

between the meon torsal width and body weight was 671,00

in S.oryzoe, which is much higher than that in S.granarius
which is only 34.05 (TABIE 33). 3) The rotio between
the mean number of tenent hairs and body weight of S.oryzae

w2s  25.48 compared 'with 12.24 in S.gronarius.



TABLE "33

1%2.

Ratios of Mean Tarsal Width to Body weight of the

Weevils, and of the Mean Number of Tenent Hairs to V'

Weight in the thrce Species.

Species Mean tarsal width Mecan number of hairs
Body weisght Body weigzht
S. zea-mais 46.02 25.83
S. oryzae 61.00 25.48
S. granarius 54.05 12.24
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This comparison wos based on the assunption thoat the
heavier the body as related to tarsal width and the number
of tenent hairs, the less efficient will be the climbing
ability of the wecvils. The variance of mean weights of the
thrce species differed highly significantly TABLES 29 & 54;5
Se ggggggigg wecvils being much heavier than S. oryzac.

When applying these ratios for the two specices of the
rice weevils, we find that they hove identical values of
the ratio of mean number of tenent hairs to weight, and
higher value in S.oryzae of the ratio of mean tarsal width
to weight. The explanation"for the greater efficiency of
S. zea-mais in climbing may lie in its more(muscular)power-
ful mnuscular systenm, or any other unknown factor which '
would neced further investigotion.

Weevils with the fifth tarsomeres bearing the claws
removed ‘showed the scme efficiency in climbing cn glass
as the intact ones. The analysis of varicnce of mean speeds
of intact and cperated weevils showed that it did not vary
significantly in any one of the threec species (TABIE 29).
The areclium betwecen the claws; being rudimentary, seened
to play no role in gripping to the smocth surface. On the
other hand; when the third torsomere, bearing the tenent
hairs, was amputated fron more than threce legs, then even

the most efficicnt S.zea-mais climbers, could no longer
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proceed on vertical glass surfaces.

The relations between the :‘speed of the weevils and
their body weights, on the one hond, and their mean tarsal
width on the other, were further analysed in calculations
of regression equations. The coefficients were found to
bJ ighly significant in the male wecvils of the three - -
species, both before and after amputation (TABIE 32 )
but this reclation was not significant in the females except
in the intact S.oryzae. The regression lines are illustrated
in Figs. 35,36 & 37. The difference in behavicur between
the males .ﬁnd the fenales is possibly due to an unknown
be found in the fact that the males have a widor range of
body weights and tarsal widths than do the females, : . al-
though the means arc not significantly different.

The downward clinmbing of the weevils on glass seemed
to be as efficient as the upward one; but the natural ten-
dency of the insects was to clinmb up the walls of the cont-
ainer when disturbed, and the experiments were restricted
to the upward movements. The wecvils, however, when con-
fined in a horizontally placed glass tube, climbed up and
down without any dctectable difference in their speed.

Several hypotheses have been put forward to explain
the cction of climbing organs in inscects. Gillett and

Wigglesworth (1932) gave a brief account of the ideas



135.

advanced by earlier workers such as West (1862), Dahl
- {1884-5) ; Dewitz (1884), Simmernacher (1884) and Rom-
bouts (1884).

Some workers have claimed that the organs are held to
the surface by atmospheric pressure and that any fluid pre-
sent would serve to make an airtight seal betwecn the organ
and the substratum. Surface tension of the fluid secretion
around tenent hairs, cohesion of a sticky sccretion ; or
adhesion betwecn tenent hairs and the surface have all been
suggested as the forces which are concerned in the climbing
mechanism of the organs. There are indications that the force
operating is not the same in all cases; and depends on the
structure of the adhesive organ itself, and further that
different forces may act together to enhance the effcct.

Considering Sitophilus weevils, one could suggest

adhesion, or less probably cohesion, as the main force
involved in the mechanism of gripping on to the srooth
surfaces. This suggestion springs from the fact that the
tenent hairs possess minute canals which open at their apices
and it is possible that a certain fluid is sccreted to allow
for gripping. This would cancel any pessibility that they may
act as suckers. |

As regards the nature of the fluid, whether it is watery
or oily (if adhesion is the phenomenocn concerned), some evid-

cnce may be gained by testing the ability of the insects to
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climb on a waxy surfacc j; for o watery fluid would not
adherc to wax ( Gillett ond Wigglesworth, 19322 ) . In

fact, Sitophilus wecvils showed o norked efficicncy in clim-

bing waxy surfaces, and another interesting obscrvation

was that once they gripped on to a herizontal smcoth glass
surface, they exhibited o great resistance to o strong cur-
rent of water. This indicated that the adhcesive fluid is

not watery.
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V. COMPARISON OF SOME ASPECTS QOF FLIGHT

ACTIVITY OF SITOPHILUS SPECILS

A. Introduction and Review of ITiteraturc:

In o further study of the comporative behaviour of

the threc species of Sitophilus, some aspects of their

flight behaviour were cnclyscd. S.gronorius is o species
which is uncble to fly, since the hind wings are vestigial
ond the following experiments were corricd out on S.zeca-
mais .and  S.oryzae only.

It is not presumed that all the factors inducing
flight have been analysod; but the experiments were con-
fined tc the effects(de $he effoets) of temperature ..and
of light intensity on the time taken teo initiate f£light
of the suspended ond of frecly noving wecvils and the
duration of singlc flight periods in the suspended wecvils
cnd the frequency of flights per unit time in both the
suspended and the frec moving wecvils. The effects of
age; the relation of body rweight to the%ize of the wing
and that of the length of the hind wing te thot of the
¢lytron werc also exanined and comparcd in the two species.

Some obsecrvations on the mechanism of flight were
also described.

It hos been repcatedly reported thot stonding crops
in the field arc at times ottocked by the rice weevils

( Hinds,1914; Wenholz, 1917,1927; Kyle, 1918; Back,1919;
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Cartwright, 19%0, 1936; Veitch,1934; Mossop,1940 and Eden,
1952). All these observoticns were limited to naize,and
indicate that the wecvils were in flight in sunmer or

late in the scason ot harvest timc. However, there is

no information in litcrature iv'Whether this flight occurs
during thce doy or at night, nor about the environncntal
conditions or any othcr factors that moy be connccted

with its occurrcencc. Schwitzgebel & Woalkden (1944)
recorded that only low numbers of S.oryzac were attracted
to three types of insect traps during the period of July

to September in U.S.A. Kiritani (1959) working on tho
flying ability of four different strains of S.zea-nais
and on six strains of S.oryzae concluded that the weevils
collceted from different countrics of the world show diff-
érences in both physiclogical and ecclogical characters,
and that these differences onong inter~geogrophical strains
often excecd thosce between the specics. Although his labo-
ratory work did not deal with the factors that induced
flight yet the results obtaincd were extrémely interesting.
He found thot the Japenese strain of S.zca-nois was o wedk
flycr when it was comparcd with the highly efficicent Portu-
gese and Indonesion strains. The ability of S.oryzae to
fly was generally poor except the Argentine strain. The

stroins from J%/pan .and Formosa seecmed to have lost the

ability to fly ; in fact the damege causcd by S.oryzac in
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Japan was reported to be restricted to the stored cereals

only ( see Kiritani, 1956 and Kiritani et al., 1957 ).

B. Material and Methods

The insccts used in this experinent werc brought fron
standard cultures reared on Bnglish wheat of 14.2 % noisturec
content in equilibrium with 70 % R.H. at 25 C., for several
years. It was impossible to find out with certainty from
which country they originated.

The two following scts of cxperiments were conducted:
a) Firstly, the wecevils were suspended from the pronotum,
and the time needed to initiote flight was recorded, at
two light intensities, and at the temperatures roanging
between 26° and 40° C. b) Secondly, the weevils werec
rcleascd inside o plastic cage and the number of flights
(and attempts of flights) made by groups of 10 weevils
were recordcd oveg_r periods cf 15 ninutes, the tenperaturcs
and light intensitics being constant.

The experimental w_cevils werc of two ages i.e. the y
were 2 weeks cld and 4 wecks old. They .werc cobtoined by
sifting thc original cultures twice o day, and keeping the
newly emerged adults in groups of 100 in 2-1b. jars half
filled with English wheat, and kept ot constant temperQ;ﬁure

of 25°C. and in completc darkness.
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1) The behaviour of suspended wecevils in conditions
cf constont tcnperature and humidity wos obscrved in tho
following cpparatus :- A cylindrical aluninium bex(Fig.38,2)
18 cn. high and 16 cni. in dicneter wos divided inbte an upper
and a lower conpartnent by nmeans of on imner circulor ridge
on which a thin asboestos layer was ploced. A 25-watt bulb
(») wos fixed through o hole in the lower cemparbtment to
heat the upper onc (¢), which wos lined with white cardboard
(a). A cenpoct layer of cobbton wool (¢) was pubt between the
two compartnents tc allow slow heating and cooling of (¢).
The 11 tbter wes covered by o glass plate (f) having a cent-
ral. hole through which the suspended inseet was introduced.
The wweevil wos fixed by thc pronctum to a sharpencd
cocktail stick with o nixturc of beeswax + fosin in propo-
rticn of 2 : 1 (SawyePs formula). The cocktoil stick (1)
wos firmly held by o clanp. The whole apporabtus was placed
insidc 2 whibte cubic wsoden cozge (h) 25 crm. high with
ground glass top () which allow-cd penctration of only
diffusing light from the bulb (). 4 100-watt bulb held
at the height of 36 cn. fron the bettom of the conportmnent
(¢c) gave 2 lirht intensity of 1.85 L.F.L. which wns mcasured
with an SEI c¢xposure photometer. A 200-watt bulb (Sicenens
Siercy unit) giving o balanced solar-spectrun sinulating
natural sunlight gave a light inbtensity of 2.6 L.F.L. when

held ot the height of 40 ca. cbove the floor.
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The temperature inside the compartment (¢) increascd
slowly from 26° C. tc 40°C. and wos measurcd by meons of
a thermocouple. The tenmperature which could be altered by
putting the bulb (b) on and off, remcincd foirly constont
for any singlc test losting for 3 minutes.

The weevil of known age and sox, was suspended for 3
ninutes, and the tinme nceded to initiate flight wos recorded
at the corresponq;;ng tenperoture and light intensity.

2) In the sccond sct of cxperiments, groups of 10
weevils of the samc sex and age were released inside o
cylindrical plastic cage 10 cm. high and 8 cm. in dizneter
(Fig. 39,2). This cage was placed with its copen. 'side dircc-
ted downwards, on o double layer of muslin well stretched
around 2 glasssheet (b). This helped the inseccts to upturn
when they fell on their backs. A white cubic wcoden cage (d)
25 cm. high, with o ground gless top (¢), covercd the appara-
tus which was ploced on a white cardboard shect (c¢). This
ensurcd cven illumination. The ability of the weovils tc fly
wos tested at two censtant temperaturcs, and qvp twe levels
of light intcnsity. Thus there were four combinations of the
two factors, noncly @ 1) Low temporature and low light inte-
nsity. 2) Low temperature and high light intensity.3) High
tenperature and low light intensity. 4) High tenperaturs and
high light intensity. The two light intensitics uscd in these

cxperiments were 1.85 L.F.L. and 2.6 L.F.L. They werc achicved
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by the means described above.

The temperaturc inside the coge (a) woes 31 + 0.50 C.
when the two bulbs were uncovered; but when it was covercd
by = cardboard box placed on top of the cage (4), the ten-
percture remained foirly constont ot %6 + 0.5°C. Bquili-
brium was rcached within half an hour in all the cxperinents
which were conducted in o constant bemperature room.  The
number of flights and of attenpts to fly per ninute wos
recorded cover a period of quarter of an hour for 10 groups
of 10 wecevils 1n cvery sct of cxperiments. A confirmatory
test for éach sct was corricd out , reccording the number of
flights and of attempts ot the 31-gt. to the 35-th. minute.

3) An attempt wos made to sce whother the size of the
wing and the weight of the body wos correlated with £lizht
ability. Individual weevils, freshly narccetized, were weighed
on a torsicn balonce reading to 0.01 mg. . The surface .area
of an cxpoanded wing was neasurcd undcer the nmicroscope by a
calibrated square cyc-picce nicroneter, ond by drowing the
wing on squarc nillimcter pa;perc

4) The durction of flight of sonmc suspecnded weevils was
estinated with a stop-watch cver o pericd ¢f 5 minutes in
2.6 L.F.L. light intensity, ocnd at 32 °C. onad ‘70 % R.H.

5) The wingbcat of susponded weevils was measurcd by
neans of o Sbroboflash Type No. 1200 ¢ (Doawe Instruments

Ltd., Englond). The weevils werc suspendcd from the pronostun



by mecans of o sharpened cocktail stick using Sawyer's
Formula as o sticking ne_tericl. The other tip of the stick
was fixed to o cork stopper which wes fitted to a 1" X 3¢
glass tube. The weevil thus flew inside the tube and the
rate of wingbeat per minute (R.FP.M.) could be meosurcd in
still acir. The gloss tube wos held necr the Stroboflash by
ncons of o clonp. The experiments were carried cut in the
constont temperaturce roon ot 2500., 70 % R.H. The light
intensity was very low to 2llow better cbservations.

6) The length of the clytron along the long axis (B)
and the dircct length from the basal point to the tip of the
expanded hind wing (H) were measured by neans of an eye-piece
nicroneter, and a ratio H/E was calculated for about 40
weevils of each sex of the twe species, cnd the differencces

between then were exanined.

C. Scne Observations cn the Mechanisn ¢f Flight

1) A walking weevil, when ready to fly, pouses for o whilc g
it 1ifts clternatc torsi from the substratum twe: or three
tines, probably rcleasing the tenent hoirs which grip the
surface. IT then preparcs itsclf for the toke-off by arran-
pging its lcgs in o definite position. The mid-legs are
raisced upwards on both sides of the body and te o level

higher than the body itsclf, while the torsi are held upwards
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in 2 vertical pesition. The body axis is then raised anter-
iorly noking an angle of approximctely 45éwith the surfoce.
The hind legs arc stretched backwards, and onc of the fore
legs is kept touching the substratun and is stretched upwards
whilc the other moves two or three times in the air anteriorly.
Simultanccously the twe c¢lytra beconme slightly rrised and open
widely in a ncarly horizontal planc making an angles of about
120" with each othor. The tine token by the wecevil to preparc
itsclf for flight docs not execced three seconds.

2) By watching the wecvils inside the plastic cage during the
experiments, it was noticed that they were flying in ncarly
every direction. They had the ability of teking off whilc they
were cn 2 horizontal, or o vertical substrotum, or even when
they were in an inverted position on the roof of the caoge.
They flew from once side of the coge to the other , chonging
the oxis of the body, and scttling in the position correspo-
ndinz to it.

3) The weevil when suspended from the pronotum, kecps waving
the legs in the oir strongly, and this may often be acccompa-
nicd by o spiral nmovenent of the abdonen. Just before flying,
these movencents disappear and the logs arc retracted towards
the body. This position is naintained during the whole pericd
cf flight. In S. oryzac  the legs arc brought closer to the

body thon in S. zea-mais.

e et
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4) The cngle of divergence of the twe clybtra during flight

wos roughly 120° (it was not neasurced). This acngle scemed

to be dnsufficient to keep the clybra away fron the path of the
hind wings. As a rcsult; the élytra vibrated continuously,and
interfered with the up and dewn strokcs of the hind wings .
This hindcring factor to the wingbeat consequently moy have
interfered with the flying ability of the weevils.

5) Tactile stinulation of suspended insects which had ceascd
flying, scemed tc have no effcet on the two specics cf the

rice wkgevils. Chadwick (1953) spcaks cf it as a factor
initiating flight in many insects but in fact, the tip of a
necdle when it was applied o anybpart of the body, induccd the

weevils to feign death.

D. Resul+ts

1. Experiments with Suspended Weevils

2) 8. zea-mads :-

The time necded to initiate flight cof susponded weevils
scemed Te be greatly influcnced by two major foctors namely
by light intoensity and by tomperature.

Two weeks old male S.zca-mais weevils @ At o light intensity

1.85 L.F.L., the mean time to initiate flight of 2 wecks old
male S.zca-nais weevils was 105.0 scconds at 26°¢C. (TABIE 34,
Fig. 40). Therec wns a sudden drop in thc duration of the pre-

flight pcricd at 28° C., and then the reaction bocame more
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ropid as temperature incrcased te  40°C., when the mecn time
to initiation of flight was 23%.1 seconds.

At the higher light intecnsity of 2.6 L.F.L. the mean
time token to initiate flight wns much shorter thon at 1.85
L.B.L. At 26°C. The mean time was 54.0 scconds, 2%.3 scc-
onds at 30°C. and 7.0 seconds ot 40°C. (TABLE34, Fig. 40).

The mean valucs of the tinme needed to initiate flight at
the two light intensities of 1.85 and of 2.6 L.F.L. c2long
the whole temperature scale used in these cexperiments, were
53.4 and 29.5 seconds rospectively. Tho varicnce of thesc
two means wos highly significant ( 0.01) P) 0.001 ).

Two wecks old S.zeo-nois fenole weevils ¢ A similar bcechav-

iour was exhibited by the 2 wecks o0ld female weevils(Fig.41).
At the light intensity 1.85 L.F.L. there wos a narked decrc-
ase in the mean of the timc taken to initicte flight at 28°C.
and at %6°C. The means ranged between 95.3 and 28.0 scc.o
with a total mean value of 52.7 sec., (TABLE 34). The latter
was not significantly different from the mean of the total of
all the values of the 2 weeks old male wecvils ot the same
light intensity. At the higher light inténsity 2.6 L.F.L.
the mean of the wesiwes total valucs of time te initiate flight
of the 2 wecks o0ld female weevils was %6.1 scc. ( the means
ranging at different temperaturcs between 66.0 and 11.5 sce. ),
and this was significantly different from that of the same

weevils at the lower light intensity 1.85 L.F.L.(0.05) P ) 0.02).
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TABLE 34
Mean Time to Initiate Flight of suspended Weevils at Different
Temperatures and Light Intensites.

Aw At Light Intensity 1.85 L.F.L.

v o o o ©

Temperature = C 26" | 28 30 32 36 40 Mean

CSpecies |Sex Age | liean Time to Initiate Flight ( sec.)

2 134.5123.1 53,4
27.7|128.0 | 52.7

S.zea-maig wegks 105.0| 63.2{44.2{5

e 95.3(55.8[53.1{5

N Oy

L]

—‘
\

5.zea-maig| 0”7 4 [100.6|61.342.2{57.3 |36.4 |17.8 | 48.4
2 108.8|79.7156.7144.7 |26.2 }14.9 | 49.1
S.orvzee |[o7 49.3185.3137.41{37.6 [18.7 | 2.4 | 35.6
¢ 39.5(43.3(42.8(33.3 {17.5 | 6.4 | 29.5

B- At Light Intensity 2.60 L.F.L.

: ol 67
S.zea-mais wegks 54.0157.8{23.3131.0 {15.4 | 7.0 | 29.5
o 66.0|51.0(37.6]40.2 {21.3 |11.5 | 36.1

[
S.zea-mais| o7 4 | 21.0[21.31 7.8] 6.4 | 4.8 | 2.8 | 10.1

? 33.0(21.2(16.8{ 8.2 | 6.4 | 3.0 | 13.9
S.oryzae |07 75.0169.844.8133.4 |11.8 | 4.7 | 35.7
e 57.0133.4{36.3139.0 |13.5 |{5.5 | 30.4
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Four weecks o0l1ld S.zec-nois weevils ¢ The bchaviour of these

weevils did not vory significontly from the 2 wecks old ones
at the low light intensity of 1.85 L.F.L. The nean of the
total values of the timc token to initiate f£light of the malce
ond the fenmale weevils was  48.4 scc. (the neans ronging bet-
ween  100.6 and  17.8 sce. ot different tempercturcs) and
49,1 sec. ( the nmeans ronging between 108.8 and  14.9 )
respectively (TABLE 34). A highly significont difference,
however, cxisted when comparing the behavicur of similor
scxes of the 4 weeks old wcevils 2t the two light intcnsi-
ties ( P «0.001 ). The totol mean time token to initiate
flight of tThe male w cevils ot 2.6 L.7.L. was 10.1 scc.
( 21.0 = 2.4 ) and of the fenale weevils was 1%3.9 scc.
( 33.0 = 3.0 ) as is shown in TABLE 34. Thce variancc of these
two means was not significant

Figs. 42 and 43, illustroted the strong cffect of
rise in tenpcraturce from 26° tc 140°C. on the decreasc of
the timce ncceded to initiate flight at the low light intensity
of 1.85 L.F.L. In contrast to flizht 2t the lower light inte-
nsity, at the higher light intensity the weevils of this age
flew well at 26°C. The mean time token to initiate flight
ot 2.6 L.F.L. wos less thon 10 scc. ..ot 30°C. and at higher
temperaturcs in the male vaovils, and at 5200° ond above

in the femnle weevils.
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152.

b) 8. oryzac

Two wecks old weevils were unnble to fly when suspended
from the pronotum. Several attempts to fly, however, were
usually mode, the clytroe being widely diverged and the hind
wings unfolded, but no actual flight cccurred. A simple exp-
erinent was carried out tc record the time ncceded to initiate
the first attempts to fly, and the number of attempts node by
suspended weevils at 5600. ond ot a light intensity of 2.6
L.F.L. Thesc cbscrvations lasted for 3 ninutes. The aim of
the experiment was to compare the efficicney of the two spe-
exes scxcs. The dato in  TABIE 35 indicated thot the male
wecvils were more active than the females. The mean time token
to initiate the first attempt was 100.5 sce. in the meles and
121.0 sce. in the females. The variance of the two means was
not significont. The number of attempts to £fly mode by the
nole weevils ranged between 1 and 9 per 3 minutes, the
meon being 4.4 . The neon number of attempbts made by the
femalc weevils was 2.6 raonging between 1 ond 6.

S. oryzae weevils were fairly efficient flycrs at the
agc ¢f 4 weeks. The total mean time before flight was ini-
tiated in the suspended melcs was 35.6 sec, 2t the light
intensity 1.85 L.F.L., and 3%5.7 sec. at the light intensity
2.6 L.F.L., but the variancc of the two means wos not signifi-
coent.  The femele w_ecvils gave total nmean valucs of  29.5 sce.

and 30.4 scc. ot the lower a nd at the highcer light intensitics



TABLE 35
¥umber of Attempts to Fly per 3 minutes made by susvended
S.oryzae weevils ( 2-weeks old), and the time to Initiation -~

of First Attemnt at 36°C. and 2.6 L.F.L, light intensity.

Number Time to Tnitiate First | Number of Attemots
of | Aattempt (sec.) per 3 minutes.
Weevils o7 $ 7 , ?
1 70 115 8 5
2 30 150 9 1
3 120 105 4 3
4 15 170 5 1
5 165 130 1 2
6 165 80 1 4
1 70 70 5 6
8 90 145 3 2
9 105 125 5 3
10 115 120 3 2
Nean 100.5 121.0 4.4 2.6

\J
A\

\
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which are not gv}gnificantly different fron each other

(TABIE %34). It was intercsting to note thot whereas the diff-

erence ¢f 1.85 ond 2.6 L.F.L. had an appreciable effect

on the time of reacticn of S.zco-mais, and ncne on that of

S.oryzae. It is not presumed that higher light intensity

(and pessibly radiation) do not affect this reaction; but only

that there was no detectable effcet under cxperimental condit-

icns. The similarity in bochoviour at the twe light intensitics

is illustraoted in Figs. 44 and 45 . The relation between

tenperature and the time token to initiate flight, on the cther
was c¢lear

hanqg this tinmc interval becoming shorter with the rise in temp-

erafure fron 26°% to 40°C. (sce TABLE 34 ond Figs. 44 and

45). Below BOOC. the mecn of the time before flight was ini-

tiated woas longer in thoe moles thon in the females, but above

30°%. both scxes of both species reacted mere or less in the

same way along the rest of the temperature scale. The variance

of the total means of time token to initiate flight of the

nale and the feomale weevils; was not significantly different

at the two light intonsitics uscd.

S.oryzoc weevils were flew more readily than S.zco-nois
weevils of the same age when suspended ot the low light int-
cnsity 1.85 L.F.IL., but less recadily .ot the high light
intensity 2.6 L.F.L. The voariance of the means of time taken

te initiate flight was highly significant in both cases.

k;
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2. IExperinents with Rcleased Weevils

a) 8. geo-mais -

The total number of flights performed by 2 100 weevils
of each sex per 15 minutes, ot constant temperatures ond
light intcnsitics, ore sunnarised in TABLE 36. The 2-weck
old male weevils cf S.zcao-nois flew far more readily thon
the corresponding fenales at the four combinations of tenmp-
craturc and light intensitics in these expoerinents. At the
low light intensity 1.85 L.F.L. and low temperature 51iO.5°C.
the 2-week old mnle cnd female weevils made 151 and 105
flights per 15 minutes respectively. At the same light
intensity but at higher temperature ( 56i0,5°C.) thesc were
259 and 128 flights per 15 ninutes in the nmales and the
females respectively. The ceffect of risc in temperaturc on
the incrcase in the number of flights of the weevils was more
significont in the males thon in the femalos(0.0§>E>0.02).
These dnta werc anclysced by the X2 test;

At 31 + O,BDC. cnd the stronger light intensity 2.6
L.F.L., the numbcrs of flights of thce mole and the fomale
weevils were 256 ond 176 per 15 ninutes. The effect of
increasing the light intoensity on inducing the weevils to
nake nere flights wos not significantly different in the
nales and the females. When both the light intensity and

the temperature were high, the numbers of flights made by

the male and the femele wecvils were 343 and 221 per 15
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TABLE
Number of flights per minute made by weevils of S. zea-mais in each set of experiments

Temperature Light intensity Number of flights p 100 weevils per minute Mean time to
(weeks) (°c.) L.8.1.) 1 5 6 7 8 S 10 11 12 1% 14 15 initiate 1st.
flight (min.)

3110'50 1.85 > 3 1 4 9 M 8 10 11 14 1? % 18 21 4.45

36+0.5" 1.85 11 6 9 12 13 a4 13 19 19 26 2% 27 25 33 1.51

5,|_+:-O.5c’ 5.60 11 9 o 18 23 17 15 15 16 14 26 22 20 28 2.10

3640.5° 2.50 11 9 11 10 13 16 20 31 25 31 37 37 37 44 1.7

Females 31iO.50 1.85 - 3 - 3 &L 35 8 10 12 11 10 8 Y12 4 5.00

36+0.5° 1.85 - 2 4 5 5 6 7 9 44 41 15 12 8 13 17 6.57

51i0,5° 2,60 5 3 3 4 11 g 16 12 10 16 12 16 15 18 27 345

%6+0.5° 2.60 Y 6 9 8 4 10 16 13 27 16 16 19 19 22 19 3.01

314+0.5° 1.85 32 5 7 8 10 16 17 20 26 15 19 27 35 5.55

%6+0.5° 1.85 7 3 5 13 9 20 14 26 33 56 41 39 52 67 5.75

56iO°5° 2.60 29 23 32 43 74 50 60 59 44 68 67 82 63 h 0.13

Females 3110.50 1.35 2 - 1 5 Yo7 14 4 15 45 16 21 27 22 37 6.01

26+0.5" 1.85 1 2 2 8 g 12 10 18 22 26 29 31 40 36 45 4.55

51i0.5° 2.60 9 &8 10 19 18 18 27 33 35 28 34 35 32 56 45 1.5%

3640 5° 2.60 12 19 24 26 26 33 35 44 383 38 40 46 45 44 61 0.79




ninutes respoctively. Thus the nunbers of flisghts were nerc
than double those nade 2t the low temnperature ond the low
light intensity. The roates of increasc in numbers of flights
in the nale and the fomale weevils were not significantly
differcnt.

The 4 wecks old weevils oxhibited nore cofficiency in
their flying ability thon the two wecks old wecevils.  The
nunber of fliszhts nade by the nale weevils was also greater
than the number of flights made by the fonnles at the four
cxperinental combinations of tempercturce and light. At the
lew tenmperature and the lower light intensity the number of
flights pcr 15 mnin. nade by the nole and the fenole wee-
vils were 215 and 203%. At the higher temperaturce and the
lower illunmination tho nunber of flights increascd to 369
eand 291 in the males and the fenoles ;3 the rote of increase
bot being significantly different in the males and the femoles
2t the upper 5 % lovel of significance. When the low tenp-
craturce and the strong light intensity were usced, 2 great
increcose in the number of flights cccurred in bhoth the malc
and the female weevils 3 tho nean nunbers of flizhts rising
te 534 ond 387 respectively. The rote of incrcase in the
nnles was morg significant thon in the femoles ot the upper
5% lovel (X test 0.0B)P) 0.02 ). When both the tomnp-
eraturc and the light intcnsity werce increascd, the numbers of

flights nade by the malc weevils were 799 and thosc by the
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females 535 per 15 nin. The rate of incrensce in the
nunber of flights as comparcd with the corrcsponding oncs
ot the lower light intensity and lcw tenperature, was nore
significant in the nole weevils than in the fenoles
~( 0.01) 220.001 ).

The effect of the age of the weevils on their flying
ability was clcar. The sunm tetal of flights in  the four
cxperiments, node by the mole wecvils was 1QO9 at the oge
of 2 weeks, and 1917 at thc age of 4 wecks. The sun
total nunber of flights nmode by the 2 wecks o0ld fencles
wes 630 and by the 4 wecks old ones it was 1416 (TABIE 42).
The rote of increase in the number of flights due to the
incrcasc in age was norce significont in the males at the
upper 5 % level ( 0.01) P 0.001 ).

The cetivity of the wecevils was normally low, shortly
ofter their introduction inside the arcna. The frequency of
flights grodually increased with tine in all the cxperiments,
reaching o maxinun at the end of cach test ¢ 15 ninutes.
The total numbers of flights per ninute made by scts of a
100 weevils of S.zeca-mais are sunmarized in TABLE 36. The
rote of increasc in the nunmber of flights per minute wos
higher in the mole weevils thon in the femoles of the same
age; ond #m the 4 wecks old weevils flew more frequently
thon the 2 weeks old ones of the same sex ( Figs. 46 -

49 ).
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The cffcet of different conbinations of temperatures
and light intensitics cn the tinme nccded to initiante the
first flight of S.zea-nais wos determined. The means of
tine token of ceach set of o 100 weevils are included in
TABIE %6 . At the low temperoturce 31 + O.5°C. and tho
low light intensity 1.85 L.F.L., thc meaons of time ¢
initiote the first flight in the 2 weeks old nmalc and
feunale weevils were 4.45 o nd 5.00 ninutes respectively.
The variance of the two means was not significont. Under
the same conditions of tempercture and light intensity
the 4 wecks 01d weevils of both sexes did not £ly nocre
readily than the corresponding 2 wecks 01d ocnes ;3 the
neans of time were 5.55 and 6.01 ninutes respectively.
The voricnce of the twe neans was not significant. Again,
the voricnce of the means of timc token to initiote the
first flight of the two differcent ages, was not significant
when the some sexes were conmpared. The increase in temperoa-
turc or in the light intensity or in both, showed o marked
decrcase in the neans of tine taken to initiate the first
flight of the weevils in all the experincents. The responsec
¢xhibited by the male weevils, however, was greater than
that by the females; and the 4 weceks old weevils recacted
nore intensively than the corresponding 2 wecks ¢ld oncs
to the voaricyicns in temperature and of light intensity

( scec TABIE 36 ).
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In view of the foet that the number of flights of the
weevils increascd gradually with tinme, and rcoched a nox-
inun near the cnd of the 15 ninutes, o subsidiocry test
was carried cut to deternince this frequency ot the 31-st.
te 35-th. minute. The data in TABLE 37 show thit the
nean nunber c¢f flights node by the wecvils at the 31-st.
to 35-th. minute did nct vary significontly from that at
the 155th. ninute in 2ll thc tests.

The nunber of attenpts to fly per minute mode by
groups of 10 weevils, werc recorded in the sarmc experi-
nents. The cffect of different combinoticns of tenperaturce
cnd light intensity on the nunmber of attenpts to fly @ of
2-wecek and 4-wock ¢lé weevils is given in TABIE 38. At
31 + 0.5°C. ond 1.85 L.F.L. the total number of attempts
to fly per 100 wecvils per 15 ninutes were 20 and 25
in the 2-weck old neoles and fenales respectively. A
nmarked increasc in the tctal number of attempts to fly
occurrcd when higher temperature or the stronger licht
intensity were apnlicd. The mexinum frequencics were at
56 + O.5°O and 2.6 L.F.L., the total numbers of attenpts
beins; 69 in the mole and 68 in the fomole weovils., An
odd result, however, was obtainced from obscrvotions on the
2-week old finmalc weevils at 26 + O.5°C. and 1.85 L.F.L.
i.c., there was no increase in frequency with the rise in

tenperature. Possibly this nay have been due to variations
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TABLI 37
Yumber of Flights per minute done by 10 Weevils of S.zes-meis

in each set &t the 31-35%th minute, at four combinations of

temperature and Light Intensity.

: .
Sex  Age |Temp. Light No.Flights/10 Weevils/ lean No.Flights/

weoks ) Intensity minute Woevil/minute
(°c.) (L.F.L.)| 31 32 33 34 35 | At 31-35tH At 15tk
i mix. min.

palos 2 | 3171 1.85 1 2 2 1 3 0.18 0.21
n 2 136 | 1.85 3003 2 4 3 0.30 0.33
L o 13171 2.60 3 01 4 3 2 0.26 0.28
" > 136° | 2.60 3 6 2 5 5 0.42 0.44
Pemales 2 | 31 | 1.85 2 2 1 1 2 0.16 0.14
" 2 136 | 1.85 1 3 1 2 2 0.18 0.17
" 2 {317 ] 2.60 2 3 2 2 4 0.26 0.27
" 2 136" | 2.60 3 01 2 2 3 0.22 0.19
wales 4 |31 | 1.85 4 3 5 2 4 0.36 0.35
" 4 |36 | 1.85 6 9 5 8 1 0.70 0.67
" 4 131°1 2.60 7 6 7T 4 5 0.58 0.61
" 4 1367 2.60 0 5 7 6 8 0.72 0.74
Fomales 4 |31 | 1.85 4 4 5 3 4 0.40 0.37
o4 1367 ] 1.85 6 3 3 5 5 0.44 0.45
3 s [317] 2.60 3 4 6 3 5 0.44 0.45

" . 136" | 2.60 8 1 4 6 4

0,58 0.61
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in individunl bchoviour.

The 4 weeks ©ld weevils showed o sinilar behoviour, but
their tot2l numbers of attempts to fly were nuch higher thon
those of the 2-weck 014 oncs. At the low tenperaturc and
low light intensity the total number of attenpts to fly
( per 100 wcevils per 15 nin.) of the 4-week old rmale and
fenole weevils were 78 and 56 respectively (TABIE 38).
At 56 + O.BOO. and 1.85 L.7.L. the totals were 108 and
80 , and at 31 + O.S%Qnd 2.6 L.F.L. the totals were 116
and 38, the noaxinn occurring at 56 + O.BCOn and 2.6 L.F.L.,
the totals being 128 in the nmales and 180 in the females.
An odd rcsult was recorded for the female wecvils at 51i0.5°0.
cend 2.6 L.F.L. The twoe rcsults in the fenales nay indicate
that they arce norce suscceptible to the interaction of higher
light oand higher tenperature than to once of these two facters
by itself.

There was no regularity in the number of attempts to
fly in the successive ninutes. However, all the wecvils
exhibited o high activity in the first minute of the exp-
crinents at %6 + 0.5°C. and 2.6 L.F.L. (TiBIE 38). A
similar rcespense was olso given by the 4-weck old male we-
evils =t 36 + 0.5°C. and 1.85 L.F.L., and at 31 + 0.5 C.

—

0an1 2.6 L.F.L.
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TABLE 38

Number of attempts to fly per minute made by 100 weevils of S.zea-mais in each set of experiments.

Sex Age Tempe-rature ILight Number of &@ttempts to fly per 100 weevils per minute

(weeks) (°C.) intensity 1 2 % 4 5 6 7 8 9 10 11 12 1% 14 15 Total
(L.F.T.

Males 2 31+0.5 " 1.85 - 111 3% 214 121 - 2 1 - 20
] " 36+ 0.5 1.85 3 51 2 - 41 4 % 5 3 4 2 2 1 1 34
. H 31+ 0.5 2,60 2 7 6 4 2 3 2 4 4 3 6 2 2 3 5 55
n " 36+ 0.5° 2,60 M10 2 2 5 3 210 2 3 4 5 5 1 4 &9
Females 2 31+ 0.5° 1.85 - -1 21131 222 1 5 1 3 25
iy " 36+ 0.5° 1,85 - w2 2114 2 3 -1 = 1 = 3 2 18
X " 31+ 0.5° 2.60 4 9 6 - 6 2 3 4 - 1 - 1 2 2 2 4
u n 36+ 0.5° 2.60 12 3% 4 4 1 1 5 % 9 7 3 5 6 2 3 68
Males 4 31+ 0.5° 1.85 2 1 2 3% 4 5 9 1 10 4 12 8 3 9 78
n " 36+ 0.5° 1.85 16 2 6 1 - 7 6 & 610 7 10 7 9 15 108
noooomn 31+ 0.5 2,60 17 7 7 6 810 6411 911 6 3 8 & 1 116
n d 36+ 0.5 2.60 2% 4 7 6 511 13 3 4 12 11 6 8 128
o 15 7 9 5 6 4 56
Females &4 31+ 0.5 1.85 2 14 3113 4% 5455 5 5 3 4 20
! " 36+ 0,52 1.85 5 16 56 589 5 5 4 g 5 3 3 33
" " 3% 0.5° 2.60 2 11 - 11 4 1 445 g 49 42 11 3 180

n " 36+ 0.5 2.60 21 91% 11 17 11 14 5
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b) S. oryzoe

The total nunmbers of flights made by a 100 weevils per
15 nin., at constont tenperaturcs and light intensitics are
sunnarized in TABIE 39. The 2 wecks old weevils were unable
to £fly nor to unfold the wings when releascd inside the cage,
cven ot the high tenperature and high light intensity. The
4 wecks 0ld weevils, on the other han 4, exhibited a morked
obility to fly. At 31 + 0.5°C. cnd 1.85 L.F.L. the total
nunbers of flights pcr 100 weevils per 15 min. werc 84 and
62 in thc males and the fenales. At the higher temperaturc
of %6 + 0.5°C. a_pd the sanc low light intens ity, the corr-
esponding numbers werc 150 and 149 flights poer 100 weevils
per 15 nin. The effeect of the rise in temperaturc on the
increase in thoe numbers of flights of the weevils did not
vary significantly in the males and the femeles at the upper
5 % lovel ( 0.10>IP>>0.05 ). 4t the lower teomperaturce and
higher light intensity the increase in the total numbers of
flights was siznificantly grenter thon thosc in the previous
set of experinents; the total numbers of flights in the males
and the females were 324 and 289 per 100 weevils per
15 minutos respectively. The effect of incrensing the
light intensity on inducing the wecevils to fly meore froque-
ntly was nct significantly different in the nale from the
fenale weevils at the upper 5 % level ( I’)CLﬂO ). At tho

high tempcroture and high light intensity the w ccvils
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TABLE 39

Total number of flights‘per minute made by 100 released
weevils of S.oryzae (4-week old) in each test.

Males Pemale s

[« o o & (<]

Temp. (°C.) %31° 35 % %6 %] %6 1% 35"
Light (L.F.L.) 1.85 1.85 2.6 2.6| 1.85 1.85 2.6 2.6

Time (min.) No. flights/100 weevils/minute
1 _— _— 5 22 — e b 13
2 — -— 41 — 1 4 10
% _ 2 6 19 - 1 7 17
i _— 3 12 27 _— 3 8 20
5 1 7 10 25 1 6 14 28
6 2 2 22 37 - 7 20 50
7 3 g8 18 33 2 10 1% 26
8 4 8 25 AL 3 6 29 25
9 4 9 24 45 2 T4 21 28
10 4 13 28 37 ) 10 22 5%
11 8 12 31 4 v 17 21 55
12 12 22 31 36 6 15 29 4oy
13 14 2% 29 45 S 20 31 358
14 16 21 39 32 15 18 28 4.5
15 16 20 4.0 49 11 21 38 57
Total 84 150 324 497 62 149 289 452
Mean time
t o initiate g 19 .15 3.18 0.45 | 8.96 6.4 2.06 1.01
first flight ‘
( min. )




showed their maxinnl efficioncy, within the ronge of thoesc
experinents; the total nunbers of flights were 493 and 452
per 100 weevils per 15 minutes in the nale ond the fenale
weevils. The increase in the rate of cctivity, as compared
with that a_t the lower temperaturc ond light intensity, was
net significontly different in the nole and the female weevils
ot the upper 5 % level of significance ( P;>O.10).

The influence of chonges in temperaturc and light int-
cnsity on the tinc ncoded to initiate the first flight of
the weevils was strongly nonifested. At the low temperaturc
of 31 + 0.5°C. and the low light intensity of 1.8% L.F.L.
the neans of tine to initiate the first flight of the malce
and the fenale weevils were 9.19 ond 8.96 minutes respe-
ctively (TABIE 3%9). At the low illuninatiocn and the higher
tenperature the corresponding neons were 6.15 and 6.44 nin,
When the tenpercture was kept lew but the str%éer light intc-
nsity was qvppliod, o marked decrease in the means of the
tine token to initicte the first flisht occurred, the means
in the males and the females being 3.18 and 2.06 minutes.
The shortest mcons of tine occurred whean both factors were
raised; the mean valucs being 0.45 and 1.07 minutes in
the nmnle and the funale weevils respectively. In TABIE 39
and Figs. 50 and 51, it c2an be scen that the number of
flights of the weevils per ninute increascd groadunlly with

tine, the moximum values occurring near to or at the end
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of the 15 minutes. This naxinum rate was found to persist at
norc cr less the same level after 31-35 minutes as was shown
in the tests carried out in cach sct of oxperiments. The
dota are summorized in TABIE 40. The nean number of flights
per weevil per minute at the 31-st. to-35 th. ninute did not
vory signifiCintly from thot during the 15-th. ninute.

The effect of the differcent conbinations of temperaturc
and light intensity on the number of attenpts to fly nade by
S.oryzac  is illustrated in TABIE 41. At 31 + 0.5°C. and
1.85 L.F.L., the totol numbers of attenpts per 100 weevils
pur 15 minutes were 45 and 25 in the moles and the fenales.
By raising the tempuroturc alone, the corresponding totol
nunbers were 98 and 9% . By raising thce light intcensity
and keeping the temperaturce low, the intensity of flight
activity increascd tremcndously and the totel nunmbers cf
attenpts to fly per 100 weevils per 15 min. rcached 175
and ‘194 in the males and the fema-lecs respectively. At the
higher tenperaturc of 36 + 0.5°C. and the strong light
intensity o°f 2.6 L.#.L. thc total numbors of attempts in the
nales and the females were 272 and 200 (per 100 wecvils
per 15 min.) respectively. 4As in the case of S.zea-mais,
it was observed the S.oryzac weevils cxhibited o ropid ini-
tial response ot the higher tenporaturc oand the higher light
intensity. The total numbers of attempts to fly per 100

weevils during the first ninute of the experiments were 49



TABLE 40

Fumber of Flights per mirute of S.oryzae Weevils ( 4-werks old)

st the 315t - 35th minute, at constant temveratures ani light

intensitics
E ——
Sex Temp.| Light No.of ¥ligkts/ 10 M=aan No. of
(°c.)| Intensity Weevils/ minute Flights/ VWeevils/
( L.F.L.) minute
u - h .
317 32 33 3o 35 | A3;31-350H AR 15
vales | 31° 1.85 ) 2 3 2 0.18 0.16
" 36° 1.85 13 o 3 2 0,27 0.20
" 31° 5 .60 5 2 4 4 6 0.42 0.40
" 36" 2,60 4 6 5 5 3 0.46 0.49
Females 31 1.85 101 2 1 2 0.14 0.11
noo 365 | 1.85 o 1 4 2 2 0.27 0.21
I S 2.60 3 4 4 45 0.40 0,38
v 136" | 2.60 6 5 3 7 6| 0.54 0.57
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TABLE 41

Number of attempts to fly per 100 weevils per minute of
4-week 0ld S.oryzae weevils (released), at constant
temperatures and light intensities.

Males Females
Temp.(®C.) | 31 36° 31° 36° 21°  36°  31°  26°
ight (L.F.L.)| 1.85 1.85 2.6 2.6 1.85 1.85 2.6 2.6
Time(min. ) No. attempts to fly/100 weevils/minute
1 ~ - 11 49 - - 4 28
2 - 2 5 16 ~ 1 8 10
3 - 5 7 11 - 6 10 16
4 - 4 9 18 - 2 6 12
5 1 % 12 21 - 2 16 10
6 2 9 12 14 2 4 14 9
7 1 5 15 22 1 6 19 16
8 4 9 14 26 2 7 18 14
9 1 8 10 11 3 9 18 18
10 5 8 20 19 1 7 13 K
11 5 11 1417 4 7 15 10
12 5 6 11 13 5 8 12 3
1% 4 8 10 15 % 6 18 18
14 7 7 10 15 2 8 12 7
15 7 13 15 5 2 10 11 g
Total [45 98 175 272 25 9% 194 200




in thoe males and '28 in the fomnles (TABLE 41). Thesec
figures werce followed by a sudden drop in the numbers of
attompts te fly in the sccend minute. The rote per ninute
fluctuated during the rest of the experinent at o nuch

lower level thon the initinl hicsh frequency.

¢) Comporison botween S.zea=-mais and S.oryzae weovils in

experincnts on relecascd weevils -

Conclusicn from these date arc summarized in TABLE 42.
In contrast to S.zco-mais,the 2-week old S.oryzac weevils
were opparently unable to fly. By comparing the 4~week old
weevils of both species, it was found that the total numbers
of flights ( 100 weevils per 15 min.) in the male and the
fenale weevils of S.zea-mais were much higher than those
in the corresponding scxes of S.oryzae. In both species the
total numbers of flights at the high light intensity ond low
temperature were greater thon the total numbers of flights
ot the low light intensity and the high tenperature. The |
differcnce between the sun totals of flights of the two sexes
of S.zea-nais was compared to thot between the two scxes of
S.oryzae and was found to be highly significent(P<«0.001).
That is, the males and fenales behaved differcntly in S.zca-
nais, but the two sexes bchaved in a sinilar way in S.0ryzac.
At the low temperaturc and the lower light intensity the

nunbers of flights made by S.oryzac weevils were nuch lower
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TABLE 42
Number of flights made by released weevils per 15

minutes at constant temperatures and light intensities.
( Four combinations )

Light Temperature | Age |No. flights/100 weevils/15 min.
intensity  (°C.) (weeks) S.zea-mais S.oryzae
(L.F.L.) |
Males |Females|Males| Females

1.85 397 2 151 105 ~ ~
1.85 36° L 259 128 - -
2,60 %1 n 256 176 ~ -
2.60 36" L 343 22 - -

Total 1009 630 - -
1.85 31° 4 | 245 203 sy | 62
1.85 36° 4 369 291 150 | 149
2.60 21 ° z 534 287 zo4 | 289
2.60 36° no | 799 535 | 493 | 452

Total 1947 1416 11051 | 952
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than those made by S.zea-nais. When one both or both of the
factors applied were high, the increase in the rate of flights

was significantly higher in S.oryzoe than in S.zea-mais, ot

the upper 5% level ( P £ 0.001 ). The only exception was
in the nales of both specics when temperature alone was rai-
sed 3 the difference in the increase of the rates of flights
was~then not significant ( P2 0.10 ).

When comparing the 4-week o0ld weevils of S.oryzae with
the two weeks old weevils of S.zea-mais, it was found that
at the low light intensity the total numbers of flights of
S.oryzac weevils were smaller in both sexes than in S.zco-
mais. In contrast, at the higher light intensity, the total
numbers of flights in both sexes of S.oryzae were greater
than in the corresponding sexces c¢f S.zea-nais. The sum total
of the numbers of flights of the weevils in the 4 sets of
experinents indicated o significant difference between the
nale and the female wecvils of §.gggzggi§; os comparcd with
the difference betwcen the two sexes of S.cryzae weevils at
the upper 5% level ( P& 0.001 ).

'itTenpts To fly' as well as actual 'flights' were also
rccorded. The numbers of attempts tc fly made by the weevils
of the two speoics arce summarized in TABLE 472. The 4-week
0ld weevils of S.zca-mais were far more cfficient than the
2-week old ones in all the sets of experiments. In both ages

the additional total numbers of attenpts to fly per 400 male
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TABLE 43
Humber of attempts to fly made by Released Weevils ~er 15 minutes

at constant temperatures and light intensities ( four co~binations)

Light Ternerature| Age No. of Attemnts to Fly/100 Weevils
intensity (°C.) (weeks /15 minutes.
(L.F.L.) S.zea-mais S.oryzee
~7
T e | T %e
1.85 31° 2 20 25 - -
1.85 36° 2 34 16 - B}
2.60 31° 2 55 42 _ _
2,67 36° 2 69 68 - -
Total ver 400 VWeevils 178 153
1.85 31° 4 78 56 45 25
1.85 16° 4 108 89 G 93
o
260 31 4 116 38 175 164
2,60 36° 4 128 180 272 200
Total mer 400 Weevils 430 354 590 512
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weevils were higher thon in the femnales. On the other hond,
the 4-weck old weevils of S.oryzac were found to be less

~

actiVe flyers thon the corresponding weevils of S.zeo-nais
at 31 + 0.5°C. and 1.85 L.F.L. The rate of incrcase in
the frequency cof the attenpts to fly of S.oryzoe with tho
rise in tenperaturce or of Light intensity or of beth, was
significantly higher thon in S.zea-nais ot the upper 5 %
level. At the higher light intensity the tcoctnl numbers of
attenpts nade by S.oryzae were much greater than those by
S.zea~nais. The sun total of attempts (400 weevils) were
greater in S.oryzoe thon in S.zea-nais, but the inter-sexual

differcnces werc not sipnificontly different in beth species

ot the upper 5 % level.

3. Duration of Flight of Suspendced Wecvils

The behaviour ¢f suspended weovils in flight was stu-
died by recording the total duraticen of flisght of individual
weevils in tests lasting 5 ninutes. The weevils did not fly
continucusly, but nornally they flew for short pericds which
were interruptced by short intervels of rest. The moxinun and
nininun duraticn of single flizghts, and the number of flights
nnde by the weevils in 5 ninutes were also measurcd.

o) S.zea-nais - The total duration o»f flights per test of

the nale weevils variced betwecen 64 ond 187 sceconds in B



ninutes, thc nean value boeing 118.5( sec. per 5 min. ).
The nean duration of flisghts of the fenale weewils was
109.9 scc. per 5 min. (ronging between 55 and 225 sec.

per 5 min.) (TABIE 44), The varicnce of the two meoans

W“S not significant.
38.9 in

The nean number of flights in 5 minutes was

the noles and 33,2 in the females 3 the variance of the

two means was not simgnificant.
The noxinun duraticon of single flights ranged betwe
and

and botween 4 15

the means being 5.8 and 6.7 scconds

4 and 8 seccnds in the nales
seconds in the fenales,

respectively. These did not vory significontly from one an-

other.

seconds in both secxes (ranging between

3

Suspended S.cryzac

difference in behavicur fron thosa

b) S.oryzac -

nunbers of flights in the male and

15.7

The vorizsnce of those

Oryzac were and 4.5 per

(TABLE 45).
ficant, but when conparced with the

in the nole oand the fenmole weevils

of means were highly significont (

The mean nininun duration of single flights was 1.6

1 and 2 scconds).

weevils showed a clear

of S.zca-nais. The neon

the femole wecvils of S.
5 mninutes respectively
two means was not sizgni-
corresponding necan values

of o.zea—n 1vis the voriances

[ ——————tr

P < 0.001 ).

The mean noxinum duration of single flights, on the

contrary was rmuch higher in

the neans were 21.6 and 1%.6

gsceconds in the

S.oryzae thon in S.zea-mais

nales and the



{TABLE 44 -

Duration of flight per 5 minutes of Suspended Weevils of

S.zea-mais ( 4- weeks old) at 32%. and 2.6 L.F.L.

131.

No. of Flights

Duration of Single Flights

Total Duration of

per 5 minutes ( sec.) Flights/ 5 minutes
Maximum Minimum ( sec..’)

7 9 o7 Q o7 9 o” ? |
42 30 5 5 1 2 88 69

27 24 4 5 1 1 - 64 55

40 28 8 15 2 2 187 225

37 48 6 5 2 2 162 110

49 | 38 5 7 2 2 94 105

35 42 7 4 2 1 105 120

34 29 5 1 1 2 95 150

42 32 4 8 1 1 115 105

44 35 6 6 2 2 130 78

39 26 8 5 2 1 145 82
Mean

38.9| 33.2 | 5.8 6.7 1.6 1.6 | 118.5 109.9
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TABIA 45
Duration of flight per 5 minidfes of suspended weevils of
S.oryzae ( 4 weeks old ), at 32°C. and 2.6 L.F.L.

No. of flights|Duration of single flights [lotal duration of
per 5 minutes (sec.) flights per 5
Maximumn Minimum minutes (sec.)
Malestemales Males Females Males| Femaleg Males Females
10 14 25 8 5 2 95 56
14 29 12 10 3 I 71 671
1 3 55 12 3 3 121 60
20 27 3 5 2 1 79 51
8 5 55 65 1 5 85 155
4 12 60 4 A 3 206 A7
24 20 3 8 1 1 48 41
25 10 7 30 1 2 73 104
12 13 12 20 2 3 43 104
17 15 5 6 L 5 G
12 8 35 5 3 3 137 50
33 16 14 4 1 1 161 37
18 12 8 4 2 1 20 35
12 16 4 10 I 1 23 55
Mean 15.7 14,5 21.6 | 13.6 2.7 2.1 88,8 62.0
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feneles of S.oryzac ;5 these did not vory significantly fron
cne ancther. The voricncee of nmeans of moxinum duraticns of
single flights in beth swpeeies wos hishly significant
(0.0ﬂ? P>>0.001), when the males werce conpored, but not signi-
ficant in the femoles.
The nininun durations «f single flights varied betwucn
17 ond 5 scconds in the males and the females, the nean
being 2.7 in both sexés.
When comparing the same scxes of both species, the var-
iance cf neans was found to be not significant in either scx.
The total durations of flights in 5 ninutes were 88.8

sec. and 62.0 scc. in the males and the fomales of S.oryzac;

bl

the variance ¢f the two meons was not significont. The
voriancc.of these two menns when conparcd with thosc of the

corresponding scxes e=f of S.zea-mais were found to be highly

significant.

4., The Wingbeat of the Wecevils

The rate of wingbeat at 25 C. ond 70 % R.H., in still
air and very low light intensity, of S.zeca-mais weevils
varied betwecn 4300 ond 4600 (R.P.M.) in both sexcs
the means being 4445 and 4420 in the nales and the females
respectively (TABLE 46). The varionce of the two means was

not significant. The necan rates per sceend (R.P.3.) were

74.08 and 73.67 in the nales and in tho fornoles.
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TABLE 46

The wingbeat of Sitophilus weevils at 2500., 70 % R.H.
in still air

Rate of wingbeat per minute (R.P.M.)

S. zea-mais 5. oryzae
Males Pemales Males Females
4400 4300 5000 5200
4500 4500 5300 5100
4500 4400 5000 5300
4500 4300 5200 5900
4500 4450 5100 5100
4350 4.4.00 5050 5350
4550 4600 5250 5000
4300 4350 5200 5250
4450 4400 5100 5060
4300 4500 5150 5100

Mean auus 48P0 5135 5220
Mean rate per second(R.P.S.)
74,08 7367 85.58 8%7.00
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The rate of wingbeat per minute of S5.oryzac weevils in
the same conditions , varicd betwecen 5000 :ﬁd 5500 R.FP.M.
in the nole weevils, and between 5000 and 5900 R.P.M. in
the females 3 the necans were 5135 and 5220 R.P.M. respoe-
ctively (TABIE 46). The varicnce of the two necans was not
sipgnificantly differcnt. The roatas per secend were 88.58

v

~nd 87.00 R.P.S5. in the noles and the females.

5. The Relation between the Weight of the Weevil

and the Size of the Hind Wing

The body weight of S.zea-~mais weevils varied between
2,25 ond 3%.26 ng. in the neales, and between 2.26 and
3.38 nge in the fenales 3 the corresponding meon valuces
being 2.79 and 2.92 g (TABIE  47). The size of the
wing varied between 3%.1%1 ond %5.766 squerc nillimeters,
in thevm&le wW_covils ond between 3.038 ond 3,720 squarc
nitlimetres in the fcmglos ; thoe corresponding neans being
3,481 and 3.%571 nn. ‘The relq;}ion between the mean
sizc of the wing ond the neon body weilght in the two sexcs

was not significantly different ot the upper 5% level.

Cu

an 2.15 ng. in the nales and between 1.21 and 2.26 ng.

in the fenales ;3 the corresponding mean values being  1.607
and  1.714 nge . (TABLG  48). The size of the wing varied

2
between 1.440 acnd 2.191 mn. in the noles and betwecn



TABLS 47

o
(o)

Males Females

Weight size of wing Weieht Size of wing
(ng. ) (mm%) (mgs . ) (mm?)
2.95 3.649 2.68 5.038
2.57 5483 2.99 5. 500
5.01 %.615 5.58 %5.720
3.24 7. O 2.56 %.260
5.17 %.766 %.12 3447
2.41 %.197 2.78 5.167
5.06 %.649 2. 44 5.110
2.50 5.068 2.26 %.068
2.34 35.1%1 5.18 %337
2.82 %.580 2.86 5.200
5.26 %5.7%6 2.75 5.281
2.90 3.615 2.94 3475
5.00 %.580 %.52 %.665
2.65 3.341 3.25 3. 491
2.25 5.161 5.30 5.463
Mean 2.79 3,481 2.92 3,551
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1.420 and 2.298 in the fenoles, the neons being 1.787

and 1,808 respectively. The rolation between the meon size

of the wing and the menn beody woight in the twe sexes was not

sipnificantly diffcrent ot the upper 5% leve} cf significancoa
Next, the two spegics were conparcd; and the relation

betwWeen the size of the wing and the body weight wos not

found to differ sipgnificantly in the same sexes at the upper

5 % ievel,

6. The Relative Lenpth of the Hind Wing to the

Elytron in  Sitophilus Weevils

The ratic of the length of the hind wing to the e¢lytron
( H/ E ) in the male S zeo-nais weevils varicd between
2.000 and 2.108, and in the females between 2.000 and
2.10C ; the corresponding ncan valucs being 2,065 and 2.052
(TABLE 49). The H/E ratic in the mole S.oryzac weevils
ranged between  1.921 and 2.034, and in the females between
1.955 and 2,032; the ncans being 1.990 and 1.875 respectively
(TABLE 49). The anclyscs of vori-ncce of tho neons, showed
no significont differcnce between the two scxes of the somc
species. When the sone scxes of different specics were com-

parcd, the variances of the meons .were alsc net significant.



The body weight and the size of the wing of S.oryzae Weevils

TABLE 48

liales Females
Weight Size Qf Wing Weight Size onWing
megs om. mgs . mm
1.20 1.440 1.21 1.420
1.24 1.450 1.24 1.434
1.32 1.494 1.32 1.464
1.34 1.614 1.38 1.523
1.36 1.681 1.50 1.694
1.48 1,691 1.62 1.715
1.50 1.782 1,68 1.772
1.52 1,786 1.78 1.802
1.64 1.843 1.82 1.863
1.68 1.812 1.85 1.883
1.75 1.69° 1.86 1.904
1.86 1.952 1.95 1.632
1.04 1.989 2.08 2.185
2.12 2.187 2,16 2.232
2.15 2.191 2.23 2.26G8
Mean
1.607 1.787 1.714 1.808




TABLE 49

H/ B ratio in 3. zea-mais and S. oryzae weevils

H/E ratio S. zea-mais S. oryzae
Males Pemales Males Females
Minimum 2.000 2.000 1.921 1,935
Maximum 2.108 2.100 2.034 2.0%2
Mean 2.065 2.052 1.990 1.975
Number of insects
examined 32 43 4.2 40

H = Direct length of expanded hind wing from the basal
point to the tip.
E = Length of elytron along the long axis
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E. DIBSCUS I ON

It was of intcrest to find thot 2-weck old weevils of
S. oryzgce were unable to fly, even when suspended from the
pronotun. Several attenpts, however, were made by unfolding
their hind-wings, but nc real flight cccurred. S.zca-nais
weevils, ocn the cther hand, were capable of £light ot thot
232, whon suspended or releocscd, althoush not cs cfficicntly
as the 4-weck old oncs.

The ' tarsal rcflex ' nenticned by Froenkel (1932)
i.e., the initiotion of flight duc tc the loss of contact by
the torsi, known in 21l the insccets tosted, was cleorly scoen
in the twe spceccics ¢f the rice weevils. The varionce of meons
of time teoken to dniticte £lisht, and the numboer of flichts
per ninut:s nade by suspended nnd releascd weevils differed
highly significontly in the twe spoecics in the some conditi-
ons of temporature and lisht intensity.

The prescnt werk shows thot temperature and licht inten-
sity ars cnong the najor foctors which induce the flight of
the rice weevils. The dncrecse in tonperature fron 28° e LI-OOC,5
strikingly decroased the neon time token to initicte f£flizht of
the suspended weevils of both specics. When the lisht intensity
was increascd from 1.85 to 2,60 L.¥.L., S.oryzoe weevils
cxhibited no difference in behovicur from thot in the lower

light intensity, whercas S.zca-nois weovils showed o narkoed

————
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respense to the high light intensity at lower temperoturcs.
It is not informed thot yet higher light intensities ( ¢.g.
those of bricht sunlisht ) arc unoble to influence f£light
activity of §Q9£zgg§"w but only that no c¢ffects were detoec-
ed under the coxperincntal conditicns. S.oryzace "weevils
werc more efficicnt flyocrs than S.zca-mais of the sone age
whon susponded ot the low 1ight intensity <f 1.85 L.F. L. ,
but less efficient at the high light intensity of 2.6 L.F.L.
The analysis of varicnce of means of the tine token te init-
iate flight differced highly significnntly in both spcecics.
Similarly, the released weovils cxhibited o clear res-
ponsc to the increose in tenperature cor in light intensity.
In both species , the total nunbers of flights ot the high
light intensity 2.6 L.F.L. and the low temperaturc 31i0.5000
were greaterth-n the totol numbirs of flights at the low light
intensity 1.85 L.F.L. and the high temperature 36 + O.5°C.
It may be concluded that light ploys o more inportont role
than temperature in controlling the f£light of the weevils. By
comparing the f-weck c¢ld weovils of both specics, it was found
that the total numbers of flights ( of 100 weevils per 15 nin. )
in the male and the fenmale weevils of S.zea-pais werce nuch
higher than those in the corrcsponding sexcs ¢f S.oryzac. The
total numbers of flights mode by the wecevils indicated o hig-
hly significont differcnce between the twe scxes of S._Zeo-mais

(the nales being more officiont) when ccmparcd with the



difference betwecn tho sexes of S.oryzac 2t the upper 5 %
level ( P<0.001 ).

The numbers of attenpts to flight made by S.cryzae
weuvils were less thon thosc made by S.zca-nois at the low
temperature ond low light intensity, but the rate of incrcose
in thc frequency with the risc in tempercturce or in light
intensity cr in both was significontly higher in S.oryzae
then in S.zea-nmois 2t the upper 5 % level.

The nean durations of flights of suspended weevils werc
(were) not siznificontly different in the two species. The
flights of the weevils werce not continuous, but ncrnally
the single flights lasted for o few scconds and were interr-
upted by pericds of rest.

Sone foctors which mey affect the flying ability of
insects such as the wingbeat, the relaticn between the size
of thoe wing and the body weisht, and the rclaticn between
the length of hind wing to the lencth of the celytron, were
found to be net significontly different in the twe specigs.
The fact thot S.zea-mois weevils ore more efficicent flyers
than S.oryzoe noy be attributed to othor physiological
factors such as nuscular power, internal body tomperature
or greatcr scnsitivity to external stinuli, tronsmitted
through the activity of sensory receptors such as those des-

specics (8itophilus,). She described two types of branched
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hairs cccomp cd by gland cells and scenscory pit orgons on
the clytra 3 and sensory hoirs and sensory pit corgans on the
hind wings.

The effect of oir currents on flirsht of somc insccets is

s greot importonce, for instonce in Muscino stobulons

(Hellick,1940) , the defleeticn of the ontennoce is perceived
by Johnston's organ, on the sccond antennal segnent, which
acts 28 oan cercdynanic sense crgan, which is sensitive to

wind specd. Agnin, Schistocerca gregaria adult posscsses

five pairs of scnsitive hnir boeds cn the head, described by
Weis-Fosh (1956), which arc also wind-scnsitive. The influence
of air currcnts, ¢f known wind-specd, on the flight cctivity
cf the rice weevils wos not studicd.

The importonce of tenpernturce on the flight of sonme
insects wos described by Waloff and Rainey (1951) who stoted
that the nininun the r”01c tenperature for forced flight of

Schistocerca greparia was 20°C. cnd that thoracic tonper-

aturcs well above 25°Cc were ncecessary feor sustoained f£1li-
ght. They ccncluded that sustained flight has been recorded in
the absence of sunshinc at air temperoturcs of 23°C. by day
and ot alr tonperatures of 25°C° or over by night. Weis-

Fogh (1956), mentionced that in the absence of radiant heat,

the thoracic temperature of Schistocerca gregoria corresponded

tc the 2ir tenperoturce plus an amcunt duc to the netobelism

of the wing rnuscles; ot nernnl 1ift and flying speed this
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this incrense was 6 o 7 C. An alteration in air tomp-
crature should thercfore preduce o similor elteraticn in the
thoracic tenperaturc. Concerning the cffect of light on the
lccust behaviour, he nentionced thot illuminating the locust
with short-wave ultraviolet light invoricbly disturbed and
usually inhibited flight.

Mittcelstacdt (1948 2and 1950) in his cexperiments on the
drogenflies concluded thot they always flew with their dor-
sal surfoce toward the source of light.

Willioms (1933) mentioned that high-pitched scunds
innediately intensificd the flisht of thoe descrt locusts
but only for a shcrt tine.

The present werk throws scne light cn the cccurrence
cf the rice weevils in the corn ficlds mentioned in liter-
oture. Their prescnee in the figlds in sumnmer nay be port-
iclly explained by stinulating the effects of the rise in
tenperature and of light intensity on their flight activity.
The final attraction to the standing crops is probeobly linked
with the clfactery scensce, which hns not been investignted in

this ccnnaecticn.
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VI. Reactions of Sitpphilus Weevils to

Relative Hunmidity

A Introduction and Review of ITiteraturc

The response of terrestricl arthropceds to hunidity
varies greatly fronm onc aninal to ancther. A distinet diff--
crence in such behaviour, nay exist even between species
that are taxononmically comparatively closely related. Two
najor factors seem to control the humidity reactions of the
nals:a)" long-range " reaction which has evolved as an adaptation
to the condit-ions in which they normally s_urvive and
b) a "short-range'" reaction to relative humidity which
depends on the hunidity at which the tested individuals
are kept before the experiment (i.e. preconditioning).lost
animals require to keep a certain more or less constant pro-
portion of water in their bodles within fairly narrow limits.
Some animals live in habitats which are so damp that they
have to prevent the accumulation of excessive amounts of
water in their tissues, while others live in places so dry
that they can survive there only because they possess remar-
kably effective mechanisms for reducing the amount of water
log t from the body ( Andrewartha and Birch,1954 ). Dethier
and Chadwick (1948) mentioned that the response to humidity

is frequently determined by the state of water balance of the



insect and the degree of starvation.
Many workers have studied thoroughly the humidity reac-

ions of many adult insects as well as that of some immature

cr

tages. Txperiments usually involve observations on the reac-

n

tions of insects placed in an apparatus which provides a
humidity gradient, such as the alternative humidity chamber
( Gunn & Kennedy, 1936 ), or in an elaborate olfactometer
which provides the small arena with two streams of air at

" different relative humidities (Willis and Roth,1950,a) . In
this way aggregation responses have been studied and the
orientation of the insects in the arenas involved orthoki-
nesis, klinokinesis and klinotaxis (Fraenkel and Gunn,1940).

Examples of insects that normally show a preference to

migratorioides (XKennedy,1937), Culex fatigans(Thomson,1938),

Blatta orientalis (Gunn and Cosway,1938), Tenebrio molitor

(Pielou and Gunn,1240), Pediculus humenus corporis (Wigzles-

worth,1941), Tribolium castaneum (Willis and Roth,1950,a) ,

S.granarius (Roth and Willis,1957,b); Smereka and Hodson ,

1959 ), Drosophila melanogaster (Syrjédméki,1962) and those of

Tenebrio molitor larvae( Perttunen and Lahermaa,1962).

Some of these insects when desiccated for different
periods of time, showed a reverse reaction to humidity i.e.

they moved to the wet side of the humidity gradient.
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. . P o .
Desiccation for five hours at 24 C. reversed the dry reaction

of Drosophila to a preference for moist air (Perttunen and

Syrjamaki,1958), whereas Tenebrio larvae showed a preference
for the wet side only after two wv§eks of desiccation. The
dryness was attributed to their ability to form metvabolic
water from the body fats (Buxton,1930; Leclercq,1948). 40 %
of the desiccated Tenebrio larvae were able to survive for
five weeks according to  Perttunen and ILahermasa(1962). The

normally fed adults and larvae of the grasshoppers Melanoplus

bivittatus (Say) and Camnula pellucida (Scudd.) preferred the

drier side, and the starved ones and insects during moulting
period, the wetter of two humidities (Riegert,1959).

On the other hand, certain undesiccated animals exnibi-
ted normally a positive reaction to higher humidities, for

instance, Porcellio scaber (Gunn,1937 ; Waloff,1941), the

wireworms of the genus Agriotes (Lees,1543%), Musca domestica
larvae (Hefez , 195 ), Stomoxys calcitrans larvae (Hafez and

the fourth-ins
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Gamal-eddin, 1961), and the {irst a

nd
of Schilstocerca gragaria (Aziz, 1957).

The instensity of humidity re:iction of sny carticular
snecies, depends on the alternatives offered znd their position
on the huaidity gradient scole. Hor instance MMusca larvae are

while near saturation a difference of 5%
. N ~ N . . [ . N .
indifferent to humidity below 50% nnﬂ,/ls csufficient to ensure

a complete aveidance of the drier side (lafez, 1950). Culex
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distinguishes difference of 1% R.H. at the hizaest range of the
huimidity scale, wherveas between 30% and 385% RiH., a drifsrence
of 50% is necessary to elicit a sisnificant response(Thomson,

1938). Tenecbrio molitor larvae can discriminate between 100 %

and 99.5 % R.H. (Perttunen and Lahermaa,1962). Schistocerca

hoppers move to hisher humidities below 66 % R.H., and to
lower humidities in a gradient of 65 - 100 (Aziz,1S57).
Several attempts ﬁave been made to identify humidity
receptors in various arthropods. Blumenthal (19%5) working
with spiders concluded that the tarsal organs (deep pits
enclosing one or more peg-like sensilla) received moisture
stimuli. Gunn (19%7) was unable to identify the hygrorecep-

tors in the wood-louse Porcellio scaber, but found some indi-

cation that they were located in the thoracic region. Unsucc-
essful attempts to locate the sites of hygroreceptors have

been made by Thomson (1938) in the mosquito Culex fatigans,

and by Gunn and Cosway (1938) on Blatta orientalis ; the

latter workers suggested that these receptors may be located

on the antennae. Waloff (1941), suggested that in the isopods,
loss of water through the integument, and the consequent conc-
entration of the body fluids mey initiate the humidity reaction
and that the proprioceptors could be involved in this type of

mechanism. In the wireworms Agriotes obscurus and A. lineatus

the antennae and mexillary and labial palps were found to be

necessary for normal humidity reactions to take place(Lees,1943%).
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The humidity receptors of the gpider bectle Ptinus tectus

have been localised on the antennae but not identified
(Bentley,1944 ), Pielou (1940) identified the humidity receptors

of the adults of the mealworm Tenebrio molitor as being the

pit peg orgens on segments 1 -~ 10 and peg organs on segments
6 - 11 of the antennae. Begg and Hogben (1946), suggested

that surface cones on the antennac of Drosophila melanogaster

were hygrorecepbtors and that humidity receptors on other parts
of the body mey also be present. Haller's organs on the fore-

legs of the sheep tick Ixodes ricinug were found by ILees (1948)

to be necessary for the humidity response ; some evidence was
presented to indicate that the trichoid sensilla in the anter-
ior pit of Haller's organ were the receptors. Bursell and
FBwer (1950) located the sites of these receptors on the body

surface and the antennae of the onychophoran Peripatopsis

moseleyi. Bar—Zeev‘(1960), proved experimentally the presence
of hygroreceptors on the antennac of Aedes aegypti but gave no
descripticn of these organs.

The humidity rcceptors have been investigated in a
number of species morphologically and histologically. Experi-
mental evidence, however, was gained by the amputation of the
parts bearing theses sense organs with the result that the‘anm
imals lost their response to humidity. Most frequently they
are located on the antennae in the form of tuft organs, each

bearing four minute hairs, as in Pediculus humanus corporis
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(Wigglesworth,1941), or on the ventral surface of the thorax

as in Musca domestica larva (Hafez,1950); or in the form of

thin-walled trichoid sensilla and basiconic sensilla (peg
organs) as those féund on the antennal club segments of Tri-
bolium spccies (Roth and Willis,1957,a). The same authors
(1951,b) located the hygroreceptors on the antennae of a
number of coleopterous adults and - larvae, and described them
as trichoid sensilla on the apex of the terminal segment of
S.granarius weevils, basiconic and trichoid sensilla on seg-

nents 9-11 of Dermestes ater and Attagenus piceus beetles,

basiconic sensilla on segments 8-10 of Rhizopertha dominica

beetles, trichoid sensilla on segments 9-11 of Laemophoeus

ferrugineus beetles, placoid and basiconic sensilla on seg-

ments 9-11 of Iatheticus oryzae beetles, placoild and basiconic

sensilla on the second antennal segment of Tenebrio obscurus

and Dermestes ater larvac. In the latter, coeloconic sensilla

could be found on the second segment. Roth and Willis(1952,b)
discovered trichoid and basiconic sensilla on the two last

antennal segments of the male Aedes acegypti, while in the

female they were present on the 1% flagellar segments. Diff-

erences betwecn the sexes also existed in Blatella germanice

where the trichoid and basiconic sensille were more frequent
on the male antennae (segments 3-13) than in the female ones
(Roth and Willis,1952,b). Aziz (1958), concluded that the

sensory organs responsible for the humidity reactions of the



first and fourth instar hoppers of Schistocerca gregaria are

most probably the cocloconic and basiconic sensilla found on
the antennae. The humidity receptors of the grasshoppers

Melanoplus species and Camnula species were located on the

. first eight antennal segments by Riegert (1959). Syrjamaki

(1962) came to the conclusion, from amputation experiments
the

on Drosophila melanogaster that the importance of/appendages

bearing humidity receptors was in the following order
1) antennae, 2) maxillary palps, 3) proboscis.

In the present work the humidity reactions of the three

species of Sitophilus namely S.granarius, S.zea-mais and 3.

oryzae were tested, and the sites of the hygroreceptors were
discussed and compared with the previous work on this spccies
carried out by Roth and Willis (1951,b) and by Smerecka and
Hodson (1959) who used different types of humidity gradient
apparatus.

B. Material and Methods

1) Humidity gredicnt apparatus: The method used for studying

the humidity reactions was based on the same principle as that
suggested by Gunn and Kennedy (193%6); but the alternative
chamber was designed to have a very small height so that the
intermediate zone was rendered very narrow, and the relative

humidity at the roof of the chamber was similar to that on the
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false floor. The apparatus (Fig. 52) was constructed as
follows : a circular perforated zinc plate 1% cm. in
diameter was cut and covered with muslin which was fixed
around the edges by means of " durofix ". The arena was
enclosed by the 1lid of a plastic Petri dish 9;2 cm. in
diameter and 7 mm. deep fixed to the false floor by
durofix. In this 1id there was a hole 1 cm. in diameter
for inserting the insects onto the false floor. A similar
1id from which the top had been cut off by means of a hot
needle, was fixed to the lower side of the false floor.
The durofix became odourless after a few days. A larger
glass Petri dish 14 cm. in diameter, covered the entire
apparatus so as to isolate the arena from the outside
atmosphere. A glass rod 5 mm. in diameter embedded in
wex, divided the lower compartment into two equal ones.
On either side of it were placed 4 senmicircular thick-
nesses of filter paper soaked in 3 cc. of KOH solution
giving the required humidity (Solomon,1951). The 1id of
the large Petri dish contained a central hole Jjust above
that of the plastic one. Both holes were covered by
small glass coVers. The insects were transferred to the
arena inside a dry glass funnel inserted through the two
holes. It was possible to slide the inner glass cover by
using a glass rod having a rubber tip, without raising

the large 1id which may have led to disturbance of the
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Fig. 52 : Section in alternative humidriy chamber; A, arend;

F, faise floor G, glass  rod ; P, petri disi,
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humidity equilibrium once it has been established. After

ach experiment the insects were removed by shaking vThe

®

apvaratus or by a pair of forceps. Relative humidities
in the two sides of the alternative chamber were measured
by means of cobalt thiocyanate papers (Solomon,1S57) . It
was found that the observed humidities were very close to
the theoretical values. The zone of sharpest gradient
was about 1 cm. wide at the mid-line. The small height
of the apparatus was the main factor in achieving such a
narrow intermediate zone, on the false floor as well as
on the roof of the chamber on which the weevils used to
wander. Humidity equilibrium was found to be reached
within half an hour.

The positions of the weevils were recorded every
three minntes for a period of half an hour. The index of
reaction or ( I.R. ), is a measure of the intensity of the
humidity response, and signifies the mean excess percen-
tage of position records in the lower humidity of the sum
of readings in each experiment ; this index for each test
was calculated from the formula

(D~ W)

X 100
N

in which "D ' and ' W ' are the sums of successive

positions occupied by the weevils in the dry and wet side



respectively, and ' W ' is the totz2l possible number
of position records per test ( Willis and Roth,1950,c).
Thus a positive I.R. value indicetes preference to the
drier side.

Experiments were carried out at room temperature of
20 + 1°C., and uniform light intensity of 1.1 log foot
lambérts, measured with an SBEI exposure photometer.
Uniform illuminetion was achisved by carrying out the
experiments in a dark room with a constant source of light
above the apparatus. The latter was placed below a white-
painted cage, 25 X 25 X 25 cm., with & ground-glass top,
provided with a nerrow side-slit for watching the insects.
The position of the apparatus was rcversed, in each set of
experiments, at four sets of 90 +o cancel any bias due
to variations in ligatb.

2) Method of preconditioning the weevils : Three sets of

experiments were conducted, on insects which were previ-
ously conditioned and starved for 24 hours in desicca-
tors at O % R.H. and at 100 % R.4. and at 25 C. The

other'experiments were carried out on the weevils reared
at 2500. and at 70 % R.H. Every group of these precon-
ditioned weevils was offered the following combinations :
O - 100 % R.H. 3 0 - 20 % R.H. ; 40 - 60 % R.H. ; and

80 - 100 % R.H. The actuzl rclative humidities differed
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very slightly ffom these theoretical values. In each
experiment 100 weevils were used, 10 at a time , so
that every T.R. value represented 1000 position reco-
rds. Control experiments were carried out using the same
humidities on both sides of the alternative chamber ( 5
with the low, and 5 with the high relative humidity ).

The experimental insects were 3-4 weeks 0ld and
chosen at random from staendard cultures.

3) Amputation of antennal segments : In order to locate

the position of the hygroreceptors in every species, the
antennal segments were amputated by means of 4tiny sharp
" Paragon " blade number 15 . The weevils were operated
while under continuous anaesthesic by carbon dioxide ,
which lasted about 1 or 2 minutes. The insects were
then allowed to rccover in the constant temperature room
for 24 hours bzfore their reaction to the humidity gra-
dient of O - 100 % R.H. was tested.

Whole mounts of the antennac were partially bleached
with Diaphanol, cleared in methyl cellosolve and mounted
in Buparal.

4) Loss of weight on desiccation : In order to explain

the significance of the difference in the humidity behav-

iour of the three species, cspecially of the desiccated

weevils, another experiment was conducted to determine
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the loss in weight of the wecvils duc to desiccation at
0 % R.H. and at 2500, for several deys. Simultaneously
the number of dead weevils was recorded daily. The rate
of loss in weight was cealculated for the living insects
only. For this purpose 100 weevils of ecach species
were cleanscd from wheat-dust by kceping them for a few
minutes on thin layers of cotton wool, and then weighed
in weighing bottles using an Oertling balance. The wee=
vils were confined in 1 1b. Jjars covered with muslin
fitted with rubber bands, placed insidc the desiccators
with KOH pellets. EHvery 24 hours the dead insects
were counted and rejescted and the living ones were weli-

ghed and replace? in the desiccators.

C. Results

1) 8. zea-mais
a) Insects preconditioned at 100 % R.H. and 25°C. for
24 hours :—~ It was noticed that the weevils when kept
in such a saturated atmosphere tended to aggregate in clu-
sters, and that their activity diminished to a great
extent. When they were introduced into the alternative
chamber they showed a marked preferencefgg the dry side

within the first minute of the experiment. The highest
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values for the index of reaction were obtained when tThe
weevils were given the choice between the two extreme
humidities of the gradient namely O % and 100 & R.H.;
the mean I.R. being + 70.7 + 4.7 (TABIE 50 and
Fig. 53).

When the relative humidities differed by 20 % , the
insects showed a definite reaction to the drier side
although thigs was less pronounced than in the gradient
of a wide range. The I.R. velues were 435.7 + 5.1
4%2.5 + 3.9 and 51.3% + 4.6 , at the gradients O - 20 % ,
40 - 60 % and 80 - 100 % respectively (TABLZ 50 and
Fig. 53).

b) 1Insects previously kept at 70 % R.H. and 2500b:

1

The reaction to the dry side was nearly as strong as in
the previous experiment at the higher scale of the humi-
dity gradient. The mean I.R. values were 65.9 + 4.8 ,
42.% + 2.4, 42.5 + 3.5 and 31.8 + 2.7 , at the gradi-
ents O - 100 %, 0 -20%, 40 - 60 % and 80 - 100 %

(TABIE 51 and Fiz. 54).

¢) 1Insects preconditioned at O % R.H. and 25 C. for
24 hours : The reaction to the dry side disapp-
eared after the weevils had been desiccated for 24 hours.

Moreover, when they were offered the gradient of 0-100 %
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Index of reaction of S.zea-mais weevils preconditioned

e e — e wcns vt it

at 100 % R.H. and 25 C. at different humidity gradients
Gradients 0 -100 % |0 ~20% |40 - 60 % |80 - 100 %
Time Index o f Reaction
(min.)
f
3 . 81 + 56 45 + 40
6 66 B4 | 38 56
9 78 39 43 Sh
12 68 34 [ 36 42
15 Vas 4l 51 4h
18 76 4.9 4.8 51
21 68 52 26 57
24 61 52 54 50
27 59 41 40 60
30 75 36 hh 59
Mean + S.i. + P0.7+4.7 |+ 43.7+ 5. +43.5+3.9 +57.5i4.6
Mean control - 1.3 + 1.2 + 2.0 + 2.4




TABLE 51
Index of reaction of B. zea-mais weevils previously
kept at 70 % R.H. and 25°C. offered different
humidity gradients.
Gradients 0 - 100 % 0 -20% B0 -60% 80 - 100 %
Time -~ s
(min. ) Index of Reactilon
+ 87 + 46 + 36 + 371
6 69 41 46 31
9 58 41 43 35
12 72 39 52 27
15 62 47 49 37
18 59 41 40 31
21 52 35 42 52
2L 59 47 44 30
27 65 4% B 25
50 56 43 39 39
Mean+ S.H. +6%5.9+4.8 2. 542,41 +42.5+5.51 + 31.8+2.7
Mean control + 5.0 .- 0.2 - 2.2 + 1.0
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they did hot show any preference for either side, the mean
I.R. being + 0.2 + 1.6 . However, a tendency Lo move to-
wards the wet side was observed in the gradients of 0-20 %
and 40 - 60 % , the mean I.R. values being - 11.8 + 5.2
and - 12.6 + 4.1 respectively. The strongest reaction to
the wetter side was clearly achieved in the gradient of
80 - 100 % , where the mean I.R. reached the value of
- 39.8 + 5.6 (TABLZ 52 and TFig. 655).

The effect of preconditioning on the behaviour of the
insects can be illustrated in Fig. 56 which shows the rea-
ctions of weevils conditioned at different humidities and

placed in the humidity gradient of O - 100 %.

2) 8. oryzae

a) Insects preconditioned at 100 % R.H. and 25°C. for
24 hours :- The positive reaction to dry conditions
of these weevils can be clearly observed in TABILE 53
and Fig. 57 ; the weevils were given the choice between
0 % and 100 % R.H. The ' index of reaction ' during
the first 6 minutes of the experiment was over + 70
This strong preference for the dry side, however, decreased

gradually with time, until at the end of 30 minubtes the



TABLE

52

2.

Index of reaction of 5. zea-mais weevils preconditioned

at 0 % R.H.

humidity gra

and 25°C.

dients.

for 24 hours offered different

Gradients 0 - 100 % 0 - 20 % 40 - 60 % 80 ~ 100 %
(gig?> Index of Reaction
+ 5 =271 =14 -36
6 -1 ~15 ~25 ~53
9 -6 -1 =15 ~52
12 -2 -18 -5 ~4.3
15 + 8 + 2 -5 =437
13 -5 -9 ~21 =4
21 - 5 -19 -10 =36
24 - -9 -12 -27
27 - 8 -7 -10 =27
30 +17 -2 - 9 =40
Mean+ S.E. + 0.2+1.6 -11.8+5.2 ~12.6+4.1 ~%9.845.5
Mean control|+ 0.6 + 0.4 + 0.6 - 0.8
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last three values of I.R. fell below + 40 ;.the mean
value of all the tests being + 554 + 9.7 .

In the gradients between O - 20 % R.H., and 40 -

60 % R.H. the mean values of the ' index ' were +31:44+2.7
and 29.5 + 2.8 respectively, i.e. they were low compared
The plotted values indicating these reactions (Fig. 57),
fluctuated around a more or less constant .level.

At the higher scale of the humidity gradient namely
between 80 and 100 % R.H., an intermediate value of
+ 42.2 + 4,9 was obtained. The index of reaction was
high at first, then decreased after a few minutes and rose
slightly at the end of the experiment ( Fig. 57 ).

b) Insects previously kept at 70 % R.H, and 25°C.

The weevils exhibited an extremely strong reaction to
the dry side of the alternative chamber with a gradient of
0O = 100 % R.H, during the first few minutes of the experi-
ment. A sudden change in the reaction ( a drop in the I.R.
value from + 90 to + 51 ) occurred after 6 minutes ,
and then the reaction stabilised around a mean (see Fig,58}.

The data in TABLE 54 dindicate that the highest mean
I.R. was + 46.2 + 10.5 at 0-100 % humidity gradient .
The weevils reacted more or less to the same degree (+27.2

+ 6.5 and + 26.7 +5.5), at the humidity gradients 0-20 %



TABLAE

55.

218.

Index of reaction of S.oryzae weevils preconditioned at

100 % w.H. and 25°C. for

hunidity gradients.

24 hours, offered different

Gradient 0O - 100 % 0O - 20 % 40 - 60 % .180 ~ 100 %
Time Indezx of Reaction
(min.)
% + 72 + 37 + 38 + 59
6 4 28 50 50
- G 69 29 29 42
12 54 40 37 37
15 64 3 27 39
18 50 26 28 32
21 53 29 26 3G
24 38 37 50 39
27 55 30 34, 46
30 37 35 22 %9
Mean + S.E. | +55.449.7| +31.4+2.7 +29.5+2.8 +42.2+4.0
Mean controll + 0.6 + 2.8 + 1.6 + 0.8




Index of reaction of S. oryzae

at 70 % R.H.

gradients.

TABLE

54

219.

weevils previously kept

and 25°C. , offered different humidity

Gradient 0 - 100 %

e

0-20%

40 - 60 %

80 - 100 %

?;?g) Index of Reaction
3 + 90 + 51 + 38 + 41
6 51 31 30 45
9 40 35 40 45
12 54 18 19 53
15 37 18 22 41
18 27 51 19 27
21 4.0 22 32 4%
24 37 20 32 28
27 34 22 16 25
30 4 24 19 1%
Mean+ S5.E. +46,.2+10.5 +27.2+6.5 | + 26.7+5.5 | + 36.1+7.7
Mean controll + 1.4 + 0.2 - 2.6 + 1.




[R.

220,

Gradients
o - o O=-:00 %
¢ ———a O = QO /o
o 40 - 60 ¢
80 "’IOO o/o

-’IOL I I} 1 I I3 1 I
3 6 9 12 185 18 21 24 27 320

Time (min)

Fig. 57 Index of reaction of S oryzae wesavils in different

tumidity gradients , and preconditicnaed ai 100% RH.



221,

Gradients
Qe © O"]OO o/o
e——ees O= 20°%
o 040‘ 600/0

— <+ 80-100%
S50~ @
80
70t
€Ol
50 o @ ,
\ -
\ — -
. 7O N @
o A ",
- 20L \\5/ \\§\
\;\ /
201 \\?.{j&o
+10¢
O —— e
= 10 4 . [l JoY ! b L i
> 3 6 9 12 185 18 21 24 27 30

Time (min)

Fig. 58 . Index of reaction of S.oryzae weevils in differen:

humidily gradients , and preconditionad at 70°% R.H.



222,

and 40 - 60 %, and in a nearly similar manner. A slightly
higher value; which was +36+1 + 7.7, corresponds to the
weevils' reaction at 80 - 100 % R.H. gradient.

Three of the four curves depicting the behaviour in
these humidity gradients agreed in having lower values at
the end of the experiment than at the beginning, i.es under
three sets of experimental conditions the reaction to drier
alr was strong at first g nd then dropped off with time .
The exception to this was the behaviour in the gradient of
0 -~ 20 % R.H., where the reaction fluctuated around a con-
stant mean to the end of the experiment.

c) Insects preconditioned at 0% R.H. and 25°C.for 24 hours:
The humidity behaviour of 3. oryzae weevils was greatly
influenced by desiccation in such a dry atmosphere. They
exhibited strong preference forthe wet side of the humidity
gradients between O - 100 % R.H, and 80 - 100 % R,H. The
values of the mean index of resction were - 48,2 + 11.0
and - 52,5 + 3,2 respectively. The reaction to the wet
side, however, was also shown but to a lower extent when
the weevils were offered O - 20 % R.H. and 40 -~ 60 % R.H.
gradients; the means of the indices being -%4.8 + 4.2 and
- 58.2 + 5.0 respectively. These data are presented in
TABLE 55 and Fig. 59. It can be seen that the weevils in
the gradientjg—ﬂoo% R.H., gave a weak reaction to the wet

side at the beginning of the experiment,the T.R.being ~ 10



TABLE 55

225,

Index of reaction of S.oryzae weevils preconditioned at

O % R.H, and 25°C. for 24 hburs, offered different

humidity gradients.

!

Gradients O - 100 % | 0 -~ 20 % |40 - 60 % 180 - 100 %
Time Indezx of Reaction
(min.)
3 -10 - 39 - 38 - 52
6 32 33 54 46
9 45 55 35 51 .
12 44 37 49 53
15 41 271 37 48
18 63 34 36 60
21 57 39 30 50
U 58 27 355 50
27 64 %9 41 52
30 68 4un 21 62
Mean + S.E. =48.2+11.0 |- 34.8+4.2 - 58.2+5.0]- 52.5+5.2
Mean control +0.8 + 3.4 - 1.0 - 0.6




I.R.

224,

Gradients
Qv 0100 % RH.

o 40- 60 fe
20~ — o 80-100 °.

+ 10t

60+

701

|

i

. 2 s . 1 1 : X s . i
80 3 6 9 12 15 18 21 24 27 30

Time (min.)

Fig. 89 : Index of reaction of Soryzae weevils to different

humidity gradients and precondijtioned at O o RH.

J



225.

after the first three minutes. The curve then steeply
sloped and the figure of -63 was obtained after 18
minutes of the experiment, and after half an hour it
reached -68.

The curves representing the behaviour of the desi-
ccated weevils at O - 20 % , 40 - 60 % and 80 -~ 100 %
R.H. gradients, indicate that the reaction to the wet

side was fluctuating around the mean value of every
experiment.

Fig. 60 clearly illustrates how the weevils reacted
at O - 100 % R.H. gradient , when they were previously
conditioned at three different relative humidities. The
strong reaction to the dry air shown by the weevils
preconditioned at 100 % R.H. and at 70 % R.H., became
an extremely strong rcaction to the wet side of thebappa—

ratus after desiccation at 0 % R.H. for 24 hours.

3) 2. grenarius
a) Insects preconditioned at 100% R.H. and 25°C. for 24
hours :- The weevils gave a clear reaction to the dry
side in the alternative relative humidities of (G and 100%,
the mean I.R. was + 49.2+1.4 (TABLE 56). In the O - 20 %

and 40 - 60 % R.H. gradients, the weevils seemed to be

unable to discriminate between the alternative humidities.
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The mean I.R. values were + 3.2 +1.5 and + 5.3+1.1 which
were not significantly different from the control ones

At 80-100 % humidity gradient, however, the dry reaction
could be slightly detected, the mean I.R. was + 13.2 + 5.5,

The curves representing these reactions are shown in Fig.61.

b) 1Insects previously kept at 70 % R.H. and 250C. P
The behaviour of the weevils kept under these conditions
did not differ much from the previous experiment when they
were preconditioned at 100 % R.H. Thus the results in
TABLE 57 and the curves representing them in fig. 62
clearly illustrate this.
At O - 100 % humidity éradient the mean I.R. value

was + 48.7 + 5.5 1indicating a strong reaction to the dry

side. But at 0 - 20 % and 40 - 50 % humidity gradi-
ents the weevils were almost indifferent to the two alter-
natives giving mean I.R. values of + 8.0 + 4.9 and + 5.7
+ 4.8 respectively.

The tendency of the movement to the dry side,however,

was clearer at the higher scale of the humidity gradient



Index of reaction of 3.

TABLE

ot

56

at 100 % R.H. and 25° C. for 24 hours , offered
different humidity gradients.
Gradient 0O - 100 % O ~20% | 40 - 60 % 80 - 100 %
Time Index of Reaction
(min.)
3 + 48 + 5 -5 -5
S + 5% -3 + 8 +20
S + 38 + 1 + 6 +22
12 +49 + 5 0] +10
15 + 59 + 6 + 9 +15
18 + 56 + 3 +13 + 6
21 + 52 + 3 +171 +1
24 . + 44 + 3 - 7 +15
27 + 45 + 3 + 1 +26
30 + 43 + 5 + 5 +12
Mean + S.5.0 + 49.2+1.4) +3.2+1.5| + 5.3+1.1 +13.245.3
Mean control|- 1.6 +2.83 + 0.2 + 2.6
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Index of reaction

kept at 70 % R.H.

TABLE 57

of é.

and

humidity gradients.

granarius weevils previously

25°C., offered different

f
Gradients O - 100 % O -~ 20 % 40 - 60 % |80 - 100 %
Time Index of Reaction
(min.)
5 + 61 + 7 - 6 + 12
) + 52 - 5 -2 + 20
g + 43 +23 +18 + 11
12 + 51 + 9 -7 + 12
15 + 49 + 6 + 7 + 26
18 + 45 +20 + 5 + 7
21 + 61 -11 + + 32
24 + 50 +12 + 4 + 19
27 + 31 + 3 +11 + 19
30 + 44 + 6 +18 + 37
Mean+ S.E. +#8.7+5.6] + 8.04+4.9 + 5.744.8 +18.945.5
Mean control| -4.3 + 2.6 - 0.2 + 1.4
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¢) Insects preconditioned at O % R.H. and 25°C. for

24 hours :- The weevils which normally selected the
dry side when they were previously kept in a humid atmos-
phere, exhibited a weak or negligible reaction to dry air
after being desiccated for 24 hours. The mean I.R. was
+ 11.5 + 7.8 at O - 100 % humidity gradient, and at
0~ 20 %, 40 - 60 % and 80 - 100 % gradients the indices
were : =4.9+45.9, +1.4+3.9 and +%.545.0 which shows
that there was no discrimination at all (TABLE 58) .
Ifig. 6% shows how this behaviour fluctuated around the
non-reactive zone.

The effect of preconditioning at different relative
humidities, on the behaviour of S.granarius weevils at
0 -~ 100 % humidity gradient is shown in fig. 64. The
desiccated weevils, showed a marked decrease in the reac-
tion to the dry side , compared with those preconditioned
in a wet atmosphere. WNear the end of the experiment ,
however , the desiccated weevils seemed to have sligh-
tly gained the tendency to move to the dry side , the

I.R. wvalue of + 33 having been reached.
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TABLE 58
Index of reaction of S.granarius weevils previously kept at
0 % R.H. , 25°C. for 24 hours,in different humidity gradients

Gradients 0 - 100 % O - 20 % |40 - 60 % 80 - 100 %

Time

(min.) Index of Reac t1ion

3 + 19 - 4 0 - 6

6 + 4 - 18 -9 -

9 - 9 - 12 -3 + 13

12 + + 8 +16 - 6

15 + 22 - b6 -6 - 2

18 + 2 - 4 + 2 + 23

27 + - 8 +16 + 4

24 + 19 + + 3 + 5

27 + 4 -5 0 + 5

50 + 5% + 4 -10 : + 11
Mean+S.E. +11.5+7.8 -4 44+5.9 +T.4+5.9 +5.645.0

Mean control +1.2 -1.2 0.4 +2 .4

|
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4, The Humidity Receptors

" Roth and Willis (1951,b), were able to locate the
weevils. They gave a detailed description of the antenna
as follows : geniculate and consists of eight segments
The first segment or'scape' is greatly elongated and about
as long as ' pedicel ' (segment 2) and ' funicular seg-
ments ' (3-7) combined. The eighth segment is enlarged
and forms & distinct club. Sensilla chaetica are found
on all the antennal segments. Thin-walled long, slender,
trichoid sensilla are found in a dense triangular patch
interspersed among sensilla chaetica, at the apex of the
eighth segment only.

After amputation of the club segments on both ante-
nnae of the weevils which normally showed a strong reac-
tion to the dry side, the weevils became indifferent to
humidity. This indicated that the hygroreceptors were
only present on that segnent.

In the present work sets of similar amputation exp-

mais and 3.oryzae, to see whether any differences in

the distribution of the hygroreceptors exist, as those
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that were found in different species of Tribolium Dby
Roth and Willis (1951,a). The antennae of the three

species of Sitophilus are illustrated in Fig. 65 . As

far as the club segment is concerned, it was found that
slight differences existed between that of S.granarius
on one hand, and the rice weevils on the other. In the
first species the club segment is elongated nearly oval
in shape, and large as compared with the club segments
of the rice weevils, in which it is more or less globose
( Ffig. 65, a' , b' and ¢c' ). The apical triangular
dense patch of’trichoid sensilla looked nearly identi-
cal in the three species. In the rice weevils, however,
a number of minute pit organs, probably sensory in fun-
ction, are dispersed near the apex of the club segment
only. They vary in number from one individual to anot-
her of the same species. In S.zea-mais, 18-31 pit
organs have been found, and in S.oryzae they ranged
between 15 and 30 . No pit organs were found on the
antennae of the granary weevils.

The three species, however, agreed in possessing
hygroreceptors on the club segment only. This was con-
firmed experimentally. The weevils which normally
showed a marked preference for the dry side of the hum-

idity chamber, when previously kept in a humid atmosphere,
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they were unable to discriminate between the two extreme
humidities, when the club segment was amputated from both
antennae. The reaction of weevils with amputated club
segments, previously kept at 70 % R.H. and 25°C. is
given in TABLE 59, and illustrated in Fig. 66 . The
meen indices of reactions of weevils with club segments
removed were - 4.9 + 3.5, =~ 1.8 + 0.6 and -0.9 + 0.2
in 8. zea-mais , S. oryzae and B. granarius respecti-

vely. This indiscriminat:c: Dbehaviour indicates that the

weevils lost their ability to respond to humidity.

5. Effect of Desiccation on ILoss in Weight and

Rate of Death of the Weewvils :-

This experinment was carried out as an attempt to
explain the meaning of the difference in behaviour in
reaction to humidity shown by the three species of
weevils when they were desiccated for 24 hours at 0 %
R.H., 25°C. (TABLE 61) s and to determine the ability of
the weevils to resist desiccation.

Under absolutely dry conditions, the rate of water
loss, indicated by the decrease in mean body weight ,
differed in the three species ( TABLZ 60 , Fig. 67 )

After 24 hours of desiccation S.zea-mais lost 10.7 %



24.0.
TABLE 59
Index of reaction of weevils with antennal club removed

previously conditioned to 70 % R.H. and 25"’()..J and placed

in a relative humidity gradient of 0 - 100 % .

Time (min.) Index of rTeaction
S.zea-mais S.oryzae |S.granarius
) - 16 - 3 - 2
6 - 8 -2 + 2
9 - 7 - 5 + 12
12 - 7 + 8 + 2
15 0 -1 - 3
18 0 + 1 + 2
21 + 1 -7 - 6
24 - 6 - 6 - %
27 - 8 - 2 - 5
50 + 2 -1 - 8
Mean + S.H. - 4.9 + 3.5 - 1.8 + 0.6] -0.9+ 0.2
Mean control - 0.8 + 1.6 + 0.6
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of their original weight, while S.oryzae and S.granariug
lost 13.7 % and 9.2 % respectively. Thig indicates that
the highest loss was in §.g£zggg; a species which showed
the strongest reaction to moist air after desiccation at

O % R.H. and 25°C. for 24 hours (TABLE 61 and Fig. 73).
The slightly higher percentage of water lbss in S.zea-maig
preference for +the wet side of the alternative humidities
by the former species.

After 48 hours the percentages of total loss in
weight were 21.1 %, 19.7 % and 18.3 % in S.zea-mais,
S.oryzae and S.granarius respectively. The latter species
5till exhibited greater ability to withstand desiccation .
The percentage of water lost from S.zea-mais weevils was
higher than that from S.oryzac, yet the former speciles can
be considered to be more resistant to dryness, since after
%3 days of desiccation all S.oryzae weevils died, while 52%
of S.zea-mais still remainéd alive (TABIE 60). After 4
days of desiccation all S.zea-meig weevils also died when

the percentege loss reached over 25.1 % of the original
was a loss of 22.1 % of original weight, but after 4 days
of desiccation 15 % of the weevils were still alive and

died only on the sixth day. The sudden rise in mean weight
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TABLE 60

Rate of death , and loss in weight of weevils due to desiccation at 0 % R.H. and 25o C.

Species Days after desiccation O 1 2 3 4 5 6
S.zea-mais  Number of insects found dead - - 4 44 52 -
Cumulative percentage of original dying - - i 08 100
Number of insects alive 100 100 96 52 -
Total weight of living insects (gm.) L2419 L2155 1833 . 0959 -
Mean weight of living insect (mgm.) 2.42 2.16 1.91 1.86 -
Percentage of original average weight 100 % 89, 3% D8, 9% 76, 9% -
S.oryzae Number of insects found dead - 7 53 Lo -
Cumulative percentage of original dying - 7 50 100 -
Number of insects alive 100 93 4o L.
Total weight of living insects (gm.) 171 . 0943 .0%76 i
Mean weight of living insect  (mgm. ) 1.17 1,01 0.94 -
Percentage of original average weight 100 % 86.% % 80.3 % -
Se.granarius Number of insescts found dead - 1 6 34 na 9 6
Cumulative percentage of original dying - 1 7 1A 85 9L, 100
Number of insects alive 100 89 0% 59 15 5 -
Total weight of living insects (gm.) , 2400 2162 1825 104 .0%2% ,0128 -
Mean weight of living insect (mgm.) 2,40 2.18 1,95 1,87 2.15 2.1% _

Percentage of original average weight 100 % Q0.8 % 81.7 % 77.9 % 89.6 % 88.8% .

#0
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of 8.granarius wecvils from 1.87 mg. . after the third day
of desiccation to 2.15 mg. . after the fourth day indicates
that only the heavier insects were able to survive for 4 -
5 days . This experiment exhibits differential survival
of insects of varying weights. The rate of death of the

three species of weevils are illustrated in Tig. 68

D. Discussion

Biological and ecological studies of Sitophilus

species by some workers indicate that these insects re-
produce #r and survive more efficiently in higher humid-
ities. Birch (1944) found that the number of eggs laid by

the two strains of Calandra oryzae (=Sitophilus zea-mais

and S.oryzae ) is greater in wheat of higher moisture
content. Richards (1947) concluded that oviposition of

Calandra granaria (= S.granarius) wecevils increases slowly

o v s e

as relative humidity riscs from 70 % to 100 % R.H. ,
and falls rapidly if it is reduced below 70 % . Further,
he showed the effect of the relative humidity on the len-
gth of the life cycle, the average numbers of days until
the adult weevils leave the grain at 21°C. were 57 , 58,
64 and 71 days at the relative humidities 80 %, 70 %,

60 % and 50 % R.H. Reddy (1950) recorded the number of
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eggs laid and the percentage hatch of S.oryzae , and came
to the conclusion that the conditions most favourable for
the activity of the weevils were 75 ~ S0 % R.H. and 281

30°C. Howe (1952) mentioned that oviposition of C.oryzae

is poor at humidities below 70 % and that mortality of the
immature stages is high below 60 % R.H.

The preference of the weevils for the dry side of the
alternative humidity chamber in the present work was con-
clusive when the insects were preconditioned at 100 %
and 70 % R.H. This behaviour rcsults from the physiolo-
gical effects of the water balance in the body. These
insects which were previously kept at high humidities
discriminate between high and low relative humidities and
move to the latter. There is, however, a slight btendancy
for them to reverse this reaction at the end of the exper-
imental half an hour. After 9 minutes, however, a
marked decrease in the rcaction to dry air occurred which
was especilally strong in S.oryzae, which proved to be the

T (Rig. 69
species least rcsistant to dssiccation/ When the insects
were desiccated for 24 hours at O % R.H., 3. granarius
and S. zeg-mais weevils showed no preference for the dry
side and S. oryzac gave a strong reaction to higher humid-
ities of the gredient O - 100 % R.H. (Fig. 70). This

interesting differcnce was further confirmed by determi-

ning the rate of loss in weight and the rate of death of
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the weevils by desiccation for several days (TsBLE 60 ,
Figs. 67 and 68). After 48 hours in extremely dry
conditions, 60 % of S.oryzae weevils, and only 4 % of
§.ggg;m§;§ and 7 % of S.granarius were found dead. The
ability to withstand desiccation varied in thec three
species, and it was found that when on desiccation S.oryzac
lost 19.7 % of their weight, all of them died. 23.1 %
loss in weight of S.zea-mais weevils was found to be
critical i.e. they werc more resistant to dryness than
S.oryzae. In S.granarius 85 % of the weevils died after
22.1 % loss in weight, and the following rise in the per-
centage of body weight of the living insects after % days
of desiccation, led to the conclusion that only the heav-
ier weevils could resist complete dryness for six days.
100 % death of S.zea-mais weevils occurred after 4 days,
and of S.oryzae wecvils after 3 days. The effect of
starvation alone i.e., without desiccation on the mortality
of the two species of the rice weevils was mentioned by
Richards (1944) ; the mean number of days the weevils
survived was 7.58 days in the large strain (=S.zea-mais)
and 5.15 days in the small strain (=S5.oryzae).

Humidity reactions of S.granarius weevils have been
previously analysad by Roth and Willis (1951,b) who used

an olfactometer with two air streams of extreme relative
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humidities, and by Smereka and Hodson (1959) who used an
alternative chamber with humidity gradicnts of 25 and
30 % R.H. 1In all cssentials the results of the present
experiments agrec with those of the previous workers

The insects previously kept in favourable conditions of
humidity ( i.e. at 70 % R.H. or more ), exhibited an ini~
tial reaction to the dry side which was followed by a
slight decrease in the reaction over the test period,
which was 20 minutes in the experiments of Roth and
Willis (1951,b), and 30 mninutes in the present work
Smereka and Hodson (1959) mentioned a reaction to the dry
side during the first two hours, which gradually and
clearly becamc a reaction to the wet side for the rest

of the experimental time which lasted for 24 hours
This reversal of the reaction may be associated with the
disturbance in the water balance in the weevils, which
probably occurrecd during the first two hours which were
spent in dry condivions.

The effect of 2-day desiccation on the humidity
reaction to moist air ( Roth and Willis , 1951,b), whereas
in the present work ‘-day desiccation decreased the rea-
ction to dry air to a great extent, but there was no

clear reversal in the reaction (TABLE 61 and Fig. 70).
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The weevils when desiccated for 12 hours gave a clear
reéction to the wet side in the experiments of Smereka
and Hodson (1959).

From TABLE 61, in which all the humidity reactions
of the threc species are summarized, it can be sesn that
the intensities of reactions of the weevils preconditioned
at 100 % R.H., were almost the same as those in the wee-
vils which were preconditionad at 70 % R.H. A slight
increase in the values of I.R., however, occurred in
S.zea-mais and S.oryzac especially when they were offercd
0-100 % a nd 80-100 % humidity gradients. In both cases
of preconditioning, the highest figures of the indices of
reactions were those of S.zea-mais, followed by S.oryzac
and S.granarius. At 0~20 % and 40-60 % humidity gra-
dients, thc indices of reactions were remarksbly low com-
pared with these at the O0-100%R.H. gradient in both S.
zes-mais and S.oryzae. In contrast to the other two
species, S.granarius secmed to be unable to discriminate
between gradicnts of 20 % R.H.

The graphs comparing the behaviour of the three
species at 0-20 %, 40-60 % and 80-100 % R.H. gradients
when the insects were preconditioned at 70 % R.H. are

shown in Pigs. 71 , 72 and 73.
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TABLE 61

Mean'Index of Reaction'of the weevils in different humidity

gradients ( + indicates dry reaction )

Gradicent 0 - 100 % 0 -20 % | 40 - 60 %] 80 — 100 %

1. Insects preconditioned at 100% R.H. for 24 hours

S.zea-mais | +70.7+4.7 | +43.745.1 +#35.5+43.9] +51.3+4.6

kit e s ettt

S.oryzae +55.440.7 | +31.442.7 +29.542.8| +42.2+4.9

{on

.granarius| +4+9.2+1.4 + 3.2+1.5 + 554111 +13.245.3

e

2. Insects preconditioned at 70 % R.H.

S.zea-mais | +63.0++.8 | +42.5+2.4 +H2.5+3.51 +31.8+42.7

s e et bt e

S.oryzae +46.2+10.5 +27.2+6.5 +26.7+5.51 +56.1+7.7

| S.granarius; +48.7+5.6 + 8.044.9 + 5.7+4.8] +18.945.5

3. Insects preconditioned at O % R.H. for 24 hours

S.zea-mais |+ 0.2+7.6 | -11.8+5.2 ~12.6+4.11 -39.8+5.6
S.oryzae -48.2411.0 =34.8+4.2 | =38.2+5.0] -52.5+3.2
S.granarius| +11.5+7.8 =4.4+4%.9 + 1.443.9] + 5.645.0

4. Antennal club removed- Insects preconditioned at 70¥R.H.
S.zeazmails | - 4.9315.5

S.oryzac | -1.8£0.6

S.granarius - 0.9:0.2
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When the insects were desiccated for 24 hours, on
the other hand, S.granarius weevils were nearly non-
responsive to the humidity gradients offercd, while
S.oryzaec weevils showed a strong prefcerence for the wet
side in all the tests. A clear reaction to the wet side
was scen in S.zca-mais at the higher range of the humidity
scale, and a weaker response in 0-20 % and 40-60 % R.H.
gradients, whereas in the 0-100 % R.H. gradient there was
no discrimination between the two sidzs of the apparatus
(TABLE 6&1) .

The role of the anbtennae in humidity perception was
investigated in a number of arthropods (see Introduction).
Removal of the club segment, however, abolished the hum-
idity response completely (TABLE 61). This indicates
that the trichoid sensilla found on that segment, are the
only humidity reccptors prescnt on the body of the three

species of wecvils.
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VII. TEMPERATURE PREFERENCE OF THE WERVILS

A, Introduction and Review of Literature :~

The range of temperature within which an animal may
live differs greatly in various species. It has been cla-
imed by Brues (1939) that 52°C. is about the highest
temperature at which any animal is known to thrive inde-

finitely. At the other extreme, the beetle Astagobius

angustatus completes its life cycle at temperatures bet-

ween —1.7° and +1.0 C. (Allee et al.,1949). Andrewartha
and Birch (1954) concluded that agquatic animals live with-
in narrow renges of temperature ( 16°C. or less ),whereas
terrestrial or amphibious animals live in places where

the temperature is more variable. Extensive work has been
carried out dealing with the temperature preference of
verious species ;3 the subject has been reviewed by Deal
(1941) and by Fracnkel and Gunn (1961). Most of the exp-
eriments on the reactions to temperature have involved
gradients of floor tecmperature and the resulting gradients
in fhe air. Whenever there is a gradient in temperature
there arc also, incvitably, gradients in the relative
humidity of the atmosgphere ; a difficulty which is encoun-

tered in the experiments on terrestrial animals.
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While a definite prefercncc for a certain range of
temperature was exhibited by various species, in very few
cases the role played by the temperature factor was not

detected as in the larvae of Choristonesura fumiferana which

responded only to differences in the relative humidity
( Wellington, 1949 ).

Sensitivity to temperature typically plays an impor-
tant part in the process of reaching and maintaining an
optimal situation. Krogh (1914) suggested that the infl-
uence of temperature is twofold, it has a relatively prompt
effect mediated by the central nervous system and a slower
effect through the alteration of general metabolism. Homp

(1938) found that the human body louse Pediculus humanus

restless movements and avoiding reactions in other parts of
the gradient field. Herter (1924) mentioned that preadap-
tation to a higher or lower temperature may shift the pre-
ference upward or downward according to the species. Gunn
(1934 ) found the preferred temperature range of normal male

was
Blatta orientalis zs 2012900, while specimens desiccated to

70 % of their original weight showed a much lower preferred
temperature, namely 12L23°¢., Agrell (1947) found that exp-

osing the carabid beetle Harpalus pubescens to specific

temperature during a fasting period led first to the selec-

tion of higher temperatures than in the control specimens.
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The effect of preadaptation on the reaction of some insects
to temperature was described by Mellanby (1939). He found
that the " chill-coma temperature " for five species of
insects belonging to three different orders was considera-
bly affected by the temperature at which they had been
living. Individuals of the same species from warm condit-
ions were immobilized at higher temperatures than those
from cool. Thomson (1938) found that the avoidance to

high temperatures offered by Culex fatigans was strongest

in the hungry females. Graham (1958) found two ranges of
preferred temperature exhibited by Tribolium species,these
were 28% and 14°C. He concluded that the intensity of
reaction towards 28° or 14 C. was dependent upon the
environmental temperature at which the population was pre-
viously kepts; a colder environment initiated more intense
warm end reaction. A T.cestaneum population from a warm
environment has a markedly more intense reaction towards
28°C  than T.confusum ( 46 % as against 7% ). Nicholson
(19%24.) found that rising temperature causes activity of
the sheep-tick tc occur at a lower range of temperatures
than does constant temperature. He further concluded that

differences in the reactions to temperature of the closely

related species Lucilia cuprina and L. sericata are very

digtainct . The difference in behaviour exhibited by the
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same species at different developmental stages was illus-
trated by Thomsen and Thomsen (1937) in their experiments

on Musca domestica . For young larvae in the feeding stage

503- 5700. was the preference zone, whereas that of mature
larvae close to pupation fell below 1500. - Becond~instar

larvae of Aedes aegypti when subjected to a temperature

gradient from 42°C to 8°C.,the me.jority of the larvae agg-
regated over the range of temperature 23" - 5200., while
third- and fourth-instar larvae and pupae showed a marked
preference for the range of temperature 28° - 5200.

( Omardeen,1957 ).

Deal (1941) in his experiments on the granary and the
rice weevils, apparcntly considered the latter as a single
species ( C.oryzae ) . The present work was carried out
in the light of the separation of the rice weevil complex
into two definite species. Some modifications to Deal's
technique were found to be essential, and thus S.granarius

was also included in these experiments.

B. Methods and Techniqgues

The apparatus in which the temperature gradient was set
up was a rectangular aluminium trough wiﬁh wall and floor
about 3 mm. thick and with internal dimensions of 24" 2"
X1 " deep (Fig. 74). The trough was covered by a thick

plastic cover through which 6 thermometers with their



262.

bulbs touching the floor were inscerted via small wooden
tubes, with the result that 5 compartments were estab-
lished, and the temperature range in each was measursd.

An aluminium cylindrical rod (r) 7 cm. long and 3.5
cm. in diameter fixed to the floor of the trough near one
end, was immersed inside a large thermos flask (f) filled
with ice , and covered with a thick cardboard sheet. The
other end was heated with a 60-watt bulb (b) covered by
a sheet of black paper fixed to the reflector of the lamp.
A wooden cage (c) supported the hot end of the apparatus.
The apparatus was placed in a constant temperature room at
20°C. and 50 % R.H. A very constant gradient with a range
of 12.500. ( 10° - 22.5°C. ) was maintained. The Steepness
of the gradient was 2.560. in 2 inches. Hquilibrium was
reached within one hour. The five compartments were filled
with two layers of English wheat grain. Two inches were
left free of grain at each end of the trough to cancel any
thigmotactic tendency of the weevils. In this manner ; the
weevils settled down inside the grain laysr close to the
aluminium floor, the temperature of which was known. The
experiments were carried out in complete darkness to cancel
any effects of light. The relative humidity of the air was
measured by means of cobalt thiocyanate papers (Solomon ,
1957). Nodetected difference existed between the relative

humidities of the different compartments ( i.e. any gradient
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that existed was below 5 % R,H.), The grain was conditioned
at 50 % R.H., 20°C. for one week before using 1t in the
experiments. The moisture content was 11.1 %.

The weevils tested were 2-week old, reared in English
wheat at 2500., 70 % R.H. - 50 weevils, chosen at random,
were introduced inside the apparatus through & hole in the
plastic cover on top cf the middle compartment. The number
of the weevils in each temperature range was counted after
one hour. Ten replicates were made in each set of experi-
ments for the three species, the total number of insects
used was 500 of each species. 4 control experimgnts
with 50 1nsects in each, were carried out for each set of
experiments at 20°C.

In some preliminary experiments, similar to those of
Deal (1941), when a wide range of the temperature gradient
was used, it was noticed that (1) The weevils exhibited a
strong avoidance reaction of temperatures higher than 5800.
This was accompanied by lifting the tarsi in a nearly perpen-
dicular position and using the tibiae in their rapid moveme-
nts on the hot substratum. It is possible that these unfav-
ourable conditions stimulate the weevils to show a strong
reversal of the reaction i.e. to exhibit a preference for
the other extreme end of the gradient. In fact a big percen-

tage of the weevils aggregated in thce coldest region.



(2) Another disadvantage was that all the weevils became
immobile or ' cold trapped ' at temperatures below 10°¢C. ;
a state from which they could never recover . (3) The wide
range gradient of temperature was accompanied by a wide gra-
dient of relative humidity of the air. The strong tendency of
the weevils to move to dricr atmospheres (see Section VI
dealing with the humidity rcactions of the weevils) must have
interfered with their distribution ia the temperature gradient
appparatus, and the colder regions thus appeared to be favou-
red. (4) It was considered more rcasonable to analyse the
behaviour of the weevils within a small range of their prefe-
rred temperatures at the lower end of the range, and in a

gradient which was not stesep.

C.,. Resul+ts

The distribution of S.granarius weevils in the temper-
ature gradient apparatus was far from random. The maximum
number of weevils (TABIE 62 , Fig. 75) was found in the
compartment number " V " where temperature ranged between
20° and 22.5°%. ( 52.§ % of the total weevils ). A gradual
decrease in preference, however, was observed towards the
cooler end, 17.0 % , 12.4 % a nd 11.6 % were found in
compartments " IV " , " IIT " and " II " respectively .

A sudden increase in the percentage of the weevils, occurred
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Temperature preference of 5. granarius adults in a

gradient ranging betwsen 10° - 22.500. at 50 % R.H. and

in complete darkness.

500 2-week 0ld weevils were used.

Compartment number and Temperature ranges

I IT TIT Iv v
10°-12.5°C. | 12.5215%C.| 15217,5°C. |17.5220°C. 20—22.550
Total number of weevils and percentage
132 58 62 85 163
26.4 % 1.6 % | 2.4 % 17,0 % 32.6 %

Control experiments at 20°C.? 50 % R.H. (200 weevils)

i

38

57

45

22 %

19 %

18:5 %

19 %

21.5 %
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in the coldest compartment number " I " where the tempera-
ture ranged between 100 and 12.5DC. The significance of
the preference for the different rcgions of the gradient was
high ( P« 0.001 ) 4+ The weevils in the control experiments
carried out at 20°C., 50 % R.H. showed no significant vari-
ation in their distribution in the different compartments.

In S.zeca-mais (TABILE 63, and Fig. 75), an extremely
strong preference for the coldest compartment was exhibited
by the weevils ( 77.2 % of the total ). A gradual decrease
towards the hot end of the gradient occurred. The significa-
nce of the differcnce in distribution in the successive com-~
parments was high ( P < 0.001 ). The distribution of the
‘weevils in the control experiments was not far from random.

In S.oryzae a gradual increase in the percentage of the
weevils occurred in the direction of decreasing temperature;
the peak being reached at the coldest region of the gradient
" compartment I " , which contained 41.8 % of the total

number of the weevils ( TABLE 64, and Fig. 75).

D. Discussion

Within the limitations of the experimental methods used,

the threc spccies showed clear differences in their bechaviour .

The distribution of the weevils in the temperaturc gradient
ranging between 10° and 22.500. differed highly significa-~
ntly in the three species ( P < 0.0017 ). In S.granarius the
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Temperature preference of S.zea-mais weevils in a2 gradient ranging

between 10° and 22.5° €. at 50 % R.H. and in complete darkness.

The data from 500 2-week-old weevils

Compartment number and temperature ranges

I

10- 12.5° C.

II

12.5% 15°C,

ITT

15°- 17.5°C.

IV

17.5~ 20°¢,

v

20~ 22.5°C,

Total numbers of weevils and percentage

386 78 18 12 6
17.2 % 15.6 % 3.6 % 2.4 % 1.2 %
Control experiments at 20° ¢. , 50 % R.H. ( 200 weevils)
41 42 39 38 40
20.5 % 21.% 19,5 % 19 % 20 %




TABLE 64
Temperature prefercnce of S.oryzae Weevils in a gradient ranging
between 10°and 22.5°C. at 50% R.H. and in complete darkness. The

data from 500 Z2-week o0ld Weevils.,

Compartment number and temperature ranges

I II IIX v v

. o o ¢ c ., I o & o o &
10% 12.5 C.| 12.5- 15 C.| 15-17.5 C.}| 17.5-20 C. 20- 22.5 C.

Total numbers of weevils and percentage

209 115 76 53 47

41.8% 23.0 % 15.2 % 10.6 % 9.4 %

2]
Control experiments at 20 C. , 50 % R.H. ( 200 weevils)

42 39 41 39 39

21 % 19.5 % 20.5 % 19.5 % 19.5%
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maximum number of the weevils (32.6 % of the total) prefe;
rred the hottest region of the gradient (20122.530.), with

a gradual decrease towards the cooler side, and the existence
of another peak , but less conspicuous than . the first, at the
coldest compartment (10i12.500.). This pattern of behaviour
differed greatly from that of the two species of the rice
weevils, both of which avoided the warm end of the gradient
and exhibited a gradual increase in their preference for the
regions with decreased temperature. The two latter species,
on the other hand, differed significantly in the percentages
present in the compartment number " I " i.e., at the coldest
end of the temperature gradient ranging between 16112.500.

coldest region as compared to #41.8 % in S.oryzae.

The aggregation at the cold end of the gradient is
puzzling. It can be suggested that the insects became less
active at the lower temperatures and hence this is not a
true " preferred temperature ". Similar rcsults have been
obtained by Deal (1941), in other insects than the granary

and the rice weevils as e.g. Tribolium confusum, Ptinus

tectus, Acanthomyops sp., and Cimex lectularius. Gunn and

Walshe (1942) recorded two temperatures at which Ptinus
tcctus aggregated, these were 4° and 24°C. In a linear
gradient extending from 8° - 4500., the sheep~-tick Ixodes

ricinus aggregate rapidly in the coldest region after being
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exposcd to 25°C. Those remaining outside the coldest
region show no definite preference within the range 11741 ¢

It appears that S.zea-mais is the mosbt sensitive to low
temperaturcs, and the most readily immobilized by them. Back
and Cotton (1924) working on the relative resistance of the
granary and the ricc weevils, found that the adults and the
immature stages of Z.granarius exhibited greater resistance
to withstand very low temperatures than those of S.oryza
(complex). It is known , however, that S.granarius can
capable of breeding at the same tempersture (Howe,1952),
and S.oryzae even at a lower temperature,namely 15.2°C.
(Birch, 1945 ).

No attempts have been made to locate the organs res-
pensible for the temperature sense, although‘there is an
indication of their possible existence on the tarsi. This
was suggested by the behaviour of the weevils on a warnm
metal surface (5900. or more). The weevils 1ift their tarsi
upward in a nearly vertical position .and the tips of the
tibiae are usced instead for walking on the hot substratum.
Several types of hairs are found on the tarsal segments ,
some of them may be involved in the perception of variations
in temperature. Another possibility i8 that the tenent hairs

clothing the ventral surface of the third tarsomere, which

normally touch the substratum (see Section IV on the climbing
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ability of the weevils), may be influenced by the rise in
temperature of that surface, through changes in the »nhysical
properties of their glandular secretion, which may either
increase or decrecase their adhcring power. These changes
may be detected by the insects and thus they avoid the un-
suitable floor.

A tempcraturc sensitive region wag found in the pul-
villi of the four tarsal segments and in the aroliar pad

(between the claws) of Periplaneta americana ( Kerkut and

Taylor,1957). The activity of the roaches increased by the
gradual cooling of the substratum. Later , the activity
ceased and thc insccts exhibited a cheracteristic position
with the claws and the distal ends of the tarsi raised

from the ground. The sensitivity of the antennae to high
Temperatures was found in a number of insects, for example,
in Phasmidae (Cappe de Baillon,19%6), in Collembola(Strebel,
1932), in Rhodnius (Wigglesworth and Gillett,1934), and in

Apis mellifica (Heran,1952) . 1In the sheep-tick Ixodes

b i Sty o et

ricinus, the fore-legs bbar sen51lla sensitive to temper-

ature (Lees,1948). Slifer (1951, 1953) described sensory
structures situated on thce head,thorax and abdomen of many

7,

grasshoppers, which

'-_a

function as thermo-receptors for radiant

heat. Their existence was supported by cxperimental evidence.



VITI. REACTIONS OF THE WEEVILS

TO LIGHT

A, Introduction and Review of Literature :=-

Light as a physical factor plays a major role in the
bechaviour of animals. Discussions of the basic problem of
orientation have centred around the reactions of various
species to light, both because of the prevalence and adap-~
tive scope of such reactions and because of their variety
and range of elaboration. A convenient classification of
orientation types (kineses and taxes) was given by Fraenkel
and Guan (1940) , who revieﬁa the previous observations and
theories, and whosc classification was derived from that of
Kihn (1919,1929). Since then a tremendous amount of work
has appeared in literature involving the behaviour of anim-
als in different types of light cxperiments. As examples
of thc mest important light reactions worked out on insects,
it may be mentioned a) the " klinotactic " behaviour of
dipterous larvae (Mast,1911) which attain their orientation
away of the light by regularly alternating laterel devia-
tions of the head and comparing the light intensities on
both sides ; b) the " tropotactic " behaviour of the photo-

negative Ephestia larvae (Brandt,19%4) and the photo posit-

Sl et Wt Mt s s W
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directly away or dircctly towards a source of light by
turning to more or to less stimulated side by simultaneous
comparison of inténsities of lisht on the two sides

c) the " telotactic " behaviour of Apis (Minnich,1919 and
Urban,19%2), which attain their orientation to a source of
light directly without deviations, the pattern of light
being " fixed " on to certain ommatidia of the compound eye
and ignoring any other source of light ; d) the "light~

compass reaction " exhibited by the ant Lasius niger (Brun,

1914) and the honeybee Apis mellifica (Wolf,1927) and later

by von Frisch (1946,a end b, 1948), which move at a tempora-
rily fixed angle to light rays, which usually come from the
sun, or to the plane of polarized light from the sky. The
"dorsal light reaction"” of dragonflies (Mittclstaedt, 1950)
and locusts (Goodman,1959) are some of the types of reac-
tions to light which have becn discussecd.

The light reactions of thc granary weevils have been
the subject of work of some authors. Tdrne (1941) studied

the behaviour of Calandra granaria (= Sitophilus granarius)

in a choice chomber apparatus offering the wecevils seven
compartments, illuminated with light of different wave

lengths at the seme time. The percentage of the wcevils
in the different ccmpartments, five minutes after their
introduction, was 29.4 % in the green light and 26.8 %

in the yellow, and then in the decreasing order of 10.4 %,
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9.9 % ; 8.8 %, 8.7 % and 6 % , in bthree intensities of
white light called'dark, faint and bright', blue and fina-
1ly the rcd light. In another scries of experiments lasting
threce hours and in which wheat grain was provided in the
different compartments, the prefcrenoé of the weevils for
aggregation was as follows :- 20 % in the faint white light,
19.1 % in the bright whito , 16.8 % in the yellow, 13.8 %
in the green, 11.4 % in the blue, 10.9 % in the dark white
and 8 % in the red light. In a long-range set of experim=-
ents lasting six days, most of the weevils were found in the
dark compartment (33.3 %), followed by 23.7 % in the faint
white light, 19.2 % in the blue, 14.3 % in the yellow and
9.5 % in the bright white light. No weevils were found in
the rcd and the green compartments. From his experiments

he concluded that light is as important a factor in the

life cycle as temperaturce and bumidity. In bright light,
much morc 002 was produccd than in the darkness (the insects
being morc active in bright light), and the length of the
life cycle was shorter. He also mentioned that the develop-
ment of the graoanary wceevils was greatly affected by unfav-
ourable light conditions. Consequently development either
stopped or sometimes it did not stop and dwarf types of
offspring were produced. The optimum conditions of light

for the devclopment of the insects were 500 - 1250 Lux.,
which were of wegk white light. Richards (1951) found that
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away from the source of light and a small fraction of the
population was photopositive. He was able to isolate two
genetic types in the course of two generations, those which
were negative to light and those which were almost indiffe-
rent to it. Smercka and Hodson (1959) mentioned that distu-
rbed photonegative S.granarius weevils became photopositive
when left undisturbed for 30 minutes or more, depending on
the number of individuals participating in cach experiment,
since larger groups of weevils maintained themsclves in an
excited stage and thus remained photonegative for longer
periods. A similar behaviour exhibited by the field cri-
ckets was observed by Chauvin (1941), who mentioned that
individual ficld crickets were photopositive, but groups
werce photonegative.

In the present work, the reactions of newly emerged

adults of the three species of Sitophilus towards a source

of light were tested. The effect of unilateral blinding on
the circus movements of some individuals showing a definite
photopositive or photonegative reaction was also studied.

It should be emphasized that only one type of light
experiment was tried, to see whether the three species
behaved differently under identical experimental conditions.
It is not assumed that all the complex reactions to light

have been analysed or studied.
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'B. Methods and Techniques

Newly emerged weevils O - 2 hours old reared in a
constaent temperature room at 2?’0,, 70 % R.H. and in com-
plete darkness, were obtained by sifting the cultures at
a‘very low light intensity twice at 2-hour interval and
choosing the weevils to be tested from the second sift. In
this manner the behaviour of the weevils to a source of light
for the first time in their lives could be examined. This
precaution was found desirable since the work of Smereka
and Hodson (1959) has shown that S.granarius weevils which
were normally photonegative became photopositive after 30
minutes in the course of an experiment; when they were given
the choice between a dark ancd a brightly 1it chamber.

In the present work the reacticn of the weevils to a
horizontal beam of light was studied. The simple apparatus
used was based on the same principle as that described by
Richards (1951). Slight modofications, however, were found
essential. A cage of dull black paper 30 X 20 X 20 cm.
(Fig. 76, A) was constructed, having a side vertical slit
4 X 2 cm. (B) . A glass trough filled with water (C) was
placed between the slit (B) and a 60-watt bulb (D), to pre-
vent the heat of the bulb from reaching the arena (E) inside

the cage. The arena was a circle 12 cm. in diameter, drawn
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Fig. 76: Apparatus for measuring
light reactions of Sitophilus ;
A,cage; B, slit; C, trough of water;
D, bulb; E,arena.
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with a red pencil on the floor of the cage. The centre of
the circle was 10 cm. from the point vertically beneath the
slit (B). Radii were drawn at intervals of 22:";0 and the
direction away from the light was called 180° and towards
the light O°, A weevil to be tested was placed on its back
in the centre of the circle facing the light and allowed to
walk 6 cm. The direction of the walk (or the angle of the
track) was estimated to the nearest 22%0, In recording the
tests the half degree was ignored i.e. 22%o was taken as
220; etc. All tests were made in a dark room , kept at
25°C°, 70 % R.H. 200 weevils of each sex were tested in
each set.

The effect of unilateral blinding on the behaviour of
some individuals which exhibited a definite photopositive
reaction in the first set of experiments was examined as
follows :- The eyes on one side of the weevils were neatly
covered with a layer of a black lacquer by means of a fine
brush ; the weevils were held under a binocular microscope.
The weevils were kept in the constant temperature room over
night to recover before being tested. No inhibitory effect
on the activity of the insects was noticed. A single weevil
was placed on a white sheet of paper and covered with a white
cubic wooden cage, 25 cm. each side, having a ground glass
top which allowed only diffused 1light to penetrate from above.

The behaviour of the weevil was observed through a narrow
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slit near the top of the cage, and the track was drawn on a

separate sheet of paper.

C. Result+ts

1) Measurement of the angles of tracks made by the

weevils in a horizontal beam of light :-

The angles of the tracks made by the weevils of each
sex of the three species were summarized in TABIE 65 and
Figs. 77 - 80 . 1In S.granarius the percentage of the male
weevils which were photonegative to the source of light i.e.
the angles of the tracks made by the weevils were 112° or
more away of the light was 81.5 %. The percentage of the
female weevils that showed the same behaviour was 72 %.
In S.zea-mais the percentage of the male weevils which exhi-
bited a photonegative reaction was 3%1.5 %, while that of
the females was 23.5 % . In S.oryzae the percentage of the
male weevils which made tracks with an angle of 112° or more
was 64 % , whereas that of the females which behaved simil-
arly was 58 % . The three species agreed in that the per-
centage of the photonegative weevile was higher in the males
than in the females of the same species. However, this diffe-
rence in the behaviour of the two sexes of each species was

not significant at P = 0.05 (TABLE 6&6).



TABLE 65

The angle of track made by the Veevils of the three species
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when vnlaced facing s horizontel beam of light.
4 o | [ [ o o o o @
Angle 180 157 135 112 - 90 67 45 22 0
1. S.granarius
7 - , N
Frequoency 18 | 49 62 34 26 9 - o |-
Q 31 43 39 31 33 18 4 1 -
Il 9 | 245 |31 17 13 |45 |- 1 |-
percentage $ 15.5| 21.5 19.5 15.% | 16.5 |9 2 0.5 |-
tean 12.2? 23 25.251 16.25 1 14.75 6.75%{1,0 0.79 -
2. C.zea-mais
T 4 9 17 33 28 49 |28 20 (12
Frequency
? - 6 20 21 57 34 27 17 |20
o7l 2 4.5 8.5 16.5 14 24,5 114 10 6
Frrcentage - 3 10 10.5 28.5 17 13.5 | 7.5 10
iican | 1.00 1 3.75 9.25 13.5 21.25 [20.75113.75 8.79 8.0
3. S.0ryzas
Frequency o |10 43 |42 33 :\21 26 10 9 |6
Q 24 38 39 15 44 13 12 6 19
o7 5 21.5 21 16.5 10.5 13 5 4.5 13
Percentage‘$ 12 19 19.5 7.5 |22 6.5 6 3 4.5
P1EQJ1'8’5 20.25 20,25 112.00 116.25 19.75 [5.50 |3.79 3.75
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Fig. 77 : Angle of track made by S.granarius weevils

in a horizontal beam ot Jight.
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Fig. 78 : Angle of track made by S.oryzae weevils

in a horizontal beam of light .
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Fig. 79 . Angle of track made by S.zeanais weevils

in a horizontal beam of light .
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Fig. 80 . Angle of track made by the weevils of

the three species in a horizontal beam of light.
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When any two of the three species were compared, on the other
hand, the variations in the frequency of the weevils making
different angles of tracks were highly significant(P<« 0.001).
The total mean percentages of the photcnegative weevils
(making angles of tracks 4112° or more) in S.granarius was
76.75 % compared with 61.00 % in §.oryzae and 27.40 % in
ment, S.granarius and S.oryzae were negative to light whereas

S.zea-mais positive.

2) Observations on unilaterally blinded weevils :-

The behaviour of the weevils when blinded on one side
and placed in a white cage with diffused light overhead was
examined. Fig. 81 shows a typical track of a strongly
ened out. It was observed that the weevil followed a frequ-
ently zigzaging path, but on the whole tending to make
circus movements turning towards the blind side. Fig. 82
shows the track of a strongly photopositive S.zes-mais
weevil exhibiting a clear tendency towards the unpainted
eye. The track was not zigzaging and the curvature of the
ciréles made was large 1l.e. the turnings were not frequent.
S.oryzae weevils, on the other hand, showing a photonegative
behaviour, made frequent turnings towards the covered eye, but

no zigzaging movements were exhibited (Fig. 83).
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TABLE 66

Significance of the diffecrence in the frequency of the
2

(08

weevils making different angles of tracks ( X° test )
Insects Compared oignificance
Males and females of S.granarius not significant
Males and females of S.zea-mais not significant
Males and females of S.oryzac not significant
S.granarius and S.zea-mais P < 0.001
S.granarius and S.oryzae S P< 0.001
S.zea-mais and §.oryzae P < 0.001




289.

Fig. 81 . Track ot a photo-negative weevil of S.granariJs

blinded on the right side , with the light overhead.
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Fig. 82 : Track of a photo-positive weevil ot S.zea-mais

blinded on the right side , with the light overhead.
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e

Fig. 83 . Track of a photo—negative weevil of S.oryzae

blinded on tne lett side, with the light overhead.
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weevils, blinded on one side, when placed in a horizontal
bean of light, followed a zigzag path ; a behaviocur which

was not shown by the other two species.

D. Discussion

The idea of studying the behaviour of the weevils Jjust
after their emergence from the grains (O - 2 hours old) was
to examine their natural tendency to recact to light for the
first time in their lives, when they were reared in complete
darkness. The effect of preconditicning on the behaviour
of S.granarius weevils to light has been emphasized by
Smercka and Hodson (1959), who found that the photonegative
weevils became photopositive with time when offered the
choice between a dark and a bright place.

In these experiments it was found that the three species
agreed in that the percentage of the weevils which showed a
photonegative reaction i.e. which made angles of tracks 112°
or more away of the light source, was higher in the males
than in the females. This difference between the two sexes of
the three species, however, was not significant at P=0.05

The three species, on the other hand, differed highly

significantly from cach other in their pattern of behaviour



in a horizontal beam of light ( P < 0,001 ). The total
nean percentages of the photonegative weevils was higher
61.00 % ) . The majority of the neowly emerged weevils of
both species can be considercd as photonegative. In S.zea-
meis, on the other hand, the newly emerged majority of the
weevils were cither photopositive or indifferent to light;
the total mean percentages of the photonegative wecvils
being 27.4 % .

When the weevils were unileterally blinded the three
species exhibited circus movements on a white background
and the light diffused from above. In S.granarius and S.
oryzae, the strongly photonegative individuels turned to-
wards the covered eye, and in S,zea-mais the strongly photo-
positive individuals made the turnings towards the secing
side. The path followed by S.granarius was zigzaging all
the time, a behaviour which was not shown by the other two
specles ; and the reason for its existence in S.granarius is
not obvious.

A slight difference betwecen the two species of the rice
weevils was that the curvature of the circles made by S.
frequent turnings.

The importance of light as a physical factor affecting
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the flying ability of the rice weevils has been clearly
demonstrated in laboratory experiments (see Section V).
It was found that the flight activity of the weevils inc-
reased with the increase in the light intensity, in other
words positive photokinesis was noted in another set of

experiments.

IX. HUMIDITY AND LIGHT REACTIONS OF THE

FOURTH INSTAR LARVAE

A. Introduction and Review of Literature : -

The reactions of insect larvae to light and humidity
have been investigated by a large number of workers. Much
of larval behaviour, however, scemed to depend greatly
on their phsiological condition at the time of the expar-—
iments. Starvation has becn found to reverse or to modify
the light reaction in certain lepidopterous and hymenopte-
rous larvae ( Wellington,1948; Sulliven and Wellington ,
neura larvae which were photopositive at 25°C. became pho-
tonegative at higher temperatures depending on the larval
instar examined (Wellington,1948). The same reaction was

exhibited by Malacosoma larvae when they were overheated
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in an alternative dark-light chamber; and this reversal was
also seen in their field behaviour (Sullivan and Wellington,
photonegative behaviour when they were desiccated for three
weeks, while the adults when desiccated for six days became
photopositive (Perttunen and Iahermsa,1958). It has been

shown by Omardeen (1957) that the second and the third ins-

tar larvae of Aecdes aegypti showed no marked preference for

any one light intensity in a light gradient, whereas the
fourth instar larvae and pupae aggregated in the darkest
region of that gradient. Examples of the larvae which norm-
ally show a preference for the wet side of a humidity grad-
ient are those of the genus Agriotes (ILees,1943) , Musca

domestica (Hafez,1950), ‘Stomoxys calcitrans (Hafez and

Gamal-eddin,1961), and the first and fourth nymphal instars

of Schistocerca gregaria (A4z1z,1957) . A strong tendency to

move to the dry side of the gradient was exhibited by Tenebrio
molitor larvae, which can discriminate between 100 % and
99.5 % R.H. ( Perttunen and Iahermaa, 1962 ).

The sensory organs ianvolved in the behaviour of these
immature stages have been located, and their role was eluci-
dated by experimental evidence. Different types of olfactory
sense organs were described, for instance a) the tuft orgens

situated on the ventral surface of the three thoracic segments
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in Musca larva (Hafez,1950) ; b) the basiconic and stylo-

conic sensilla on the antenna and the maxillary and labial

palps of ILeptinotarsa decemlineata larva, which function

as olfactory organs, while the gustatory receptors are the
sensilla placodea and sensilla trichoidea located on the
inner surface of the labrum and the labiumn (Chin,1950) ;

¢) the placoid and basiconic sensilla on the second antenn-

al segment of Tenebrio obscurus and Dermestes ater larvae.

In the latter, coeloconic sensilla could be found on the
second segment (Roth and Willis,1951,b) 3 d) the coeloconic

and basiconic sensilla found on the antennae of Schistocerca

hoppers (Aziz,1958).

The larvae of Sitophilus normelly develop inside the

grain, i.e. inside the nedium determined by the oviposition
habits of their parents, and in which they themselves have

no choice. However, their behaviour to light ancd in a steep
hunidity gradient was studied. The possible role played by

some sensory organs in these reactions is also discussed.

B. Methods and Technigues

t has been mentioned by Howe and Oxley (1944) that
fourth instar on the 16 th. day after egg-laying and that
the meximum number of this instar is found between the 18th.

and the 2% rd. day. Howe (1952) recorded the first appearance
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of the fourth instar larvae of the large strain of C.oryzae
(=8.zea-mais) on the 16 th. day after egg-laying and the
first appearance of the pupae on the 24th. day . Uo
information, however, is available in literature on the
length of the larval stages of S.oryzae, but the difference
in the length of the life cycle between this species and S.
zea-mais was found to be small (Richards,1944) .

In the following behaviour experiments the larvae of
the three species were chosen at the age of 20 days after
egg~laying. This was achieved by establishing cultures of
the three species on English wheat and kept at 25°C., 70 %
R.H. The weevils were allowed to oviposit for 24 hours
and then sifted out. On the 19th. day, the larvae were
induced to leave the grains by spplying carbon dioxide into
the breeding Jjars, and rendering the cover rather tight. The
jars were kept over night in the constant temperature room
in complete darkness. The larvae were obtained the next day
by sifting the grain. This method was applied successfully
in S.granarius, but not in the other two species, in which
the grains had to be dissected carefully by means of a sharp
blede and the uninjured larvae were used in the experiments.

The behaviour of the larvae in = steép humidity gradient
(0-100% R.H.) was examined. The larvae, previously kept

at 25°C.,70 % R.H. were tested in the alternative humidity
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chamber used for studying the sane reactions of the adults
(see Section VI in Text),'and at a light intensity 1.55
L.F,L. Owing to the extremely slow movements of the larvae,
the number of the individuals present in both the wet and
the dry sides of the apparatus was recorded every hall an
hour for 5 hours. 10 larvae were used in each set of
experiments. The index of reaction of the larvae was cal-
culated from the formula I.R.= (.D-W_) X 100 , in which

N
D and W are the sums of successive positions occupied by
the larvae in the dry and wet sides respectively, and N
is the total possible number of position records. Thus a
negative I.R. value indicates preference for the wet side
(Willis and Roth,1950,a).

The behaviour of the larvae in a horizontal beam of
light was exenmined by placing them in the centre of the
arena with redii drawn at 22%—c intervals (see Section VIII
in Text), and their position was recorded after 2 hours.
10 larvae were used in each set of experiments. The
possible sense organs were examined by making whole mounts
of the nmouth parts heated in KOH, cleared in methyl cello-

solve and mounted in Tuparal.
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C., Results

The larva moves with great difficulty by means of
irregular peristaltic movements which start from the caudal
end of the body; but which rarely reach the head region,with
the result that the body does not proceed forwards:s In the
position of rest, or during movement, the larva is almost
always lying on one side: Unsuccessful attempts are made by
the larva to raise its body and to move with the dorsal sur-
face upwards, but usually it falls on one side: In doing this
it shifts slightly from the original position,

1) Reactions of the larvae in a humidity gradient

The larvae of the three species, previously kept at
70 % R.H., showed a definite preference for the wet side
when placed in the humidity gradient O - 100 % R.H. The data
in TABLE 67 represent the reaction of 30 larvae of §g
granarius and 20 larvae of each of the other two species.
It can be noticed that the larvae of S.zca-mais exhibited a
strong reaction to the wet side; half an hour after being
introduced in the alternative chamber. The index of reaction
was =55 . In S. oryzae and S. granarius the I.R. values
at that stage were - 40 and - 33,3 respectively. This may
be attributed to differences in their locomotory power. During
the course of the experiments, however, a gradual increase in

the reaction of the larvae in the wet side was observed(Pig.84) .
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TABLE 67

The index of reactions of the fourth instar larvae of the
three species, previously kept et 70 % R.H., when placed

in the humidity gradient O - 100 % R.H. at 25 C.

Time S.zea-mais S.oryzac S.granarius
(hours)

Index of React ion

3 ~ 55 - 40 ~ 33.3
1 - 70 -" 180 - 43,3
1% - 70 - 60 - 43.3
2 - 75 - 65 - 53.3
2% - 75 - 70 - 53.3
3 - 80 - 70 - 63,53
5% - 80 - 85 - 63.3
n ~ 80 - 85 - 66.7
ng ~ 80 ~ 85 - 66.7
5 - 80 - 85 = 73.5

Mean - 4.5 - 69.0 - 56.0
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Fig. 84 . Index of reaction of fourth instar larvae
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the humidity gradient 0 -100 %% RH.
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The strongest reaction exhibited by the larvee near the end
of the experiments was in S.oryzae, followed by that in 3.
zea-nals and then S.granarius. However, the total mean

I.R. values were - 4.5 , - 69.0 and - 56.0 in the decre-

asing order.of S.zea-nais, S.oryzae and S.granarius.

2) Reactions of the larvae to a horizontal beam of light:

The fourth instar larvae when placed, in groups of 10,
in the centre of the arena (see Fig. 76 in Section VIII in
Text, concerning the light reactions of the weevils), they
exhibited a strong photonegative reaction to the horizontal
beam of light. The position of each larva to the nearest
radius in the arena was recorded after two hours. The radii
were drawn at intervals of 22%9. The data for the three
species are summarized in TABLE 68. The distribution of
the larvae at the different positions from the light source,
did not vary significantly in the three specvies at the upper

5 % level of probability ( P= 0.05 ).

D. The Possible Role Played by some Sensory Organs

in the Behaviour of the ILarvae

Whole mounts of the head appendages, reveal the pres-
ence of some ninute thin-walled hairs, which are most prob-
ably sensory in function. Basiconic sensilla are located at
the apical tips of the 2-segmented palps. On eaclr maxillary

palp one large and 9 small pegs are found, while in the



TABLE 68

The angle of track made by the fourth instar larvae of the

three species after 2 hours, when placed in a horizontal
[#]

beam of light.(The angles more than 90 are directly away of

the light source).

o | o c o o
Angle of track 180 157 135 112 90 Total
S. granarius
Number of larvae 7 10 7 5 1 30
Percentage 23.2% |33.3 %| 23.%% | 16.7% 3.3%
S. zea-mais
Number of larvae 5 7 4. 3 1 20
Percentage 25% 35% 20% 15% 5%
S. oryzae
Number of larvae 5 8 4 ) 0 20
Percentage 25¢ 4.09% 209% 15% 0%
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labial palp there are one large and six small pegs (FPig.
85,a and b). These organs are possibly olfactory receptors
that mediate differences in R.H. Similer sensilla were found

on the palps of Rhizopertha dominica larvee, in addition to

the basiconic and trichoid sensilla located on the antennae
( Crombie, 1944 ,Db).

On the ventral surface of the labrum epipharynx ,
groups of sensory nairs are found bhetween the so called
epipharyngeal rods by vsn Emden (1938) in some coleopter-
ous larvae. In S.granarius, the arrangement of these hairs
is as follows : 2 large pegs near the anterior end of the
epipharynx, followed posteriorly by a group of 4 small
pegs, thon ¢ large pegs, and finally by another group of
4 small ones ( Fig. 86,2 ) . In B.zea-nais and S.oryzae
the arrangement of these pegs ere in the following order
starting from the distal end of the epipharynx : 2 large +
6 small + 2 large + 4 small pegs (Fig. 86, b and ¢).
These sensory hairs arc most likely gustatory in function
due to their presence in the mouth cavity.

As in other Rhynchophora lervae (van Emden,1938) the
antenna is reduced to a single scnsorial cone, and a basal
menbrane bearing some bristles and smaller sensorial cones
(Fig. 86,d). These are possibly clfactory organs, though
their actual role, as well as thet of the other sensory

hairs need further investigation.
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Fig. 85 : a) Maxillary palp, b) Labial palp of 4tnh.

instar larva of S.granarius; p, peg organs
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Fig. 86 : Labrum epipharynx; a) S.granarius;b) S. zea-mais ;

c) S.oryzae; d)antenna (anml) and sensorial cones (s.c) ;

br: obristles ; p i peg organs ; epr. epipharyngeal rods.
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As regards the response of the larva, which has no
eyes or ocelli, to light stimuli, it can be suggested that
the general body surface may be sensitive to light as is

the case of several other insects cited by Wigglesworth

i v i e et

P S i s e

in the dark after complete blinding. Caterpillars will go
towards the source of light after the eyes are blackened
(Lammert,1925). The bug Neides in a state of partial hyp-
nosis turns over when the eyes are blackened much more
readily in the light than in the dark as though activated
by a dermal light sense (Godgluck,19%5). In the case of

Chironomus larvae the responses to light after blackening

the eyes are due to light entering the translucent head
capsule and reaching the eyes from below (Oehring,1934) .
But this cannot be a genesral explanation of the results,

for Tenebrio larvae avoid the light even after decapitation
(Tucolesco,1933) . With the exception of the case of the
house~fly larvae in which, as Bolwig (1946) has shown,

small groups of vacuolated retinulae-like cells arec pocketed
among the hypodermal cells of the cephalic region; the light
sensitive end-organs in the skin have not been identified. ‘

The reactions of the eyeless sheepétick Ixodes ricinus to

light are due to a dermal sense as concluded by ILees (1948).
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X. GENERAL DISCUSSION

Idesally, all species should be separated not only on
the basis of differences in their morphological characters
but also on the basis of difference in their cytology ,
physiology, ethology and distribution. Ths study of
ethology of closely related species may reveal behaviour
patterns which tend to ' isolate ' the species from one
another e.g. in many groups of singing insects where sev-
eral closely related species live together in one habitat,
it has been described by Haskell (1961) that reproductive
isolation based on differences in song of species certail-
nly occurs. Fulton (1952) and Alexander (1957) found
song variations to be the best clue to differentiation of
(1957) has shown that the sole barrier to interspecific
mating between the two closely related sympatric species

Chorthippus brunneus and C. bigutiulus, resides in their

stridulation behaviour. Haskell (1957) comments on the
striking song differences between the closely related bugs

Keidocerys ericae and K. nesadae, which are almost imposs-

ible to separate morphologically. Adriaanse (1947) study-

ing the behaviour of the hymenopteron Amnmophila campestris

discovered that two siblinz species differed in methods of
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constructing and provisioning their nests. Tinbergen
(1951) has emphasized the need for studying the béhavioural
aspects of speciation; i.e. to study the behaviour differe-
nces between subspecies belonging to one species, and bet-
ween closely related species that might have evolved orig-
inally from one species. A high degree of adaptiveness is
found in numerous behavioural characteristics in such
phenomena as ; for examplea habitat selection, host selec-
tion, food preferences,/igactions to predators.

As Brown (1959) mentions in his review of taxonomic
problems,there is abundant evidence of sibling species in
Coleoptera especially in Rhynchophora and Chrysomelidae .
Buchanan (1934) was able to discover the feeble morpholo-
gical characters that cdistinguish the two adults of Hylobius
behaviour of their larvae. The American forms identified

commonly as Chrysomcla interrupta Fab. are a complex of

siblings (Brown,1956). Morphologically they appear iden-
tical, but vary greatly both within populations and geogr-
aphically ; their host plants are also different. The
identification of different species in other chrysomelid

genera based primarily on the variations in their host

(Brown,1945),
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Differentiation of dipterous species on the basis of
host selecction has been demonstratsd by Stokes (1955) in
two species of Dasyneura which were apparently identical
morphologically. Mayr (1950) concluded that sexual isola-

tion between Drosophila pseudoobscura and D. persimilis

seemed to depend upon scent among other factors, for females
of each species attempt to mate indiscriminately with males
of either after their antennae have been rcmoved. Spileth's

study (1947) of Drosophila courtship showed differences in

the posturing movement of the male, particularly of the wings.

In D. fumipennis it is ' wing-waving ' , in D. nebulosa it

is ' scissoring ' and in D. capricornis, D. sucinea , D.

—

willistoni and D. equinoxial .is it is ' wing-vibration '.

There are also othar clear genctic differcnces in the
different reactions of closely allied species. Thus three
specics of the fly Dacus are attracted by different comp-
ounds of cugenol (Howlett,1912).

In Diptera, cytology has been a very useful taxonomic
tool, for instance it has beecn used in separating spécies

of Drosophila (Patterson and Stone,1952; Carson,1953),

Busimulium (Dunbar,1958), of Anophelecs and Culex (Bates ,

1949 3 Rozeboom and Kitzmiller,1958).
The taxonomic position of the two species of the rice

weevils namely of S.zea-mais Motsch. and of S.oryzae (L.),
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was a matter of dispute for severazsl years until recently
when Kuschel (1961) satisfactorily settled the question
by describing two convincing morphological differences
between the two species. Richards (1944) and Birch (1944)
described them as two strains of the same species on the
basis of differcences in their body size and in some¢ bio~
logical and ecological aspects. Both authors found that the
two species were inter-sterile, although in very few cases
the two " strains " were able to cross but with considerable
difficultj and the few fertilised eggs did not produce any'
offspring. By 1954 Birch considered them as sibling species.
Tho present work was aimed at finding differences in
ethology i.e. differcnt patterns of bshaviour which can be
used as subsidiary cheracters in distinguishing the two

closely allied species S.zea-mais and S.oryzae . A third

species S.granarius was included in the experimental anal-
y8is since it frequently occurs in the same habitats as the

first two mentioned speciles of Sitophilus.

A number of reactions to external stimuli, and several
behaviour patterns have been analysed. Commonly in observa;
tions of this nature (i.e. attempts to distinguish closely
allisd species by differences in ethology), premating beha;
viour is analysed, but this aspect has not been considered

here and remains to be studied. Sincc it was already known
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that the two species of the rice weevils are capable of
mating, but are inter-sterile, it was considered that it
would be interesting to find other differences in their
reactions to external stimuli.

It has been found in this comparative study, that
differences in behaviour exist in all the three species,

;naJof

and that the onlx/similarity between the two species of the
ricc weevils was in their ability to fly compared with 8.
granarius which is unable to do so.

Considering the behaviour patterns and reactions to

external stimuli one at a time, it may be said that one of

-t Sl e ot et

The latter species, in common with S.granerius preferred to
lay on wheat rather than on rice, maize or sorghum, whereas
S.zea-mais laid on maize iq@reference to the other cereals
offered. On the other hand, 2ll the three species showed
common patterns of behaviour in the choice of the part of
the grain in which they laid. It is considered that the
choice of the part of the grain may be partly determined

by 'mechanical' considerations, but chemoreceptors on the
maxillary and labial palps and on the ovipositor may also

be involved. The presumed chemorcceptors are, as far as is

known, similar in the three species.
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The factors that govern the host selection ‘in insects
whether they are the nubtritional requirements or the pre-
sence or absence of chemical attractants or repellents;
have been discussed by many authors (e.gz. Kennedy, 1951 ;
Lipke and Fraenkel,1956 ; Friend, 1958). The difficulty in
investigating the major factor lics in the fact that two
kinds of sﬁimuli (those activated by chemical feeding
factors and by nutridnts) are provided by the same host
plant.

Again, S.zea-mais differed from both S.oryzae and

S.granarius in its reactions to light of its newly emerged

photopositive, in contrast to the other two species which
are predominantly photonegative.

Both S.zca-mails and S.oryzae differed greatly from
S.granarius in their climbing ability on a smooth glass
surface. In fact not all thc tested weevils of the latter
species could climb the height of the experimental glass
tubes. On the other hand, S.zea-mais was more efficient
than S.oryzae. This ability is related to the develop-
nent and the number of tencnt heirs forming the climbing
organs. It was found that the number of these hairs 4iff-

ered significantly in the three species, and was greater

in the most efficient climber i.e. S.zea-mais. Thus this
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ability is rclated to a morphological character, which on
a statiftical basis distinguishes the two closely allied
species, S.zce-mais and S.oryzac.

S.granarius is unable to fly, since the hind wings
are vestigial . Differences in flight behaviour of the two
species of the rice weevils, however, were noted,'the most
interesting one being the ineability of S.oryzac to fly
when they were 2 wecks old. S.zca-mais, on the other
hand, flew at that age, although not as zfficiently as at
4 weeks . When 4 weeks old weevils were compared, it
was found that S.zea-mais were more efficient than S.
oryzae, although the latter were more easily activated
by increase in light intensity and temperature than S.
zeca-nais. This was true of freely moving wecvils, but

i T s e e s

when the weevils werc suspended from the pronotum 3S.oryzae

weevils were more active than S.zea-mais at the low light
intensity, but the latter was significantly more efficient
than S.oryzae at the high light intensity used. The crit-
erion of sfficiency usad was the time taken to initiate
flight.

In their humidity reactions, the weevils of all the
three species tended to move to the dry side (i.e. to the

region of lower humidities) when they were previously

kept (i.e. preconditioned) in high humidities of 70 %
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and of 100 % R.H. When the weevils were previously kept
at 0 % for 24 hours, their reactions altered, and

they became either indifferent to the humidity gradients
or showed a reversal of reaction tending to move to the

zones of higher humidity.

The species lcast effected by preconditioning was

i

S.granarius and thc most S.oryzae, This sequence in
alteration of behaviour was probably reclated to the rate
of water loss from the body, since it was found that some
S.granarius withstood desiccation at 0 % R.H. up to 6 days,

S ey s it s Bty

some S.zea-mais up to 4 , but S.oryzac only 3 days.

The sense organs connected with humidity reactions
are on the antennal club segment. Without the club segment,
the weevils of the three species arc unable to discriminate
between the high and low humidities.

No clear diffcrences in the behaviour of the three
species could be deotected in temperature gradients. The
weevils tended to move towards lower temperatures. This
tendency was greater in S.zea-mais than in S.oryzae, and
in the latter greater than in S.gransrius.

Some observations were also made on the bechaviour
of the larvae of the three species of weevils. The reac-

tions of the larvae to humidity and to a light gradient

were examined, but no differences in bechaviour were detected,
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except that the larvee of S.granarius tended to move more
slowly then the somewhat more active larvae of the other
two species. Thc three species were photonegative to
light and preferred the wet side of the humidity grad-
ient.

In conclusion it may be said that the recoctions and
behaviour of S.zza-mais and S.oryzae werc more close to
differences were also found between the closely allied
species. The difference in ' host ' preference appears
to be especially fundamental. It was Thorpc who pointed
out that differentiation in behaviour may arise by habit-

uation to differcent chemicals for instance of Drosophila

anc Nemeritis to the snell of cedar wood 0il and of
Drosophila melanogaster to peppermint (Thorpe,19%8,19%9)
This adhcrence or habituation to a host may gradually be
selected and new strains may arise within a spccies. This
isolation duc to differences in host preference may even-
tvally lead to further differentiation into species.

Some minor morphological differencces, which may be
of taxonomic value, were revealed in this study, e.g.
1) the tenent hairs on the third tarsal segnents differed
greatly in number in the three species, and this number is

distinguishable on a statistical basis. The greater
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number was in 3. zea-mais, followcd by that in S.

—

. o T v 3 Wt

oryzaeec and the least number wes in 3. granarius ,

2) on the ovipositor and on the last hidden abdominal
segmentv, canpaniform scnsilla are present which differ
in size in the three species, %) on the labrum epi-
pharynx of the fourth instar larvay sensory hairs arc
found, which are most probably gustatory organs ; the
seme number is found in S.zea-mais and S.oryzac , but

this differs from that in 3.granarius.

Finally the nost striking differences in the beh-

aviour of the threc spoecies are sunmarizced in TABLE 69 .



TABLE 69

Comparison between the reactions of the

Reactions studied Species

of weevils wesvils of the three species

318

A. Oviposition Sites S.granarius

1) Order of preference Whecat
of cereals rice
naize
sorghun

2) Prefercnces for
parts of grain

Prcference for embryo end in rice

Differzsnccs betweesn reactions

Sense organs exanined

S.zea-mais  S.oryzae
maize wheat
wheat ricec 3 .
. Greater preference by S.2zca-mnais
rice sorghun _ . T T
. for maize and tho other two
sorghun naizc R ,
species for wheat

Preference for hairy end in wheat

Similar in all the three species

reference for tapering cnd in

maize and sorghun.

B. Flight Activity

(i Tree moving wecvils No flight
1 Effect of age

(a) 2-wecek old -

(b) 4-weeck old

%) Number of f£lights/15 nin.

per 100 weevils

a)at low light,low temperature

blat low light,high temperature

c)at high light,low tempcraturec

d)at high light,high temperaturc
Total

Probebly maxillary and
labial gustatory organs;
and peg organs on ovipos-
itor-. ( No Gaifference
in the threc species)
campaniforn sensilla on
ovipositor responsible of
touch, which differ in sizc
in the threec species.

Flight Flight
No flight at all in S.granarius.
abls to unable to S.zea-mais is far more active in
fly fly 4 experimental conditions than
both species are ableg.o oryzae
to fly

g 57
215 2%5 8 &5
369 291 150 149

o34 387 32k 289
535 _ 493 452
1917 416 1051 952



Reactions studied

Species

of weevils

S.granarius

(ii)Suspended weevils

1) wims taken to

S.0ryzae

319.

Difference between reactions

organs involved in the
reaction

S.zea-mais responds more rcadily
at high light intensity.

S.oryzae rospnds more readily at
low light intensity. In S.zca-mails
significant difference exists at
two light intensities; but nc such
bchaviour in $.0ryzac

No significant diffcrence between
the two species

No significant differcnce between
the two species

1.990 1.975 No significent differcncc between

initiate flight(sec.) & 0 < °
a) At high light intensity - 10.1 1%.9 35.7 30.4
b) At loe light intensity - 48.4 49.1 35. 29.5
29 ﬁingbeat frequency ‘
R.P.S. - 4.1 93,7 85.6 87.0
(iii) Relation of area of hind
wing to body weight - 2.481 3.351 {1.787 1.808
2.79 2.92 [1.61 1.71
(iv) Ratio of length of hind
wing to elytron - 2.065 2.052
C. Climbing on smooth vertical
glass surface
1) Average distance climbed by
about 100 weevils of each | o~ a’ [ 7 ¢
species (naximum=150 cm.) {126.6(123.1 150 © M50 150 150
2) Speed (cm./min.) at 25 C.,
70 % R.H. 12.81112.7% (36.4S |28.39 [12.79 R0O.68
%) Tarsal wicdth (u) 08.12197.68 |114.64 114.1) 95,8 95.7
4) Number of tenent hairs on P5.0 [35.5 | 63.51 e4.9 40.7 41.3
third tarsomcre 35,2 eh.2 41.0

the two specics.

Decreasing
Order of efficicncy in climbing:

S.zea-maig, S.oryzae and S.

granarius , as rcgards the speed

of climbing.

Significant diffcrence between the
three species
Significant difference between the
three spccics.

Tenent hairs on the
third tarsomeres
which differ in
number and in length
in the three species
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Species of woevils Difference between reactions

Clinbing ability (cont.)

5) Reletion between body
weight and speced ;3 and
betwecen tarssl width
and speed

organs involved in the
reactions

S.granarius S.zea-nais  S.oryzac

Significant® in males , Significan
‘ cuoand in both

not in fenales sexes

D.Humidity Reactions

1)Preconditioning for 24
hours at 100 % and 70 %
kR.H.

When R.H. gradient did
not excecd 20% in any

part of the humidity range

2) Preconditioned at 0% R.H. rotained low Lot species showed

3) Loss of water at 0 %
R.H.

prefercnce for strong reactions to

The three species differed
Positive reactions to lower humid- from each other , but all pre-

ities. R« ions of S.zea-nai | :
o Reactions of S.zgs—mais to ferred the dry side.

lower humidities werc stronger then

St e e B . b o

indifferent both species prefer
the dry side

}The strongest reaction to the
,wet side was shown by S.oryzae,
%followed by S.zea-mais. S. gra-
’gggig§ became indifferent.

lowecr R.H, - wet side. . . .
S.granarius most resistant to
: 'desiccation, followed by S.zea-
. sur zd . ’ Hez=2
Most resi~  SUFVLVe survived .
4 days mais, them S.oryzae
stant, sur- ’ 5 days ’

Trichoid sensilla on the
antennal club segment. No
difference between the three
species. In the rice weevils
pit organs present on the

vived © days

B, Temperature preference

Rangos presented 10-22.5 C.

‘region of the gradient(20-22.5 C.);

S.oryzae and S.zea-mais,the coldest,

20-22.5 C 10-12.5 C. 10-12.5 C.

‘(10—12.5 C.). The three species preferred the

coldest region of a wide-range gradient.
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Reection studied Species

O]

weevils

S.zca-nais

8.0ryzac

F. Light gamiiad 28¢
1)Reactions to a 76,75 % 72.60 % 61,00 %
horizontal bean photonegative photopositive photonegative
of light
2)Unilateral bli-
nding
circus novements towards blindoed- . towards towards blind
eye seeing sidce side
track zigzaging nov not
turnings not frequent frequent
G. Larvac
1) Humidity recactions:
(0-100% R.H. gradient)
Mean I.R. - 56.0 -l 5 - 69.0
2) Light rcactions
(to a horigzontal > n ne g oa t i v e

bean of light)

" Differences between reactions

Sense organs

1 i ey e oo e

photopositive.

The three species prefer the wet
side of the gradient. The order
of prefercnce : S.zea-mais S.

oryzac S.granarius

No significant difference
bectween the threes species.

Basiconic sensilla
on maxillary and
labial palps possi-
bly olfectory ; peg
organs on c¢pipharynx
possibly gustatory.
Number of pegs same
in S.zga-meis and S.
oryzae, and differs
in S.granarius.



XTI. SUMMARY

The behaviour of two closely related species of rice weevils
Sitophilus zea-mais Motschulsky and Sitophilus oryzae(Linnaeus)

g‘pd of a third species of the genus namely Sitophilus granarius

(Iinnaeus) commonly associated with them in the same habitats
was studied. The weevils were subjected to a number of experi-
mental conditions and then reactions to them were compared .
The following behaviour patterns were analysed :-

1) Selection of Oviposition Sites by the three Species

The female weevils showed a decided preference for certain
parts of the grains of four cereals, namely of wheat, rice ,
maize and sorghum. The three species differed significantly in
selecting their oviposition sites on the four cereals. Mechanical,
tactile and chemical senses are suggested to be involved in these
mechanisms. The basiconic sensilla on the apices of the maxillary
palps and the sensory hairs on each stylus of the ovipositor are
probably chemoreceptors, and campaniform sensilla on the coxites
of the ovipositor and on the last hidden abdominal segment are
probably mechanoreceptors.

2) Observations on Flight Activity : S.granarius weevils were

unable to fly, but the two species of the rice weevils were able
to do so. The 2-week old S.oryzae were unable to fly,when relea-
sed or suspended, while the 4-week old ones flew, but were less
also showed a marked ability to fly at the age of 2 weeks. The
recadiness to fly increased with temperature and light intensity.
%) Ability to Climb Smooth Surfaces : The three species differed
in their speed of climbing on smooth glass surfaces. S.zea-mais

was a more efficient climber than S.oryzae and the latter more

grip on to the substratum during climbing differed significantly

in number in the three species, in the same order as did their
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efficlency in climbing. The mean body weight and the mean tarsal
width differed significantly in the three species. The relation
between the body weight and speed or the tarsal width and the
speed of climbing was significant in the males of the three species
and in the females of S.oryzae.

) Humidity Reactions : The three species when preconditioned in

humid atmospheres of 70 % R.H. and 100 % R.H. showed a marked pre-
ference for the dry side of all the humidity gradients offered .
S.granarius were unable to disriminate between any two humidities
when the range of the gradient was 20%. When the weevils were des-
iccated at O%R.H. for 24 hours, S.granarius lost ability to discr-
iminate between high and low humidities,and the other two species
showed a preference for higher humidities. S.oryzae reacted to the
wet side more strongly than S.zea-mais. This was attributed to the
difference in their resistance to desiccation at O%R.H.;all S.oryzae
died after three days,S.zea-mais after four days,while some S.grana-
rius survived up to six days. Trichoid sensilla located on the
antennal club segment are the hygroreceptors.

5) Reactions in a Temperature Gradient : In a temperature gradient

ranging between 1% and 37 C., the three species aggregated in the
cold end. In a gradient ranging between 10 and 22.5 C.,3.granarius
preferred the warmest region,while S.oryzae and S.zea-mais aggrega-
ted in the coldest. More S.zea-mais than S.oryzae aggregated in

the coldest compartment.

6) Reactions to Tdight : In a horizontal beam of light, the majority

of the newly emerged weevils of S.granarius and S.oryzae were photo-
negative,while in S.zea-mais the majority ewere photopositive.

7) Fourth instar larvae of the three species were also photonegative
in a horizontal beam of light. Iarvae preconditioned in 70% R.H.
strongly preferred the wet side of a humidity gradient of 0-100 %
R.H. ZRasiconic sensilla on the maxillary and labial palps are
possibly hygroreceptors. Sensory hairs on the epipharynx are pro-
bably gustatory. The number of t%ge in S.granarius differed from
that in the two species of the rice weevils, in which it was
identical.



This work has indicated that S.granarius differed
appreciably in its ethology from the other two species
studied. However, a number of differences in behaviour
of the two closely allied species S. zea-mais and §S.
oryzae were also found.
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TABLE

APPENDIX

70

( Combinations of different positions)

539.

Entire side Sutured side Hairy end Embryo end
HAR EMB HAR  EMB ENT STD ENT STD
121 122 96 21 49 76 30 56
97 26
87 11
39 52
_ 47 671
144 33 111 29
165 35 41 58
126 39 36 75
104 13 62 95
102 25 66 91
75 104 51 54
139 20 154 29 59 99
178 46 71 112 54 72
165 42 88 124 6% 77
99 23 79 13 25 46
Total 1066 242 878 183% 484 7720 372 530

( 360 females offered 1280 grains )



340.
TABLE Val
Number of eggs laid by S.zea-mais weevils on wheat grains

( Combinations of different positions )

( 360 females offered 1280 grains )

Entire side Sutured side Hairy end Embryo end
HAR EMB HAR BMEB BENT STD BNT STD
89 61 38 14 61 46 43 37
75 50
69 32
47 50
38 40
92 65 43 8
90 47 54 66
81 47 22 38
65 18 62 3
61 27 20 54

99 60 57 21 49 59

113 58 | 75 77 21 48

106 51 60 23 40 45
89 36 97 99 43 80

Total 45 439 482 179 493 500 253 580




TABLE

72.

Number of eggs laid by 360 females of S.oryzae on

1280 grains of wheat. ( Different combinations )

Entire side Sutured side Hairy end Embryo end
HAR EMB HAR EMB BENT STD ENT YSTD
o4 55 S 26 59 55 26 55
SH4 25
60 15
57 45
30 4.2
59 45 59 24
43 55 50 33
53 82 54 42
53 52 55 51
81 22 55 29
24 55 22 55
77 65 82 33 45 60
2 49 25 75 55 61
88 53 7 28 48 55
7h 18 39 el 40 55
Total 510 407 540 198 272 436 290 334

341,



Number of eggs laid by %60 female weevils of §.gganarig§

TABLE

on 1280 grains of rice (Combinations of different

positions).

242.

Easled side Sutured side Embryo end Tapering end
EMB  TAP EMB  TAP KID STD KID STD
34 25 12 15 36 24 26 27
37 20
19 7
58 29
24 11
45 31 14 21
18 19 36 25
30 22 22 27
16 21 32 22
24 18 31 21
49 14 2% 22
44 37 29 39 44 36
36 25 23 53 25 53
46 30 35 58 41 28
36 31 31 41 28 36
Total 290 209 170 185 299 229 220 205



TABLE s

543.

grains of rice (Combinations of different positions)

Keeled side Sutured side Embryo end Tapering end
EMB  TAP EMB  TAP KID  STD KID  STD
57 15 4 8 15 6 12 3

315
19 7
27 11
29 12
66 28 1M
58 14 22 12
48 10 12 9
28 18 33 12
36 21 12 8
on 22 22
33 15 21 9 19 I
57 16 37 9 6 6
50 18 20 19 17 10
2% 16 31 22 22 16
Total 405 121 183 102 191 108 132 78




TABIE 75
Number of eggs laid by 260 weevils of S.oryzae on 1280

grains of rice ( Combinations of different positions ).

Keeled side Sutured side Embryo end Tapering end
TAP EMB TAP EMB KID STD KI.D STD
52 17 350 14 25 1% 10 12
39 3
17 14
30 11
12 24
31 24 34 14
28 24 24 13
46 22 27 15
20 14 18 12
51 32 A4 24
28 33 28 12
37 39 53 24 19 19
50 24 26 22 10 18
47 23 39 25 32 23
26 22 36 24 22 11

Total 330 181 217 156 219 148 175 137



545.

TABLS 76

Number of eggs laid by 360 weevils of S.granarius on

640 grains of maize (in different positions)

Entire side Embryo side Tapering end Broad end
TAP BRD TAP BRD ENT EMB ENT EMB
14 1 21 5 30 27 3 2

25 2
24 ..
22 21
5 5
33 2 20 41
26 2 44 5
2% 1 .o 8
19 1 22 31
27 2 1 6
16 47 5 8
26 .o 21 1 17 50
31 .o 25 1 1 4
15 oo 18 38 . ..
29 .. 21 3% 1 3

Total 191 8 210 15 166 268 14 36



346.

TABIE 77
Number of eggs laid by 360 weevils of S.zea-mais on 640

grains of maize (offered in different positions)

Entire side Embryo side Tapering end Broad end
TAP  BRD TAP  BRD ENT EMB ENT  EMB
16 .. 12 5 22 19 .. 10
18 1
27
21 25
1 13
12 .o 16 ..
12 .. 22 13
24 .o .o 13
21 10 20 14
20 % 8 8
22 24 1 7
28 - 33 1 23 16
32 .o 26 1 .o 12
38 4 23 22 7 5
26 1 18 6 .o 15

Total 180 5 181 25 171 149 17 83



S47.

TABLE 78

Number of eggs laid by 560 weevils of S.oryzae on 640

grains of maize (offered in different positions)

Entire side Embryo side Tapering end Broad end
TAP BRD TAP BRD WNT EMB ENT EMB
14 .o 20 2 14 11 .o 9

14 oo
1% 4
14 15
2 9
12 .o 13 g
11 g 17 20
14 .o 2 2
15 3 18 20
22 2 .o .o
16 21 1 1
15 .o 19 4 16 21
18 .o 28 1 .o 8
15 .o 19 24 1
18 4 19 27 .o 4

Total 113 1 148 21 133 159 6 58



348.

TABLE 79

Number of eggs la-id by 3260 weevils of S.granarius on

1280 grains of sorghum (in different combinations)

Entire side Embryo side Tapering end Broad end
TAP BRD TAP BRD ENT EMB ENT EMB
10 7 26 2 15 10 9 n

27 >
36 1
20 14
13 16
14 5 30 2
27 7 17 11
26 10 3 5
31 2 12 7
55 .. > 7
34 21 23 13
35 24 50 2 22 14
72 40 85 8 24 25
77 50 51 43 36 25
66 1 28 20 10 12

Total 288 148 579 18 199 140 123 107



Number

grains

of eggs laid by %60

of sorghum ( offered in different positions ).

TABLE 80

349.

weevils of S.zea-mais on 1280

Broad end

Entire side Embryo side Tapering end
TAP BRD TAP BRD ENT EMB ENT EMB
40 18 50 7 10 13
50 25
43 .
22 20
22
27 6 39 2
50 7 16 7
40 18 10
12 5 6
55 10 7 5
19 15 12 6
42 14 44 7 5 9
28 19 43 8 Y 10
4.2 32 37 15 19 14
104 24 29 24 27 16
Total 279 139 450 770 143 107 111 67



TABLE

81

Number of eggs laid by 360 weevils of S.oryzae on

grains of sorghum (offered in combinations of different

positions).

1280

350.

Entire side Embryo side Tapering end Broad end
TAP BRD TAP BRD ENT EMB ENT EMB
22 13 42 27 27 13 7

24 16
43
24 17
1M 11
27 11 36 .
17 15 21 10
5% 9 15 11
27 1 10 14
37 2 5 ..
20 29 18 6
12 11 112 U3
71 25 39 56 10 31
56 19 95 1 12 18
87 7 34 18 33 18
262 119 376 17 189 154 115 102
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