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ABSTRACT

With a view to elucidating the factor(s) responsible for gre&_lrinﬁon in locusts, the behavioural and

pigmentary characteristics of hatchling Schistocerca
regression analysis and colour scores, respectively.
used for egg-laying by the solitary- and crowd-reared females were not fo
pods and ovipositing females were bo
ring hatch
gregaria could be the foam produced by the females

the &rogeny. whereas higher densities of the
having signifficant gmﬁarizlng effects on the o
most like v?' source of the gregarization signal in
during oviposition.

5reﬁ:ma orskal) have been quantified using logistic
f the three facto

rs reported here, sands previously
ndpt: induce any iregnriutiou in
h indicative of

. Results of this study suggest that the
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INTRODUCTION

Gregarization refers to the process of acquisition of
Fregarious phase characteristics of solitary phase
ocusts, eventually resulting in swarming and
migration. Locusts show density-dependent
changes in phase characteristics such as viour,
colour, morphometrics, endocrine Qgh siol?y and
reproductive parameters (Pener | l{ A detailed
analysis of the distribution of egg pods laid by a
of a large swarm of Schistocerca gregaria was first
presented by Stower et al. (1958), which clearly
showed the habit of grouped oviposition by this
species. Subsequently, the formation of laying
groups was found to be greatly assisted b( the
garious interactions of the locusts (Popov 1958 ;
orris 1963). The habit of oviposition in groups
clearly ensures that nymphs of the next generation
are in close proximn; to each other as soon as they
emerge (Uvarov 1977)

Once an apfarently suitable site for oviposition
is located, a Schistocerca female is found to tap the
soil with the end of her abdomen and to probe it with
the ovipositor. Continued confirmation of the
acceptable nature of the site results in the drilling of
a hole (Popov 1958). When the hole is completed,
the female retracts her abdomen slightly and a
foamy secretion from the accessory reproductive
glands is produced from the genital opening. Some
of this secretion is absorbed by the soil immediately
surrounding the hole so that it is lined with the
foamy material. The foam is also used to glue the
eggs to adhere to each other. The eggs are laid by the

' Present address: Department of Zoology, University of
Rajshahi, Rajshahi 6205, Bangladesh.

contraction of the common oviduct and this is
accompanied by abdominal contractions. The eggs
are laid in diagonal rows and when they are all laid,
the remaining upper portion of the hole is filled with
the remainder of the foam. This 'foam plug’ protects
the eggs from desiccation and provides a route of
escape for hatchlings (Uvarov 1996). It has long
been s?eculatcd as to whether the soil, previousl|
used for oviposition, and/or contaminated wi
relics of ovipositor ducts, decaying egg pods,
pieces of foam plug and the like, could be a possible
source of attraction to other Schistocerca females
ready to oviposit and also, if this attraction of the
female parent could initiate ization in her
progeny. Despite the findings oviposition sites
remained attractive in this way for several days in
the gil;aassho r, Zonocerus veriegatus (McCaffery
and Page 1982) and that sand fprcviously used for
oviposition attracted females of Locusta migratoria
(reviewed by Whitman 1990), the correlation
between the sand contaminated by egg-laying
females and the phase characteristics of their
immediate progeny has remained unconfirmed in
both species of locusts. It seemed, therefore, that
experiments designed to investigate the effects of
contaminated sand (specifically the effect of the
chemical(s) of the foam absorbed into the sand) as
well as that of densities of mature females and their
egg pods on the behaviour and colouration of the
first-instar nymphs of S. gregaria might provide
msaghts into the questions raised in the earlier
findings (Islam e7 al. 1994b) concerning the way in
which the densities experienced by females at
oviposition and the influence of neighbouring egg
s could account for gregarization in locusts.
ough the presence of a relatively heat-stable,
species-specific contact pheromone that appeared to
stimulate grouping by ovipositin% females was
reported long ago (Norris 1963, 1970), the exact
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relationship between the density of ovipositing
females and/or pod density on the phase status
with respect to the viour and colouration of the
offspring has never been examined in detail.

MATERIALS AND METHODS
The locusts:

The fomth—gqremﬁonwdsc}litary-mred parents and

ts reared in a crowd for were
o e o o s
twice (paired with a male for < 24 h) to ensure that
sufficient hatchlings were available for colour
scoring and behavioural assays. Random matings

insects. Eggul;gds were collected throughout the
mature life of the ovipositing females where needed.
For collecting multiple egg pods (see below

mature parents of the same age were used. All
the experimental eggs were col and incubated
in locust rearing room in the ent of
Zoo .Univasr:ufOxford,UKat 0-40° C and
60-70 % uncontrolled RH under a 12 h: 12 h light:

dark photo-regime.
Experimental set-up and collection of egg pods:

pods were collected in two sets of iments.
In first set, sand previously used ( orth
called contaminated sand) by solitary- and crowd-
reared insects, was used as an oviposition medium.
(lunsangm?aco%t;ouuaddmo?.m
egg pods in 2-3 days ividual so -
rgfredfanal«innnov‘ iti mbeﬁlledin%
clean sand were col . The first set of
xperiments therefore had a total of five treatments

reatments 1-5). In the second set of
possible combinations of mature fanam

poddcnsi%wmexminedina2x2dui
ﬁr‘iagmmls& ). Aﬁcfeollectinhtbccggpog
were incubated at 30°-34°C for 12-13 days, and then
: in individual plastic containers (30 ml) in
ich they hatched. The test insects were
maintained alone from the time of eclosion (day 0)
and fed until used in the behavioural assaysonday 1.
Treatment | - Unused silver sand

in hot tap-water and then dried in

an oven at 140" C was used as an oviposition
mm.f&glqy-mdw faullapod;yer- offered this
um tor i an oviposition
mbe(lOcq!hng}%cmdialclglgtcr).Colourscg:‘;m
ﬂtebehavmﬂo 100 hatchlings from 10 cgg pods

was sieved to remove any faeces, foam plug
fragments etc. and then used as a medium for

oviposition of a si from a soli
cgg pods were tested.

Treatment 3 - Csm%mm&ssl_md_ﬁﬂ
v iughrious culture, Same as Treatment 2 except

the sand was previously used by crowd-reared
females for laying. Forty-two hatchlings from four
egg pods were tested.

Treatments 4 and 5 - Tw

oy pod laid b wc!'In‘eary-reamd
to test i a a so
female would umnce the c%lom'almn and/or
behaviour of the hatchlings from a second egg pod

laid within Iy three days in the same
oviposition by a second solitary-reared female.
An was made to collect as many as
possible individual solitary-reared %ﬂa for

these treatments, but it was noted that by the time the
third egg was collected, the first egg pod had
dried out. collection of egg pods in a tube that
muaﬁm pod was fore limited to a

eﬁgod ;-Fgr F hatch from
four 'first laid’ egg pods, and 61 hatchlings six
'second laid’ egg pods were assayed.

were

Treatment 6 - Si itary-

Si into ¢ sand

E solitary fema collected. From
four egg pods, 53 hatchlings were tested.

A%t

hiy-laid mu

Al ¥ ~TC4
Alegeiytl
AU

Using five colour categories (see Islam eral. 1994a
i hase c‘nru k

the S_ngmcnury P teristic of the

ranging from niform
md:;c%)' was moti‘le(clijwuhin .g-b h o)nut)l:
Behavioural assays:

A rectangular arena (35.5 cm x 15 cm x 10 cm) was
Mmmmmumvmﬂmgfﬂn
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individual test insects. From a range of behavioural
elements consisting of locom and noo-
locomotory movements, &noe
shockmcuons,atoulofldpmamaasm
derived and included for analysis (see Islam ez
al.1994a for details). Finally, the behavioural phase
status of the experimental hatchlings was quantified
by subjecting the behavioural data to the logistic
regression analysis, which in one of the multivariate
statistical techni used to predict a binary
dependent variable from a set of mdc'penden
variables (Hosmer and Lemeshow 1989). smgthe
behavioural phase of the insects as a
(=response) variable and the 14 behavnounl
panmeters as independent (=explanatory)
variables, the predi ity that a test insect
belonged to the fully _solitary-reared grou .w9
estimated by using the model: pmbabthlv( uay)
=¢" (1+¢"), where e= the base of natural logarithms
s_appmxmeyZHﬂ),n &+sx+s,§depm,
Kien 1
variables. The model was derived from two extreme

treatment assigning probability (solitary
=lford:‘?m denvedﬁomful somrza::nreg
parents isolated rearing of
and probability (soluarv)=0 for the behavi
record of the nymphs that had fully crowd-reared
tsandwe;emrggbmlacm ’aﬁerhail':m
estimate ility (solitary) values,
therefore, prowdegmbehxv mJnceso fthe
insects used in the The method of
constructing the has been detailed carlier
(Islametal. 1994a,b).

Statistical analyses:

To weight the relative impacts of the densities of
mature females and their cgg pods on the behaviour
hatchlings, either
m(Mann-WhmieyU-m)wm

emp in all cases where the data did not show
ity and/or hom ity of the variance

(Snegel andCastzllan |8§§“eo, clise the data were
ranked and normalized, and dieuansformedvnluu
were to analysis of variance (Conover and
Iman 1981). Correlation between the behaviour and
hatching colour was estimated by calculating
Pearson's product-moment correlation coefficient

(r).
RESULTS AND DISCUSSION

The logistic regression model:

log:sucd:lgmssmmoddwsdmvedﬁomh!h’:
into the clean sand by lom;hnls&smmad
females (n=100) versus those that emerged from
tnuluple':‘g'%‘todshndmmﬂlechnsndbydn

soli females crowded oviposition
. The backward step-wisen was used to
constmclthemodelthn 80!4%ofthc

147 insects correctly, and of 6332
(P<000|al6dt)wnhd\el’arson sx’xsunsncof

120.15 (P=0.87 at 139 df), indicating a near-perfect
goodnessofﬁt.Suvarnblcswmrcm in the

model! as significant indicators dtfferenumn thc
of insects (Table 1). B

this Wﬂw (solitary) value o
experim hatchlings were computed.

Effect of contaminated sands on hatchling
behaviour:

Compu'edlocleansa(nd(l-‘ l),conumma%dsu;i
fmmneldmaomuy nor
l& greganous (Fig.

culture was any
behavioural of the hatchlings ﬂm

fmm laid in such sand by
funcgsp‘(’dsMum-Whlmcy U-tests,
P=0 mdP=0 2004, respectively).

Effect of egg pod density on hatchling behaviour-

Two egg pods, laid close to each other in an
oviposition tube by two individual solitary-reared
females within Z-Jaygmwwm:uprm

gregarization of the hatchlin,

oome)ued to a single o 2%7302
P=0.2104, rxpectwcbz“v 4 and 5). Thls
suw that the iour of the hatchlings
from the "first laid' egg pod was not

of the "second laid'
WMZ). n contrast, the behaviour ofﬁ
from crowded pods, either

Fm““”w“ it E%.:""" e e
hatchlings derived mglcpods 50,
P<0.001, Table 2 lmdc:bennuo (F"'(‘ﬁg 6)(’2:
maaowd(F‘g.

Effect of female density on hatchling behaviour:

In comparison to a single m?'rumdfemale
“F"m fm&spame)'(ﬁp.s 9) was

‘m”m'mmmm

Tahble 1. Bebavioural parameters retained in the logistic regression
model constructed for quantifying (he behaviour of hatchiing
S gregaria in an experiment where the effect of contaminated
sands. and densities of mature solitary-reared females during
ovipesition and their cgg pods bave been covaluated The
methed of constructing the medel s clabocated In e text

Madek: n = Bt Xt PaXs . P Xo, with prodedility (solisaryj=e"{1+¢")L

Varabie: - e Confacmme [ —— Perve
L= h-b_‘ carrelatere
-
Trach mpeed arTe - ans
Turas per tme SN LY am
Cramching e roction 1488 Ll am
s B8 e e s
Jwmpeg beqeencs o - e
W plaang tam f-a Taee F o .. [ 81}
—Constons A3 |
“The cocflicicot describes the partial correlation between the
dependent variable and cach of the independent variables It
ranges from -1 to +I; pasitive values indicate that as the
increases in value so does the probebiliyy (sefitary ) for

l!}i
;
i
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Figures 1-9. Frequency distributions for Mb@  (solitary) values, ranging along the x-axis from 0 (=fully

- gregarious) to l(c=yfnlly solitary), as’:r:dict b tl::zgistic regression (Table 1), showing the

effects of clean and contaminated sands, and densities of mature females and their eﬁlpods on the

behavioural phase state of hatchling S. gregaria. The mean and median values for probabifity (solitary),

the number ofhatchlings used and, iwrparentheses, the number of egg pods from which they emerged are
presented for each histogram. See text for further detail.

Figure 10
100 F:_—WFE
801
i-
Ee
1015 8
HHEHEE
] 2 3 4 5

Treatment groups

Figure 10, Frequen histogunsloreolourscom,nnghﬁfmm uniformly green (1) to heavily black (

g.mmeﬂ:cyuofdeundmh-w:ndl,u deuitiaofmmgn& ndvt‘zre‘ﬁ“
on colouration of hatchling §. gregaria. The figures indicate the number of hatchlings used, in
parentheses nntbeunberofeu.sods from which they emerged. The treatment groups include: 1 =
clean sand, 2 = contaminated sand from solitary culture, 3 = contaminated sand from gregarious
o< - 455 p%dfdn?h' Selitary eared et it o8 tabr o s T i acared

= a m in a con mu
ennl:‘“’ - k-ﬁand .

g egg pods, 8 = single egg pod from crowding of -reared = multiple egg
from crowding of solita -mredk-alu.‘l\ermced-m r collecting the pods and colour
mrhgof(hehtclimmd?uiledinmlerhku Methods. -
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&o]ilary) values showed that the differences in the

haviour of the lh;tchling; gll.ﬂey to densities ?; the
ovi females were hi significant (F,,,,
=30.10, P<80.001;Tnblc2).

those of the hatchlings derived from egg pods laid
into the clean sand(sl’_;q 10, Treatment 1-3;P
=0.5144 and P=0.3577, i

respectively). Similarly, the

colour(?fdu: hatchlings gogslhcpgmdo)l‘ugeg
pods (Treatment A . ut in
:g;eemau with mvmml data mentioned

ve, the colour of hatchl from egg pods at
dmsmuole‘podspambeﬁmnmm T&
?) was §igx;ifmtly dn;:er that o 6£
rom asingle tu reatment groups
So.ita8 ﬁahghdcnsityofcgg
F,.s=137.68, P<0.001) rather than simply a high

ity of females was effective at promotin

F‘e.f:g%q’s' Bi_ﬁelnﬁuon in the hatchlings (Table 3:

Correlation between the behaviour and
hatchling colour:

A significant correlation (r=0.4292; P<0.01) existed
between behaviour and colouration of the hatchlings
indicating that the darker, black hatchlings behaved
more gregariously than the lighter, green
counterparts.

The iments have considered the
possible w:gmexg?n::nonnmimted sands, and
densities ot;nt‘linmesplimymred fgcnales during
oviposition i pods on phase state,
w;%\o:ted inlermsof&nviourmdcoloumion,of
the resultant hatchling S. gregaria. It has been
oy e e el s G - lging Solary-
into solr
gregarization in ings emerg
solitary-reared females when thessla_nct lald‘?ﬁeir ege
m such pre-treated oviposition media. It has

been that a higher d:ns:g of

ovipositing females as well as a higher density of the

resulted in the progeny hatchlings

showed a significant 1s behaviour

compued}ot!\ceonuuls.:\ i density of the egg
was found to have a

Eregarization  heprogenythan higher ensity o

In contrast to the present findings, Lauga and

Hatte (1977.1978) demonstrated l&

solitary females were allowed to oviposit in

ouminatedslnd.meeggpodsmdtheegphi::%

themﬁct . ber per pod and ,
to egg num mean weight

of egg;sglnlhisrel;‘ect,fmlsofovipositmg

number of_,Bodsmcom to unused sand
(Norris 1970). However, neither behaviour nor
wbﬁamof&e% bf;omlhc
were in c:;peruncms I:auss

;eﬁdue (lm'speues-l 8').spet:ii' d and
to certain ic di it

is also that some attractive matenial could
ipositing females of

left behind in the soil is too little to be effective as a
gregarizing factor for their progeny.

which for
gregarization of the offspring. Recent studies have
::i% that tactile stimuli m/eﬂ'ul'ehe the olfactory
v stimuli in determin
behaviour of soli A ﬁﬁt:‘gw.é !
nymphs (Roessingh and Simpson 1994).
Whilst differences due to egg pod densities were

Tabie 3. Asalysis of variance table showing the cffects of densities of

Squares  squares

Egg pod density () 5466 1 S466 13748 <0001
Female density (F) 027 1 027 06T <03
Interactisn(ExF) 0.9 1 a9 148 0%
Residual .02 194 040 - 5
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significant both for behaviour and colour of the
experimental hatchlings, those due to female
densities were significant only for behaviour but not
for colour of the hatchlings. Hnn:hlmg colour is
therefore much more influenced by egg dcns:%
than the density of mature females at oviposition.
similar result was noted earlier where solitary-
reared females crowded during oviposition led to a
sngmf' icantly ptonounccd behaviour in
Ffspnnﬁ":u; snme did not produce
sngmﬁdm hatchlings (Islam et al. l994b)
Unlike many grassh where laying is
an individual event om to thc:gc%wmsgof
other females, the timing and location of oviposition
in locusts is strongly influenced by other ovipositing
females. It is obvuots that the of group
oviposition favours the development o
behaviour of the hatchlings since the find
themselves in crowded itions from the time of

observations have shown llmo\nposmng females of

S. gregarialay theu'egg pods indense. whlc}

on average, mi from 200.m

1958) 1o 800m (mﬁ‘:y and Po;:’ovd 968) In ll:ef
resent experiment, 0 ensmes 0

. 400-400038 h obtained by

E%

the affects the embryonic development of
eggs by diffusing through the pod and the

soil. The foam during ing thus

appeared to be one of the most l_ﬁy sources
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