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Nympns of Acheta domestlcusfki ) tended to grouo‘7ftH

’

together 1n clean envxronments but were more stronglj c

'-adﬁltsf Nymphs 1n peer aroups,ate more food per mllllgramf;hff;

. '-‘l ’
‘of bodv welght than those in. 1solatlon~and converted”it

I . Sy

‘to boéy tlssue more ef flc1ently They, ad & raster relatlve

/ L ;‘(’-‘ .
gtowth rate and mat”red more rapldlj, olten n v1ng one or
-

"two fewer lnstars durwng development than lSO ated nymphs,'

‘at least 96 mg berore dEVElODlng w1ng oads. < f.f7~

Vymohs le not detectably ’ncrease temperattre

or humldlty in rearlng jars The/ grew aS‘rast in palrs as

in larger groups. y-mhey grew as fast with nymphs of, Gryllus *(

'”_fultonlu(Alexander),as w1th nymphs of thelr own spec1es,_'t
'andwnearly’as _ast with: nymphs ol,g, veletls (Alexanoer and

BigeloW). Isolated nymphs in. contact w1th substrates con-

_tamlnated by nymphs of the same»age dwd not grow s’gnificant—

ly faster than lsolated nymphs Growth rate an‘ sen31th1ty

B to the presence of peers- was not affected by parental age

Isolatlon part way through d’lopment dld not re<

tard maturatlon, but contlnuous assoc1atlon with an older
P BN

' crlcket dld_so, most- retardatlon occurrlng ln later instars

- A

Vymphs reared w1th older nymphs (except males reared w1th old~""

Ly

er females) were significantly-heavier,than.nymphs reared_witht.

.and completedfeacn 1nstar more rapldlv Hll pymphs welghed.ulﬁ'

- ’5



'_ .,pt'h'é‘r’s.._.éf; 'thei.rf'-own‘-"'aq'éz.,,’-.‘, Rt
o Crouplng partwﬁ* through develooment accelerated

L_.maturatlon o-,females,vbut not of males. Females reared

.

-r.}~_. tlQP Grouoed females matured faster'than ma1es in the same

“'ﬁ'treaﬂment 1n al1 exp rlments out lsolated females dld not

End there was generally less d\juerence in Wa&uratlon rate
Y . |

“‘:.‘ R

Fetween tne sexes in lsolated samples.r}:fa o .
. (R . . ‘ ’, ‘ b e SRR .

Grouped njﬁphs of C oennvaranlcus (Burmeister),!

\_\;.-' - o oo \ “h
‘_,g ,raltonlarc G .veletls;trom Indlana dld not grow'raster
o 3jtnan those 1n lsolatlon.- ~emaTe nvmphs of G veletis.from
. Q;Aloerta grewﬁfaster' n dense groups than in smaller grouos

) : B - . k .., ‘ : ' 3 P .

ie(i‘~'or;isolation, but nales d d not.~ Macroptery of g, seletis

ta ", w1tn group G r arrng Very rew 11c1v1duals of G ‘oennsvl—

i
v

vanlcus become macrooterous whether reare in groups or in’

o 1solatmony;: 'w

° 1.

S .
.

LT | : A .
,w";a;w-It was r*onc‘uded that njmphs dld notﬂarow faster,

~ o . ‘1
-\l

1n resoonse to the oheromone (or Dnﬁromones) wnlch cause

..,-.. . ’ S,

:aggregate.v They requ1red t e presence or other

nymphs,w

.

"h; \was probablv tact le.“»Faster Food consumotion of grouped

! . < s

nymphs may result from soc1al fac1lltatron, Wthh contlnued'

v'{, arter contact between nymphs ceased S T

:

P

ohance of‘surv1val to maturlty if thevy hatched early and

\ - ' - v

aroups began egg laylnq earller than thoseareared ‘in- lsola—,‘ﬁ

lts of: both stocks’dasFStrongly and positively correlated

1n eariv lnstars at least to do_so,vand stimulation”

-

R RO S0 1 A

8

Vympns in. natural pooulatlons would hive a better




deVeloped qulckly, slnce’growth of smaller nymphs would
dbe 1nhlb1ted by the preéence of adults "Shorter Dre—z
ov1p051tmon perlod of females would glve thelr Offsprlng

aa competleave advantage in the next generatlon. 'Faster

. ,
. ‘growth is an advantage only to" spec1es w¥1ch have ‘no obli-

&
3 . l B ’
‘gatory overw1nter1ng,stage; . ' : 3
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0.0 . GENERAL INTRODUCTION . " B
Members of many insect specres have predictable
responses to the presence ST absence-of others.oﬁ their
,k?nd' Gronping-or:isolation may.change behaVior} physiolo-
1§icalvparameters or pbdy‘;proportions énd maf arise.over a
long period Or'inmedietely; Responses are usually manifest-
ed when only two members of* the FpeCLES are together, although

they may be lntenSlbeQ at. higher densities.

5- Such phenomena were named grouping effects"

(effet de groupe)by Grasse, in 1946. He distinguished
grouping effects as being responSes of one indivionsl_to.
stjmuli proéﬁced by another;~in contrast to‘"mass effects"
which'result from changes in ’the environment_causedfby pre-
sence of a population'of‘animals ' He regarded the stimuli
as being‘sensory, and‘intended hi's definition to inCiude in—'
'teractions among members of social species as well.as\nonf
social ones. .. |

Our understanding of insect societies hasgso much

Y

. ‘. . . ) P /. .
advanced since 1946, however, that Grassé's term is now ob-

“solete in its Qriginal definitionf It is' still useful,
. . ! [ ) ! N
however, to consider'it when discussing interactions be-

-tween insects which can complete development in isolation,-

but which are often found in groups in nature. Groupino

eifects in- this sense have heen noticed in members of

-

Orthoptera, Dictyoptera, domoptera and Lepidoptera.



Insects of these spec1es do not co- operate w1th
_-each other in any organlzed way,'ln food gatherlng or

storage, ra151ng voung or bulldlng shelters.u Thelr con—.-"

tact Wlth each other may occur only durlng restlng perlods,

h;51nce each forages for 1tself

The term"grouplng effect" may suggest that llVlng-f
N _

'1n a grOup produces unusual reactlons 1n the subjects

: Jpstudled However,.51nce members of specres 1n Whlch these

|

: _-effects occur are often found ln groups/ln nature, contact

. L. \-
-W1th others of thelr own klnd ls normal for these 1nsects

.

‘ﬁThus,_the characterwstlcs they show when grouped are. ‘probably
the .ones most commonly seen in natural condltlons .:It may

be the 1solated 1nd1v1duals whlch experlence unusual condl—'

.

thHS, and the dlfference between grouped and lsolated

ects mlght well be- called an "1solatlon effect" | To name .
9
N

lt a grouplng effect"'lr aggregatlon~effect"'empha51zes

that the phenomenon is often found in members of gregarlousf
l
specres,»whose llfe cycle is adapted to such s1tuatlons

Analy51s of such phenomena throws llght on* blolo—‘ﬁ’“

. gical strategles whlch are akln to the development of socra—

L

hllty, but distinct from it. Forms. that responses to group—
ing take, and mechanlsms by which . they}are.achleved are
‘Stlll at the’catalogulng stage. . ilnce thelr adapt1Ve 51gn1;
: flcance has often not been conSLdered bthelr adaptlveﬁvalue

flfor an individual is usually unassessed much less tested

Chauv1n first reported that nymphs of Achetar



‘fgeﬁce at 30° C was not supported by hlS publlshed data,f,“'

';whloh clearlv snowed that nymphs rrom mothers of apv agef{ﬁl'

foalned welcht faster when grouped

d;f’¢,~' IR

domestr&uS‘ L;)ﬁarow Faster 11 ‘groups than 1n lsolatlon;*'
T .
N

(1946 l9§? and carrled out many experlments on the{-al

phenomenOn Powever, hlS major concluSlon, that faster'

ﬂﬁgrowth occurred in grouped n/mphs only if ! they were the

foffsprlng of Females more than one month post adult emer—,

-McFarlane (l962);and Charoentmr narrson and

Olofsson (1972) also reported raster grthh in: crouoed

~ |

nYmpns. \Johnston and,McFarlane (79/3 ‘dund remales to

grow faster in groups Onlj ll‘thej were the ofrspring of
4

.

;mothers four weeks or less post adultlemergence at 30* 1°cC.

'elther~from hatchlng or from the last nymphal 1nstar were B

The only work whlch has related crouplng durlng
development to subsecuent effects in adults was Gona s.

(l976) study whwch reported behanloral dlfrerences oetween

adult males of A domestlcus reared in groups and in lSO—

latlon durvnc development - Young. adult males 1solated

, -

round to be more llkely to copulate durlng a-first two—

“fhour ex“osure to an adult female than were males lrom aA

same sex group or males lsolated after moultlno to adult

-

',Those 1solated from the last instar had a Slgnlflcantly

i

-longer latency than dld those in other treatments, within

b - _ o -
the two- hour perlod ‘ ' o )
OtherVdifferences have been recorded between.. .-

. ’\

98]



fxffgroups elther jUSt before or ]tst after the last moult

>

;adults grouped throughout llfe and those separated from

o

"»Qow051elsk1 and Patton (l965) found that crltxets lsolated

ffrom groups w1th1n 24 hours of adult emergence were more

-

'llkelV to dle in early adulthood than were adults left in

groups.‘ But older crlckets had a. greater llfe expectantv

when kept ln 1solat10n Female llfe exoectancy was esoe—n;

‘cilally shortened by llVlng in a mlxed sex g oup, but the

OppOSlte Was true for males. ' 'i ‘ : ;Z?
Chauv1n (1958)‘con31dered faster growtn rate to.
be caused by sehsory stimuli recelved by the cercl and

antennae, because amoutatlon of either crgan redtced .the"

‘growth rate of both grouped aﬁ lsolated nyﬁphs e McFarlane

5(1966 a b c,l967 1968):found ev1dence that chemlcals“absorb;3

\

#'ed dlrectly into the body influenced growth. rate. Neither
uhyoothe51s has been further tested by other workers, and

,very llttle has been sald about the adaptlve value of the

effect in the llfe of:the lnsect.

The objectlves of my prOjeCt were to. flnd out

K3

' why grouped cr;ckets grew faster than lsolated ones and to

\

.develop a. HypotheSLS concernlng the adaptlve value of fast—

er growth in grouped nymphs of A. domestlcus



1.0 IS ACHETA DOMESTICUS -A GREGARIOUS SPECIESS? ot

P . ’ * < v
1.1 Iatroduction to Section 1.0°
\ e " ' :

o

i

Grassé defined "gregarism" as a trend to form

aggregations by mutual attraction, visual, tactile or ol-

factory stimuli being the cues used {(Brossut, 1975). The

tenden¢y of cockroaches and lotusts to form aggregations

i . ®

is well-documénted (review Dy Brossut, 1975) but is less
well studied in crickets, al=-hough members of most speciles

cultured in laboratories ar- Kert n grcups.

°

Sexton and Hess (1968) found that adults of A.

.
N

domesticus of both sexes wa's attracted to wooden bhlocks

%

pre&iéﬁsly ‘conditionedf Py Srickets' in a communal tarp-
fakiuﬁ, and reséed on them iwﬂbé9ference to clean biocks.
However, they were Yepé’led Eof about 24 hours bv the same
- .

"conditioned' blocks wrapped in paper tissve gr filter
paper, and preferred clean wrapred blocks. The au;hogc
conclpded th;tnthe blocks hh@ had both a'stable; nom:
volaﬁile attractant deposikea on %hem, and an uhstahla,
‘volati}e repellent. Adults of beth sexes could condition
‘blocks with both substances, but the revallent produced
Hby the same sex had more effect on an individual.

«

Otte and Cade (1976) showed +hat adult males

Q
rh
fo

domesticus could distinguish the odour of adulfr ‘e-

males from that of :hér ‘males and +that they were attracted
. i3 .



- !
towards grbups of femalee"or to their conditioned filter
paper resting sites. The males, which came from all-male
aduit colonies, and which had‘not haa accesslto-adult fe-
male% at any time, increased grooming and became aggressive
towa;de each othef in the presence‘of female odour. Adult
females were clearly attracted by the odour of other adults,
butgit was not demonstrated that they could distinguish »
the sex of other crickets by odour.

The following experlments were carrled out to .de-

termine if nymphs of A. domestlcus are attracted to each .

other when ChOOSlng a place to rest, and if they would
form‘groupsjactively. I also tested the influence of sub-

strates previously used by crlckets on choice of resting

" site.

1.2 Materials and Methods

v

Circular cardboard arenas,'40cm high and 45cm

>

in diameter were used (fig.'l). Each had a dlsposaﬁle floor
of Whatmah's.No. 1 fl]fer paper whlch wae replaced for each
trial, to which 10 resting sites, of a typé pro&en to be
acceptable (fig.lZ), Qere glued in a circle. Each resting
site was a 13x5cm strip of Whatﬁan‘s'No. 1 filﬁer paper
rolled into a scroll 2cm in diameter. They were as-&nlgerm "

in shape as p0531ble, and were glued to the floor w1th one

open end upwards. They rould be inspected without disturbing

v



plastic strip

stapied seam

" 40cm ‘/’

+—— cardboard wall

|

_food and water

resting site

Fig. 1. Arena used for aggregation trials.



Pig. 2. Resting site

\ o

‘ Greibbghs : [

used in aggregation trials.



N

(

v

~

« . -

-

the crickets, and could not be moved murlng a test. Food

and water were provided 1n small contalners at the centre.

of

]

the arena.. Transparent plastic taoe to wnloh erlcxets

could notcllng prevented them from climbing the walls of

the arena 4dnd escaping:~"Uniform illumination was provided

by fluorescent tubes. -

i

"

t

Vymphs were selected from a qrouped stock and

were tested in pairs at abouc 25°C, -Membe&s of ' a pair were

'l

Q-

fourth to pre—imaginal. They were placed in the arena
gimultaneously, from the .same ccntainer, and the arenas

were inspected at regular intervals until the crickets

the same size and in approx1mately the same stage of

the moult cvcle. Nymphs used were in all instars from
N :

8
'

t

f
'

settled.oown to rest: Resting was cefined as being in the

4

same place for three consecutive observatlons at lnter”als

of

20 mlnutes and orougln was defined as belng w1th1n an-

tennal contact dlstance 0of the other cricket.

e e

. .
P

In an initial series of:trials, all restlnq sites

'Were_clean. I a JSecond;series, one used:restin.:site
L ow hd . - - .- . - - T = s

. o
- ES © :

KCOndltloned by elther nymphs or. adults for at least one wee<)

f—

was offered w1th nlne clean ones . In some of these trlals,

.

“to

-

'freshly Fontamlnated substrates were offered in;others,,,

[ BN S B

they had been stored at room temperature, 1n open contalners'

‘
N

”lfor varvlng lencths of \me, up to two months

Results of experiments Were”tested_statfstically

find out if they differed significantly from what' would



G

‘be exoected if nymphs chose a resting site at random. The
\
expectation of the null hjpotheSlS was that the second

nymph to settle would choose a site already contalnlng\a

nymph by’ chance 1n one trlal out of,ten s1nce\ten sites

were offered. ' ' The formula used to test this hypothesis
was: N

- n

\ - X-E’ . Q
n(k-1)
12
\7‘\ )

lﬁﬁ - A , C . ’
Where Z = the value of studént's t with infinite degrees.

of freedom, X = the number ©Z trials in which nymphs grouped,
n = -total number of trials and k = number of‘refuges The

\.
null hyDOtheSlS is rejected if the value oF Z is greater,

than the table value for the. chosen level of SLganlcance

1.3 Results and Discussion
A total of 71 trials were carrled out with 10 elean
, restlng sites. Of these, 32 were abandoned because either

*’only One nymph, or nelther nymph had come to rest durlng

“_}a 12 hour perlod In the remalnlng 39 trlals, both nymphs

chose a restlng Site. The null hypothe51s predicts-that in
39 trlals, nymphs would group 3. 9 tlmes The observed

‘number, l2 was 51gnlrlcantly larger than expected at e

P<0.001.

o



Fr .
A . . .
ln l4|trkéls w1th one contamlnated restlng 51te{
.present only oné;pymph dld not settle on the used substate

.8

F All nymphs settled to rest w1th1n 12 hours, and nd trlalslﬁ
were abandoned ThlS result was hlghly s1gnrf1cant
(P<0.00l)h In many trlals, nymphs perched on’ the use? rest-.
ing 51te for some interval of tlme, (a few minutes to several
hours),_then began moving again, to explore the'arena, eat
or drink. They always returned to the used resting slte
Stored restlng sites, attracted nymphs as con51stently as
fresh ones. o ' o 4 o o -

1.4 Conclusions -

Nymphs of A. domestlcus do;aggregate spontaneous-u

lv. They are con31stently cued to do this by a substrate

prev1ously contamlnated by other members of the species, . .

. as demonstrated by Sexton and Hess (l968 _ for adult crlck—

y -

ets, but can dlso form groups in completely clean env1ron—
ments. They are therefore able to respond to cues prov1ded

directly by the bodles of other nymphs.

The attractant -or arrestant pheromone (or phero—
'

- mones) depos1ted by the nymphs is very stable perSLStlng
wrth apparently undlmlnlshed effectlveness for at least
two months in the open atmosphere of the laboratory

©

These results indicate that nymphs of A. domestl—

11

cus are very likely to be found resting in groups 1n-natural1“3



habitats, and that the groups probably occupy the same

locatlons over’ long perlods OL';lme These locatlons pre-

sumably w1ll be the most su1table restlng 51tes for

A

of thlS spec1e§?avallable 1n the area

el

1

members



2;0 WHY DO NYMPHS IN GROUPS GROW -FASTER

| THAN THOSE . LN ISQLATION?.

<

1

2.1 ZIntroduction to Section 2.0

In thlS section I report ‘the reSults of experl—

ments which I carrled out on. the. prox1mal causes for faster .

growth in grouped crickets. I wxshed to flnd Out‘lf riymphs
'?
oo v Mere. really lnfluenced by some attribute of another nymph

_4}‘.,.

@ e s

or by phy51cal changes ln the enV1ronment brouqht“about i{'g'7

'f; bv the presence of other nymphs If the 1nfluence 1nvolved

‘nbanother nymph what dlfferences dld 1ts presence make whlch’fx

. led to faster@growth of ltS companlon° Cop%d annymphlrej
spond to chemlcal cues onlv, ‘as 1t can in .choosing a.site, .

or is the presence of another nymph necessary?
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2.2. Materials and Methods

2.2.1 Origin and Maintenance of Stocks

Stocks of Acheta-domesticus (L.) obtained from

3
‘Laval UniverSit/ and Washington State UniverSity were used

.throughout the’ pro;ect They were apparently similar in
allrcharacteristics They were kept in glass battery jars»

jor in,l28.oz (3 6 litre) pickle jars, which were either .

“ S, = uw,‘-

left open or partially covered With aluminium fOil or
plastic film o _

Miracle BrandtR-Baby4Rabbit»pelletsy'preViouSly:
ground to powder in a kitchen blender, were supplied as

food Water was supplied in straight -sided - vials of var-

ious Sizes, plugged with cotton or rayon batten " Rolled
or crumpled paper towelling or Whatman's R No. 1 filter
paper provided resting sites. e,

Eggs for incubation were, laid by females in one

ounce‘(30 ml) plastic cream'cups (Lily Brand 3) full of R
\ '; EEEER
moist sand that were placed in stock jars overnight mThey:._ BN

El

were incubated in the sand in which they were laid, in a

tightly closed, screw—topped jar. A piece of moist paper- -

towelling in the jar maintained high humidity. Eggs of A.
»~

domesticus hatched in 11-12 days at 31°C, but took longer

at lower temperatures.



2.2.2°° Rearlnc Exoerements wﬁth Ache*a domesticus

-~

cs y <.

A -

1at J30. 3«31 S°C Te@pe?dfﬂresﬁﬁluetuated-no more'than'fd}BQC

from the one stated.

Tl
- .

IS

and experimental crickets were kept in darkness gkcept when

rémoved ‘from the cabinets for 'care or manipulation. Domin-

‘a

. "R . . ' -
1on Brand °, one pint (aporox;mate v 370 ml), sguare-=

sided, wide- mouthed Wason Ja*s,'w1t1 ”Bernexd*n snap lids

and §Crew=on- metal rlngs were sed For all rearing experl—

of an air—tight seal, and- Lsed the wh@temenamel surface«%ﬂf

_meﬁts. I tuLned the l1ids upside down to prevent Foruatlon

thus exposed to record data in wax pencil. The jars‘were

bought in dozen lots in cardboard boxes which were used
throughout the project for mass handling. Cardooard partl—

tions witHin.'the boxes orevent Sl v1:ual commun*catlon be-

'
L.

[ Py :
tween orlckets1ln different ]ars.
b

Between exyerlment& jars were washed with' deter—

-gent, rlnsed and oven—dried;.»Rlngs nd llds were alr—

dried} since. they tended fo de orm at hlgher eemperatures

Each jar used- ln an’ experlmemt was Lurnlshed w1th

a ong dram vial oz water plugged w1th rayon or cotton,~
! 1 s

13 cm x 5 cm str’D of Whatman S\R No. 1 fllter paper, rolled
lengthwise nto a scroll, and about 5 ml of ground rabbit dlet

in a loose pile in one corner.  In experiments on food in-

. Ry Y - .
take, ground diet was sieved at 20 mesh, mixed with 0.4%

agar solution and dried at 50°C, to form cakes. Fracments

-.Ecperlﬂents were lqcuba+ed at 20°Cgtd*32°c, mostly

No light was ‘used é&xcept where -megtioned,

—

¢



A

of cake were easy to separate from faeces because of thelr o .

LN "

much llghter COlour Experlments were - ‘set up as randomlzed

block deSLgns, to dlstrlbute treatments throughout the

IR

boxes - Treatments were randomly arranged w1th1n blocks
after the jars "had been fully prepared and . nymphs were

a551gned to treatments by fllllng jars sequentlally

o Nymphs _rom the same hatch were used for all treat—‘

R

*itmeﬁtéﬁ, The perlod over:- whlch ‘they hatched ranged from four
to 24 hours Before being aSSLgned to treatments they were
) all .held togetber 1n the hatchlng jar ngI}Z 24 hours after
the epootub had been removed
\ - Water vials were usually replaced on or around

the l4th day after the experlment began and agaln usually

around the 24th day, wheﬁ\more food was also supplled

After“thlsJ_care became more - 1nd1v1duallzed because ‘the larg-

PREN -

. er..nymphs - sometlmes polluted thelr water’ solurce ‘or pulled out

o

the cotton plug and flooded thelr jar. .

'Q7e = [; When nymphs were welghed durlng an” experlment

-

L}they were tlpped or - shaken from thelr rearlng ]ar 1nto a

Kl

plastlc v1al of known welght wrthout anaesthetlc, and tlppedhﬁ;~::“

_‘.—‘

e p
- back 'into the‘]ar afterwards.” all welghlngs were dohe w1th1n;

as short a t%me as possible.

2.2.3 Experiments with-Gerlus,Species. L
R .
¥ One lemale of G. .veletls (Alexa?deriand Bigelow)

1
§

PR N

and tbo females of G fultoni were collecaea‘in-June-1975‘in"~'

N

N ) - : : . ' P



e

B sodthern'Inélaha.'

"

- tiVity;"and surv1ved well on tne same Olet ‘as given . to A

domestLCLs stoc

S . '
» osens - .

All lald several “hundredq ecgs 1n cap—'- &

Eggs of G V"eletls hatchea in aoout 12

days_at 3l°C, and those of G. letOnl in about 13 days.

First star nymbhs

&

of Grvllus 5DD. survlved in muth hlgher

-[ngnumbere TE, humldlty ln thevlearlng conta1me*s~was hlch “b'”ﬂw'"

later 1nstars tolerated low numldlty well., -0

\

In OLder to carry out su coessful ekperiments with

North Amerlcan,field crickets, I had to increase htmld1tv

in the experimental

I covered.the_floor

.

jars, at the oeclnnlua of each experiment.

of each jar wltﬁ a . 6 5 cm X 6. 5 bl quare

~of filter. paper ﬂOlstened with 0. 6 ml of dlSt’ll d water be—

'

; Fo:e uttln ~nvm hs
- P 9

“w b
.ul.d”'

“
-

allowed to revert to ambient humidity. . The nymphs had, by

thatwtlme, become mors: nardy and hlqh mowtalitv'was‘évoiaed

b

2 da;s latervw1th O;;

1nto ‘the Jarsw_v herapex«wesygeﬁoiét ned " oY

ml ofpwater‘l-After-this the Jars were
. J -

° . . T e e

All‘nymphs An. the experlment recelvec thfsb“*eatment all

'1 other experlmental p*oce u;es were the same as in other 's-ud-

. - . oIt a LR
P A - - . . A -

. Ciés on’ A. domestlcus 55"

.. | B =

2.2:.4 'Analysis'of'Reselts ' . o

)

The resuylts of rearing experimehts weré analysed

| - by parametric‘methods.’ Analy31s of Qhrlance was tsec when *

several treatments were 1nvolved followed by Duncan s New

Multiple Range;TestJ

3

When only two treatments had to be com-

.

.. pared, »elther analv51s oF varlance or Student's unoalreﬁ

‘t-tests were used.

v
B



N\
Although experiﬁentq were always Setxup”as
VTfandomizeﬁ'bloékfdesigné’théy were‘énalyzeﬁ'as being com-
 pletély-réndomizedjpﬁecause‘deaths‘duriﬁq the‘cdursé of éhe
experiments uSuain reduéed.the‘number §f~éOmplete blocks

sdbsﬁa#tiailyi

g



2.3 1Is Faster. Growth in'Gromped Nymphs a Mass Effect?

Cor

"2.3.1 Introduction to 2.3 : .

) Since all ,experiments, both in thisistudy and in
thbse reported in the literatpre, have been carried out in
small closed containers, it seemed possible that increased
gré@th rate in grouped n;mphs might be due to an ingkrease
in ;emperatufe, ;ﬁidity or Some other faézgg\Tﬁ’fgz::
reAatgd to theénmtgr of nympﬁé in.them. If(éhis'were true,
it would mean tﬁat the acceieration of growth rate might |
'be an artifact of experimental design, nét found in le;s
prg;ected natural‘environments. Thﬁs the phencmenon might
whave'little méaning in the life of the insect. Chauvin's
(1958) coh%ainegs were too small to allow complete, normal
development of nymphs to.adu1té. He found nyhphs in\these
"~ containers grew féstesf in groups »f three. McFarlane (1961)
;eported an inbreas§ jn‘growth rate with incréaso in gronp
size from five to tén. Charpentier ot al., (1972)r~1ortad
no différence between g'oups ~f ivec and gronps of éi". buok i
their axenic conditions ar~uth va'2 was severely re' 71nd
apyway. Thus it is not clear the 15Foratur9.if rowth
raﬂe is related to density.
‘{ T carried ont direct me- nrements of temperature

and humidity. Rearing experime '~ with gronps of differing

density were also carried out. sioce changes might be subtle,

or involve some other paramet r

7

19
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2.3.2 Direct Measurements . w®= . ..

Direct measurement 5f temperaturé_and humidity 
within jars Was‘made uségé a Yellow Spfings Instruments
Telethermometer‘and a Dew Poirit Hygrometer (model 91HC) .
from the same compa?y.“‘Temperature measurements made»with;
in a standardly furﬂished rearing jar‘were compared with
measurements made in'thé'cabineﬁ. .The two prQbes were
‘shown to record identically before the tests began. The
'probe.was suépendediin the air inside the jar, after pass-
ing through a rubber ring in the jar lid. Measurements
were made ih an empty jar and with one, two, three and four
last ihstar nymphs in the jar.w The temperature within the
jar corresponded to the temperature in the cabinet to with-
in 0.1°C and did-not}vary with the number of crickéts
placed in the jar.

hMeasurement of humidity was more difficult. Tﬁe
machine could give bnly one readingfé£'a_time, which was con—?
sistent to 1.5% RH over saturated .salt solutions. It feduiri
~d at leasé two héurs to adjust to a constant reading in a
given humidity. The recording probe generated heat which,
in still air in a confined space, gradually altered the in-
strument's readings and made it éppear that humidity had
decléﬁed. Tf the machine was not left running continuously
during tests, the probes had to be oven-dried to prevent
damage on reconnection.

In nrder tn make conditicons in “he jar as stable



'an,e

‘the addition of pre-imaginal nymphs to the jar.

1 ST Lo, i Al L i A e an dog e O T o - Wt m L

-
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PR Oy ; o w P~ ~ ‘ DR :
aE p0551ble lt wa s placed in »a deslccator over. calcxum.'
e . .

chlor1@e.solut1on, whlch malntalned 35 %'RH ln the closed'

-

container. The de51ccator 1id was ®*eplaced by a sheet of

°

Plexiglas, drllled to flt a rubber bung through Wthh the

qecordlng probes were lnserted The lid of the jar was

E“uw1th1n three mlgllmetres of the underside of the Plex1glas

‘could be'lnserted.umothe jar rapidly, with as little dist-

urbance as possible to the?atmosphere7inside. A solid rubber

bung of -identical size.was fitted into the same position be-

.fore a test, when the probes were not in position.

IR

‘To take a reading, the probes were inserted into

the jar in the desiccator and.left in position for three

[y

Hours. Readings were’taken, then the probes were removed
and the solid bung replaced. The procedure was repeated
after several hours. Readings were taken with no crickets

"in the jar, and with one, two, three and four'last instar

nymphs._ Twenty-four hours elapsed between the time an extra
n?mph was placed in the jar and the time testing began[
Humidity in the jar varied with the condition of
the water viai but evaporation from this source was found to
remain constant over a period of about ten days, ih the con-
stant humidity cohditions of the desiccator. _Relative hum-
1d1ty was about 41.50 to 43.10%, and was not increased by

3

Sing% the. nymphs used were nearly.full;grown,

';and was 51mllarly dr;lled to "Fit the'Eung Thus the*probes‘”f o



'fweighimg'more than 300 mg-each ‘it was- more llkely that -
.they.. would prpduce a measurable effect on the atmosphere !
of the jar than would flrst instar nymphs welghlng less
than oneamllllgram each. Thus these results demonstrated .
that nymphs did not prodﬁce any change in temperature or
relative humidity detectable by the instruments used. If
any ehangeioeeurreé,.it-mﬁst‘have been very local, and-iniﬂ
capable of affecting the whole atmospge;e inside the jar,

. , o .
even over a perlod of several days equilibration.

N
2;%73 Experiments 1 and 2
2.3.3.1 Procedure: Two rearing experiments were

"performed using slightiy different designs and procedure.
In Experiment }, two treatments only were used, whicH were
groups of two and .groups of four with 80 nymphs ‘in each

‘ tredtment They werevwelghed within 24 hours of .emerging
-as adults. Experiment 2 had‘three treatments, gtoups.of
two and four and.isolatedtnymphs,wichSS in each treatment.
These nymphs were weighed 30 days after hatching, but not
at adult emergence. Experiment 1 was,incubated at 30.<:C

and experiment 2 at 31.5°C.

22

2.3.3.2 Regults and"Discussion: Experiment 1 showed

nQ significant difference between treatments either in devel-
opmental period (fig. 3) or in weigﬁts at emergence (Table 1)

in &ither sex.
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Experiment 1, mean Weighté in mg of crickets at adult emer-
gence . (+ standard deviation) .

A

. Q‘Tre_a.tment; " B T 5 s.e= . e o Make P ‘«T"s- - P mai & T

e P .7 - P o

Pairs: ’ : , b )
351.29463.03 382.73+49.02°
sample size o 25 L 23,

{
Groups of 4

368.73+36.10, . . 396.45+52.82

sample size o 27 e 24 .



i Experlment 2 showed hlghly SLgnlflbant dlfferences ln

e .o T - A a
N

S welght between lsolated -and - grouped nymphs at 30 - days

_ (P<0 Ol) and ln developmental perlod (P<0 Ol( (Table 2

foig;,4){‘and no 31gn1f1cant difference. bet@een the two

N

\

grOuped treatments

B 1
L £ @ oo- - ~ ‘

e '41“‘ o

B o both experlments (figs*¢3BFand'4B) :ﬁaiésqin?
denser groups tended to mature sllghtly faster thaT those
ln palrs, although the dlfference was not great enough, to

be SLgnlflcqnt (P<O OS)JV'These results agree w1th those

of McFarlane (l964) Sane 1nspectlon of hls tables shows

that it was only males whlch grew faster in groups”’oF 10

. .
< P P

than in- groups of len hlS experlments. The results Whlch

‘he presented for females resemble my own results from nx-

periment l
S " Jobin and Huot (1956), u51ng groups “of 25, :found

Y2

the same sort of difference between growth rates of males
and females as occurred in my experlments, so that it does

A
not. appear that male growth rate gradually lncreased as group

o

size increased.: Male growth rate remalned slower than female

even in large groups. ’ ‘ co e
The fact that there was no major difference in

growth rate- between nymphs in palrs and those in groups of

ﬁnmlmpheSthat .the den51ty of the larger group did not pro-;”

duce overcrowdlng phenomena in nymphs up to the time of
adult emergence. ’

\

Clearly, differences between grouped and isolated

- e,
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’Tj;u _;hfableNQ-“‘“ L
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~ D A
O .
- N .
- e .“\.
P, 2 PR o

”_:Expefiment‘Z, mean weights in. mg of crickets at 30 days

\

v,(f'standard'deviationd,'

Treatmént

e ”

Pairs °

sample size

¥ e

om0 Males! 0T Femalest v S e e e

Groups of 4

"sample size
\ .

Isolated

“sample size ¢

(P<0.0lf.

-

313.05+42.07 354.91+79.70

26 22

©326.32+49.73 356.43+77.03 »‘g

25 19

. * * . * % g&
250.37+58.76 . . 243.84+80.57 G i

21 )

*k = sigﬁificantly lighter than nymphs in grquped treatments

v
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cricketswcahnot’be'attriﬁuted to. differences'in~temperatureff.‘
humldlty or any other factor produced by the insects them—

. selves in. thelr own enclosed environment.

2.3.4 ‘Summary

1) Temperature and relatlve humidity ln)rearldg jars were
T !
not- measurably affected by the presence of ' up to four pen—

»

ultimate instar ‘nymphs. -

2) There was no significant dlfference/ln growth rate between
‘nymphs in groups of four angd thoie ln pairs, but males

in larger groups tended to’ mature slightly faster than

those in pairs.

3) Isolated nymphs were sidnificantiy lighter'than grouped

-ones at 30 days, and emerged as adults significantly later.



2.4 Is Food Intake _and Use Différent in Grouped and Iso- '

J.atefJ Vymphs’

2.4.1 Introduction to Experiment 3

Several studies have been'done-on food consump-
tiqn and_growth'in A. domesticus at various 1life stages ;
for examble; Crossley and VanVHook-(l97O) on aduit‘males,
Lipsitz and‘McFarlane (1971) on nymphs'throughout g;owth,
Woodring, Roe and Clifford (1977) on female nymphs in the
last‘ﬁwo instars, and Patton'(l978) on the whole of nymphal
- life and early adulthood Howeverﬂ.none have been concerned

-with- leferences assoc1ated with gLouplng and 1solatlon

This lnfluence has been conSLdered in adul; males orf ,

Schistocercaareqarla (Ndrris, 1961), which digest food more
efficiently if in groups. | |

If'grouped'nyméﬁs grow faster thantieplated ones,
they obviously'mdst turn food into body tissue ae a faster
rate.. This may result from thelr eatlng;more ,ood or irom
some dlrference w1th regard to how food consumed is' used, or
a combination of both. _* earvled out an 1nvestlgatlon of
food consuption and use in grouped and lsolated nymphs to try
to find out how growth rate is determined.

2.4.2 Procedure in Experiment 3

Experiment 3 compared food consumption and use in

. o . ‘ ce 2 . )
grouped-and isolated nymphs during the fifth and sixth Lnstars

9,



,Qf'nymphal—development..:It was decided to;9se.twoicom—'
plete instarsrbecause food consumption and faeces;produc;
tion‘change daily.during the course of an instar (Woodring, .
Roe and Clifford, l977) - Measurements of weight gained
food eaten and faeces passed may be’ c?mpared more meanlng—
fully 1f they represent the same llfe cycle interval in all
lnd1v1duals,studled. "The flfth and 51xth instars Jere chosen
because by the beginning of the fifth lnstar the amouats of
food consumed and fae;es produced within one instar are large
enough that dlfferences between treatments would not ‘be ob-
'scured by lack of- accuracy of measurement ThlS period
also falls w1th1n the exponentlal part of the growth curve‘
durlng whlch growth rate is fastest and whlch is theréfore
most. sultable‘for short‘term nutrition studies (?atton, 1978).
Nymphs were reared in groups or in 1solatlon untll
just before the moult to - flfth lnstar when the gut was em-’
'pty At thlS stage they and thelr food supply for the foll—'
owing two instars were welghed. Nymphs, remaining ‘food
and faeces were weighed at the end. ofhthe'fifth'and sixth-
instars. Food was found to ‘absorb a predictable; proportlon
of water, which was subtracted before calculatLons were per—
.formed. It was not possible to measure 1nd1v1dual food in-
take.or faeces production of grouped nymphs, so that only
average values for each member of a group in a jar were ob-
talnable Nymphs were grouped with others of similar weight

at the beglnnlng of the experlment



LN

_ The delghts of food and Faeces, w1th the mean

; welghts of nympns calculated by lntegratlon under the

growth curve,'were used to calculate five ratios: consump—
Y

tlon index. (CI) (= grams of lood eaten/gram body weight/day)

relative growth |rate (GR) (s.grams of weight gained/gram

hody weight/day),‘efficiency or conver51on of lngested food
to body-sdbstance'(EOIl (= GR/CI , approrlmate dlgestlblllty
of food (AD) (=- percentage of lngested food whlch is convert—
ed to hody substance)and efF1c1ency of conver51on of digested
food) (ECD):K— welght galned/welght of food lngested)
(Waldbauer; l968) -These ratlos were calculated for each jar
in the experlment and the results anal}zed by.meansvofvun~

oalred t tests

2.4.3 Results and Discussion'

]

The results of the study are shown in. Table 3.
Grouoed nymphs were heav1er‘than isolated ones at the end of
- the fourth instar (P<9.00l), and reached that stage srgnlfl—
‘cantly.faster lPsO 001, . These dlfferences oer31sted and |
wwminclﬁiiﬁifafffgxfﬁi‘perlOd of the study, so that grouped
. nymphs took a shorterﬁzgazzilji;TaoﬁﬁletEfthe—ilfth_ang;y“;“\‘;;ﬁ\;
sixth instars (P<0.05). 4nd were still heavier. at. the end '
(P<0.0dl)} In keeping with these dlffe§ences, grouped nymphs
ate more food than 1solated ones during this period lP<0.0l);
As table 3 shows, CI GR and ECl were all signifi-

cantly higher in grouped nymphs. There Was no sighificant
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difference in AD between treatments, nor in ECD, though

this was higher in grouped nymphs. o . o .' w
" : fhue grouped nymphs ingested more food per mlill;
gram of body weight and converted it to body tlssue more.
eff1c1ently ovgz the period of the study, regardless of their

Vo
initial weight.

It thus appeara that grouping nymphs together both
stlmulates them to feed more, and increases the proportion
.0of food consumed which becomes body tissue.

U-='_Improvehent in FCT in grouped crickets .implies
that the presence of other nymphs improves some aspect of
their physiologicai efficiency. What this might be cannot

>

be judged from this study.

..2-4.4 Summary
- l)".Grouped nymphs ~onsumed more'food per milli-
gram of body weight and converted it to body tissue more
efficiently than did isoTated nymphs, during the fifth and
sixth instars.
2) Grouped nymrhs'oompleted these instars, and
those preceding the stavr+t of the experiment, faster than
did isolatedtnymphs.

“ . : . : .
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2.5 How is Welght Gain Related to Numberland Duratlon of

Instars in Grouped and Isolated Nymphs’

2.5.1 Introduction to 2.5

The number of 1nstars through Wthh members of
the Orthoptera pass before becomfhg adult is known to vary, -

and crowded. nymphs of S. gregarla Nomadacrls septemfasc1ata

>

(Serv.) and Anacridium aegyptlum {L.) all have fewer 1nstars

than isolated ones (Uvarov, 1966, ‘citing several authors).
P - -

‘Ghouri and McFarlane (1958) reported ‘that nymphs

. .. 7

of‘é. domesticus, reared .in groups of 10, went through 7 or

8 nymphal instars before emerging’as adults, at 28°C, and

through 8 or 9 instars at 35°C,' although’ at the higher tem-
perature, developmentfwas faster. Females de&eloped faster

than males, and the last two nymphafklnstars were longer than

v, - -

the earlier ones.

Jobin and Huot (l966), using subjects from the same
stock, reared nymphs in groups of 25, and recorded 9 or 10
instars at 35°C. Their other observations.supported the find-
ings of Ghouri and McFarlane (1958). Those nymphs whlch had
an extra moul% had a longer developmental period than those
which did not. In their experiment, about 61% of males and
57% of females had 9 nymphal instars.

As an adjunct to the feeding study (Experiment 3),

I collected data on the relationship between number of instars .

and arowth rate in grouped and isolated nymphs .

34
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2.5.2 Results from Experiment 3, anquiscussion
| The nymphs, in Experiment 3 were known to have
undergone fodr instare before the'feeding'study started,
and all moulted to the seyenth instar at the end of the study
:Of the grouped nymphs, 12 (28%) had wing- pads after this
moult, which always marks the beglnnlng of the last two nym-
phal instars, and would have had a total of 10 instars, count-
ing the imago. The developmeht of thefnymphs was follewed
long enoudh to determine‘when they;developed wing-pads.
Twenty-four (58%) would have had ll instars and S (14%)
would have hadJiZ Oflthe isoiated nymphs mone would have
 had 10 1pstars, 22 (48%),would have had 11, 22 (45.4%) 12
and 3 (6.5%) 13 instars
| All nymphs- achl ved a welght of at least 96 mg
before the moult after which w1ng pads appeared ' The mean
weight of nymphs which developed w1ng—pads in the seventh
instar was.;06.35£"7.63 mg; in the eighth instar,‘123.74t
11.03 mg; “ in grouped nymphs 126.57+ 17.82 mg in .isolated
ones; and in the ninth, 144‘27i 28.7l.mq (selected repre-
sentative sub-samples of isolated nympﬁ% only, the rest
having been killed).
Williams, (1976) quotes Nijhout's work on larvae

of Manduca sexta (Johannson) (Lepidoptera, Sphingidae)

(1975) showing that.if larvae were starved in early ?hstars,
making them smaller than usual. when they moulted to the 5th

instaf, they did not pupate, as they would normally have



~

done, unless the head capsule exceeced a certain size.
-1
If it was’ smaller,-tney underwent another larval instar.

-~

As Wllllams (l976) quotes~Sehnal: -

N

Apparently an insect does not 'count moults'
beforé pupasion. Rather it 'measures' its
growth rate and when this growth rate is
maximal under the conditions of nutrition
that exist, it turns off its corpora allata
and pupates. :
P

: »
My results using A. domesticus nymphs conform to
this hypothesis, although *this study dealt with a hemimeta-

{
bolous insect’

i
i
1

A nymph underwent another instar eveh if'it missed
the'critical weight by only a ‘fewmilligrams. Such n?mphej
were far over the threshold welght when theyv next moulted,
'which accounts for the higher mean weights of ﬁymphe écquir*

ing wing-pads at ‘later moults.

Il
!

However, the variation in Nelght at the moulti
was considerable, and there 1s not usually any significant?
difference between grouped and 1solated nymphs in weights
at emergence, desplte the fact that isolated nymphs have

often undergone one or more extra instars.

2.5.3 ‘Summary
l) Grouped nymphs tended to.have one or more fewer lnstars
than did isolated nymphs.
2) Wymphs did not develop wing-pads until they weighed a

minimum of 96 mg. ' : , \\\

/
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2.6 Do Isolated Nymphs Grow Faster When in Contact With

Substrates Contaminated bv Other Crickets?

& v

*2.6.¥ Introduction to 2.6
2 T
Growth rate is affected by pheJomones in locusts

vand cockroaches (Brossut, 1975). ' McFarlane's resulté 
(1966\i,b,c, 1967, 1968) indicated that methyl laurate and
methyl linolenate presented on substrates, could increase
growth rate or weight at maturation iﬁ 1sclated ;nvmphs of
A. domesticus. Methyl ;inolinate presented on filter

[t

paper caused loss of tarsal segments of newly hatched

4

nymphs, after.thé first initial moult (McFarlane, 1972)

which was interpreted as evidence that this chemical was

absorbed through the tarsi directly.

Resdlﬁs resorted in Séction i.O show *that nymphs
of all ages were attracted to substrates previously used °
by other’crickets,which inéZCates that they can probably-
recognize chemicals deposited there. It therefore seemed
likely that such chemicalg might §ffect growth rate as well
as‘inducihg aggregation. ‘ | ' |

‘McFarlane (19785 reared isolated nymphs in jars ‘
previously ‘used by Groqps of‘nymphs, so that the isdlatéd
nymphs were exposed to used substfateé énd faeces,produced
by largér crickets. Growth rate was slower in these isolat-

ed nymphs-than in grouped nymphs in uncontaminated jars.

McFarlane concluded that no accelerating cbmpound was con-
7 B " £

I



.tained in waste products.

In an experiment of similar design, but in which
[ '

most faecal pellets:were removed from the -Zars, I found

-

similar retardation, associated with higher first instar

mortality. The contaminated substrates from these jars
) . . . ! .
retained their abﬂlity'to attract nymphs in arenas three

......

weeks after the experiment was concluded. Thus neither

McFarlane's publi;hedfresults, nor those of my own expefi—
ment using his method shoWed any positive effect bn growth
rate of éxposure to the chemicals either\cénﬂ%inéd in
f;é;es or deposited on sdbstrétes by.other crickets.

It seemed possible that bacterial contamination
or toxins‘from faeces‘éould be masking positivé effeéts of
attraqti§e chemicals Since efgécts scmetimes change with

concentration of chemical (e.g. alarm pheromone of Atta texana,

Moser, Bfowdlée and Silverstein, 1968), a higﬁ‘concentration
of atﬁractanﬁ could be:exerting a repellent effect.

‘ Thus T inveétigated the effect of proViding iso-
l;ted nymphs with concentrations of ‘whatever chemicals are
deposited Qnﬁo s#bstrates by>grouped nvmphs similar to those
which groupédbnymphs wduld»encounter and of éradually in-

creasing the concentration during development. This was

accomplished by using grouped nymphs of the same age as the

‘experimental isolated nymphs'to contaminate the substrates
] . -

and ex?hanging these sﬁbstrates frequently.
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2.6.2 Procedure in Experiments 4 and §

In both exper@mentsh paper resulng scrolls were
exchanged between isolated and g*ouped nymphs, every second
day during development.' In orde¥ to provide more used sub-

strate, water vials were also exchanged in Experiment 4,

and in Experiment 5, aluminium foil dishes containf{ng food
were exchanged, but not water vials. TIsolated control nym-

Pphs were subjected to a sham transfer operation in which

B
-

their own scroll and water vial (or food dish) was-remgved

“frgﬁﬁthe jar .and immediately returnegd. This, was necessary

because a prellmlnary e<per1ment had indicated that any
Y

handllng reduces growth rate 1n nymphs, a phenomenon also
found by Woodring, Clifford, Roe and-Beékman {(1978). 1In
Experiment 4, GO.5°Q; no light cvclel.grouprs were of siﬁ

nymphs, and the original_sample size of isolated treatments
was 42. InvExperiméﬁg:ﬁ (29°C:,LD 12:12), groups were of )

3 nymphs,and sample size of isolaged treatments was 60.

Nymphs in Experiment 5 were weighed Tt 42-44 davys.

2.6.3 Results of Experiments 4 and- 5, and Discussion

Mortality in Experlment 4 was 29%. Losses in-

cluded deaths, mostly in .the first,instar, during the
?
first -3 days,. and escapes. If both,eXpe{}mentals in a

" block died, during the first instar, I'substituted one

isolated control as an experimental. Five such substitu-

tions were made. At the end of the experiment the average

1



number in groups was 4.4.

Cumulative emergence curves (fig. 5) show that-

the means for ekberimehtals lie between those of grouped

-

nymphs-ahd isolated controls. However, they did not differ

<&

significantly from the.isOlated controls (P<0.05). Nymphs
'in groups developed ;ignificantly faster (P<0.0l1l) than those
in either isolated treatment. Since sémple sizes in isolated

. n
treatments were reduce%\by mortality, Experiment 5 was .
_ B .

performed. - .f

As:in Experiment 4,‘grouped female nymphs grew e
significantly.faster.than isolated ones‘(P<d.Ol), (Table 4
\and figa 6). EXperimental females grew at‘ah intermediate

rate, insighifiéantly different from either of the other
treatments (P<0.095)..

Males did not show significant differences between

control treatments, either in weight at 42-44 days, (Table 6) k-
or in developmental period (fig. 5B). (Sample size is smaller

in the grouped treaﬁment at?42—44 days\than at emergence,
because 3 groups wére overlooked during wé&ghing, and their
welghts wé;éwﬁ?t recordedi.‘ M;ies-in the'e.;Eripengal treat-
meht were significantly slower to mature than those iﬂ grbaﬁg

(P<0.05).

In neither of these two experiments dig male
. L

nymphs show any faster growth whén'pfovideq/yith contaminated

substrates. The fact that isolated’male nymphs grew no ?lOW—

er than gréuped ones in Experiment 3 renders the results for

1
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Fig. 5. Cunulative adult emergence (days) in -

Experiment 4, on effect of contact chemical
stimulation on development, substrates ex-
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, ~<¢'f'. - v : ..
o e n .
31 N

2 [ \
Expgrigg%t 5, mean-we ghES’ln mg at 42-44 days (+ standard

deviation).

B T
- Isolated ! L Lt 2% ' AR
_ controls : Eerrlmentals : GrouEsm&~wn9.
Males -+ . < » - ' o
N “‘ \{'&. " . ]
344.89+101.44 338.71+96.40" 359.16+77.87
sample 23 . 26 44
size . o -
4 Pt ~ M ‘
Females 348.70+100.69 . 379.74486.77 419.29+467.43 )
sample 23 AR 19 ' 37
size : : : ‘ ‘

[

‘**= significantly Iﬁghter than subjects of the same sex in
grouped controls (P<0.01).
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Fig. 6. Cumulative adult emergence (days) in
Experiment -5, on effect of contact chemical
stimulation on development, substrates ex-
changed between groups and experimantal
isolated individuals. :
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. nymphs witthOp;aminate
‘%hénwisélgleaiééhtib;s, but did not achieve the sa
rates as gfduped nymphéﬁT It seems po§sibie that fehaleé
grew faster in réspbnse,to chemical cﬁes, 'but clearly,‘if

this was so, they did not receive an adequate dosage of the

chemical involved to make the difference significant. N

n i . 3 - - ‘
. ¥’

S2.6.4. Sdmmérz, - .
1) Only female nymphs‘shoyéaSapy teﬁdency'td grow faster
when exposed to recently gontaminatea Subétraﬁes. They did
not grow significantiy faster than'females on clean sub-
strétes. Male nympﬁs’showed no faster groch'raté than iso~
lated males énd in one experiment were significantly slower.

D

-
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2.7 Can the Presence of Members of Other SpeC1es Affect

‘Growth Rate in Vymphs of A, domest1cus° .

2.7.1 Introduction to 2.7

.

ecies of insects showing 'grouping \\\~ ’

effect§ﬂ‘;there is evidence'that the phenome ”n:;‘h_N‘_;\;;‘;_

duced bf the presence of members of other spe01es Izutéu, )
@ht al. (19/0) reported that~nymphs-of Blattella germanica

(Dictyoptera,-Blattellidee), which grew‘faster wh®n grouped "

. ‘ S ’ .
with othérs of their own species, also grew faster when
. - ’ ¢

grouped with nymphs of Periplaneta americana (L.), P. fuli-

-ginosa (Serville), and,g..jagonica (Karny) (Blattel?faae)

o -

or even with those of Homoeogryllus japon1Cus (de Haan)

(Gryllidae}.' Evidence from several experlments indicated
that they responded to tactile stimulation, &sing their
‘ ‘ - \ .
antennae to transmit and receive it, and did hot reguire any
\ : o :

\bneromone to influence growth. A

Levita (1962) reported that nymﬁhs of g. bimaculatus

which are lighter in colour in groups than in isoletion, re- : é
sponded in the same way to contact with,nymphs-of G. camp-

escris, G. capitatus (Saussure) end-G. assimilis (Fabricius),

but not wirhlrbose of G. Eosticus'(Walker):f.<

!

McFarlane (1964) found that 1n gronps compr151ng‘

5 nymphs of A. damestiels and 5 of Gryllodes srg;llatus ) ' é
* N % M d IR . . | ;
- i

(Gryllidae),'é. domesticus nymphs developed faster then when -

o . . '
reared sig@dly, but he did not try rearing single nymphs of

\

Wi,
v



both species togetherf . o

I reared 51ngle nympﬁs of A. domesticus with

nymphs of - Gryllus spec1es .

.

12 A

2.7.2 Procedure in Experiments 6 and 7

. 'in “In Experlment 6. nymphs of G. veletis were used,

R "andmiﬁ~experlment_z___hose of G. Aﬁultoni. .These nymphs were

"F2 fromlthe females_discussed in 2.2.  Experiment 6 had both
‘ . - "y‘ K

oo~
[

grouped and isoiated nymphs ‘of A.. domesticus as oontrol treat—' .

~ments, but Bxperlment 7 had. only grouped ones In both ex-
perlments one A. domestlcus nymph was grouped w1th two Gryllus:
nymphs and control A. domestlcus groups were of three nymphs

There were about 60 A.“ domestlcus nymphs in each treatment

a

in both experiments, which were welghed towards the end of

7

.ﬂnymphal development ylfus-nymphs were not welghed nor

were they kept in rearlng jars to complete development after

v N R

nymphs of A. domestlcus had emerged as adults. This washbe—'

»cause nymphs of g._V%letls and g. fultoni,'with few excepQ'
tions,‘spend seveﬁﬁﬁ géeks in the last three nymphal instars

whlch prolongs tge;r developmental period to three months'

B

or more. Lo e
-2 . ) . O

?

2.7.3 Results of;EXperiments,6‘and*?}fénd Discussion h

- 'Welght data (Tabie 5) and maturation rates (fig. 7)
from experiment 6, show that A. domesticus nymphs of both-

sexes ih control groups matured faster (P<0.01) than isolated

[p—



Table 5

- Experiment 6, meaé\weights in mg at 36 days (+ standard

deviation) (excluding nymphs without wing-pads).
Grouped- with - Grouped with
other A. domesticus nymphs of
Isolated mymphs G. veletis
Males  282.80+71.64 " 7550604 71.28 338.36+94.98
sample .22 . 40 .22
size o
' * % o ‘
Fe- 272.00+66.80 ~ ) 376.001 o '349.47+68.55
males - B
sample 28 .26 ) 34
size . :
** = gignificantly }ightef than svh i ts ~f gsame sex in other .

N

. treatments (P<0.01).
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" nymphs.. Those grouped with nymphs of‘g.‘velétis gained

weight (P<0.01) and-emerged as adults significantly sooner
than isolated nymphs (P<0.0l1 in females, P<0.03 in males) .

Growth rates of nymphs grouped with G. veletis nymphs did
: . = ===

not differ significantly from those of groqped‘cbhﬁgols.

The characteristics of the experimental sample,

“

however, were not identical with those of the grouped control

sample. The mean weight of nymphs of both sexes wasjiower

.o

(Table 5), and the mean developmentél period longer (fig. 7).
Histograms of emergence showed two clearly separated peéksv
in all samples. Whereas in peer groups 64% of<females and
72% of males were included 'in the earlier peak, the cor-
.reSRQdding walues for nyméhs with G. veletis~gymphs were 44% .

and 52% (fig. 8).

Ed

Thus, while'é. domesticus nymphs reared withwfn_

nymphs of G. veletis certainly grew significantly faster than’

those reared in isolation, they apparently did not completely:
¢

dppL;cate the growth rate o{ﬁthose.reared vith nymphs of the
same species. | ﬂ

Weight data (Table 6) and.maturation rates' (fig. 9)
from Experiment 7, both show that there was no significant
‘difference bet@een‘treatments, either in males or females.
The rfesults for both treatments werevso similar that'they
.hight‘represent one saméle only. The difference'between de-
vélopmental rates in malgs and females was almost identical

in both treatments. v

1

4

”
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Experiment 6, Adult {exﬁérgence by days.
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Table 6

Experiment 7, mean weights in"mg at 42-44 days (+ standard ’
deviation). - : ‘ -

@ffgrOuped with other 7 Grouped with nymphs

- nymphs of A. domesticus of G.fultoni
Males - 414.05+51.36 405.30+76.65
samplé _ 20 ' : 31
size - P
Females 427.88%+81.05 446.89+93.77
sample 34 19 . T !
size ' ’

A
There ére no significant differences between subjects of -’
’ /

the same sex in different treatments, at P<.05.

-
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Thus/, the effect of grouping a nymph of 5;
domesticus with 2 nymphs of G. fultoni appears to psjfxactly

the same as grouping it with 2 other nyﬁphs of its own spec-

ies X

The diffgzghée iﬁ‘results between the two experiments
may bé related eifher to‘differences bet&een.§. fultoni and
and G. veletis, or to differences in'f?gimé betwéen the two
experiments. I coﬁsidervitvmore;likely'thét they are due
,gé differences between the two sﬁecies, since thé only major
d;fferencelinfregime was. the. light cycle in the second ex-
periment. G. veletis'adults are slightly larger‘than thoée
of.G. fultoni and.males are more aggressi&e and territorial.
%he behavior of nymphs of either specieé'has never been in-
vestigated, put nymphs_from ne&ther of thése two étocks grew
faster in groups (See Section 3.8). ’

The results of both'expe;iments show that, as in

G. bimaculatus nymphs, and in those of Blattella germanica,

stimuli which optimize the growth rate of nymphs of A. dom-~

esticus are not species specific.

2.7.4 Summary

1) Nymphs of A. domesticus grew as fast when grouped y;th
hymphs of g; fultoni as they did when grouped with nymphs
of their own‘speéies.

2) They grew nearly as fas;fwhen.grouped with nymphs of

S. veletis but the mean developmental period was shiiizly
' |



longer, in both sexes.
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2.3 Does Maternal Age Affect Growth Rate of Nymphs?

2.8.1 Intro&uction 0 2.8

Although re-analysis of Chauvin's (1958) data shows
that differences in growth rate/between grouped and isolated

nymphs were significant both when parents-were yourg and

when théy were old, the data do show that the difference be- *

tween treatment means was much greager in the offspring'of
old parents. Grouped nymphs weighed 130.653 + 27.49 mg at 30

days, while isolated ocnes weighed 29.35 - l7fﬂ2 mg (n=23 in
' - |

bgthﬁsamples). The cofrespondinq values for'ﬁhe offspring of
' young parents were 46.57+ 15.34 mg (n=23) and 21.96+ 12.62
(n=27). Thus, growth rate of grouped offspring increased

. 4
with age oI parerts, and was not maximized even in grouped

nvmphs unless the parents were mere tHan one month old.
Johnston and McFarlagpe (1973) found né such i1ncrease
in growth réte and their conclusion with regard to maternal
influence was quité opposite from thaf;of Chauvin. In their
experiments, male__ymphs'from.pafents Qf‘gll ages grew signi-
ficantly fastef than isolated:bnes, but fem@lés only did so
1f the parents were four weeks br less post adult emergence,
I did not make a special study of effect of ba;;i:ai
.age on responsivene;s to grouping, but I kept records of the
age of the parents of all nymphs used in experiments which I
carried out. These data were tabulated for all experiments

»
reported 1n this thesis which included grouped and isolated



56
treatments and which were pursuved to adult emergence of all
nymphs.

2.8.2 Results : ' s
® Table 7 shows samp}e size$,vméans and standa;d de-
viations for grouped and isolated controi treatments in eight

‘experimeénts. Parental age ranged“from 2-3 weeks to 6-7 week;. \¥,
There was no chan@e in responsiveﬁess‘to grouping related to
incéeas;ng parental age. In two experiments males 1n isola-
tion had érowth rates insignificantly slower than those of
grouped‘males, but fhe parents in one experiment were léss

than four weeks old and in the other, 5-6 weeks old.

I did not find that growth rate of offspring of
older parents was any faster ét the same temperature than
thatioprhe offspring of younger. ones. Neither did female
offgpriﬁg of older mothers grow.as fast in isolation as inp .
groups. females from parénts of all ages grew significantly
faster in groups. ' \

I think the différence in results a%ong Chauvin's
(1958) , J&%nston aﬁdecFarlane's f1973) and my experiments
is Prbbébly reiated to sample'Siées usea-iﬁ the'experiments_
reported. Both'Chauvin'anvadhhS£oﬁ gnd.McFarlanelused in-
itial sample si%es of about 30 nymphs, which résulted in
samples of 10-20 of:either sex, depending on sex-ratio and

mortality. Samples of this size are adequate for parametric.

~analysis only if variability within them is relatively low.
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So far, no maternal'ihfluence on fééponse'tq grouping
has beeniconclusively demonstrated.- The-great difference
in giowth rates between experiments>in-ChauYﬂn's'results
suggests that the incubators whicﬁ‘he used ﬁay have been
liable~t; temperature fluctuations, Sincé the‘phenomenon

A 2 - ,
has ‘not been demonstrated again,.andEgrowth faté'appéars
to have been optimised by grogping .without_reg§rd to par-
ental age. | - : _
. . _ ‘ T J

The fact that isolattd males grew nearly as fast

as grouped ones in two out of the seven experiments in
Table 7,\supports Johnston ané McFarlane's (1973) observaf”z
Eion.that growth rate is more variable in that sex’than iﬁf

females: g : g byl

2.8.3 Summary,
1y _Theré wés no difference in>growth rate of\grouﬁpd nymphs
* of‘either sex in relation to age of parents.
2)  The growth rate of isolated nymphs from parents 6-7 weeks
old‘Qas siower than that of grouped nympﬁs,vand there was no
disappearance of sensiti§ity to grouping'cdfrgiateq with in-

creasing parental age.



N

2.9 General Discussion andiConcluSions og Section 2

. Results of'ﬁrperiments lfand'2, together with

§ . R - Sy _
measurements of temperature.and humidity within rearing'jars,
sHéw that faster growth in ‘'grouped crickets was not just the
result of imprOVing the physical’ enVironment of the nymphs
This implies that-the phenomenon ts one likely to be found
in natural populations,‘not merely a result of ekperimental'
procedures. 'The presence of jast one' other nymph was suf ffie
cient to increase the growth rate to the optimum pOSSible

on the diet available o ', ‘ .

' “'Grouped Crickets grew‘faster than'isolated onesn,
because they ate relatively more %oodlper milligram ot_'
" body weight and converted it to body tissue more_efficiently.
Sipoe there was already a highly?significant difference in
weight of grouped and isolated nymphs by the end of the
pfourth instar, it seems reasonable;that\these'differences
in behavior and physiology were established ‘early in nymphal
life. The faster weight gain of grouped Fymphs in any in-1
star enabled them to pass through each instar more quickly,
and to attain the weight which is associated with, the de-
velopment of wing~buds and the start of the last two nymphal
instars more quickly.

The stimuli which induced faster,food consumption<

-and assimilation in nymphs of A. domesticus, could be pro-

vided by the presence of members of other species. Contact



witk a substrate recently‘used-hy memhers of the>same spec—
_ies; however, proouced onlY”a small and insignificaht in—‘
crease in growth'r@te, and this was detected in female
nymphs only. | o |
These results suggest that feedlng behaVLor rs

respons1ve to the phy51cal presence of other nymphs rather‘
- than to a chemical hald down on the substrate, even thougha :, v:N_ :‘Q
4the attractlon of used substrates tor crlckets of“all_ages 

is pronounced.wlf~a chemical~of any.type is involveo;;it

is probably not the.stehle arrestent which stimuletes hymphs
to rest on used restlng SlteS It is probably much more

volatlle,vand a55001ated w1th the recent or actual presence

Je

~of other nymphs dowever, the pheromone whlch promotes M?///——
group cohesiveness 1is the primary means bywwhich nymphs can
‘be brought into contact with each other, and that coﬁtéct_"
maintained. This‘must.be of the greatest importance in Oﬁt-‘f
timizihg developmental rate.

| - Contact between nymphs in the arena studies
alweys involved 1nvestlgatlon of the other nymph by antennal
contact. Nymphs did not'appear torbe-aware of each other
until such contact wasﬂmeoei’.The antennae of é; dSmESticuS{
\

"of all instars carry 3 types of chemoreceptors and 3 types
of mechanoreceptors (Fudalewicz-Niemozyk and RosCiszewské,”_\
1973), so that antennal contact may cthey many types of in-

formation. For example, Ronse and Laoher (1977) found that

adult males of Teleogryllus commodus were able to detect



< ' . !

the sex of another adult by antennal contact w1th the

.o

antenna of the other adult only

Tactile stimuli were apparently fesponsible for

- faster growth in grouped nymphs of Blattella germanica. (L.)

. _ : . i
(Eshii, 1971), increased macroptery in adults from grouped
! -

nymphs of Scapsipedus aspersus .(Walker) (Saeki, 1966), and ,

<

decreased pigmentation in crouped individuals offGrzllus

. . %
bimaculatus (de Geer) (Levita, 1962).

s -,

In Ishii's experiments (1971), normal nymphs "of |

g

B. germanica paired with chronically antennectomized ﬁymphs

-grew more -slowly than.did nymohs in normal pairs (although

.not nearly as-slowly as did the antennaless nymph). This

resulg indicates that it may, be lmportant for a nymph to be

f \

touched by a companton S antennae, dur ing develoowent, as’

BN

found that nymphs of L ‘migratoria mlgratorloldes could b?

stlmulated to develop gregarlous\oehaVLOr by the touch of
wires trailing from a rotatlng ceiling.

The fact that n%mphs,of other species in another .

K

genus were abl@ 0 stlmulate growth to optlmal rate in nymphs

of A. domesticus 1ncreases the probablllty that the most im-

portant stimn1atwon was tactjle' Tt is possible that aheml—
-cal cues of some klnd may Aact in Pomblnatlon with phy31cal
i ,

1ones in promotlnc”optlmum growth rate. Although my results

do not suggest a mfjor role for contact chemlcals, olfactory

stimulation as an agent was not ellmlnated bv my experlments;

i

.well as being able te touch its companion. Also; Ellis (1959)



It is unlikely, however,that- the olfactofy cues provided

by erlfus nymphs would e&gctly reéemble those of A. dome-

sticué nymphs. The>fact that experiments‘have been consist-

- ently carried out with all'nymphs housed in th; same incuba-
tor also~reduce tne hkellhood of a volat&le compound being -
responsible for the acceler%tion.

If faster growth rate req@;res the actual phy51cal
presence of another insect in order to occur, as my resulgs
suggest, then the nymphs ;eactlon to each othegs' presence-
by ihéreasing the amount of‘food_tﬁey eat comes into the . s
category of social facilita%ion, ;§<defined by wilson_£l975,
page 5L5}' Social facilitation doé&s no£ imply any type of

'a}oéerAtion betwgen nymphs. They needfnot forage together .or
eat at.the same time. It merely igdibages that the presehce
of another nymph increases occurrence of a certain behavior,
in tﬁ?s instance,.fgéding. It may be that the presence ©f |
another nymph iﬁcrééses_genéral activity, perhaps because of
an;ennal stimulation, and that thlS restlessness ‘leads to more
¢ohtéct»with féod, whlch rpsults in feedlnq Alternatlvely,
increased restlessness’ might incrkase body temperature sliéht—"

S

¢ - )
ly and improve their eff%ciency ih feeding and digestion.

f

Such an increase in body temperature would probabiy not be

detectable by measuremént of environmental téméeratufe.
e .
. I did not find any relationship between maternal
age ahd érowth’rate;,ih the stocks'which\I used, but females
_apparently resﬁonded ﬁofe consistentix to environmental con-

. X



ditions than:did males.
| It ié possible that ajéombiﬁation of stimuli,.

physical an ﬁchemical, is invoived.in fécilitatinébfeeding

- and optimizz;g g;owth rate. However, wﬁether the stimuli -

are purely;physical or partly physical éﬁd partly chemiéal,

it doeslﬁdﬁ seem as though the age of the parénts has ahy

effect én Lhé suscepﬁibility of_nymphf to influences from o

. their companions.

4
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3.0 WHAT IS THE ADAPTIVE VALUE '

OF OPTIMIZING GROWTH RATEZIN GROUPS?
. ' ' ' »

3.1 1Introduction to Section 3.0

b J
‘The experiments reported in this section were‘def
signed to answer éeveral questions énlthe nature of the re-
sponse of nymphs to each other, including how it may bé
ﬁltered‘in different circumst;nces and ‘whether it has any
effects in aduip life. .The ansyers to g%ese questions.might'.

suggest the adaptive value of faster growth in grouped nymphs
'in this species. Experiments with nymphs of other species
show whether their biqiégical strategies are similayx to those

of A. domesticus in this respect.

64
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3.2 Materials and Methods

i

v

The same reaang orocedures were used as we“e
dgscrlbed in Section 2.2. In addition to the stocks of £

A. domesticus, G. fultoni and G. veletis from Indiana,

mentioned in 2.2, Stocks ' 0f G. veletis andrg"gennsylvani—
cus from Alberta Were used.
The Alberta stock of G. veletis was founded from

) “. . . ) ..
three females and two .males collected near’Empress in southern

Alberta, on May 24th, 1976. A stock of G. Eennsylvanlcus

(Burmeister): was founded from about 50 late lnstar nymphs
and adults collected at Watner,'ln southern Albertay_ih late

August, 1975,

B

Eggs of g; pennsylvanicus must be held at 5° C for.

Ay

3 months or More to endure. EHEY ki gCHronus development, be-
/M,& S S
A,

cause there lS a period of embr]onlc diapause whlch is broken

by exposure to léw temperatures Afterwards, they all hatch

"1n about 12 da*s at- 31°C, like eggs'of A. domesticus (Harris
. . - T .

‘and Svec, 1964) . . ‘

65



[

3.3 1Is Growth Rate Responsive to Rearing Conditions Through-

out Life?

~3.3.1 Introduction to 3.3
Chauvin (1958)ugrouped.nymphs.of.An domesticus for
the flrst 10 days of their lives, and then isolated them.

@

He also 1solated nymphs for thg first 10 days, then grouped
them. In both cases, the nymphs were as heavy at 30 days
as were control _nymphs whrch had been grouped throughout
their llves. -He'concluded that the 1nf1uence of grouping
on develommental rate predominated over that of isolation;
regardless of the stage at which;lt*occurred‘ Nymphs of

E. germanica, however, showed intermediate growth rates
when grouped for only part of their developmental perlod
(Izutsu et al”, l970). There was.no,domlnatlon of one ex-

¥

perlence ‘over the. other in ef%ect on development, nor any
crltical stage at whlch growth rate was‘determlned fo; the
" whole nymphal perlod

I allowed all nymphs for each experlment to hatch
in one contalner,‘so that nymphs ‘in isolated treatments had

,had contact w1th others before the experlment began, for‘

about.one day 1n‘most instances. This dld not prevent differ-

;,ences ln growth ‘rate between treatments from appearlng, so

§

that growth rate cannot, be cued from stlmull received.- over a
"short perlod at the beglnnlng of development. )I wished to

flna out if changlng condltlons durlng later instars would y
-‘\ vT'd

66 e~
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modify growth rate.

3.3.2 Experlments 8 and'9

S 3. 3.2. 1  Procedure 'in Experiment 8:. One hundred

and sixty nymphs, in pairs and the same number in isolation

_Were reared‘at 31°C and weighed at 22 days.  They. were in .
appﬂox1mately the]atter half of the 51xth 1nstar - At 25

days , half of the grouped ‘nymphs were. isolated, ~and the

[}

.rest left 1n\groppé as a control treatment Half of the

isolated nymphsgwere groupeq, and the rest continued to be

3isolated, ther control treatment. There was a highly
- : |

- significant.difference ‘in gelght betWeen palred and isolated

treatments'(P<0.00l) (Table 8) . 'When the reorganization

was carried out,)hymphs were allocated'to treatments on the ‘Xh
basis of weight, to make the two subsamples from each orlgln- : ?
al treatment as comparable as possible (Table 9). The

crickets were reweighed at 41 days, and their emergence to

R 2N ‘ ' -

adults recorded. ‘ : ' ; T,

3.3.2.2 Results .ofgExperiment 8: Figure 10

shows cumulative'emergence to adult. As expé%ted from the

1

results shown in ﬂable 8, thosg in control‘pairs emerged
dignificantlyv faster thin those;isolatgg throughout develop- | K\g/

. , oo - , . LR : :
‘ment. %Ihe.mean developmental period of nymphs.lsoiated at

v

25 days was sllghtly longe; than that of control pairs,

but the difference between these two treatmed%slwas noi sig-
. " 4 bt
nificant in either sex (P<0. 05) Female nyTphs paitred at

L] N
2y

AN



Table 8 -

B
‘Experiment 8, mean wéights in mg (+ standard deviation)

at 42 déYs.

»

* % %
Isolated 59.07+21.91
san o ‘ 222 .
Grouped | " 77.34+18.52 -
] -
- sample 202 <:/~ . !
size '
r L]
P
\

*** = significantly lighter than’paired‘nymphs (P<0.001).
< N
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Fig. 10.
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Cumulative adult emergence (days) i
Experiment 8, on development of nymphs
paired . for part of development only
100, .- . v e A
XA
| FIGURE 10A A e .
= | FEMALES N G , '
s
BW ., _A': L)
b
o1 i
I &
60 e s o« ol
| / 0 . ** controi isolated 41452438 31|
owm rouned 38332218 24| .
40 | RN isolated at 25 3900180 22
1' » ;./v/:‘: days Cmpm
5 A paired at 25 - 39-65*2’00 29
' | B days '
20‘ ’ .”'::': :
¥
. .. .
B 4
OJJI r L ,‘T 7 T
100, ‘ o, : ..................... o
s " |
| FiguaE 108 Y
MALES ‘ . v’ s
o R - X al
. =i - %% control isolated 42-31‘@60 26
i . rouped 3961+2-33 28
40 ¢ i isolate 35 40‘4232‘45 26
) RN A days ,
; S © %% pajred at.25 | 43042356 26
& days - - S
20' “.A:. ’ .
, .
e 70 45 50 55
 DAYS 10 ADULT EMERGENCE
( Asssmsssn 4 control :solated ° @ control gruuped
 Weeeees: .m isolated at 25 ‘days v~ — ==V paired at 25 days

* = _.s;gmhcantly different from control grouped (P<001)
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25 days emerged faster than fﬂolated females throughout

llfe (fig.20A). Thelr maturatlon rate was 1nter'%d1ate

between those of the grouoed and isolated control treat—

ments. However, males paired at 25'days developed no’

faster than tAose isolated throughout life ' (fig. 10B) and

in fact tHeir mean emergence period is slightly lcnger.

By

most of them

11 days, when the crigkets;were weighed again,

had become adult. At this stage there were

\

no significant weight ‘differences among males in various
\ . .

-~

treatments (Table 10). However, femalés, which begin to

mature eggs after they emerge as adults, and conseguently

- - :
continue to gain welght, did show significant differenceées

between treatments (Table ). Female$S in control pairs

tended to be heaviest (x=519.671mg),7followed by females

.paired at 25
were heav1er
~ mg) although
éays)v This

post—emergence weight gain. Such ef fects were lnvestlgated'

days (x 478.14 mg). These latter females

tnan temales separated at 25 davs. (%=457.82

&
they matured more slowly (x=39.65 versus 39.00

suggested that grouplng was accelerating their

.further in another, experlment and will be dlscussed in

.

~Sectlon 3.7.

when wéighed

Isolated females, which were not all adults
- o
tended to welgh less_(§i433 13 mg) than those

in other treatments, and differed ~significantly from palred

14

females (P<O;

01) and from those palree at 25 days (D<O'05);

There is no ev1dence of SLgnlflcant reductlon in growth in

elthernsexa
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Female ‘nymphs grew SLgnlflcantly faster after
belng palred at 25 days (fig. 10Aa), but male nymphs did
not (fig..10B), which contrasts with Chagvyn's (1958) -
findings}handiwith those of Izutsu et’al. (1970)» ‘I
did hot expect that nymphls grouped.at 25 days would’emerge

L3

as radely as those paired-throughout life, although

~

‘Chauvi did not'find,ahy weight differences-at'30'days‘be*
tween hymphs fromvdifferent treatmehts;'because to askEeve
comparable emergence would have required that nymphs”gfewf//
faster after,grouplng than they usually digd in groups. i
However, Fhe dlfferehce.between males_and females g55stri£—;'
ihg,.and~like_the'results of experlments"oh Chemical stimu~
katlon (Seétion 2 5)/ it sucgesés thatfmales“and.females
dlffer in thelr capac1ty to respond to grouplng These re-

- sults suggest that males lose this capac1ty durlng the latter

part of nymphal growth but that femahes do not

3.3.2.3. Procedure ln Experlment 9 'Experiment-

3
1

9 was carrled out to determlne if food consumptlon changed
when nymphs were 1solated from a group hal f-way through

nymphal llfe. Nymphs as close to thevend of the fifth in-
| . ‘ iy T -
star as p0551ble were selected and there was no -initial

dlfference in welght between treatments. 'NymphS‘were‘weighed

at five day lntervals for lS days, and thelr food. consuﬁptioh
’ A

over-that perlod measured as in Experlment 3 ' Faeces were

R

~not welghed but adult emergence was recorded.



_nymphs could result in faster oassage of food throuqh the gut,

94

As 1t became ooss;ble to dlstlngujsh sexes, it

was found that there was.- a great Dreponderance of males_

in the samples,,and that there were the same number of -

isclated males as grouped males in all male groups (22):

For thlS reascon, the comparlsons were made between males r

only.

3.3.2.4. Results of Experiment 9, and Discussion

,of;Both Experiments: Table ll shows the results No slgni—

ficant dlfferences in welght\developed between treatments

over ‘the- course- of the study Welght gains and amounts of

3
L

' food consumed were similar. _There were no Significant dif-

ferences in-consumption index (CI), relatlve growth.rate

P

{GR) or efFlc1ency ot conver51on or lngested food (ECI).

The mean developmental perlod was exactlylthe_same for:both
treatments. :
; ‘

Thus, 1solatlon half-way through life dld not in

any way reduce growth rate ‘Results of Experlment 3 suggested .

'that food consum@tlon was lnfluenced by socral facrlllatlon,

but srnce OI remalned the samefafter lsolatlon, the

does not requlre the contlnued presence oF another ymoh tHrough—

out development and S0 resembles learnlng more: tha soc1al Lac— S

llltatlon.v Alternatlvely, more eff1c1ent dlgestl n.in group d

N
/ : 3
leadlnq to more rrequent eatlng pff1c1ency of/dlgestron may

fbe the result of the debree to MﬂlCh the dlgest1Ve enzyme svstems

v
|

are 1nduced possrblv controlled bv hormoﬂe tltres in the blood
: o . _ . Y

«
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~In ékoerlment.B there was a slight; though non-f“
“significant,‘tendencv for- nwmphslto grow more. slowlj after jh_
Hlsolatlon, :though thevy were lsolated fOr only'one—thlrd ofuJ
their development. No sign of rhls was round 1n prerlwent

9. . It‘!! possible that because nymphs 1solated from a largehf
group had had more:- constant feedlng stlmulatlon than had
those ln,pamrs, the feeding rate became~morefrlrmly estab-

.

lished. . r. ' B | . | |

3.3, 3 .Summarv

1) vaphs of both sexes isolated from palrs had sllghtly

‘longer m»an developmental periods than those palred through-
9

out '1ife, but the degree of retardatlon was not srcnlrlcant
. ,

at P<0.05.

2) Only fermale nymphs grew~ﬁastermaftegfpairing at 25-days.

_Thelr growth rate -Was not significantly slower than that of'
'females'paired throughout development. uIsolated males‘parrf
ed at 25 days matured no faster than malesithat remain%d iso-
lated. | -

3)°{Male'nymphs isolated from dense groups half-way through
nymphal life continued tg grow at the samelrate as nymphs.

remaining grouped. Their,consmmnjOnjindices did not decline

.and their developmental oeri8d was of the''Same mean length.
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3.4 DoesMGrouprompositionﬂAffect Growth Rate?

3:4vl Introducthn to- 3 4
l ’ s . i
' All prev1ous authors who worked on:. grouping

_effects“iln crickets uéed groups of 1nd1v1duals of equal

age; Wlld populatlons,.studled on Engllsﬁ refuse dumps by

ZBate l969a ‘were found to consist of crlckets of all gizes

during most of the year. e

A

_Izutsu, Ueda and Ishii (1970) worked on develop-

Lmental‘ratee‘of membegs of Blattella germanica._ Nymphs or
‘this-apecieéieidkefthose oEteeVeral_Other,COckroaches:; -
(Guthrie andeTrndail,}l968).grow significantly-fSSteriin
groupsfthangsinglyu Izutsu et al., (1970) carried out ex-
" ‘periments in whicdva neaiyfhatched_nymph was paired Qith

i

another of the sahe'age,_or'With a second instar nymph, a

fourth inStar‘nymph or an adult. Theyrconcluded'that grow-

th rate of a nymph was faster. in a pair reqardless'of the

age of its~ partner, compared with the rate in lsolatlon

‘Norris (1962, 1964),.working'on-Schistocerca
'”3gregaria (Acrididae), found that the presence'of locusts -

of dlfferlng physrologlcal age greatly affected each other's
rate of deyelopment. " While tne presence of- sexually mature
malesvacceierated development of younger adult males, con-

. . \ . . -
tinuous association with very young nymphs retarded their

maturation. In groups of Locusta migratoria, the presence’
of mature males accelgrated‘development of nymphs. Norris
T, Vo, . \
?
77

y,
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3 attrlbuted all these phenomena to the effect of pheromones."

<L [LRN

produced.by locusts at dlffereht aces L ::$p

I w1shed to determlne if the growth rate of a. -

P - ‘,q‘- r

nymph palred or grouped*w1thvlargef or smaller 1nd1v1duals

B would be the same as when ln contact w1th a peer -
‘ ‘ - A R o 3

3.4.2 Experlments 10 and ll ‘f B 5\'

T%f{.i_' ' 3 4 2 1 Procedure in Experiment lO In Experlment

"lO} rlrst 1nstar nymphs were palred with 22 day old nymphs.

3 .

chosen from stock ]ars The older nymphj were ln approx1mat-

elywthe 6th lnstar o The growth rates of both older and

-

\.\ . \_‘ . \

T younger nymphs palred together were. compared w1th those of
. b .

31mllar nymphs reared in palrs or .in lsolatlon. °There were )

1n1t1ally 48 nymphs- 1n each treatment 1ncubated throughout
o'ﬁ’

at 3l15 G. Older nymphs were welghed before the experlment

,began and at 37 days. Younger nymphs were we1ghed at 16 and

o,

31 days, and at emergence to adultL

. 3.4.2 2. .Results of txperlment lO Table 12 shows

vy

,welghts of older nymphs at 22 days to be comparable between .

treatments No SLgnlflcant differences developed durlng the
course of the experlment and older nymphs emerged over approx—

lmately the same ‘period whether lsolated' in a peer palr or

¥

palred with a younger nymph (fig. ll): - There were no 51gn1—'
flcant dif ferences ln welght betWeen treatments at 37 days
(Table 13).  The results'lor all treatments are 51mllar to

those of Experiment 9 and lndlcate that there was no decline

o
ﬂ‘

-
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éperlment lO :mean welghts 1n mg (+ standard dev1atlon) df}7i

;@nymphs, reared 1n a)dense culture, at age 22 days when they

awere a551gned to 3 dlfferent treatments.'fﬁ.“ifff:"

d.

: . I ‘.

. Paired. ‘ EARRy Palred w1 o
with Eeer B Isolated ' flrst lnsta nymph

i 76{34+13 19 7. Ol+ll aA 77 28+l3 43 Lm“ :;_-:H

Ve

JISize  ""d :"Wf.’.df“ v -:".jﬁ'ﬂf*: ; o ’ .

L}

3

(P<0.05). .~ . S

oy

There aietne‘Si@nificantsdiffefeﬂcesvamohg'theseﬁvalues"' O

Loy : . a . ) N N i ' . . "v/.r‘”‘v .
R A Lo

R (*:t*f;:1t;ii"ig}-:.n.n<_;
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- ~older: nymphs in xperiment.-10, cbmoarlhg
1w4:‘_ ,;:development of.'n rmphs palred w1th a
R - younger 'nyfiph e 23 days,’ w1tﬁ those of

.. those lsolated or placed in Deer pal;s
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FIGURE 11A AT
cE:'MALES

S
grouped 36732188 22

: cncket

'Q.

LIRS S A, BN

SRS with ynungef 3657*206 21 »

\I

A8

cncket
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| amwseoreea control isolated - e- e control grouped

Beeeeasom wuth yodnger cncket : L ‘

-
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.o grouped 38502226 24|
with younger 39'2312 34 26 ‘



’17Expefiméﬁt‘10 mean welghts in mg (ivetandard deViatiph):iﬁ

‘fjot nymphs at 37 38 days (15 16

new treatments)

days after assignment to e

T pgired
o with peer

~ Males = . '“;j'f

iz o .
Females.
434.14+71.79
t'sample S .23
jsize' '

-

) Isolated

338.74455.26 - 332,33:36. 48

: Palred w1th-
' younger nygﬁh

W ' T
353.35+55.96

21 ¢ aa

415,77+39.59
e ' L

410.33+56.77

-There are ‘no 51gnlf1cant dlfferences between treatment means

for subjects of the same- sex

§

(P£0.05). BN



kS in:conshmptfbn rate,lorlgrthh rate,vfollow1ng 1solatlon »
from a croup : alrlng Wlth a younger nymph dld not have ‘-
e -

any 51gn1f1cant effect on growth rate in either sex although

_ males-matured sllghtly more slowly than .in Other treatments.
- Table l4 shows welghts of younger nymphs and

. Flgure 12 shows thelr adult emergence : At 16 days, nymphs"
" paired w1th older nymphs were not sxgnlflcantly lighter
than nymphs paired with peers, whlle nymphs 1& 1solat1on.:
were Sso. Female nymphs palred w1tn olcder anphs were Slg-
’rnlflcantly heavier than’ those in isolation. ‘Male nymphs -

4

palred with older nywphs were heavier than 1solated males, 2

 which 1n~thls experlment grew faster than 1solated -females. -

Bv 30 days however# thelr growth rate had slowed c0n51derably

so that they wgrgr51gnlf1cantly llghter than those in con-

trol pairs.' Figure 12 shows that they emerged as adults as

slowly ast or more slowly then, nymphs in lsolatloa and
significgntly more slowly than nymphs palred with peers. 7
Isolatedé>¥les 1n thlS experlment although lagging behxnd{&\/’/
~ beer pairs in weight gain, and in' adult emergence, did not

have a signiflcantly longer developmental period than: pair-

ed males. | -

:However, althoégh nymphs paired with older nymphs
tmatured siowly, thelr weights.at emergence were highly sig-
nificantly heavier than those of suhjeots in other treatments

(Table 14).

When samples were sub-—diyided %epending on the sex
. . _ ‘
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at v ‘ -

Ry : ‘P"

< -
. A .

: Vo o N >' ’ . . . . . . .
Coiale s . Tabl¥ 14 . : S

\: A R ~

Experlment 10, mean welghts ;n mg durlng development

(+ standard dev1atlon)

, 5 o ';_} L , IR p
\ | | |

N fJQi:f.-f" %;lﬁwde25‘7"30 dazs”‘ : » Adult.emergeneev
. . LT ) . b. K . . * % )

Males ., S . 21.79+4:.981 177.L0+54.27 413.68+48.27**44%
e R o \— - = .

with older‘ TQ, SA '

cricket "i L

n =21 ,

i oo T R * i ' * { o - ) v
isolated T 18g49j9r01‘ 192.86+77.89 378.03+45.50

no= 21 , : " - N ‘ L '
‘paired w1th . 24.05+7.50  235.57+58.83. ° 384.08+45.92
peer , n = 13 ° n = 21 : n = 21 \
Females' _

o o oy ok L kkpy
with older ,21.68+2.877" 190.25+39.31 437.19+60.70°  ""
cricket ' ' ' " o
n = 13

,k . * % . C kk o
isclated 14.46+7.41 '167‘55190‘41,_ 386.62+54.40
_ n = 20 n =19 . n =17

paired with 25.64+9.64"7 263.12+78.927%  382.77+38.51
peer : ‘n = 14 j' n = 23 o n =22

Significantly différent from subjects ©f same sex in paired

treatment; * (P<0.05); ** (P<0.0Ll).
Significantly different from subjects of same sex in‘isolated
. : .

treatment; % (P<0.05); ## (P<0.01l).
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.A oo )
35 40 45 50 55 60
DAYS TO ABULT EMEAGENCE =~ -
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Fof the older partner (Table lS) 1t was revealed that the h;h_ﬁfrﬁmt

']fnymphs whlch Wi eav1est were those whlch nad been palr-hfﬁijQ;p

-.ed‘w1th an off' d1v1dual of the same sex. In females-iv,ffhln.ffﬁ

fthe dlfference”»etween sub samples was not srgnlflcantly

."‘,.

”lﬂ-great and all females 1n thlS treatment tended to be

_heav1er than those 1n other treatments.; Males palred w1thﬂ}» r*'
'1\

“‘older males were hlghly 51gn1§¢cantly heaVLer than males'

',palred w1th females, whlch ‘were no heav1er than males 1n o

‘other treatments. fﬁ ~

ot

lu h‘dlfferences occurred in. elther
'sex 1n nygphs palred w1th peers, for whlch the cgrrespond—z-

:1ng comparlsons ‘are also shown ln Table lS -is Table lS

v,

‘also shows, there wasba'sllght tendency,’not SLgnlflcantly=‘-”'

.'.great ln samples of thlS 51ze, for nymphs palred w1th one.

of thelr own sex to emerge as adults more slowly than those »hffi”

palred w1th a nymph of opp051te sex‘}fﬂ3“7

-~

The pattern of growth shown by nymphs grouped W1th ,i'

old X nymphs suggests that, untll about the fzfth orx 51xth

star, the presence of an older crlcket affected food con—
sumptlon and growth rate pOSLtluely, even 1f not - so strongly
'as dld the presence of a. peer ' Later the effect ceased to f'ﬁ

T be stlmulatory and growth rate decllned ThlS decreasenSeem—

. ed to c01nc1de w1th the emergence of the older nymphs as‘
adults.;fd .

Two pos51ble explanatlons ex1st for thls phenomen— o

‘On;‘ Elther adul crlckets no longer produce $ome type of

stlmulant, or thelr presence changes the behav1or or metabol—



. H 9., - .
“.féex of older companlon

S\ raplenas o

“jjﬁﬁxpéfiment710 comparlson of growth rate_ln‘relatlon to

(mean welghts + standard dev1atlon)

G

}f°N}mphs;éfonpedfwithﬂpeers' Nymphs grOuped w1th older

"emergence Eerlod (days emergence , perlod (days):
fMélés;5393 89+45 81 42 75+2 96] ﬁ.433 35+36 88 * 45 40x2. 97

‘1'"'

crlckets'

Welght at DeVeIopmental Welght at Developmental

.86 . 47.50%

e

’}*w1th jf394;74i23{96;39;50jl.877fé‘420360j635§lf

Cmsg

~

n

14 heg o aag

SR hlghly 51gn1f1canElj heav1er than males w1th females,

P<O Ol

”Lj{375Q93i44;iéf39f2i£22833j“f457{41&55@17’[“éngpfé,éé -




fﬂtflsm of the younger nymph ,lﬁf”h -tfff:nfjf*f;h_ffff-f“z

\“ It is notable that hlne nymphs were;lost be—fﬂV*f-

ftween the flrst‘and 'second Welghlngs ln thlsrtreatment,

§oe -

‘1n the perlod just after the older nymphs hadQemergedvaS'”f“
'fyadults. 'There was no correspondrng mortalltyfamong elther

zﬁfparred or 1solated control nymphs, and after 30 days, no

[

};;further mortallty occurred “in,. the mlxed age treatment,;7n"
. /

l

‘thesrs seemed more llkely, vbe true-,:.b?fﬂ;f'ﬂ,}ﬁipr;_d;;pﬁﬁ

In order to test the hypothesrs, Experlment ‘11

~

was carrled out.} »'_1:1; D "“TV (f"fj, G»:‘Hrm»xé\'-‘

3;4-2 3 Procedure in: Experlment ll-: In thls

e experlment, two fltSt 1nstar nymphs were grouped w1th one,y

‘ff»older oneﬁw1th grouped and lsolated flrst 1nstar nymphsfasfj*f‘“”

c

-lcontrols. If the presence of a peep negated the Effect of d”ﬁr”G '

f:haVlng ah older companlon and restored normal growth rate,}».r*'”'“

fﬁalt would Lndlcate that‘growth rate of 51ngle nymphs declrned "

Tl)due to l@ck of stlmulatlon : If the growth rates of both

*ifnymphs were slower,'lt would lndlcate that the growth rate

. was’ retarded because of harassment by the older crlcket

There were lnltlally 60 nymphs in each treatment

3

ﬁfexcept older nymph _1sed 1n groups w1th two younger ones,

N

”1iof whlch there were only 30;_ Older nymphs had been reared f7.fi'fpt

“ln groups of four for 23 days and were in the flfth or: 51xth



LI . ™ \-I . .» ,_‘_) ‘
instar.‘ They were allocated to treatment randomly, and

were not welghed beforenthe experlment started but were

; <4

werghed at 36 days-, Younger nymphs were not welghed al-’

Wy

though I had 1ntended to do so, because I was ill at “the .
] _ S
time. ’

-

. e . W N e
p ‘ TR

-

e "B.4.2.4. Results of Experlment 11 and Dlscu551on

tof Experiments 10 and ll. As in Experlment lO no s1gnlf1~

'cant welght dlfferences deyelbped between older nymphs in

[

dlfferent treatments up tec 36 days, and adult emeraence 3fl

"

acturred over :the same period in’all,three'experiments.
T - L Fl N . -
T S : i

1 .

Flgure 13 shows adult emergence of younget nymphs

Development of nymphs grouped. wlth older nymphs was lnber—

.2 "
’

medlate in rate between nymphs grouped w1th peers only %nd

1

} :
. )those kept. la\;solatlon In fe@ales, growth rate dld not

o

'// differ 51gn1f1cantly from that ofénymphs grouped with only

peers, although the retardatlon is clear. In males,'however,

’\ growth'rate was significantly slower (P<0.05) compared with
P

males grouped with - peers, and not 51gn1f1cantly faster than .

.
that of 1solated males.

i,

Table 16 shows these results subdlv1ded accordlng
to the sex of the older nymph. The same trends appear as

in the prev1ous experiment (Table 15), and here too, there
o 4""’ PO U ' .

are rno 51gn1f1cantAﬁifferences ,infemergence rate.

Thus it appears that growth rate of nymphs palred

. -

-w1th older nymphs lnopxperlmert 11 was retarded becatse of

IS

88
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Fig. 13. ‘éumulaﬁivé'adult emergence (days) of
’ younger nymohs in Experiment ll, on devel-
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Table 16

b8

Experimentkl;, developmental rates in days of younder

’ 1

nymphs related to sex of older cricket (+ standardvdeéia—

tion)
With samé sex '.With»opposité sex N
) 47.oof%:84' 44.36+3.85
sample' 11 i §l4
éize ' - )
r}FehaLes ¢ |
44.62+2.44 © 43.54+3.36
samplé | ! ‘8 u. :”=' .13 |
size . o ‘

There are no significant differences amoné these values,
N\

except between males and females.



‘the presence of the older n/mph rather than because of ‘a

!

"ulack of stlmulatlon The older nymph may have harassed

u

the younger one durlng feeding, sendlno it into a crevice
for protection, and so restrlcted its intake of food. Lo
Or it's presence alone may have stressed the\yOUngeftnymph
and caused it,to eat less frequently. When two nymphs Werelyy
present they appeared f{o have stlmulated each other s
gro&th to a certaln degree, moreé pronounced in females
than males, ‘but they did not ellmlnate the ef‘ect or having
the older nymph present Their matual contact may have nad
_a streSS reducing effect. Certalnlv, thev dld not dlsappear
durlng development l1<e nvmphs in this treatment ln E\per1F~'
ment 10.

In Experiment 10, retardation of growth occurred

- only in later instars. My observations during the course

of .Experiment 11 were that nymphs with older nymphs grew

—rn

». as fast as those with peers in early instars, but later

began to lag, so that they did not develop wing—hﬁds as

‘”4early aS‘gIQPPed controls. Tt seems plausible tnat newly . //

a : L

emerged adults, beginning sexual maturatlon, became aggres- '
.sive toward thelr younger companions:

,\&4

In the table of results that Izutsu et al l97dﬁﬂ
presented growth rates of F1rst lhstar nymphs of B. ger-

manica paired with second instar nymphs or with adultS'of‘

N\



\\..1v'<"‘

»elther.se( were Very 51mllar to those of nymohs palred

w1th otners.or the same.age. ”owever, growth rate of those_
oalred w1&h fourth 1nstar nvmphs was’ nearlv as slow as that:
- of those reared in Lsolatlon They 5hd not ment@on thls
.d*screpancv in thelr.dlscu551on plt‘ler the flgureqls a

mlspr;nt,'on thelr results in~that experlment\resemble»my

\

" own. B. gerﬂanlca nvmohs pass tnrouch 51x 1nstars, so that .

the dlfference in uevelopmental stage between flrst instar.

! w

nvmphs and rourth 1nstar nymphs in that'soecies is compar—

”able to that between older and vounger nymphs in my exoerl—

ments

! ' g - . A ' _ DR
The,higher weight”at maturatlon of nymphs reared
with older crlckets is very strlklng (Table L&) Itzis in

N
keeping w1th the fact that these nymphs galned welghtxfast~

er than lsolated ones before a oerlod of growth lnhlbltloh

' \

began. As the results of Experlment 3 showed nymphs whlch
dld not galn qulte enough welght to develop wing-buds. at
one moult were well over the‘llmltlng welght by the next,

It &xms Drobable that growth rate decllned most sharplv

one or two 1nstars 1mmed1atelj precedlng the earliest in-
’ ~ i
star in which w1ng pads could have become visible. If-

nymphs had maintained their earller qrowth rate, they would

have matured in one fewer lnstars and their- welghts would .

~
)

have been llke those of. crickets in other ‘treatments.

In both :sexes, but more.noticeablv’in males, nymphs
} PR ) .
t L



heavy at adult emergenc t an: were nymphs w1th the samei““

'i_ sex. companlonr, Thev alSo tended to nature Sllghtl] earl-_”

1er but not’ 51gn1f1cantly sbh(Table 16) Table l7 shows

- that althoug? males in’ thﬁ"sub group averaged 23 48+5 33;~

? mg at 16 daysmﬁsl;ghflf heavrer +Qan males w1th males

b

(21 11+4 85 mg) ‘they were, llghter at 31 days (160.75+ K

61 91 mg, i contrast w1th 181 44+37 62 mg for males With -

males) ; Thl§ suggests that .in that sub group, retardatlon

AL
.may have begun earller : However, sample slzes in all sub-

groups are too small to- encourage anvthlng but tentatly
hvpotheses N '

:f;g:4;3‘ Su ary'
ll‘ Nymphs oiéred w1th older nymphs grew as fast as., nymphsv
palred w1th peers in’ early 1nstars, butxtgelr growth rate
decllned in later lnstars | Theyhemerged as?slowly as, or

more slowly than,lsoiated nymphs
2) Vymphs grouped wrth a peer nymph and an older nymph .
. devel ped at & rate 1ntermed1ate between those ggﬁuped w1th

3

\peers and those in 1SOlatlon Females grew neanly as fast

as- those w1th peers, but males 1n51gn1f1cantly faster than

..

"lsolated males. . T _' BN
| : L . - ' :
3) Nymphs palred'with an older nymph were s1gn1f1cantly

i

heav1er at adult ‘emergence than were nymphs 1n elther of the

control treatments In females thlS glrferencefoccurred both

av A
w o *
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a ln females palred w1th females and females palred with

males, Invmales,'lt occurred onlv in males palred with

SRR t B ;

Y ; Lo ., \ . ,

4) Older nymphs showed no SLgnlflcant dlfferences in growth
g

rate durlng :the experlment whether left lh\groups,
'1solated or palred w1th a younger\nymph Younger nymphs

apoear to have no 51gn1t1cant effect ‘on growth rate of

older ones s
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3.5 . 1s Growth Rate Relatlvely Faster in|Groups Reared at
1

Lower Tergpex:atures’>

. 6

3.5.1 Introduction to 3.5.

e
Vo

McFarlane (l966b):reported,that at'29?C'the§mean
development time of female nymphs Sf A." domesticus reared
774%_that of isolatedvfemales, and that of

groupedimalesf 79% thatwof isolated,ones. The correspond-

,.=f

ing percentages at 35 C were 829 and 896 He concluded

in groups-was

'that-nymphs were more affected by grouplng at the lower tem—

fperature.and Suggested that "the results indicate the‘whlle
the group effect may be an academlc con51deratlon at 35°CV"t
i RO |

is of real lmportance to the spec1es at: lower temperatures

FuzeauﬂBraesoh and Ros's results (l965)vsuggested

the same‘concluSLOn sin¢e grouped nymphs of g,‘bimaculatus

“grew significantly more ‘quickly than rsolated‘ones”at lower
temperatures than at higher ones, while.at 36°C, ‘isolated

=1

nymphs grew faster than grouped ones.

N These’ results sugdested that a lower temperaturevthan
\& . ' ) .
the 29°C used by McFarlane would bé associated with an--

. v ‘ S

A}

even faster rate of development in groupedﬂnymphs in com—

parison with that of 1solated .ones., .SO. I tested the hypoth—
ANEN :

esis Wlth an’ experlment carrred out at room temperature

C e e
(20-23° C V-

o

96

'

oy
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> . 1

3.5.2 Procedure in Experiment 12

Experlment 12 comprised two treatments only,

*a

1red and 1solated nymphs, which were reared at roofn tem--

perature in an 1ncubator which was not running. 'The room
fluctuated between 20 and 23 C. There were orlglnally
66 nymphs in each tjgatment and they were welghed once

during development, at 155 days.

3.5.3 Results

-

Mortality:was much higher than»in comparablev
experiments done at 31°C, 42.6% in both.treatments, with
.38 1ndlv1duals Surviving to maturlty in each 'Howeyer,j
"~ death of 1 member of a pair ellmlnated the surv1vor from

the treatment total since lnspectlons were not frequent
enough to make re-pairing valld -and mortallty'wasvnot

a

svnchronlzed anyway. Six females and five males were not -

blncluded in the paired.treatment total. 1
'Paired'nymphs were.significantly heavier than

isolated ones at 155 days as expected (Table 18), the mean;

of iSOlated'nymph welghts belng about 65% that of grouped

ones in both.sexes. At the time of welghlng only 51x paired .

Aymphs ‘were thhout w1ng bads compared with' 25 1solated ones.
The .Same s1gn1f1cant dlfferences between treétments

occurred in emergence rates\(flg 147.$ Thevmeans differed

by about 20 days for both sexes. Emergence‘was extended

over 50 days for palred females and‘BOfdaysfﬁorvisolated

s

o



A " fTable 18

IS

Experiment 12, ‘méan weights in mg at age 155 days

groups (P<0.02§).

\s. s S
(+ standard deviation}.
. . 'S
Isolated Grougéd
Males . h
v  134.21454.757° 203.44257.55
. . : R ,— » )
sample = 21 : 17
- size . v
. 4 .
- Females ' .
153.02+101.82 234.51+87.59 -\
sample 18 14 e
size .

i

x % ='$ignificantly different from subjects of same sex in

* kA= significantly\different from subjects of same -sex in

‘groups (P<0.00L) ..

-
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*1 = Signlflcantly dlfferent from palred(P<0'025)

Cxxw © (Pgg01)

palred and lsolated 1nd1v1duals at. 20 2”°C

/. .x ¥ isolated 214 48*18-92 21
| SN paired 194:00:E2 Wf

99

Flisolated 197-65¢ 2393 17
'Pai"’d'_'.';175'92’::1.5;‘98-13 T
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:oneSf_:TheToorrespondlng»ranggg forpmales'were_47‘andp7

Ghourl and McFarlane (1958) gave the mean dura—

,'»’tlon of nymphal ‘life at 23 [} as lO4 days for grouped males*
(n—l2) and ﬂl4 days for females (n—l3) Thj‘oorrespondlng
=]4

values %n my experlment were 194 0 da% -(n;;.f:andhl76p9f

days (n 13), Wthh suggests; that mean room temperature
was lower than 23 C 51nce my/stock w;% from the same
source as thelrs - In thlS experlment also, females emerged :

faster than males in both treatments.

":.. '\,‘-

The mean deVelopmeﬁtal perlod in groups was 90 49

that of 1solated 1nd1v1duals 1n males,_and 89 5% in females. %;ﬁ

el

- d5.5'4 Comparlson w1th Other Experlments Reported ?ﬁv'

._,. 3

,"fgi?'gu C CIne ThlS Study, and Dlscu551on

1ké,',‘ S Table 19 Lhows the comparlsons of means of dev—fu

-

elopmental perlods for grouped and lSQlatEd Zﬁeatments from

8 exper{ments, carrled out at a rance of tem eratures,

arranged in o#der of 1ncrea51ng mean number of days to matur:

atlon ln the grouped nymphs Experlment lZJ?allnoluded

last in the serles "Grouped female means Were 85 9" to 95 4% .~H
those of lsolated females, and those of grouped males,.90 O

) ko 98 25 those of 1solated males _ There 1L no clearjéela-

a

’tlonshlp between speed of growth and relatlve growth rates

'j in the two:treatments,-ln elther sex. The proportlon of
s e

‘tlme in whlch grouped nymphs developed compared with 1solat

N
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‘ed nymphs was -never as low in my experiments as they were

~in McFarThne's'experiment’at 29°G. K

N R o B -
However, although there was no relative increase

in' growth rate in grouped nymphs at this, lower temperature,

N

the actual diﬁferenée in mean developmental period was near-

ly‘tﬁfee weeks and wouid pres@%ably be even greater at still

o

lo%er tgmperaéufes. ‘ThQS, ggouped nymphsvwodld become
adﬁlts gébera&éwééks‘eaxlier than isolated onés’in natural
cdédi;ioﬁs éven Withoﬁt any rglaﬁiQe'increase in speed of
develdpment. ‘It iS-§l5O ﬁotabléfphat total emergence peripd

- for the grouped sample was éh@rter'thahvthat of the isolated

.sample, so that grduping tended to svnchronize developmént.

e
o ) n

v

) 3.5.5 Summary . | _ ) L -
T 1) Thé.grbwth %ate of grouped nymphs had the same reLatioh—
ship to that Qf isolated nymph; at 20—23°C-as aﬁ 3l.§°C.
At all temperatures used, the meaﬁ developmental peribd of
gpouped males Qag, betwéen 90.0 and 98.2% that of isolated
( males; and of feméles,'85.9 to 95.4% that of isolated fe-

males. T

~F



P
/

(.

. n
" 3.6.1 Introduction to 3.6

3.6 Does Response to Grouping Differ Between Male and

Female Nymphs?

, ( ‘ :
In Section 2.8 I noted that the growth rate of

1
males was more variable than that of females. In this sec-

tion the mean developmental periods of males and females in

« '

grouped and isolated treatments from the same._experiments

(Table 7) are compared. The meanodevelopmental period of

females is expressed as a proportion of the mean development-

al period of males for both treatments. These proportions

1]

were compared between treatments by non-parametric methods.

3.6.2 Results - ~

~

- o Table 20 shows the results. Females in groups

e

. grew consistently faster than males in groups. - Females in

isolation did not. - The mean developmental- period of‘grouped

females was a consistently smaller proportion of the mean

developmental period of males in all'experihents. 'Theﬂdif£4 L7”'

=l

erence between treatments is significant (P<0.0l,. Wilcoxon's
signed rank test).

This indicates that contact with other‘nymphs is

a more important stimulus to growth in females than males.
. ThismisﬁconsistEnt'wfth*the«nesul;sfof Experiments 8 and 11.
. P . , L . “ . ~ E ¢ :» ; i up . - ] .

T S S

o L “

. g g p . ) ]
" . ot “ g &
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Table 20

S
< a . Voo

.

Developmental"period'of'femaleé‘expressed as a propoQrtion
of the deveLopmeﬁiﬁz/perioé of males, in 8 experiments from

this study, in "growped and isolated treatments.

_ Experiment | " Isolated | N\Grouged

2 - | .995 - .973
8 “ . . .980 - -.968

10 | 1.023 | 922
4 . \ } S 1.024 . .979
6 - L9599 .953

1. o 988 T 946

5 T 9ge 958

12 o .922 L 912 .

Treatments diffes significantly P<0.Q1 1Wiléoan's_signeg .

ST T P A
rank test).: o



3.6.3. Suﬁmarv |
1l) Female nymphs ln peer groups had a shorter mean matur—'
atlon time than males, in all experlments Isolated females
rhad a longer mean maturation time than males in two exPeri—
ments. | |

- 2) The dlfference in growth rate between males and females

"was 51gn1f1cantly smaller in 1solated nymphs ‘than in group—.

-
ed ones.

105
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3.7 Does Grouping or Isolation During Growth\Affect1Re—

. production of Adult Females?

3.7.1 1Introduction to 3.7. ‘ Lo

Speed of oogenesis and fecundity has been fonnd
‘ N o .

to be related to population density in females of several

g‘species‘of'Acrididae. The best—stndiedvof these are lo--

tousts, espec1ally Schlstocerca gregarla (Forskal,‘and

Logusta mlgratorla mlgratorloldes (Relche and Fairm ).

Isolated adult females of §S. gregaria took longer tdb begin
'laying.eggs than didgthoselin.crowds, while the situation lh
was reversed in females of L mlgratorla (Norrls, 1950 Y
1952 1954.‘;4Mat1ng, the presenCE/éf adult. iales,and

dally perlods of flylng also accelerated development of

1leggs 1n females of S..&regarla (Norrls, l957) and fllght

',~ accelerateé development in- cnmﬁed females of L mlgratorla
Y . - . o

'(nghnam and Haskell, l9-4‘#f Females of both specles lald

- fewer eggs when kept ‘in crowded condltlons than when lso—

»lated. : TN

"

Other specres in which females laid fewer eggs

‘when crowded 1nclude Melanoplus sangulnlpes (Walker)

‘(Smith‘ 1970), Eyér;poenemfsnplorans orhatipes* Walker)

(Antonlou and Hunter Jones, 1969) and Ornlthacrls turblda

ey

7_QWalkerl'&Antonlou”wl9]3)- Crowded females of thé two latter

_speoies'tended.to”begin egg-laying earlier than did isolated

ones. Crowded females of Schistocerca pallens (Antoniou and
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Robinson, 1974) laid more eggs,,and thelr fertlllty was
lalso 51gn1f1cantly hlgher than that of 1solated ﬁemales
| Bradley.(l977), found that palred adult v1rgln :
4females of "A. domestlcus developed more eggs oy ll dajs‘l
»after‘%dult emergence than did. %solated ones, and that
they ‘had hlgher ovarlan "dry welghts, and longer termlnal :
and penultlmate oocytes. He separated females: from stock
cultures of crlckets in’ thelr penultlmate 1nstar.: These
- data suggested that the flrst cycle of v1tellogene315'
‘;occurred more rapldly in’ grouped females However, the_
:opp051te result waS'found in females 1n‘larger groups,
and palrs‘of females w1th a- male matured fewer eggs in the
flrst lO days of adult life than dld 1solated v1rg1ns »
My experlment almed to determlne if grouplng or

-

"f”{lsolatlon durlng development had any effect on how soon

- 'females of A. domestlcus began to lay eggs, and on how o

fﬁmany eggs they subsequently produced

,?,7,2;_Proceddre .
“’:l used 21 adultyfemalesvfrOm-the paired control
‘treatment ofoExperiment 11, 'and 25’from the isolated cOntrol‘
treatment;' They were removed from thelr orlglnal jars on -

:

the second day follow1ng adult emergence, and placed 51ngly . 'w‘

in clean jars. w1th food, water, a sexually maturefmale and
a one oz (“30 aml) - plastlc cream cup full of m01st sand for'~

egg laying. A wire mesh disc over the sand helped the fe-
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male to 1nsert her ov1p051tor and prevented Lhe oarents
. .

from eatlng the eggs The crlckets contlnued to be in-

cubated at 29°C =

Cups were 1nspected once dally for 51gns of

ov1pos1tlon131nce the age of females was knOWn only to

[

/Mlthln 24 hours.~ The - sand in the cups was. kept m01st.‘

'The‘ lrst day on Wthh ov1posrtlon oocurred was recorded

-

and he cup. left w1th the female untll the end of. the fifth

day after ov1p051tlon began, at whlch timé the female was, -
Killed and.. frozen After the Ilfth day, the eggs contlnued to

be lncubxﬁc at 29° C. The number of flrst 1nstar nymphs

a1

o whlch hatched was recorded ,_Females were later dlssected
, o

and chorlonated eggs in thelr ovarles counted

ke

1 3.7.3 Results and Dlscu551on : ﬁi”f‘~.>.v-:.“s

o

Table 21 shows ‘that females reared ln groups,

.; started laylng eggs earller.than dld prev1ously lsolated
e . .
femalesm- The dlfference was 51gn1f1cant at P<0. 05 »The

actual mean dlfference (0. 79 of a day), was about 15% of

the total grouped mean preov1p051tlon perlod f’jmjiﬁifﬁ'Tfff,i'

Two females dld not produce any eggs:for_7 days

dudbd eggs durlngAthe follow1ng*day t'~I assumed from thlS»mu i

deVeloped 'these females were not lncluded 1n~the analy51§T B

,_;, - SUU .:‘.*é'_'. e




Preoviposition period in relation to treatment during

.. development.  Mean number Of days

o

betweenradult emergence: <o w2 cr o~

I

;uqan§¢OVipésl§10n'(i_standatd_J~-~ i s
ST ‘ "‘-‘.';4 GRS PR o e T . \

\ B

- . o ' Isolated during | Gfduped"ddriﬁqifs"*‘"

development ) _’ develdpﬁentix'@-~'75
5.541.39" - . 4.80+0.83

_ sample size : SRR 27 . o 20 .

* = Significantiynlongq::than mean for”subjeéts in groups: ®

;J(P<o,osy.w"'
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Slnce the females could not be lncluded ln the sample,'l

dlscontlnued prov1d1ng second. males for later emerglng fe-~

‘ malﬁs and some. of these produced eggs after a 7 day pre-

or'-"?g»‘. - AR PR .
R : . .

e w o«OVipos1t10nal perlod or even longe% sucgestlng-that.

the

::results for the two earller‘females may. have represen ed
; P

'thelr true rate of development One such female cam

bos ) - *

__from L
’feach experlmentalgtreatment

PR TR
2 .
1

Three females were'overlooked for .ene day and were.

not killed until the 51%th day after ov1p051tlon beglan, .and

«

they also were not‘lncluded in the samples when analy51s was
done on numbers of progeny - . _.. o
These results support Bradley s (19l6) flndlngs
from’ experlments w1th palred and lsolated v1rg1n lemales,‘
that v1tellogene51s proceeded faster in grouped females
He found thlS result after separatlng nymphs from crowded
stock jars only in the last nymphal instar, which may be
~.the reason that dlfferences between his treatments were not
slgnlflcant. In my study females were under different ex-
e perrmental condatlons throughout thelr nymphal llves, and
{a ol . :

f'ﬂfiall underfthe same condltlons as adults

:The preov1p051tlonal period of A domestlcus"a”:w

"females has been reported as 2L days at 30.5° C (Schmldt"

f'"”uy;:

“End- 6 BEYAR :§é6f, 12084575 aays He735° c,se 2#.1312- days. .
{;'{atf2635°C (Bate;“l97l) and 8 to 39 days dependlng on temper—'°

-ature.and.season (Ahmad and Ghaurl,vl953) _ These Derlods arei'

- . .o -
-

>all much longer ‘than ‘in elther treatmenc 1n my study, but"

R IR PR



. Thomas'(l964) recorded a: preov1p051tlonal perlod of" 8 day

,'at 26 C ‘ Preovrp051tlonal"perlod 1s.presumably 1nfluenced

'by dlet and probably"by Populatlon chanacéorrstrcs"'*““Tﬁr;??

Over S days, females from’ croups produced a lower

mean nbmber of v*able egqs than dld those reared ln Lsola—'ﬂlﬁ---

o

tlon (Table 22) but the dlfference was not 51gn1f1cant

§1nce they :id}not have a hlgher mean number ol thorlonated

;eggs rn the r ovarloles (Table 22) .the dlfrerence Ain number

of eggs already lald was not balanced by the number whlch

wQuld have been laid 1n-the-followlng rew days. The 2 Ovarf
ies of ‘one female were often of dlfferent size and con- -

talned dlfferent numbers of cborlonated eggs ThlS rlndlng

Sl

.......

'agrees with” that of rnhomas»(l964) who reported that females

Ahad 128 to 194 ovarloles in his studv, w1th a mean of lSd-

1.9 and.that_there was sometimes a drfference of up to 20

ovarioles between ovaries in ©One female.

A
3.7.4 Anomalous Result Found in Some Members of

LY
Isolated Treatment

'Three'of the last isolated'females to mature were

"found when dlSSéCted to have large ‘pink thorac1c w1ng mus-—

cles, that seemed capable oF sustalnlng flight. All .other

[

) females had small,-whlte, degenerate muscles ‘According}to

sog ;,-.;.».b,f p.r, -

"férlharl, Gutmann ‘and Novak (l975\ the fllght f@scles of A

2N R
domestlcus females usually reach thelr maximum development

-

- (at 28° )about ﬂ«)(Bys .after adult eclosron and begln to de-

.~>:‘ﬁ' b v.r.w.-.‘. ‘v
Y g v e

a T e e T2



;
Tt~ o . Table 22 |
] 'v 4‘ . ‘ . " L ) - I ‘ e E

v :.-,.v,._,,.s RIS

‘vaMean number of nymphs hatchlng from eggs lald over a’ 5 day

perlod and number of chorlonated eggs remalnlng 1n ovar—

.~treatment durlng development All females in isolated treat—

‘ment-included.

*5“}loles after 5 days (+ standardAdevzatlon) " i relatlon to

‘Isolated during

development

Grouped during’

development

Number of nymphs K !

e j_ 146 ,24%61, 84

«nNumbefﬂéf'chOIibnated,,“i_',;'»'~'? S

"eggs‘

86.95+71.03

sample size o . 21

Number of nymphs &

number of  chorionated eggs _ _ |

R . .237.19+89.22 - -
P T P T S S
- sample size e 21
€ 8 S 2
V

PR

There are no 51gn1f1cant dlfferences between treatment means

(P<0 05) - - .

P

.:;1118_

85.88+50.

17

»

205.76+75.

. L?

&6

98

1120 ¢
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: Jgenerate soon afterwards At lower temberatures (20 2200
kova and’ Bocharova Messner,tl963) . ThuS"i for females to“
"have large plnk muscles at 29° C after lO Oor more days 0r
“iadult llfe 1s. remarﬁable - These remales had aid’ a less

than average number of rertlle eggs, and nad fewer chorlon-

V'ated eggs 1n thelr ovarles SO that excludlng them from the

:_;Ithe perlod of userulness for fllght ‘s lO l: days (Ghudattfdfhf~7;i;

jsample made the dlfrerence between treatments larger\though,~—~‘

\

.~Stlll not srgnlflcanﬂ (Table 23,\com0are w1th Table 22)
:Bate (l969b) found—that all- femaLes (exceDt one) caught
flv1ng away from a natural populatlon 1n a\rubblsh tlp had

mated but that only one had any V1tellogen;c egcs I~ the

:yovarles K¢vadence from lmplantatlon exper#ments«by Bel—

fyyaeval(l967) and radley (1976) and rrom extlrpatlon exper—do;f
:”1ments by Chadud«we and BocharovgﬂMessneﬂ (l968)-1ndlcatedvvf

that as titres - of juvenlle: hormone rose, yolk proteln pro—

ductlon 1ncreased ‘and wing muscles were slmultaneously

broken down _'Thus,»the eXLStence of large, functlonal— :"

,appearlng fllght muscles in lemales whlch had begun to lay :lg’
”7fls anomalous in’ comparlson w1th the flndlngsh f other work—-"

YW

“ers, whlch suggest dhat the 2 states are QOrm nally 1ncom-'~

e
o patlble These anomalous results cannot be explalhed at

' present and thelr eluc1datlon must aWalt further work
3:7.5 Summary .- 7 e

oLy Eemalesﬂfromtgroubs;beganAlaying eggs significantly’ -

>

K . - / ' B



. Table 23 .. SRR T

Mean number of nymphs hatchlng frcm eggs lald éver a 5 day

perlod and number of chorlonated eggs remalnlng 1n ovarloles

o

after 5 days (+ standard dev1atlon) ‘in relatlon to tregt—

ment durlng development.' Females w1th large plnk w1ng'

muscles excluded from lsolated treatment"

5 acee w e el e AR ‘. . - el
. - e - - : Ta e A e e . v s T
erl I *% ww . dpee, gt Lo e A BRI T T . DR R & 5
e e e Zn B e LWt pmrn .', R TN T

"'”“ fIsolated.during°:Grouped-during_

%_“,_i.;: e development S _devélépmeﬁt";;ffw

- __, 'l‘l"-.-.\'a,“e" N . .

P
“ R s O I R S f

of nymphs';*

I A O S Loy

C e dme e
e RS PR I e : .

L!,I_}a‘i':fiéolaéf61,9éff;ilil7izé§71;éo:,fﬁ, =

sample s]_ze, .- PRSI .'i.’"-‘.-,{ R 18 P

- NumberhofFchdrionatedgeggsiQﬁ}‘

-/%' . L

°1100.00+98.00 85.8Fiqo.51-
'sample size S o S 18 '

,17

Number of nymphs & number;'n" S e e l;
of chorlonated egg@ - ' :

L feoot
e V251039487013 205 76+75 98;

)

There are no 51gn1f1cant dlfferences between treatment meansw._

-

(P<O 05)
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earller than prev10usly lsolaeed females. They eended to
produce fewerafertlle eggs durlng a 5 day perlod and thev
alSO tended to have fewer eggs remalnlng in thelr ovarloles

but these dlfferences were not srgnlflcant

'2) Three late maturlng isolated females had functlonal S \

fllght muscles 5 days after they began la’lng eqqs»ﬂ Tﬁégé"gekfn

Ca e Ta LR A

"”huscfES had regressed in: all Otner crlckets _“”he Latter re- JET

n'-v".

sult is con51stent W1th those of earller authors, but the :
~~LQrmer lS“anomalous o T . S
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3.8 . Do Nymphs. of ;;§ilus Species Respond B, GroupiAg? .,
\ . N . ; "

y

.
2

3.8.1 Introduction to 3.8

The primary reason for obtaining stocks Of ‘the

North American field crickets Gryllus veletis, g.ifultoni

_and G. pennsylvanicus was to carry'ouf the experiménts desf
'cribedvin Section 2.7/ S;ﬁce stdéks of eéch proved’éasy to
‘maintain at:least for se?eral génerations uncder laboratory
cénditions, it seeﬁed aﬁ~obVious course of ;ction to deter-
':miné whether these field crickets th;mserﬁes displayed anvy
reaction to grouping.
,.Populations of §.'veleti$ and’G. fultoni are

usually qﬁite small and widely scattered, and these crickets
. ;

are-not reported to be Gregqrious. Populatipns of G. oennszl—
vahicus can be lafge, and late instar nymphs and adults aré

often found in swarms. Adult males ~f this.species are much

less aggressive'than,thqse of G. veletis. Since high popnla-

tién’density may be assumed to be normal for G. pennsylvanicus
.developmental rate might be.optimized in such conditions. For
this reason I copsidered it more likely that nymphs of‘g.

pennsylvanicus would grow faster when reated in groups than

those of G. veletis.

All three species which I used have one generation
a year in their usual enviropments. The erwintering stages
of - G. veletis and G. fultoni are nymphs in the last 7 instars,

the prolonged.duration of which has alreadyv been mentioned in

116
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-Sectibn 2 . Members of[G. pennsvlvanicus overwinter as eggs.

Some lnd1v1duals of ‘gll~three species will‘aevelop with-
out dlapausing,ids do meﬁberslof é. domesticds, but. for the
majorigy, the délay'is apparehﬁiy'obligatory.* Since the
developmental rates'of members of all three speéies are so
stronglyirelated to seasonal change it seemed uhlikelyvthat
accelerated developmenE £elated to the presencevof peer’s
~would have any adaptive value for them. I was interested in
finding out from my experiments whether a faster growth rate'
would appear in grouped nymphs of these spec1es, ‘since thls‘
would indicate whether this phenomenon-;s a universal feature;
of cricket biolbgy or a specific straﬁeéy of members ofEéﬂ e

domesticus.

3.8.2 Procedure in Experiments 13, 14, 15 and 16
 Experiments were carried out with four stocks, all
founded from wild-caught females. These included the g.

fultoni stock mentioned in Section 2.2.3, G.”  pennsylvanicus -

from Alberta, and two stocks of G. veletis, one from Indiana,
and the other from Alberta. All four experiments had three
treatments, isolated nYmphs, groups of three and groups of

b4

six, so that effects of density as well as grouping coufd-be»{

assessed. Initial sample sizes were around 60 nymphs in all

r N
treatments and all exper;mentsAyere incubated at 31°C. NQ3

light cycles were used axcept for g 6S!Lf1ve days early’ fﬁh?g;

Kl P

Experlment 14 w1th G. pennsyl"anlﬂus . S

0 - . M
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#

Humldlty wa's ralsed“in the jars ‘duting - ‘the first o .

R

lﬁétar, as descrabed in Sectlon 2.2, except ‘in the eXperi—

)'.‘.

ment with G. fultoni nymphsirwhlch was. carried out first,

before the need to protect flrst instar nymphs from de51cca~

_htlon was realized. Only nymphs of G. veletls from Alberta

(in Experiment‘l6) were welghed during development, at 48

days.

3.8.3 Results and Discussion

3 8.3.1 Growth Rate: Experlment 13 with G fultoni

suffered very high mortallty from des1ccatlon of first in- ~7t
star nymphs, and flnal totals of adults were so low that .
both grouped treatments were combined for analysis. Table )
24 shows' that there were no 51gn1f1cant differences 1n deve-
lopmental-perlod either between sexes .or between treatments,

so that this experiment detected no response to grouplng in.
nymphs of G. fultoni. It was not repeated due to lack of a
suitably large number of first.instar nymphs .

Figure 15 shows cumulative emergence .of adults

of é. pennsylvanicus (Experiment 14). It cdn be seen that

emergence‘was'highly synohronized and that mean development-

o

:al perlod was shorter than would be found in nymphs of A.

domestlcus ‘reared at the same temperature. Males took,. on
average, one day longer to emerge than females, but the cumu-
lative emergence curves were similar for both sexes:

©

. o . . P
There was no significant ‘acceleration of development
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Experiment 13, méan_develdpmental period in days inanymphs‘

.of_g. fultoﬁi (+ standard deviation).

RN

Grouped "Isolated

Males o 79.6 91.0
) +15.75 .j 6:44
. u n=10 n=8
Females 82.12 | 83.0
+11.83 +12.50,
n=17 n=10
Total - 81.19 86.55 ) (\
J \ \ o +13.17 - +10.79
n=27 o n=18

There are no significant differences among these values

(P<0.05);
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. 15. Cumulative adult emergence

(déys) in :

~ . Experiment =ld,. on. developmental rates of-

individuals

of Gryllus Dennsylvanlcus,

,........--.'groubs of 4,5 orﬁ -

in isolation and in groups of varlous ' 2
densities. o
FIGURE 15A .
FEMALES
X s n
isolated 3012145 16
. groups of 30192129 21
20r3
groups of = 29-80%193 20
4,50r6
-
¥
FIGURE 15B
MALES
. X s n
isolated 32:22:207 36
groups of  31-3722114 24
groups of 31-31x1-97 13
4,50r 6
®» . N o .
© 25 35 45
‘DAYS TO. ADULT EMERGENCE ) L
Aseemseens woua isolated ®- -o groups of 20r3 =
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:: relatéﬁ £o" grouping, although grouped females dld begln
"emerglng 3 days beforo 1solated ones. The male to female ‘f
.rat o was 1.26: l 00 ln the total experlment - but varled
w1dely among treatments; belng 2 25 l Ob for~1solated nym—;
phs, 1.14:1.00 for groups of 3 and 0.60: l 00 for groups of
6. The dlfference correlated w1th numbers of survivors ln-n
each,treatment at‘adulf_emergence,'52'isolatedy_45 in groups
iof 3;and 32 in“larger‘groups 'Thls.Suggests‘that mehbélsfaf
groups were llkely to be eaten by thelr peers, and’ that the

more ‘'slowly developlng males were more llkely to be v1ct1ms

Flgure l6 shows adult maturatlon oatterns of

gr‘veletis from Southern;Indlanav(Experlment lS).' Neither
sex showed any 51gn1F1cant acceleratlon when grouped Mean

developmental perlod was more, than twice that of G Dennsyl—
vanlcus nymphs, whlch accords w1th the flndlngs of Alexander
and‘Breglowl(lQ6Q).p Males and females showed,similar‘mean'.;
developmental timestfbutgﬁas(ln'Experiment'lé, there was:
‘orobablv a tendency‘for malesvto be ‘killed before maturing
_ The male to female ratio was 0.82: l 00 among lsolated nvmphs.F

(in whlch WO oredatlon ‘could occur) . 0.72: l .00 in groups of

'
“

.3 and 0.52:1.00 in larger groUps;'
In G. veletls from southern Alberta (Experlment l6)

there was no srgnlrlcant dltference between treatmencs in

B welght at 48 days (Table 25) When male and female welghts

LAy . ’ .

WO E 1solated nvmphs were compared males averaged 51gn1r1cantly
' @

lighter (P<0,0S).h Between_48 days'and adult emergence’ there

i

~

N N o . -
oy .

B TR
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duals of Gryllus veletis. from southern
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oWy
% ’_"FlGUE'LE'geA-“ SR e
o | FEMALE o e ,
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Experiment 16, mean weidhts in mg (f standard deviation)

at 48 days of pymphs of Q. veletis from soﬁfhern Alberta.

123

o I - Groupé df”f ) “érOupslbf
- .. Isolated 2 and 3 4, 5 and 6 .

-

Females - L
©349.20493.82  369.29+120.04 $370.36+92.50

sample S ;o I P e
size - 39 ] o, 23 32

‘Males L .
395.73£77.40 320.45+121.04  295.214110.93
' sample o ' - e o
.size o ' 31 . 29 26

v

*Significantly lighter than isolated female nymphs (P<O'05)2
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S o : e o e _
.was little mortalityfamong-singly—reared'nymphs (Table

26), but more occurred.Ln,groqps,_thenproportrpn'1n§reas;
ing with-group size. The‘male te'female ratio“was.l'l
among 1solated nymphs, 0.84:1.00 in groups of 3 and 0.38:

l OO in larger ‘groups (Table 27).

~

There were some nymphs in eaeh}treatment whlch
were tbo immature to be sexed when weighed. It was this
class which. suffered most mortality after welghlng Since
13 out . of 17 such nymphs in the isélated treatment matured
as males and only 2 asgfemales, it seems-likely that most -
if not'all of thevsmall_nymphs which died in other treat-
mentsvmere malesialso;_with-deathvheingfaue_to predation'by
_larger nymphs, or,te harassment. No nymphs too immature- to
be sexed at 48 days survived to maturlty'in larger groups.

. The ;assumption that.alﬂideaths were of males gives
a perfect l:l sex ratio.in the-erperiment as_a whole. I
made this assumption in calculating the potential number of
~each sex in each treatment'and emergence dataﬁwas graphed as
a-gercentage of these probable totals (fig.‘l7). Since all
- treatments showed some mortality,pnone of the'linesﬁreaches
ldO%. On this ba51s, femalés in larger groups emerged srg—-
nlflcantly faster (P<O. Ol) than those in other treatments
E Only 12 out of a probable 23 males in that‘treatment matured;
fsoithat although the survivors Had a shorter mean develop-

mental period than did males in other treatmehts, the value

) : * : . " .
cannot be accepted as representing the whole population.

'{;_



Experiment lG,.mbrtal;tY!df

ern Alberta in late inétars

emérgence.
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26
3
h&mphs>of.§. velétis from South-

between 48 days\and adult

Males
'Females
Unsexed

Total

‘Isolated

1

1

2

Groups .of ~ Groups of
2 .and 3 4, 5 and 6
1 . - 1
0 ' o 1

7 © 13
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" Table 27
iEXpérimeﬁt 16, maiéé and females of G. veletis f;omISOuth—..
ern Alberta emerging as adults. ) " _ -
\ - Groups of = ' Groups of
_Isolated 2 and -3 4, 5 and 6
Males o 28 - a1 T
Females o2 25 ‘ 31
i A . o : o
. 56 ‘ 46 o 43

. Total- »
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"Fig. .17. 'Cumulatlve ‘adult emergenCe (days)‘in , '
‘ Experiment “16, on development of ‘indivi-
duals of Gryllus veletis- from southern. S

" Alberta, in lsolatlon and in groups of
'varlous aen51t’es .

100 L e
" | FIGURE 17A R Y e
FEMALES =~ =« = - e

8(}- . ) . ‘..I_ "/s :
‘ L .,. 5"" L '
R B
] M4 lisolated 64-82¢1670 28
w'r. . groups 646021910 25
a I SRR of 2013 -
401 ' o |
ok ** groups 55 26*895 31

- -‘/ S e of4,50r6
2 o L j
100 | L e e \\’\

mozmaom=2m

moZmozmEm

|meuRE 478
| MALES s e
Jqd . . | “ . .‘-.'.14&__::?
60- o AT
o : ; o— 2 X s T n
] . S o &  isolated 8471%24-86 28|
| & .., goups 703322250 21|
40 o= Tmoate T af 20r3 582521535 12
D Crgroups
4 SRR JUVL B _ of or6 B _
“ S l.e® ‘-_'.A"# S | N '
20_‘ . j -:A‘y‘..“ ».‘, ) .' '\_“ .
o e SR

0 - 60 8 100 30
“ DAYS TO ADULT EMERGENCE - 3
" amennoa isolated .. e groups of 20t

'--f ----- = groups of 450r6

= significantly d!ffert,nt from other treatments(P<0-{]5)
**_ . . P . .- ~{P<001)



lehen results -are - compared For the two stocks of G veletls:.gj ‘
1t can be seen that emergence began earller 1n the stocx_ .
”from Alberta (flgs 16 and l7) Mean female developmental

»perlod is- about 20 days shorter but that of males 1s not

a

In fact when emergence curves for nwperlments 15 and : 16

' are compared lt can be seen tha m egemergence patterns'

‘ [ A o
dlffer con51derably, even for lsolated nvmphs a Males in .'

|)‘

(flg l7B) emerged over a longer perloo than those in

_],-' .

lS'(fig}fl6Bf, so that the slope of thelr llnes lS less
: Blgelow (1960) reported that nymphs From G.
veletls populat ons from Quebec matured faster than those'

gfrom Waryland and Vlrglnla, and that hybrlds between north—‘

;.

"-.ern and southern populatlons matured at an lntermedlate

'rate. He c0ncluded that growth rate lS genetlcally adjust— -
ed to ensure that. nymphs are in the overw1nter1ng late in- |
_stars at the approprlate tlme‘ol’year My data supported
‘thls_hypotheSLS,valthough the last lndlﬁgduals ln both ex-
‘-perlments took about the same perlod to’ mature.

3 8 3 2 ' Wlng Polymorphlsm As adult G.:veletis.”

o

'fromIndlana emerged 1n Experlment 15 I~hot1ced that,thef
i:populatlon showed wing polymorphlsm ,The'ﬂﬁEEJkancaxﬁtions o

I found are 1llustrated in flgure 18 adapted rrom Alexander .

(1968). HlS captlon applreS‘equally-well to my data.  As
vfable§28 shoWs,vmost adults\reared,in isolation were brachYp-

terousj'and lacked functional hind wings. 'In.contraSt//910UP‘ .

oy
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 Fig. ¥8. Wing states in ddults of Gryllus veletis.

N

‘neotenic

a

- brachypterous . = . macropterous, - o ﬂ(:
R . [ . . . . . v R
Left, a very short-winged adult male), able to stridulate,
found in a laboratory population: center, the usual macrop- "
-terous male with normal-tegmina: right, a*macroptero?s.ft
male (note tips of long underwings),.produced in thel -
"~ laboratory, Only the last two are known .in field oo
'populations, (#lexander, 1968),
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»

Experiment 15, wihg polymorphism in isolated and grouped
. : / o .

individuals of G. veletis from Indiana.

iy - o

I ‘:"'}
, - Groups' of Groups of
Isolated*** 2 and 3 4,5 and 6
Males Females - Males Females Males Females.
Macropterous- 3 .5 20 27 8 22
Brachypterous 18 \21“‘ : 1L 3.0-, 4 3
Neotenie 2 0 2 3 0 3

¢

*** =significantly different from subjebts in other treat-

ments (P<0.001). . - o
. /,’ - r

/

/ B ~
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ed lndlv1duals mostly became matropterous The dlfference

betbeen treatments was vaxry highly srgnlflcant - Neotenic

ol

individuals occurred in low numbersyin all three treatments.

The ;same wing polymorphism occurred in G. veletis"

from southern Alberta (Table'29)( and there was also a

highly significant correlation with treatmeht. Brachyp—
r

terous adults occurred in substantial numbers only in the

isolated treatment,whlch also prdduced -many more neotenic'in—‘

. LN
dividuals. However, a hlgh percentace of macropterous adults

'.also occurred in the isolated treatment,‘ln this experlment

which was not found in the study on the population from

Indiana.

As Table 30 shows, adults of G. pennsylvanicus

were rarely macropterous in any treatment However, the small

’ number whlch dld appear were females in 5mall groups. There
was, wing polymorphism_among adults of G. fultoni also, but
the significance of the phenomenon was not recognized and I

did not record whether it was correlated with grouping in

this species.

Macroptery associated with grouping was found

by Fuzeau-Braesch (1961) in adults of G. peruviensis and

.g.‘argentinus Only females of G. peruv1en51s showed thr

correlatlon, in which grouplng increased macroptery fre

41% to 84% (with sample sizes of 12 and l9 respectively) »

Macroptegy in samples of G. argentinus’increased'from 8%
¢ . - - B

to 39% with grouping (sample size®% 25 and_ﬂl respectively) .

I
> '



Table 29
Experiment 16, wing polymorphism in iIsolated and grouped
individuéls of G. veletis from southern.Albérta.J

P
B }

‘ » ﬂGroups of k_ - .Groups of
Isolated *** 2 and. 3 4, 5 and 6
Males Females Males Females . Males 'Females
Maé¢ropterous ‘13 18 14 - 23 , 9 29
Brachypterous 7 8 4 0 1 1
Neotenic 8 2 2. A | 0

*xx =<signi;%§é?kly different from subjects in other treat>

ments P<0.001). .
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Table 30

.

. Experiment 14, wing polymorphism in isolated and grouped

individuals of G. pennsylvanicus.

. } Groups of . " Groups of
Isolated , 2 ‘and 3 4, 5 and 6
Males Females Males Females ' Males Females

~

Macropterous 0 1 0 4 0 0
Brachypterous 36 15 24 16 13 20

Neotenic 0 o .0 .0 , o - 0



“Adults of,Scapsipedus marginatus (Gryllidae) were. never

macropterous except when reared 1n ‘groups, when 63 of
99 1nd1y1duals in one, experlment and 77% ofr 62 indivi-
duals in another, developed hlng w1ngs. .The percentaée
as higher ;n,females than in males. “” |

| Saeki_(l966a) found that up to 80% of grouped
females of s. aspersus were macropterous The percentage
.was'lower among males. Since lsolatlon by wire gauze, or'
antennectomy, almost ellmlnated such development he con-
cluded thdt the influence on wing development was. medlated
by tactlle stlmull |

These‘are‘the'only species in which macroptery

has been related to grouping in the offsprlng of unselected

stocks 'However, McFarlane’ (l966a) found that 1f he sel—

- ectedﬁfor macroptery by cross- matlng only winged adults ot

Gryllodes sigillatus for three denérat1ons, ‘the selecteu stock\\

produced 459 (10 out of 21) fully w1nged adults, when rear-
ed in groups, and only;79 (2 out of 28) when reared‘ln iso-
lation: 'But thlS correlatlon was not found in unselected
stocks, and 1ndeed“—1n one of hlS experlments, 41% of singly
reared adults were macropterous, while in another only 35%
. of those reared in groups were l h

Sellier (1954), working with G. campestrls,
s“owed that macropterous wing development could b¥% stimulat-
ed by lmplantlng brains from young nymphs into d%der ones,
and Maghad andecFarlane (1976) showedvthat macroptery in

E

1

134

\

\

N



Gryllodes* srglllatus was correlatele1th release of neuro— -
psecretory grahules from the. median - neurosecretory cells,
whlle the same cells in brachypterous last lnstar nymphs
were full of granules Thus w1ng development;rn crickets
seem to be . dlrectly related to braln-hermone produced.dur—‘\
~ing ﬁhe latter part of nymphal llre

The occurrence of neotedlc adults may be" a more
extreme example of the same phenomenon It seems llkely
that such individuals are the result of ‘Premature decllne
vof hormone level one instar before it ‘usually occurs

These 1nd1v1duals thus become adult before they reach adult‘

s:.ze

T Neotenic males are apparentlv 1nfertlle, and I
' '

have never succeeded ln obtalnlng oftsorlng from normal fe-
- G .
males paired with such males Neotenic females, whichlhave
‘a short ovipositor,_do nottlay eggs. Both,sexes behave
like_normalladults, and manv neotenic males make stridula—_'
tOrv movements and court females, -although their wings do
not overlap, and they can produce no actual sound. ‘Adult
females ignore them and adult males to not-respond to;their
attempts to challenge them, so that‘neotenic males cannot
establish and malntain'territories. |
‘I originally thought;neoteny was the result of
‘ . . N
inbreeding when itvfirst-appeared in Experiment'l§, but':

since it also apqeared;in offspring of field claught mothers,

it may be:a”response to laboratory conditions,'and be en-
; R N
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,v1ronmentally lnduced Such 1Md1v1duals, as Alexander

(1968) noted,. have never been captured from natural popu-

latlons _ Saeki (l966b) found thatjmacroptery occurred

o%&g in grouped 1nd1v1duals)'under long (16 hour) day..
length condltlonsumuch more thanjunder short day.lengths
(about 78% as contrasted with 20-25%). Alexander (1968)
found.that gradually increasing davalength from 12 to 17

hours durlng develooment caused. all adults of G. interder
=terJdet
\

to be macropterous, whlle decreasrng day- length from L2 .
N

1

hours to 9 squressed appearance of macropterylcompletel/

Tanaka, Matsuka and Sakai (1976)" found that any change ln
photoperlod in’ the mlddle of deVelopmentL in either . dlrec—

tion, increased macroptery ln.grouped samples of.Pterone—v

‘mobius taprobanensis (Walker) (Gryllidae). They did not

rear isolated individuals}

It thus seems p0551ble that the dlfferlng freaguencies_

of macroptery eV1denced in Experiments 15 and 16 may be.

" related to differences in- photoperlod in these experiments.

No light cycle was used in elther experlment but llghts
‘in the lncubator were switched on when I lnspected the pro-
gress of the experiments. Sometlmes they remained on until
the next day's‘inspection;-so that nymphs were sub]ected to
lntermlttent long days and very short .ones.

-

"In order to determlne if other factors interact

w1th grouplng to increase macropterv 1n G. veletis adults,

it WOuld be necessary to carry out rearing experiments with

5
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a'range of photoperiods.
| An experiment carrred‘Out under controlled hum—
'ldltv and llght c,cles u51ng nymphs of both northern and
southern populatlons in one experlment would be necessary
to determlne whether these are genulne dlf‘erences between
nymphs rrom_the two-areas. If members of northern”pdoula—'
tions really do have a greater tendenCJ tovmacropterf 't'
may be related to thélr lnhabltlng a harsner environment
than\do southern populatlons: Adults emerge in May in theb
northern part of the range, and probabl/ have a smaller
'varlety of food plants/avallable to them than would be found
in Indlana in June ér July Thus moblllty could be a greater

asset to- northern populatlons than to southern ones, regard~

less of population densrcy..“ EE R

~, : .
\.' -
.'..L’

ERE

Why crowded females of northern populatlons should

mature earlier than 1solated ones whlle crowded males do

not is dlfflcult to explaln.. Male emergence pefFiod complete—
ly overlapped that of females in. the experlment s% that
females would be likely to flnd a mate whenever they emerged. d
This may be an® advantage to the populatlon. Earlier fe-

male maturation would be selected for in northern populatlons,
since earller egg-laving would result in more nymphs reach- (_
ing the overw1nter1ng instars before winter in years when

A)

Snow came early. Southern Alberta is at the northern e

of the range for the species. In southern populations, e
egg—laying might result in adults maturing before winter}

~



which 1is apparently fatal in this species.

3.8.4 Summarv -

£

1) There was no dif ference' in growth rate between isolated N

and grouped nymphs of G. fulton1,~§;‘pennsylvanicus, or gu
veletis from Indiana. .
2) Females of g.,veletisifrom Alberta stock grew signifi-
cantly faster in groups of more than three than they-did in
smaller groupS'or in‘isolation (é<0.05). 'Their mean vel-
opmental perlod was shorter than that of remales of Indlana
stock regardless ot treatment Males showed no. dlfference
in growth rate associated w1th treatments, but they emerged
as adults over ‘a longer perlod than dld nymphs from Indiana
stock, and their mean deyelopmental perlod was no shorter.

3) Mortality in males of G.'pennsylvanicus and G. veletis

.lncreased w1th increase in populatlon density and was £on-
s1derable in groups of six. *

- 4) Macroptery -was strongly induced by grouping in both sexes
oﬁ G. veletis. The correlation was stronger in stock from
'Indiana than from Alberta, which were more likely to be
maCropterous under any~rearing‘conditions. However, this
'dlfferenoe may be related to differences in experlmental
cond;tlons, rather than to genetic - -differences between stocks
5) 'Neoteny was related to rearing in isolation in G. vel-

.etls stock from Alberta.
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of the Study

“ ’ . .
Thej+ésults *eoorted 'in Section l 0 indicated that

Aa:’

’T339"General Discussion and Cogglugégas of Section 3 ARG oa .

nymphs of A. domestlcus are likely to be found in g&ghps in

thelr.natural eneronmgnt. The results of experlments in
Section 2.0 showed tﬁét ééthal'pfeséhée of other nymphs
wa$ necessary ﬁo!incréaSe-growth rate to its optiﬁﬁm. It
may‘be assumed that, in most popﬁlations,_nymphsAw;ii be
in a gréup'throughout their lives. They will fdiaée'indé—
pendently,lput‘réturn to the same reséﬁﬁg sites regulafiy
thrpughout.aevélopment;

Results of Experiments 9 and 10 indicatedqﬁhe cir-
cumstances under théh livingviﬁ a group will promote opti-
mum development. It was evident that nymphs grow fastest
if they ére»iniconﬁéct with nymphs of their own age and
size. Such cogtact[ o§ef‘the first half of devélopment, is
eﬁéugh to optirize growth rate for'the rest of the nymph's
life. Contacffwith a larger nymph doeS'not.promope optimal.
grbwth even ih?éafiy instars, and becomes inhibitory in
\later ones,ibuk-con;;éE\With a younger nymph has'ﬁo effect
on growth raté]of the older nymph, so that inhib%tipn'was
not rediprocali McFarlane's récent resﬁlts (l978)_indicat—

ed that contac& with waste produdts of older nymphs also in-

hlblted growth rate.

The ;lfe-cyclé'of A. domesticus in wild populations .

y

'R
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is known from the wofk of Bate (1969, a, b, l97l 1972), \/,
who studied two populatlons i refuse dumps in England. // '

=Hefvresults 1ndlcated that crlckets were usually found

grouped and'that ‘their dlstrlbutlon w1th1n the dump was re-

r

strieted by dump—structure and temperature The crickets
usually llved in crev1ces and tunnels w1th1n the refuse,
at temperatures of 5 to 37°C ‘(mean temperature, 25°C).
There were two peaks of adult emergence in'shmmer at dif-
}éreht times in'the two pcpulations,“whem»%@igratioh:from
the population by. f£lying occurred, especially of females.
However,'larger instars could be found at all times of'the

. vear.

The only other relevant ecoloqlcal StUQV in the.

.

literature is of the blac& headed crlcket, 1n Paklstan

(Ahmed and Ghaurl, 1953). This crlcket 1s A hlspanlcus
(Chouri , l961), a species closely related to A. domesticus.

The populatlen had three to four generatlons per year‘and
the crickets'aggregated in eracks in the”soil;‘fremhwhich
" they emerged at nighttto feed, often severely damaging
nicrops. In this situation there’ appeared to be less over-
"lao between generations. However, as in the Brltlsh
population, maturation rate varled with temperature and
there was ne spe&ific overwintering or aestivating stagesh’

"

One may now consider how results of Ny experiments



v
{

.. relate to the life of crlckets in a natural populatlon

v
&

The growth rate of a nymph lS optlmlzed 1f it’ls able to

av01d contact with adults. -In a natural populatlon, it

seems probable that thls wow?ﬁ"be achleved by youncer nym—‘ wg;
. |

phs actlvely segregatlng themselves in crev1ces too small

for adults to enter. Thus; ln an1uncrowded populatlon, ally

nymphs could assoc1ate mostly w1th peers and so avoid ore—

datlon and 1nhlbltlon of growth. ‘Bate (l969a) rarely found.

members of early lnstars (flrst to &burth) in her attempts

to sample populatlons, whlch suggests that these young

nymphs did not associate w1th ‘older ones. However, larger

nymphs and adults apoarently occupled the same parts of the

~dump. She dld not mentlon any separatlon of tne populatlon

Uyosize -lasses wSuch segregation mlght be dlffﬁcult to

N

observe during Zisturbance of the population

.Ahmad and Ghauri (1953) descrlbed the annual . cycle ;
of population buil _-up and crash whlch they observed durlng
thelr ;tudy Concltlons ‘for ov1p051tlon and hatchlng were
favourable in late March and early April, in 1rr1gated |
'“;wheat fields, ar* the populatlon rose steeply, 5cattered
throughout the tlelds in 1nnumerable cracks in the mOLSt 501l q
Then 1rrlgc-lon ceased and nymphs were forced to crowd to:
gether in much smaller areas along water courses In July,v

Jowar cultlvatlon prov1ded su1table breedlng 31tes of the

crickets whlch were . becomlng adult then, but the areas were

v

much' smaller than ‘the wheat flelds and . together w1th the hlgh



‘temperatures, thlS brought about a populatlon crash ‘Later,.

furth’?

P

gf“the m ch smaller autumn oopulatlon moved to wheat and sar-f

son’ fleldS\

Ir such a cycle occurred in a populatf%n of‘A

domestlcus,'and lnhlbltloh of njmphal growth by older nymphs

and adults occurred as it dld ln Exoerlments lO and ll

vlng nvmphs, whlch would be grouped w1th peers 1n ravourable

optimum- growth rate would be found onlv in earllest hatch—

Ny
2

vcondltlons in the rlelds Later hatchlng nvmphs whlch would

be. smaller,‘would be dlsadvantaged as the pooulatlon concen-

trated near water courses. Thelr growth rate would be

slower, and they would be more llkely to be kllled before

maturatlon, because the] woulo have less chance of av01d1ng

¢

\

the larger, older members of the oopulatlon - The oresence
of the younger nvmphs\would not reduce the growth rate of
the older ones, whlch would beneflt From 1nh1blt1ng the de-
velopment of the rest of" the populatlon The earliest
maturlng adults would have a competltlve advantage aver
slower grow1ng rndlv1duals in competltlon for ov1p051tlon‘

5

51tes ) ThlS would be further% ﬁanced by a short pre ov1— :

positio : perlod;, As a result thelr offsprlng would be
advantaged over those of the slow—maturers, and

would be more llkely to surv1ve in the next generatlon.

‘Given ravourable condltlons,'faster maturatlon would allow

an extra generatlon a year R

A
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of sultable habrtat the lnltlal contacts mlght come about
only by chance ' I have no. lnformatlon on the dlstance

over Wthh the aggreoatlng pheromone or pheromones

: _operate. If a small populatron were occupylng an area.

prevrously occupled by a large one,the fact that 1t mlght
all be equally contamlnated by - stable deposrts from the
prevrous occupants, mlght hrnder aggregatlon of nymphs
However “in thlS 51tuatlon the attractlob\of nympns for

(o4

‘%ﬂfmalntalnlng groups. * The

\

each other mlght have value

..Ag

fact that strmulatlon f omuother nymphs does not have to ‘5'*

_contlnue throughout nymphal llre to optlmnae growth rate'

-~

.1'\.‘_ [}

St ' The ract tha; g%%phs whose growth rate had been
’ Y ,
'slowed in later 1nstars by the presence of. an adul 'were
Vﬂ\ ’

heavier at maturatlon thah those whlch gnew either ln peer
groups or in lsolatlon may 1nd1cate a possrble compensa—
2

' tory beneflt to offset the dlsadvantage of’ slower growth
: Y -

Heavrer crlckets mlght be potentlally better able to sur—~7v“

v1ve adverse condrtlons than llghter ones, and to produce

a larger total number of eggs.
The attractlon of nymphs to each other and to

the aggregatlon pheromone would tend to draw nymphs 1nto

e

contact with each other even at low populatlon den51t1es,L

jso that nymphs would be unllkely to grow up in. 1solatlon
N ~

even .if there were very few crlckets 1n the envrronment

However, 1f a small populatlon were- occupylng a large area,

X

143 .00
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would mean that nymphs might still be abls to benefit from
. ‘ o2
each others presence. This would be especially true .of

females, which respono ‘to each-other's preeence later ‘in
- ’ ‘
development as well as. in eatly.instars. Female ;rowth
rate is more con51stently.inflnenced Syrthe presence of
ether crickets anywa?;lend they reeeive mere‘benefit fron
lsuch contact, ae results of Experiments 8 and 11, and
Section 3.6 showed. This reﬁlecté the importance of fe-
males ds migrants, and prdducers of tne next generation. - .
'Bete‘(l9é9a) found:that\there was e preponderance of fe-
males in the adult pqpuletion in the refuse dumps;she»ex~l

amined suggestlnq that the somewhat slower males were

more llkely to be kllled durlng develnnment than were fe-

-

males. 4 - ( ;
% , . : A
‘EThe‘fact that females most strOngly,retarded in
growth by isolation (E%perlment 17, Section 3.7:n) retainf
ed functional w1ng—muscles for an unusually long period
is probably adaptlve to periods of very low qopulatlon
denslty i Eemales under. such ¢ rcumstances might have toga
fly a relatively long{distance fo tinﬂ Tomake 0y A &uit
able site for oviposition.
* A. domesticus is‘a tropical speciee which hes
lnvaded temperate zcnes It heS’dene this by makwng use‘

- s

of locallzed pockets of relatlvely high year-round tem-

-~

peratures, assoc1ated w1th a supplv of food These habi-
RV .

tats aretalmost all created by man.

(2N
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'The characterlstlc; of gregarlousness and the way
in which food consumptlon and. growth are lnfluenced by it
hasvbeen‘advantagéous to the species in this adaptation.
The warm.environments are usually small and patchily dist-

ributed, so that exploitation of them 1is improved if / a

nymphs actually benefit from'aggregation %ather than being

adversely affected.

<3

. These responses to aggregatlon orobably developed
in members of this spec1es in its orlglnal warm habltat
which .was probably as a troploal croo pest Many crop
pests bre gregarious, ehamples lncludlng grasshopper and

locust species; aphids and lepidopterous larvae (Brossut,

1975),

Artificially aggregating a non-gregarious. species

such as G. veletis indicates how faster growth rdte in \

s

*groups would be selected for, since mortality increased
' |

sharply in grouped nymphs and ‘the nymphs killed were grow-
ing more slowly than the others In the experlments carried
out, thlS was apparently especially detrlmental to males,’

/Sane they tedded to be smaller than females.

~

* However, aggregatlng G. p;nnsylvanlcus,4wh1ch is

found in groups under natural condltlons,'also 1ncreased
'nymphal mortality, and did not result in faster growth of
grouped nymphs. It may be that in'uﬁS*species, which over-

winters.as eggs, early maturatlon has detrlmental effects

v
4

on reproductlve success. Perhaps €ggs whi ch go 1nto dia-



-

. pause long before coﬂdeeather begins are moré'likély to
die or be eaten by predators than those laid later.
Perhaps faster growth rate in groups does not have

much selective advantage for an individual unléss it is- assoc-

. ! . : . . <
iated with a life~cyclé which is not linked to the temper-

-

ate cycle of seasons. Oneﬁnptable difference between»thé

‘ Gryllus species examined and A. domesticus is that, the former |
are univoltine, but 5? domesticus has a variable numbgr of

generatioris a year depending on environmental conditions. . .

i

* - . It is interesting too that G. genﬁsylvanicus did
vnof show any significant'tendenéy to machpﬁery. Macro-
ptery was a specific reactiogftd grouping in G. veietis,-
indicating a clear relationship'between c;owding and dis-
persal. Aall adults of A. @omesﬁicus;are winged, even if
;eared_ih‘isolation/_ahd it:may be prééume@ thét,the gen-
etinmechanism.pfodUCing macroptery haé_become fixed in

. this species due to frequent need for migration from

qrdwdéd populations. But adults of G. pennsylvaniéus'

- rarely developed hind wings in experiméntdl‘éituations,

.

and they are usuélly brachypterous in the fielcu Migratiohs
of this species have been described to me in which many

nymphs have been sjieen moving on foot,+in swarms, across

[

roads ahd fields, like locust hoppers. It may\be that this

o . :
is the principal dispersal mechanism of this species.
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4.1 Behavior

4.0 SUGGESTIONS FOR FURTHER WORK

Further investigations could be made on the

N

gregariousness of nymphs. Nymphs in groups are vulner-
able to intraspecific predation when they are moulting.

Does gregariousness disappear at these times? Do younger
crickets actively avoid contact with adults? 1In an experi-

. © s

" mental arena such as thefone I used,‘wouldxﬁymphs of wvarious

» : RS T
ages form one group, or segregate according to size?
' . ) LA

4.2 Stimuli Affectiny Develdpment
oo - . <
. '\ .

An expériment in which nymphg ¢ould receive ol-

factory cues from other crickets ‘but not‘be in contact with

them would indicate whether'there is any significant pher-
‘.9 M . . . .

omonal component in the stimulus to faster food consumptiog'

and consequent faster growth.

-

4.3 Adaptive Significance of Responée to Groupihg

No work has been done on the effect of grouyping

.

or isolation during development on total fecundity of long-
evity of femagés nor on their responseé to couftship. t
would also be interesting tc do more work on the development

v
&

, | S 147 ‘\.aw
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e ' L .
and regre551on of wing muscles in relatlon toirearlng con-
dltlons, and on’ the relatlonshlp of long- per51st1ng w1ng—
muscles to glandular functlon, hormone*levels and vitello~
geue51s.

More work could be carried out on the resoonses

of Grzllus species to groupﬁpg, especially on how G.

Bﬁnnsylvanlcus responds 'if reared at a lower temperature. oy

The relatlonshlp of macroptery to ﬁopulatlon ~density Lnd
other factors could be examlned in detail in several Gryllus

species. co
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~In ékoerlment.B there was a slight; though non-f“
"significant,‘tendencv for- nwmphslto grow more. slowlj afterjsl
Hlsolatlon, :though thevy were lsolated fOr only'one—thlrd of“J.l
their development. No sign of rhls was round 1n txperlwent
9. . It‘!! possible that because nymphs 1solated from a largehf
group had had more:- constant feedlng stlmulatlon than had
those ln,pamrs, the feeding rate became~moreftlrmly estab-

.

lished. . r. ' B | . | |

3.3, 3 .Summarv

R -

1) vaphs of both sexes isolated from palrs had sllghtly

‘longer m»an developmental periods than those palred through-
9

out '1ife, but the degree of retardatlon was not SLGnltlcant
. ,

at P<0.05.

2) Only fermale nymphs grew~ﬁastermaftegfpairing at 25-days.

_Thelr growth rate -Was not significantly slower than that of'
'females'paired throughout development. uIsolated males‘pa;rf
ed at 25 days matured no faster than malesithat remain%d iso-
lated. | -

3)°{Male'nymphs isolated from dense groups half-way through
nymphal life continued tg grow at the samelrate as nymphs.

remaining grouped. Their,consmmnjOnjindices did not decline

.and their developmental oeri8d was of the''Same mean length.
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3.4 DoesMGrouprompositionﬂAffect Growth Rate?"

3:4vl Introducthn to. 3 4

' All prev1ous authors who worked on’ grouplng

_effects“iln crickets uéed groups of 1nd1v1duals of equal

age; Wlld populatlons,.studled on Engllsﬁ refuse dumps by

ZBate l969a ‘were found to consist of crlckets of all gizes

during most of the year. e

A

_Izutsu, Ueda and Ishii (1970) worked on develop-

‘mental rates‘of membegs of'Blattella germanica._ Nymphs of
this species, llke those of seVeral_Othér COckroachesv

(Guthrle and Tlndall 1968).grow significantly'fQSterﬂin

groups than s1ngly Izutsu et al., (1970) carried out ex-

[

A'perrments in whlch a neaiyfhatched_nymph was paired with

i

another of the saﬁe'age,_or'With a second instar nymph, a

fourth inStar‘nymph or an adult. Theyrconcluded'that grow-

th rate of a nymph was faster. in a pair reqardless'of the

age of its~ partner, compared with the rate in lsolatlon

‘Norrls (1962, 1964), worklng on Schlstocerca
”3gregaria (Acrididae), found that the presence of locusts -

of dlfferlng physrologlcal age greatly affected each other's
rate of deyelopment. " While tne presence of- sexually mature
malesvacceierated development of younger adult males, con-

. . \ . . -
tinuous association with very young nymphs retarded their

maturation. In groups of Locusta migratoria, the presence -
of mature males accelgrated‘development of nymphs. Norris
S Yoy s PR \
?
77

y,

- :—T’;'
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: attrlbuted all these phenomena to the effect of pheromones.fji'”

[LRN

Produced.by locusts at dlffereht aces vh; ;J$p

I w1shed to determlne lf the growth rate of a. -

P ‘L. l,q,' . r

nymph palred or grouped*w1th largef or smaller 1nd1v1duals

' would be the Same as when ln contact w1th a peer o

3.4.2 Experlments 10 and ll ‘f B 5\'

Tﬁg;_i_' ' 3 4 2 1 Procedure in Experiment lO In Experlment '

"lO} llrst 1nstar nymphs were palred with 22 day old nymphs.

3 .

chosen from stock ]ars _ The older nymphj were ln approx1mat-

elywthe 6th mnstar o The growth rates of both older and

i ;\ B . _A . \

younger nymphs palred together were compared w1th those of
. b .

31mllar nymphs reared in palrs or .in lsolatlon. °There were )

1n1t1ally 48 nymphs- 1n each treatment 1ncubated throughout
o'ﬁ’

at 3115 . Older nymphs were welghed before the experlment

,began and at 37 days. Younger nymphs were we1ghed at 16 and
31 days, and at emergence to adultL .

. 3.4.2 2. .Results of txperlment lO Table 12 shows

vy

,welghts of older nymphs at 22 days to be comparable between .

¥

treatments No SLgnlflcant differences developed durlng the
course of the experlment and older nymphs emerged over approx—
lmately the same ‘period whether lsolated' in a peer palr or

) palred with a younger nymph (fig. ll): - There were no 51gn1—'
flcant dlfferences ln welght betWeen treatments at 37 days
(Table 13).  The results'lor all treatments are.51mllar to

those of Experiment 9 and lndlcate that there was no decline
. }:’_1
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”Eéperiméht'io :mean welghts 1n mg (+ standard dev1atlon) dfy?i
;@nymphs, reared 1n a)dense culture, at age 22 days when they”

d.

nwere aSSlgned to 3 dlfferent treatments.rfﬁ.”:fffjl:" , a ST
. 1}7 :fdj j'ejfmﬁﬂﬁlﬂ f;,;;ln::u_ N“j_jxl.)gji 'gt?'gahld

S .. . Paired. : . Paired wi E
R o with Eeer B Isolated ' flrst lnsta nymph

76 84+l3 l9 77 Ol+ll 84 77 28+l3 43
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) There ite . no 51gn1f1cant dlfferences among these values
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’%'Experiment 10, mean welghts in mg (+fStandard deviation)'i>

‘fLOL nymphs at 37 38 days (15 16 days after a551gnment to

new treatments)

: ‘flpgi:éa ; n 3 R o . Palred w1th E
. "with peer . ~ Isolated o younger nygﬁh'

CMales o o et o o

R _ - W‘ T
‘ . 33874455.26 332, 33+36 48 353.35+55.96.
Csample . .o23 0 a1 o 0 a4

' Females.

434.14%71.79 ' 410.33+56.77  415.77+39.59
: . . . " Ky o ) ' “l 41_ B 4 l_. v. . .
“sample ... .23 oo T 26 AT 20

- There ‘are no significant differences between treatmerit means

‘size

§

for subjects of the same sex:(Pk0.05). SR

w ) ’ ) . ’ . 7



i infconshmptfon rate,lorlgrthh rate, . follow1ng 1solatlon »
from a croup : alrlng Wlth a younger nymph dld not have ‘-
-

any 51gn1f1cant effect on growth rate in either sex although

1

_ males-matured sllghtly more slowly than .in Other treatments.
Table l4 shows welghts of younger nymphs and

. Flgure 12 shows thelr adult emergence . At 16 days, nymphs"
" paired w1th older nymphs were not sxgnlflcantly lighter
than nymphs paired with peers, whlle nymphs 1& 1solat1on.‘
were Sso. Female nymphs palred w1tn olcder anphs were Slg-

’rnlflcantly heavier than’ those in isolation. ‘Male nymphs -

4

palred with older nywphs were heavier than 1solated males, 2

4

 which 1n~thls experlment grew faster than 1solated -females. -

Bv 30 days however# thelr growth rate had slowed c0n51derably

so that they werer51gn1f1oantly llghter than those in con-
trol pairs.’ Figure 12 shows that they emerged as adults as

. . . _
slowly as, or more slowly then, nymphs in lsolatloa and
)

51gn1f1qa%£ly more slowly than nymphs palred with peers. 7

Isolated les 1n thlS experlment although lagging behxnd{&\/’/

peer pairs in weight gain, and in' adult emergence, did not
N\

have a significantly longer developmental period than: pair-
. L ) )

ed males. .

o ~C . .

‘However, although nymphs paired with older nymphs

‘matured siowly, their weights at emergence were highly sig-

nificantly heavier than those of suhjects in other treatments

!

(Table 14).

When samples were sub-—diyided %epending on the sex
. . _ ‘
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v '\‘:‘n B ’ 8 Ao s N .
.Bxperiment 10, mean weights in mg during development

(+ standard deviadtion)

e *‘:"; 'l~: ) ’ i \ o . o ; «
- | | |
o fJQi:f.-f" %;lﬁwd;25‘7"30 dazs”‘ : | Adult.emergénéév
N . Sl . % . . * * .
Males . 21.79+4:.98i 177.L0+54.27 413.68+48.27**44
with olaer‘ C SA '
cricket '
n =21 ,
i e R * ) ' * { o - ) v
isolated T 18a49j9r01‘ 192.86+77.89 378.03+45.50 -4
‘paired with - 24.05+7.50 23§.57i58;8:.,[3'384.08145.92
‘péer -,' n = 13 ° n = 21 : n = 21 ‘
Females' _ .
, o oy L] - *k gy
with older £21.68+2.87"" 190.25+39.31 437.19460.70- . "
cricket ' ' . -
n = 13
,k . * % . C kk o
isclated 14.46+7.41 '167'55190'41,_ 386.62+54.40
_ n = 20 n =19 . n=17
paired with 25.64+9.64"7 263.12+78.927%  382.77+38.51
peer : ‘n =14 n =23 - n = 22 ,

’

Significantly différent from subjects ©f same sex in paired

treatment; * (P<0.05); ** (P<0.0Ll).

Significantly different from subjects of same sex in‘isolated
. : .
treatment; * (P<0.05); $## (P<0.01).

.
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Q;'qof the older partner (Table 15) lt was revealed that the

ﬁ:nymphs whlch wn-' .vest were those whlch nad been pa1r4j;
-hed‘w1th an‘off;

leldual of the same sex . In femalesfﬁ

fthe dlfference”»etween sub samples was not SLgnlflcantly

."‘,.

”wz-great and all females An: thlS treatment tended to be
_heav1er than those 1n other treatments.; Males palred W1thf
'1\

“‘older males were hlghly 51gn1§¢cantly heaVLer than males'

',palred w1th females, whlch ‘were no heav1er than males 1n o

‘other treatments. fﬁo“ uch‘dlfferences occurred in. elther

'sex 1n nygphs palred w1th peers, for whlch the cgrrespond—z-

:1ng comparlsons ‘are also shown ln Table lS -is Table lS

v,

‘also shows, there wasba'sllght tendency,’not SLgnlflcantly=%

.'.great ln samples of thlS 51ze, for nymphs palred w1th one.

of thelr own sex to emerge as adults.more slowly than those »hﬁ»i”

»'w: :

Palred w1th a nymph of opposlte sex‘}gg

-~

\l}about the fzfth or 51xth

old X nymphs suggests that, un

star, the presence of an older crlcket affected food con—

~

The pattern of growth shown by nymphs grouped W1th S

sumptlon and growth rate posrtluelyr even 1f not so stronglyziﬁﬁ;ﬁ

'as dld the presence of a. peer ' Later the effect ceased to f'ﬁ

T be stlmulatory and growth rate decllned ThlS decreasenSeem—

. ed to c01nc1de w1th the emergence of the older nymphs as‘
adults.;dd .

»

‘On;‘ Elther adul crlckets no longer produce $ome type of

stlmulant, or thelr presence changes the behav1or or metabol—h

Two pos51ble explanatlons ex1st for thls phenomen— LR
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L Taple s .

":ﬂﬁﬁxpérimeﬁt‘1o comparlson of growth rate in: relatlon to
o A Eay

i“.féex of older companlon (mean Welghts + standard dev1atlon)

}f’N}mphs;ofoﬁpedfwithﬂpeers' Nymphs grOuped w1th older
{ L ‘h e e R crlckets ' '

‘Welght at DeVeIopmental Welght at Developmental
kemergence Eerlod (days emergence , perlod (days) _
fMélés;5393 89+45 81 42 75+2 96Q ﬁ.433 35+36 88 g

'0+2 97

47.5

| with  371.01$45.28 42.002.40 355.00423.86

”Lj{375Q93i44;iéf39f2i£22833j“f457?41&55517’[“éngpfé,éé -

jf394;74i23{96;39;§ojl.877fé‘420360j63541f
: . Mg

. m=8_ " n=9 g

~

P<O Ol




"fiadults. 'There was no correspondlng mortalltyfamong elther
zﬁfparred or 1solated control nymphs, and after 30 days, no

ﬂ};;further mortallty occurred “in,. the mlxed age treatment* L

:ahflsm of the younger nymph ,Jﬁf”h .lfff:iTn:?ffw_fffjfﬁrf”‘

\“ It lS notable that nlne nymphs were;lost be—fﬂV*bV

ftween the flrst and 'second Welghlngs ln thlsatreatment,

§oe -

‘1n the perlodyjust after the older nymphs hadQemergedvaS’”f“

[

‘_/_

1"

-‘theSLs seemed more llkely;to be true-,a.off"3ﬁyﬂzi*iﬁ”7i.];,f:w

In order to test thewhypothesis,Qﬁxperimentjll_1 ?

was carrled out.} »'_1:1; L T (f"fj, G»:‘Hﬂm»xé\'-‘

~

3;4-2 3 Procedure in: Experlment ll-: In thls

experlment, two fl.St 1nstar nymphs were grouped w1th one,y

"¢~older oneﬁw1th grouped and lsolated flrst 1nstar nymphs asfj

c

-lcontrols. If the presence of a peep negated the Effect of d‘ﬁ;”x

;uhav1ng ah older companlon nd restored normal growth rate,;>”,*'7°

Tl)due to l@ck,Op:stlmulatlon : If the growth rates of both

*ifnymphs were slower,'lt would lndlcate that the growth rate

. was’ retarded because of harassment by the older crlcket

There werehlnltlally 60 nymphs in each treatment

ﬁfexcept older nymphsfused 1n groups w1th two younger ones,

13 \ A

ﬁof whlch there were only 30;_ Older nymphs had been reared

“ln groups of four for 23 days and were in the flfth or: 51xth



LI . ™ \-I . .» ,_‘_) ‘
instar.‘ They were allocated to treatment randomly, and

o - {

were not welghed beforenthe experlment started but were

; <4

werghed at 36 days-, Younger nymphs were not welghed al-’

though I had 1ntended to do so, because I was ill at “the .
] _ S
time. )

-
| : [ . . N,
i . oL

e "B.4.2.4. Results of Experlment 11 and Dlscu551on

g

tof Experiments 10 and ll. As in Experlment lO no s1gnlf1~

'cant welght dlfferences deyelbped between older nymphs in . N

dlfferent treatments up tec 36 days, and adult emeraence 3f
acturred over :the same period iﬁ:all,three'experiments.
[ - L N o ‘,,“'/' -
. ?‘5 PR . .'- ~1 r‘/ e § :}\,6

. . . *

Vo
Flgure 13 shows adult emergence of younget nymphs.

Development of nymphs grouped. wlth older nymphs was lnber—

medlate in rate between nymphs grouped w1th peers only %nd
} ! :

. )those kept, la\;solatlon In fe@ales, growth rate dld not

r

// differ 51gn1f1cantly from that ofénymphs grouped with only

peers, although the retardatlon is clear. In males,'however,
’\ growth'rate was significantly slower (P<0.05) compared with

7 ot .

males grouped with - peers, and not 51gn1f1cantly faster than .

r
that of 1solated males.

s

Table 16 shows these results subdlv1ded accordlng

to the sex of the older nymph. The same trends appear as

in the prev1ous experiment (Table 15), and here too, there

@ PRI T PN

are no significant ﬁifferences' in"emergence rate.

Thus it appears that growth rate of nymphs palred -

-w1th older nymphs lnopxperlmert 11 was retarded becatse of
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Fig. 13. ‘Cumulaﬁivé'adult emergence (days) of
’ younger nymohs in Experiment ll, on devel-
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90
’ Table 16 '
Experimentkl;, developmental rates in days of younder
nymphs related to sex of older cricket (+ standardvdeéia—
tion)
With same sex With»opposité sex N
Males
’ 47.00+1.84 44.36+3.85
sample 11 . 14
size - B
» - Females ¢
44.6p+2.44 © 43.54+3.36
saimple o8 - 13
size . B

——

There are no significant differences amoné these values,
N\

except between males and females.

¢
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‘the presence of the older n/mph rather than because of ‘a

!

"ulack of stlmulatlon The older nymph may have harassed

u

the younger one durlng feeding, sendlno it into a crevice
for protection, and so restrlcted its intake of food. Lo
Or it's presence alone may have stressed the\yOUngeftnymph
and caused it,to eat less frequently. When two nymphs Were37~
present they appeared f{o have stlmulated each other s
gro&th to a certaln degree, moreé pronounced in females
than males, ‘but they did not ellmlnate the ef‘ect or having
the older nymph present Their matual contact may have nad
_a streSS reducing effect. Certalnlv, thev dld not dlsappear
durlng development l1<e nvmphs in this treatment ln E\per1F~'
ment 10.

In Experiment 10, retardation of growth occurred

- only in later instars. My observations during the course

of .Experiment 11 were that nymphs with older nymphs grew

—rn

». as fast as those with peers in early instars, but later

began to lag, so that they did not develop wing—hﬁds as

‘”4early aS‘gIQPPed controls. Tt seems plausible tnat newly . //

a : L

emerged adults, beginning sexual maturatlon, became aggres- '
.sive toward thelr younger companions:

,\&4

In the table of results that Izutsu et al l97dﬁﬂ
presented growth rates of F1rst lhstar nymphs of B. ger-

manica paired with second instar nymphs or with adultS'of‘

N\



\\..1'<"‘

»elther sex: were Very 51mllar to those of nymohs palred

w1th otners of. the same.age. ”owever, growth rate of those_
oalred w1&h fourth 1nstar nvmphs was' nearlv as slow as that:
- of those reared in Lsolatlon They 5hd not ment@on thls
.d*screpancv 1n[the1r.dlscu551on plt‘ler the flgureqls a

mlspr;nt,'on thelr results in~that experlment\resemble»my

\

" own'. B. gerﬂanlca nvmohs pass tnrouch 51x 1nstars, so that .

the dlfference in uevelopmental stage between flrst instar.

nvmphs and rourth 1nstar nymphs in that'soecies is compar—

”able to that between older and vounger nymphs in my exoerl—‘
ments

‘ . . ) " . ) T .
The,higher weight”at maturation of nymphs reared

\

with older crlckets is very strlklng (Table r&) Itzis in

keeping w1th the fact that these nymphs galned welgh :fast-

er than lsolated ones before a oerlod of growth lnhlbltloh

f \

began. As the results of Experlment 3 showed nymphs whlch
dld not galn qulte enough welght to develop wing-buds. at
one moult were well over the‘llmltlng welght by the next,

It &xms Drobable that growth rate decllned most sharplv

one or two 1nstars 1mmed1atelj precedlng the earliest in-
’ ~ i
star in which w1ng pads could have become visible. If-

nymphs had maintained their earller qrowth rate, they would

3

~

have matured in one fewer lnstarS,and;thelr-welghts would

\ . . .
have been like those of crickets in other treatments.

In both :sexes, but more.noticeablv’in males, nymphs
' - .' 7 . : -
t L



T

.

'3_ sex. companlonr, Thev alSo tended to nature sllghtly earl-_”

that althoug? males in ;hﬂ" ;‘"h
'Amg at 16 day§¥53ll3ﬁfff heaVLer than males w1th males ~" 8

heaVY at adU1t emergenc ‘than: were nymphs w1th the same.“f"‘"

1er but not’ 51gn1f1cantly sbh(Table 16) Table l7 shows

sub group averaged 23 48+5 33

jj(21 ll+4 85 mg) they were llghter at 3l days (160.75+

.61 91 mg, in contrast w1th 181 44+37 62 mg for males with

,males) ; Thl§ suggests that .in that sub group, retardatlon

.

.may have begun earller : However, sample slzes in all sub-

groups are too small to- encourage anvthlng but tentatly
i ' . . : K ‘.
hvpotheses N '

©03.4.3  Summ ary -

1) Nymphs oalred w1th older nymphs grew as fast as., nymphsv
el .

'palred w1th peers in’ early 1nstars, burxggelr growth rate

decllned in later lnstars They emerged as?slowly as, or

more slowly than,lsoiated nymphs

\"

2) Vymphs grouped w1th a peer nymph and an older nymph .

o
.t

. devel ped at & rate 1ntermed1ate between those ggﬁuped w1th

N

3

\peers and those in 1SOlatlon Females grew neanly as fast

9 i

as- those w1th peers, but males 1n51gn1f1cantly faster than

lsolated males., T .
| , . .

3) Nymphs palred'with an older nymohfwere s1gn1f1cantly

heav1er at adult ‘emergence than were nymphs 1n elther of the

control treatments In females thlS glrferencefoccurred both

av
w o i
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a ln females palred w1th females and females palred with

males Invmales,'lt occurred onlv in males palred with

:maleSfJ P

Y ; Lo ., \ . ,

4) Older nymphs showed no SLgnlflcant dlfferences in growth
g

rate durlng :the experlment whether left lh\groups,

'1solated or palred w1th a younger\nymph Younger nymphs
h :

apoeal to have no 51gn1t1cant effect ‘on growth rate of

older ones s
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3.5 . 1s Growth Rate Relatlvely Faster in|Groups Reared at
1

Lower Tergpex:atures’>

. 6

3.5.1 Introduction to 3.5.

McFarlane (i966b)1reported,that at'29?C'the§mean
development time of female nymphs Sf A." domesticus reared
774%_that of isolatedvfemales, and that of

groupedimalesf 79% thatwof isolated,ones. The correspond-

in groups-was
ing percentages at 35 C were 829 and 896 Hewcoholuded
'that-nymphs were more af ected by grouplng at the lower tem—
: pergture.ahd sﬁ;gested that "the results indicate the‘whlle
the group effect may be an academlc con51deratlon at 35°CV"t
Yo 2 1 ! . .
is of real lmportance to the‘spec1es at: lower temperatures

FuzeauﬂBraesoh and Ros's results (l965)vsuggested

the same‘concluSLOn sin¢e grouped nymphs of g,‘bimaculatus

“grew significantly more ‘quickly than rsolated‘ones”at lower
temperatures than at higher ones, while.at 36°C, ‘isolated

=1

nymphs grew faster than grouped ones.

N These’ results sugéested that a lower temperaturevthan
\& . ' ) .
the 29°C used by McFarlane would bé associated with an--

. v ‘ S

A}

even faster rate of development in groupedﬂnymphs in com—

parison with that of 1solated .ones., .SO. I tested the hypoth—

N

esis Wlth an’ experlment carrred out at room temperature
e Y TR Lo
v(20~2%M§’*

o

96

'
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> . 1

3:?.2 Procedure in Experiment 12

Experlment 12 comprised two treatments only,

*a

1red and 1solated nymphs, which were reared at roofn tem--

perature in an 1ncubator which was not running. 'The room
fluctuated between 20 and 23 C. There were orlglnally
66 nymphs in each tjgatment and they were welghed once

during development, at 155 days.

3.5.3 Results

-

Mortality:was much higher than»in comparablev
experiments done at 31°C, 42.6% in both.treatments, with
.38 1ndlv1duals Surviving to maturlty in each 'Howeyer,j
"~ death of 1 member of a pair ellmlnated the surv1vor from

the treatment total since lnspectlons were not frequent
enough to make re-pairing valld -and mortallty'wasvnot

a

svnchronlzed anyway. Six females and five males were not -

blncluded in the paired.treatment totall 1
'Paired'nymphs were.significantly heavier than

isolated ones at 155 days as expected (Table 18), the mean;

of iSOlated'nymph welghts belng about 65% that of grouped

ones in both.sexes. At the time of welghlng only 51x paired .

Aymphs ‘were thhout w1ng bads compared with' 25 1solated ones.
The .Same s1gn1f1cant dlfferences between treétments

occurred in emergence rates\(flg 147.$ Thevmeans differed

by about 20 days for both sexes. Emergence‘was extended

over 50 days for palred females and‘BOfdaysfﬁorvisolated

s

o



A " fTable 18- C : i

IS

Experiment 12, ‘méan weights in mg at age 155 days

(+ standard deviatigi}.’ \ -
N <
Isolateh . . Grougéd
Males - 5 - ‘ | v
v - _(1;4.21f54.75**_ 203.44j5715?
sample = ‘ ..'21 ) ' {_ | ' 17 ‘
size . . S o J  ' ‘ |  ~4;

\Females

- i L kkkes o » o o
153.02+101.82 234.51+87.59 -\
sample L S e
size .
x % ='$ignificantly different from sﬁbjects of'ééme sex 1in

groups (P<0.02§).

* kA= significantly\different from subjects of same -sex in

‘groups (P<0.00L) ..
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| days)

,"f}i?'yu C “In” ThlS Study, and Dlscu551on

elopmental perlods for grouped and lSQlatEd Zﬁeatments from

S
i
B

:oneSf_:TheToorresponding»ranggg forymales'were_47‘andp7z

Ghourl and McFarlane (1958) gave the mean dura—

‘,;?’tlon of nymphal life at 23 C as lO4 days for groupeg males

!
(n—l2) and ﬂl4 days for females (n—l3) Thj‘eorrespondlng
=]4

14) and 176.9

-

values %n my experlment were l94 0 da% - {n:
days (n l3), Wthh suggests; that mean room temperature

was lower than 23 C since my/stock w;% from the same’
source as thelrs - In\thls experlment also, females emerged :

faster than males in both treatments.

L '\,‘-

iﬁThe mean deVelopmeﬁtal perlod in groups was 90 49

that of 1solated 1nd1v1duals 1n males,_and 89 5% in females. %;ﬁ

el

iﬁ'c.Comparlson w1th Other Experlments Reported S

._,. 3

Table 19 Lhows the comparlsons of means of dev—fu

-

8 exper{ments, carrled out at a rance of tem eratures,

arranged in o#der of 1ncrea51ng mean number of days to matur:

a

atlon ln the grouped nymphs Experlment 12 ls 1ncluded

those of lsolated females, and those of grouped males,.90 O

to 98 25 those of 1solated males _ There 1L no clearjéela-

a

’tlonshlp between speed of growth and relatlve growth rates

'j in the two:treatments,-ln elther sex. The proportlon of

&

‘tlme in whlch grouped nymphs developed compared with 1solat

N

last in the serles "Grouped female means Were 85 9 to 95 4% _e
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Y

‘ed nymphs was -never as low in my experiments as they were

~in McFarThne's'experiment’at 29°G. K

W

N i D 3 B -
However, although there was no relative increase

in' growth rate in grouped nymphs at this, lower temperature,

N

the actual diﬁferenée in mean developmental period was near-

ly‘tﬁfee weeks and wouid pres@%ably be even greater at still

lo%er tgmperaﬁufes. ‘Thus, grouped nymphs would become
adults sé&era&éweeks‘eaxlier than isclated onés in natural
conditions even without any rglaﬁive'increase in speed of

development. ‘It is.also notablefphat total emergence period

- for the grouped sample was éh@rter'thahvthat of the isolated

.sample, so that grduping tended to svnchronize developmént.

e
o ) n

v

3.5.5 Summary . | _ ) L -
T 1) Thé.grbwth %ate of grouped nymphs had the same reLatioh—
ship to that of isolated nymph; at 20—23°C-as aﬁ 3l.§°C.
At all temperatures used, the meaﬁ developmental peribd of
gpouped males Qag, betwéen 90.0 and 98.2% that of isolated

{ males; and of feméles,'85.9 to 95.4% that of i1solated fe-

males. T
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. ThiSXis{cohsiétéh%'@fth*the:mgéuiﬁs;bf'ﬁxpegrments'8 and 11.

3.6 Does Response to Grouping Differ Between Male and

Female Nymphs?

0
3.6.1 Introduction to 3.6
' I ( ] .
In Section 2.8 I noted that the growth rate of

1
males was more variable than that of females. In this sec-

tion the mean developmental periods of males and females in

« '

grouped and isolated treatment$ from the sama_experiments

(Table 7) are compared. The meanodevelopmental period of

females is expressed as a proportion of the mean development-

al period of males for both treatments. These proportions

1]

were compared between treatments by non-parametric methods.

3.6.2 Results - ~

- - Table 20 shows the results. Females in groups

~
g

. grew consistently faster than males in groups. - Females in

isolation did not. - The mean developmental- period of grouped
females was a consistently smaller proportion of the mean

developmental period of males in all'experihents. 'Theﬂdif£4 L7i'

=l

erence between treatments is significant (P<0.0l,. WilcOXoh's .. - .«
signed rank test).

This indicates that contact with other‘nymphs is

a more important stimulus to growth in females than males.

-

5. up e

T S S

o L “
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Table 20

R
< a8 PR

.

Developmental"period'of'femaleé‘expressed as a propoQrtion

. ﬂ
of the deveLopmeﬁiﬁz/perioé of males, in 8 experiments from
this study, in "growped and isolated treatments.

. Experiment | " Isolated | N\Grouged
2 - | .995 - .973
8 “ . . .980 - -.968
10 | 1.023 | 922
4 . \ } S 1.024 . .979
6 - L9599 .953
1. o 988 T 946
5 T 9ge 958
12 o .922 L 912 .

- o an.,

Treatments diffes significantly P<0.Q1 1Wilcoan's_sidne@ .
o i A . S e )

rankiéésﬁj:r

~t



3.6.3. Suﬁmarv

1) Female nymphs ln peer groups had a shorter mean matur—'

atlon tlme than males, in all
rhad a longer mean matutation
ments. |

- 2) The dlfference in growtﬁ
'was 51gn1f1cantly smaller in

ed ones.

experlments Isolated females

time than males in two experi-

rate between males and females

-

1solated nymphs ‘than in group—.

‘T“\‘\
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3.7 Does Grouping or Isolation During Growth\Affect1Re—

‘production of Adult Females?

3.7.1 1Introduction to 3.7. ‘ Lo

Speed of oogenesis and fecundity has been fonnd

to be related to population density in females of several

- 'species of Acrididae. The best-studied of these are lo-

lousts, especially Schistocerca greqaria (Forskal,‘and

Logusta migratoria'migratorioides (Relche and Fairm ).

Isolated adult females of S. gregaria took longer td begin

'laying~qus than didgthose“in crowds, while the situation’

was reversed Ln females of L mlgratorla (korris,~l950 Y
1952 1954 ,‘Matlng, the presence’éf adult males,iand

dally perlods of flylng also accelerated development of

1leggs 1n females of S.Lgregarla (Norrls, l957) and fllght

',~ accelerateé development in- cnmﬁed females oF L mlgratorla

Y A -]

L.

'(nghnam and Haskell, l9-4‘#f Females of both specles lald

- fewer eggs when kept ‘in crowded condltlons than when iso-

ey

£

- "

»lated. : TN

Other\species in which females laid fewer edgs

‘when crowded include Melanoplus sanguinipes (Walker)

‘(Smith‘ 197074 Eypr;pocnemls plorans ornatlpes‘ Walker)

N

(Antonlou and Hunter Jones, 1968) and Ornlthacrls turblda :

€

(Walkerl'&Antohgouﬂwl9]3)- Crowded females of thé two latter

. - s .« T

_speoies'tended.to”begin egg-laying earlier than did isolated

ones. Crowded females of Schistocerca pallens (Antoniou and
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| Robinson, 1974) laid more eggs,,and their fertility was
lalso Significantly higher than that of isolated ﬁemales

. k Bradley.(l977), found that paired adult Virw
4females of "A. domesticus developed more eggs oy ll day
»after‘%dult emergence than did. %solated ones, and that
they ‘had higher ovarian "dry weights, and longer terminal :
and penultimate oocytes. He separated females: from stock
cultures of crickets in’ their penultimate instar.' These
- data suggested that the first cycle of VitellogeneSis'
‘;occurred more rapidly in’ grouped females However, the_
:opp051te result waS'found in females in‘larger groups,
and pairs‘of females Wlth a- male matured fewer eggs in the
first lO days of adult life than did isolated Virgins »

My experiment aimed to determine if grouping or

-

"f”{isolation during development had any effect on how soon

- 'females of A. domesticus began to lay eggs, and on how o

-ffmany eggs they subsequently produced

' R . N
'3.7.2 - Procedure .
I used 21 adult_females from the paired control

treatment of Experiment 11, 'and 25 from the isolated cOntrol

treatment; They were removed from their original jars on -

:

the second day follow1ng adult emergence, and placed Singly ;

‘.4‘11'.; J e s
a

in clean jars. w1th food, water, a sexually maturefmale and
a one oz (“30 aml) - plastic cream cup full of mOlSt sand for'~

egg laying. A wire mesh disc over the sand helped the fe-
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male to 1nsert her ov1p051tor and prevented Lhe oarents
hY

from eatlng the eggs The crlckets contlnued to be in-

cubated at 29°C =

Cups were 1nspected once dally for 51gns of

ov1p051tlon,31nce the age’ of females was knOWn only to

/Mlthln 24 hours.‘ The - sand in the cups was. kept m01st.‘
'The‘ lrst day on Wthh ov1posrtlon oocurred was recorded

and he cup. left w1th the female untll the end of. the fifth

day after ov1p051tlon began, at which time the female was, -

i

Killed and.. frozen After the Ilfth day, the eggs contlnued to
be lncubxﬁc at 29° C. The number of flrst 1nstar nymphs

o whlch hatched was recorded ,_Females were later dlssected
, o

and»chorlonated eggs in their ovaries counted,‘

ke

1 3.7.3 Results and Dlscu551on : ﬁi”f‘~.>.v-:.“s

o

Table 21 shows.that females reared inngroubsr

.; started laying eggs'eaqlier.than did previously isolated
A . 7 ‘ ,

females.  The differénce was significant at P<0.05. The
actual mean difference~(0.79 of a day), was about 15% of
the total grouped mean preov1p051tlon perlod . g;-lfff;gj,ifflhi.;

Two females dld not produce anyaeggs:for_7,days

dudbd eggs durlng‘the follow1ngﬁday 7wlﬁasgﬁméa

o e

7Ij females usuallyvr taln thelr eggs even when they are fully

.....

.:._-\.-.- S - e s e RS ..‘_, i

deVeloped These females were not lncluded 1n¥the analy51§T

T s ‘.:,'Lr;' _

e . >,', Tt i i AP < S "J-; i ;.:-b.l,-_'. _-'.'.‘?,‘."._7?':._.&!“, M e S g

J
4
' b
§



! | Table 21 o T

Preoviposition period in relation to treatment durihg

jdevelopmentmi

and ov1p051tlon (+ stand'rd; if; 2
N S R - Y
L o
N R e

Isolated during Grouped durlng
development _” development

5.55+41.39° . - . 4.80+0.83

_ sample size : SRR 27 . o 20 .

* = 51gn1f1cantly longqr than mean for sub]ects in groups

(P<O osw
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Slnce the females could not be lncluded ln the sample,'l

dlscontlnued prov1d1ng second. males for later emergrng fe-~

‘ malﬁs and some. of these produced eggs after a 7 day pre-

.,,'--jg,". TR Cuu .
- . - ‘ - ’..

co w o«ov1p051tlonal perlod or even longe} sucgestlng—that

.the

::results for the two earller‘females may. have represen ed
= < ‘
'thelr true rate of development One such female ca‘__from L

iﬁeach experlmentalgrreatment

N B N T
Ry . .

Three females were'overlooked for .ene day and were
not killed until the 51%th day after ov1posrtlon beglan, .and

they also were not‘lncluded in the samples when analy51s was

«
o -

done on numbers of progeny o
These results support Bradley s (19l6) flndlngs

from’ experlments w1th palred and lsolated v1rg1n lemales,‘

that v1tellogene51s proceeded faster in grouped females

He found thlS result after separatlng nymphs from crowded

stock jars only in the last nymphal instar, which may be
~.the reason that dlfferences between his treatments were not

slgnlflcant. In my study females were under different ex-

T perrmental condatlons throughout thelr nymphal llves, and

»( ‘. .

f'ﬂftall underjthe same condltlons as adults

The preov1p051tlonal period of A domestlcus"a'.” v

’females has been reported as 2L days at 30.5° C (Schmldt"

~.‘L~,o'-a.. f'"’uuz:

“End- 6 BrYA 956)‘, 12084575 aays He735° c,se 2#.1312- days. .
{;'{atf2635°C (Bate;“l97l) and 8 to 39 days dependlng on temper—'°

-ature and . season»(Ahmad and Ghaurl,vl953) _ These Derlods arei'

- . .o -

>all much longer ‘than ‘in elther treatmenc 1n my study, but"

R IR PR

-



. LT, .. - - . . - N
o Thomas (1964) recorded a: preov1p051tlonal perlod of 8 days

,'at 26 C ‘ Preovlp051tlonal"perlod 1s.presumably 1nfluenced

'by dlet and probably"by Populatlon chanacéorrstrcs"'*““Tﬁr;??

Over S days, females from’ croups produced a lower

j. mean number of v“able egqs than dld those reared ln Lsola—'ﬂl;~-'~f
tlon (Table 22) but the dlfference was not 51gn1f1cant R
§1nce they didnot have a hlgher mean number ol thorlonated
eggs ln thefg/ivarloles (Table 22)..ehe dlfrerence Ain numberv-

.Og eggs already lald was not balanced by the number whlch
wQuld have been laid 1n-the-followlng rem days. The 2 ovar;
ies of ‘one female were often of dl ferent size and con- -

talned dlfferent numbers of cborlonated eggs ThlS llndlng

....... ‘
,,,,,

'agrees with” that of rnhomas»(l964) who reported that females “ff.jsuﬂ;
Ahad 128 to 194 ovarloles in his studv, w1th a mean o‘ lSd-

1.9 and. that ‘there was sometimes a dlfference of up to 20

ovarioles between ovaries in One female.

A
3.7.4 Anomalous Result Found in Some Members of

LY
Isolated Treatment

Three of the last 1solated females to mature were

"found when dlSSéCted to have large ‘pink thorac1c w1ng mus-—

cles, that seemed capable oF sustalnlng flight. All .other

[

) females had small,-whlte, degenerate muscles. ‘According}to
P - . ;,- Ve ’—‘- T e 'f(“.- vl

7'Sr1har1, Gutmann ‘and Novak (1975\ the fllght f@scles of A

2N B

domestlcus females usually reach thelr maximum development

~.

-

- (at 28° )about ﬂ«)(Bys .after adult ec1051on and begln to de-

PR ~.~:>.‘~,- - "“‘*’~‘-v -



‘vaMean number of nymphs hatchlng from eggs lald over a’ 5 day

BN o  Table 22 '
o . T S

. ‘;J;_ B T e e

perlod and number of chorlonated eggs remalnlng 1n ovar—

7~“Qloles after 5 days (+ standardAdevzatloh) " i relatlon to _ﬂf?

.~treatment durlng development All females in isolated treat—

‘ment-included. )
‘Isolated during = Grouped during’
deve lopment development
Number of nymphs . - T

e L 146,26561. 84 . . 117.22471.60

s

1?.Séﬁﬁleésizefuﬁf‘::sil'“*”’-"”'f*;”ésﬁ_ o g

~~Numbefﬂ6f'ch0ribnated,,“i_:<g:g"'f .
'“eggs‘ Co '
86.95+71.03 . 85.88+50.51

sample size ._ ’ . 21 : 17

Number of nymphs &

number of'chorionated eggs _ . .m, | _
o . 237.19#89.27 . 205.76+75.98
- Sampleweize; ‘qg:;;: fr\vlh,j,.nﬂz.zl [t; ”»( .e - ;?
S : . o va* . o
There are no 51gn1f1cant dlfferenees between.treatment‘meame

(P<0 05) - - .



vl

: Jgenerate soon afterwards At lower temneratures (20 22°CX

:_;Ithe perlod of userulness for fllght ‘s lO l: days (Ghudattfm?';fljb‘

kova and’ Bocharova Messner,tl963) . ThuS"i for females to“
"have large plnk muscles at 29° C after lO Oor more days 0r
“iadult llfe 1s. remarﬁable - These remales had aid’ a less

than average number of rertlle eggs, and nad fewer chorlon-

V'ated eggs 1n thelr ovarles SO that excludlng them from the

jsample made the dlfrerence between treatments larger\though,~—~‘

\

.~Stlll not srgnlflcanﬂ (Table 23,\com0are w1th Table 22)

:Bate (l969b) found—that all- femaLes (exceDt one) caught

K

flv1ng away from a natural populatlon 1n a\rubblsh tlp had

mated but that only one had any V1tellogen;c egcs I~ the

:yovarles K¢vadence from lmplantatlon exper#ments«by Bel—

fyyaeval(l967) and radley (1976) and rrom extlrpatlon exper—dv'ﬂ

:”1ments by Chadud«we and BocharovgﬂMessneﬂ (1968)-1ndlcatedvvf

that as titres - of juvenlle' hormone rose, yolk proteln pro— o
ductlon 1ncreased ‘and wing muscles were slmultaneously

broken down _'Thus, the . eXLStence of large, functlonal—~

,appearlng fllght muscles in lemales whlch had begun to lay :l;

”ffls anomalous in’ comparlson w1th the flndlngsh £ other work—;gj S

“ers, whlch suggest dhat the 2 states are QOrm nally lncom-'

o patlble These anomalous results cannot be explalhed at

' present and thelr eluc1datlon must aWalt further work
3:7.5 Summary .- 7 e

oLy Eemalesﬂfromtgroubs;beganAlaying eggs significantly’ -

K . - / ' B



o

Mean number of nymphs hatchlng frcm eggs lald éver a 5 day

perlod and number of chorlonated eggs remalnlng 1n ovarloles

after 5 days (+ standard dev1atlon) ‘in relatlon to tregt—

ment durlng development.' Females w1th large plnk w1ng'

- NumberhofFchdrionatedgeggaiQﬁ}‘

museles excluded from lsolated treatment"_

- et e T
I PRRYE ¢ g » . N
> L % . - -
’u' - R . \&_ % o mara L A « v
- . Ll

.;f'_ R A development .. _development -

"”“ fIsolated.during°:Grouped-during_

- v >
AL, . IRV e B R N L E R

v s e e L T L e A hna

LT deemerss’  unastiies

sample,‘:s‘_iz;e;”;‘_ . e A '.':.'_.‘__,‘j e » 18.x g 18 sk

°110000498.00 esfafiqo.si-

/ ' L

'éample_size S o S 18 T

Number;llof n_y;mphs & number e
of chorlonated egge ’ ' ’

»ttgfa;,”ﬂzsl 3°+87gl3_ 205 76+75 98;

)

There are no 51gn1f1cant dlfferences between treatment meansw._

-

'(P<O 05) . :f‘f* T ;},‘] ’ ,,;_,3' ‘t;l{f"



earller than prev10usly lsolaeed females. They eended to

produce fewerafertlle eggs durlng a 5 day perlod and thev

alSO tended to have fewer eggs remalnlng in thelr ovarloles

but these dlfferences were not srgnlflcant

'2) Three late maturlng isolated females had functlonal

&

fllght muscles 5 days after they began laylng qus'ﬂ TheseJ;:

Ca e .\A-m“-‘

""nuscles had regressed in. all Otner crlckets _“”he Latter Te-

Tae

sult is con51stent wlth those of earller authors, but the :

.aLQrmer 1s*anomalous

; o R .
T T L
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3.8 . Do Nymphs. of ;;§ilus Species Respond B, GroupiAg? .,
\ . N . ; "

y

.
2

3.8.1 Introduction to 3.8

The primary reason for obtaining stocks Of ‘the

North American field crickets Gryllus veletis, g.ifultoni

_and G. pennsylvanicus was to carry'ouf the experiménts desf
'cribedvin Section 2.7/ S;ﬁce stdéks of eéch proved’éasy to
‘maintain at:least for se?eral génerations uncder laboratory
cénditions, it seeﬁed aﬁ~obVious course of ;ction to deter-
':miné whether these field crickets th;mserﬁes displayed anvy
reaction to grouping.
,.Populations of §.'veleti$ and’G. fultoni are

usually qﬁite small and widely scattered, and these crickets

. ;

are-not reported to be Gregqrious. Populatipns of G. oennszl—
vahicus can be lafge, and late instar nymphs and adults aré
“7_-_‘_ . ! .

often found in swarms. Adult males of this.species are much

less aggressive'than,thqse of G. veletis. Since high popnla-

tién’density may be assumed to be normal for G. pennsylvanicus

.developmental rate might be.optimized in such conditions. For
this reason I copsidered it more likely that nymphs of‘g.

pennsylvanicus would grow faster when reated in groups than

those of G. veletis.

All three species which I used have one generation
a year in their usual enviropments. The erwintering stages
of - G. veletis and G. fultoni are nymphs in the last 7 instars,

the prolonged.duration of which has alreadyv been mentioned in

116



117

-Sectibn 2 . Members of[G. pennsvlvanicus overwinter as eggs.

Some lnd1v1duals of ‘gll~three species will‘aevelop with-
out dlapausing,ids do meﬁberslof é. domesticds, but. for the
majorigy, the délay'is apparehﬁiy'obligatory.* Since the
developmental rates'of members of all three speéies are so
stronglyirelated to seasonal change it seemed uhlikelyvthat
accelerated developmenE £elated to the presencevof peer’s
~would have any adaptive value for them. I was interested in
finding out from my experiments whether a faster growth rate'
would appear in grouped nymphs of these spec1es, ‘since thls‘
would indicate whether this phenomenon-;s a universal feature;
of cricket biolbgy or a specific straﬁeéy of members ofEéﬂ e

domesticus.

3.8.2 Procedure in Experiments 13, 14, 15 and 16

 Experiments were carried out with four stocks, all
founded from wild-caught females. These included the g.

fultoni stock mentioned in Section 2.2.3, G.”  pennsylvanicus -

from Alberta, and two stocks of G. veletis, one from Indiana,
and the other from Alberta. All four experiments had three
treatments, isolated nYmphs, groups of three and groups of

b4

six, so that effects of density as well as grouping coufd-be»@*

assessed. Initial sample sizes were around 60 nymphs in all

r N
treatments and all exper;mentsAyere incubated at 31°C. NQ3

light cycles were used axcept for g 6S!Lf1ve days early’ fﬂigg“

Kl P

Experlment 14 w1th G. pennsyl"anlﬂus . - 'ﬁ:J

v - . ‘



#

Humldlty wa's ralsed“in the jars ‘duting - ‘the first o .

R

,1ﬁ§tar, as descrabed in SeEtlon 2.2, except ‘in the eXperi—
%
ment with G. fultoni nymphsirwhlch was. carried out first,
before the need to protect flrst lnstar nymphs from de51cca~
_Etlon was realized. Only nymphs of G. veletls from Alberta

(in Experiment‘l6) were welghed during development, at 48

days.

3.8.3 Results and Discussion

3.8.3.1 Growth Rate: ExperimentwlB with G fultoni
suffered very high mortallty from des1ccatlon of first in-
star nymphs, and flnal totals of adults were so low that
both grouped treatments were combined for analysis. Table
24 shows that there were no 51gn1f1cant differences 1n deve-
lopmental-perlod either between sexes .or between treatments,
so that this experiment detected no response to grouplng in.
nymphs of G. fultoni. It was not repeated due to lack of a
suitably large number of first.instar nymphs .

Figure 15 shows cumulative emergence .of adults

of é. pennsylvanicus (Experiment 14). It cdn be seen that

emergence‘was'highly synohronized and that mean development-

:al perlod Jas shorter than would be found in nymphs of A.
domestlcus ‘reared at the same temperature. Males took, on
average, one day longer to emerge than females, but the‘cumu—
lative emergence curves were similar’for both sexes:

©

. o . . P
There was no significant ‘acceleration of development
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!
o Table 24
Experiment 13, méan_develdpmental period in days inanymphs‘
.of_g. fultoﬁi (+ standard deviation).
Grouped "Isolated
Males 79.6 91.0
. +15.75 + 6:44
. ' n=10 | n=8
Females 82.12 83.0
+11.83 +12 50,
n=17 n=10
Total , 81.19 86.55 ) (\
J \ o +13.17 - +10.79
n=27 - n=18
N\
There are no significant diffefences'amonéithese values
#

(P<0.05);
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15. Cumulative adult emergence (déys) in :
.+ . Experiment =14, on. developmental rates of-
individuals of Gryllus Dennsylvanlcus,
in isolation and in groups of varlous ' 2
densities. o
FIGURE 15A.. ° -
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.r latéﬁ £o" grouping, although grouped females dld begln

-y & e 8 s e el e e e .

T L A L T T L I ST
. P A A

' '\

. . . -~ . . . B )
- 4. o - - ls n\-‘r ‘.-;-e--:s e .o -g- m',-1¢.0q_.~¢‘4~- ’ :
N Frga Lea oy e

‘emerglng 3 days beforo 1solated ones. The male to female ‘f

fati o was 1.26: l OO in the total experlment - but varled

. .4' . ','_"n‘ R

w1dely among treatments, belng 2 25 l OO for 1solated nym—’
phs, 1.14:1.00 for groups of 3 and 0.60: l 00 for groups of
6. The dlfference correlated w1th numbers of survivors ln-b

each treatment at adulf emergence,'DZ isolated, 45 in groups

-

of 3 ‘and 32 ln'larger‘groups 'Thls.Suggests‘that memhérsTof

groups were llkely to be eaten by thelr peers, and’ that the

C

more ‘'slowly developlng males were more llkely to be v1ct1ms

Flgure l6 shows adult maturatlon oatterns of

gr‘veletis from Southern;Indlanav(Experlment lS).' Neither
sex showed any 51gn1F1cant acceleratlon when grouped Mean

developmental perlod was more, than twice that of G Dennsyl—
vanlcus nymphs, whlch accords w1th the flndlngs of Alexander
and‘Breglowl(lQ6Q).p Males and females showed,similar‘mean'.,
developmental timestfbut,ﬁas(ln'Experiment'lé, there was:

‘orobablv a tendency‘for malesvto be ‘killed before maturing

_ The male to female ratio was 0.82: l 00 among lsolated nvmohsF

.3 and 0.52:1.00 in larger groUps;'

(in whlch WO oredatlon ‘could occur), 0.72: l .00 in groups of

'
“

In G. veletis from,southern Alberta (Experiment 16)
'thereﬁwas no signlrlcant dlfferehce.between treatments in

welght at 48 days (Table 25) When male and female weights
. ) -

Lfﬁof 1solated nvmphs were compared males averaged 51gn1r1cantly

L
lighter (P<0,0S).' Between_48 days'and adult emergence’ there

~
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Experiment 16, mean weidhts in mg (f standard deviation)

at 48 days of pymphs of Q. veletis from soﬁfhern Alberta.

123

. o T Groups of  Groups of
- .. Isolated 2 and 3 4, 5 and 6 .

-

- Females T - K

©349.20493.82  369.29+120.04 $370.36+92.50

sample S ;o I P e
size - 39 ] o, 23 32

‘Males ‘ .
395.73£77.40 320.45+121.04  295.214110.93
 sample S ' L - .
.size o ' 31 . 29 26

v

*Significantly lighter than isolated female nymphs (P<O'05)2
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{@as_llttle mortalityfamong-singly—reared'nymphs (Tahlé o
26) bnt,mOre“ocourred.Ln,groqps,_the?progortlon'ingreas;
ing with-group size. The‘male to'female ratio&wasnl'l
_among 1solated nymphs, 0.84:1.00 in groups of 3 and 0.38:

l OO in larger ‘groups gTable 27).

There were some nymphs.inhea;h‘treatmentiﬁhioh
were too immature to be sexed when weighed. Itrwas this
class which. suffered most mortality after welghlng Since
13 out . of 17 such nymphs in the isélated treatment matured
as males and only 2 assfemales, it seems-likely that most -
if not'all of thevsmall ‘nymphs which died in other treat-

|

ments were males ' also, with -death: belng due ‘to predatlon by

_larger nymphs, or to harassment No nymphs too immature- to
be sexed at 48 days survived to maturlty'in larger groups.

. The ;assumption that.alﬂideaths were of males gives
a perfect l:l sex ratio.in the-erperiment as_a whole. I
made this assumption in calculating the potential number of
~each sex in each treatment'and emergence dataﬁwas graphed as
a-gercentage of these probable totals (fig.‘l7). Since all
- treatments showed some mortality,dnone of the'linesﬁreaches
ldO%. On this ba51s, femalés in larger groups emerged srg—-
nlflcantly faster (P<O. Ol) than those in other treatments
E Only 12 out of a probable 23 males in that‘treatment matured;
fsoithat although the survivors Had a shorter mean develop-

mental period than did males in other treatments, the value

) : * : . " .
cannot be accepted as representing the whole population.
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‘Table 26
. . ’ | . '

Experiment lG,.mbrtalitY!df h&m?hs>of.§. veletis from South-

ern Alberta in late inétars between 48 days\and adult,

emérgence. . ] - B _ oo
, Groups of Groups of
Isolated . .2 and 3 4, 5 and 6
Males ' ) 1 o 1 . - 1
Females 1 o 1
Unsexed‘ o R So13

Total 4 8 . . 15



" Table 27

,

iEXpérimeﬁt 16, males and females of G. veletis from south-

ern Alberta emerging_as adults.’ \ )
- \ - Groups of = ' Groups of
_Isolated 2 and -3 ] 4, 5 and 6
wales 28 - a1 o
Females 28 - 25 3
 Total-- - 56 T 4 S 43
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lehen results .are compared For the two stocks of G veletls'.¢; ‘

1t can be seen that emergence began earller 1n the stocx_ .
”from Alberta (flgs 16 and l7) Mean female developmental

»perlod is- about 20 days shorter but that of males 1s not

a

- In fact when emergence curves for nwperlments 15 and : 16

' are compared lt can be seen tha m egemergence patterns'
‘ [ A o
dlffer con51derably, even for lsolated nvmphs a Males in .'

(flg l7B) emerged‘”ver 2 longer perloo than those in

_],-' .

lS'(fig}fl6Bf, so that the slope of thelr llnes lS less

<

: Blgelow (1960) reported that nymphs From G.

veletls populat ons from Quebec matured faster than those

_from Waryland and Vlrglnla, and that hybrlds between north—‘

;.

‘-.ern and southern populatlons matured at an lntermedlate

'rate. He c0ncluded that growth rate lS genetlcally adjust—

ed to ensure that. nymphs are in the overw1nter1ng late in-
stars at the approprlate tlme of year My data supported
‘thls_hypotheSLS,valthough the last lndlﬁgduals ln both ex-

‘-perlments took about the same perlod to’ mature.

3 8 3 2 ' Wlng Polymorphlsm As adult G.:veletis.”

o

'fromIndlana emerged 1n Experlment 15 I~hot1ced that,thef

i:populatlon showed wing polymorphlsm ,The'ﬂﬁEEJkancaxﬁtions o

I found are 1llustrated in flgure 18 adapted rrom Alexander .

(1968). HlS captlon applreS‘equally-well to my data.  As

vfable§28 shoWs,vmost adults\reared,in isolation were brachyp-

L v ! B

terousj'and lacked functional hind wings. 'In_contrast;/group-

oy

»
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TFig. 8. - Wing states in adults of Gryllus veletis.

N

neotenic .~ . brachypterous . ©° . macropterous ,
Left, a very short-vunged adult male, unable to strldulate. ;
found in a laboratory Ppopulation: center, the usual macrop- "
“terous male with normal-tegmina: right, a macroptero?s .
male (note tips of long. underwings), . produced in the
laboratory. Only the last two are knovm 1n field "
vpopula'tions. (dblexander. 1968) ’ )
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" o Table 28

v

»

\.

Experiment 15, wihg polymorphism in isolated and grouped
. : / o .

individuals of G. veletis from Indiana.

iy - o

I ‘:"'}
, - Groups' of Groups of
Isolated*** 2 and 3 4,5 and 6
Males Females - Males Females Males Females.
Macropterous- 3 .5 20 27 8 22
Brachypterous 18 \21“‘ : 1L 3.0-, 4 3
Neotenie 2’ 0 2 3 0 3

¢

*** =significantly different from subjebts in other treat-

ments (P<0.001). . - o
. /,’ - r

/
‘
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ed lhlelduals mostly became matropterous The dlfference

betbeen treatments was vaxry highly srgnlflcant - Neotenic

ol

individuals occurred in low numbersyin all three treatments.

The ;same wing polymorphism occurred in G. veletis"

from southern Alberta (Table'29)( and there was also a

highly significant correlation with treatmeht. Brachyp—
r

terous adults occurred in substantial numbers only in the

isolated treatment,whlch also prdduced -many more neotenic'in—‘

. LN
dividuals. However, a hlgh percentace of macropterous adults

'.also occurred in the isolated treatment,‘ln this experlment

which was not found in the study on the population from

was, wing polymorphism_among adults of G. fultoni also, but
the significance of the phenomenon was not recognized and I
did not record whether it was correlated with grouping in

. this species.

Macroptery associated with grouping was found

by Fuzeau-Braesch (1961) in adults of G. peruviensis and

.g.‘argentinus Only females of G. peruv1en51s showed thr

correlatlon, in which grouplng increased macroptery fre

41% to 84% (with sample sizes of 12 and l9 respectively) »

Macroptegy in samples of G. argentinus’increased'from 8%
¢ . - - B

to 39% with grouping (sample size®% 25 and_ﬂl respectively) .

I
> '

Indiana.
As Table 30 shows, adults of G. Eehnsyivanicus
were rarely macropterous in any treatment Howeuer, the small
’ number whlch dld appear were females in 5mall groups. There



Table 29
Experiment 16, wing polymorphism in iIsolated and grouped
individuéls of G. veletis from southern.Albérta.J

P
B }

‘ » ﬂGroups of k_ - .Groups of
Isolated *** 2 and. 3 4, 5 and 6
Males Females Males Females . Males 'Females
Maé¢ropterous ‘13 18 14 - 23 , 9 29
Brachypterous 7 8 4 0 1 1
Neotenic 8 2 2. A | 0

*xx =<signi;%§é?kly different from subjects in other treat>

ments P<0.001). .
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Table 30

.

. Experiment 14, wing polymorphism in isolated and grouped

individuals of G. pennsylvanicus.

. } Groups of . " Groups of
Isolated , 2 ‘and 3 4, 5 and 6
Males Females Males Females ' Males Females

~

Macropterous 0 1 0 4 0 0
Brachypterous 36 15 24 16 13 20

Neotenic 0 o .0 .0 , o - 0
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“Adults oercapsipedus marginatus (Gryllidae) were. never

macropterous except when reared 1n ‘groups, when‘63 of
99 1nd1y1duals in one, experlment and 77% ofr 62 indivi-
duals in another, developed hlng w1ngs. .The percentaée - ;
as higher ;n,females than in males. “” |
| Saeki_(l966a) found that up to 80% of grouped

females of s. aspersus were macropterous The percentage
.was'lower among males. Since lsolatlon by wire gauze, or'
antennectomy, almost ellmlnated such development he con-
cluded thdt the influence on wing development was. medlated
by tactlle stlmull o |

These‘are‘the'only species in which macroptery
has been related to grouping in the offsprlng of unselected
.stocks 'However, McFarlane' (l966a) found that 1f he sel- \

4 ectedﬁfor macroptery by cross- matlng only winged adults ot JY\

Gryllodes sigillatus for three denérat1ons, ‘the selecteu stock\\

produced 459 (10 out of 21) fully w1nged,adults, when rear— \\
ed in groups, and only.7% (2 out of 28) when reared in iso- ' 1;\\
lation: 'But this correlationAwas not found in unselected

stocks, and 1ndeed“—1n one of hlS experlments, 41% of singly
reared adults were macropterous, while in another only 35% - 4
. of those reared in groups were. .

Sellier (1954), working w1th G. campestrls, -y

s“owed that macropterous wing development could b¥% stimulat-

ed by implanting brains from young nymphs into d%der ones,
and Maghad and McFarlane (1970) showedvthat macroptery in

1



Gryllodes* slglllatus was correlatele1th release of neuro— -
psecretory grahules from the. median - neurosecretory cells, |
whlle the same cells in brachypterous last lnstar nymphs
were full of granules Thus w1ng development;rn crickets
seem to be . dlrectly related to braln-hermone produced.dur—‘\
~ing ﬁhe latter part of nymphal llre

The occurrence of neotedlc adults may be" a more
extreme example of the same phenomenon It seems llkely
that such individuals are the result of ‘Premature decllne
vof hormone level one instar before it ‘usually occurs
These 1nd1v1duals thus become adult before they reach adult‘

s:.ze

T Neotenic males are apparentlv 1nfertlle, and I

A

have never succeeded ln obtalnlng oftsorlng from normal fe-
- . .
males paired with such males Neotenic females, whichlhave
""a short ovipositor,_do nottlay eggs. Both,sexes behave
like_normalladults, and manv neotenic males make stridula—_'
tOrv movements and court females, -although their wings do
not overlap, and they can produce no actual sound. ‘Adult
females ignore them and adult males to not-respond to;their
attempts to challenge them, so that‘neotenic males cannot
establish and malntain'territories. |
‘I originally thought;neoteny was the result of
‘ . . N
inbreeding when itvfirst-appeared in Experiment'l§, but =
ysince it also apqeared;in offspring of field claught mothers,

it may be:a”response to laboratory conditions,'and be en-
; R N

(v
w
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,v1ronmentally lnduced Such 1Md1v1duals, as Alexander

(1968) noted,. have never been captured from natural popu-

latlons _ Saeki (l966b) found thatjmacroptery occurred

o%&g in grouped 1nd1v1duals)'under long (16 hour) day..
length condltlons much more than!under short day. lengths
(about 78% as contrasted with 20-25%). Alexander (1968)
found.that gradually increasing davalength from 12 to 17

hours durlng develooment caused. all adults of G. interder
=terJdet
\

to be macropterous, whlle decreasrng day- length from L2 .
N

hours to 9 squressed appearance of macropterylcompletel/

Tanaka, Matsuka and Sakai (1976)" found that any change ln
photoperlod in’ the mlddle of deVelopmentL in either . dlrec—

tion, increased macroptery ln.grouped samples of.Pterone—v

‘mobius taprobanensis (Walker) (Gryllidae). They did not

rear isolated individuals}

It thus seems p0551ble that the dlfferlng freaguencies_

of macroptery eV1denced in Experiments 15 and 16 may be.

" related to differences in- photoperlod in these experiments.

No light cycle was used in elther experlment but llghts
‘in the lncubator were switched on when I lnspected the pro-
gress of the experiments. Sometlmes they remained on until
the next day's‘inspection;-so that nymphs were sub]ected to
lntermlttent long days and very short .ones.

-

"In order to determlne if other factors interact

w1th grouplng to increase macropterv 1n G. veletis adults,

it WOuld be necessary to carry out rearing experiments with



) 137

5

a'range of photoperiods.

)

An experiment carrred out under controlled hum—

v ¢
idity and llght c,cles u51ng nymphs of both northern and

southern populatlons in one experlment would be necessary

to determlne whether these are genulne dlf‘erences between
nymphs rrom_the two-areas. If members of northern”pdoula—'
tions really do have a greater tendenCJ tovmacropterf it
may be related to thélr lnhabltlng a harsner env1ronment
than\do southern populatlons: Adults emerge in May in theb
northern part of the range, and probabl/ have a smaller
'varlety of food plants/avallable to them than would be found
in Indlana in June ér July Thus moblllty could be a greater
asset to- northern populatlons than to southern ones, regard~‘
less of populqtlon densr LY. h S . o .

~, : .
\.' -
.'..L’

Why crowded females of northern populatlons should

.’. -

mature earlier than 1solated ones whlle crowded males do

not is dlfflcult to explaln.. Male emergence pefFiod complete—
ly overlapped that of females in. the experlment s% that
females would be likely to flnd a mate whenever they emerged
This may be an® advantage to the populatlon. Earlier fe-

male maturation would be selected for in northern populatlons,

’ ;
since earller egg-laving would result in more nymphs reach- _

A)

ing the overw1nter1ng instars before winter in years when

- snow came early. Southern Alberta is at the northern e

of the range for the species. In southern populations, e

egg—laying might result in adults maturing before winter/



which 1is apparently fatal in this species.

3.8.4 Summary T
1) There was no dif ference' in growth rate between isolated

and grouped nymphs of G. fulton1,~§;Apennsylvanicus, or gu

veletis from Indiana.

2) Females of g.,veletisifrom Alberta stock grew signifi-
cantly faster in groups of more than three than they-did in
smaller groupS'or in‘isolation (é<0.05). 'Their mean vel-
opmental perlod was shorter than that of remales of Indlana
stock regardless ot treatment Males showed no. dlfference
in growth rate associated w1th treatments, but they emerged
as adults over ‘a longer perlod than dld nymphs from Indiana
stock, and their mean deyelopmental perlod was no shorter.

3) Mortality in males of G.'pennsylvanicus and G. veletis

.lncreased w1th increase in populatlon density and was £on-
s1derable in groups of six. *

- 4) Macroptery -was strongly induced by grouping in both sexes
oﬁ G. veletis. The correlation was stronger in stock from
'Indiana than from Alberta, which were more likely to be .
maCropterous under any~rearing‘conditions. However, this
'dlfferenoe may be related to differences in experlmental
cond;tlons, rather than to genetic - -differences between stocks

5) 'Neoteny was related to rearing in isolation in G. vel-

.etls stock from Alberta.

13

\



’T339"General Discussion. and Cogglusions of Section 3 and
D =

of the Study ‘ ’ TN Lo
N |

i "
The;results reoorted 'in Section l 0 indicated that

ra:’

- 0 . R L 1 S )
#‘ '\“ = RS

nymphs of A. domestlcus are likely to be found in g&ghps in

thelr natural env1ronment The results of experlments in
Section 2.0 showed that actual presence of other nymphs
was necessary to lncrease growth rate to its optlmum It
may be assumed that, in most popuratlons,_nymphsyw;li be
in a group throughout their lives. They will forage'inde—
pendently,‘hut‘return to the same resting sites regulariy
throughout.oevelopment;

Results of Experiments 9 and 10 indicatedﬁthe cir-
cumstances under which livingvin a group will promote opti-
mum development. It was evident that nymphs grow fastest
if they arebinicontact with nymphs of their own age and
size. Such contact[ oyer‘the first half of development, is
enough to optirize growth rate for the rest of the nymph's
life. Contact with a larger nymph does- not promote optimal.
growth even 1n eariy instars, and becomes lnhlbltory in
\later ones, but contact with a younger nymph has no effect
on growth rate\of the older nymph, so that inhibrtion'was
not rediprocali McFarlane's recent resnlts (l978)_indicat—

ed that contac& with waste produdts of older nymphs also in-

hlblted growth rate.

The ;lfe-cyclé'of A. domesticus in wild populations .

|
!

'R
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is known from the wofk of Bate (1969, a, b, l97l 1972), \/,
who studied two populatlons i refuse dumps in England. // '

=Hefvresults 1ndlcated that crlckets were usually found

grouped and'that ‘their dlstrlbutlon w1th1n the dump was re-

r

strieted by dump—structure and temperature The crickets
usually llved in crev1ces and tunnels w1th1n the refuse,
at temperatures of 5 to 37°C ‘(mean temperature, 25°C).
There were two peaks of adult emergence in'shmmer at dif-
}éreht times in'the two pcpulations,“whem»%@igratioh:from
the population by. f£lying occurred, especially of females.
However,'larger instars could be found at all times of'the

. vear.

The only other relevant ecoloqlcal StUQV in the.

.

literature is of the blac& headed crlcket, 1n Paklstan

(Ahmed and Ghaurl, 1953). This crlcket 1s A hlspanlcus
(Chouri , l961), a species closely related to A. domesticus.

The populatlen had three to four generatlons per year‘and
the crickets'aggregated in eracks in the”soil;‘fremhwhich
" they emerged at nighttto feed, often severely damaging
nicrops. In this situation there’ appeared to be less over-
'lao between generations. However, as in the Brltlsh
population, maturation rate varled with temperature and
there was ne spe&ific overwintering or aestivating stagesh’

"

One may now consider how results of Ny experiments



£
e
—_—

v
{

.. relate to the life of crlckets in a natural populatlon

v
&

The growth rate of a nymph lS optlmlzed 1f it’ls able to

av01d contact with adults. -In a natural populatlon, it

seems probable that thls wow?ﬁ"be achleved by youncer nym—‘ wg;
. |

phs actlvely segregatlng themselves in crev1ces too small

for adults to enter. Thus; ln an1uncrowded populatlon, all

nymphs could assoc1ate mostly w1th peers and so avoid ore—

datlon and 1nhlbltlon of growth. ‘Bate (l969a) rarely found.

members of early lnstars (flrst to &burth) in her attempts

to sample populatlons, whlch suggests that these young

nymphs did not associate w1th ‘older ones. However, larger

nymphs and adults apoarently occupled the same parts of the

~dump. She dld not mentlon any separatlon of tne populatlon

b size -lasses wSuch segregation mlght be dlffﬁcult to

observe during Zisturbance of the population )

.Ahmad and Ghauri (1953) descrlbed the annual . cycle ;
of population buil _-up and crash whlch they observed durlng
thelr ;tudy Concltlons ‘for ov1p051tlon and hatchlng were
favourable in late March and early April, in 1rr1gated |
'“;wheat fields, ar* the populatlon rose steeply, 5cattered
throughout the tlelds in 1nnumerable cracks in the mOLSt 501l q
Then 1rrlgc-lon ceased and nymphs were forced to crowd to:
gether in much smaller areas along water courses In July,m
Jowar cultlvatlon prov1ded su1table breedlng Sites of the ‘
crickets whlch were . becomlng adult then, but the areas~were

v

much' smaller than ‘the wheat flelds and . together w1th the hlgh



‘temperatures, thlS brought about a populatlon crash ‘Later,f

P

gi~the mu =h smaller autumn oopulatlon moved to wheat and sar-f

‘sonr fleldS\

Ir such a cycle occurred in a populatf%n of‘A

domestlcus,'and lnhlbltloh of njmphal growth by older nymphs

and adults occurred as it dld ln Exoerlments lO and ll

be. smaller,‘would be dlsadvantaged as the pooulatlon concen-.

optimum- growth rate would be fOLnd onlv ln earllest hatch—

2

vlng nvmphs, whlch would be grouped w1th peers 1n ravourable

trated near water courses. Thelr growth rate would be

slower, and they would be more llkely to be kllled before

maturatlon, because the] woulo have less chance of av01d1ng

¢

\

the larger, older members of the oopulatlon - The oresence
of the younger nvmphs\would not reduce the growth rate of
the older ones, whlch would beneflt From 1nh1blt1ng the de-
velopment of the rest of" the populatlon The earliest
maturlng adults would have a competltlve advantage aver
slower grow1ng rndlv1duals in competltlon for ov1p051tlon‘

51tes ) ThlS would be further% ﬁanced by a short pre ov1— :

: perlod;} As a result thelr offsprlng would be
:'advantaged over those of the slow—maturers, and

would be more llkely to surv1ve in the next generatlon.

‘Given ravourable condltlons,'faster maturatlon would allow

an extra generatlon a year R

vcondltlons in the rlelds Later hatchlng nvmphs whlch would".
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of sultable habrtat the lnltlal contacts mlght come about
only by chance ' I have no. lnformatlon on the dlstance
over Wthh the aggreoatlng pheromone or pheromones
_operate. If a small populatron were occupylng an‘area
prevrously occupled by a large one,the fact that 1t mlght
all be equally contamlnated by stahle deposrts from the
prevrous occupants, mlght hrnder aggregatlon of nymphs
However “in thlS 51tuatlon the attractloh\of nympns for
o

i v o
each other mlght have value %ﬂfmalntalnlng groups. * The

) - Ag

fact that strmulatlon ff‘muother nymphs does not have to ‘ﬁ

_contlnue throughout nymphal llre to optlmnae growth rate'

-~
Y

The ract tha; g%%phs whose growth rate had been

o AP,

'slowed in later 1nstars by the presence of. an adul 'were

~
Vﬂ\

heavier at maturatlon thah those whlch gnew either ln peer

.'& o ;‘\'.
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Heavrer crlckets mlght be POtentlally better able to sur—,““”'

v1ve adverse condrtlons than llghter ones, and to produce

a larger total numﬁer of eggs.
The attractlon of nymphs to each other and to

the aggregatlon pheromone would tend to draw nymphs 1nto

e

contact with each other even at low populatlon den51t1es,f

jso that nymphs would be unllkely to grow up in. 1solatlon

even .if there were very few crlckets 1n the envrronment

However, 1f a small populatlon were- occupylng a large area

X
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would mean that nymphs might still be abls to benefit from
. ‘ o2

each others presence. This would be especially true .of

females, which respono ‘to each‘other's presence later ‘in

- 14 -

development as well as. in early instars. Female growth
rate is more con51stently.influenced by the presence of
ether crickets anywa?;land they reeeive mere‘benefit fron
lsuch contact, ae results of Experiments 8 and 11, and
Section 3.6 showed. This reﬁlecté the importance of fe-
males ds migrants, and prdducers of tne next generation. - .
'Bate‘(l9é9a) found:that\there was a preponderance of fe-
males in the adult pqpulation in the refuse dumps;she»ex~l
amined suggestlnq that‘the somewhat slowet males were

more llkely to be kllled durlng develnnment than were fe-

-

males. : .
«\‘ v " ) . N ) ﬂ H
‘The fact that females most stfbngly,retarded in
growth by isolation (Experiment 17, Section 3.7.4) retainf
ed functional wing—muscles for an unusually long period

is probably adaptlve to periods of very low qopulatlon

denslty : Eemales under. such ¢ rcumstances might have toga

v

fly a relatively long .distance fo find = mnate nY A ‘Uit
able site for oviposition.
A. domesticus is‘a tropical species which has

lnvaded femperate zcnes It has dene this by makwng use‘

of locallzed pockets of relatlvely high year-round tem-

E

peratures, assoc1ated w1th a supplv of food These habi-
RV .

tats aretalmost all created by man.
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'The cheracterlstlc; of gregarlousness and the way
in which food consumptlon and. growth are lnfluenced by it
hasvbeen‘advantagéous to the species in this adaptation.
The warm.environments are usually small and patchily dist-

ributed, so that exploitation of them is improved if /e

nymphs ectually benefit from'aggregation %ether than being

adversely affected.

<3

. These responses to eggregatlon orobably developed
in members of this spec1es in its orlglnal warm habltat
which .was probably as a troploal croo pest Many crop
pests bre gregarious, ehamples lncludlng grasshopper and
locust species; aphids and lepidopterous larvae (Brossut,

1975),

Artificially aggregating a non-gregarious. species

such as G. veletis indicates how faster growth rdte in \

. . .
*groups would be selected for, since mortality increased
' |

sharply in grouped nymphs and ‘the nymphs killed were grow-
ing more slowly than the others In the experlments carried
out, thlS was apparently especially detrlmental to males,’

/Sane they tedded to be smaller than females.

~

* However, aggregatlng G. p;nnsylvanlcus,4wh1ch is

found in groups under natural condltlons,'also lncreased
'nymphal mortality, ang dld not result in faster growth of
grouped nymphs. It may be that 1n'uus 'species, which over-

winters.as eggs, early maturatlon has detrlmental effects

v
4

on reproductlve success. Perhaps eggs which go into dia—



-

. pause long before coﬂdeeather begins are moré'likély to
die or be eaten by predators than those laid later. °° )
Perhaps faster growth rate in groups does not have

much selective advantage for an individual unléss it is- assoc-
\ ) .

iated with a life~cyclé which is not linked to the temper- < 7

-

ate cycle of seasons. Oneﬁnptable difference between»thé

Gryllus species examined and A. domesticus is that, the former |
are univoltine, but 5? domesticus has a variable numbgr of
generatioris a year depending on environmental conditions.ﬁ{ Sy

i

' - . It is interesting too that G. pennsylvanicus did

vnof show any significant'tendenéy to machpﬁery. Macro-
ptery was a specific reactiogftd grouping in G. veietis,-
indicating a clear relationship'between c;owding and dis-
persal. Aall adults of A. @omesﬁicus;are winged, even if
;eared_ih‘isolation/_ahd it:may be prééume@ thét,the gen-

etic mechanism producing macroptery has become fixed in

. this species due to frequent need for migration from

qfdwdéd‘populations. -Buf adults of G. pennsylvaniéus'
,jfdrely aeQeloped hind wings in experiméntdl;gituations,
ahd they are usuélly bracﬂypterous in the fielcu ‘Migratiohs
of this species ha?e been described to me in which many
hymphs have been séén moving én foot,vih Swarﬁs, across

[

roads ahd fields, like locust hoppers. It may\be that this
.4 _ ‘
is the principal dispersal mechanism of this species.



4.0 SUGGESTIONS FOR FURTHER WORK

4.1 Behavior

Further investigations could be made on the

N

gregariousness of nymphs. Nymphs in groups are vulner-
able to intraspecific predation when they are moulting.

Does gregariousness disappear at these times? Do younger
crickets actively avoid contact with adults? In an experi-

N - NSRS

" mental arena such as thefone I used,‘wouldxﬁymphs of various
ages form one group, or segregate according to size?
' - LA

4.2 Stimuli Affectiny Develdpment
oo - . <
. '\ .

An expériment in which nymphg ¢ould receive ol-

factory cues from other crickets ‘but not‘be in contact with

them would indicate whether'there is any significant pher-
‘.9 M . . . .

omonal component in the stimulus to faster food consumptiog'

and consequent faster growth.

-

4.3 Adaptive Significance of Responée to Groupihg

No work has been done on the effect of grouyping

.

or isolation during development on total fecundity of long-
evity of femagés nor on their responseé to couftship. t
would also be interesting tc do more work on the development

v
&

, | S 147 ‘\.aw
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e ' L .
and regre551ou of wing muscles in relatlon toirearlng con-
dltlons, and on’ the relatlonshlp of long- per51st1ng w1ng—
muscles to glandular functlon, hormone*levels and vitello~
geue51s.

More work could be carried out on the resoonses

of Grzllus species to groupﬁpg, especially on how G.

Bﬁnnsylvanlcus responds 'if reared at a lower temperature. oy

The relatlonshlp of macroptery to ﬁopulatlon ~density Lnd
other factors could be examlned in detail in several Gryllus

species. co
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