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I. INTRODUCTION 

Recent studies on population eeologr in Canada have through the 

lite table approaeh revealed in part some of the proeesses responsible 

1 

tor inseet outbreaks (Morris, 19638.; LeRO\tlC ~ .!!•, 1963), and through 

the eomponents approaeh (Holling, 1963; 1964) expla.iœd in part the 

operation or soma or these proeesses. The se studies, however' are laek­

ing in detailed Worma.tion on the trophie dynamie aspect (Lindema.n, 1942) 

of the proeesses and eomponents reported for :tnseets investigated. 

LeRoux (1964) t'rom l:tfe table studies and Morris (1963b) from 

eomponents studies showed that the pentatomid preda.tor, Podisus ma.euli­

ventris (Say) , a seeonda.ry consumer, is of major importa.n.oe in the 

dynamies of certain lepidopterous pests of oreha.rd and forest orops. 

The speo:tes , elearly, 1s worthy of :t"Urther investigation along trophie 

lines and to this end, a quantitative study of food eonsumption by' ~· 

maotù:tventris wa.s undertaken at M!Lcdonald Oollege in 1964, using larvae 

of the wax moth Galler:ta mellonella {L.) as the food source. The objeot 

was to determine in the laboratory, at constant temperature and humidity, 

a) the amour.rt of prey f'ood consumed in relation to the amount supplied; 

b) the transformation of' the energy oonsumed by the predator; and e) 

the funot:tonal response of~· maouliventris to different sizes of Q• 

mellonella larvae. 

A prerequisite to the energr studies was the laboratory rearing 

during 1963 of~· maouliventris under optimum conditions of food, 

temperature and humidity, to determine general behav:tour of l'J1'11lphS 

and adUlte, as well as egg production and sex ratio, and survival and 
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longeYity or all stages or the predator. 

This thesie is a report on the resulta or the above experime~ 

and on the interpretations and significance or the data obtained. 
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II. REVIEW CF Ll'l'ERATURE 

Podisus maculiventris (Say) wa.s origina.lly described t'rom 

Lotdsiana. by' Thomas Say in 1832 who :na.med it Pentatoma. me.eulive:ntris. 

Unfortunately, this description was lost for 67 years since it did not 

appear in the "complete writings" of Say edited by Leconte (1891). In 

1S5l Dallas described ~ spinosa, and in 1S67 Stâ.l tra.nsferred Dallas • 

species spinosa. to the genns Podisus created in 1S53 by Herrich~chaeffer. 

Podisus spinosus (Dallas) wa.s the na.me used until 1899 when Scudder 

published Sa.yts lost description or this pen:tatomid along with an excerpt 

or a latter from Uhler who poin:ted out tha.t Sa.yts original description 

fitted exactly tha.t or Podisus spinosus. Vdn Duzee (1904) agreed with 

Uhler and in accordance with the la.ws of priority pl.aced Sa.y 1s species 

ma.culiventris in Herrich-scha.efferts gems Podisus. The predator ha.s 

since been known as Podisus ma.culiventris (Say). Specimens used in the 

present study were identified by Dr. L. A. Kelton, Entomolog.r Research 

IDStitu:te, Canada Department of Agriculture, ottawa, as Podisus macull­

ventris (Say). 

E• maculiventris is a native North J.merican inseot and acoording 

to Van Duzee ( 1917) is present in Vermont, 1\ls.ssachusetts, New York, 

Pennsylvania, Mary"la.nd, North Carolina, Georgia, Florida, <hio, Wisconsin, 

Nebraska, Kansas, Oklahoma., Texas, Montana, Colorado, Arizona, California, 

Quebec, Ontario, Manitoba, Vancouver Island. In Canada and in the 

United States, Hart (1919) reports this species to be more comm.on east 

of the Rockies. 



4 

OVer the past 66 years a number of important etudies have been 

carried out on E• ma.culiventris and these etudies and the area of in­

vestigation concerned are itemized in chrono1ogical order as fo11ows: 

Year of 
publication 

1897 
1906 
1907 
1910 
1916 
1919 
19Z7 
1930 
1937 
1938 
1938 
1946 
194S 
1960 
1962 

1962 

1963 

1963b 

Author 

A. H • Kirk land 
A. W. Morrill 
A. A. Girault 
c. E. Olsen 
R. D. Whitmarsh 
D. Stoner 
A. D. Baker 
D. Stoner 
B. J. La.ndis 
A. Couturier 
J. Feytaud 
c. o. Esselbaugh 
c. o. Esselbaugh 
E. J. LeRoux 
D. M. DeCoursey and 
C. o. Esselbaugh 
H. C. Coppel and 
P. A. Jones 
E. J. LeRoux and 
others 

R. F. Morris 

Type of investigation 

Lire history and habit. 
A few observations on bionomics. 
On egg parasites. 
Notes on breeding. 
Notes on life history. 
Notes on biology. 
Notes on reading process. 
Notes on rearing on ce lery-tyer. 
Notes on hosta and nymphal development. 
Notes on biology. 
Notes on biology. 
Study or egg structure. 
Notes on biology. 
Predators of apple. 

Description of nymphal stages. 

Notes on bionomics. 

Dyna.mics of Budmoth, Pistol case 
bearer, and Fruit-tree 1eaf roller. 
Components study. 



III. LABOP-ATŒ.Y REARING, LIFE HISTŒ.Y AND 

BEHA VIOUR OF P. "ACULIVENTRIS 

A. ECONOfl.ro IMPORTANCE 

Couturier (193S) was one of the first workers to determine the 

effectiveness of f• maculiventris in the biological control or all 

stages of' the Colorado pota.to beetle, Leptinota.rsa decemlineata (Say). 

ether workers have also reported the species to be or particula.r imp­

ortance in the natural control of larvae of the elm leaf beetle 

Galeruoella luteola (Dlll.), the eastern tant oaterpilla.r Mllaoosoma 

a.merioanum (Fabr.), the cotton bollworm Heliothis obsoleta Fa.br. and 

the cotton leatworm Alabama argilaoea Hùb. Host records for the period 

1906 to 1964 are listed in Table 1. 

More recently, a number of workers (LeRoux, 1960; LeRoux~ al., 

1963; lbrris, l963b) estimated quantitatively the e:f'feet of predation 

by ~· maculiventris on the population dynamics of' some agricultural 

and forest insect peste. LeRoux {1960) reports tba.t adulte of' Penta­

tomid species, ineluding l• maculiventris, were very important in Quebee 

apple oreha.rds during the latter part of May and June, 1953 to 1955, 

wh.en lepidopterous la.rvae were mnnerous , and that nymphal forms or the 

predator 11ere present in July and August of the same years when mites 

and aphids were on the inerease. In 1955, in pa.rticular, f. macUli­

ventris and Podisus modestus {Dallas) a.dults were largely responsible 

for the effective control of a reeeding larva.l population of tant eater­

pillars. Subsequent long term etudies (LeRoux~ !1·, 1963), a.lso on 

5 
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TABlE l 

Host records for !• maeuliventris obtained b:y authors during period 

1906 to 1964. 

Nam.e or host 

Seientiric 

COLEOPŒRA 
Chrysomelidae 

Chr:y!omela seripta Fabr. 
Crioceris afiaryi (L.) 
Diâbrot!ea -punctata 

Fabr. 
Galerucella luteola MÜ.ll 
Haltiea chalzb!a Illiger 

.!!!!!! .;:;;tr;:.;:i=li=-ne=at:;,;::a ( Oliv.) 

Common 

Poplar leer beetle 
Asparagus beetle 
Spotted euctlmber 
beetle 
Elm lear beetle 
&-ape vine flea 
beetle 
Tbree-lined potato 
beetle 

Lettinotarsa deeemliœata Colorado potato 
Sa:r' beetle 

Unidentified spp. on weeds 

Coceiœlldae 
Anatis g,uindecempunctata 

(Oliv.) 
Searabeidae 

UDidentified spp. 

DIPTERA 
Anthomyidae 

H:rle!l!lia antiqua Mg. 
Mascidae 
~ _d_om_e,_s.-ti;;.;c;,;;:;;a L. 

Taehini.dae 
Unident1f'1ed sp. 

Tr;ypetidae 
Rh{:oletis pomoœlla 

lfalsh) 

EPBEMERlDA. 
UDidentified spp. 

-
Fifteen spotted 
lad:ybird 

-
ODion maggot-fl:y 

Housetl:r 

-
Apple maggot 

-

Author Date ot 
publication 

R.D. Whitmarsh 1916 
B.J. Landis 1937 

C.A. Hart 1919 
A. W. Morrill 1906 

A.w. Korrill 1906 

B.J. Landis 1937 

A. W. Morrill 1906 
l~.K. Mllkerji Present 

stud:y 

c.o. Esselbaugb 1948 

c.o. Esselbaugh 1948 

A.D. Baker 1927 

M.K. Mukerji Present 
stud:y 

c.o. Esselbaugh 1948 

E .J. LeRoux & 
M.K. Makerj1 1963 

M.K. Mûlœrji Present 
st\ld:y 
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TABlE 1 (cont 1d) 

Name of host 

Scientif'ic 

HEMI'PTJ!mA 
Aphididae 

Unidenti:f'ied spp. 
Miridae 
~ m;atensis (L.) 

Pentatomidae 

Common 

Tarnished plant 
bug 

PodistiS œaculiventris (Say) Spiœd soldier bug 
Euschistus tristigmus {Say} Dasky stink: bug 

HYMENOP'l.'ERA. 
Diprionidae 

(Btg.) Diprion similis Pine sawfly 

'l'enthredinidae 
Fenusa Ï:illa Birch lea:f'miner 

(L9pe t!er) 
Pristiphora geniculata Mou.ntain-ash 

(Btg.} saw:f'ly 
Pristihhora glossularia 

Wals ' Selandria barda Sq ? 

Vespidae 
Unidenti:f'ied ap. -

lEPIDŒTERA. 
Arctidae 

B:yphantria cunea (Dru.) Fall webworm 
H. tertor Fabr. FaU webworm 

citheroniidae 
Anisota virginiensis Pink striped 

Druey oakworm 
Coleophoridae 

Coleo}hora serratella Piatol casebearer 
(L. 

Cosaidae 
Cossus cossus L. ? 

Galleriidae 
Galleria mellonella {L.) Greater wax moth 

Geometridae 
Paleacrita vernata {Peck) Spring cank:er worm 

Author 

7 

Date ot 
publication 

c.o. Esselbaugh 194S 

J .L. Hors:f'all In Stoner 
\1919) 

A.D. Baker l9Z7 
Patch In Kirkcal.dy' 

- (1909) 

H.C. Coppel 
& P.A. Jones 1962 

M.K. Pttlkerji Present 
study 

R.S. Forbes 
& L. Daviattlt 1964 

A. W. fl:)rri1l 1906 
OJborœ In Kirkaldy 

- (1909) 

M.K. lllkerji Present 
a tudy 

F .A. MJDermott 1911 
C.A. Bart 1919 

A.. w. Morrill 1906 

E.J. leRoux 
& c. Reimer 1959 

A. Couturier 1938 

A. Couturier 1938 

E.J. LeRoux 1960 



TA.BIE 1 (Cont 'd) 

Name or host 

Seientitic CODillOD 

Gra.eilariidae 
Gra.eilaria s:vrinsella 

(Fabr.) 
Lila.e 1ea.fminer 

Las ioeampidae 
Mala.eosoma americanum. Eastern tent 

(Fabr.) caterpi1lar 
NoctUiidae 

Alabama argilacea Hübn. Cotton leaf'worm 
Autoféapha brassioae Cabbage looper 

Ri ey 
Heliothis obsoleta Fabr. Cotton bo11worm 
Lithophane âiîtënnata (Wlk.) Green truitworm 

Notodontidae 
Data.na ministra Drury Yellow-necked 

caterpillar 
Oeoophoridae 

Depressaria heraoliaœ Parsnip webworm 
de Geer 

Olethreutidae 
Spilonota ooellana (D. & Eye-spotted bud 

s.) mo th 
Papilionidae 

Palilio polzxenes Fabr. Black swal1ow tail 
Pier dae 

Pieris rapae (L.) 
Plutëliidai 

Cabbage buttertly 

Plutella maoulieennis 
(cûrl.} 

Diamondbaok moth 

Pyralidae 
Canarsia hammondi Riley ? 
Ephestia kuehniella Zeller MEtditerranean flour 

mo th 
Oetrinia nubilalis (Hübn.) European corn borer 

Tortrioidae 
A.rchips arg;rrospilus Fruit-tree leat 

(Wlk.) roller 

8 

A.uthor Date of 
publication 

M.K. Mlllœrj i Present 
a tudy 

A.. W. Morri11 1906 

A.. W. Y,rri11 1906 
C .o. Esse1baugh 1948 

A. W. Morri11 1906 
E.J. LeRoux 1960 

C.A. Hart 1919 

c.o. Esselbaugh 1948 

E.J. LeRoux 
& c. Reimer 1959 

c.o. Esselbaugh 1948 

c.o. Esse1baugh 1948 

B.J. tandis 1937 

C.A. Hart 1919 
A.. Couturier 1938 

M.K. Mlkerji Present 
study 

E .J. LeRoux 1960 

A. cerasivora.ms (Fitch) - Ugly-nest oaterpillar E.J. IBRoux 1960 
Aretaenia velutinaœ. Red·banded leat E.J. LeRoux 1960 

.) roUer 
Carpocap!!a pomonella (L.) Codling moth M.K. 1\llkerji Present 

study 
Pandemie lau!prosana Rob. ? M. K. *ker ji Present 

study 
! . ca.na.da.na Kb.t. ? M.K. Mbkerji Present 

study 
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TABlE l {Cont 'd) 

Seientit1e 

ŒTHOPTER.l 
Aer1d1dae 

Name of host 

Melanoplus f'emur-rnbrum 
(de Geer) 

Gr,rll1dae 
Gryllus ass1m111s (Fabr.) 

Common 

Red-legged 
grasshopper 

Author Date of' 
publication 

c.o. Esselbaugh 1948 

Field cricket M.K. MUkerj1 
(Laboratory culture) 

Present 
st'lldy 
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apple, rewaled that f• maculi ventris was a potential "key" factor in 

the natural control of Coleophora serratella (L.) since egg mortalities 

of this pest caused by the predator ranged from 12 to S5 per cent over 

a period of seven years. Coppel and Jones (1962) report that for the 

pine saw!'ly, Diprion similis (Htg.) the absence of insect parasites on 

larvae of this species may be compensated for by the presence of 

Podisus spp. 

B. METHODS CF REARING 

Rearing or f• macUl.i ventris was carried out in the la bora tory 

at constant temperatures of 700,., 750,., and SOo.F., with relative 

humidities at each temperature ranging from 40 to 45 per cent. 

First-instar !J1111PhS wre reared in groups of ten in small pyrex 

petri dishes, eaeh 1.5 cm. deep x 5.5 cm. in diameter. On the inside 

edge of each dish was plaeed a cotton plug soaked with water and to 

this plug was added daily, with a medicine dropper, three to f'our drops 

of water. When the ~phs moulted to the second instar they were trans­

ferred, four per dish, to larger dishes, eaeh 1.5 cm. deep x 9.5 cm. in 

diameter. Water was added as before and in similar amounts. Nymphs 

were kept in these dishes throughout the second, third and fourth 

stadia. On reaehing the firth instar the nymphe were again transf'erred 

three each to glass jars, S.5 cm. deep x 6.5 cm. in diameter, equipped 

with screened tops for ventilation (Plate III B). To the wet cotton plug 

placed at the bottom inner edge of each jar was added daily 10 c.e. ot 

water. When the n,mphs reached the adult stage they were sexed, and pairs 

(one male and one :f'emale) placed one per jar in jars similar to those 
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used for 5th instar nym.phs. Me.ting pairs were removed to new rea.ring 

jars as soon as eggs were deposited. Eggs were kept in the jars until 

hatohing, a.t whioh time newly-emerged f'irst-instar nymphs were tra.ns­

f'erred to small petri dishes, of the type desoribed above, and the 

sequence of' steps used in the rea.ring of this speoies, repeated. 

To test the ef'f'eot of' *'crowding" on ~· ma.oUliventris twelve 

pairs of the predator are rea.red together in a single jar, 22.0 cm. 

deep x 10.5 cm. in dia.meter. A large water-soaked cotton plug wa.s 

plaoed at the bottom inner edge of the jar and to it was added, daily, 

30 c.e. of water. Animal food, in the i'orm of 24 f'ully-grown, live, 

larvae of' !• oerasivoranus, was also added daily to the jar. 

The a.mount of' care required in the rearing of f. macUli ventris 

varies w1 th the stage of the inseot. Nymphs in the smaller petri dishes 

required very little care other than the addition of' a f'ew drops of 

water daily. Nymphs in the larger petri dishes and rearing jars deve-

loped successfully only when cultures were kept tree of mites (undetermined) 

and fungi. To prevent entry of these organisme, dishes and jars were 

cleaned thoroughly once every four days and new cotton plugs and fresh 

food added. 

AU nymphal stages and adults: reared in the presence of' water 

were observed to take up the liquid from the soaked cotton plugs; bence 

i t would appear that metabolic water alone is insuf'f'ioient to sus tain 

lire in f• maculiventris. 

Different types of inseot larvae and pupae were fed to f. maculi­

ventris during the period June to Ju.ly, 196.3. In June, field-oollected 

tent ca.terpillars constituted the main diet of the predator while in 



Jul:y, onl:y field-eollected larva.e of the ugl:y-nest caterpillar were 

fed to the predator. From August, 196.3 omrards, l• maculiverrtris wa.s 

reared e:x:clusivel:y on larvae (weigbing .o;21 grams or more) ot the 

grea ter wax moth, Galleria mellonella (L.) • 

The original stock source ot all_l. maculiventris used in the 

above-mentioned etudies came trom sfxteen pairs ot tield-eollected 

adulte taken trom the Macdonald Colle ge apple orchard in earl:y June, 

196.3 (Table 2). lJp till March, 1965 the species had been reared con­

tinuousl:y in our laborator:y tor 20 generations without losa in :yield 
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or vigour ot the predator. During this period the culture :yielded over 

twent:y million eggs ot which appraximatel:y 75 per cent were viable. 

C. OVlPCSITION 

In the field, the oVerwintering females ot l• maculiventris 

begin la:ying eggs during the latter part ot Ma:y. The eggs, which are 

laid in masses, are glued individuall:y at the base to the leat substrate 

and along the aides to other eggs. Eggs are generall:y laid on the upper 

surface of the leaves but some masses are laid on the tmder surface and 

on the bark as well. Most of the masses are exposed to sunlight. On 

the average the number ot eggs per maas is 25, with individual masses 

ranging in number trom 18 to .30. 

In the laborato17, the tiret three or tour egg masses laid b:y 

adult tamale l• maculiventris were generall:y laid on the screened tops 

ot the rearing jars. .lll egg masses laid tbereatter were deposited 

mainl:y on the bottoms and aides of the jars or on the cotton plugs. 
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TABLE 2 

Number or eggs laid per female and length of lite of field-collected 

overwintered adults or .f• macu1iventris reared at a constant temperature 

of 800r in June 1963. 

Pair Date of No. of Length Place of 
No. Sex collection eggs laid Died on ot lite collection 

in da.ys 

1 Male JWle 3/1963 June 29/1963 26 M!lcdonald Collage 
Fe male June 3/1963 179 June 29/1963 26 Il 

2 Male JUne 3/1963 June 29/1963 26 n 
Female June 3/1963 86 June 2'1/1963 24 1 

3 Ma. le June 3/1963 June 28/1963 25 • 
Female June 3/1963 131 June 28/1963 25 " 

4 Male June 3/1963 June 26/1963 23 tl 

Fe male June 3/1963 0 June 26/1963 23 Ile Bizard 

5 Male June 3/1963 J\Ule 29/1963 26 Macdonald Collage 
Fe male JUne 4/1963 175 June 25/1963 21 " 

6 Male J'Une 4/1963 June 25/1963 21 11 

Fe male June 4/1963 June 23/1963 19 • 
7 J.tùe June 4/1963 June 27/1963 23 " Fe male June 4/1963 233 June 27/1963 23 " 
8 Màle June 4/1963 June 25/1963 21 " Fe male June 4/1963 192 June 25/1963 21 " 
9 Male June 4/1963 June 17/1963 13 H 

Fe ma. le June 4/1963 117 June 24/1963 20 • 
10 Male June 4/1963 June 23/1963 19 Il 

Fe male June 4/1963 333 June 23/1963 19 " 
u Male June 5/1963 June 22/1963 17 " 

Feule June 5/1963 115 June 22/196.3 17 " 
12 Male June 5/1963 June 28/1963 23 " 

Fe male June 5/1963 121 June 28/1963 23 " 
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(cont•d) 

Pair Date of No. of Length Place of 
No. Sex collection eggs laid Died on of life collection 

in days 

13 Ma.le June 4/1963 June 10/1963 6 Macdonald College 
Fe male June 6/1963 0 June 't/1963 1 If 

14 1\BJ.e June 13/1963 June 26/1963 13 • 
Fe male June 13/1963 0 June 26/1963 13 " 

15 Male June 13/1963 June 24/1963 11 tl 

Fe male June 13/1963 0 June 17/1963 4 If 

16 Male June 13/1963 June 27/1963 14 " 
Fe male June 13/1963 37 June 22/1963 9 tt 

Mean (x) longevity of Male - 19.2 :!: 1.5; Female - 18.0 :! 1.9 
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Adulte reared in the laboratory bad a premating period ot two 

to tour days and a preoviposition period ot three to 10 days, with the 

period f'rom adult emergence to tirst deposition or eggs ranging from 

tive to 14 daye and the period between successive depositions or eggs 

ranging from one to 18 daye. 

The present laboratory study reveals that it the temales are not 

disturbed the eggs are almost alway"S laid in rows (Plate I A) and that 

these rows vary in œmber from two to tive. Sometimes the eggs are laid 

in the torm ot a circ le; other times in the torm of a triangle. Eggs 

may be laid singly (rarely so) or in masses ranging from 22 to 71. Coppel 

and Jones (1962) similarly report that laboratory-reared f• maculiventris 

remales lay eggs singly' or in masses (up to 47 eggs per mass) and that 

the eggs in these masses are generally arranged in two rows; rarely 

in the torm ot a triangle. They malte no mention of the cireular arrange­

ment of eggs. Esselbaugh (1946), on the other band., mentions that maximum 

number of eggs laid by a f• maculiventris is 57 with an average or 25 

and states that these eggs are generally arranged in rows of tour. 

The liiSXimum. no.mber of eggs laid by a single remale in our etudies 

was 1220 and these were deposited in 46 separate masses. Couturier 

(1938) records 1097 eggs in 58 masses for a single female, while Coppel 

and Jones (1962) record 593 eggs in 35 masses. 

Couturier (1938) reports that oviposition in f• maculiventris 

continues untU death, providing the tamale is kept with the male. He 

also states that death or fema.les may result prematurely, even in the 

presence of males, from increased ovarian aetivity particularly at 

temperatures too law for oviposition. The implication is that the 



presence or large nnmbers or eggs inside the female body is the causal 

factor of death in these cases. Suoh a phenomenon bas been observed 

for females reared with males at a temperature or 700,. On dissection 

it was round that dead or d1fng females were bloated with eggs. It 

was also observed that females need not always be in the presence or 

males for continnal egg-laying, and that ovarian activity is not always 

a cause or reduoed longevity. In one case, among others, an unterti­

lised remale laid 1132 eggs and lived for eight months. 

D. FECUNDITY OF FE!IAIES 

The mean number or eggs laid per female, in six generations 
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reared at ?œodona.ld College, is recorded in Table 3 • Data given for 

each generation are (a) the mean number of eggs laid per mass, (b) the 

mean number or egg masses par female and (c) the period or oviposition. 

The number of females used in the fecundity experiment was 50 for the 

first generation and 30 for eaoh of the subsequent remaining generations. 

Crowding bas considerable effect on oviposition. When 12 pairs 

or adults were reared in one large rearing jar, of size deseribed in 

the section on "Pœthods of Rearing" , the total number of eggs laid wa.s 

2196 or 183 eggs per female. In oomparison, the total number of eggs 

laid by a similar nwnber of females, each reared separately in the 

presence of a male, was 5137.2 eggs or 428.1 eggs per :f'ema.le. Results 

suggest that oviposition for~· ma.culiventris is to sorne extent 

density-dependent. 

The rate of egg laying for individua.l :f'emales of l• ma.culiventris 

reared at constant temperatures (7oor - soor) and humidities (40 - 45 
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TABlE 3 

Mean (x) number of eggs and egg masses per fema.1e per generation, for six generations of f• ma.cu1iventris, 

reared in pairs on ug1y-nest caterpilla.r and wax moth larvae in soreen-topped jars at constant tempera­

t.ures ra.nging from 7oOF to 800F. 

Mean (i) per female Range in 
Generation number of ~gg-la.ying period Temperature 

Eggs Egg masses Eggs per mass egg masses 

First 428.1 ± 43.5 1.3.5 ± 1.6 31.4 ± 1.8 0- 46 Ju1y 196.3 - Jan. 1964 8o0, 

Second 395.3 ± 42.9 ]4.8 t 1.7 26.; ± 1.4 1- 40 Aug. 1963 - Marah 1964 7SOF 

Third 30;.; t .33.7 16.2 ± 1.1 18.; i o.s; 1- 41 Sept. 1963 - June 1964 70'7 

Fourth 317.9 :1: .32.8 16.0 :1.: 1.1 19.3 ± 0.86 0- 39 Oct. 1963 - June 1964 70'? 

Fifth .370.2 ± 36.7 ]4.3 ± 1.3 25.4 ± 1.4 0- 42 Jan. 1964 - July 1964 75'7 

Sixth .359 • .3 :t .30.1 ]4.2 :t 1.2 24.9 ± 1.1 1 - 40 Feb. 1964 • Aug. 1964 750, 

~ 
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per cent R.H.), during the first 180 days of the f'irst three genera­

tions, is graphically illustrated in Figure 1 from cumulative egg totale 

obtained at 20-day intervals. In each of' three generations there was 

a rapid increase in total eggs during the f'irst 60 daye followed by a 

levelling off' of' this total for the remainder of the egg-laying period. 

The difference in nnmbers of' eggs laid from generation to generation 

was mainly dœ to the differences in temperatures at whioh f'emales 

were rea.red, i.e.' 80<7 for the f'irst generation, 78"F for the second 

generation, 700, for the third generation. 

E. INCUBATION 

The period of incubation for eggs of laboratory reared E• maeuli­

ventris i.e., the period :f'rom egg deposition to emergence of' first-instar 

nymphe, averaged five days and ranged four to seven days (Table 4 ) • 

Coppel and Jones (1962), for simila.rly rea.red l• maeuliventris, report 

an average of' 9.6 daye and a range of seven to 12 daye, and Esselbaugh 

(1948) reports a range or two to seven days with an average of 4.6 daye. 

~Œorrill (1906) and Couturier (1938} have suggested that a :f'luotuating 

temperature, as opposed to a constant temperature, enhanoes the speed 

of development of eggs in E• maeuliventris. In the present experimenta 

the rate of egg development did not vary significantly eggs incubated 

at a constant temperature of' soor nor for eggs incubated at tempera­

tures varying from 70<>r to so<>r. 
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TABLE 4 

Duration of egg stage and percentage of eggs hatched for ten egg masses 

of l• maculiventris reared at a constant temperature of 80o.F. 

Number Number Percent-
Egg Date of Incubation Date of of ot age 
ma.ss oviposition period ha.tching eggs eggs ha.tched 

per ha.tched 
mass 

1 June 6/1963 ; dqs June 11/1963 4h 'J6 78.~ 

2 June 8/1963 6 da.ys June 14/1963 l'J 13 100,t 

3 June 10/1963 4days June 14/1963 35 33 94.'J/o 

4 June U/1963 5 days June 16/1963 44 41 93.2% 

5 June 12/1963 5 days June 17/1963 33 33 100% 

6 June 13/1963 4days June 17/1963 45 42 93.3% 

7 June 14/1963 6 days June 20/1963 28 26 92.9% 

8 June 16/1963 5 da.ys June 21/1963 23 22 95.7% 

9 June 18/1963 6 days June 24/1963 25 25 100% 

10 June 19/1963 7 days June 26/1963 37 34 91.9% 
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F. HATCHING 

The mature embryo within the egg (Plate I B) lies with its body 

directed upwards along the long axis or the egg eup and the head is sit­

uated immediately be law the cover or operculwn. The antennae, labium 

and legs are closely apposed to the venter of the embryo. The egg bur­

ster, a T-shaped chitinous structure (Plate I C) consisting of a trans­

verse bar and a median spur (Prebble, 1933) lies rreely within the egg 

shell between the cperculwn and the race or the embryo. A transparent 

membrane connecte the transTerse bar to the apex or the median spur at 

a point anterior to the race or the embryo, thus forming a triangul.ar-shaped 

structure positioned parallel to the operculwn. The membrane continues 

posteriorly into a œ:rrow band or tissue wbich is fused to the edge of 

the egg eup. At eclosion, the cperculwn or the egg is first looseœd 

at the peripbery, save for a portion of the structure ly.:tng adjacent 

to the mouthparts of the embryo, then rorced up by the head of the 

nymph tbrough a series of pulsating-like movements or the body fluid. 

First, the forelegs are released, then the second pair of legs, then 

the antennae, ne:xt the h1nd legs and lastly the abdomen which is re-

leased by the biDd tibiae. once emergence is accomplished the operculum. 

falls back in its original position and the egg burster with its mem-

brane considerably shrtmken, rema1ns in a protruding position between 

the operculum and the rim of the egg eup. Soon at'ter emergence the 

newly-emerged Jl1111Pb moves to the upper surface or the operculum where 

it reste until its integument hardens and darkens. Body throbbing 

movements are generally observed until the integument bas become 
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completely sclerotized. In the present etudies, eclosion was observed 

to take appro:rlmately 20 to 25 minutes and all n;ymphs generally emerged 

as one. 

The integument or the newly-emerged nymph is yellow, with the 

dorsal portions of the abdomen red in colour and very sort. Fully 

sclerotized newly-emerged nymphs are considerably gregarious in habit. 

G. DURATION OF STAGP3 

The period or nymphal development or E· macu.liventris' reared 

in groups or four at a constant temperature or 8oor and relative humi-

di ties or 40 - 45 per cent' ranged from 25 to 31 daye. Nymphs or 

instars1 two to five were reared on 0.0521 grams of g. mellonella larvae 

per group or four' with instars two to four being reared in petri dishes 

and instar rive in glass jars. The duration in days per instar per 

specimen reared is reeorded as follows: 

Cont- Spee- Duration in day8 
ainer !men Instar Instar Instar Instar Instar Total Sex 

no. I II III IV v 

1 4 5 4 4 8 25 Male 
2 5 ; 5 4 8 27 Male 

1 3 4 5 5 4 8 26 Male 
4 5 6 5 ; 9 30 Male 

1 6 5 4 4 10 29 Fe male 
2 5 5 6 4 8 28 Fe male 

2 3 6 6 5 5 8 30 Fe male 
4 6 6 5 5 8 30 Fe male 

1 6 6 ; 5 9 31 Fe male 
2 6 6 5 4 10 31 Male 

3 3 4 5 6 4 10 29 Fe male 
4 5 6 4 4 11 30 Fe male 

1 Instar I is a non-reeding instar. 
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(Cont •d.) 
1 4 5 5 4 8 26 Fe male 

4 
2 5 5 4 5 8 'ri Fe male 
3 4 6 4 5 8 27 Male 
4 4 6 5 4 9 28 BJ.le 

1 4 4 $ 6 9 28 BJ.le 
5 2 5 5 4 4 9 27 Fe male 

3 4 7 5 4 9 '29 Mlle 
4 5 4 5 4 8 26 Mlle 

1 6 6 6 4 8 30 Male 
6 2 ; ; 4 5 9 28 Fe male 

3 4 7 5 4 9 '29 Fe male 
4 6 5 5 4 10 30 Male 

Mean 4.9 5·4 4.8 4·4 8.9 28.4 Sex ratio 
S.E. 0.17 0.15 0.12 0.11 0.20 0.35 12112 
Range 4-6 4-7 4-6 4--6 8-11 25-31 

For n;ymphs two to rive individually reared on g. mellonella 

larvae- ten far each of four diet levels (see section onFeeding Biology)­

at a constant temperature of 80<T and a relative hum.idity of 70 per cent 

the period of D;1!11phal development including f'irst iœtar ranged from 

20.3 to 30.0 days (Table 10 and Appendix pt .. 1, Table IV). It is or inter­

est to note that during the course of' rearing :f'i.f'th-iœtar !1111Phs of l• 

maculiventris were observed to dis play varions colour patterns (Plate IV A, 

B, C). These differences in co1our patterns, whether due to geœtic vari­

abi1ity or not, œed turther iDvestigation. 

Coppel and Jones (1962) report tor similarly reared nymphs at a 

temperatttre of 24 t 700, a range of 21 to 32 da,.a and Esselbaugh (1948) 

at room temperature, a range of' 16 to 30 days. According to Landis 

( 1937) the rate of development of labaratory-reared D;1!J1phs of' .l• maculi­

ventris appears to correspond to the rate of development of the hosts 

on wbich they f'eed. Couturier (1938) considera three main factors in­

fluence :aymphal development, notably, (1) sex, (2) temperature, (3) 

type of prey. Males he foUJ.ld comp1eted all instars in less time than 

females, save :f'or the fif'th instar which required equa1 time for both 



sexes, and temperature, he round, inf'luenced most the speed of' development. 

H. PROOESS œ MOULTING 

Nymphs in all stages stop reading f'rom a f'ew hours to two daye 

bef'ore moulting. During this period they remain quiescent, save for 

an occasiona.l jerlcy' movement of the body. Coincident with this action, 

the legs stretch out, the head becomes stooped and the antennae are 

directed ventrally beneath the thorax. When ecdysis starts the e:x:uviae 

split first at the head along the "paracephalic" (Prebble, 1933) sutures 

and at the thorax along the mid-dorsal sulcus. The lateral halves ot 

the tergum are then f'oroed apart b7 the emerging nymph wh.ich exposes , 

in the process, its thorax in a humped position. B,- a series of' 

peristalsis-like movements, the n,mph then forces the head f'ree of' the 

old skin, then the fore and mid legs, then the antennae and ne:x:t the 

hind legs • The abdomen is finally pulled free of' the e:x:uviae through 

the anteriorly directed wave-like motion created b.f the compression of' 

bod7 fluid. The hind tibiae also help in the freeing of' the abdomen. 

In newly-emerged adult ~. maculiventris, the winge are wrinkled 

and compact and the distal portion of' the scutellu.m rema.ins be nt. Wi thin 

minutes after emergence, the winge become stretched out, through the 

patting action of the hind tibiae and the pulsating movements of the 

body, and soon cover the entire abdomen. The scutellum also becomes 

stretched flat and parallel to the dorsal body surface. In the male, 

the genital segments are at f'irst projected out, but later, as hardening 

of the eutiele talees place, the segments are drawn back within the body. 

Newly-emerged nymphs and adults are always very sort, pale red or pink 

in eolour, and very uns table in the ir movements. As harde Ding of the 



integument takes place the body colour becomes dark and the insect 

shows considerably more strengtb and co-ordination of movements. 

E• maculiventris body weights for nymphs reared at the third 
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diet level only (see section of Feeding Biology for explanation of diet 

1eve1), taken at the end of the feeding period in each stadiwn, showed 

a straight line relationship {Fig. 2) with weights of corresponding 

exuviae. Henoe for nymphs individua1ly reared on 0.0129 grams of .2• 

mellonella larvae per day the ratio of body weight inoreases to exuvial 

weight increases was a1most constant, being 22.5 for the first stadium, 

22.3 for the second, 30.4 for the third, 26.6 for the fourth and 22.2 

for the fifth. ~an (of 10 replicates} dry body weights of first- to 

firth-instar nymphe and corresponding mean {of 10 replicates) dry weights 

of exuviae 1 obtained in the se rearings, and p1otted in Figure 2, are 

as follows: 

Instar 

First 
Second 
Third 
Fourth 
Fifth 

Body weight 
(Micrograms) 

180 
581 

2157 
5530 

11902 

Weight of exuviae 
{1-ticrograms) 

8 
26 
7l 

208 
535 

I. SEI RATIO 

Sex ratio, based on 1aboratory rearinga and field collections 

of more than 400 individuala of E• maculiventris was determined approxi­

mately to be 50s 50. This ratio was to some extent affected by food 

supp1y as evidenced by the predominance of adu1t males (sex ratio 1:3) 

in cultures of individually reared nymphs fed on 0.0037 grams (i.e. 
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y= 46X-3 

r = .99 
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6000 10000 

BODY WEIGHT IN MICROGRAMS 

Fig. 2. - Relationship between mean weight of body and exuviae, 

for nymphal instars one (non-feeding) to five (2 - 5 

feeding) of ~· maouliventris reared on Q• mellonella 

larvae at diet level three (See section on l''eeding 

Biology for explanation of diet level). 



.til'st diet level) or ,g. mellonella larvae per nymph per dq. 

Coppel and Jones (1962), for E. maculiventris simila.rly ree.red 

on wax moth le.rve.e, in the laboratory also observed a 50: ;o sex ratio 

for this predator. 

J. SPEC !AL HABITS OF FmsT-INSTAR NYMPHS 

Newly-emerged .tiret-instar Jl111PhS wre observed to be highly 

gregarious and did not requ:ire food during the fil'st stadium. On rare 

occasions during this stage nymphe, two to three daj'l! old, were observed 

to sœk tluids from unb.atched eggs in the masses from which they emerged. 

In these instances, the egg shell ot the predated egg almost invariably 

collapsed with the removal ot its tluid contents. On emergence from the 

eggs, n,ym.phs gather on top or the egg mass (Plate I D), where, 1t not 

disturbed, they remain for about four dars. Atter this time they sepa.rate 

to moult. During the first two days or their quiescent period they are 

immobile; during the second two dars they move about only slightly, but 

do not leave the egg mass. It, ho"Rver, immediately on emergence they are 

placed in a petri dish with a water-soaked cotton plug, they will gather 

on the wet plug. In the absence or wet cotton, they will still gather 

in a group but at no definite point in the dish. Nymphal survival in 

petri dishes, at high (70 per cent R.H.) or low (40- 45 per cent) 

humidities, was high and did not ditter signiticantly. 

To test whether or not .tiret-instar nymphe (Plate II A ,B) red on 

foliage or on prey, 80 œwly-emerged !V'Jiphs were placed tour to a petri 

dish tor a total of 20 dishes. To one series ot 10 dishes was added daily, 

per dish, three .tresh and young apple leaves and to the second series was 
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similarly added da.ily per dish one mature la.rva. of the bireh lea.f miner, 

Fenusa. eusilla (Lepeletier). At the end of eaeh 24-hour period, while 

nymphs were in the fust-instar stage, leaves and larvae were removed 

from all the dishes and examined for punotures under the binoeular 

microscope. In no instance were punetures observed either in the leaves 

or in the prey. Observations on survival of 40 nymphs reared :from the 

first instar onwa.rds, in the presence of water and apple leaves only, 

are as follows: 

Living De ad 
Date 

Instar Instar Instar Instar Instar Instar 
I II III I II III 

July 31/1963 •••••• 40 .. 
August 1/1963 ••••• 40 
August 2/1963 ••••• 40 
August 3/1963 ••••• 28 12 .. 
August 4/1963 •••• • 40 -August 5/1963 ••••• 32 8 
August 6/1963 ••••• 28 - 4 
August 7/1963 ••••• 18 10 
August B/1963 ••••• 10 1 7 
August 9/1963 ••••• 4 6 1 
August 10/1963 •••• 4 

Nymphs rea.red as above developed to the third instar but were 

observed, :from early in the second instar onwards, to be abnormally 

sma11 in size and to laok vigour in comparison with nymphe given animal 

food. This observation is eontrary to that made by Coppel and Jones 

(1962) who reported that nymphs reared on water alone lived from eight 

to 11 days but did not moult to the second instar. In the present 

investigation, nymphs reared in the presence ot water and apple leaves 

only reaehed the third instar without recourse to leat sap. In no 

case were :f'irst-instar nymphs observed to require food, save possib1y-
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when they punotured unhatched eggs in egg masses from whioh they emerged. 

Coppel and Jones (1962) report that nrmphs reared without food 

or moisture died Within two to three days; those reared in the presence 

of water, beans and larva.e, or on larvae alone reached the adult stage 

in 30 to 37 daye. The present st udies show tha.t a11 nymphs , from the 

second instar onwa.rd require animal food for suooessf'Ul development. 

When an adequate supply of auch food was made availab1e to them they 

developed normally to the a.dult stage in approximately 30 days. 

The non-reading habit of first-instar Podisus nymphs has also 

been reported by Whitmarsh (1916) and stoner (1930) for l• maouliventris 

and by Kirklam (1896) l• serieventris Uhler. 

K. ~:ETHOD CF ATTACK AND CF FEEDING BY SECOND­

TO FIFTH-INSTAR NYMPHS AND BY ADULTS 

The preda.cious habit in !• ma.culiventris is developed from the 

second instar onwards. Second-instar nymphs will attack without hesi­

tation large or sma11 prey, though sma11 prey are preferred, and at the 

moment of atta.ck a considerable struggle between predator and prey may 

result. The cleaning of the beak and antennae is frequently observed 

bef ore an attaok is made, though this phenomenon may also be observed 

between attaeks. The eleaning process be gins with the f'orelegs gra.sp­

ing the extended bea.k followed by the pressing and rubbing of the tibia.e 

against the labium as the legs are stra.ightened out. Next, the antenne.e 

are elea.ned in mueh the same manner. The act of cleaning the beak and 

antennae may be repeated a number of times before each attack. 

In most cases, prey are detected by 'l• maouliventris largely by 
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meaœ of the antennae ( olractoey senses) , although movement of the prey 

will draw the predator as well. Once in close proximity to the prey, 

the predator 1s antennae move up and down rapidly in a line vertical 

to the prey body, then the bea.k is extended and contact with the tip 

or the proboscis is made with the victim•s bod,-. The predator will 

then move back trom the prey whether there is movement or not on the 

part or the victim, go through the cleaning movements once more and 

then attack again. The point or insertion of the predator•s stylets 

in the prey body varies with each attack. once the stylets are insert­

ed, there :f'ollows, as mentioned above, a struggle between predator and 

prey. Sometimes the victim escapes by means of' vigorous thrashing move­

ments, but in most cases such attempts are futile. on ma:Dy' occasions, 

l• maculiventris was observed to use its forelegs to hold the prey. 

Predacious pentatomids have been su.spected or secreting poisonous 

substances by wh.ich the,- immobilize their prey and this phenomenon has 

been commented upon by Mu.ir and Kershaw (1911), McDermott (1911), Baker 

(1927), Tothill, Taylor and Paine (1930) and Prebble (1933). In the 

present investigation thousands of attacks by l• maculiventris ~hs 

and adults have been observed and at each attack, once penetration of 

the predator' s stylets into the prey body was effected, the victim be­

came rapid~ immobilized. 

l• maculiventris nymphe and adulte (Plate n C, D and Plate III 

A, C, D) were observed to kill pre,- only wb.en in œed of food. Wanton 

killing or prey was not observed far this predator. From the 

second-instar stage onwards l• maculiventris was observed to resort 

to cannibalism if' larval food was unavailable. Under the se condi­

tions Dy'mphs or dif'f'erent instars will prey on eaoh 
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ether and on adults 1 and vice versa. 

L. M&TING HABIT 

Mating begins in the field almost immediately after the adults 

come out of hibernation. The males are polygamous; females polyandrie. 

The present investigation reveals that the male usually takes the initi­

ative in ma.ting by going first very near the female and vibrating its 

antennae a.gainst those of the fe male. He then raises the abdomen of 

the female with his head, quickly climbs on her back and grips her 

firmly with his three pairs of legs, then he extends his aedeagus and 

inserts it into the female genital chamber. Once the aedea.gus is in­

serted, male and female turn end tc end facing in opposite directions. 

They remain _!!! copula from four to 24 hours , during which period the 

females move about searching and attacking prey with the male still 

attached. Coppel and Jones (1962) observed that for ~· maculiventris 

the 1:!: copula period lasts from six tc 30 hours and Couturier (l93S) 

reports that adulte copulated as soon as the integument became sclero­

tized after erœrgenoe. In the present study, at no tim.e did females 

mate before two tc four days fol1owing emergence as adults. Females 

were observed to n:a.te from seven to 10 times during their three to four 

months of adu1t life. Those that mated only once produced ferti1ized 

eggs during the first month only; thereafter they produced unferti-

1ized eggs. 

M. LENGTH OF ADULT LIF'E 

Adults of 11 generations of î. maculiventris were reared in pairs 
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(non-crowding conditions) in the laboratory from June, 1963 to October, 

1964 as per the rnethod described in flttlthods of Rearing". Data. for the 

first six generations reveal that longevity of males ranged t.rom 120.5 

to 259.2 da.ys at 70~ to 80~ and longevity of females 61.3 to 191.8 

da.ys at the same temperature (Table 5). The mean length of life for 

males of the six generations was 179.8 daye; for females 125.3 days. 

~~les lived approximately twioe as long as females at constant tempera­

tures of SO~; one-third longer at 75°F - 78<7; and one...quarter longer 

at 70<7. Both males and females lived twice as long at 70°F than at 

Sd'F. Reduced longevi ty in fe males, at all temperatures, appears to 

be due mainly to body "wear and tear8 resulting from egg production and 

egg deposition as wall as from male cannibalistio activities. 

Coppel and Jones (1962) report a longevity of 230 and 243 days, 

respectively for two l• maculiventris adulte (sex, and whether or not 

specimens were reared singly is not mentioned) reared in the ir laboratory. 

To simulate rearing of P. maculiventris under crowded conditions, 

twelve pairs of :newly-ernerged adults were, on emergence, plaeed in a 

soreen-eovered glass jar, 22 em. deep and 10.5 cm. in diameter, and 

reared in the laboratory after the method deseribed in an earlier section. 

The length of life per individual specimens in the jar, ranged t.rom five 

to 88 days. Females on the average lived only a few daye less than the 

males. Cannibalism was the main factor responsible for the ahorter 

life of~· maeUliventris adults under these conditions. 

To determine the effeot of starvation on longevity of adult E• 
maculiventris, 25 males and 25 females were reared as per the method 

described in the section 11Methods of Rearing11 but without food. 



33 

TABLE 5 

Mean (i) length of life of paired adul.t .f• ma.euliventris, per generation, 

rea.red for six generations on ug1y-nest eaterpi11a.r and wax moth la.rvae 

in sereen-topped jars at constant temperatures ranging from 70~ to 800,. 

rœan (i} lengt;h 
Generation ot lire in days Period of rea.ring Temperature 

Male Fe male 

First 120.5 ;t 10.8 61.3 ± 7.9 June 1963 - Mareh 1964 8o<>.F 

Second 165.2 ± 12.3 113.1 ± 13.6 JU1y 1963 - May 1964 78'? 

Third 259.2 ± 10.; 191.8 :t 8.9 Sept. 1963 .. Aug. 1964 70'? 

Fourth 197.3 ± 11.2 15.3.4 t 7.7 Oct. 196.3 - Aug. 1964 700f 

Firth 167.8 ::t n.o 116.9 :t 12.8 nee. 196.3 - Oot. 1964 750f 

Sixth 168.6 ± 10.7 u;.o ± 12.; Feb. 1964 - Oct. 1964 750f 
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Newly-emerged adulte were at first kept one pair per rearing jar then, 

a.fter three or .f'our days to prevent cannibalism, the individuals of 

each pair were separated and specimens placed one per jar. Although 

all pairs ma ted during the first two days they were together, eggs 

were not laid either prior to or after separation. Results suggest 

that food plays an important role in oviposition and that fertilized 

females are incapable of laying eggs when starved. 

Effects of non-orowding, erowding and starvation disoussed above 

on longevity and .f'eoundity of laboratory-reared first generation adults 

of'~· maculiventris are reoorded belowJ 

Mean (x) longevity Mean (x) number 
Experiment Sex in daye of eggs laid 

per .f'emale 

Non-crowding !,tale 120.5 ± 10.9 
Fe male 61.3 :t 7.8 428.1 

Orowding Male 51.8 ± 6.6 
Fe male 48.2 t 5.6 183.0 

Starving Male 58.3 ± 1.5 
Fe male 73.5 :! 2.1 o.o 

N. NUMBER OF GENERATIOR'3 

OVerwintering ~. maculiventris adults may be round on apple trees 

in late May or early June when lepidopterous larvae are present on 

foliage. Under field conditions, three generations of the pre da tor 

may be completed each yea.r during the period May - June to September 

with sorne overlapping of generations. Adults of the third generation 

hibernate in October under the bark or in undercover debris etc. Stoner 

( 1919) reports that this species produces two generations annually in 
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Iowa and Esselbaugh (1948) three generations and a partial fourth in 

Illinois. At Macdonald Colle ge .f• maculiventris was reared at tempera­

tures or 70~ to 80~ and relative humidities or 40 - 45 and 70 per cent 

for 20 uninterrupted generations and none or the stages or this species, 

in any generation, exhibited growth arrest or obligatory diapause. 

O. N!TURAL ENEMIES 

In the present investigation one field-collected egg maas ob­

tained in June 1963 was parasitized ?Y the chalcid Telenomus podisi 

Ashmead. The egg mass turned completely black prior to emergence or 

the parasite. Acarine predators, undetermined, were f'ound occasion-

ally on egg masses, n;ymphs 1 and adults in the laboratory. Girault (1907) 

reared f'our hymenopterous parasites from eggs of' g. maculiventris, 

namely, I. podisi Ashmead, ! . dimmocki Ashmead, Trissolcus podisi Ashmead. 

and I• thyanta.e Ashmead. 



IV. STUD!ES ON FtOOTIONAL RESPO:B Œ' P. MA.CULIVENTRIS 

A. INTROD'OOTION 

To describe and explain the f'unctiona1 response of' predators to 

different prey densities Holling (1959) proposed the "dise• equation 

and successf'ully app1ied it to the data obtained by the f'o11owing 

authors: (a) Burnett (1951, 1954) on Dah1bomimuJ f'uliginosus (Nees) 

vs. Neodiprion sertif'er (Geoff.); (b) Burnett (1958) on !2• f'uliginosus 

'V's. !• leconte! (Fitch); (c) Ullyett (1949) on Chelonus te:J:anus Cress 

'V'S • .lnagasta kuhniella (Zell.} and Cmtus inornatus Pratt 'V'S. LoxosteB! 

sticticalis (L.); (d) Debach and Smith (1941) on Nasonia •itripennis 

(Wlk.) 'V'S. ~ domestica L. Morris {196.3b) also applied the equation 

to the predator Z• macUli'V'entris at different prey densities of' 1!• ~ 

and conf'irmed its applicability within a certain range of' prey density 

and time. To date, no other worker has, to the writer 1s knowledge, 

attempted a f'urther application of' the equation. 

The object of' the present study was to determine the f'unctional 

response of' nymphal and adult stages of' l• maculi'V'entris to different 

prey sizes of' g. mellonella. Under conditions or instantaneous prey 

discaveey and attack, by .l• macnli'V'entris in a simple and conf'ined 

universe, the assumption was made that "prey size" could be equated to 

"prey densityn. Holling (1964) bas pointed out that most predators are 

responsin to a specifie aize of' pre:r, usually the optimum size for the 

species, and are conditioned in their choice by the se1ecti'V'e forces 

that bave acted on them during their evo1utionary history. 



B. METHoœ AND MATER !AIS 

l• ma.culi ventris was reared using the method outlined in Section 

III, except tbat all stages of the predator were reared singly in l/16th 

gallon (imperial) cylindrical screen-topped glass jars, 8.5 cm. deep X 

6.; cm. in dia.meter. To allow the predator treedom of action, no foliage 

was added to the jars. AU experimer.rts were carried out at a constant 

temperature or so'T and a relative humidity of 70 per cer.rt - optimum 

conditions for growth and egg-laying ot the predator. 

Nymphal instars two to tive and adult males and temales 11ere 

individually reared on each of tour different sized live .Q• mellonell& 

larvae designated hereunder as diet levels one, two, three, and tour, 

as tollows: 

Stages of 
l• maculi ver.rtris 

Nymph ( Instars 
2 to 5) 

Adult 1 Male 

Female 

Q. mellonella larvae - size in grams 

Mzel Mze2 Mze3 tize4 
(Diet level 1) (Diet leval 2) (Diet level 3) (Diet leval 4) 

.0037:!.00003 .0073±.00005 .Ol29t.0001 

.o122:t.ooo1 .0218!.0001 .0419t.ooo2 

.o12;t.ooo1 .o21'1!.ooo1 .0423t.oo02 

.0225t.0002 

.o;2lt .0002 

.o;lst.0002 

At each of the four diet levels, ten nymphe were used for each 

of instars two to five and four adulte for each of the males and f'ema.les. 

Specimens of the predator used were taken f'rom the standard culture and 

were, f'or D1'JDphs , newly moulted second-instar f'orms, and for adults, 

œwly-em.erged males and f'emales. Experimer.rts using immature stages 

were terminated when firth-instar DJP1Dphs transformed to adults, and 

for adulte, when males and temales died. First-instar D1'JDPhs were not 
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used in the experimenta as this instar is a non-f'eeding stage. Variation 

between repllcates in number ot prey killed was 10 per cent of the 

mean or less for all stages of' f• maeuliventris and approximately 25 per 

cent tor senescent adults. 

The size of each prey fed to eaeh stage of' the predator was kept 

constant at each diet level throughout the course of the experiment. 

lfeighings ot the prey were taken daily using a Mettler analytieal 

balance type H15 (sensitive to .03 gm; Plate V B). To f'acilltate 

the handling of g. mallonella larvae each prey was immobilized by 

aœesthetizing lightly w:lth ether vapour bef'ore weighing. Each g. 

mellonella l.arva n.s weighed bef'ore being given to the predator and 

again 24 hours later. Prey larvae were f'ed daily to l• maouliventris 

nymphe and adults and, whether attaeked or not, were removed from the 

jars at the end of each 24-hour period. Larvae supplied were made 

defenseless b,y clipping them in the region of the thorax with a hair pin. 

Care was taken not to puneture the integument and larvae accidentally 

punetured were discarded. 

For l• maculiventris adults, f'unetional response was determined 

per le>-da.y interval, cumulative, up to SO days f'or males and up to 50 

daye tor f'emales. For nymphal stages, the response was determined f'or 

the f'eeding period of' eaeh i:ostar, which was 4 • .3 daye or less for all 

stages save for titth-instar nfmphs which fed t.rom .3.9 to 13.9 daJS. 

In the latter case the f'unctional response was calculated on the basis 

of' seven daye , the average f'or this stage. 

A series of' regression analyses were carried out to determine 

the relationship between numhers or prey killed &t four diet levels 
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as a function of predator age in ad.ult males and fema.les of ~. maculi­

ventris, and data plotted per lQ-dq interval (non-cumulative) for 80 

days for males and 50 days for females. 

C. PROOEDURE FCR THE APPLICATION CF THE "DISe" EQUATION 

To apply the "disc 11 equation, data obtained (Tables 9 and 10) 

on "prey sise" were transformed to "prey density". It was considered 

that the assomptions of the equation would not be violated too seriously 

i.t these transformations were made since, (a) the predator was reared 

in a con.tined, simple universe oontaining no foUage, (b) prey supplied 

were defenseless throughou:t, and (c) discovery was geœrally instantan­

eous, with Uttle sea:rching time being required. Und.er auch conditions 

these observations suggest that a predator can attack aDd feed on four 

small larvae each weighing .0122 grams in the same time as it can attaclt 

and feed on one large larva weighing .0488 grams. 

Although the parameter "rate of searching" was theoretically 

zero, the predator did spend some time searching prey when g. mellonella 

larvae were small ( diet levels one and two) but no time searching when 

pre;y were large ( diet levels three and four) • The extent of searching 

was olearly related to the degree of satiation. 

The parameters used to describe the tunctional response b;y means 

of the •dise" equation for l• mactlliventris llJDlPhS and adtllts at four 

lldensities• or prey weret 

(a) Tt, the total time in da;ys, prey were exposed to the predator. 

Since a11 stages of l• maculiventris were observed to feed at night as 

well as during the day, the total time was taken as the number or 



24-hour days. 

(b) K, the maximum number of pre;y attacked at the two highest 

"densitiesn combined (mean) where no searching time was involved. 

( c) b, the time in the consumption of each pre;y, based on K, 

was derived as b : Tt/K and wa.s considered to be constant for all pre;y 

•densitiesn. The two compoœnts ot b measured directly' namely', the 

attacking time c, negligible for defenseless larvae, was taken here 

to be zero in terms of days, and eating time d, of each preda.tor at 

40 

the lowest pre,- "densit;yn, measured as 1.5 hours (: .063 days) for both 

aduJ.ts and inmature forms. Therefore, the interval between the comple­

tion ot f'eeding and nert attack was calculated as e : b - d. 

( d) T
8

, the tim.e spent searching pre;y, b;y the unsa.tia.ted predator, 

at the two lowest pre;y 1densities•, was calculated as T
8 

: Tt - b;y. 

(e) a, the rate of' discover.r was measured as a : Y/X -:- T8 , the 

proportion of' pre;y successf'Ull;y attacked b;y the predator per unit of' 

searching time in the uni verse. In the present experim.ent, this para­

mater has no meaning at the two highest "densities" where no searching 

time was inVolved, but it is meaningtul (i.e. one) at the two lowest 

"de:csities" where the predator attaclœd all prey supplied dail.;y. 

The lldisc• equation 7 = (Ttax)/(1 + abx:), on the basis of the 

above parameters, was used to predict the value of y, the number of' 

pre;y attacked successfull;y as a function of' x, the prey density. 

D. RESUL'!'S 

ResUlta reveal that f'or both nymphe (Table 6) and adults (Tables 

7 and 8) the number of prey attacked increased as •densityn increased, 
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TABlE 6 

SUI!l!D8l."y or ca1culations used in predicting the f'unct1ona1 response (:r 1) , tor ltfeeding" nymphe or l• 

macu11ventr1s, instars two to five, at two (1.0 and 2.0) densities of defenseless ,g. melloœ1la larvae. 

Pre :y Prey- Max. y- Daye per Days a11 ~ Attack y-fx-Ts Predicted 
densit:r att•d :r ,. .. searchi.ng ratio prey- att 1d 

(x) (:r) (K) (b) (br) (Ta} (yjx) (a) (y1) 

2nd inetar 
Tt : 2.4 days 

1.0 2.4 .7 1.7 2.4 1.41 2.5 

2.0 4.0 1.1 1.3 2.0 1.54 3.9 

3.5 6.71 8.6 8.6 .28 2.4 - 1.8 -6.1 10.4 
1.48 

:r = a(Tt - b)")x : 1.48(2.4 - .28y)x 

3rd inStar 
Tt : 2.7 da:ys 

1.0 2.7 .6 2.1 2.7 1.29 2.9 

2.0 4·8 1.1 1.6 2.4 1.50 4.7 

3.5 8.8} 
12.1 12.1 .22 2.7 - 2.5 

6.1 15.3 
1.40 

1 = a(Tt - by)x : 1.40(2.7 - .22y)x 

~ ..... 
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TABIE 6 (cont Id} 

(x) (y) (If) (b) (by) (Ts) (y/x) (a) (y1) 

4th instar 
Tt = 4.3 daye 

1.0 4.3 1.5 2.8 4.3 1.54 4.3 

2.0 6.2 2.2 2.1 3.1 1.46 7.; 

3.5 9.5J 11.8 u.s .36 4.3 - 2.5 
6.1 14.0 

1.50 
7 : a{Tt • by)x : 1.;0(4.3 - .36y)x 

5th instar 
Tt : 7.0 days 

1.0 7.0 2.4 4.6 7.0 1.52 7.4 

2.0 11.4 3.9 3.1 ;.7 1.84 10.7 

3.5 17,~} 20.5 20.5 .34 7.0 - 4.4 
6.1 23.8 -1.68 

7 : a(Tt - by)x = 1.68(7.0 - .341)x 

1;; 
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TABlE 7 

Summa:ry of calculations used in predicting the functional response (y'l), per ten-day interval (cumulative), 

for male P. maculiventris at two (1.0 and 1.7) densities of defenseless G. mellonella 1arvae. - -

Prey Prey Max. y Daye per Days all Daye Attack yjxt:'fs Predicted 
density att•d y y•s searching ratio prey att'd 

(x) (y) (lt) (b) (by) (Ta) (y/x) (a) (y1) 

Tt : 10 days 

1.0 8.8 2.6 7.4 8.8 1.19 10.2 

1.7 15 • .3 4.6 5.4 9.0 1.67 14·.3 

.3.4 29.9} .3.3.0 .3.3.0 .,30 10.0 - 8.8 
4.1 .36.1 -

1.4.3 
y = a(Tt - by)x = 1.4.3(10 - • .3Qy)x 

Tt = 20 days 

1.0 18 • .3 6.2 1.3.8 18 • .3 1 • .3.3 20.0 

1.7 28.9 9.8 10.2 17.0 1.67 26.8 

.3.4 56.1} 
58.4 58.4 • .34 20.0 - 15.7 

4.1 60.7 
1.50 

y • a(Tt - by)x = 1.50(20 - • .341)x 

t;; 
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TABIE 7 (eont 1d) 

(x) (y) (lt) (b) (by) (Ts) (y/x) (a) (y1) 

Tt : .30 days 

LO 28.0 9.8 20.2 28.0 1 • .39 .30.9 

1.7 45.6 16.0 u.o 26.8 1.91 42.1 

.3.4 80.9} 
85.6 85.6 • .35 .30.0 - 22.9 

4.1 90.2 -
1.65 

y = a(Tt - by)x = 1.65(.30 - • .35y)x 

Tt : 40 days 

LO .36.8 1.3.6 26.4 .36.8 1 • .39 41.8 

1.7 59.5 22.0 18.0 .35.0 1.94 56.8 

.3·4 105.5} 
109.2 109.2 • .37 40.0 - 29 • .3 

4.1 112.8 -
1.67 

y = a(Tt - by)x = 1.67(40 - • .3?y)x 

~ 
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TABlE 7 (oont 'd) 

(x) {y) (lf) (b) {by) (Ts) (y/x) {a) {y1) 

Tt : 50 d.a,1! 

1.0 44.8 17.9 32.1 44·8 1.40 50.6 

1.7 69.4 27.8 22.2 40.8 1.84 68.9 

3.4 121.7} 
125.0 125.0 ·40 50.0 - 33.6 -4.1 128.,3 -

1.62 
y : a(Tt - b.y)x : 1.62(50 - .4Qr)x 

Tt = 60 days 

1.0 5.3.3 22.4 37.6 53.3 1.42 55.1 

1.7 78.2 32.8 27.2 /IJ.O 1.69 72.3 

3.4 UJ,8} 
143.7 143.7 ·42 60.0 - ,38.7 

4·1 14.3.5 
1.56 

y : a(Tt - by)x : 1.56(60 - .42,y)x 

t;; 
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TABIE 7 (oont 1d) 

(x) (y) (If) (b) (by) (Ts) (y/x) (a) c,.1, 

Tt : 70 d818 

1.0 61.0 28.7 41.3 61.0 1.48 67.3 

1.7 91.3 42.9 27.1 53.7 1.98 8;.8 

3.4 148.6} 148.7 148.7 ·47 70.0 - 40.0 -4.1 148.8 
-1.73 

y = a(Tt - by)x : 1.73(70 - •4?.r)x 

Tt : 80 days 

1.0 70.3 35.2 44.8 70.3 1.57 76.6 

1.7 102.0 51.0 29.0 60.0 2.rn 99.2 

3.4 157.4} 
159.3 159.3 .;o so.o - 42.8 .. 

4.0 161.1 

1.82 
y : a(Tt - by)x : 1.82(80 - .;Qy)x 

~ 
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TABIE 8 

Summe.ry or oa1culations used in predioting the f'unotiona1 response (n) , per ten-day interva1 (cumulative) , 

for temale l• maouliventris at two (1.0 and 1.8) densities or defense1ess Q• me11one11a larvae. 

Prey Prey Max:. y Daye per Daye all Daye Attaok y/x-rT8 
Predioted 

density atttd 
(~) 

y'a searching ratio prey att'd 
(x) (y) (X) (by) (Ts) (y/x) (a) {y1) 

Tt : 10 daye 

1.0 8.5 2.6 7.4 8.5 1.15 9.9 

1.8 15.3 4.7 5.3 8.5 1.60 14.6 

3.4 28.9} 
32.3 32.3 .31 10.0 - 8.4 -

4·3 35.7 
1.38 

y = a(Tt - by)x : 1.38(10 - .3~)x 

Tt : 20 daye 

1.0 16.8 5.5 14.5 16.8 1.16 18.3 

1.8 'Z7.5 9.1 10.9 15.3 1.40 27.1 

3.4 53.7} 
60.2 60.2 .33 20.0 - 15.7 

4.3 66.7 
1.28 

y : a(Tt - by)x : 1.28(20 - .33y)x 
t 
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TABlE 8 (oont•d) 

(:x) {y) (X) (b) (by) (Ta} (:r/:x) (a) (y1) 

Tt : 30 da;rs 

1.0 25.6 9.0 21.0 25.6 1.22 28.4 

1.8 43.2 15.1 14.9 24.0 1.61 40.4 

3.4 78.2} 84.9 84.9 .35 30.0 - 22.2 -
4·3 91.6 -1.42 

7 : a(Tt - by)x : 1.42(30 • .35y)x 

Tt : 40 da;rs 

1.0 34.6 12.5 27.5 34.6 1.26 38.9 

1.8 57.6 20.7 19.3 32.0 1.66 55.3 

3.4 102.0} 
111.2 111.2 .36 40.0 - 29.0 -

4·3 120.4 
1.46 

7 : a(Tt • b.y)x : 1.46(40 - .J&.y)x 

~ 
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TABIE 8 (cont •d) 

(x) (y) (:tt) (b) (by) (Ta) (y/x) (a) (y1) 

Tt : 50 c1ays 

1.0 44·4 17.3 32.7 44·4 1.36 48.8 

1.8 70.7 2:7.6 22.4 .39 • .3 1.75 66.9 

.3.4 l23o4} 
126.9 126.9 • .39 50.0 - .3.3 • .3 

4 • .3 130 • .3 

1.56 
y : a(Tt - ~)x : 1.56{50 - .39y)x 

~ 



50 

ri th an upper asymptote level being reached at the highest "density". 

However, the percentage or prey attacked decreased as "densityn or prey 

increased. The value or y was predicted at the two lowest prey •densitiesn 

but not at the two highest "densitiesn where searching time could not 

be calcule.ted. 

Functional response on the basis or untransformed data (Tables 9 

and 10) of second- to ritth-instar n:,ymphs and adults of l• maculiventris 

to four sizes of ,g. mellonella. larva.e showed tha.t the rate or preda.tor 

attack increased as prey size decrea.sed and hunger stress increased. 

For predators supplied large-sized prey, the rate of' attack decrea.sed 

with satiation as preda.tors a.bstaiœd trom :f'eeding for longer periods 

(Fig. 3). 

Resulta of regression analyses (Fig. 4) revealed tha.t the relation­

ship between predator age and munber of' prey killed at the first diet 

level was inversely proportional for males and directly proportional for 

females, and at the second to fourth diet levels inversely proportional 

for both males and females. Correlation analyses did not reveal these 

relationships to be signif'ica.nt at the first diet level but showed them 

to be significant a.t the second (save the relationship for female) to 

:f'ourth diet level. Morris (1963b) also round that predator age on rate 

of' attack for f• maculiventris was imersely proportional. 

From the above resulta it is concluded that prey size is an 

important compoœnt of' the predation procesa for all stages of' l• maculi­

ventris. The implication is that und.er natural conditions in the field, 

l• macUliventris atta.cking a nest of' lepidopterous larvae will kill 

lesa la.rge-sized prey and more small-sized ones. The eff'ect of' prey 
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TABLE 9 

Mean rumber of .Q• mellonella larvae1 killed par lD-day interval (cumulative) per diet level, by adult2 male and 

female ~· maouliventris, and mean total prey killed during adult 1ife3 of the predator at each diet leval. 

~ 
,g. mellonell.a larvae 

~~ ~ .:::s Diet x kil1ed per lo-da:y interval (cumulative) x total 
~ aJ 1evel 

• P..l 

.!l 
~ 

,!t 
ft] 
Cl> 

13:4 

10 20 .30 40 50 60 70 80 killed 

1 8.8 ! 0.90 18.3 t 1.02 28.0 ± 1.15 36.S t 1.10 44.8 ± 0.63 53.3 t 1.02 61.0 ± 1.35 70.3 ± 1.10 97.5 t 12.69 

2 9.0 ± o.;8 17.0 t 1.92 26.8 ± 1.9S 35.0 ± 1.74 40.S : 1.10 46.0 ± 1.83 53.7 ! 3.48 60.0 ± 4.93 

3 8.S ± 0.1.3 16.; ± 0.91 23.S ± 1.10 31.0 ± 1.24 35.8 ± 2.18 42.3 ± 3.25 43.7 ± 4·84 46.3 ± 6.33 

4 8.8 ± 0.6.3 14.8 ! 0.75 22.0 ± 1.47 • 27.5 - 3.35 31.3 ! 4.07 35.o! 5.;o 36.3 ! 7.53 39.3 : 9.06 

1 s.; ± o.6; l6.s ± o.s; 25.6 ± 1.56 34.6 ! 2.02 44·4 ± 2.13 - - -
2 s.; ± 0.41 15.3 ± 1.70 24.0 ± 2.62 32.0 ± 3.35 39.3 :t 4.70 - - -
3 s.; ± o.6; 15.8 ± 1.38 23.0 ± 2.35 30.0 :t 3.63 36.3 ± ;.;; - - -
4 S.3 ± 0.63 15.5 :t 1.85 21.3 ± 2.40 2S.o :t 2.49 30.3 ± 1.89 - - -

1 One .Q• mellonella larva given per male and female ~· maculiventris per day. 

2 Mean of four adult male and female E• œ.ou1iventris. 
3 For mean life periods of' adu1t male and female l• maou11ventris at each diet leval see Table 11. 

73.0 :t 1S.S3 

;o.o ± 6.9S 

52.8 ! 10.59 

79.5 ± 9.13 

55.0 ± 14.92 

47.8 ± 3.96 

31.3 :t 1.55 

\J't ..., 
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defense on runctional response or the predator under naturel conditions 

will also be greater in larger prey larvae than in smaller ones. 
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V. STUDJES ON THE FEEDING BIOLOOY OF P. MACUL!VENTR]3 

A. INTRODUCTION 

Although l• ma.cUliventris has long been considered an important 

predator of lepidopterous pests of crops (Section III) no quantitative 

work has been carried out to date of the feeding biologr or this species. 

For this reason, data were collected on f'ood conswnption tor each of' 

the nymphal and a.dult stages reared on diets of four dif'f'erent levels 

(tour prey sizes - Section IV), and on relationships between food intalœ, 

growth, longevity and fecundity. 

B. METHODS AND MATERIALS 

The methods used in the rearing of' l• maculiventris stages tor 

feeding biology purposes are slight~ modif'ied from those described 

in Sections III and IV, as follows: 

(a) the dail1 change in body' weight of' individual predators 

or all stages was determined by subtraeting body wight bef'ore :f'eeding, 

from that obtained at the end of' eaeh 24 hour period. 

(b) the daily weight loss or individua.l prey larvae - the amount 

of prey food consumed by the predator - was deterudned by subtracting 

the weight of the prey obtained at the end or 24 hours from that obta.iœd 

at the beginning of this period prior to being f'ed upon b,- the predator. 

(c) the daily weight loss or individua.l predators unted n;ymphs 

and adults was determiœd as in (b). For these unted stages there were 

ten replicates tor ~hs and four replicates for each of' adu1t males 



and females. 

(d) weight gain or losa of individual predators and weight 

loss of individual prey were expressed as live gram weights (Appendix 

pt. 1, Tables I to IV). 
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(e) a Mettler balance, type H15 (used in an earlier experiment, 

Section IV) was used to weigh g. mellonella larvae, and a ltlttler 

microbalance, model M; (sensitive to .001 gm., Plate V A, C, D) 1 was 

used to wigh ~· maculiventris D)"'!!lphs and adults. To facilitate the 

handling of individœl predators and prevent escape, each was weighed 

in a small cap-covered plastic container 10 mm. deep X 20 mm. in 

diameter. Prior to each weighing the container was cleaned with 95 

per cent alcohol, dried, and weighed. Following each weighing the 

weight of the ~. ma.culiventris specimen was obtained by subtracting 

the known weight of the container from the predator + container weight. 

To facilitate the handling of g. mellonella larvae each prey was immob­

ilized by anaesthetizing lightly with ether vapour before weighing. 

In all experimenta constant temperature and humidity conditions were 

maintained as mentioned in Section IV. 

To obtain dry weight estima.tes of live prey, of the four sises 

fed to l• maculiventris nymphs and adults, twenty-five tresh ,g. mello­

nell& larvae of each size (Section IV) were individuall7 oven dried 

at 105°0 for four hours, or until constant dry weight values were 

obtained per specimen per prey sise. The weight of each specimen per 

prey size was expressed as a percentage of the initial live weight of 

the specimen and percentages per prey size averaged as follows: 
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Per cent solid content of' live G. mellonella larvae red 
to l• maculiientris 

Feeding stages of Size 1 Size 2 Size 3 Size 4 
l• maculiventris (Diet level 1) (Diet level 2) (Diet level 3} (Diet level 4) 

Nymph ( Instars 
2 to 5) 2l.stO.l8 21.4±0.26 21.5!0.17 22.4t0.25 

Adult (both sexes) 21.5!0.17 22.4!0.19 23.8±0.19 23.1!0.31 

Dry weight percentages were similarly determined for amounts of each 

ot the four sizes of' live prey consumed by individual nymphs am adults 

ot l• maculiventris. These percentages were f'ound to be of' the same 

order as those listed above and were used in aU experimenta to convert 

amounts or live pre7 consumed to dey weights (Appendix pt. 2, Tables 

V and VII). For each or nymphal instars one to tive ot l• macul.iventris 

percentage dr7 weight values were determined (a) betore teeding (category 

1 - 70ung) and (b) at the end or the f'eeding period ( categoey 2 - mature) • 

Specimens or each eategory of each instar were individually oven dried 

at 105°0 tor approximately tour hours and percentage dry weights calcu­

lated trom initial live weights. 

Values obtained for specimens or the non-f'eeding instar oœ 

dif'fered between categories but not between replicates within categories. 

For this instar, averages, given below for each category, were used to 

convert live weights to dey weights. Values obtaiœd for specimeœ of 

the f'eeding inStars two to rive did not diff'er between categories, nor 

between diet levels within categories, but diff'ered between instars. 

Averages used to convert live weights obtained per category in these 

instars to dry weight (Appendi:x: pt. 2, Table VII) are also given below. 

Total speoimeDS on which aU values were based are also listeds 
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f. macul.iventrie Category Total Percent age 
instar specimens dr:y weight 

lst Young 40 5.3.4'!0.19 
Mature 40 .31.1!0.65 

2nd Young and mature 120 24.2!0.16 

)rd Young and matu.re 64 2.3.'7!:0.21 

4th Young and matu.re 40 2.3 • .3!0.;; 

;th Young and mature 16 22.0!o.;s 

For adult l• macul.iventris dey weight percentages were obtained 

by individual1y oven drying at 10;0c, at each or the tour diet levels, 

27 each or ted males and .32 each of ted re males. Similarly dry weight 

percentages were obtained from 27 and .32 unted males and temales respect­

ively. For ted males, eacb total was IISde up of specimens collected 

every three days from the firth to the .3.3rd da;y or adult life and at 

dea th, and tor ted temales made up of specimens collected every second 

dq during the same period and at death. For unfed males specimens 

were collected every three days from the tirst to the 29th days or 

adult lite and at death, and for unted temales every two days during 

the same period and at death. Percentages obtained tor each sex per 

diet leve1 and also tor unted males and temales are 1isted below and 

were used in all experimenta to convert dai1y live weights to dr:y weights 

{Appendix pt. 2, Tables V and VI) • 

Diet level 

1 

2 

.3 

A.dults or P. macul.i ventris 
Male - Feîîîâ!ë 

%dey wight 

.36.4!1.8 

,.38.9!1.6 

4.3 • .3!1.1 

41.9:!:1.; 

.39.8!1.7 

42 • .3±1 • .3 



(conttd) 

4 

Unfed 

46.3%1.2 

39.5!6.5 

45.5!1.9 

42.1!5.9 

Additional records kept in conjunction with the above experi­

menta at diets of four leve1s were: mean du:ration of stadia :f'rom 

instars two to five of l• maculiventris; mean feeundity and longevity 

of adults; mean weight of eggs based on weighings tak:en following 

eaeh egg deposition during adult life. 

C. RESULTS 

1. Nymphal stages 

a. Prey supply' and mortality 

Percentage survival of l• maculiventris ey'lllphal stages was high 
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at all diet levels, except in the firth-instar at diet level one (Table 

10) wb.ere signifieant predator mortality was clearly' due to insuf'ficient 

food. Pereentage survival of second- and third-instar nymphs fed the 

two larger sized prey { .0129 and .0225 gms.) , although high, was lower 

thau for instars fed the two smaller sized prey ( .00.37 and .rx1't3 gms.). 

Predators in these two stages are quite small and have dif'ficulty feeding 

on the large sized g. mellonella larvae or diet levels three and four, 

though the latter have no obvious defence. At the 1ower diet levels, 

fourth- and :f'irth-instar nymphs completed the ir development, but the 

amount of food supplied was elearly below the optimum œeded for normal 

growth. In the fif•th-instar, at the lowest diet level, only 40 per 

cent of the J:\YDlphs survived due to low food supply', and mortality 

oceurred mainly at moulting. Tu:rnbull (1962) observed a similar 
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TA.BŒ 10 

Percentage survival of ~phs (instars two to five) of l• maculiventris 

reared individual1y on Q• mellonella larvae at four diet levels with 

mean1 prey killed, and mean1 nymphal longevity, per instar per diet leve1. 

~· maculiventris nymphe 
Diet i .Q. me 11one lla 

Number Number % 
leve1 fed surviving surviving i 1ongevity larvae ki1led 

Second instar 

1 10 10 100 3.6 ! 0.15 2.4 t o.l6 
2 10 10 lOO 3.0 ± o.o 2.0 ! o.o 
3 l4 12 86 3.1 ! 0.10 1.9 t 0.10 
4 15 11 73 3.2 t 0.15 1.7 t 0.26 

Third instar 

1 10 10 lOO 3.7 ± 0.21 2.7 ± 0.21 
2 10 10 lOO 3.4 :!: 0.15 2.4 .:!: 0.16 
3 l2 11 92 3.5 t 0.15 2.5 t 0.17 
4 ll 10 91 3.6 t 0.18 2.5 ± 0.17 

Fourth instar 

l 10 10 lOO 5.3 t 0.15 4.3 :t 0.15 
2 10 10 100 4.2 :1: 0.21 3.1 :1: 0.21 
3 11 10 91 3.9 :t 0.18 2.7 t 0.15 
4 10 10 100 3.9 t 0.28 2.3 t 0.15 

Fillh instar 

1 10 4 40 15.1 ! 0.28 13.9 ± 0.23 
2 10 10 100 7.6 ± 0.26 5.7 t 0.21 
3 10 10 100 6.5 :1: 0.15 4.9 t 0.28 
4 10 10 lOO 6.4 :t 0.21 3.9 ± 0.23 

1 Mean of 10 specimens per diet level. 
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pbenomenon at lower regimens of food supply for Linyphiid spiders and 

eonoluded that deatb at moulting was due to the lack of energy reserves 

normally utilized during this eritieal period. 

b. Rate of food eonswnption 

For eaeh instar, two to five, of l• maouliventris the daily food 

eonsumption increased as food supply inereased. The amount eonsumed 

at the beginning of the feeding period in eaeh stage was always higher 

than at its end (Appendix pt. 1, Table III). The mean daily food eon­

sumed for eaeh of ten nymphe per instar was ealeulated by dividing total 

food eonsumed per nymph in eaeh stadium by the number of days spent 

feeding in the stadium. 

e. Effeet of daily food oonsumption on rate of growth 

The mean dail;r growth of eaeh of 10 predators per nymphal instar 

two to rive was oaleulated by' subtraeting the live weight of the predator 

at the beginning of the stadium from that obtained at the end of its 

f'eeding period in the stadium and dividing this value by the munber or 

days spent f'eeding. Daily live weight values per predator per instar 

were eonverted to dry weights, using the appropriate conversion factors 

reported earlier. 

Growth was observed to tak:e place onl.y' during the f'eeding period. 

In all stadia, when the predator stopped feeding, growth ceased and the 

weight of' the predator deereased (Appendix pt. 1, Table III). It bas 

been observed, for insecte generally, that food inteke stops for vary:Lng 

periode of' time before moulting and that during this non-feeding period 

growth is at a stands till - in some cases weight may even deorease. 

Renee, to obtain an accurate estimate of the growth of l• maculiventris 
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in the present calcu.l.ations, only the period of feeding in each nymphal 

instar wa.s considered. This approach differa f'rom that used by TUrnbnll 

(1962, 1965) who, to obtain mean daily growth of individus.! stages of 

the spiders Linzphia triangu].aris Clerck and Agelenopsis potteri (Blackwall}, 

divided total growth in each stadium. by the number of daye spent in the 

stadium - whether feeding or not. 

Regression lines plotted for mean daily weights against mean 

daily food consumption values, for individual second- to firth-instar 

n;ymphs or ~· maculiventris (Figs. 5 to 8), showed that for all instars 

the relationship between these two variables was a straight liœ. 

However, for the second-instar stage, a number or points aggregated at 

the lower end of the slope of the regression line indicated that in 

this stage the predator reqUires much lese food for maximum growth than 

is supplied. Correlation analyses indicate that a significant relation­

ship existed between the rate or food consumption and the rate or growth 

in all instars. 

Regression lines for all stages intersect the abscissae to the 

lett or the origin indicating that growth can take place even in the 

absence or food. This was contirmed by rearing unted nymphe success­

tully up to the third instar, at which stage they died. In these nymphe 

growth was dependent on food reserves initially obtained in the egg 

and on water provided daily (Appendix pt. 1, Table IV). 

d. Ef:fect of daily food consumption on rate of development 

The num.ber of days spent feeding by individual lJ11lphs of f• macnli­

ventris in each instar was designated as the "period of development", 

which differa f'rom the term as used by Turnbnll (1962). The average 
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"period of development", in days, based on values obtained for each 

of ten nyaphs per diet level per instar was determined to be as follows: 

M:lan "period of development•, in daye 

Diet leval Instar two Instar three Instar four Instar five 

1 2.4t0.16 2.7±0.21 4.3!0.15 13.9!0.23 

2 2.o:to.o 2.,4!0.16 3.1!0.21 5.7!0.21 

3 1.9!0.10 2.5:!:0.17 2.7!0.15 4.9!0.28 

4 1.7!0.26 2.5!0.15 2.3!0.15 3.9!0.23 

Resulte show that the mean period of development for each instar 

1s inverse1y proportiona1 to food supply; that is, as the rate of' food 

consum.ption in each instar increased, the feeding period decreased 

curvillnear1y to a lower asymptote. The curvillnear relationship tor 

each instar was transformed into a straight 1ine relationship by plotting 

the reciproca1 values of' the "period of development" (rate of' development) 

data given above. A regression line fitted to plotted points for each 

instar (Fige. 9 and 10) showed s1opes decreasing trom instars two to five 

( except for instar three, Fig. 9) indicating that deve1opment was more 

rapid with increased rate of food intak:e in early instars than in later 

ones. Turnbull (1962) has observed a similar phenomenon for the spider, 

l!• triangularis. 

e. Formulation of' growth curves 

The regression lines drawn for rate of' growth (Figs. 5 to 8) 

and rate of' deve1opment (Figs. 9 and 10) tor each second to f'itth 

nymphal instars of' l• maculiventris provide estimates of' these para­

meters at 8J.:JT rate of' f'eeding. From these estimates mean growth per 
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stage for all rates of feeding ca.n be calcula.ted using Turnbull's (1962) 

formula, generally stated as: Growth per stage : Rate of growth 

but more precisely defined as: 

Growth : a + bx 
a1 + b1x 

Rate of development 

• • • • • • • • • •••• (1) 

where, a, 1s the intercept; b, the regression coefficient; x, the rate 

of food consumption. The limita of this equation can be 1fl"itten as, 

Lim a + lxx: - a 
---......:.....; .......... --

x = 0 a1 + b1x al 

L1m a. + lxx: - b --
x-oe ~ + b1x b1 

The lower limita of the equation suggest that growth in !• maculiventris 

is possible in the absence of food, and this tact wa.s contirmed in the 

present experiment. Conversely, the upper limita suggest that maximum 

growth is possible if the rate of food consumption is increased indefin­

itely. In reality auch a phenomenon œver occurred for !• mac'llliventris 

since there was a limit to the amount of food that the predator could 

cons ume in a unit of time. 

Growth curves calculated from the above formula (1) for each 

stage of the predator and superimposed on scatter diagrams of actua1 

growth per stage are illustrated in Figures 11 to 13. 

t. Accumulative effects of rate of food consumption 

For second- to :f'irth-instar nymphs of !• maculiventris the rate 

of development has been shown to vary with the rate of food consumption 

(Figs. 9 and 10). Since the period of development per instar is based 

on the mean number of feeding da,.s it is possible to project this period 
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using the following equation t aken from Figures 9 and 10 and stated 

in general terms as: 

Feeding period per stage - 1 
- Developmental rate 

but more precise~ as: 

Time : 1 
~ + b1x 

where, a, is the intercept; b, the regression coefficient; x, the 

rate of food consumption. The limita of this equation can be written 

as, 

Lim 1 = 1 
x = 0 a1 + b1x al 

Lim 1 - ...!.. -
x-01(: a1 + b1x bl:x: 

1 
Time al is the number of days theoretically required for E• maeuliventris 

to complete development without food at a particular nymphal stage. 

For secom-inatar nymphs, for example, the time required was calculated 

as 2.4 days which is close to the three days observed for the stage in 

this experiment. Time _.l_ representa the theoretieal minimum time 
b1x 

required by the predator to complete ea.eh stage. In this experiment, 

for second-instar ~hs at the fourth diet level a minimum of 1.7 days 

was needed to complete development. On the basis of this value total 

time theoretically required for development of nymphal instars two to 

five is 6.S days. In the present experiment total developmental time 

for nymphal stages two to five was determined to be 10.4 days; i.e. , 

slightly more than 1.7 days per instar. Turnbull 1s (1962) explanation 

of a similar phenomenon for spiders may be applicable here, i.e., "it 



appears that the attainment of maximal feeding rates at one stage of 

the spider 1s life somehow inhibits the maintenance of maximal rates 

in subsequent stages". 

g. Total food oonsnmption 

Total food oonsumed by nymphe or f• maouliventris instars two 
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to .five, was approximately the same at the .first two diet levels, but 

increased significantly at diet levels three and .four (Fig. 14). These 

findings differ trom those of Turnbull (1962) who observed that spiders 

consume virtually the same amount of food ir.respective or the diet level 

(.food supply). The .feeding period for n;ymphal instars two to .four at 

the .first two diet levels was o.f the same order, but a signi.ficant 

inorease in this period was obtained .for .firth-instar n;ymphs at diet 

leval one. At the .first diet level, .food supply was suf':f'icient :f'or 

normal development o.f second- and third-instar stages, but not :f'or 

.fourth- and .fi.fth-instars whioh :f'ed f'or a longer period before trans­

forming to adulte. Fi.fth-iustar n;ymphs red tor a oonsiderably longer 

time than :f'ourth-instar nymphe and both nymphe expended a certain amount 

of' energy searohing tor prey. At the second diet level :f'ood supply tor 

:f'itth-instar ~hs were also inadequate :f'or optimum development and 

energy loss due to searohing for prey was slight. Diet level one (one 

.0037 gm. size g. mellonella larva per day) very nearly constituted a 

semi-starvation diet tor .firth-instar nymphe or l• maculiveutris and 

mortallty at moulting on this diet level was appraximately 60 per cent 

tor this stage. Conversely, the highest diet leval (one .022; gm. size 

g. mellonella larva per day) for all stages was ver1 close to the maximum 

food that can be oonsumed b7 the predator and growth curves at this 
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leval reached the upper asymptote {Figs. 11 to 13). 

Resulta obtained above are similar to those obtained by Ul.l:yett 

(1950) tor Luoilia sericata Meig. and Nicholson {1950) tor .&• cuprina 

(Weid.) , when they supplied tood in abundance to the immature stages 

ot both species, larger ad.ults were obtained in a shorter time. When 

tood was scarce smaller adults were obtained in a longer time. Alldrewartha 

{1961) commenting on Nicholson's resulta, ca.tegorizes food given to .&• 

cuprina as "effective" food it a.mount given in one generation contri-

butes to the formation or next but if not as "wasten tood.. 

2. Adult stage 

A.dult .f• ma.culiventris used in the diet experimenta came from 

the standard culture, where food supply was adequate tor optimum develop­

ment of the species (Section III). For adult males and f'emales, the 

rate or food consumption a.t all diet levels increased during the tirst 

10 and 35 da.ys of life, respectively, as the food suppq was increased 

am therea.f'ter decreased tor both sexes. Decreases were slight a.t 

diet leval two but more pronounced at diet levels three and tour. 

At the first diet leval the rate of food consumption remained constant. 

In general at all tour diet levels, the rate of food consumption was 

lower in males than in temales (Tables 14 to 17). Figure 15 indicates 

the total food consumption tor both sexes of the predator during their 

mean length of lite at tour diet levels. The longevity or both sexes 

was maximum at the first diet level and appears to be correlated with 

low food consumption (Table 11). 

Adulte reared at the third and rourth diet levels rested between 

reedings and did not search actively tor prey. On the other band, 
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TABIE 11 

Mean1 longevity of adult male and i'emale ï• macu1iventris reared individua.11y on g. me11onella larvae at 

four diet l.evels, and mean eggs and egg masses deposited per i'emale per diet leve1. 

x 1ongavity or adu1ts i· eggs and egg masses per i'emale 

In Daye Period in 1964 Mlsses 
-

Male Female Male Fe male 
Xggs 

Total Eggs per Range 

11:3.3 t 13.9 f!tl.O : 7.8 Dl.y-Oot. May-Sept. 250.5 :t 8.2 12.3 ± 1.:3 20.4 t 1.7 9- 15 

94.3 :t 17.5 67.8: 10.8 May-Oct. May-Aug. 317.0 t 155.0 11.0 t 4.4 28.8 ± 0.2 2- 20 

78.0 :t 8.7 69.5 :t 8.4 May--Aug. M'ay-Aug. 591.; ± 26:3.5 21.8 ± 16.0 27.2 ± 1.3 :3 - 47 

91.5 t 15.4 49.0 ± 3.4 May-sept. May-July 410.0 ± 61.0 14.0 ± 2.3 29.3 ± o.8 8 - J.8 

1 Mean of four males and i'emales per diet leve1. For unfed males, May to Ju1y, 1964, m&a.n 1ongevity was 

58.:3 t 2.9; for uni'ed i'emales, May to August, 1964, mean 1ongevity was 73.5 t 1.0 days. 

~ 
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unf'ed adulte searched actively for prey during the first 1; dtqa of 

their adult life; thereaf'ter they searohed less, spending much of 

their time resting. Unf'ed (water supplied) females lived longer than 

unfed males (Table 11) and daily live weights for both sexes {Appendix 

pt. 1, Table II) fluctuated slightly depending on whether or not adults 

took water. Oonversely, daily dry weights showed gradual decrease 

until death. Starved females, fertilized or not, did not lay eggs. 

Because of the cannibalistic tendencies of males and for the 

purpose of dbtaining separately food consumption data for both sexes 

adulte were mated once during the first few days of the experiment. 

For this reason it is not possible to comment on the affects diet levels 

had on sperm production and number of matings. 

Females mated once, did not lay fertilized eggs throughout adult 

life, although egg production did not deorease. The number of eggs 

that hatched gradually decreased af'ter the first 35 days until all 

eggs laid were infertile {Figs. 16 and 17). Hence for individually 

reared l• maeuliventris females, the number of fertilized eggs laid 

depends upon the number of matings am length of life. During the 

first 35 da.ys of life, the :number of eggs produced per female, whether 

fertilized or not, increased as food consumption increased. From the 

36th to 55th day, the number of eggs laid at diet levels oœ, two and 

four was virtually constant but increased at the third diet leval {Table 

28) • The perceutage number of eggs that hatched per diet level one to 

four was 57.8, 54.4, 39.1 and 67.0 respeotively, and the mean preovi­

position period for theae levels was 14, 12, 7 and 5 days respectivel7, 

and inVeraely proportional to the amount of food conaumed. 
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The mean weight of fertilized eggs increased as food consumption 

increased, but this increase was not significant. For unfertilized eggs, 

the mean wight generally remained constant at all diet levels and did 

not differ significantly from fertilized eggs (Table 12). It would 

appear that the e.mount of energy cbannelled by females, whether terti­

lized or not, for the production of individua.l eggs is mu.ch the same 

at all diet levels. 

3. The consumption quotient or Van der Drirt Constant 

Van der Drirt (1951), Gere (1956) and Dmlger (1958) found that 

food consum.ption {generally accepted as an approximate measure or 

metabolic activity) in different sized adult dip1opods and isopode 

was directly proportional to the surface area or the consumer. 

This relationship was expressed as e/W , where c, is the 

dry weight of food eonsumed in unit time, ~, the surface area 

of the animal and g, the live body weight. This expression, termed 

the Van der Dritt Constant by Balogh (1953) and Gere (1956) was restated 

by Dunger (1958) as lOOc/,Y g2 and called "Konsumquotientn (KQ). 

According to Van der Drift (1951) an accurate estimate of the metabollc 

activity of a species, based on food consumption can onlr be attained 

if temperature and humidity conditions are lœpt constant and Gere (1956) 

f'ound this is the case far adult dip1opods and isopode except this 

"constant" was independant of size. Dunger (1958) reported that KQ 

was inde pendent of size as well as of age within a species. 

a. KQ estimations for stages of f• maculiventris 

In the present investigation, Dunger •s (1958) formula was applied 

to determine the consum.ption quotient of the immature and adult stages 



TABlE 12 

Mean1 live and dry weights (in milligrams), and mean oalorific values, 

for f'ertilized and unf'ertilized eggs of adult fema.1e l• maculiventris 

reared individua11y on .9'• me11onella larvae at four diet leve1s. 

Live weight Dry weight Calorific 
(milligram) ( m11ligram) value 

Diet Un- Un- Ferti- unf'erti-
leve1 Fertilized fertilized Fertilized ferti11zed lized 1ized 

1 .387:!: .004 .337 ± .005 .219 f: .002 .178 ± .003 1.7 !: .02 1.3 t .02 

2 .386 :t .004 .344 ± .005 .218± .002 .1S1 ± .003 1.7 ! .02 1.3 t .02 

3 .')97 ± .003 .347 :!: ·004 ·224 ± .002 .1S3± .002 1.7 ± .02 1.4 ± .01 

4 .408 ± .002 .341 ± .005 .231 :t .001 .178 ± .003 1.8 :!: .007 1.3 ± .02 

1 Mean of 25 eggs, fertilized and unfertilized, per diet leve1. 
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or f• ma.culiventris. Resulta shoed that far nymphal stages, m.etabollc 

activity (based on KQ) was directly proportional to rate of food con­

sumption (Table 13) within each or the second- to firth-instar nymphs 

but decreased between instars as food consumption increased. Food 

consumption was not proportional to body surface area in instars two 

and tbree and adulte, but proportional in instars four and five. The 

lack or constancy was also observed for stages or the phalangid, l\fitopus 

morio (F.) by Phillipson (1960). 

Zeuthen ( 194 7) mentions that for insecte in general, the metabolic 

rate decreases with increasing size and, within species, decreases 

rapidly duriDg ontogen;y, regardless or the size of the animal. 

In adult males and females metabolic activity was directly pro­

portiona.l to the rate of food consumption. The gradual decrease in 

KQ estimates (Tables 14 to 17) within each diet level (except for first 

diet level) duriDg adult lite appears to be due to senescence of' the 

predator and is in agreement with KQ values obtained for !• .!!!9!!2 by 

Phillipson (1960). For f• maculiventris adults KQ estimates in both 

sexes were of' the same order at each diet level, though the rate or 

food consumption in males was generally lower than in temales (Tables 

14 to 17). 

4· Relationships between body weight, food intake and age tor adult 

f• maculiventris 

A series or total regression and total correlation analyses were 

carried out tor adult males and f'emales at al1 diet levels on the 

tollowing relationships: 
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TABLE 13 

Mean da.i1y f'ood inta.ke, mean body weight bef'ore moulting and consumption 

quotient (KQ) f'or second- to f'if'th-instar nymphe of' f.• macUliventris 

reared a.t f'our diet leve1s • 

Diet ~an dai1;r Mean body wight 
KQ = 100c/W leve1 f'ood inta.ke bef'ore mou1ting 

(dry wt. in gra.ms) (live wt. in gra.ms) 

2nd instar ll1HlPhs 

1 .ooos .0030 2.4 
2 .ooos .OOZ'l 4.1 
3 .0007 .0024 3.9 
4 .0020 .OO'Z7 10.0 

3rd instar nymphe 

1 .ooos .0089 1.9 
2 .0010 .0102 2.1 
3 .0010 .0091 2.3 
4 .0020 .0098 4·4 

4th instar nymphe 

1 .ooœ .0195 1.1 
2 .0010 .0231 1.2 
3 .0020 .0248 2.4 
4 .0030 .0253 3.5 

;th instar ll1HlPhs 

1 .ooos .0367 .73 
2 .0020 .0441 1.6 
3 .0030 .0541 2.1 
4 .0040 .0611 2.6 



TABlE 14 

M9an daily food intake, mean daily body weight and consumption quotient, 

per 10-dq interval, for adult male and f'emale ~. ma.culi ventris rea:red 

at diet level one. 

Male Fe male 

Age rœan dail)" Meandail)" KQ : Mean daily Mean dail)" KQ: 
in food intake body weight lOOcj<fg2 food intake bod1 weight lOOei# 

da ys (dry wt. in (live wt. (dry wt. in (live wt. 
grams) in gra.ms) grams) in grams) 

10 .0019 .0568 1.3 .0021 .C/768 1.2 

20 .0020 .0573 1.3 .0021 .0817 1.1 

30 .0021 .0569 1.4 .0021 .os;; 1.1 

40 .0021 .0575 1.4 .0021 .OS70 1.1 

;a .0021 .0577 1.4 .0021 .os;8 1.1 

60 .0021 .0576 1.4 .0022 .0838 1.1 

70 .0021 .0576 1.4 .0022 .0829 1.2 

80 .0021 .0573 1.4 .0022 .0828 1.2 

90 .0020 .0570 1.4 .0022 .0832 1.2 

100 .0020 .0571 1.3 -
110 .0020 .0570 1.3 
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Mean daily f'ood. intak:e, mean daily body weight and consumption quotient, 

per lü-day interval, f'or adult male and f'emale f• maeuliventris reared 

at diet level two. 

Male Fe male 

Age .Mean dail7 Mean daily KQ = :&ttan dail7 Maan daily KQ: 
in f'ood intake body weight 100e)ifg2 f'ood intalœ body weight lOOo;w-

daye (dry wt. in (live wt. (dry wt. in (live wt. 
grams) in grams) grams) in grams) 

10 .0032 .0623 2.0 .00.36 .0784 2.0 

20 .0029 .0610 1.9 .0033 .0836 1.7 

30 .0032 .0604 2.1 .00.34 .0859 1.7 

40 .0033 .0611 2.1 .0033 .0891 1.7 

50 .0031 .0617 2.0 .0032 .0911 1.6 

60 .0029 .0620 1.9 .0032 .0901 1.6 

70 .0028 .0624 1.8 .0033 .OS72 1.7 

80 .oo28 .0625 1.8 

90 .0028 .0629 1.8 



TABlE 16 

Melan daily food intake, mean daily body weight and consumption quotient, 

per lo-day interval, for adult male and female l• maculiventris reared 

at diet level three. 

Male Female 

Age 1\éan daily J!ean daily KQ =w M3an aa11,- Maandaily KQ : 
in food intake body weight lOOc/3 g2 f'ood intake bod:r weight lOOoi<{g2 

d818 (dry wt. in (live wt. (dry wt. in (live wt. 
grams) in grams) grams) in grams) 

10 .0050 .0666 3.0 .0061 .0914 3.0 

20 .0043 .0661 2.6 .0056 .®0 2.7 

30 .0040 .0659 2.5 .0052 .0993 2.4 

40 .0037 .0667 2.2 .oo;o .1018 2.3 

;o .0032 .0668 1.9 .0047 .1038 2.1 

60 .0031 .0664 1.9 .0046 .1047 2.1 

70 .0029 .0656 1.8 .0047 .1042 2.1 

80 .OOZ7 .0648 1.7 -
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TABlE 17 

Mean daily food intake, mean daily body weight and eonswnption quotient, 

per 10-day interva1, for adult male and female l• maeuliventris reared 

at diet 1eve1 t'our. 

Male Fe male 

Age Mean dai1y Mean daily KQ : P.t9an daiq .Meandaily 1~Ï</T in food intake body weight lOOef# food intake bod7 weight 
days (dry wt. in (live wt. (dry wt. in (live wt. 

grams) in grams) grams) in grams) 

10 .0048 .0644 3.0 .0065 .0964 3.1 

20 .0038 .0641 2.4 .0059 .1039 2.7 

30 .0037 .0646 2.3 .0054 .1071 2.4 

40 .0034 .0656 2.1 .0050 .1099 2.2 

50 .0031 .0662 1.9 .0046 .ll20 2.0 

60 .0028 .0663 1.7 

70 .002!1 .0663 1.6 

80 .0025 .0664 1.5 

90 .0027 .0666 1.6 



a) age and food intalœ 

b) age and body weight 

c) food intake and body weight 

Resulta showed that at the f'irst diet level a direct relatio~ 

ship existed between age and food intake for both males and f'emales 

(Fige. 18 and 20) and between age and body weight for f'emales only 
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(Fig. 22). No relationship was f'ound to e:xist at this diet level between 

food iirliake and body weight for either se:x. For both sexes, relation­

ships ttage versus food intake" and "food intake versus body weight" were 

inversely proportional at the second and f'ourth diet levels, and inversely 

and directly proportional respectively, for females and males at the 

third diet level (Figs. 18 to 20 and 24 to 26). The "age versus body 

weight 11 relationship for both sexes was directly proportional to age 

at the second and fourth diet levels, and inversely and directly propor­

tional respectively, for males and females at the third diet leval 

(Figs. 21 to 23). 

The combined affect of' age , food intake and body weight for both 

sexes was determined by partial correlation analyses at diet levels 

two, three and fonr. Resulta showed that when "age" was held constant, 

a significant relationship existed between food intake and body weight 

for females at the second and third diet levels and that if "body weight" 

was held constant, the relationship between age and food intake for 

males at the third level was significant. In all other cases, when 

one of the three variables wa.s held constant, the relationship between 

two other variables was non-significant (Table 18). 
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TABlE 18 

Relationships between age and food intake, age and body weight, food inta.ke and body weight, as revealed by total 

and partial correlation analyses, for ad.ult male and temale ~· maculiventris reared at three diet leve la. 

Male Fe male 

Variables Total Signi- Variable Partial Signi- Total Signi- Variable Partial Signi-
corre- ti canee held corre- ti canee corre- fi canee held corre- fic ance 
lat ion constant lat ion lat ion constant lat ion 

Diet level 2. 

Age vs. Food intake -.71 :x: Body weight -.56 - -.74 .. Body weight +.45 
Age vs. Body wight +.55 - Food intake +.20 - t.SS xx Food intake +.78 -Food intake vs. Body weight -.62 - Age -.59 - -.93 xx Age -.87 :x: 

Diet level 3. 

Age vs. Food intake -.97 xx Body weight -.93 xx -.93 xx Body weight +.52 
Age vs. Body weight -.48 - Food intake -·45 - ... 96 xx Food intake +.76 
Food intake vs. Body weight + • .39 - Age - • .35 - -.99 xx Age -.95 xx 

Diet level 4. 

Age vs. Food intake -.93 xx Body weight -.64 - -.99 :x::x: Body weight -.17 
Age vs. Body weight +.93 :xx Food intake +.64 - +.96 xx Food intake - • .36 -
Food intake vs. Body weight -.sa :x::x: Age -.11 - -.99 :x::x: Age -.75 -
:x: Significance at 5 per cent level :x::x: Significance at 1 per cent l.evel - Non-significance 

~ 



VI. STUDmB ON THE TRANSFORMATION OF ENERGY 

BY P. MACULIVENTRlS 

A. INTRODUCTION 
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Lindeman•s (1942) pioneering work on energy transfer in a natural 

community constituted a preliminary application of the principles of 

Physics to living organisme. Studies that followed on the measurement 

of rate of energy transfer in natural and laboratory ecosysteme, listed 

belo•~ are a further application of these principles: dln!m±cs ~ 

production,!!! aqœtic communities - J'uday (1940), Lindeman (1941, 1942), 

Clarke (1946), Harvey (1950), Dineen (1953), œum and Odum (1955), 

Odum (1957), Teal (1957); energetics ~ populations .!!! 2 ~ -

Odum and Sma11ey (1959), Go1ly (1960), Smalley (1960), Engelmann (1961), 

Odum, Connel1 and Davenport (1962); energetics !?!, laboratorz populations -

Trama (1957), Richman (1958), Slobodkin {1959), Armstrong (1960) and 

Weigert (1964). 

These etudies have shown, in particUlar, the need for more precise 

information on calorific values of different organisme, since conversion 

of biomass estimates into energy using apprax:imated calorific constants 

is unsatisfactory. According to Maofadyen (1948), nwe rare1y know the 

oa1orifio values by whioh to multiply the biomass figures and, as a 

first approximation, the se are assumed equa1 far all organisms so that, 

when considering the who1e ecosystem, it is assumed that the biomass 

and energy values will give essential1y the same relative importance 

to each group of organisms. Hoaver, Bornebush {1930) bas shawn tbat 



this is fe:r from being the case in forest soils, and the available 

figures for fresh-water organisme point in the same direction. The 

ready conversion of biomass to energy figures, and the discriminate 

use of the terms as used by American authors would seem to have led 

to the obscuring of the fe.ot that the energy and biomass cycles are 

fundamentall.y distinct and of a different nature". Macfadyen (1963) 

further suggests that estimates of the metabolic activity for each 

organism should be made to determine the relative importance of these 

organisme in an ecosystem. Such estimates used in conjunction with 

life tables would provide a precise method of analysing the relation­

ships that exist between intrinsic rate of increase of an organism and 

its success in competition in an ecosystem. 

In view of the great lack of energy work on organisme in terre­

stria! ecosysteme, the present study on the energy trans fer in ~. 

maculiventris was initiated. The object was to measure directly the 

amount of energy coœumed by the predator at different stages and how 

much of this amount went into growth, production of eggs, respiration 

alld excrement combined. From these measurements, it would then be 

possible to calcUlate the efficiency w:lth which consum.ed energy was 

converted into new protoplasm. 

B. ME'l'HOOO AND MATERIAIS 

l• maculiventris was found to be particularly suitable for a 

study of energetics sinoe it can be cultured easily in the laboratory 

and has a relatively short life cycle. Ree:ring a.nd feeding of the 

predator on different sized larvae or ,g. mellonella for purposes or 
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this study was carried out as described in Section v. 
All samples used for calorimetrie determinations were dried 

in an oven at 105°0 for apprax:imately four hours, i.e., until the dry 

weigbt of each a ample was constant. samples were kept in dessicators 

pending analyses. The calorific value per gram or each a ample was 

determined by incinerating it in a semimicro ar,ygen bomb Calorimeter 

which consisted of the following parts (Plate VI): 

1. Calorimeter jacket: A double-walled alld double-bottomed 

non-metallic bakelite jacket Wbich encloses the calorimeter chamber 

for effective thermal insulation. On the outer wall of the jacket 
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is screwed a small motor Wbich (by means of a belt) activates the stirrer 

located in the jacket cover (Plate VI, B III). An electric wire fitted 

to the terminale or the ignition unit within the calorimeter jacket 

provides the electric power source for the bomb. 

2. Calorimeter cover: A circular bakelite plate carrying internally 

the stirrer shart and externally the stirrer pulle;r (Plate VI, B I) , and 

used to seal the open end of the calorimeter jacket during incinerations. 

3. Calorimeter can: A chromium-plated brass container used to hold 

the vacuum rlask (Plate VI, B II) • 

4. Vacuum flask: A glass Dewar Jar, 665 ml. capacity, with a flanged 

metal bottom, ritted into the calorimeter can. 

5. Combustion bomb: An oxygen bomb consisting of a 22 ml. stainless 

steel eup; a stainless steel cover containing a small valve with an 

insulated electrode, an ar,ygen inlet tube containing an adjustable 

platinum-irridium loop to hold the pellet capsule, and terminals for 

the conœction or the ruse wire. The steel eup and cap are held tightl)" 



together by means of a nickel plated jacket and a perforated screw cap 

(Plate VI, B VI) • 
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6. Ignition unit: A step-down transformer of 115 volts - 50/60 

cycles A.C. - with a push switch, pilot light, and terminais connecting 

the bomb. This unit provides current for ignition of the sample (Plate 

VI, B IV). 

To record the temperature produced by combustion of each sample, 

a Bausch and Lomb high sensitivit7 VO:M 7 strip chart recorder was used 

(Plate VII A. and C). To the recorder was attached a thermo cbart (Plate 

VII D) provided with temperature settings ranging from 0° to 100°0, 

and to the thermo ehart was conœcted, by me ans of a long insulated 

electrical wire, the thermistor probe inserted through the ealorimeter 

cover and rested in the water near bomb in the jacket. 

Each sample to be ineinerated was plaeed inside the bomb and 

sealed as deseribed above, and the bomb charged with OXJrgen to a maximum 

of 35 atmospheres. The bomb was then placed in the vacuum. flask to 

which had previousl7 been added 45o!. 05 grams of water ( distilled or 

tap; weighed b7 Mettler balance, model K7T, sensitive to 0.01 gram; 

Plate V E) adjusted to an initial temperature of 17° to lSOc. The 

stirrer, in the calorimeter cover, was then placed verticall7 inside 

the vacuum. flask. Through the hole in the calorimeter caver provided 

for this purpose was inserted the thermistor probe which rested in the 

water in the calorimeter vacuum flask and the space in the cover around 

the probe was sealed with plasticene. 

The water equivalent of the calorimeter was calculated from the 

data obtained on the incineration of three benzoic acid pellets, weighing 



appraximatel.y 0.2 grams, by means of the following formula (Parr 

Mamal 128): 

where: 

w: Hm+f 
t- RC 

W = water equivalent of the calorimeter in calories per 
degree Centigrade 

H : beat of combustion of benzoic acid 

m = mass of samples in grams 

f : beat input (1.13 calories) from 7 cm. fuse wire 

t = œt temperature rise in degrees Centigrade 

RC : radiation correction in degrees Centigrade 

Since the calorimeter was not adiabatic, corrections were made 
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for radiation gain and loss using the following formula (Parr Manual 128): 

where: 

RC : 5(Tlg - Tl2) + (T6 - To} 
6 

RC : radiation correction 

T
0 

= temperature at the beginning 

T 
6 

= temperature at s:fxth minute 

T
12 

: temperature at twelfth minute 

T 18 : temperature a.t eighteenth minute 

Corrections wre also made for the burning of the tuse wire in 

the bomb. Hence, tor each sample, the temperature rise corrected for 

radiation gain or loss and multiplied by the water equivalent gave the 

total calories prod.uoed in each combustion. Total calories, divided 

by the gram weight of the sample gave the number of calories per gram. 

Benzoic ac id was not mixed with ar.ry of the samples, since weights of 

samples used were within the five to 200 milligrams range capacity of 
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the calorimeter. For some samples, as for example eggs, a pellet press 

(Plate VII B) was used to prepare compact sa.mples for testing. In using 

the press, utmost care had to be taken not to apply too great a pressure 

to the sa.mple, since excess pressure resulted in the losa or ratt;r sub­

stances and consequent loss or calories. 

The above bomb calorimeter assembly was round to be a most sturdy 

unit, functioned well throughout the marry incinerations made and is 

considered most adequate for the type of quantitative work dona here. 

C. RESULTS 

1. Energy Input 

a. Calorific values or g. mellonella larvae 

For each or six different sized fresh g. mellonella. larvae fed 

to rrymphs and adulte or Î• maculiventris the mean milligram dry weight 

value, from the smallest to the largest, was, respectively, o. 8, 1.6, 

2.7, 4.9, 10.0 and 12.0. The first four weights represent the amounts 

of dry food given to each or the second- to firth-instar nymphs or 

~· macul.iventris and are desigœted, respectively, diet levels one, 

two, tbree, and four, and the last four wights re present dry amounts 

given to each or the adult males and females and are similarly design-

ated diet levels one, two, three, and four. 

Gram calorific values for each of rive replicates of each of the 

six G. mellonella prey sizes are given in Table 19. Resulta show that -
as the size or prey increased, the calorit:ic values increased. Values 

per replicate overlapped betwen prey sizes one to four and between 

five and six, but not between prey sizes one to four and five, and 
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TABlE 19 

Calories per gram of d.ry weight for each of six different sizes of .Q• mellonella larvae, for each 

of five replicates, with means of replicates, standard deviations and coefficients of variation. 

Replications 

1 

2 

3 

4 

5 

Mean 

Standard deviations 

Coeff. of var. 

1 
.0008 

5865 

5903 

6142 

5818 

5951 

5935 

125 

2.1~ 

Larva1 sizes in grams of dry weight 

2 
.0016 

5978 

6210 

6426 

6009 

6Z'/O 

6178 

187 

3.0)% 

jlf 
.OOZ'/ 

4'Jf. 
.0049 

Calories per gram of dry weight 

6179 68'79 

6082 6246 

6405 6Z71 

6421 6519 

5944 6114 

6206 6405 

206 303 

3.3~ 4.7)% 

5 
.0100 

7319 

72z:J 

6708 

7068 

6594 

6982 

323 

4.63% 

lE Larva1 sizes 3 and 4 constituted diet levels three and four for immature stages and 
one and two for adult stages of ~. ma.culi ventris. 

6 
.0120 

6847 

6861 

7300 

6964 

7531 

7100 

303 

4.27% 

e 

1-' 
0 
~ 



109 

one to four and six. However, the mean calorific values for each prey 

size did not overlap. 

2. Energy utilization for growth 

a.. Calorific values of immature stages of P. maculiventris -
Calorific values were determined for each of reading instars 

two to five at each or diet levels three and four {a) a.rter each moult 

before feeding (Young = Y) and (b) a.t the end of the feeding period 

(Mature = M) • 

Values obtaiœd for mature second-, young and mature third-

and young rourth-instar n;ymphs, at diet levels three and four showed little 

variation and were averaged separately for each instar, young and mature, 

(Table 20). These valœs were used to transform dry weights (Appendix 

pt. 2, Tables V to VII) of corresponding instars at all diet levels, to 

calories (A.ppendix pt. 3, Tables VIII toX). Since there were marked 

differences in the dry gram weights of mature fourth- and young and mature 

firth-instar eymphs, at the four diet levels, the caloriric values for 

these instars at diet levels one and two were extrapolated from calorific 

values obtained for diet levels three and four (Table 20). 

The first-instar nymphe of l• maculiventris do not require food 

and usually have sufficient energy reserves for growth and development 

in this stage. Calorific values (Table 20) obtained for newly hatched 

rirst-instar n;ymphs were the highest or any instar and decreased slightly 

just prior to moulting, indicating loss of energy due to growth. Young 

second-instar eymphs, be fore reading, showed a further reduction in 

calorific valœ due to loss or energy at moulting. Calorific valœs for 
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TABlE 20 

Numbers of replicates, mean calories per gram of dry weight, with standard deviations and coe.f'ficients of 

variation, far young (Y) and mature (M) tirst- to fif'th-instar nymphe of' l• maculiventris reared individ­

ually at a constant temperature or soC, and a relative humidity or 70 per cent. 

Pl!lan or diet levels 3 and 4 Mean per diet leve1 

First Second Third Fourth Fourth iœtar Fi.f'th iMtar 
il'lStar instar iDStar inStar M y M 

Diet Diet Di et 
y M y M y M y 1 2 3 4 1 2 3 4 1 2 3 

Repli-
cations 2 2 2 2 2 4 3 - - 2 2 - - 2 2 - - 2 

Calor• 
ies 7479 735.3 6989 7222 6822 6597 63.39 5129E 6050W 6313 658.4 4742:" 5732!' 5957 6.361 4122'1 491oK 6185 

Standard 
devia-
ti ons 7 12 96 :!7 .36 f17 159 - - 35 38 - - 110 89 - - 36 

Coett. ot 
var. .(11!, .16% 1 • .3"1% .51% .;)% 1.32% 2.51% - - .;;% .;e,; - - 1.8;% 1.4q( - - .5$ 

~ 
Extrapo1ated values. 

4 

2 

6582 

55 

.SI$ 

~ 
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mature second-instar uymphs, at the end o:t' the :t'eeding period be:t'ore 

moulting, were higher than at the beginning of the stadium be fore feeding. 

These values also increased with increased energ;r consumption in the 

:t'ourth and fllih stadia. This result is in agreement with the :t'indings 

of Slobodkin and Richman (1961) on Dttgesia tigrina. (Berlese) tha.t 

well-fed anima.ls increase in calories par gram. 

b. Calorific values or adult E. maculiventris 

All adulte used in the energetics experimenta came from the 

standard culture as described in Section III. 

i. Males 

calorific values :t'or males at all diet levels were determined 

at three day intervals from the :t'i:t'th to the 33rd day :t'ollowing emergence, 

and immediately a:t'ter death, and ttn:t'ed males at similar intervals from 

the :t'irst to the 29th day and at death - a total of 45 incinerations. 

Resulta revealed that differences in calori:t'ic values on the 

firth day of the experiment between diet levels one, two, and three were 

not signi:t'icant, but were signi:t'icant at the :t'ive per cent level between 

diet levels one to three and :t'our. The slight variation between the 

:t'irst three diet levels ma.inly re:t'lects variation in initial calorific 

value o:t' the individual predators. Resulta further reveal that at each 

o:t' the four diet levels the mean calorif'ic values of males increased as 

energy conswnption increased {Table 21). 

Tests for significance {t-test} revealed that differences in mean 

calorific values were significant at the one per cent level between the 

first and third, first and :t'ourth and second and f'ourth diet levels, and 

at the :t'ive per cent level between the third and fourth diet levels. 



- e 

TABLE 21 

Calories per gram of dry weight, per three-day interval, for adult males, and one-day interval, for 

adult females of the predator l• maculiventris reared individually on four diet levela for 33 days 

(with x calories, S.D. and C .vll'l for ea.ch diet level) a.t a constant temperature of 800, and a relative 

humidity of 70 per cent. 

Male Fe male 
Age Diet level Diet level 

in da;ys 1 2 3 4 1 2 .3 4 

5 7022 7128 7229 7736 6.304 6818 7266 7886 
7 7ert9 7814 7C97 8371 
9 7134 6910 6860 7569 7738 6711 7214 8028 

u 7669 7344 6818 826.3 
1.3 6641 7.361 7147 837.3 7651 6847 6560 79.36 
15 6944 7142 7262 7955 
17 5945 6649 7026 8172 7500 7068 7115 7408 
19 6490 69Z7 7188 7772 
21 5741 6649 7627 7.396 668.3 6554 7202 7900 
2.3 6790 7106 7007 79.31 
25 5924 6926 78Z7 8234 6277 6891 6667 7397 
Z7 6349 6774 7606 7568 
li9 6618 6988 6528 7286 6475 6787 7297 74.32 
31 6737 6698 7(:$4 7641 
.3..3 64.36 653.3 7285 7708 6497 6120 6906 7578 
x 5271 591..3 7.302 7568 5486 5561 6141 7566 

Mitan 6303 6784 7203 7782 6841 6822 70Z7 7789 
Standard deviations 621 417 387 387 672 497 349 li95 

Ooeff. of var. 9.85% 6.15% 5 • .37% 4.97% 9.8~ 7.29% 4.97% .3.7% 
...., 
~ 

x Estimates of calories per gram of dry weight at time of dea.th - obtained from a separate experiment -
were rœ.de for males at diet 1evels 1, 2, 3 and 4 on the 152nd, l40th, 102nd and 127th daye respectively; 
for females, on the 105th, 100th, 87th and 58th day respectively'. 
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For unted males calorific values (Table 22) were high at emergence 

but decreased from the firth to the 21st day and remained fairly constant 

therearter until the 29th d~. During the 29 day period, the pre da tor 

lost apprœdmately 16 per cent of the initial calorific value. From 

the 29th day to the 62nd day ( 33 d~) the re was a gradual decrease in 

calorific values, the loss in energy during this period being about 20 

per cent. The loss for the period of adult life was approximately 36 

per cent. 

ii. Females 

Ca.lorific values for fed females, at all diet levels, was deter­

miœd on the firth day of the experiment and every two days therearter 

during the first 33 d~ of adult lif'e and a.t death, and for unf'ed 

females every second day from the first to the 29th day and at death -

a total of' eighty incinerations. 

Resulta indicate tha.t the mean calorific values obtained for 

females at the first two diet levels were in the same order, but at 

the third and fourth diet levels, increased as energy consumption ino­

reased, althougb there wa.s considerable variation between estimates 

within and between diet levels 1 this variation was more pronounced in 

f'emales than in males (Table 21) and wa.s due to incinerations of f'emales 

bef'ore and af'ter egg laying. 

Tests for significance (t-test) revealed that the mean calorif'ic 

values were not signif'icant between diet levels one, two and three, 

but were signif'icant at the one per cent level between diet levels three 

and four. 

Calorif'ic values for un!ed females decreased as predator age 
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TABIE 22 

Calories per gram of dry' weight, per three-da;y interval, for unfed adult males, and one-day interval, 

for unfed adult females of the predator l• maouliventris reared individually at a constant tempera­

ture of 800, and a relative humidity of 70 per cent. 

Male Fe male 

Age Inoinerated value EXtrapolated value Inoinerated value Extrapolated value 
in days (5-day interva1) (5-day interva1) 

1 861.3 8455 8688 8.372 
.3 8159 84'Z7 8259 
5 8297 7918 800.3 7740 
7 7608 8291 7400 
9 8078 73.33 82.35 7205 

11 7105 80.31 7074 
1.3 7965 6870 756.3 6902 
15 6687 76Z7 6742 
17 7645 6495 7057 6570 
19 6.315 7190 6412 
2l 7490 6125 7270 6242 
2.3 5935 7284 6075 
25 7169 5788 7061 5925 
27 7r:/1.3 5757 
29 7200 7003 5550 
x 5746 5485 

1-' 

x Estimates of calories per gram of dry weight at time of death - obtained from a separate experiment - ~ 
were made for males on the 62nd day; for females on the 75th day. 



decreased. In the first 29 days of life unfed females lost 19 per 

cent or their initial energy rollowed in the next 46 da.ys by a 22 per 

cent loss, for a total loss during adult life of 4l per cent. The 

degree of decrease wa.s higber for females during the first 29 da.ys and 

higher for males alter the 29th d~ (Table 22). 
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It can therefore be concluded tha.t a.t the four diet levels gram 

ca.lorific values of fourth- and firth-instar nymphs of E• ma.culiventris 

and of adults of both sexes increased as the energy supply increased. 

These resulte are in accordance with those obtained by Slobodkin and 

Richman (1961) and indicate for E. maculiventris a nutritiona.l index 

for nymphs and adults. 

o. Oa.lorific values of eggs of E• maculiventris 

Pilot tests carried out during the period or egg-laying revealed 

no significant differences in mean calorific values between diet levels 

for each or the f'ertilized and unfertilized eggs or E• maculiventris 

but slight differences between these two types of eggs. Further tests 

(Table 23), based on five samples - 200 eggs per sample - taken at 

ra.ndom from the different diet levels for each of the f'ertilized and 

untertilized eggs revealed no signi:f'icant differences in mean calorific 

values between samples either within or betwen fertilized eggs. It 

would appea.r therefore that under conditions of' the present experiment 

eœrgy reserves utilized by females, fertilized or not, tor the pro­

duction of eggs remain constant for the species. 

3. Energy budget 

To express mathematically the transformation of energy in organisms, 
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TABlE 23 

Calories per gram of dry weight per replicate tor terti1ized and un­

tertilized eggs of E• maculiventris with means or rep1icates, standard 

deviations and coefficients or variation. 

Eggs 

Replications Fertilized Untertillzed 

1 7583 7594 

2 7819 7/J>3 

3 77P.$ 7329 

4 7959 7503 

; 7640 7224 

Mean 7758 7422 

Standard deviations 150 147 

Coetr. ot var • 1.9)% 1.9$ 
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IVlev (1939, 1945) proposed the following equation: 

where, Q is the energy consumed as food; 
1 

Q , the accumulation of energy 

as growth; ~, the energy loss due to excretion; Qt, the eœrgy util­

ized for respiration; ~' the energy utilized for external work; Q,' 

the eœrgy utilized for internal work. Ricker (1946), later suggested 

that ~, ~ and Q.., be combined since respiration representa the total 

eœrgy used by an organism for its normal daily activities. Following 

Ricker's (1946) suggestion, Richman (1958) modified the equation as 

follows: 

Input : Growth + Respiration + Egestion 

and this is the equation used in the present study to formulate energy 

budgets for different stages of l• maculiventris reared at four diet 

leve la. Energy losses due to respiration and excretion were not dater-

mined separately but were calculated as follows: 

Input - Growth : Respiration + Excretion 

In l• maculiventris, mean eœrgy as growth and mean eœrgy con­

sumption, per nym.phal insta.rs two to .t'ive and adults of both sexes, were 

calculated b:f converting the biomass obtained per individual in each of 

these stages at each of the four diet levels (Appendix pt. 2, Tables 

V and VII) into calories (Appendix pt. 3, Tables VITI and X) • From 

these mean values energy budgets were developed. 

The efficiency of growth has generally been expressed as percen-

tage of energy consumed to form new protoplasm, or percentage of energy 

assimila.ted that is transformed into new protoplasm. :rvlev (1945) and 

Ricker ( 1946) called the former the energy coefficient of growth of 
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the first order, and the latter, the energy coeff'icient of' growth of' 

the second arder. Richman (1958) subsequently called the f'irst ratio 

of' growth the gross ef'f'iciency, and the second the net ef'f'iciena,y. 

Following Richman 1 s method, gross ef'f'iciency of' growth only was deter­

mined for :f'eeding stages of .f• maculiventris. 

a. Immature stages of' !• maculiventris 

Eœrgy budgets developed for different f'eeding nymphal stages 

showed that in general eœrgy intake was directly proportional to eœrgy 

suppl1'. For second- and third-instar n;ymphs eœrgy intake increased 

with supply, but energy of growth remained virtually constant per instar 

at each of the four diet levels (Table 24). In these instars, energy 

loss due to respiration + egestion increased with consumption. In 

instars tour and t'ive, eœrgy of growth, respiration + egestion, was 

directly proportional to energy consumed. 

Gross ef'f'iciena,y of growth for second- and third-instar nymphs 

wa.s inversely proportional to energy consumption, and this eff'iciency 

t'or f'ourth- and firth-instar nymphs at diet leval one and f'irth-instar 

.nym.phs at diet leval two was lower than in diet levels three and four 

{Table 24). Clearly, for these stages, energy supplied at the lower 

diet levels, was insuf':f."icient and predators were never satiated. Total 

growth ef':f."iciency for the period instar two to :t'ive was 37.67, 50.91, 

54.70, 45.22 per cent, respectively, at the :t'irst, second, third and 

:t'ourth diet levels (Table 25). 

b. Adult E• maculiventris 

Two energy budgets were formed for each of E• maculiventris 

males and :t'emales covering the period of' growth from the firth to the 



TABlE 24 

l 
Mean energy budget for "f'eeding" nymphs (instars two to five) of' 

E• ma.culiventris reared individually on .Q• mellonella larvae at four 

diet levels. 

~an energy in calories 

Diet Of' respiration 
leval Consumed Of' growth and egestio~ 

Second instar 

1 6.5 4 • .3 2.2 
2 9.9 .3.7 6.2 
.3 8.7 .3.2 5.5 
4 19.2 .3.7 15.5 

Third instar 

1 1.3.1 9.4 .3.7 
2 16.1 12.0 4.1 
.3 20.5 10.7 9.8 
4 .3.3 • .3 11.1 22.2 

Fourth instar 

1 20.2 10.3 9.9 
2 26.6 17.8 8.8 
.3 .36.6 22.3 14.3 
4 50.0 2.3.8 26.2 

Firth instar 

1 62 • .3 14·4 47.9 
2 51.9 19.7 .32.2 
.3 78.8 42·9 35.9 
4 10.3.8 54.7 49.1 

1 Mean of' 10 nymphe per instar per diet 1eve1. 

2 Energy consumed - Energy of' growth. 

% consumed 
as growth 

66.15 
.37 • .37 
.36.78 
19.27 

71.76 
74.5.3 
52.20 
3.3 • .3.3 

50.99 
66.92 
60.9.3 
47.60 

2.3.11 
.37.96 
54.44 
52.70 
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TABLE 25 

Total1 energy budget per diet level for "feeding' nymphe {second 

to firth instars combined) of l• maculiventris reared individua.lly 

on g. mellonella larva.e • 

Total energy in calories 

Diet Of respiration % conswned 
level Consumed Ofgrowth and egestion2 as growth 

1 102.1 .38.4 6.3.7 .37.61 

2 104.5 5.3.2 51 • .3 50.91 

.3 144.6 79.1 65.5 54.70 

4 206 • .3 9.3 • .3 113.0 45.22 

1 Obta.ined from mean values for eaoh diet level of each of 
second to firth instars - Table 24 

2 
Eœrgy consumed - Energy of growth. 

120 
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35th day (rirst period) rollowing emergenoe, and from the 36th to 75th 

day (second period). During the rirst period, energy consumed by males 

was directly proportional to the energy supplied, save at the highest 

diet level when a slight decrease in energy inta.ke, due to ageing was 

recorded (Table 26). This result is in agreement with information re­

ported for males in Section V where the rate or food intake was inversely 

proportional to age ·(Fig. 19), particularly at the higher diet levels. 

Energy or growth ror males was not correlated with increased energy 

conswnption, and growth etficiency was low and showed no relationship 

to energy consumption. Energy losa due to respiration + egestion was 

higher when energy consumption was higher. 

During the second period t energy consumption for males decreased 

markedly at the third and rourth diet levels due to age and growth 

erticiency was zero, though fluctuations were observed in the day to day 

growth. Energy loss due to respiration + egestion increased as energy 

consumption increased (Table 26). 

Energy budget or female ~. maculiventris for the tirst period 

showed that energy consumption at the four diet levels was directly 

proportioœl to energy supplied. Energy or growth was virtually the 

seme at the rirst three diet levels but increased at diet level tour, 

probably due to the greater accumulation ot eggs {Table 27). Energy 

loss due to respiration + egestion ~as directly proportional to energy 

intake and growth erticiency inversely proportional to energy consump­

tion, except at diet leval four where there was a slight increase. 

The gross erticiency or growth of females during this period did not 

include the energy utilized for egg production, and henoe the energy 
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TABLE 26 

Mean1 eœrgy budget for adult male .f• m.aculiventris reared individually 

on ,g. mellonella. larvae at four diet levels during successive periods 

following emergence. 

Mean eœrgr in calories 

Diet ar respiration 
level Consumed ar growth and egestion2 

For 5th to .35th day 

1 395.0 6.9 .388.1 

2 626.7 5.5 621.2 

.3 753.7 16.6 737.1 

4 711.1 9.4 701.7 

For 36th to 75th day 

1 525.0 0 525.0 

2 612.9 .6 612.3 

.3 551.7 0 551.7 

4 486.9 0 486.0 

1 Ma an or four males per diet level per period. 

2 Energy oonsum.ed - Energy of growth. 

<$ consumed 
as growth 

1.75 

o.ss 
2.20 

1.32 

0 

.1 

0 

0 



TABlE 'Z7 

1 Mean energy budget for adult female E• maculiventris reared individually 

on Q• mellonella larvae at four diet levels during successive periods 

following emergence. 

Mean eœrgy in calories 

Di et Of respiration % consumed 
leval Consumed Of growth and egestion2 as growth 

For 5th to 35th dq 

1 402 • .3 54.7 176.9 13.60 

2 634.2 53.9 344.0 8.50 

3 1060 • .3 54.1 595.9 5.10 

4 1063.8 95.9 485.5 9.01 

For 36th to 55th dq 

1 200.7 0 102.0 0 

2 283.7 0 170.7 0 

3 .396.8 2.9 190.9 .?3 

4 323.6 0 195.9 0 

1 Mean of four f'emales per diet level per period. 

2 Energy consumed - Energy of' growth. 



124 

budget for this period is not balanced. 

During the second period (36th to 55th day) values obtained for 

total energ:y consumption, and energ:y loss due to respiration + egestion, 

were similar to values obtained during the first period. E'nergy utilized 

for growth was zero (except at diet level three) and the growtb efficiency 

was correspondingly zero (Table 27). Because of energy utilized for egg 

production the energy budget during this second period was also not 

balanced. 

The major portion of assim.ilated energy in adult females was 

used for egg production. The efficiency of reproduction (gross efficiency 

of the production of eggs) above ranged from 37.26 to 45.35 per cent 

for the period firth to 35th day and from 39.83 to 49.1S per cent for 

the period .36th to 55th day and in neither period showed a relationship 

with diet levels (Table 28). 

In this study, the gross efficiency of growth for individual 

second- and third-instar nymphs of ~· maculiventris was high (Table 24) 

compared to published data on developing stages of other species. 

Ivlev {1939) determined the maximum growth efficiency (gross) to be 

31.6 per cent in young Tubifex and OOum (1957) and Brady (1945) to be 

44 per cent for herbivores at Silver Springs and 35 per cent for growing 

cattle, respectively. The wri ter believes that the high values reported 

here for individual ~· maculiventris nymphs are accurate sinoe they 

are based on a large number of estima tes. When gross efficiency values 

(Table 25) for ail .l• maculiventris nymphal stages were combined, these 

values ranged from .37 .61 to 54.70 per cent and were of the same order 

as reported by other authors. 



TABIE 28 

M3an1 efficiency or reproduction for adult female l• maou1iventris 

rea.red individual1y on Q• me11onella larvae at four diet 1evels during 

successive periods fo11owing emergence. 

Mean energy in calories 

Diet Eggs % conswned % consumed 
1eve1 produced Conswned or eggs as eggs as growth 

and eggs2 

For period 5th to 35th da:y 

1 113.8 402.3 170.7 42·43 56.03 

2 157.5 634.2 236.3 37.26 45.76 

3 273.5 1060.3 410.3 38.70 43.80 

4 301.5 1063.8 482.4 45.35 54.36 

For period 36th to 55th day 

l 65.8 200.7 98.7 49.18 49.18 

2 75.3 283.7 113.0 39.83 39.83 

3 135.3 396.8 203.0 51.16 51.89 

4 79.8 323.6 127.7 39.46 39.46 

1 Mean or four females per diet 1eve1 per period. 

2 % eœrg consumed as growth (Table 'Z1) + % energy consumed as eggs. 
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VII. CLAŒ TO ORIGDUL RESEARCH 

The author wishes to claim that the quantitative resulta herein 

reported on the rearing, tunctional response, feeding biology and 

energetics of Î• maeuliventris fed g. m.ellonella larvae constitute 

an original contribution to science. 



VIII. TDvE SPENT ON ErPERTIENTS AND ON ANALYSES 

OF DATA. 

To eollect and analyse quantitative data on .f• maeuliventris 

of' the type herein reported, the e:f':f'ort involved is painstaking, must 

be consistent and without long breaks. In the course of' the present 

stud;y 9470 hours were spent accwnulating and analysing the information 

presented in this thesis, i.e., 8520 hours b;y the writer and 950 hours 

by assistants who helped in the rearing and handling or predator and 

prey. This time represents the equivalent or tour persons working a 

normal :f'ort;y-hour week during one ;year and a quarter. 

127 
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IX. SUM'MARY AND CONOLlBIORS 

A field-collected Quebec strain of the predator Podisus maculi­

ventris (Say) ta.k:en off apple was reared at Macdonald Collage at constant 

temperatures and relative humidities for twenty generations each consist­

ing of the egg stage, five nymphal stages and the adult. The first 

two generations were reared on both ugly nest caterpillars, Arohips 

cerasivordnus (Fitch), and wax moth larvae, Galleria mellonella (L.); 

the remaining generations on wax moth larvae alone. 

Under field conditions three generations of the predator may be 

completed eaoh year during the period May-June to September wi th some 

overlapping of the generations. Adults of the third generation hiber­

nate in October under the bark or undercover of debris, etc. 

In the laboratory, adults mated when two to four days old and 

the preoviposition period that followed lasted from three to 10 days. 

Female adults lived on the average 125.3 days; males 179.8 days. 

Eggs were laid singly or in groups of 22 to 71, and averaged 362.7 

per female for the first six generations. The maximum number of eggs 

laid by a single adult female was 1220. Incubation of eggs lasted from 

four to seven days and 94 per cent of the eggs hatched successfully. 

Nymphal instars one to four each lasted from four to seven days and 

instar five, eight to 11 days. The entire nymphal period lasted :from 

25 to 31 days. First-instar nymphs did not feed and animal food was 

required only from the second iœtar onwards. 

Under normal conditions of food supply the sex ratio of adults 

was 50:50 but a higher proportion of males was obtained when food was 
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scarce. 

When different sized .Q• mellonella larvae (prey) were fed to 

nymphe and adults of l• maculiventris in simple conf'ined universes, 

the rate of attack by the predator was higher at the smaller than at 

the larger prey sizes. This indicates that the hunger stress of the 

predators, partioularly the older instars and adulte, was more intense 

when they fed on smaller prey. As prey size increased the rate of 

attaok deoreased, i.e., the predator being satiated at eaoh feeding 

abstained for a longer period between each attack. During this period 

the hunger stress built up once more. 

For adult males and females, the rate or attack was inversely 

proportional to predator age at all diet levels {prey sizes) except 

at the first diet level where age had no signif'ioant influence. 

To predict the functional response of l• maculiventris at differ­

ent prey sizes of .Q• mellonella larvae Holling's (1959) "disctt equation 

was applied to "prey densityn values. Calculations showed that accurate 

predictions on the basie of the equation could be made at the two lowest 

"prey densities" but not at the two highest densities where predator 

searohing time was zero. 

Studies on the feeding biology of the predator revealed that 

second- to fifth-instar n;ymphs and adults of l• maculiventris reared 

on different sizes of live .Q• mellonella larvae oaptured prey, consumed 

food and grew at rates varying with the amounts of food supplied. 

Survival of second-, third- and rourth-instar nymphs was higher at 

law food supply and lower at high food supply. Increased mortality 

at high food levels may in part be attributed to injury inourred by 



the predator while subduing the prey. Mortality in the firth-instar 

was high at low food supply since the amount of food given in this 

130 

stage was clearly inadequate for successful growth. In all the immature 

stages the daily food consumption increased as food supply increased 

and the rate of food consumption was always higher at the beginning 

of the feeding period. 

A straight line relationship was obtained between the quantity 

of food consumed per day and daily growth for different f'eeding nymphs 

of l• maculiventris. Growth of unfed nymphs was, however, observed to 

ta.ke place up to the third instar. Unfed nymphs always died bef'ore 

completing the third instar. 

A straight line relationship was obtained between quantity of' 

food consumed per day and daily development for different f'eeding nymphs 

of' the predator. As daily growth increased the number of' daye during 

which growth took place diminished. Where the quantity of food given 

per day was lesa, the number of' days spent in each nymphal stage in­

creased and the size of' the nymphe at the end or the stage decreased. 

This phenomenon was particularly true for instars four and f'ive reared 

at the lowest diet level. 

Total f'ood consumption for instars two to rive was virtually 

constant at diet levels one and two, but increased for this period at 

diet levels three and four. Consequently predator-size at diet levels 

one and two was smaller and at diet levels three and four larger. 

In both males and f'emales the rate of' food consumption increased 

with increased food supply during the first 10 and 35 days respectively, 

but decreased thereafter with age. There was no decrease in the rate 



of food consumption with age at the lowest diet leval. The longevity 

of both sexes was maximum at the first diet leval and appeared to be 

due to low food consumption. 

The number of eggs laid per female was directly proportional 
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to food consumption up to 35 days but thereafter decreased with age. 

The mean weight of fertilized and unfertilized eggs between diet levels 

did not differ significantlr. 

For individual î• maculiventris instars two to five and adults, 

the consumption quotient {index of metabolic activity; Van der Drift, 

1951) increased as the rate of food consumption increased. Conversely, 

the coneumption quotient decreased with age at each of the four diet 

levels for nymphs, and at each of diet levels two to four for males 

and females. For adults of both sexes, the consumption quotient remained 

constant at diet leval one. 

Regression and correlation analyses revealed that in general for 

adult males and females {exception in males at the third diet leval), 

at diet levels two to four, the relationship between age versus food 

intake and food intake versus body weight was inverse, and the rela.tion­

ship between age and body weight was direct. 

Based on bomb calorimeter determinations the calorific values 

or the four different sized g. mellonalla larvae red to the predator 

{nymphs and adults) increased as the larval size increased. 

Calorific values for Î• maculiventris nymphal instars four and 

rive, and adult males and females increased with increased energy supply. 

Energy supplied at all diet levels to Î• maculiventris instars two and 

three was adequate for growtb and development but at instars four and 
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five insufficient at diet levels one and two but adequate at diet levels 

three and four. 

Increases in energy consumption of both nymphe and adults resulted 

in increa.ses in energy losses due to respiration + egestion. In unfed 

males and females calorific values decreased with age, i.e., as initial 

body e:nergy reserves were used up. 

There were no significant differences in mean calorific values 

for fertilized and unfertilized eggs produced by females at different 

diet levels. This suggests that the amount of e:nergy utilized by females 

in the production of eggs is fairly constant irrespective of the amount 

of e:nergy consumed. 

Energy- budgets formed for individual second- to firth-instar 

nymphs of .f• maculiventris, and for the nymphal period instars two to 

five, showed that gross efficiency of growth for second- and third-instar 

nymphs was inversely proportional to energy consumed while no such 

relationship was observed for fourth and firth instars. Energy budgets 

for males showed that at all diet levels little growth took place during 

adult life, with gross efficiency at diet levels one to four ranging 

from o. 88 to 2.20 per cent. For females, the re was sorne growth at all 

diet levels during the first .35 days of adult life due mainly to the 

production of eggs. Gross effioiency during this period ranged from 

5.5 to 1.3.6 per cent. 

Reproduction efficiency at diet levels one to four during the 

first .35 days ranged from 43.80 to 56.03 per cent and during the next 

20 days from 39.46 to 5l.S9 per cent. 

It can be concluded from the resulta obtained in this stUdy 
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that f• maculiventris can survive and mature satisfactorily, during 

extended periods, on small prey but needs large prey to accelerate 

development, increase its growth, maintain a high reproductive potential. 
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PLATE I 



PLATE I A. Linear arrangement of newly-laid E• maculiventris 

eggs (X48). 

B. Mature E• maculiventris eggs showing red eye spots 

(X48). 

o. Enlarged (XlOO) view of hatehed ~· macUliventris 

eggs showing mieropylar processes around opercular 

lid and T-shaped egg burster between lid and rim 

ot egg eup. 

D. Clustering of newly-emerged first-instar .f• 

maeuliventris nymphe (X24) on empty egg mass. 





PlATE II 



PLA.TE II A. Clustering of mature first-instar E• maculiventris 

n;ympbs {X:24) on wet cotton plug. 

B. Enlarged (X48) view of same. 

C. Enlarged (X48) dorsal view of mature second-instar 

E. maculiventris nymph. 

D. Enlarged (!:24) dorsal view of mature third-instar 

l• maculi ventris nymph. 



B 

----
D 



PlATE III 



PLA.TE III A. Enlarged (X24) dorsal view of mature 

fourth-instar .f• maouliventris nymph. 

B. View of jars and cabinet used in the rearing of 

l• maculi ventris. 

c. Enlarged (Xl2) dorsal view of mature 

firth-instar .f• maouliventris nymph. 

D. Enlarged (XlO) dorsal view of adult female 

.f• maculiventris. 





PIA'JE IV 



PLATE IV A, B and C. Enlarged (X24) dorsal view mature 

fitth-instar ,!! • maculiventris nymph 

shorlng variations in colo'P!' patterns 

observed in this stage. 





PUTE V 



PlATE V A. ~ttler microanalytical balance Modal M;. 

B. ~ttler macroa.nalytical balance Type Hl5. 

C. ~ttler microanalytical balance showing pan in a 

loading position. 

n. rœttler microanalytica.l balance showing pan in a 

weighing position. 

E. Met tler precision balance Model K7T. 



A 

... . D . 
• 

• 

• 



PLATE VI 

• 



PUTE VI A. PARR Semimioro Calorimeter assembly Number 1411 

with thermometer. 

B. Calorimeter dis-assem.bled: I. Calorimeter oover on 

base with thermometer attaohed; II. Calorimeter 

oan with vacuum flask; III. Calorimeter jacket 

with st:lrrer drive motor; IV. Ignition unit; v. 

Ox;ygen safety eonneotion with measuring gauges; 

VI. Left to rigbt - ruse wire; benoh sooket; 

bom.b support assembly; bomb wreneh; combustion 

bomb; bom.b head gaskets with enoirollng stirrer 

drive belt; benzoio aeid pellets in glass tube. 

• 



A 



PLATE VII 

• 



PLA.TE VTI A. Bausch and Lomb VOW Strip Chart Recorder with 

open lid showing the chart paper. 

B. One--eighth (1-) inch diameter PARR Pellet Press. 

C. Input dial of VOM7 Strip Chart Recorder showing 

seventeen different range settings. 

D. A part of VOM7 Strip Chart Recorder showing 

thermo chart, connecting wire and thermistor 

probe (bottom or photo). 

• 
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APPENDIX 

PART 1 

LIVE WEIGHTS Fœ PREDAT<R AND PREY 



• 

I 

TABIE I 

Daily live gram weights per replicate (4), and means of replicates, for 

adults of the predator f· maculiventris and its prey g. mellonella larvae 

reared at a constant temperature of 80~ and a relative humidity of 70 

per cent. 

f· maculiventris g. mellonella 

Repli- Weight Weight Gain or Weight Weight Loss in 
cations bef ore after loss in be fore art er weight 

fee ding fee ding weight predation predation 

Diet leval 1 - adult males • 

1 .0495 • 0517 .0022 .0129 .OJ.29 
2 .0550 .0607 .0057 .0137 .oon .0126 
3 .0626 .0655 .0029 .0126 .0006 .0120 
4 .0525 .0595 .0070 .0160 .0028 .0132 

Total .2196 .2374 .0178 .0552 .0174 .0378 
f .0549 .0594 .0045 .0138 .0044 .0095 
1 .0517 .0594 .0077 .0101 .0019 .0082 
2 .0607 .0544 -.0063 .0097 .0010 .0087 
3 .0655 .0580 -.0075 .0124 .OOŒ .0115 
4 .0595 .0493 -.0102 .0121 .0121 

Total .2374 .2211 -.0163 .0443 .0159 .0284 - .0594 .0553 -.0041 .Olll .0040 .0071 x 
1 .0594 .0560 -.0034 .0156 .0037 .0119 
2 .0544 .0584 .0040 .0157 .0018 .0139 
3 .0580 .0583 .0003 .0137 .0015 .0122 
4 .0493 .0526 .0033 .0097 .0011 .0086 

Total .22ll .2253 .0042 .0547 .0081 .0466 
x .0553 .0563 .0011 .0137 .0020 .0117 
1 .0560 .0625 .0065 .0149 .0025 .0124 
2 .0584 .0551 -.0033 .0114 .0028 .0086 
3 .0583 .0642 .0059 .OC$7 .0022 .0075 
4 .0526 .0550 .0024 .0095 .0020 .0075 

Total .2253 .2368 .0115 .0455 .0095 .0360 
x .0563 .0592 .0029 .0114 .0024 .0090 
1 .0625 .0548 -.0077 .0135 .0020 .0115 
2 .0551 .0553 .0002 .0094 .0020 .0074 
3 .0642 .0618 -.0024 .0103 .0010 .0093 
4 .0550 .0471 -.0079 .0094 .0094 .. 

Total .2368 .2190 -.0178 .0426 .0144 • 0282 -x .0592 .0548 -.0045 .0107 .0036 .0071 



II 

Be fore Art er Gain or Be fore A ft er Loss 
loss 

1 .0548 .0529 -.0019 .0094 .0094 
2 .0553 .0577 .0024 .0126 .0035 .0091 
3 .0618 .0547 -.0071 .0143 .0021 .0122 
4 .0471 .0540 .0069 .0156 .0031 .0125 

Total .2190 .2193 .0003 .0519 .0181 .0338 - .0548 .0548 .0130 .0045 .0085 x 
1 .0529 .0555 .0026 .0137 .0046 .0091 
2 .0577 .0543 -.0034 .0106 .0017 .0089 
3 .0547 .0604 .0057 .Oll7 .0015 .0102 
4 .0540 .0536 -.0004 .0123 .0035 .oo88 

Total .2193 .2238 .0045 .0483 .0113 .0.370 
x .0548 .0560 .0011 .0121 .0028 .0093 
1 .0555 .0571 .0016 .0094 .0018 .0076 
2 .054.3 .0572 .0029 .0154 .0021 .0133 
.3 .0604 .0675 .0071 .0123 .0036 .0087 
4 .0536 .0627 .0091 .0129 .0028 .0101 

Total .2238 .2445 .0207 .0500 .0103 .0397 
x .0560 .0611 .0052 .0125 .0026 .0099 
1 .0571 .0603 .00.32 .0153 .0054 .0099 
2 .0572 .0549 -.0023 .0094 .0022 .0072 
3 .0675 .0586 -.0089 110100 .0028 .0072 
4 .0627 .0511 -.Oll6 .0141 .0039 .0102 

Total -2445 .2249 -.0196 .0488 .0143 .0345 
x .06ll .0562 -.0049 .0122 .0036 .0086 
1 .0603 .0540 -.0063 .0158 .0078 .0080 
2 .0549 .0618 .0069 .0159 .0056 .010.3 
3 .0586 .0688 .0102 .014.3 .0046 .OCF)7 

4 .05ll .0486 -.0025 .0153 .0153 
Total .2249 .2332 .0083 .0613 .0.333 .0280 

x .0562 .058.3 .0021 .015.3 .008.3 .0070 
1 .0540 .0543 .0003 .0152 .0018 .0134 
2 .0618 .0620 .0002 .0143 .0078 .0065 
3 .0688 .071.3 .0025 .0147 .0083 .0064 
4 .0486 .0658 .0172 .0152 .0095 .0057 

Total .2332 .2534 .0202 .0594 .0274 .0,320 
x .058.3 .06.34 .0051 .0149 .0069 .0080 
1 .054.3 .0543 .0157 .0099 .0058 
2 .0620 .0610 -.0010 .0151 .0082 .0069 
3 .0713 .0661 -.0052 .0147 .0081 .0066 
4 .0658 .0540 -.ons .0158 .0158 

Total .2534 .2354 -.0180 .0613 .0420 .019.3 
x .06.34 .0589 -.0045 .015.3 .0105 .0048 
1 .054.3 .0521 -.0022 .0094 .0094 
2 .0610 .06a:) -.0001 .0104 .0020 .0084 
.3 .0661 .068.3 .0022 .0129 .0035 .0094 
4 .0540 .0588 .0048 .0119 .0053 .0066 

Total .2354 .2401 .0047 .0446 .0202 .0244 
x .0589 .0600 .0012 .0112 .0051 .0061 



III 

Be fore After Gain or Be fore After Losa 
losa 

1 .0521 .0564 .0043 .0147 .0010 .0137 
2 .0601 .0537 -.0072 .0126 .0020 .0106 
3 .0683 .0613 -.0070 .0164 .0013 .0151 
4 .0588 .0560 -.0028 .0154 .0036 .Oll8 

Total .2401 .2274 -.0127 .0591 .0079 .0512 
f .0600 .0569 .0032 .0148 .0020 .0128 
1 .0564 .0551 -.0013 .0166 .0021 .0145 
2 .0537 .0544 .0007 .Oll2 .0015 .0097 
3 .0613 .06ll -.0002 .0170 .0018 .0152 
4 .0560 .0514 -.0046 .0110 .0043 .0067 

Total .2274 .2220 -.0054 .o;;s .0097 .0461 - .0569 .0555 -.0014 .0140 .0024 .ou; x 
1 .0551 .0533 -.0018 .0095 .0012 .0083 
2 .0544 .0548 .0004 .0118 .0016 .0102 
3 .0611 .0609 -.0002 .0118 .0043 .0075 
4 .0514 .0563 .0049 .0105 .0011 .0094 

Total .2220 .2253 .0086 .0436 .0082 .0354 - .0555 .0563 .0022 .0109 .0021 .0089 x 
1 .0533 .0555 .0022 .0106 .0010 .0096 
2 .0548 .0564 .0016 .0137 .0018 .0119 
3 .0609 .0592 -.0017 .0084 .0004 .0080 
4 .0563 .0590 .0027 .0160 .0026 .0134 

Total .2253 .2301 .0048 .0487 .oo;8 .0429 
x .0563 .0575 .0012 .0122 .0015 .0107 
1 .0555 .0548 -.0007 .0137 .0013 .0124 
2 .0564 .0547 -.0027 .0096 .002.3 .0073 
3 .0592 .0530 -.0062 .0151 .0015 .0136 
4 .0590 .0520 -.0070 .0105 .0023 .0082 

Total .2.301 .2145 -.0166 .0489 .0074 .0415 
x .0575 .0536 -.0042 .0122 .0019 .0104 
1 .0548 .0473 -.0075 .0107 .001.3 .0094 
2 .0547 .0607 .0060 .014.3 .0044 .0099 
.3 .05.30 .06.36 .0106 .01.39 .0010 .0129 
4 .0520 .0591 .0071 .0158 .007.3 .0085 

Total .2145 .2.307 .0162 .0547 .0140 .0407 
f .05.36 .0577 .0041 .01.37 .00.35 .0102 
1 .047.3 .o;8; .0112 .0116 .0010 .0106 
2 .0607 .0564 -.004.3 .01.3.3 .0028 .0105 
.3 .0636 .0584 -.0052 .0144 .0012 .01.32 
4 .0591 .058.3 -.0008 .0145 .0025 .0120 

Total .2.307 .2.316 .0009 .05.38 .0075 .046.3 - .0577 .0579 .0002 .01.35 .0019 .0116 x 
1 .o;85 .0552 -.00.3.3 .01.31 .001.3 .0118 
2 .0564 .0555 -.0009 .0120 .0024 .0096 
3 .0584 .0600 .0016 .015.3 .0005 .0148 
4 .058.3 .0579 -.0004 .01.30 .0028 .0102 

Total .2.316 .2286 -.00.30 .05.34 .0070 .0464 - .0579 .0572 -.0008 .01.34 .0018 .0116 x 



• Be fore A ft er Gain or Be fore After Loss 
loss 

1 .0552 .0537 -.0015 .0113 .0029 .0084 
2 .0555 .0502 -.0053 .0157 .0031 .0126 
3 .0600 .0546 -.0054 .0094 .0009 .oo85 
4 .0579 .0687 .0108 .0166 .0025 .0141 

Total .2286 .2272 -.0014 .0530 .0094 .0436 
x .0572 .0568 -.0004 .0133 .0024 .01():) 
1 .0537 .0522 -.0015 .0164 .0031 .013.3 
2 .0502 .0502 .0116 .001.3 .0103 
3 .0546 .0581 .0035 .0156 .0029 .0127 
4 .0687 .0667 -.0020 .0160 .0041 .0119 

Total .2272 .2272 .0596 .0114 .0482 - .0568 .0568 .0149 .0029 .0121 :x: 
1 .0522 .0568 .0046 .0167 .0025 .0142 
2 .0502 .0561 .0059 .0155 .0070 .0085 
3 .0581 .0595 .0014 .0162 .001.3 .0149 
4 .0667 .0626 -.0041 .0087 .0009 .0078 

Total .2272 .2.350 .0078 .0571 .0117 .0454 
x .0568 .o588 .0020 .0143 .0029 .0114 
1 .0568 .0564 -.0004 .0149 .0009 .0140 
2 .0561 .0534 -.0027 .0155 .0025 .0130 
3 .0595 .0571 -.0024 .0159 .0017 .0142 
4 .0626 .0647 .0021 .0157 .0042 .0115 

Total .2350 .2.316 -.0034 .0620 .0093 .0527 - .o588 .0579 -.0009 .0155 .0023 .0132 :x: 
1 .0564 .0518 -.0046 .0161 .0007 .0154 
2 .0534 .0525 -.0009 .0095 .0009 .0086 
3 .0571 .0542 -.0029 .0094 .0005 .0089 
4 .0647 .0580 -.0067 .0094 .0005 .0089 

Total .2.316 .2165 -.0151 .0444 .0026 .0418 
x .0579 .0541 -.0038 .0111 .0007 .0105 
1 .0518 .0519 .ooo1 .0099 .0099 
2 .0525 .0490 -.0035 .0095 .0028 .0067 
3 .0542 .0574 .0032 .0103 .0014 .0089 
4 .osso .0616 .0036 .0102 .0013 .0089 

Total .2165 .2199 .0034 .0399 .0154 .0245 - .0541 .0550 .0009 .0100 .00.39 .0061 :x: 
1 .0519 .0458 -.0061 .0117 .0007 .0110 
2 .0490 .0513 .002.3 .0119 .0009 .0110 
3 .0574 .0506 -.0068 .0098 .001.3 .oos; 
4 .0616 .0575 -.0041 .0099 .0015 .0084 

Total .2199 .2052 -.0147 .0433 .0044 .0389 ... .0550 .0513 -.0037 .0108 .0011 .0097 x 
1 .0458 .0540 .0082 .0117 .0010 .0107 
2 .0513 .0574 .0061 .0122 .0023 .0099 
3 .0506 .0475 -.0031 .0115 .0016 .0099 
4 .0575 .0601 .0026 .0112 .0009 .0103 

Total .2052 .2190 .0138 .0466 .oo;s .0408 
x .0513 .0548 .0035 .0117 .0015 .0102 



v 

Be fore A.fter Gain or Be fore After Loss 
loss 

1 .0540 .0600 .0060 .0160 .oor:n .0153 
2 .0574 .0623 .0049 .0094 .ooo; .0089 
3 .0475 .0585 .0110 .0097 .0010 .0087 
4 .0601 .0653 .0052 .0162 .0011 .0151 

Total .2190 ·2461 .0271 .0513 .0033 .0480 - .0548 .0615 .0068 .0128 .oooe .0120 x 
1 .0600 .0528 -.or:n2 .0121 .0015 .0106 
2 .0623 .0538 -.ooe5 .ons .0011 .01(!7 
3 .o585 .0591 .0006 .0098 .0039 .0059 
4 .0653 .0574 -.0079 .0114 .0040 .0(!74 

Total .2461 .2231 -.0230 .0451 .0105 .0346 
f .0615 .o;58 -.oo5e .On3 .0026 .0087 
1 .0528 .0626 .0098 .on6 .0036 .oo8o 
2 .0538 .0583 .0045 .0144 .0019 .0125 
3 .0591 .0691 .0100 .0153 .0024 .0129 
4 .0574 .0578 .0004 .0146 .0010 .0136 

Total .2231 .2478 .0247 .0559 .0089 .0470 
x .o;5e .0619 .0062 .0140 .0022 .one 
1 .0626 .0555 -.0(!71 .0100 .0010 .0090 
2 .0583 .0548 -.0035 .0128 .0021 .01(!7 
3 .0691 .0659 -.0032 .0127 .0010 .0117 
4 .0578 .0638 .0060 .0130 .0028 .0102 

Total .2478 .2400 -.or:ns .0485 .0069 .0416 
x .0619 .0600 -.0020 .0121 .0017 .0104 
1 .0555 .0509 -.0046 .0160 .0160 
2 .0548 .0578 .0030 .0164 .0035 .0129 
3 .0659 .r:noo .0041 .0152 .0019 .0133 
4 .0638 .0658 .0020 .0146 .0023 .0123 

Total .2400 .2445 .0045 .0622 .0237 .0385 
x .0600 .0611 .0011 .0156 .0059 .0096 
1 .0509 .0570 .0061 .0147 .0016 .0131 
2 .0578 .0569 -.0009 .0155 .0021 .0134 
.3 .r:noo .0667 -.0033 .0155 .0010 .0145 
4 .0658 .0640 -.0018 .0146 .0012 .0134 

Total .2445 ·2446 .0001 .060.3 .0059 .0544 
x .0611 .0612 .0001 .0151 .0015 .0136 
1 .0570 .0616 .0046 .0149 .0018 .0131 
2 .0569 .0581 .0012 .0160 .0035 .0125 
3 .0667 .0633 -.0034 .0150 .0011 .0139 
4 .0640 .0662 .0022 .0154 .0014 .0140 

Total ·2446 ·2492 .0046 .0613 .0078 .0535 
x .0612 .0623. .0012 .0153 .0020 .0134 
1 .0616 .0516 -.0100 .0162 .0162 
2 .0581 .0508 -.or:n3 .0107 .0107 
3 .0633 .0634 .0001 .0164 .0164 
4 .0662 .0640 -.0022 .0112 .0035 .or:n7 

Total .2492 .2298 -.0194 .0545 .0468 .0077 - .0623 .0575 -.0049 .0136 .On7 .0019 x 



VI 

Bef' ore Af'ter Gain or Bef' ore Af'ter Loss 
losa 

1 .0516 .0558 .0042 .0157 .0030 .0127 
2 .0508 .o;o8 .0145 .0145 
3 .0634 .0594 -.0040 .0123 .0011 .0112 
4 .0640 .0640 .0143 .0022 .0121 

Total .2298 .2300 .0002 .0568 .0208 .0360 
~ .0575 .0575 .0142 .0052 .0090 
1 .0558 .0425 -.0133 .0130 .0022 .0108 
2 .o;o8 .0445 -.0063 .0131 .0039 .0092 
3 .0594 .0673 .0079 .0155 .0012 .0143 
4 .0640 .0611 -.0029 .0143 .0019 .0124 

Total .2300 .2154 .0146 .0559 .0092 .0467 .. .0575 .0539 .0037 .0140 .0023 .0117 x 
1 .0425 .0583 .0158 .0132 .0010 .0122 
2 .0445 .0528 .0083 .0114 .0048 .0066 
3 .0673 .0650 -.0023 .0107 .0011 .0096 
4 .0611 .0616 .ooo5 .0137 .0015 .0122 

Total .2154 .2377 .0223 .0490 .0084 .0406 
x .0539 .0594 .0558 .012.3 .0021 .0102 
1 .0583 .0500 -.008.3 .0124 .0124 
2 .0528 .0526 -.0002 .0131 .0131 
3 .0650 .0592 -.0058 .0139 .01.39 
4 .0616 .06Z7 .cou .01.39 .0007 .0132 

Total .2.377 .2245 -.01.32 .0533 .0401 .01.32 ... .0594 .0561 -.0033 .0133 .0100 .003.3 x 
1 .0500 .0577 .0077 .0148 .001.3 .01.35 
2 .0526 .0535 .0009 .0155 .0028 .0127 
3 .0592 .0676 .0084 .0162 .0018 .0144 
4 .06Z7 .0632 .0005 .0146 .OOC9 .01.37 

Total .2245 .2420 .0175 .0611 .0068 .0543 
x .0561 .0605 .0044 .0153 .0017 .0136 
1 .0577 .0599 .0022 .0142 .0021 .0121 
2 .0535 .056.3 .0028 .0143 .0031 .0112 
.3 .0676 .0674 -.0002 .0136 .0027 .OlC9 
4 .06.32 .0585 -.0047 .0140 .0007 .01.33 

Total .2420 .2421 .0001 .0561 .0086 .0475 - .0605 .0605 .0140 .0022 .0119 x 
l .0599 .0566 -.00.3.3 .0094 .0006 .0088 
2 .056.3 .0529 -.00.34 .0162 .0162 
.3 .0674 .0607 -.0067 .0094 .0094 
4 .0585 .06C9 .0024 .0107 .0010 .OC97 

Total .2421 .2.311 -.0110 .0457 .0272 .0185 - .0605 .0578 -.0028 .0114 .0068 .0046 x 
1 .0566 .o580 .0014 .016.3 .0009 .0154 
2 .0529 .0548 .0019 .0104 .0012 .0092 
.3 .0607 .06.34 .0027 .0094 .ooos .0086 
4 .06C9 .0564 -.0045 .01.38 .0021 .0117 

Total .2.311 .2326 .0015 .0499 .0050 .0449 - .0578 .0582 .0004 .0125 .001.3 .0112 x 



VII 

Be fore A ft er Gain or Be fore Art er Loss 
1oss 

l .0580 .05.36 -.0044 .0098 .0008 .0090 
2 .0548 .0546 -.0002 .0164 .ooCJ7 .0157 
3 .0634 .068.3 .0049 .0144 .0038 .0106 
4 .0564 .0549 -.0015 .0108 .0005 .010.3 

Total .2326 .2314 -.0012 .0514 .0058 .0456 
x .0582 .0579 -.0003 .0129 .0015 .0114 
1 .0536 .0594 .oo58 .0157 .0016 .0141 
2 .0546 .0554 .ooo8 .0148 .0034 .0114 
3 .0683 .0644 -.0039 .0158 .0019 .0139 
4 .0549 .o5so .0031 .0158 .0016 .0142 

Total .2314 .2372 .0058 .0621 .oos5 .0536 - .0579 .0593 .0015 .0155 .0021 .0134 x 
1 .0594 .0583 -.0011 .0147 .0()18 .0129 
2 .0554 .0542 -.0012 .0146 .0013 .0133 
3 .0644 .0675 .0031 .0160 .0046 .0114 
4 .o5so .0543 -.00.37 .0147 .oou .0136 

Total .2372 .2343 -.0029 .0600 .0088 .0512 
x .0593 .0586 -.00(17 .0150 .0022 .0128 
l .0583 .0610 .0027 .0116 .0013 .0103 
2 .0542 .0481 -.0061 .0136 .0136 
3 .0675 .06CJ7 -.0068 .0129 .0129 
4 .054.3 .0577 .0034 .0157 .0019 .0138 

Total .2343 .2275 -.0068 .05.38 .0297 .0241 - .o;86 .0569 -.0017 .0135 .0074 .0060 x 
1 .0610 .o5so -.0030 .0156 .0007 .0149 
2 .0481 .0542 .0061 .0153 .0090 .0063 
3 .06CJ7 .0608 .0001 .014.3 .0143 
4 .0577 .0577 .0151 .0029 .0122 

Total .2275 .2.307 .00.32 .0603 .0269 .0.334 - .0569 .0577 .0008 .0151 .0068 .0084 x 
1 .0520 .0517 -.0063 .0150 .0042 .0108 
2 .0542 .0460 -.0082 .0145 .0023 .0122 
3 .0608 .0606 -.0002 .0152 .0066 .0086 
4 .0577 .0544 -.0033 .0147 .0017 .0130 

Total .23Cf7 .2127 -.0180 .0594 .0148 .0446 
x .0577 .0532 -.0045 .0149 .0037 .0112 
1 .0517 .0569 .0052 .0149 .0022 .0127 
2 .0460 .0476 .0016 .0164 .0025 .0139 
3 .0606 .0638 .0032 .0126 .0037 .0089 
4 .0544 .0551 .0007 .0134 .0009 .0125 

'l'ota1 .2127 .2234 .0107 .0573 .0093 .0480 - .0532 .0559 .0027 .0143 .0023 .0120 x 
1 .0569 .0587 .0018 .0155 .0020 .0135 
2 .0476 .0437 -.00.39 .0117 .0011 .0106 
3 .0638 .0631 -.0007 .0122 .0027 .0095 
4 .0551 .0546 -.0005 .0139 .0025 .0114 

Total .2234 .2201 -.0033 .0533 .0083 .0450 
x .0559 .0550 -.0008 .0133 .0021 .011.3 



VIII 

Be fore After Gain or Be fore After Loss 
losa 

1 .0587 .0605 .0018 .0127 .0014 .Oll.3 
2 .04.37 .0570 .01.3.3 .0145 .0010 .01.35 
.3 .0631 .0708 .0077 .01.37 .0029 .0108 
4 .0546 .0572 .0026 .0140 .0017 .0123 

Total .2201 .2455 .0254 .0549 .0070 .0479 - .0550 .0614 .0064 .01.37 .0018 .0120 x 
1 .0605 .0613 .0008 .0161 .00.32 .0129 
2 .0570 .0492 -.0078 .0135 .0135 
.3 .0708 .0595 -.0113 .0145 .0145 
4 .0572 .0560 -.0012 .0094 .0014 .0080 

Total .2455 .2260 -.0195 .0535 .0.326 .0209 
x .0614 .0565 -.0049 .01.34 .0082 .0052 
1 .0613 .0601 -.0012 .0151 .0014 .0137 
2 .0492 .05.39 .0047 .0164 .0014 .0150 
3 .0595 .0562 -.00.33 .015.3 .0153 
4 .0560 .0557 -.0003 .0158 .0014 .0144 

Total .2260 .2259 -.0001 .0626 .0195 .0431 - .0565 .0565 .0157 .0049 .0108 x 
1 .0601 .0615 .0014 .0148 .0048 .0100 
2 .0539 .057.3 .00.34 .0123 .0013 .0110 
.3 .0562 .0584 .0022 .0158 .0158 
4 .0557 .0607 .0050 .0127 .0022 .0105 

Total .2259 .2379 .0120 .0556 .0241 .0.315 - .0565 .0594 .0030 .01.39 .0060 .0079 x 
1 .0615 .0582 -.0033 .0142 .0019 .0123 
2 .0573 .0586 .0013 .0148 .0014 .0134 
3 .0584 .0595 .0011 .0140 .0140 -
4 .0607 .0575 -.0032 .0162 .0022 .0140 

Total .2379 .2338 -.0041 .0592 .0195 .0397 
x .0594 .0585 -.0010 .0148 .0049 .0099 
1 .0582 .0603 .0021 .0104 .0007 .0097 
2 .0586 .0461 -.0125 .0164 .0047 .0117 
3 .0595 .0555 -.0040 .0152 .0009 .0143 
4 .0575 .0561 -.0014 .0102 .0013 .0089 

Total .2338 .2180 -.0158 .0522 .0076 .0446 
x .0585 .0545 -.0040 .0131 .0019 .0112 
1 .0603 .0557 -.0046 .0134 .0017 .Oll7 
2 .0461 .0497 .0036 .0090 .0090 
3 .0555 .0566 .0011 .0105 .0009 .0096 
4 .0561 .0555 -.0006 .0124 .0010 .0114 

Total .2180 .2175 -.0005 .0453 .0126 .0327 
x .0545 .0544 -.0001 .0113 .0032 .0082 
1 .0557 .0611 .0054 .013.3 .0014 .0119 
2 .0497 .05.37 .0040 .0141 .0019 .0122 
3 .0566 .0584 .oou~ .0106 .0106 
4 .0555 .0626 .0071 .oua .0012 .0098 

Total .2175 .2.358 .018.3 .0490 .0151 .0339 
x .0544 .0590 .0046 .0123 .0038 .0085 



Bef' ore A ft er Gain or Bef' ore After Loss 
loss 

1 .06ll .057.3 -.00.38 .0124 .0019 .0105 
2 .0537 .o;;8 .0021 .0140 .0011 .0129 
3 .0584 .058.3 -.0001 .0126 .0044 .0082 
4 .0626 .062.3 -.000.3 .0169 .0015 .0154 

Total .2.358 .2.3.37 -.0021 .0559 .0089 .0470 
x .0590 .0584 -.0005 .0140 .0022 .0118 
1 .0573 .0489 -.0084 .0158 .0010 .0148 
2 .0558 .0516 -.0042 .0155 .0019 .0136 
3 .058.3 .0569 -.0014 .01.32 .01.32 
4 .062.3 .0626 .0003 .0164 .0012 .0152 

Total .2.3.37 .2200 -.0137 .0609 .017.3 .0436 - .0584 .0550 -.00.34 .0152 .004.3 .0109 x 
1 .0489 .0561 .0072 .0148 .0027 .0121 
2 .0516 .0532 .0016 .015.3 .0020 .01.3.3 
.3 .0569 .0579 .0010 .015.3 .ooos .0145 
4 .0626 .0590 -.00.36 .0147 .0070 .0077 

Total .2200 .2262 .0062 .0601 .0125 .0476 - .o;5o .0566 .0016 .0150 .0031 .0119 x 
1 .0561 .0595 .00.34 .0164 .0001 .0155 
2 .05.32 .0422 -.0110 .011.3 .0007 .0106 
.3 .0579 .0646 .0067 .0142 .0012 .01.30 
4 .0590 .0575 -.0015 .0096 .001.3 .008.3 

Total .2262 .2238 -.0024 .0515 .0041 .0474 ... .0566 .0560 -.0006 .0129 .0010 .0119 x 
1 .0595 .0589 -.0006 .0155 .0020 .01.35 
2 .0422 .0499 .0077 .0107 .ooo; .0102 
3 .0646 .0658 .0012 .0116 .0025 .0091 
4 .0575 .0671 .0096 .0120 .0004 .0116 

Total .2238 .2417 .0179 .0498 .0054 .0444 
x .0560 .0604 .0045 .0125 .0014 .0111 
1 .0589 .0627 .00.38 .0156 .0013 .014.3 
2 .0499 .0550 .0051 .0164 .00.31 .01.3.3 
3 .0658 .0597 -.0061 .0164 .0164 
4 .0671 .06.34 -.oo:37 .015.3 .015.3 

Total .2417 .2408 -.0009 .06.37 .0.361 .0276 - .0604 .0602 -.0002 .0159 .0090 .0069 x 
1 .0627 .0614 -.0013 .0155 .0035 .0120 
2 .0550 .0512 -.00.38 .0150 .0150 
.3 .0597 .0575 -.0022 .0129 .0129 
4 .06.34 .0601 -.0033 .01.30 .01.30 

Total .2408 .2302 -.0106 .0564 .0444 .0120 - .0602 .0575 -.0027 .0141 .0111 .00.30 x 
1 .0614 .0535 -.0079 .014.3 .0029 .0114 
2 .0512 .0576 .0064 .0162 .0013 .0149 
3 .0575 .0597 .0022 .01.38 .0025 .011.3 
4 .0601 .0605 .0004 .0099 .0()19 

Total .2302 .2.31.3 .0011 .0542 .0166 .0.376 - .0575 .0578 .000.3 .01.36 .0042 .0094 x 



Be fore A ft er Gain or Be fore After Loss 
losa 

1 .0535 .0512 -.0023 .0162 .0162 
2 .0576 .0605 .0029 .0131 .0029 .0102 
3 .0597 .0601 .0004 .0159 .ooos .0151 
4 .0605 .0618 .0013 .0134 .0058 .0076 

Total .2313 .2336 .0023 .0586 .0257 .0329 
x .0578 .0584 .0006 .0147 .0064 .0082 
1 .0512 .0525 .0013 .0123 .0010 .0113 
2 .0605 .0479 -.0126 .0136 .0013 .0123 
3 .0601 .0579 -.0022 .0157 .0011 .0146 
4 .0618 .0535 -.0083 .0154 .0154 

Total .2336 .2118 -.0218 .0570 .0188 .0382 
x .0584 .0530 -.0055 .0142 .0047 .0096 
1 .0525 .0592 .0067 .0161 .0015 .0146 
2 .0479 .0573 .0094 .0162 .0024 .0138 
3 .0579 .0618 .0039 .0155 .0020 .0135 
4 .0535 .0585 .0050 .0152 .0152 

Total .2118 .2368 .0250 .0630 .0211 .0419 - .0530 .0592 .0062 .0158 .0053 .0105 x 
1 .0592 .0487 -.0105 .0154 .0020 .0134 
2 .0573 .0428 -.0145 .0141 .0021 .0120 
3 .0618 .0548 -.0070 .0132 .0030 .0102 
4 .0585 .0561 -.0024 .0145 .0033 .0112 

Total .2368 .2024 -.0344 .0572 .0104 .0468 
x .0592 .0506 -.0086 .0143 .0026 .0117 
1 .0487 .0535 .0048 .0150 .0010 .0140 
2 .0428 .0499 .0071 .0144 .0144 
3 .0548 .0574 .0026 .0107 .0005 .0102 
4 .0561 .o588 .0027 .0144 .0095 .0049 

Total .2024 .2196 .0172 .0545 .0254 .0291 - .0506 .0549 .0043 .0136 .0064 .0073 x 
1 .0535 .0612 .0077 .0161 .0009 .0152 
2 .0499 .0537 .0038 .0162 .0009 .0153 
3 .0574 .0640 .0066 .0150 .0017 .0133 
4 .o;88 .0613 .0025 .0155 .0082 .0073 

Total .2196 .2402 .0206 .0628 .0117 .0511 
x .0549 .0601 .0052 .0157 .0029 .0128 
1 .0612 .0485 -.0127 .0136 .0071 .0065 
2 .0537 .0546 .0009 .0125 .0029 .0096 
3 .0640 .0584 -.0056 .0116 .0028 .0088 
4 .0613 .0546 -.0067 .0129 .0078 .0051 

Total .2402 .2161 -.0241 .0506 .0206 .0300 - .0601 .0540 -.0060 .0127 .0052 .0075 x 
1 .0485 .0555 .0070 .0106 .0005 .0101 
2 .0546 .0337 -.0209 .0117 .oou .0106 
3 .0584 .0591 .0007 .0096 .0019 .0077 
4 .0546 .0541 -.0005 .0100 .0030 .0070 

Total .2161 .2024 -.0137 .0419 .0065 .0354 - .0540 .0506 -.0034 .0105 .0016 .0088 x 



XI 

Be fore A ft er Gain or Be fore After Loss 
loss 

1 .0555 .0597 .0042 .0097 .0011 .0086 
2 .0337 .0573 .0236 .0112 .0014 .0098 
3 .0591 .0611 .0020 .0094 .0005 .0089 
4 .0541 .0535 -.0006 .0107 .0047 .0060 

Total .2024 .2316 .0292 .0410 .0077 .0333 - .0506 .0579 .0073 .0103 .0019 .0083 x 
1 .0597 .0607 .0010 .0102 .0004 .0098 
2 .0573 .0514 -.0059 .0100 .ooo8 .0092 
3 .0611 .0589 -.0022 .0106 .0017 .0089 
4 .0535 .0542 .0007 .0118 .0012 .0106 

Total .2316 .2252 -.0064 .0426 .0041 .0385 - .0579 .0563 -.0016 .0107 .0010 .0096 x 
1 .0607 .0539 -.0068 .0103 .0010 .0093 
2 .0514 .0524 .0010 .0113 .0009 .0104 
3 .0589 .0563 -.0026 .0116 .0005 .0111 
4 .0542 .0540 -.0002 .0111 .0034 .0077 

Total .2252 .2166 -.0086 .0443 .0058 .0385 - .0563 .0542 -.0022 .0111 .0015 .0096 x 
1 .0539 .0571 .0032 .0132 .0017 .0115 
2 .0524 .0526 .0002 .0127 .0038 .0089 
3 .0563 .0568 .0005 .0135 .0039 .0096 
4 .0540 .0557 .0017 .0137 .0025 .0112 

Total .2166 .2222 .0056 .0531 .0119 .0412 
x .0542 .0556 .0014 .0133 .0030 .0103 
1 .0571 .0597 .0026 .0115 .0015 .0100 
2 .0526 .0506 -.0020 .0111 .Olll 
3 .0568 .0558 -.0010 .0114 .0036 .0078 
4 .0557 .0544 -.0013 .0101 .0023 .0078 

Total .2222 .2205 -.0017 .0441 .0185 .0256 
x .0556 .0551 -.0004 .0110 .0046 .0064 
1 .0597 .0551 -.0046 .0115 .0013 .0102 
2 .0506 .0494 -.0012 .0113 .0113 
.3 .055$ .0572 .0014 .011$ .0021 .OCJ1? 

4 .0544 .0531 -.0013 .0114 .0043 .0071 
Total .2205 .2148 -.0057 .0460 .0190 .0270 

x .0551 .0537 -.0014 .0115 .0048 .0068 
1 .0551 .0577 .0026 .0105 .0005 .0100 
2 .0494 .0488 -.0006 .0104 .0104 
3 .0572 .0586 .0014 .0114 .0005 .0109 
4 .0531 .0572 .0041 .0120 .0007 .0113 

Total .2148 .2223 .0075 .0443 .0121 .0322 
x .0537 .0556 .0019 .0111 .0030 .0081 
1 .0577 .0604 .0027 .0118 .0008 .0110 
2 .0488 .0456 -.0032 .0119 .0119 
3 .0586 .0579 -.0007 .0113 .ooos .0105 
4 .0572 .0554 -.0018 .0102 .00?:7 .0075 

Total .2223 .2193 -.0030 .0452 .0162 .0290 
x .0556 .0548 -.0008 .0113 .0041 .0073 



XII 

Be .fore A t'ter Gain or Be fore After Loss 
loss 

l .0604 .0502 -.0102 .0108 .0005 .010.3 
2 .0456 .0361 -.0015 .0105 .0105 
.3 .0579 .0564 -.0015 .Olll .OO(Jl .0104 
4 .0554 .0548 .0006 .0115 .0061 .0054 

Total .219.3 .1975 -.0218 .04.39 .0178 .0261 .. .0548 .0494 -·0056 .ouo .0045 .0065 x 
1 .0502 .0457 -.0045 .Oll5 .0010 .0105 
2 ~le died - replioate 2 terminated. 
.3 .0564 .0557 -.0007 .010.3 .0005 .0018 
4 .0548 .0523 -.0025 .0107 .0016 .0011 

Total .1614 .1537 -.0077 .0325 .0031 .0294 - .053S .0512 -.0026 .0108 .0010 .0098 x 
l .0457 .0557 .0100 .01,30 .0021 .0109 
3 .0557 .0574 .0017 .0115 .0012 .0103 
4 .0523 ·0549 .0026 .0140 .0017 .0123 

Total .1537 .1680 .0143 .0385 .0050 .0335 - .0512 .0560 .0048 .0128 .0017 .0112 x 
1 .0557 .0556 -.0001 .0104 .0015 .0089 
3 .0574 .0562 -.0012 .0106 .0106 
4 .0549 .0589 .0040 .0104 .0018 .0086 

Total .1680 .1707 .0027 .0.314 .01.39 .0175 - .0560 .0569 .0009 .0105 .0046 .0058 x 
l .0556 .0610 .0054 .0105 .0006 .0019 
3 .0562 .0594 .00.32 .0106 .0017 .0089 
4 .0589 .051l -.0078 .ouo .0110 

'l'otal .17(17 .1715 .ooo8 .0.321 .013.3 .0188 - .0569 .0572 .0003 .0107 .0044 .0063 x 
1 .0610 .0615 .ooo; .0103 .0020 .0083 
3 .0594 .0600 .0006 .0094 .ooo; .0089 
4 .0511 .0520 .0009 .0104 .0009 .0095 

Total .1715 .17.35 .0020 .0301 .0034 .0267 - .0572 .0578 .0007 .0100 .0011 .0089 x 
l .0615 .0597 -.0018 .0108 .0006 .0102 
3 .0600 .0596 -.0004 .0111 .0008 .010.3 
4 .0520 .0579 .0059 .0114 .0019 .0095 

Total .1735 .1772 .0037 .0333 .0033 .0300 - .0578 .0591 .0012 .Olll .0011 .0100 x 
1 .0597 .0568 -.0029 .0111 .0009 .0102 
3 .0596 .0546 -.0050 .0095 .0009 .0086 
4 .0579 .0611 .0032 .0117 .0009 .0108 

Total .1772 .1725 -.0047 .0323 .0027 .0296 
x .0591 .0575 -.0016 .0108 .0009 .0099 
1 .0568 .0546 -.0022 .0119 .0008 .0111 
3 .0546 .0640 .0094 .0117 .0007 .0110 
4 .0611 .0556 -.0055 .0118 .0030 .0088 

Total .1725 .1742 .0017 .0354 .0045 .0309 
x .0575 .0581 .0006 .ons .0015 .0103 



XIII 

Be fore A ft er Gain or Be fore After Loss 
loss 

1 .0546 .0574 .0028 .0101 .0005 .0096 
3 .0640 .0482 -.0158 .0108 .0006 .0102 
4 .0556 .0590 .0034 .0105 .0019 .0086 

Total .1742 .1646 -.0096 .0314 .0030 .0284 
i .0581 .0549 -.0032 .0105 .0010 .0095 
1 .0574 .0605 .0031 .0116 .0010 .0106 
3 .0482 .0619 .0137 .0108 .0006 .0102 
4 .0590 .0572 -.0018 .0107 .0009 .0098 

Total .164.6 .1796 .0150 .0331 .0025 .0306 
x .0549 .0599 .0050 .0110 .0008 .0102 
1 .0605 .0625 .0020 .0116 .0022 .0094 
3 .0619 .0599 -.0020 .0105 .0022 .0083 
4 .0572 .0625 .0053 .0100 .0043 .0057 

Total .1796 .1849 .0053 .0321 .0087 .0234 - .0599 .0616 .0018 .0107 .0029 .0078 x 
1 .0625 .0595 -.0030 .0107 .0014 .0093 
3 .0599 .0531 -.0068 .0106 .0019 .0087 
4 .0625 .0602 -.0023 .0107 .0027 .0080 

Total .1849 .1728 -.0121 .0320 .0060 .0260 
x .0616 .0576 -.0040 .0107 .0020 .0087 
1 .0595 .0458 -.0137 .0100 .0006 .0094 
3 .0531 .0518 -.0013 .0112 .0021 .0091 
4 .0602 .0557 -.0045 .0124 .0070 .0054 

Total .1728 .1533 -.0195 .0336 .0097 .0239 
x .0576 .0511 -.0065 .0112 .0032 .0080 
1 .0458 .0536 .0078 .0110 .0008 .0102 
3 .0518 .0638 .0120 .0115 .0115 
4 .0557 .0532 .0025 .0123 .0010 .0113 

Total .1533 .1706 .0223 .0348 .0133 .0215 
x .05ll .0569 .0074 .Oll6 .0044 .0072 
1 .0536 .0554 .0018 .Oll2 .0009 .0103 
3 .0638 .0546 -.0092 .0116 .oo06 .0110 
4 .0532 .0528 -.0004 .0107 .0005 .0102 

Total .1706 .1628 -.0078 .0335 .0020 .0315 
x .0569 .0543 -.0026 .0112 .0007 .0105 
1 .0554 .0556 .0002 .0107 .0019 .0088 
3 .0546 .0563 .0017 .0109 .oou .0098 
4 .0528 .0503 -.0025 .0107 .0107 

Total .1628 .1622 -.0006 .0323 .0137 .0186 
x .0543 .0541 -.0002 .0108 .0046 .0062 
1 .0556 .0582 .0026 .0112 .0010 .0102 
3 .0563 .0600 .0037 .0097 .0097 
4 .0503 .0541 .0038 .0105 .0105 

Total .1622 .1723 .0101 .0314 .0212 .0102 
:f .0541 .0574 .0034 .0105 .0071 .0034 



XIV 

Be fore A ft er Gain or Be fore After Loss 
loss 

1 .0582 .0589 ,0007 .0100 ,0017 ,008.3 
.3 .0600 .0661 .0061 .0112 ,0017 .0095 
4 .0541 .o;8; .0044 .0102 .0061 .0041 

Total .172.3 .1835 .0112 .0.314 .0095 .0219 
x .0574 .0612 .0037 .0105 .00.32 .007.3 
1 .0589 .0651 .0062 .0109 .00.3.3 .0076 
3 .0661 .052.3 -.0138 .0107 .0107 
4 .0585 .0577 -.0008 ,0106 .0014 .0092 

Total .1835 .1751 -.0084 .0.322 .0154 .0168 x .0612 .058.3 -.0028 .01(]7 .0051 .0056 
1 .0651 .0646 -.0005 .0104 .0029 .0075 
.3 .0523 .0589 .0066 .0122 .0122 
4 .0577 .0586 .0009 .0117 ,0061 .0056 

Total .1751 .1821 ,0070 .0343 .0212 .0131 
x .058.3 .0607 .0023 .0114 .0071 ,0044 
1 .0646 .0617 -.0029 .0114 .0114 
.3 .0589 .0461 -.0128 .0108 .0108 
4 .0586 .0574 -.0012 .0107 .0030 .0077 

Total .1821 .1652 -.0169 .0329 .0252 .0077 
x .06(]7 .0551 -.0056 .0110 .0084 .0026 
1 .0617 .0527 -.0090 .0119 .0119 
3 ~â1e died - rep1icate .3 terminated. 
4 .0574 .0528 -.0046 .0129 .0129 

Total .1191 .1055 -.0136 .0248 .0248 
x .0596 .0528 -.0068 .0124 .0124 
1 wale died - replicate 1 terminated. 
41 .0528 .05.37 ,0009 .011.3 .0019 .0094 
4 .0537 .0552 .0015 ,0110 .0110 
4 .0552 .0531 -.0021 .0098 .0008 ,0090 
4 .0531 .0551 .0020 .00:19 .ooos .0091 
4 .0551 .0527 -.0024 .0117 ,0015 .0102 
4 .0527 .0574 .0047 .0112 .0036 .0076 
4 .0574 .0505 -.0069 .0112 .0012 .0100 
4 .0505 .0556 .0051 .0112 .0(]74 .0038 
4 .0556 .0567 .oou .0108 .0012 .0096 
4 .0567 .0523 -.0044 .01(]7 .01(]7 
4 .0523 .0511 -.0012 .0110 ,0025 .oo8; 
4 .0511 .0521 .0010 .0112 .0020 .0092 
4 .0521 .0478 -.0043 .0117 .0020 .0097 
4 .0478 .0517 ,00.39 ,0115 .001.3 .0102 
4 .0517 .0532 .0015 .0116 .0006 .0110 
4 .0532 .0489 -.0043 .0114 .0015 .0099 

1 A11 subsequent dai1y values for diet level 1 are based on rep1icate 4 
i.e. the value obtained for the sole surviving adult male f• macu1iventris 
in this experiment. 



Be fore A ft er Gain or Be fore A ft er Loss 
1oss 

4 .0489 .05.38 .0049 .0116 .0012 .0104 
4 .05.38 .0449 -.0089 .0107 .0006 .0101 
4 .0449 .0416 -.003.3 .0111 .oou .0100 
4 .0416 .0569 .0153 .0118 .0007 .0111 
4 .0569 .0430 -.0139 .ouo .0006 .0104 
4 .04.30 .05.36 .0106 .0116 .0012 .0104 
4 .05.36 .o;8o .0044 .0111 .0021 .oo:;o 
4 .o;8o .0480 -.0100 .0107 .0008 .0099 
4 .0480 .05.34 .0054 .0118 .0012 .0106 
4 .05.34 .051.3 -.0021 .0112 .0010 .0102 
4 .051.3 .0485 -.0028 .0112 .0112 
4 .0485 .0567 .0082 .0128 .00.39 .0089 
4 .0567 .0527 -.0040 .0116 .0020 .0096 
4 .0527 .0535 .ooos .0107 .001.3 .0094 
4 .05.35 .0520 -.0015 .0160 .oo:;o .0070 
4 .0520 .0548 .0028 .0120 .0010 .0110 
4 .0548 .0462 -.0086 .0100 .002.3 .0077 
4 .0462 .0525 -.006.3 .0138 .0017 .0121 
4 .0525 .0516 -.ooo:; .01.35 .00.36 .0079 
4 .0516 .0540 .0024 .0138 .0011 .0127 
4 .0540 .0562 .0022 .012.3 .0026 .0097 
4 .0562 .0550 -.0012 .0155 .0020 .oo:;8 
4 .0550 .0525 -.0025 .ons .0020 .0098 
4 .0525 .0556 .00.31 .01.35 .oo;n .0114 
4 .o;;6 .0525 -.00.31 .0159 .0159 
4 .0525 .0498 -.0027 .0130 .0130 
4 .0498 .0490 -.0008 .0141 .0141 
4 .0490 .0465 -.0052 .0125 .0125 



XVI 

E. maculi ventris .Q• mellonell.a 

Repli- Weight Weight Gain or Weight Weight Loss in 
cations be :fore a:f'ter loss in be :fore a:f'ter weight 

:f'eeding :f'eeding weight predation predation 

Diet level 2 - adult males. 

1 .055.3 .0592 .00.39 .0216 .0058 .0158 
2 .0616 .0622 .0006 .0196 .or:n; .0121 
.3 .0599 .061.3 .0014 .0222 .0025 .0197 
4 .0594 .056.3 -.00.31 .0194 .0011 .018.3 

Total .2.362 .2.390 .0028 .0828 .0169 .0659 - .0590 .0598 .oocn .02CJ7 .0042 .0165 x 
1 .0592 .062.3 .00.31 .0217 .0217 
2 .0622 .0641 .0019 .0194 .oo;8 .01.36 
.3 .061.3 .0576 -.00.37 .0194 .00.35 .0159 
4 .056.3 .0674 .Olll .0195 .00.35 .0160 

Total .2.390 .2514 .0124 .0800 .0.345 .0455 - .0598 .0629 .00.31 .0200 .0086 .0114 x 
1 .062.3 .CJ735 .Oll2 .0216 .0067 .0149 
2 .0641 .0651 .0010 .0217 .0066 .0151 
.3 .0576 .0615 .00.39 .0196 .0078 .Oll8 
4 .0674 .0699 .0025 .02(J] .0025 .0182 

Total .2514 .2700 .0186 .08.36 .02.36 .0600 
jf .0629 .0675 .0047 .0209 .0059 .0150 
1 .07.35 .0611 -.0124 .0227 .0077 .0150 
2 .0651 .0605 -.0046 .02.30 .OCJ77 .015.3 
.3 .0615 .0622 .0007 .0194 .0025 .0169 
4 .0699 .06.37 -.0062 .0205 .0027 .0178 

Total .2700 .2475 -.0225 .0856 .0206 .0650 
x .0675 .0619 -.0056 .0214 .0052 .016.3 
1 .0611 .0597 -.0014 .0217 .or:n6 .0141 
2 .0605 .0647 .0042 .0264 .0050 .0214 
.3 .0622 .0652 .00.30 .0194 .0021 .017.3 
4 .0637 .066.3 .0026 .0195 .0023 .0172 

Total ·2475 .2559 .0084 .0870 .0170 .0700 - .0619 .0640 .0021 .0218 .004.3 .0175 x 
1 .0597 .0572 -.0025 .0197 .0197 
2 .0647 .0518 -.0129 .0194 .0194 
.3 .0652 .0594 -.0058 .0194 .0023 .0171 
4 .0663 .0574 -.0089 .0201 .0029 .0172 

Total .2559 .2258 -.0.301 .0786 .0443 .034.3 
x .0640 .0565 -.ocn; .0197 .0111 .0086 
1 .0572 .0670 .0098 .0194 .0034 .0160 
2 .0518 .0625 .0107 .0194 .oo87 .0107 
.3 .0594 .0643 .0049 .0195 .0037 .0158 
4 .0574 .0588 .0014 .0194 .0041 .015.3 

Total .2258 .2526 .0268 .CJ777 .0199 .0578 - .0565 .06.32 .0067 .0194 .oo;o .0145 x 



XVII 

Be fore A ft er Gain or Be fore A ft er Loss 
loss 

1 .0670 .0658 -.0012 .0252 .0053 .0199 
2 .0625 .0575 -.0050 .0221 .0021 .0200 
3 .0643 .0668 .0025 .0212 .0021 .0191 
4 .0588 .0633 .0045 .0218 .0035 .0183 

Total .2526 .2534 .0008 .0903 .0130 .0773 
x .0632 .0634 .0002 .0226 .0033 .0193 
1 .0658 .0644 -.0014 .0196 .0058 .0138 
2 .0575 .0665 .0090 .0232 .0232 
3 .0668 .0583 -.0085 .0194 .0114 .0080 
4 .0633 .0710 .0077 .0231 .0023 .0208 

Total .2534 .2602 .0068 .0853 .0427 .0426 
x .0634 .0651 .0017 .0213 .0107 .0107 
1 .0644 .0681 .0037 .0255 .0078 .0177 
2 .0665 .0601 -.0064 .0205 .0111 .0094 
3 .0583 .0587 .0004 .0194 .0023 .0171 
4 .0710 .0651 -.0059 .0256 .0137 .0119 

Total .2602 .2520 -.0082 .0910 .0349 .0561 
x .0651 .0630 -.0021 .0228 .0087 .0140 
1 .0681 .0622 -.0059 .0220 .0220 
2 .0601 .0509 -.0092 .0194 .0194 
3 .0587 .0661 .0074 .0227 .0093 .0134 
4 .0651 .0673 .0022 .0229 .0064 .0165 

Total .2520 .2465 -.0055 .0870 .0571 .0299 
x .0630 .0616 -.0014 .0218 .0143 .0075 
1 .0622 .0678 .0056 .0248 .0119 .0129 
2 .0509 .0582 .0073 .0253 .0185 .0068 
3 .0661 .0548 -.0113 .0258 .0135 .0123 
4 .0673 .0704 .0031 .0247 .0091 .0156 

Total .2465 .2512 .0047 .1006 .0530 .0476 
x .0616 .0628 .0012 .0252 .0133 .OU9 
1 .0678 .0628 -.0050 .0235 .0154 .0081 
2 .0582 .0514 -.0068 .0240 .0240 
3 .0548 .0631 .0083 .0223 .0064 .0159 
4 .0704 .0656 -.0048 .0219 .0067 .0152 

Total .2512 .2429 -.0083 .0917 .0525 .0392 - .0628 .0607 -.0021 .0229 .0131 .0098 x 
1 .0628 .0556 -.0072 .0260 .0088 .0172 
2 .0514 .0563 .0049 .0210 .0131 .0079 
3 .0631 .0556 -.0075 .0246 .0160 .0086 
4 .0656 .0626 -.0030 .0204 .0054 .0150 

Total .2429 .2301 -.0128 .0920 .0433 • 04'i!t7 
f .0607 .0575 -.0032 .0230 .0108 .0122 
1 .0556 .0627 .0071 .0210 .00.44 .0166 
2 .0563 .0508 -.0055 .0201 .0201 
3 .0556 .0573 .0017 .0195 .0044 .0151 
4 .0626 .0651 .0025 .0259 .0068 .0191 

Total .2301 .2359 .oo;s .0865 .0357 .0508 
x .0575 .0590 .0015 .0216 .00$9 .0127 



XVIII 

Be fore After Gain or Be fore A ft er Loss 
1oss 

1 .06'Zl .0589 -.0038 .0212 .0212 
2 .0508 .0490 -.0018 .0194 .0194 
3 .0573 .0598 .0025 .0187 .0052 .0135 
4 .0651 .0676 .0025 .0205 .0030 .0175 

Total .2359 .2353 -.0006 .0798 .0488 .0310 
x .0590 .0588 -.0003 .0200 .0122 .0078 
1 .0589 .0589 .0200 .0053 .0047 
2 .0490 .0482 -.0008 .0197 .0197 
3 .0598 .0616 .0018 .0193 .0027 .0166 
4 .0676 .0666 -.0010 .0225 .0059 .0166 

Total .2353 .2353 .0815 .0336 .0379 
x .0588 .0588 .0204 .0084 .0095 
1 .0589 .0620 .0031 .0245 .0061 .0184 
2 .0482 .0361 -.0121 .0200 .0200 
3 .0616 .0655 .0039 .0223 .0037 .0186 
4 .0666 .0623 -.0043 .0239 .0049 .0190 

Total .2353 .2259 -.0094 .0907 .0347 .0560 
x .0588 .0565 -.0024 .02Z7 .0087 .0140 
1 .0620 .0657 .0037 .0194 .0047 .0147 
2 .0361 .0462 .0101 .0258 .0050 .0208 
3 .0655 .0561 -.0094 .0265 .0167 .0098 
4 .0623 .0675 .0052 .0194 .0056 .0138 

Total .2259 .2355 .0096 .0911 .0320 .0591 
x .0565 .0589 .0024 .0228 .0080 .0148 
1 .0657 .0656 -.0001 .0228 .oo86 .0142 
2 .0462 .0450 -.0012 .0226 .0009 .0217 
3 .0561 .0600 .0039 .0212 .0027 .0185 
4 .0675 .0617 -.0058 .0212 .0096 .0116 

Total .2355 .2323 -.0032 .0878 .0218 .0660 
x .0589 .0581 -.0008 .0220 .0055 .0165 
1 .0656 .0636 -.0020 .0216 .0020 .0196 
2 .0450 .0452 .0002 .0212 .0005 .0207 
3 .0600 .0714 .0114 .0224 .00.32 .0192 
4 .0617 .0645 .0028 .024.3 .0070 .017.3 

Total .2323 .2447 .0124 .0895 .0127 .0768 
x .0581 .0612 .0031 .0224 .0032 .0192 
1 .0636 .0606 -.0030 .0262 .0042 .0220 
2 .0452 .0447 -.0005 .0216 .0017 .0199 
3 .0714 .0618 -.0096 .0247 .0029 .0218 
4 .0645 .0653 .0008 .0218 .0042 .0176 

Total .2447 .2324 -.0123 .0943 .0130 .0813 
x .0612 .0581 -.0031 .0236 .0033 .0203 
1 .0606 .0635 .0029 .0210 .0023 .0187 
2 .0447 .0463 .0016 .0196 .oou .0185 
3 .0618 .0657 .0039 .0197 .0050 .0147 
4 .0653 .0673 .0020 .0203 .0017 .0186 

To~al .2324 .2428 .0104 .0806 .0101 .0705 
x .0581 .0607 .0026 .0202 .0025 .0176 



Bef' ore Ai'ter Gain or Bef' ore Ai'ter Loss 
loss 

1 .06.35 .0592 -.004.3 .019.3 .0044 .0149 
2 .046.3 .0447 -.0016 .0189 .0012 .0177 
.3 .0657 .0607 -.0050 .0219 .00.3.3 .0186 
4 .067.3 .06.38 -.00.35 .0206 .004.3 .016.3 

Total .2428 .2284 -.0144 .0807 .01.32 .0675 
x .0607 .0571 -.00.36 .0202 .00.3.3 .0169 
1 .0592 .060.3 .0011 .0260 .0028 .02.32 
2 .0447 .0446 -.0001 .0247 .0020 .0227 
.3 .0607 .0642 .00.35 .0214 .0104 .0110 
4 .06.38 .0671 .00.3.3 .0205 .0028 .0177 

Total .2284 .2.362 .0078 .0926 .0180 .0746 
x .0571 .0591 .0020 .02.32 .0045 .0187 
1 .060.3 .0611 .0008 .0196 .0026 .0170 
2 .0446 .045.3 .0007 .0217 .0016 .0201 
.3 .0642 .0665 .002.3 .0208 .0018 .0190 
4 .0671 .0681 .0010 .0197 .0027 .0170 

Total .2.362 .2410 .0048 .0818 .oo87 .07.31 
x .0591 .060.3 .0012 .0205 .0022 .018.3 
1 .0611 .055.3 -.0058 .0207 .0207 
2 .045.3 .0474 .0021 .0209 .0018 .0191 
.3 .0665 .0644 -.0021 .0205 .0048 .0157 
4 .0681 .0665 -.0016 .0210 .0048 .0162 

Total .2410 .2.3.36 -.0074 .08.31 .0.321 .0510 - .060.3 .0584 -.0019 .0208 .0080 .0128 x 
1 .055.3 .0507 -.0046 .0194 .00.36 .0158 
2 .0474 .0466 -.0008 .0194 .0020 .0174 
.3 .0644 .0608 -.00.36 .0194 .00.3.3 .0161 
4 .0665 .0559 -.0106 .0198 .00.31 .0167 

Total .2.3.36 .2140 -.0196 .0780 .0120 .0660 
x .05S4 .05.35 -.0049 .0195 .00.30 .0165 
1 .0507 .0619 .0112 .0205 .0016 .0189 
2 .0466 .05.35 .0069 .0197 .001.3 .0184 
.3 .0608 .0734 .0126 .0265 .0062 .020.3 
4 .0559 .0679 .0120 .0194 .00.30 .0164 

Total .2140 .2567 .0427 .0861 .0121 .CY740 - .05.35 .0642 .01CY7 .0215 .00.30 .0185 x 
1 .0619 .0691 .0072 .0192 .0025 .0167 
2 .05.35 .0551 .0016 .019.3 .0046 .0147 
.3 .07.34 .07.3.3 -.0001 .020.3 .0049 .0154 
4 .0679 .0706 .0027 .0198 .0065 .01.3.3 

Total .2567 .2681 .0114 .0786 .0185 .0601 - .0642 .0670 .0029 .0197 .0046 .0150 x 
1 .0691 .06.38 -.005.3 .0195 .0029 .0166 
2 .0551 .0514 -.00.37 .0197 .0020 .0177 
.3 .CY7.33 .0644 -.0089 .0214 .0048 .0166 
4 .0706 .0680 -.0026 .0258 .0018 .0240 

Total .2681 .2476 -.0205 .0864 .0115 .0749 
x .0670 .0619 -.0051 .0216 .0029 .0187 



Be fore Art er Gain or Be fore A ft er Loss 
loss 

1 .0638 .0660 .0022 .0246 .0032 .0214 
2 .0514 .0524 .0010 .0256 .0024 .0232 
3 .0644 .0688 .0044 .0209 .0040 .0169 
4 .0680 .0649 -.0031 .0198 .0010 .0188 

Total .2476 .2521 .0045 .0909 .0106 .0803 
x .0619 .0630 .0011 .0227 .0027 .0201 
1 .0660 .0648 -.0012 .0210 .0041 .0169 
2 .0524 .0541 .0017 .0208 .0017 .0191 
3 .0688 .0656 -.0032 .0222 .0222 
4 .0649 .0708 .0059 .0226 .0052 .0174 

Total .2521 .2553 .00.32 .0866 .0332 .0534 - .0630 .0638 .ooos .0217 .0083 .0134 x 
1 .0648 .0631 -.0017 .0210 .0029 .0181 
2 .0541 .0542 .0001 .0264 .0030 .0234 
3 .0656 .0551 -.0105 .0199 .0199 
4 .0708 .0723 .0015 .0243 .0025 .0218 

Total .2553 .2447 -.0106 .0916 .0283 .0633 
x .0638 .0612 -.0027 .0229 .0071 .0158 
1 .0631 .0571 -.0060 .0218 .0053 .0165 
2 .0542 .0597 .0055 .0235 .0026 .0209 
3 .0551 .0627 .0076 .0241 .0241 
4 .(]723 .0691 -.0032 .0218 .0039 .0179 

Total .2447 .2486 .0039 .0912 .0359 .0553 
x .0612 .0622 .0010 .0228 .0090 .0138 
1 .0571 .0592 .0021 .0238 .0028 .0210 
2 .0597 .0512 -.0085 .0238 .0037 .0201 
3 .0627 .0571 -.0056 .0226 .0226 
4 .0691 .0680 -.0011 .0245 .0071 .0174 

Total .2486 .2355 -.0131 .0947 .0.362 .0585 
x .0622 .0589 -.0033 .0237 .0091 .0146 
1 .0592 .0640 .0048 .0212 .0212 
2 .0512 .058.3 .0071 .0193 .0027 .0166 
.3 .0570 .0611 .0041 .0208 .0208 
4 .0680 .0745 .0065 .0211 .0035 .0176 

Total .2354 .2579 .0225 .0824 .0482 .0342 
x .0589 .0645 .0056 .0206 .0121 .0086 
1 .0640 .0630 -.0010 .0230 .0038 .0192 
2 .0583 .0550 -.0033 .0225 .0037' .0188 
3 .0611 .0722 .0111 .0255 .0077 .0178 
4 .0745 .0742 -.0003 .0225 .0043 .0182 

Total .2579 .2644 .0065 .0935 .0195 .0740 
x .0645 .0661 .0016 .0234 .0049 .0185 
1 .0630 .0644 .0014 .0222 .0013 .0209 
2 .0550 .0545 -.0005 .0225 .0033 .0192 
3 .0722 .0598 -.0124 .0252 .0252 
4 .0742 .0758 .0016 .0244 .oos; .0159 

Total .2644 .2545 -.0099 .094.3 .0383 .0560 
x .0661 .0636 -.0025 .0236 .0096 .0140 



XXI 

Be fore A ft er Gain or Be fore After Loss 
1oss 

1 .0644 .0576 -.0068 .0215 .0028 .018'7 
2 ·0545 .0542 -.0003 .0212 .0048 .0164 
3 .0598 .0691 .0093 .0200 .0032 .0168 
4 .0758 .r:t744 -.0014 .0240 .0070 .0170 

Total .2545 .2553 .0008 .0867 .0178 .0689 
x .0636 .0638 .0002 .0217 .0045 .0172 
1 .0576 .0627 .0051 .0257 .0047 .0210 
2 .0542 .0547 .0005 .0228 .0041 .0187 
3 .0691 .0655 -.0036 .0264 .0264 
4 .r:t744 .0671 -.Or:t73 .0261 .0261 

Total .2553 .2500 -.0053 .1010 .0613 .0397 
x .0638 .0625 -.0013 .0253 .0153 .0099 
1 .0627 .0591 -.0036 .0248 .0248 
2 .0547 .0567 .0020 .0196 .0035 .0161 
3 .0655 .0630 -.0025 .0235 .0235 
4 .0671 • r:t729 .0058 .0194 .0128 .0066 

Total .2500 .2517 .0017 .08'73 .0646 .0227 ... .0625 .0629 .0004 .0218 .0162 .0057 x 
1 .0591 .0681 .0090 .0248 .0038 .0210 
2 .0567 .0556 -.0011 .0223 .Or:t77 .0146 
3 .0630 .0618 -.0012 .0232 .0232 
4 .r:t729 .0654 -.Or:t75 .0214 .0214 

Total .2517 .2509 -.0008 .0917 .0561 .0356 
x .0629 .0627 -.0002 .0229 .0140 .0089 
1 .0681 .0649 -.0032 .0250 .0090 .0160 
2 .0556 .0571 .0015 .0195 .0060 .0135 
3 .0618 .0675 .0057 .0253 .0022 .0231 
4 .0654 .0617 -.0037 .0261 .0261 

Total .2509 .2512 .0003 .0959 .0433 .0526 
x .0627 .0628 .0001 .0240 .0108 .0132 
1 .0649 .0657 .0008 .0225 .0063 .0162 
2 .0571 .0589 .0018 .0258 .0086 .0172 
3 .0675 .0746 .0071 .0194 .oo86 .0108 
4 .0617 .0656 .0039 .0195 .0195 

Total .2512 .2648 .01,36 .0872 .0430 .0442 
x .0628 .0662 .0034 .0218 .0108 .Olll 
1 .0657 .0592 -.0065 .0231 .0040 .0191 
2 .0589 .0535 -.0054 .0235 .0235 
3 .0746 .r:t722 -.0024 .0235 .0235 
4 .0656 .0628 -.0028 .0235 .0055 .0180 

Total .2648 .2477 -.0171 .0936 .0565 .0371 
f .0662 .0619 -.0043 .0234 .0141 .0093 
1 .0592 .0676 .0084 .0245 .0050 .0195 
2 .0535 .0590 .0055 .0210 .0055 .0155 
3 .r:t722 .0759 .0037 .0230 .0054 .0176 
4 .0628 .0704 .0076 .0220 .0116 .0104 

Total .2477 .2729 .0252 .0905 .0275 .0630 
x .0619 .0682 .0063 .0226 .0069 .0158 



XXII 

Be fore A:f"ter Gain or Be fore A:f"ter Loss 
loss 

1 .0676 .0641 -.0035 .0264 .0092 .0172 
2 .0590 .0510 -.0080 .0238 .0063 .0175 
3 .0759 .0667 -.0092 .0235 .0235 
4 .0704 .0656 -.OOM~ .0247 .0247 

Total .'Zl29 .2474 -.0255 .0984 .0637 .0347 - .0682 .0619 -.0064 .0246 .0159 .0087 x 
1 .0641 .0611 -.0030 .0225 .0225 
2 .0510 .0563 .0053 .0253 .0033 .0220 
3 .0667 .0801 .0134 .0247 .0029 .0218 
4 .0656 .0669 .0013 .0249 .0249 

Total .2474 .2644 .0170 .0974 .0536 .0438 - .0619 .0661 .0043 .0244 .0134 .0110 x 
1 .0611 .0636 .0025 .0231 .0078 .0153 
2 .0563 .0532 -.0031 .0249 .0249 
3 .0801 .0663 -.0138 .0241 .0241 
4 .0669 .0618 -.0051 .0233 .0233 

Total .2644 .2449 -.0195 .0954 .0801 .0153 
x .0661 .0612 -.0049 .0239 .0200 .0038 
1 .0636 .0577 -.0059 .0220 .0062 .0158 
2 .0532 .0560 .0028 .0243 .0062 .0181 
3 .0663 .0729 .0066 .0252 .0125 .0127 
4 .0618 .0642 .0024 .0238 .0238 

Total .2449 .2508 .0059 .0953 .0487 .0466 
x .0612 .06'Zl .0015 .0238 .0122 .0117 
1 .0577 .0596 .0019 .0217 .0054 .0163 
2 .0560 .0598 .0038 .0227 .0086 .0141 
3 .(]729 .0690 -.0039 .0228 .0178 .0050 
4 .0642 .(]713 .0071 .0222 .0049 .0173 

Total .2508 .2597 .OOS9 .0894 .0367 .0527 
x .0627 .0649 .0022 .0224 .0092 .0132 
1 .0596 .0553 -.0043 .0236 .0236 
2 .0598 .0473 -.0125 .0220 .0220 
3 .0690 .0681 -.0009 .0248 .0181 .0067 
4 .0713 .0596 -.Oll7 .0225 .0225 

Total .2597 .2303 -.0294 .0929 .0862 .0067 
x .0649 .0576 -.0074 .0232 .0216 .0017 
1 .0553 .0590 .0037 .0223 .0028 .0195 
2 1~le died - replicate 2 terminated. 
3 .0681 .0639 -.0042 .0230 .0230 
4 .0596 .0666 .0070 .0250 .0250 

Total .1830 .1895 .0065 .(]703 .o;oa .0195 
x .0610 .0632 .0022 .0234 .0169 .0065 
1 .0590 .0569 -.0021 .0251 .0251 
3 .0639 .0652 .0013 .0252 .0252 
4 .0666 .0714 .0048 .0244 .0050 .0194 

Total .1895 .1935 .0040 .fJ747 .0553 .0194 
x .0632 .0645 .0013 .0249 .0184 .0065 



XXIII 

Be fore After Gain or Be fore After Loss 
loss 

1 .0569 .0582 .0013 .0241 .0017 .0224 
3 .0652 .0721 .0069 .0256 .0082 .0174 
4 .0714 .0592 -.0122 .0235 .0180 .0055 

Total .1935 .1895 -.0040 .0732 .0279 .0453 - .0645 .0632 -.0013 .0244 .0092 .0152 x 
1 .0582 .0637 .0055 .0220 .0046 .0174 
3 .0721 .0670 -.0051 .0210 .0210 
4 .0592 .0664 .0072 .0260 .0169 .0091 

Total .1895 .1971 .0076 .0690 .0425 .0265 
x .0632 .0657 .0025 .0230 .0142 .0088 
1 .0637 .0655 .0018 .0253 .0027 .0226 
3 .0670 .0748 .0078 .0260 .0022 .0238 
4 .0664 .0658 -.0006 .0220 .0220 

Total .1971 .2061 .0090 .0733 .0269 .0464 
x .0657 .0688 .0030 .0244 .0090 .0154 
1 .0655 .o;87 -.0068 .0220 .0017 .0203 
3 .0748 .0619 -.0129 .0217 .0217 
4 .0658 .0740 .0082 .0231 .0099 .0132 

Total .2061 .1946 -.0115 .0668 .0333 .0335 - .0688 .0649 -.0039 .0223 .0111 .0112 x 
1 .0587 .0627 .0040 .0250 .0052 .0198 
3 .0619 .0649 .0030 .0230 .0070 .0160 
4 .0740 .0640 -.0100 .0256 .0256 

Total .1946 .1916 -.0030 .0736 .0378 .0358 
x .0649 .0639 ... 0010 .0245 .0126 .0119 
1 .0627 .0549 -.0078 .0210 .0110 .0100 
3 .0649 .0610 -.0039 .0207 .0207 
4 .0640 .0710 .O(fJO .0240 .0100 .0140 

Total .1916 .1869 -.0047 .0657 .0417 .0240 
x .0639 .0623 -.0016 .0219 .0139 .0080 
1 .0549 .0632 .0083 .0219 .0031 .0188 
3 .0610 .0644 .0034 .0230 .0046 .0184 
4 .0710 .0662 -.0048 .0231 .0164 .0067 

Total .1869 .1938 .0069 .0680 .0241 .0439 
x .0623 .0646 .0023 .0227 .0080 .0147 
1 .0632 .0585 -.0047 .0259 .0046 .0213 
3 .0644 .0647 .0003 .0259 .0259 
4 .0662 .0688 .0026 .0256 .0256 

Total .1938 .1920 -.0018 .0774 .0561 .0213 
x .0646 .0640 -.0006 .0258 .0187 .0071 
1 .0585 .0600 .0015 .0247 .0034 .0213 
3 .0647 .0732 .0085 .0191 .0024 .0167 
4 .0688 .0647 -.0041 .0268 .0268 

Total .1920 .1979 .0059 .0706 .0326 .0380 
x .0640 .0660 .0020 .0235 .0109 .0126 



Bef' ore Af'ter Gain or Bef' ore Af'ter Loss 
loss 

1 .0600 .0576 -.0024 .0207 .0092 .0115 
3 .0732 .0624 -.0108 .0200 .0046 .0204 
4 .0647 .0701 .0054 .0207 .0085 .0122 

Total .1979 .1901 -.0078 .0664 .0223 .0441 
x .0660 .0634 -.0026 .0221 .0074 .0147 
1 .0576 .0586 .0010 .0198 .0028 .0170 
3 .0624 .0635 .0011 .0208 .0208 
4 .0701 .0749 .0048 .0217 .0080 .0137 

Total .1901 .1970 .0069 .0623 .0316 .0307 
x .0634 .0657 .0023 .0208 .0106 .0102 
1 .0586 .0628 .0042 .0212 .0042 .0170 
3 .0635 .0621 -.0014 .0242 .0242 
4 .0749 .0635 -.0114 .0242 .0242 

Total .1970 .1884 -.0086 .0696 .0526 .0170 
x .0657 .0628 -.0029 .0232 .0175 .0057 
1 .0628 .0609 -.0019 .0210 .0040 .0170 
3 .0621 .0657 .0036 .0224 .0224 
4 .0635 .0760 .0125 .0235 .0221 .0014 

Total .1884 .2026 .0142 .0669 .0485 .0184 
x .0628 .0675 .0047 .0223 .0162 .0061 
1 .0609 .0596 -.0013 .0243 .0045 .0198 
3 .0657 .0636 -.0021 .0216 .0216 
4 .0760 .0661 -.0099 .0221 .0221 

Total .2026 .1893 -.0133 .0680 .0482 .0198 
x .0675 .0631 -.0044 .0227 .0161 .0066 
1 .0596 .o;86 .... oo1o .0196 .0034 .0162 
3 .0636 .0718 .0082 .0255 .0040 .0215 
4 .0661 .0664 .0003 .0261 .0261 

Total .1893 .1968 .ocn; .0682 .0335 .0377 
~ .0631 .0656 .0025 .0227 .0112 .0125 
1 .0586 .0615 .0029 .0250 .0070 .0180 
3 .0718 .0657 -.0061 .0253 .0110 .0143 
4 .0664 .0615 -.0049 .0257 .0257 

Total .1968 .1887 -.0081 .0760 .0437 .0323 
i .0656 .0629 -.0027 .0253 .01.45 .0108 
1 .0615 .0648 .0033 .0261 .0261 
3 .0657 .0650 -.0007 .0212 .0020 .0192 
4 .0615 .0616 .ooo1 .0205 .0205 

Total .1887 .1914 .0027 .0678 .0486 .0192 
x .0629 .0638 .0009 .0226 .0162 .0064 
1 .0648 .0546 -.0102 .0241 .0026 .0215 
3 .0650 .0650 .0208 .0208 
4 .0616 .0629 .001.3 .0244 .0071 .0173 

Total .1914 .1825 -.0089 .069.3 .0305 .0388 
x .0638 .0609 -.0029 .0231 .0102 .0129 



Be fore Art er Gain or Be tore Art er Loss 
1oss 

l .0546 .0588 .0042 .0194 .oo;o .0144 
3 .0650 .0634 -.0016 .0195 .0195 
4 .0629 .0592 -.0037 .0200 .0200 

Total .1825 .1814 -.0011 .0589 .0445 .0144 
~ .06(}) .0605 -.0004 .0196 .0148 .004f3 
1 .0588 .0635 .0047 .0197 .0038 .0159 
3 .0634 .0624 -.0010 .0219 .0219 
4 .0592 .0731 .0139 .0194 .0044 .0150 

Total .1814 .1990 .0176 .0610 .0301 .03(}) 
x .0605 .0663 .0059 .0203 .0100 .0103 
1 .0635 .0573 -.0062 .0206 .0082 .0124 
3 .0624 .0603 -.0021 .0194 .0037 .0157 
4 .0731 .0659 -.0072 .0213 .0213 

Total .1990 .1835 -.0155 .0613 .0332 .0281 
x .0663 .0612 -.0052 .0204 .0111 .0093 
1 .0573 .0597 .0024 .0205 .0017 .0188 
3 .0603 .0655 .0052 .0212 .0212 
4 .0659 . .0713 .0054 .0215 .0060 .0155 

Total .1835 .1965 .0130 .0632 .0289 .0343 - .0612 .0655 .0043 .0211 .0096 .0114 x 
1 .0597 .0598 .ooo1 .0200 .0019 .0181 
3 .0655 .0626 -.0029 .0196 .0196 
4 .0713 .0735 .0022 .0199 .0071 .0128 

Total .1965 .1959 -.0006 .0595 .028'6 .0309 
f .0655 .0653 -.0002 .0198 .0095 .0103 
1 .0598 .0556 -.0042 .0220 .0034 .0186 
3 .0626 .0677 .0051 .0194 .0042 .0152 
4 .0735 .0706 -.0029 .0200 .0091 .0109 

Total .1959 .1939 -.0020 .0614 .0167 .0447 
f .0653 .0646 -.0007 .0205 .0056 .0149 
l .0556 .0621 .0065 .0200 .0034 .0166 
3 .0677 .0694 .0017 .0194 .0194 
4 .0706 .0776 .0070 .0199 .0076 .0123 

Total .1939 .2091 .0152 .0593 .0304 .0289 
f .0646 .0697 .0051 .0198 .0102 .0096 
1 .0621 .0626 .0005 .0225 .0064 .0161 
3 .0694 .0736 .0042 .0277 .0060 .0217 
4 .0776 .0763 -.001.3 .0220 .011.3 .0107 

Total .2091 .2125 .0034 .0722 .0237 .0485 - .0697 .0708 .oou .0241 .0079 .0162 x 
1 .0626 .0665 .0039 .0215 .0077 .0138 
3 .0736 .0634 -.0102 .0220 .0220 
4 .0763 .0721 -.0042 .0221 .0221 

Total .2125 .2020 -.0105 .0656 .0518 .0138 
x .0708 .0673 -.0035 .0219 .0173 .0046 



XXVI 

Be fore Af'ter Gain or Be fore Af'ter Loss 
loss 

1 .0665 .0622 -.0043 .0206 .ou; .0091 
3 .0634 .0665 .0031 .0218 .0092 .0126 
4 .0'721 .0676 -.0055 .0201 .0201 

Total .2020 .1963 -.0067 .0625 .0408 .0217 - .0673 .0653 x -.0022 .0208 .0136 .0072 
1 .0622 .0615 -.000'7 .0200 .0014 .0186 
3 .0665 .0667 .0002 .0203 .0021 .0182 
4 .0676 .0595 -.0081 .0204 .0045 .0159 

Total .1963 .1877 -.0086 .060'7 .0080 .0527 
x .0654 .0625 -.0029 .0202 .0027 .0175 
1 .0015 .0623 .0008 .0210 .0042 .0168 
3 .0667 .0626 -.0041 .0210 .0053 .0157 
4 .0595 .0614 .0019 .0194 .0194 

Total .1877 .1863 -.0014 .0614 .0289 .0325 
f .0626 .0621 -.0005 .0205 .0096 .0108 
1 .0623 .0581 -.0042 .0201 .0014 .OlS? 
3 .0626 .0652 .0026 .0206 .0032 .0174 
4 .0614 .0679 .0065 .0194 .0089 .0105 

Total .1863 .1912 .0049 .0601 .0135 .0466 
x .0621 .0637 .0016 .0200 .0045 .0155 
1 .0581 .0566 -.0015 .0209 .0041 .0168 
3 .0652 .0612 -.0040 .0208 .0040 .0168 
4 .0679 .0687 .0008 .0213 .0173 .0040 

Total .1912 .1865 -.,.0047 .0630 .0254 .0376 - .0637 .0622 -.0016 .0210 .0085 .0125 x 
1 .0566 .0648 .0082 .0222 .0042 .0180 
3 .0612 .0'739 .0127 .0243 .0067 .0176 
4 .0687 .0722 .0035 .0254 .0139 .ou; 

Total .1865 .2109 .0244 .0'719 .0248 .0471 - .0622 .0703 .0081 .0240 .0083 .0157 x 
1 .0648 .0629 -.0019 .0194 .0042 .0152 
3 .0'739 .0692 -.0047 .0194 .0039 .0155 
4 .0722 .0690 -.00.32 .0194 .OllS .0076 

Total .2109 .2011 -.0098 .0582 .0199 .0.383 
x .0703 .0670 -.00.33 .0194 .0066 .0128 
1 .0629 .0670 .0041 .0200 .0103 .0097 
3 .0692 .0615 -.0077 .0198 .0112 .0086 
4 .0690 .0665 -.0025 .0202 .0084 .0118 

To~al .2011 .1950 -.0061 .0600 .0299 .0.301 
x .0670 .0650 -.0020 .0200 .0100 .0100 
1 .0670 .0597 -.0073 .0223 .011.3 .0110 
.3 .0615 .0647 .00.32 .0209 .0061 .0148 
4 .0665 .0712 .0047 .0223 .0112 .0111 

Total .1950 .1956 .0006 .0655 .0286 .0.369 
x .0650 .0652 .0002 .0218 .0095 .0123 



XXVII 

Be fore Af'ter Gain or Be fore Af'ter Loss 
loss 

1 .0597 .0615 .oou~ .0197 .0058 .0139 
3 rAale died - replicate 3 terminated. 
4 • 0712 • 0685 -. 0027 • 0215 .0136 .0079 

Total .1309 .1300 -.00{)9 .0412 .0194 .0218 
x .0655 .0650 -.0004 .0206 .OCf}7 .OlrfJ 
1 .0615 .0632 .0017 .0200 .0110 .0090 
4 .0685 .0713 .0028 .0217 .0081 .0136 

Total .1300 .1345 .0045 .0417 .0191 .0226 - .0650 .0673 .0023 .0209 .0096 .0113 :x: 

~ Male died - replicate 1 terminated. 
.0713 .0729 .0016 .0194 .0052 .0142 

4 .0729 .0711 -.0018 .0210 .0062 .0148 
4 .0711 .0725 .0014 .0208 .0065 .0133 
4 .0725 .0659 -.0066 .0201 .0201 
4 .0659 .0655 -.0004 .0202 .0147 .0055 
4 .0655 .0659 .0004 .0194 .0027 .0167 
4 .0659 .0689 .0030 .0208 .0031 .0177 
4 .0689 .0594 -.0095 .0207 .0010 .0197 
4 .0594 .0610 .0016 .0217 .0059 .0158 
4 .0610 .0710 .0100 .0195 .0041 .0154 
4 .0710 .0715 .0005 .0195 .0015 .0180 
4 .0715 .0690 -.0025 .0196 .0052 .0144 
4 .0690 .0718 .0028 .0200 .0087 .0113 
4 .0718 .0650 -.0068 .0194 .0029 .0165 
4 .0650 .0618 -.0032 .0194 .0034 .0160 
4 .0618 .0630 .0012 .0207 .0035 .0172 
4 .0630 .0727 .0097 .0205 .0106 .0099 
4 .0727 .0694 -.0033 .0203 .0068 .0135 
4 .0694 .0704 .0010 .0199 .0088 .01ll 
4 .0704 .0572 -.0132 .0203 .0029 .0174 
4 .0572 .0664 .0092 .0213 .0074 .0139 
4 .0664 .0547 -.0117 .0215 .0019 .0196 
4 .0547 .(]]02 .0155 .0215 .0051 .0164 
4 .0702 .0697 -.0005 .0212 .0125 .0087 
4 .0697 .0621 -.0076 .0208 .0043 .0165 
4 .0621 .0677 .0056 .0214 .0057 .0157 
4 .0677 .0572 -.0105 .0209 .0028 .0181 
4 .0572 .0624 .0052 .0206 .0038 .0168 
4 .0624 .0665 .0041 .0211 .0030 .0181 
4 .0665 .0665 .0209 .0098 .0111 
4 .0665 .0595 -.0070 .0208 .0085 .0123 
4 .0595 .0661 .0066 .0225 .0138 .008'7 
4 .0661 .0619 -.0042 .0203 .0078 .0125 
4 .0619 .0579 -.0040 .0225 .0056 .0169 

1 All subsequent dai1y values for diet leve1 2 are based on rep1icate 4 
i.e. the value obtained for the sole surviving adu1t male f· 
macu1iventris in this e:x:periment. 



xxvni 

Be fore A t'ter Gain or Be fore After Loss 
1oss 

4 .0579 .0693 .0114 .0215 .0036 .0179 
4 .0693 .0554 -.0139 .0230 .0058 .0172 
4 .0554 .0703 .0149 .0201 .0029 .0172 
4 .0703 .0582 -.0121 .0216 .0216 
4 .0582 .0500 -.0082 .0202 .0049 .0153 
4 .0500 .0676 .0176 .0230 .0045 .0185 
4 .0676 .0635 -.0041 .0215 .0093 .0122 
4 .0635 .0580 -.0055 .0197 .0197 
4 .0580 .0635 .0055 .0236 .0236 
4 .0635 .0598 -.0037 .0226 .0226 
4 .0598 .0671 .0073 .0215 .0215 
4 .0671 .0578 -.0093 .0253 .0253 
4 .0578 .0480 -.0098 .0218 .0218 



f• maculiventris g. mellone lla 

Repli- Weight Weight Gain or Weight Weight Loss in 
cations bef' ore af'ter losa in be fore af'ter weight 

feeding fee ding weight predation predation 

Diet leval 3 - adult males • 

1 .0483 • 0684 .0201 .0394 .0055 .0339 
2 .0639 .0699 .0060 .0449 .0173 .0276 
3 .0612 .0562 -.0050 .0418 .0418 .. 
4 • 0659 .0713 .0054 .0440 .0111 .0329 

Total .2393 .2658 .0.265 .1701 .0757 .l.!J44 - .0598 .0664 .0066 .0425 .0189 .0236 x 
1 .0684 .0666 -.0018 .0434 .0083 .0351 
2 .0699 .0678 -.0021 .0394 .0134 .0260 
3 .0562 .0646 .0084 .0394 .0083 .0311 
4 .0713 .0732 .0019 .0433 .0132 .0301 

To~al • .2658 .2722 .0064 .1655 .0432 .1223 
x .0664 .0680 .0016 .0414 .0108 .0306 
l .0666 .0619 -.0047 .0394 .0083 .0311 
2 .0678 .0649 -.0029 .0397 .0155 .0242 
3 .0646 .0691 .0045 .0415 .0125 .0290 
4 .0732 .0730 -.0002 .0405 .0179 .0226 

Total .2722 .2689 -.0033 .1611 .0542 .1069 
i .0680 .0672 -.0008 .0403 .0136 .0267 
l .0619 .0624 .ooo; .0399 .0139 .0260 
2 .0649 .0719 .0070 .0444 .0138 .0306 
3 .0691 .0645 -.0046 .0401 .0112 .0289 
4 .0730 .0762 .0032 .0447 .0201 .0246 

Total .2689 .2750 .0061 .1691 .0590 .1101 - .0672 .0688 .0016 .0423 .0148 .0275 x 
l .0624 .0656 .0032 .0394 .0203 .0191 
2 .ml9 .m28 .0009 .0417 .0294 .0123 
3 .0645 .0590 -.0055 .0394 .021.3 .0181 
4 .m62 .0758 -.0004 .0396 .0184 .0212 

Total .2750 .27.32 -.0018 .1601 .0894 .mm 
~ .0688 .0683 -.0005 .0400 .0224 .0176 
1 .0656 .0655 -.0001 .0436 .0208 .0228 
2 .0728 .0720 -.0008 .04CJ7 .0166 .0241 
3 .0590 .0696 .0106 .0420 .0254 .0166 
4 .0758 .CJ741 -.0017 .044.3 .0261 .0182 

Total .27.32 .2812 .0080 .1706 .0889 .0817 - .068.3 .CJ70.3 .0020 .0427 .0222 .0204 x 



Be fore A:f'ter Gain or Be fore After Losa 
losa 

1 .0655 .0639 -.0016 .0440 .0301 .0139 
2 .CJ720 .0698 -.0022 .0394 .OlCJ7 .0287 
3 .0696 .0668 -.0028 .0438 .0228 .0210 
4 .CJ741 .0570 -.0171 .0422 .0422 -Total .2812 .2575 -.0237 .1694 .1058 .0636 - .CJ703 .0644 -.0059 .0424 .0265 .0159 x 
1 .0639 .0596 -.0043 .0402 .0402 
2 .0698 .CJ736 .0038 .0420 .0192 .0228 
3 .0668 .0662 -.0006 .0394 .0194 .0200 
4 .0570 .0583 .0013 .0394 .0044 .0350 

Total .2575 .2577 .0002 .1610 .0832 .CJ778 - .0644 ·0644 .0403 .0218 .0185 x 
1 .0596 .0633 .0037 .0398 .0135 .0263 
2 .CJ736 .0685 -.0051 .0404 .0331 .OCJ73 
3 .0662 .CJ740 .OCJ78 .0443 .0239 .0204 
4 .0583 .0682 .0099 .0440 .0281 .0159 

Total .2577 .2740 .0163 .1685 .0986 .0699 - .0644 .0685 .0041 .0421 .0247 .0174 x 
1 .0633 .0625 -.ooo8 .0463 .0463 
2 .0685 .0698 .0013 .om .0164 .0235 
3 .CJ740 .0637 -.0103 .0432 .0432 
4 .0682 .0700 .0018 .0432 .0194 .0238 

Total .2740 .2660 -.oo8o .1726 .1253 .0473 
f .0685 .0665 -.0020 .0432 .0313 .0119 
1 .0625 .0528 -.0097 .0419 .0419 
2 .0698 .0694 -.0004 .0400 .0227 .0173 
3 .0637 .0668 .0031 .0396 .0334 .0062 
4 .0700 .0718 .0018 .0408 .0271 .0137 

Total .2660 .2608 -.0052 .1623 .1251 .0372 
f .0665 .0652 -.0013 .0406 .0313 .0093 
l .0528 .0630 .0102 .0394 .0141 .0253 
2 .0694 .0699 .0005 .0445 .0386 .0059 
3 .0668 .0690 .0022 .0405 .0141 .0264 
4 .0718 .0435 -.0283 .0394 .0394 

Total .2608 .2454 -.0154 .1638 .1062 .0576 
x .0652 .0614 -.0039 .0410 .0266 .0144 
l .0630 .0574 -.0056 .0394 .0394 
2 .0699 .0679 -.0020 .0442 .0313 .0129 
3 .0690 .0637 -.0053 .0440 .0440 
4 .0435 .0704 .0269 .0427 .02.38 .0189 

Total ·2454 .2594 .0140 .170.3 .1.385 .0.318 - .0614 .0649 .00.35 .0426 .03~ .ooso x 
1 .0574 .0554 -.0020 .0389 .0.3 
2 .0679 .0639 -.0040 .0417 .0325 .0092 
.3 .06.37 .0701 .0064 .0447 .0262 .0185 
4 .0704 .0651 -.0053 .0403 .0171 .0232 

Total .2594 .2545 -.0049 .1656 .1147 .0509 
~ .0649 .0636 -.0013 .0414 .0287 .0127 



XXXI 

Be fore A t'ter Gain or Be fore Art er Loss 
loss 

1 .0554 .0629 .or.n5 .0383 .0098 .0285 
2 .0639 .0616 -.0023 .0438 .0221 .0217 
3 .r.no1 .0656 -.0045 .0428 .0428 
4 .0651 .0698 .0047 .0453 .0200 .0253 

Total .2545 .2599 .0054 .1702 .CfJ47 .C1755 
x .0636 .0650 .0014 .0426 .0237 .0190 
1 .0629 .0598 -.0031 .0430 .0335 .O(fJ5 
2 .0616 .0680 .0064 .0405 .0214 .0191 
3 .0656 .f1744 .0088 .0406 .0210 .0196 
4 .0698 .0626 -.Of172 .0428 .0428 

Total .2599 .2648 .0049 .1669 .11S7 .0482 
f .0650 .0662 .0012 .0417 .0297 .0120 
1 .0598 .0670 .Of172 .0429 .0125 .0304 
2 .0680 .0655 -.0025 .0395 .0251 .0144 
3 .r.J744 .0619 -.0125 .0438 .0438 
4 .0626 .0692 .0066 .0446 .0203 .0243 

To~al .2648 .2636 -.0012 .1708 .1017 .0691 
:x: .0662 .0659 -.0003 .0427 .0254 .0173 
1 .0670 .0701 .0031 .0435 .0142 .0293 
2 .0655 .0673 .0018 .0455 .0233 .0222 
3 .0619 .f1712 .O(fJ3 .0436 .0176 .0260 
4 .0692 .0632 -.0060 .0422 .0154 .0268 

Total .2636 .2718 .0082 .1748 .r.no5 .1043 
x .0659 .0680 .0021 .0437 .0176 .0261 
1 .(J701 .0640 -.0061 .0394 .0233 .0161 
2 .0673 .0644 -.0029 .0452 .0452 
3 .r.J712 .C1705 -.0007 .0412 .0331 .0081 
4 .0632 .0751 .0119 .0456 .0255 .0201 

Total .2718 .2740 .0022 .1714 .1271 .0443 
f .0680 .0685 .0006 .0429 .0318 .0111 
1 .0640 .0601 -.0039 .0438 .0379 .0059 
2 .0644 .0650 .0006 .0422 .0304 .0118 
3 .r.no; .0760 .oo;; .0439 .0279 .0160 
4 .0751 .0653 -.0098 .0419 .0264 .0155 

Total .2740 .2664 -.0076 .1718 .1226 .0492 - .0685 .0666 -.0019 .0430 .0307 .0123 x 
1 .0601 .0688 .OOS7 .0453 .0178 .0275 
2 .0650 .f1702 .0052 .0464 .0299 .0165 
3 .(J760 .0688 -.0072 .0455 .0455 
4 .0653 .C1753 .0100 .0458 .0316 .0142 

Total .2664 .2831 .0167 .1830 .1248 .0582 - .0666 .0708 .0042 .0458 .0312 .0146 :x: 
1 .0688 .0669 -.0019 .0418 .0265 .0153 
2 .C1702 .0586 -.0116 .0392 .0392 
3 .0688 .C1730 .0042 .0402 .0221 .0181 
4 .C1753 .0613 -.0140 .0412 .0246 .0166 

Total .2831 .2598 -.0233 .1624 .1124 .0500 
x .0708 .0650 -.0058 .0406 .0281 .0125 



Be .fore Art er Gain or Be .fore After Loss 
loss · 

1 .0669 .0618 -.0051 .0394 .0394 -2 .o;S6 .0601 .0023 .0396 .0396 -3 .CJ730 .fJ724 -.0006 .om .0218 .0181 
4 .0613 .0648 .0035 .0395 .0083 .0312 

Total .2598 .2599 .0001 .1584 .1()11 .0493 
:f .0650 .0650 ... .0396 .OZ't3 .0123 
1 • 0618 .0672 .0054 .0455 .0216 .0239 
2 .0601 .0674 .0065 .0448 .0167 .0281 
3 .fJ724 .0691 -.0033 .0441 .0267 .0174 
4 .0648 .0570 -.0(]]8 .0461 .0461 

Total .2599 .26(]] .ooos .1805 .1111 .0694 - .0650 .0652 .0002 .0451 .0278 .0174 x 
1 .0672 .0547 -.0125 .0448 .0448 
2 .0674 .0679 .0005 .0454 .0385 .0069 
3 .0691 .(1716 .0025 .0401 .0316 .0013 
4 .0570 .0652 .0082 .0463 .0180 .0283 

Total .2607 .2594 -.0013 .1774 .1329 .0445 
:f .0652 .0649 -.0003 .0444 .0332 .0111 
1 .0547 .0551 .0004 .0396 .0396 -
2 .0679 .0639 -.0040 .0425 .0425 
3 .ml6 .rn48 .0032 .0418 .0258 .0160 
4 .0652 .0638 -.0014 .0398 .0246 .0152 

Total .2594 .2576 -.0018 .1637 .1325 .0312 
f .0649 .0644 -.0005 .0401 .0331 .0078 
1 .0551 .0582 .0031 .0394 .0394 
2 .0639 .0616 -.0023 .0395 .0395 
3 .m48 .0677 -.0071 .0410 .0195 .0215 
4 .0638 .0646 .0008 .0415 .0238 .0177 

Total .2576 .2521 -.oo;; .1614 .1222 .0392 
f .0644 .0630 -.0014 .0404 .0306 .0098 
1 .o;82 .o;60 -.0022 .0395 .0229 .0166 
2 .0616 .0597 -.0019 .0448 .0231 .0217 
3 .0677 .0648 -.0029 .0458 .0203 .0255 
4 .0646 .0621 -.0025 .0429 .0204 .0225 

Total .2521 .2426 -.0095 .1730 .OS67 .0863 
x .0630 .0606 -.0024 .0433 .0217 .0216 
1 .0560 .0690 .0130 .0460 .0267 .0193 
2 .0597 .0605 .ooo8 .0397' .0302 .0015 
3 .0648 .rn68 .0120 .0410 .0238 .0172 
4 .0621 .fJ756 .0135 .0458 .0183 .OZ75 

Total .2426 .2819 .0393 .1725 .0190 .m35 
:! .0606 .mo; .0098 .0431 .0248 .0184 
1 .0690 .0683 -.0007 .0404 .0289 .0115 
2 .0605 .0681 .om6 .0400 .0250 .o1;o 
3 .0768 .0702 -.0066 .0401 .0401 
4 .0756 .0760 .0004 .0402 .0290 .0112 

Total .2819 .2826 .0007 .1607 .1230 .om - .mo; .mm .0002 .0402 .0308 .0094 x 



XXXIII 

Be fore A ft er Gain or Be fore After Losa 
loss 

1 .0683 .0697 .0014 .0417 .0350 .0067 
2 .0681 .0690 .0009 .0397 .0238 .0159 
3 .mo2 .mo; .0003 .0410 .0240 .0170 
4 .m6o .0681 -.om .0402 .0192 .0210 

Total .2826 .2773 -.0053 .1626 .1020 .0606 
x .mm .0693 -.0013 .04m .0255 .0152 
1 .0697 .CJ744 .0047 .0464 .0263 .0201 
2 .0690 .0651 -.0039 .0456 .0456 
3 .mo; .0662 -.0043 .0460 .0315 .0145 
4 .0681 .0688 .0007 .0453 .0129 .0324 

Total .m3 .2745 -.0028 .1833 .1163 .0670 - .0693 .0686 -.OOCJ7 .0458 .0291 .0168 x 
1 .m44 .0692 -.0052 .0446 .0446 
2 .0651 .0622 -.0029 .0446 .0446 
3 .0662 .CJ710 .0048 .0418 .0229 .0189 
4 .0688 .0657 -.0031 .0413 .0334 .0079 

Total .2745 .2681 -.0064 .1723 ·1455 .0268 - .0686 .0670 -.0016 .0431 .0364 .0067 x 
1 .0692 .0728 .0036 .0450 .0226 .0224 
2 .0622 .0710 .0088 .0394 .0233 .0161 
3 .m10 .0765 .oo;; .0408 .0236 .0172 
4 .0657 .0670 .0013 .0410 .0140 .0270 

Total .2681 .2873 .0192 .1662 .0835 .0827 
x .0670 .CY718 .0048 .0416 .0209 .0207 
1 .0728 .m36 .ooos .0439 .0316 .0123 
2 .0710 .0647 -.0063 .0414 .0280 .0134 
3 .0765 .0691 -.0074 .0400 .0335 .0065 
4 .0670 .m04 .0034 .0427 .0220 .0207 

Total .2873 .2778 -.0095 .1680 .1151 .0529 - .0718 .0695 -.0024 .0420 .0288 .0132 x 
1 .0736 .(J707 -.0029 .0450 .0245 .0205 
2 .0647 .0660 .0013 .0450 .0267 .0183 
3 .0691 .0703 .0012 .0458 .0277 .0181 
4 .m04 .0636 -.0068 .0453 .0453 

Total .2778 .2706 -.0072 .1811 .1242 .0569 - .0695 .0677 -.0018 .0453 .0311 .0142 x 
1 .0707 .0680 -.0027 .0464 .0464 
2 .0660 .0660 .0450 .0450 
3 .0703 .0725 .0022 .0461 .0367 .0094 
4 .0636 .0666 .0030 .0463 .0398 .0065 

Total .2706 .2731 .0025 .1838 .1679 .0159 - .0677 .0683 .0006 .0460 .0420 .0040 x 
1 .0680 .r:J724 .0044 .0450 .0319 .0131 
2 .0660 .am .0039 .0458 .0305 .0153 
3 .0725 .0728 .0003 .0451 .0310 .0141 
4 .0666 .0696 .0030 .0458 .0250 .0208 

Total .2731 .2847 .0116 .1817 .1184 .0633 
x .0683 .0'712 .0029 .0454 .0296 .0158 



XXXIV 

Be fore Art er Gain or Be fore A:fter Loss 
loss 

1 .r:t724 .r:no5 -.0019 .0423 .0286 .0137 
2 .0699 .0626 -.OCf73 .0425 .0425 
3 .r:t728 .r:t738 .0010 .0430 .0430 -
4 .0696 .0663 -.0033 .0425 .0425 

Total .2847 .2732 -.0115 .170.3 .1566 .01.37 - .r:nl2 .068.3 -.0029 .0426 .0.392 .0034 x 
1 .r:n05 .0685 -.0020 .043.3 .0433 
2 .0626 .0649 .0023 .0427 .ow 
3 .0738 .0775 .0037 .0452 .0.315 .01.37 
4 .066.3 .0685 .0022 .0457 .0285 .0172 

Total .27.32 .2794 .0062 .1769 .1460 .03<::9 - .068.3 .0699 .0016 .0442 .0.365 .0077 x 
l .0685 .0685 .0449 .0361 .0088 
2 .0649 .06.37 -.0012 .0439 .04.39 
3 .CJ775 .0695 -.oo8o .0459 .0459 
4 .0685 .0684 -.0001 .0444 .0444 

Total .2794 .2701 -.OC93 .1791 .170.3 .ooss - .0699 .0675 -.0023 .0448 .0426 .0022 x 
1 .0685 .0679 -.0006 .0449 .0339 .0110 
2 .06.37 .061.3 -.0024 .0460 .0460 
.3 .0695 .(J729 .0034 .0451 .0451 
4 .0684 .0657 -.0027 .0444 .0444 

Total .2701 .2678 -.002.3 .1804 .1694 .0110 - .0675 .0670 -.0006 .0451 .0424 .0028 x 
1 .0679 .0664 -.0015 .0431 .04.31 
2 .0613 .0606 -.00(]] .0421 .0421 
3 .CJ729 .0759 .00.30 .042.3 .0352 .0071 
4 .0657 .0665 .0008 .0436 .0355 .0081 

Total .2678 .2694 .0016 .1710 .1559 .0152 - .0670 .0674 .0004 .0428 .0.390 .0038 x 
1 .0664 .0671 .0007 .0394 .0240 .0154 
2 .0606 .0598 -.ooos .0457 .0457 
3 .(J759 .(J781 .0022 .040.3 .03<::9 .0094 
4 .0665 .0629 -.00.36 .0464 .0464 

Total .2694 .2679 -.0015 .1718 .1470 .0248 
x .0674 .0670 -.0004 .0430 .0.368 .0062 
1 .0671 .06.30 -.0041 .0465 .03.36 .0129 
2 .0598 .0600 .0002 .0435 .0435 
3 .(J781 .CJ767 -.0014 .0459 .0315 .0144 
4 .0629 .0617 -.0012 .0455 .0271 .0184 

Total .2679 .2614 -.0065 .1814 .1.357 .0457 - .0670 .0654 -.0016 .0454 .0339 .0114 x 
1. .0630 .0697 .0067 .0434 .0283 .0151 
2 .0600 .0580 -.01)20 .0399 .0.399 
3 .CJ767 .(J740 -.0027 .0425 .0425 
4 .0617 .r:t731 .0114 .0436 .0239 .0197 

Total .2614 .2748 .0134 .1694 .1346 .0348 - .0654 .0687 .0034 .0424 .0.3.37 .ooS? x. 



• Be fore A .ft er Gain or Be fore A .ft er Loss 
losa 

1 .0697' .0625 -.0072 .0437 .0437 
2 .o58o .0595 .0015 -0424 .0424 
3 .0740 .0727 -.0013 .0455 .0323 .0132 
4 .0731 .0680 -.0051 .0443 .0.369 .0074 

Total .2748 .2627 -.0121 .1759 .1553 .0206: - .06Pfl .0657 -.0030 .0440 .0388 .0052 x 
1 .0625 .0688 .0063 .0442 .0218 .0224 
2 .0595 .0576 -.0019 .0438 .0438 
3 .0727 .0735 .0008 .0442 .0278 .0164 
4 .0680 .0625 -.0055 .0436 .0365 .0071 

Total .2627 .2624 -.0003 .1758 .1299 .0459 - .0657 .0656 -.0001 .0440 .0325 .0115 x 
1 .0688 .0684 -.0004 .0439 .0261 .0178 
2 .0576 .0570 -.0006 .0439 .0439 
3 .0735 .0790 .oo;; .0433 .0304 .0129 
4 .0625 .0624 -.0001 .0446 .0446 

Total .2624 .2668 .0044 .1757 .1450 .0307 - .0656 .0667 .0011 .0439 .0363 .0077 x 
1 .0684 .0637 -.0047 .0454 .0454 
2 .0570 .0537 -.0033 .0415 .0415 
3 .0790 .0733 -.0057 .0458 .0458 
4 .0624 .0733 .0109 .0461 .0220 .0241 

Total .2668 .2640 -.0028 .1788 .1547 .0241 
x .0667 .0660 -.0007 .0447 .03Pfl .0060 
1 .0637 .0651 .0014 .0459 .0290 .0169 
2 .0537 .0516 -.0021 .0459 .0459 
3 .0733 .0752 .0019 .0413 .0237 .0176 
4 .0733 .0677 -.0056 .0464 .0263 .0201 

Total .2640 .2596 -.0044 .1795 .1249 .0546 
x .0660 .0649 -.oon .0449 .0312 .0137 
1 .0651 .0663 .0012 .0446 .0250 .0196 
2 .0516 .0626 .0110 .0464 .0304 ,0160 
.3 .07'52 .0726 -.0026 .0464 .0.329 .01.35 
4 .0677 .0686 .oo09 .0443 .0:336 .0107 

Total .2596 .2701 .0105 .1817 .1219 .0598 
x .0649 .0675 .0026 .0454 .0:305 .0150 
1 .066:3 .0645 -.0018 .0420 .0187 .0233 
2 .0626 .0625 -.0001 .0425 .0425 
3 .0726 .062S -.0098 .0435 .0435 
4 .06S6 .0727 .0041 .0427 .0193 .02:34 

Total .2701 .2625 -.0076 .1707 .1240 .0467 
x .0675 .0656 -.0019 .0427 .0310 .0117 
1 .0645 .06?fl .0042 .0420 .0230 .0190 
2 .0625 .0634 .0009 .0427 ,0274 .0153 
3 .0628 .0671 .0043 .0427 .0296 .01:31 
4 .0727 .0677 -.oo;o .0415 .0305 .0110 

Total .2625 .2669 ,0044 .1689 .uo; .0584 
x .0656 .0667 .0011 .0422 .0276 .0146 



Be fore After Gain or Be fore After Loss 
losa 

1 .06ert .0676 -.0011 .0453 .0453 
2 .0634 .0554 -.0080 .0455 .0455 
3 .0671 .0697 .0026 .0461 .0382 .0079 
4 .0677 .0657 -.0020 .0402 .0283 .0119 

Total .2669 .2584 -.0085 .1771 .1573 .0198 .. .0667 .0646 -.0021 .0443 .0393 .0050 x 
1 .0676 .0677 .0001 .0457 .0295 .0162 
2 .0554 .0478 -.0076 .0443 .0390 .0053 
3 .0697 .0651 -.0046 .0435 .0310 .0125 
4 .0657 .0676 .0019 .0406 .0192 .0214 

Total .2584 .2482 -.0102 .1741 .uer; .0554 - .0646 .0621 -.0025 .0435 .0297 .0139 x 
1 .0677 .0690 .0013 .0446 .0446 
2 .0478 .0520 .0042 .0419 .0419 
3 .0651 .0643 -.ooo8 .0450 .0450 
4 .0676 .0661 -.0015 .0442 .0442 

Total .2482 .2514 .0032 .1757 .1757 
x .0621 .0629 .0008 .0439 .0439 
1 .0690 .0663 -.0027 .0420 .0283 .0137 
2 .0520 .0482 -.0038 .0429 .0429 
3 .0643 .0681 .0038 .0436 .0196 .0240 
4 .0661 .0676 .0015 .0445 .0285 .0160 

Total .2514 .2502 -.0012 .1730 .1193 .0537 
x .0629 .0626 -.0003 .0433 .0299 .0134 
l .0663 .0683 .0020 .0464 .02er/ .0177 
2 .0482 .0544 .0062 .0400 .0400 
3 .0681 .0648 -.0033 .0445 .0445 -
4 .0676 .0626 -.0050 .0442 .0442 

Total .2502 .2501 -.0001 .1751 .1574 .0177 - .0626 .0625 -.0001 .0438 .0394 .0044 x 
1 .0683 .0699 .0016 .0421 .0257 .0164 
2 .0544 .0511 -.0033 .0420 .0420 -
3 .0648 .0637 -,0011 .04.30 .0228 .0202 
4 .0626 .0705 .0079 .04.38 .0190 .0248 

Total .2501 .2552 .oo;l .17(11 .1(115 .0614 
x .0625 .0638 .0013 .0427 .0274 .0153 
l .0699 .0682 -.0017 .0450 .0236 .0214 
2 .0511 .0471 -.0040 .0442 .0442 
3 .06.37 .0631 -.0006 .0445 .0445 
4 .0705 .0570 -.0135 .0440 .0440 

Total .2552 .2354 -.0198 .1777 .1563 .0214 
! .0638 .0589 -.oo;o .04M, .0391 .0054 
1 .0682 .0653 -.0029 .0427 .0427 
2 .0471 .0502 .0031 .0401 .0401 
3 .0631 .0715 .0084 .0431 .0431 
4 Male died - replicate 4 terminated. 

Total .1784 .ler/0 • 0086 .1259 .1259 - .0595 .0623 .0022 .0420 .0420 x 



XXXVII 

Be fore A t'ter Gain or Be fore Af'ter Loss 
losa 

1 .0653 .0685 .0032 .0435 .0435 
2 .0502 .0495 -.0007 .0398 .0398 
3 .0715 .0664 -.0051 .0451 .0206 .0245 

Total .1870 .1844 -.0026 .1284 .1039 .0245 
x .0623 .0615 -.0009 .0428 .0346 .0082 
1 .0685 .0658 -.OO'i!l .0439 .0312 .0127 
2 .0495 .0433 -.0062 .0397 .0397 -
3 .0664 .0641 -.0023 .0422 .0422 

Total .1844 .1732 -.0112 .1258 .1131 .0127 .. .0615 .0577 -.0037 .0419 .0377 .0042 x 
1 .0658 .0697 .0039 .0454 .0272 .0182 
2 .0433 .0468 .0035 .0410 .0410 
3 .0641 .0668 .0027 .0460 .0213 .0247 

Total .1732 .1833 .0101 .1324 .OS95 .0429 - .0577 .0611 .0034 .0441 .0298 .0143 x 
l .0697 .0643 -.0054 .0413 .0248 .0165 
2 .0468 .0461 -.0007 .0414 .0414 ... 
3 • 0668 .0717 .0049 .0420 .0086 .0334 

Total .1833 .1821 -.0012 .1247 .0748 .0499 - .0611 .0607 -.0004 .0416 .0249 .0166 x 
l .0643 .0707 .0064 .0394 .0226 .0168 
2 .0461 .0530 .0069 .0448 .0269 .0179 
3 .0717 .0659 -.0058 .0434 .0434 

Total .1821 .lS96 .0075 .1276 .0929 .0347 
x .0607 .0632 .0025 .0425 .o:no .0116 
1 .0707 .0663 -.0044 .0405 .0405 
2 .0530 .0482 -.0048 .0398 .0398 
3 .0659 .0626 -.0033 .0410 .0410 

Total .1896 .1771 -.0125 .1213 .1213 
x .0632 .0590 -.0042 .0404 .0404 
1 .0663 .0657 -.0006 .0451 .0451 
2 .0482 .0481 -.0001 .0445 .0445 -
3 .0626 .0630 .0004 .044.3 .0443 

Total .1771 .1768 -.0003 .13.39 .1339 
~ .0590 .0589 -.0001 .0446 .0446 
1 .0657 .0694 .0037 .0462 .0310 .0152 
2 .0481 .0491 .0010 .0412 .0412 
3 .0630 .0624 -.0006 .0427 .0427 

Total .1768 .1809 .0041 .1301 .1149 .0152 
x .0589 .0603 .0014 .0433 .0383 .0051 
1 .oYJ4 .0657 -.0037 .0401 .0347 .0054 
2 .0491 .0451 -.0040 .0441 .0441 
3 .0624 .0674 .0050 .0405 .0198 .0207 

Total .1809 .1782 -.OOZ7 .1247 .œs6 .0261 
x .0603 .0594 -.0009 .0416 .0329 .ooS7 



XXXVIII 

Be fore A :t'ter Gain or Be fore Art er Loss 
loss 

1 .0657 .0329 -.0328 .0431 .0431 
2 .0451 .0433 -.0018 .0428 .0428 
3 .0674 .0601 -.0065 .0430 .0256 .0174 

Total .1782 .1371 -.0411 .1289 .1115 .0174 - .0594 .0457 .... 0137 .0430 .0372 .oo;8 x 
1 !,fa. le died - replicate 1 terminated. 
2 .0433 .0437 .0004 .0443 .0443 
3 .06(J) .0622 .0013 .0433 .0135 .0298 

Total .1042 .1059 .0017 .0876 .0578 .0298 
x .0521 .0530 .0009 .0438 .0289 .0149 
2 .0437 .0411 -.0026 .0394 .0394 
3 .0622 .0673 .0051 .0403 .0328 .0075 

Total .1059 .1084 .0025 .0797 .0722 .0075 
x .0530 .0542 .0012 .om .0361 .0038 
2 .0411 .o;oo .0089 .0455 .0455 

.3 .0673 .0745 .0072 .0446 .. 0269 .0177 
Total .1084 .1245 .0161 .(J)Ol .0724 .0177 - .0542 .0623 .0081 .0451 .0362 .0089 x 

2 .0500 .0401 -.0099 .0441 .0441 
3 .0745 .0645 -.0100 .0394 .0394 

Total .1245 .1046 -.0199 .0835 .0835 
x .0623 .0523 -.0100 .0401 .0401 
2 .0401 .0347 -.0054 .0434 .0434 
3 .0645 .0680 .0035 .0436 .0237 .0199 

Total .1046 .1027 -.0019 .0870 .0671 .0199 
:! .0523 .0513 -.0010 .0435 .0335 .0100 
2 r~le died - rep1icate 2 terminated. 
31 .0680 .0634 -.0046 .0395 .0395 
3 .0634 .0679 .0045 .0394 .0234 .0160 
3 .0679 .0633 -.0046 .0394 .0394 
3 .0633 .0763 .0130 .0397 .0131 .0266 
3 .0763 .0601 -.0162 .0401 .0401 
3 .0601 .0627 .0026 .0418 .0182 .0236 
3 .0627 .07CFJ .0082 .0426 .0123 .0303 
3 .07(}1 .0635 -.0074 .0425 .0425 
3 .0635 .0642 .0007 .0394 .0394 
3 .0642 .0642 .0394 .0180 .0214 
3 .0642 .0672 .0030 .0446 .0191 .0255 
3 .0672 .0676 .0004 .0394 .0394 
3 .0676 .0679 .0003 .0405 .0151 .0254 
3 .0679 .0710 .0031 .0398 .0193 .0205 

1 A11 subsequent daily values for diet level 3 are based on replicate 3 
i.e. the value obtained for the sole surviving adult male l· 
macu1iventris in this experiment. 



Be fore A :t'ter Gain or Be fore A:f'ter Loss 
loss 

3 .0710 .0659 -.0051 .0394 .0144 .0250 
3 .0659 .0630 -.0029 .0405 .0405 
3 .0630 .0643 .0013 .0400 .0400 
3 .0643 .0592 -.0051 .0395 .0271 .0124 
3 .0592 .0735 .0143 .0413 .0214 .0199 
3 .C!735 .0665 -.OCf!O .0401 .0401 
3 .0665 .0640 -.0025 .0394 .0263 .0131 
3 .0640 .0594 -.0046 .0394 .0267 .0127 
3 .0594 .0573 -.0021 .0394 .0394 
3 .0573 .0617 .0044 .0398 .0327 .0071 
3 .0617 .0586 -.0031 .0394 .0394 



XL 

P. macu1iventris G. me11onella 

Repli- Weight Vleight Gain or Weight Weight Loss in 
cations be .fore a .ft er loss in be .fore a .ft er weight 

.feeding .fee ding weight predation predation 

Diet level 4 - adu1t males • 

1 • 0604 .(1740 .0136 .0564 .0170 .0394 
2 .0442 .0606 .0164 .05.31 .0098 .04.3.3 
.3 .0624 .07'29 .0105 .056.3 .0122 .0441 
4 .o;m .061.3 .0106 .0561 .0224 .0.3.37 

Total .2177 .2688 .0511 .2219 .0614 .1605 
x .0544 .0672 .0128 .o;;; .0154 .0401 
1 .0740 .0758 .0018 .0494 .0252 .0242 
2 .0606 .0611 .ooo; .0494 .0202 .0292 
3 .enz:; .r:J716 -.0013 .0551 .0195 .0356 
4 .0613 .0623 .0010 .0561 .0286 .OZ75 

Total .2688 .2708 .0020 .2100 .09.35 .1165 
x .0672 .0677 .0005 .0525 .0234 .0291 
1 .0758 .rn;; -.0003 .0502 .0256 .0246 
2 .0611 .0624 .0013 .0505 .0.300 .0205 
3 .0716 .0756 .0040 .0554 .0299 .0255 
4 .0623 .0525 -.0098 .0551 .0551 

Total .2708 .2660 -.0048 .2112 .1406 .0706 
x .0677 .0665 -.0012 .0528 .0352 .0177 
1 .0755 .0631 -.0124 .0570 .0332 .02.38 
2 .0624 .0647 .0023 .0498 .0308 .0190 
3 .0756 .0665 -.0091 .0512 .0308 .0204 
4 .0525 .0661 .0136 .0542 .0'299 .024.3 

Total .2660 .2604 -.0056 .2122 .1247 .0875 
x .0665 .0651 .... 0014 .05.31 .0312 .0219 
1 .06.31 .0657 .0026 .0494 .0256 .02.38 
2 .0647 .o;88 -.0059 .0555 .0.375 .0180 
.3 .0665 .060.3 -.0062 .0495 .0240 .0255 
4 .0661 .0594 -.0067 .0494 .0220 .0274 

Total .2604 .2442 -.0162 .20.38 .1091 .0947 
x .0651 .0611 -.0041 .0510 .0273 .0237 
1 .0647 .0674 .0017 .05.38 .0411 .0127 
2 .0588 .055.3 -.00.35 .0494 .0257 .02.37 
.3 .0603 .0706 .010.3 .0550 .0407 .014.3 
4 .0594 .0641 .0047 .0527 .0427 .0100 

Total .2442 .2574 .01.32 .2109 .1502 .0607 
x .0611 .0644 .00.3.3 .0527 .0.376 .0152 



XLI 

Be fore A:f'ter Gain or Be fore A:f'ter Loss 
loss 

1 .0674 .0743 .0069 .0497 .0335 .0162 
2 .0553 .0640 .0087 .0538 .OZ75 .0263 
3 .cn06 .0601 -.0105 .o;o8 .0186 .0322 
4 .0641 .0588 -.0053 .0504 .0296 .0208 

Total .2574 .2572 -.0002 .2047 .1092 .0955 
:! .0644 .0643 -.0001 .0512 .OZ73 .0239 
1 .Cf143 .Cf136 -.0007 .0555 .0555 
2 .0640 .0633 -.0007 .0538 .0423 .0115 
3 .0601 .0728 .0127 .0564 .0434 .0130 
4 .0588 .0616 .0028 .0560 .0368 .0192 

Total .2572 .2713 .0141 .2217 .1780 .0437 
x .0643 .0678 .0035 .0554 .0445 .0109 
1 .0736 .0688 -.0048 .0563 .0352 .0211 
2 .0633 .0615 -.0018 .0545 .0405 .0140 
3 .0728 .0749 .0021 .0546 .0322 .0224 
4 .0616 .0564 -.0052 .0511 .0511 

Total .2713 .2616 -.oœ7 .2165 .1590 .0575 
:! .0678 .0654 -.0024 .0541 .0398 .0144 
1 .0688 .Cf149 .0061 .0494 .0268 .0226 
2 .0615 .0601 -.0014 .0495 .0372 .0123 
3 .0749 .0672 -.0077 .0554 .0554 
4 .0564 .0518 -.0046 .0512 .0512 

Total .2616 .2540 -,O(f16 .2055 .1706 .0349 
i .0654 .0635 -.0019 .0514 .0427 .0087 
1 .0749 .0717 -.0032 .0502 .0335 .0167 
2 .0601 .0532 -.0069 .0554 .0554 
3 .0672 .0732 .0060 .0529 .0249 .0280 
4 .0518 .0504 -.0014 .0539 .0539 

Total .2540 ·2485 -.0055 .2124 .1677 .0447 - .0635 .0621 -.0014 .0531 .0419 .0112 x 
1 .0717 .0732 .0015 .0545 .0405 .0140 
2 .0532 .0574 .0042 .0513 .0513 
3 .0732 .o639 -.0093 .0558 .0558 
4 .0504 .0487 -.0017 .0561 .0561 

Total .2485 .2432 -.0053 .2177 .2037 .0140 - .0621 .0608 -,0013 .0544 .o5œ .0035 x 
1 .0732 .07(11 -.002.3 .0498 .0498 
2 .0574 .0488 -.0086 .0543 .054.3 
.3 .06.39 .0742 .0103 .0482 .0.358 ,0124 
4 .0487 .0577 .0090 .0550 .04.35 .0115 

Total .2432 .2516 .0084 .207.3 .1834 .02.39 - .0608 .0629 .0021 .0518 .0459 .0060 x 
1 .07(11 .0678 - .. 0031 .0495 .0495 
2 .0488 .0509 .0021 .0507 .o;rn 
3 .0742 .0699 -.004.3 .0494 .0229 .0265 
4 .0577 .0572 -.0005 .0501 .0233 .0268 

Total .2516 ·2458 •• oo;8 .1997 .1464 .053.3 - .0629 .0615 -.0015 .0499 .0366 .0133 x 



XLII 

Be fore Arter Gain or Be fore Art er Loss 
loss 

1 .0678 .0691 .0013 .0489 .0321 .0168 
2 .05(}) .0588 .0079 .0510 .0332 .0178 
3 .0699 .0773 .0074 .0514 .0240 .0274 
4 .0572 -0548 -.0024 .05.30 .0223 .0307 

Total .2458 .2600 .0142 .2043 .1116 .(})27 
x .0615 .0650 .0036 .0511 .0279 .02.32 
1 .0691 .0716 .0025 .0532 .0244 .0288 
2 .0588 .0604 .0016 .0515 .0410 .0105 
3 .0773 .0731 -.0042 .0500 .0390 .0110 
4 .0548 .0665 .0117 .0524 .0273 .0251 

Total .2600 .2716 .0116 .2071 .1317 .0754 
x .0650 .0679 .0029 .0518 .0329 .0189 
1 .0716 .0664 -.0052 .0559 .0559 
2 .0604 .0626 .0022 .0550 .0351 .0199 
3 .0731 .0633 -.0098 .0547 .0547 
4 .0665 .0591 -.0074 .0570 .0387 .0183 

Total .2716 .2514 -.0202 .2226 .1844 .0382 
x .0679 .0629 -.0051 .0557 .0461 .0096 
1 .0664 .0692 .0028 .0563 .03.33 .0230 
2 .0626 .0576 -.0050 .0556 .0556 
3 .0633 .0731 .0(})8 .0523 .0251 .0272 
4 .0591 .0566 -.0025 .0562 .0.300 .0262 

Total .2514 .2565 .0051 .2204 .1440 .0764 
x .0629 .0641 .0013 .0551 .0360 .0191 
1 .0692 .0758 .0066 .0519 .0293 .0226 
2 .0576 .0554 -.0022 .0501 .0501 
.3 .0731 .0767 .0036 .0509 .0211 .0298 
4 .0566 .0621 .0055 .0566 .0369 .0197 

Total .2565 .2700, .01.35 .2095 .1.374 .0721 - .0641 .0675 .00.34 .0524 .0344 .0180 x 
1 .0758 .0680 -.0078 .050.3 .0.377 .0126 
2 .0554 .0563 .0009 .0508 .0508 
.3 .0767 .0690 -.0077 .0500 .0500 
4 .0621 .0543 -.0078 .0~)10 .0510 

Total .voo .2476 -.0224 .2021 .1895 .0126 
x .0675 .0619 -.0056 .0505 .0474 .0032 
1 .0680 .0686 .0006 .05.37 .05.37 
2 .056.3 .0656 .009.3 .0544 .0.311 .0233 
.3 .0690 .0750 .0060 .0497 .0267 .02.30 
4 .0543 .0573 .0030 .0562 .0266 .0296 

Total .2476 .2665 .0189 .2140 .1381 .rn;g - .0619 .0666 .0047 .0535 .0345 .0190 x 
1 .0686 .0724 .00.38 .0496 .0141 .0.355 
2 .0656 .0584 -.0072 .0510 .0510 
3 .0750 .0726 -.0024 .0497 .0138 .0359 
4 .0573 .0640 .0067 .0495 .0206 .0289 

Total .2665 .2674 .0009 .1998 .0995 .1003 - .0666 .0669 .0002 .0500 .0249 .0251 x 



XLIII 

Bef' ore Af'ter Gain or Bef' ore Af'ter Loss 
1oss 

1 .CJ724 .CJ736 .0012 .0564 .03.39 .0225 
2 .0584 .0627 .0043 .0555 .0319 .0236 
3 .CJ726 .0791 .006; .0558 .0256 .0302 
4 .0640 .0623 -.0017 .0545 .0260 .0285 

Total .2674 .2777 .0103 .2222 .1174 .1048 
x .0669 .0694 .0026 .0556 .0294 .0262 
1 .CJ736 .CJ708 -.0028 .0499 .0380 .0119 
2 .06Z7 .0601 -.0026 .0497 .0497 
3 .CJ791 .0699 -.0092 .0497 .0404 .0093 
4 .0623 .0583 -.0040 .0562 .0343 .0219 

Total .2777 .2591 -.0186 .2055 .1624 .0431 
x .0694 .0648 -.0047 .0514 .0406 .0108 
l .CJ708 .(]736 .0028 .0565 .0408 .0157 
2 .0601 .0599 -.0002 .0563 .04h4 .0099 
3 .0699 .CJ742 .0043 .0562 .0337 .0225 
4 .0583 .0606 .0023 .0559 .04h4 .0095 

Total .2591 .2683 .0092 .2249 .1673 .0576 
x .0648 .0671 .002.3 .0562 .0418 .0144 
l .CJ736 .CJ743 .OOCJ7 .0500 .0205 .0295 
2 .0599 .0652 .0053 .05CJ7 .0314 .0193 
3 .CJ742 .CJ763 .0021 .0498 .0390 .0108 
4 .0606 .0591 -.0015 .0494 .0280 .0214 

Total .2683 .Z749 .0066 .1999 .1189 .oSlO - .0671 .0687 .0017 .0500 .0297 .0203 x 
1 .CJ743 .0680 -.0063 .0494 .0160 .0334 
2 .0652 .0620 -.0032 .0495 .0495 
3 .CJ763 .CJ710 -.0053 .0494 .0494 
4 .0591 .0593 .0002 .0495 .0292 .0203 

Total .2749 .2603 -.0146 .1978 ·1441 .0537 
x .0687 .0651 -.0037 .0495 .0360 .0134 
1 .0680 .0696 .0016 .0494 .0280 .0214 
2 .0620 .0613 -.OOCJ7 .0496 .0496 
3 .0710 .0658 - .. 0052 .0562 .0562 
4 .0593 .0509 -.0084 .0548 .0307 .0241 

Total .2603 .2476 -.0127 .2100 .1645 .0455 - .0651 .0619 -.0032 .0525 .0411 .0114 x 
l. .0696 .0719 .0023 .0566 .. 0487 .0079 
2 .0613 .0585 -.0028 .0517 .0517 
3 .0658 .CJ725 .0067 .0566 .0481 .oo8; 
4 .0509 .0549 .0040 .0499 .0499 

Total .2476 .2578 .0102 .2148 .1984 .0164 - .0619 .0645 .0026 .0537 .0496 .0041 x 
1 .rJ719 .C!740 .0021 .0514 .0295 .0219 
2 .o585 .0592 .OOCJ7 .0495 .0365 .0130 
3 .0725 .0668 - .. 0057 .0497 .0497 
4 .. 0549 .0528 -.0021 .0511 .0511 

Total .2578 .2528 -.oo;o .2017 .1668 .0349 
x .0645 .06.32 -.0013 .0504 .0417 .0087 



XLIV 

Be fore A:f'ter Gain or Be fore A:f'ter Loss 
loss 

1 .rJ740 .(1728 -.0012 .0495 .0188 .0307 
2 .0592 .0589 -.0003 .0494 .0494 
3 .0668 .0787 .0119 .0497 .0158 .0339 
4 .0528 .0600 .0072 .0495 .02Z7 .0268 

Total .2528 .2704 .0176 .1981 .1067 .0914 
x .0632 .0676 .0044 .0495 .0267 .0229 
1 .(1728 .(1737 .0009 .0549 .018.3 .0.366 
2 .0589 .0584 -.0005 .0504 .0504 
.3 .0787 .0819 .0032 .0498 .0244 .0254 
4 .0600 .064.3 .004.3 .056.3 .0.359 .0204 

Total .2704 .278.3 .0079 .2114 .1290 .0824 
x .0676 .0696 .0020 .0529 .0.32.3 .0206 
1 .(17.37 .(17.36 -.0001 .0496 .04.31 .0065 
2 .0584 .0591 .0007 .o5o8 .o508 
.3 .0819 .072.3 -.0096 .0494 .0494 
4 .0643 .0620 -.0023 .0513 .0450 .0063 

Total .2783 .2670 -.0113 .2011 .1883 .0128 
x .0696 .0668 -.0028 .0503 .0471 .0032 
1 .(1736 .(1727 -.0009 .0495 .0364 .0131 
2 .0591 .06.31 .0040 .0556 .0556 
3 .0723 .0677 -.0046 .0500 .0.380 .0120 
4 .0620 .0636 .0016 .o;;8 .0.375 .018.3 

Total .2670 .2671 .0001 .2109 .1675 .0434 
! .0668 .0668 .0527 .0419 .0109 
1 .rJ7Zl .rJ762 .0035 .0520 .0298 .0222 
2 .0631 .0650 .0019 .0553 .055.3 
3 .0677 .0705 .0028 .0494 .0494 
4 .06.36 .0704 .0068 .0495 .0411 .0084 

Total .2671 .2821 .0150 .2062 .1756 .0306 - .0668 .(1705 .0038 .0516 .04.39 .0077 x 
1 .0762 .(1784 .0022 .0557 .0387 .0170 
2 .0650 .0591 -.0059 .0555 .o;;; 
.3 .0705 .0711 .oo06 .0537 .0537 
4 .0704 .0656 -.0048 .0528 .0528 

Total .2821 .2742 -.0079 .2177 .2007 .0170 
x .0705 .06S6 -.0020 .0544 .0502 .004.3 
1 .0784 .0736 -.0048 .0546 .0440 .0146 
2 .0591 .0621 .00.30 .055.3 .055.3 
.3 .0711 .08.37 .0126 .0494 .0256 .02.38 
4 .0656 .0648 -.0008 .0515 .0515 

Total .2742 .2842 .0100 .2108 .1764 .0384 - .0686 .0712 .0025 .0527 .0441 .0096 x 
1 .r:/736 .0755 .0019 .0550 .0426 .0124 
2 .0621 .0646 .0025 .0555 .0336 .0219 
3 .0837 .r:/724 -.0113 .0552 .0552 
4 .0648 .0722 .0074 .0545 .0297 .0248 

Total .2842 .2847 .ooo; .2202 .1611 .0591 
f .0712 .0712 .0001 .o;~a .040.3 .0148 



XLV 

Be fore A t'ter Gain or Be fore A t'ter Losa 
loss 

1 .CY755 .CY774 .0019 .0537 .0381 .0156 
2 .0646 .0642 -.0004 .0556 .0556 
3 .CY724 .0679 -.0045 .0536 .0536 ... 
4 .CY722 .0732 .0010 .0549 .0430 .0119 

Total .2847 .2827 -.0020 .2178 .1903 .0275 
x .0712 .0707 -.0005 .0545 .0476 .0069 
1 .0774 .0642 -.0132 .0527 .0403 .0124 
2 .0642 .0623 -.0019 .0539 .0539 
3 .0679 .0756 .OC177 .0538 .0538 
4 .0732 .0692 -.0040 .0518 .0518 

Total .2827 .271.3 -.0114 .2122 .1998 .0124 
x .rn07 .0678 -.0029 .05.31 .o5oo .00.31 
1 .0642 .r:tT37 .0095 .0535 .0.399 .0136 
2 .062.3 .0668 .0045 .0547 .0404 .014.3 
.3 .rn56 .0821 .006; .05.32 .0291 .0241 
4 .0692 .0674 .... 0018 .0542 .0542 

Total .271.3 .2900 .0187 .2156 .1636 .0520 - .0678 .CY725 .0047 .05.39 .0409 .01.30 x 
1 .CY7.37 .0676 -.0061 .0562 .0562 
2 .0668 .0621 -.0047 .0504 .0504 
.3 .0821 .0761 -.0060 .0564 .0564 
4 .0674 .0687 .001.3 .0564 .0396 .0168 

Total .2900 .2745 -.0155 .2194 .2026 .0168 
x .0725 .0686 -.0039 .0549 .0507 .0042 
1 .0676 .0758 .0082 .0515 .0270 ,0245 
2 .0621 .0621 .o;l8 .0518 
.3 .0761 .0735 -.0026 .0519 .0519 
4 .0687 .0626 -.0061 .0514 .0514 

Total .2745 .2740 -.ooo; .2066 .1821 .0245 
x .0686 .0685 -.0001 .0516 .0455 .0061 
1 .0758 .0728 -.00.30 .056.3 .0267 .0296 
2 .0621 .0612 -.0009 .0532 .0532 
.3 .0735 .Cf!2.6 -.0009 .0533 .0533 
4 .0626 .0625 -.0001 .0553 .0553 

Total .2740 .2691 -.0049 .2181 .1885 .0296 - .0685 .0672 -.0012 .0545 .0471 .0074 x 
1 .0728 .(]732 .0004 .0521 .0222 .0299 
2 .0618 .0608 -.0010 .0494 .0494 
3 .'Y'/26 .0681 -.0045 .0561 .0561 
4 .0625 .0695 .0070 .0528 .0288 .0240 

Total .2697 .2716 .0019 .2104 .1565 .0539 - .0674 .0679 .ooo; .0526 .0.391 .0135 x 
1 .(]7.32 .0724 -.ooo8 .0543 .0379 .0164 
2 .0608 .0643 .0035 .0544 .0485 .0059 
3 .0681 .0702 .0021 .0537 .0537 
4 .0695 .0699 .0004 .0557 .0389 .0168 

Toto.l .2716 .2768 ,0052 .2181 .1790 .0391 - .0679 .0692 .001.3 .0545 .0~47 .0098 x 



XLVI 

Bef' ore A:f'ter Gain or Bef' ore A:f'ter Losa 
loss 

l .W24 .0702 -.0022 .o5cn .o;w 
2 .0643 .0614 -.0029 .0538 .0538 
3 .W02 .fJ727 .0025 .0551 .0551 
4 .0699 .0669 -.0030 .0537 .0537 

Total .2768 .2712 -.0056 .2133 .2133 .. 
.0692 .0678 x -.0014 .0533 .0533 

l .W02 .0643 -.0059 .0541 .0541 
2 .0614 .0594 -.0020 a0546 .0546 
3 .07Z7 .0682 -.0045 .0544 .0544 
4 .0669 .0654 -.0015 .0539 .0539 

Total .2712 .2573 -.0139 .2170 .2170 
x .0678 .0643 -.0035 .0542 .0542 
1 .0643 .fJ772 .0129 .0542 .0278 .0264 
2 .0594 .0670 .0076 .0542 .0360 .0182 
3 .0682 .0715 .0033 .0510 .0510 
4 .0654 .0691 .0037 .0520 .0321 .0199 

Total .2573 .2848 .0275 .2114 .1469 .0645 - .0643 .0712 .0069 .0529 .0367 .0161 x 
1 .0772 .0681 -.OC$1 .0535 .0535 -
2 .0670 .0645 -.0025 .0564 .0564 
3 .0715 .0697 -.0018 .0564 .0564 
4 .0691 .0653 -.0038 .0506 .0463 .0043 

Total .2848 .2676 -.0172 .2169 .2126 .0043 ... .0712 .0669 -.0043 .0542 .0532- .oou x 
1 .0681 .0658 -.0023 .0513 .0513 
2 .0645 .06.39 -.0006 .0555 .0555 
3 .0697 .0652 -.0045 .0558 .o;;s 
4 .0653 .0592 -.0061 .0547 .0486 .0061 

Total .2676 .2541 -.0135 .2173 .2112 .0061 - .0669 .0635 -.0034 .0543 .0528 .0015 x 
1 .0658 .0752 .0094 .0543 .0343 .0200 
2 .06.39 .0692 .0053 .0537 .0.391 .0146 
J .0652 .0696 .0044 .0519 .0519 
4 .0592 .0686 .0094 .0497 .0348 .0149 

Total .2541 .2826 .0285 .2096 .1601 .0495 
x .0635 .07C17 .0071 .0524 .0400 .0124 
1 .C1752 .0779 .0027 .0553 .02'71 .0282 
2 .0692 .0632 -.0060 .0523 .0523 
3 .0696 .0707 .0011 .0542 .0542 
4 .0686 .0691 .ooo; .0535 .0348 .0187 

Total .2826 .2809 -.0017 .2153 .1684 .0469 .. .0707 .0702 -.0004 .0538 .0421 .0117 x 
1 .C1779 .0757 -.0022 .0520 .0314 .0206 
2 .0632 .0621 -.0011 .0494 .0494 
3 .0707 .0703 -.0004 .0494 .0494 ... 
4 .0691 • 0658 -.003.3 .0535 .05.35 • Total .2809 .27.39 -.0070 .2043 .18.37 .0206 
x .0702 .0685 -.0018 .0511 .0459 .0052 



XLVII 

Be fore A ft er Gain or Be fore A ft er Loss 
loss 

1 .(]]57 .(]]31 -.0026 .0541 .0541 
2 .0621 .0622 .0001 .0552 .0552 
3 .(]]03 .0664 -.0039 .0522 .0522 
4 .0658 .(]]05 .0047 .0514 .0288 .0226 

Total .'Z'/39 .'Z722 -.0017 .2129 .1903 .0226 
x .0685 .0681 -.0004 .0532 .0475 .0057 
1 .(]]31 .C/706 -.0025 .0542 .0389 .0153 
2 .0622 .0586 -.0036 .0529 .0529 
3 .0664 .0693 .0029 .0529 .0349 .OlSO 
4 .(]]05 .0691 -.0014 .0559 .0559 

Total .'Z722 .2676 -.0046 .2159 .1826 .0333 .. .0681 .0669 -.0012 .0540 .0457 .0083 x 
1 .(]]06 .0618 -.0088 .0546 .0546 -
2 .0586 .0564 -.0022 .0522 .0522 
3 .0693 .0646 -.0047 .0529 .0529 
4 .0691 .0693 .0002 .0564 .0363 .0201 

Total .2676 .2521 -.0155 .2161 .1960 .0201 .. .0669 .0630 -.0039 .0540 .0490 .0050 x 
1 r~le died - replicate 1 terminated. 
2 .0564 .0659 .OC95 .0553 .0354 .0199 
3 .0646 .0626 -.0020 .0496 .0496 
4 .0693 .(]]Cf! .0014 .0499 .0283 .0216 

Total .1903 .1992 .0089 .1548 .1133 .0415 
x .0634 .0664 .0030 .0516 .0378 .0138 
2 .0659 .0651 -.ooo8 .0532 .0532 
3 .0626 .0612 -.0014 .0546 .0546 
4 .(]](]] .0684 -.0023 .0512 .0336 .0176 

Total .1992 .1947 -.0045 .1590 .1414 .0176 
x .0664 .0649 -.0015 .0530 .0471 .0059 
2 .0651 .0656 .0005 .0560 .0560 
3 .0612 .0648 .0036 .0542 .0542 
4 .0684 .(]]07 .0023 .0538 .0303 .0235 

Total .1947 .2011 • .0064 .1640 .1405 .02.35 
:! .0649 .0670 .0021 .0547 .0468 .0078 
2 .0656 .06.34 -.0022 .0494 .0494 
.3 .0648 .0641 -.00(]] .0495 .0495 
4 .07(]] .0657 -.0050 .0494 .0347 .0147 

Total .2011 .1932 -.0079 .1483 .1336 .0147 
x .0670 .0644 -.0026 .0494 .0445 .0049 
2 .0634 .0592 -.0042 .0494 .0494 
3 .0641 .0798 .0157 .0495 .0212 .0283 
4 .0657 .07C9 .0052 .0494 .0353 .0141 

Total .1932 .2C99 .0167 .1483 .1059 .0424 - .0644 .woo .0056 .0494 .0353 .0141 x 



XLVIII 

• Be fore A.fter Gain or Be fore A.fter Loss 
loss 

2 .0592 .06C9 .0017 .0494 .0494 
3 .0798 .0732 -.0066 .0517 .0517 
4 .07C9 .0635 -.0074 .0495 .0495 

Total .2C99 .1976 -.0123 .1506 .1506 
x .0700 .0659 -.0041 .0502 .0502 
2 .06C9 .0566 -.0043 .0560 .0560 
3 .0732 .06S7 -.0045 .0506 .0506 
4 .0635 .0623 -.0012 .0538 .0484 .0054 

Total .1976 .lS76 -.0100 .1604 .1550 .0054 
~ .0659 ,0625 -.0033 .0535 .0517 .0018 
2 .0566 .0597 .0031 .0536 .0536 
3 .06S7 .0691 .0004 .0510 .0510 
4 .0623 .0674 .0051 .0506 .0295 .0211 

Total .1S76 .1962 .0086 .1552 .1341 .0211 
x .0625 .0654 .0029 .0517 .0447 .0070 
2 .0597 .0636 .0039 .0517 .0315 .0202 
3 .0691 .0627 -.0064 .0495 .0495 
4 .0674 .0634 -.0040 .0535 .0437 .OC98 

Total .1962 .1897 -.0065 .1547 .1247 .0300 
x .0654 .0632 -.0022 .0516 .0416 .0100 
2 .0636 .0668 .0032 .0494 .0366 ;.0128 
3 .0627 .0676 .0049 .0495 .0495 
4 .0634 .CJ706 .OCJ72 .0495 .0242 .0253 

To~al .189'7 .2050 .0153 .1484 .1103 ,0381 
x .0632 .0683 .0051 .0495 .0368 .0127 
2 .0668 .0621 -.0047 .o;oo .,0500 
3 .0676 .0650 -.0026 .0498 .0498 
4 .CJ706 .0699 -.0007 .0496 .0312 .0184 

Total .2050 .1970 -.oo8o .1494 .1310 .0184 
x .0683 .0657 -.0027 .0498 .0437 .0061 
2 .0621 .0616 -.0005 .0529 .0529 
3 .0650 .0781 .0131 .05.3.3 .0376 ,0157 
4 .0699 .0669 -.0030 .0550 .0426 .0124 

Total .1970 .2066 .0096 .1612 .1331 .0281 - .0657 .0689 .0032 .05.37 .0444 .0094 x 
2 .0616 .0621 .0005 .05.30 .05.30 
3 .0781 .0758 -.0023 .0506 .0463 .004.3 
4 .0669 .062.3 -.0046 .0543 .0452 .0091 

Total .2066 .2002 -.0064 .1579 ·1445 .0134 - .0689 .0667 -.0021 .0526 .0482 .0645 x 
2 .0621 .0589 -.00.32 .0512 .0512 
3 .0758 .CJ70.3 -.0055 .0554 .0554 
4 .0623 .CJ707 .0084 .0514 .0353 .0161 

Total .2002 .1999 -.0003 .1580 .1419 .0161 
i .0667 .0666 -.0001 .0527 .0473 .0054 



XLIX 

Be .fore A :t'ter Gain or Be .fore A :t'ter Loss 
loss 

2 .0589 .0601 .0012 .0521 .0521 
3 .Cf/03 .0659 -.0044 .0511 .0511 
4 .cncn .0676 -.0031 .0544 .0358 .0186 

Total .1999 .1936 -.0063 .1576 .1390 .0186 
x .0666 .0645 -.0021 .0525 .0463 .oo62 
2 .0601 .0561 -.0040 .0493 .0493 
3 .0659 .0661 .0002 .0546 .0345 .0201 
4 .0676 .0581 -.0095 .0538 .0538 

Total .1936 .1803 -.0133 .1577 .1376 .0201 - .0645 .0601 -.0044 .0526 .0459 .0067 x 
2 .0561 .0672 .0111 .0501 .0378 .0123 
3 .0661 .0685 .0024 .0494 .0494 
4 .0581 .Cf/19 .0138 .0517 .0260 .0257 

Total .1803 .2Cf76 .0273 .1512 .U32 .0380 .. .0601 .0692 .0091 .0504 .0377' .0127 x 
2 .0672 .0653 -.0019 .0494 .0494 
3 .0685 .0653 -.0032 .0505 .0505 
4 .Cf/19 .0692 -.0027 .0494 .0494 

Total .2Cf76 .1998 -.0078 .1493 .1493 - .0692 .0666 -.0026 .0498 .0498 x 
2 .0653 .0604 -.0049 .0525 .0525 
3 .0653 .0626 -.0027 .0505 .0505 
4 .0692 .0693 .0001 .0520 .0520 

Total .1998 .1923 -.OCf/5 .1550 .1550 - .0666 .0641 -.0025 .0517 .0517 x 
2 .0604 .0547 -.0057 .0537 .0537 
3 .0626 .Cf/82 .0156 .0524 .0228 .0296 
4 .0693 .0659 -.0034 .0526 .0526 

Total .1923 .1988 .0065 .1587 .1291 .0296 - .0641 .0663 .0022 .0529 .0430 .0099 x 
2 ~~le died - replicate 2 termir~ted. 
3 .Cf/82 .Cf/10 -.OCf/2 .0498 .0498 
4 .0659 .Cf/40 .0081 .0519 .0335 .0184 

To~l .1441 .1450 .0009 .1017 .0833 .0184 
x .Cf/21 .Cf/25 .0005 .0509 .0417 .0092 
3 .Cf/10 .0617 -.0093 .0496 .0496 
4 .Cf/40 .0680 -.0060 .0525 .0432 .0093 

Total .1450 .1297 -.0153 .1021 .0928 .0093 - .Cf/25 .0649 -.OCf/7 .0511 .0464 .0047 x 
3 .0617 .0633 .0016 .0494 .0494 
4 .0680 .0668 ... 0012 .0517 .0289 .0228 

Total .1297 .1301 .0004 .1011 .Cf/83 .0228 .. 
.0649 .0651 .0002 .0506 .0392 .0114 x 

3 .0633 .Cf/14 .0081 .0498 .0263 .0235 
4 .0668 .0643 -.0025 .0505 .0329 .0176 

Total .1301 .1.357 .0056 .1003 .0592 .0411 
x .0651 .0679 .0028 .0502 .0296 .0206 



L 

Be fore A !'ter Gain or Be fore A !'ter Loss 
loss 

3 .0714 .0685 -.0029 .05(J] .0342 .0165 
4 .0643 .0663 .0020 .0515 .0266 .0249 

Total .1357 .1348 -.0009 .1022 .0608 .0414 
x .0679 .0674 -.0005 .0511 .0304 .02(J] 

3 .0685 .CJ736 .0051 .0531 .0235 .0296 
4 .0663 .CJ720 .0057 .0515 .0159 .0356 

Total .1348 .1456 .0108 .1046 .0394 .0652 
x .0674 .CJ728 .0540 .0523 .0197 .0326 
3 .rrt36 .f!740 .0004 .0527 .0261 .0266 
4 .(]720 .0717 -.0003 .0519 .0305 .0214 

Total .1456 -1457 .0001 .1046 .0566 .0480 
x .0728 .0729 .0001 .0523 .0283 .0240 
3 .0740 .(]744 .0004 .0496 .0496 
4 .0717 .0677 -.0040 .0494 .0337 .0157 

Total .1457 .1421 -.0036 .0990 .0833 .0157 
x .0729 .0711 -.0018 .0495 .0417 .0079 
3 .0744 .0684 -.0060 .0539 .0387 .0152 
4 .0677 .0630 -.0047 .0515 .0515 

Total .1421 .1314 -.0107 .1054 .0902 .0152 
i .0711 .0657 -.0054 .0527 .0451 .0076 
3 .0684 .0676 -.0008 .0494 .0494 
4 .0630 .0646 .0016 .0494 .0249 .0245 

Total .1314 .1322 .0008 .0988 .CJ743 .0245 
x .0657 .0661 .0004 .0494 .0372 .0123 
3 .0676 .0674 -.0002 .0556 .0353 .0203 
4 .0646 .0681 .0035 .0527 .0465 .0062-

Total .1322 .1355 .0033 .1083 .0818 .0265 
x .0661 .0678 .0017 .0542 .04CR .0133 
3 .0674 .(J]l9 .0045 .0494 .0318 .0176 
4 .0681 .0639 -.0042 .0515 .0515 

Total .1355 .1358 .0003 .lOCR .0833 .0176 
x .0678 .0679 .0002 .0505 .0417 .0088 
3 .CJ719 .0746 .0027 .0494 .0339 .0155 
4 .0639 .CJ719 .0080 .0494 .0224 .0240 

Total .1358 .1465 .0107 .(1:)88 .0563 .0425 - .0679 .Cf/33 .0054 .0494 .0282 .0213 x 
3 .0746 .0626 -.0120 .0497 .0497 
4 .0719 .0669 -.0050 .0514 .0514 

Total .1465 .1295 -.0170 .1011 .1011 - .0733 .0648 -.0085 .0506 .0506 x 
3 .0626 .0734 .0108 .0494 .0340 .0154 
4 .0669 .0746 .0077 .0495 .0147 .0348 

Total .1295 .1480 .0185 .0989 .048? .0502 
x .0648 .0740 .0()}3 .0495 .0244 .0251 



LI 

Bef' ore Af'ter Gain or Bef' ore Af'ter Loss 
loss 

.3 .CJ7.34 .068.3 -.0051 .0494 .0.340 .0154 
4 .0746 .(}750 .0004 .0495 .0.321 .0174 

Total .1480 .14.3.3 -.0047 .0189 .0661 .0.328 - .0740 .. (}717 -.0024 .0495 .0.3.31 .0164 x 
.3 .068.3 .0684 .0001 .0494 .0.312 .0182 
4 .(}750 .CY711 -.00.39 .0496 .02.34 .0262 

Total .14.3.3 .1.395 -.00.38 .0990 .0546 .0444 - .(}717 .0698 -.0019 .0495 .027.3 .0222 x 
.3 .0684 .0668 -.0016 .0498 .0.320 .0178 
4 .0711 .058.3 -.0128 .0496 .0496 

Total .1.395 .1251 -.0144 .0194 .0816 .0178 
i .o69e .0625 -.0072 .0497 .0408 .0089 
.3 .0668 .0817 .0149 .0499 .02.35 .0264 
4 .058.3 .CY70.3 .0120 .0494 .0285 .0201 

Total .1251 .1520 .0269 .099.3 .0520 .047.3 
x .0625 .(}760 .0135 .0497 .0260 .0237 
.3 .0817 .(}711 -.0106 .0502 .0502 
4 .0703 .0697 -.0006 .0496 .OZ72 .0224 

Total .1520 .1408 -.0112 .0998 .r:J774 .0224 
x .0760 .r:J704 -.0056 .0499 .0.387 .0112 
.3 .0711 .0678 -.00.3.3 .0525 .0351 .0174 
4 .0697 .0689 -.ooo8 .0504 .0504 

Total .1408 .1367 -.0041 .1029 .0855 .0174 
x .(1704 .0684 -.0021 .0515 .0428 .0087 
.3 .0678 .0645 -.00.33 .0494 .0.32.3 .0171 
4 .0689 .r:J70.3 .0014 .0495 .032.3 .0172 

Total .1.367 .1348 -.0019 .0989 .0646 .0343 
:X .0684 .0674 -.0010 .0495 .0.323 .0172 
.3 .0645 .0694 .0049 .0514 .0302 .0212 
4 .(}703 .(J7.37 .00.34 .0504 .0326 .0178 

Total .1348 .1431 .0083 .1018 .0628 .0.390 
x .0674 .CY716 .0042 .0509 .0.314 .0195 
.3 .0694 .0696 .0002 .0521 .0275 .0246 
4 .07.37 .0665 -.0(}72 .0505 .0292 .0213 

Total .14.31 .1.361 -.0070 .1026 .0567 .0459 
:X .0716 .0681 -.0035 .051.3 .0284 .0230 
3 .0696 .0664 -.00.32 .0495 .0396 .0099 
4 .0665 .0688 .002.3 .051.3 .0294 .0219 

Total .1.361 .1.352 -.0009 .lOOS .0690 .0.318 - .0681 .0676 -.0005 .0540 .0.345 .0159 x 
3 .0664 .0695 .00.31 .0515 .0515 
4 .0688 .0704 .0016 .0523 .052.3 

Total .1.352 .1399 .0047 .1038 .1038 
x .0676 .0700 .0024 .0519 .0519 
.3 .0695 .0648 -.0047' .0497 .0497 
4 .0704 .0706 .0002 .0517 .040$ .0109 

Total .1399 .1354 -.0045 .1014 .0905 .0101 
x .0700 .0677 -.0023 .0507 .0453 .0055 



LII 

Be fore Af'ter Gain or Be fore Af'ter Loss 
loss 

3 .0648 .0'718 .0070 .0506 .0304 .0202 
4 .0706 .06o; -.0101 .0509 .0509 

Total .1354 .132.3 -.0031 .1015 .0813 .0202 x .0677 .0662 -.0016 .0508 .0407 .0101 
.31 .0718 .0771 .oo;3 .0521 .02.30 .0291 
4 t~le died - rep1icate 4 terminated. 
.3 .0771 .07.35 -.00.36 .0497 .0447 .oo;o 
.3 .07.35 .0691 -.0044 .0504 .024.3 .0261 
3 .0691 .0629 -.0062 .0495 .0495 
3 .0629 .0692 .0063 .0494 .0494 
.3 .0692 .0644 -.0048 .0494 .0494 
3 .0644 .r:n16 .0072 .0494 .0279 .0215 
3 .0716 .0580 -.0136 • 051.3 .051.3 
.3 .o;8o .0684 .0104 .0517 .0240 .0277 
.3 .0684 .0796 .0112 .050.3 .0074 .0429 
.3 .0796 .0728 -.0068 .0510 .0510 
.3 .0728 .0677 -.0051 .0494 .0180 .0.314 
.3 .0677 .0715 .00.38 .0509 .0289 .0220 
.3 .0715 .0684 -.0031 .0528 .0.3.32 .0196 
.3 .0684 .0646 -.0038 .0507 .0507 
.3 .0646 .0777 .01.31 .o5oo .0.36.3 .01.37 
.3 .0777 .0688 -.0089 .0494 .0494 
.3 .0688 .0649 - .. 00.39 .0510 .0510 
.3 .0649 .0775 .0126 .0525 .0525 
3 .0775 .0818 .004.3 .0494 .0.305 .0189 
.3 .0818 .0'718 -.0100 .0510 .0510 
.3 .0718 .0668 -.oo;o .0506 .0506 

1 A1l subsequent dai1y values for diet leve1 4 are based on rep1icate .3 
i.e. the value obtained for the sole surviving adult male f• 
maouliventris in this experiment. 



LIII 

!!• maculiventris g. me11oœlla 

Repli- Weight Weight Gain or Weight Weight Loss in 
cations be fore art er loss in be fore atter weight 

fee ding fee ding weight predation predation 

Diet lsvel 1 - adult females. 

1 .0810 .C1754 -.0056 .0102 .0102 -2 .m66 .0795 .0029 .0~5 .0017 .0078 
:3 .09:38 .0885 -.005:3 .0094 .0094 
4 .C1727 .0685 -.0042 .0094 .0~4 -Total .:3241 .:3119 -.0122 .0385 .0:3C17 .0078 
f .0810 .r.nso -.00:31 .0096 .ron .0020 
1 .Cl/54 .0815 .0061 .01:34 .001:3 .0121 
2 .m; .0792 -.0003 .0094 .0014 .ooso 
:3 .oss; .0904 .0019 .0117 .0040 .wn 
4 .0685 .0682 -.000:3 .0094 .0012 .0082 

Total .:3119 .3193 .0074 .0439 .OC!79 .0360 
f .0780 .0798 .0019 .0110 .0020 .0090 
1 .0815 .0712 -.010:3 .0127 .oou .0116 
2 .C1792 .07:32 -.0060 .0115 .ooo8 .0107 
:3 .0904 .CI/35 -.0169 .0128 .0015 .011:3 
4 .0682 .066; -.0017 .0147 .0008 .01:39 

Total .3193 .2844 -.0349 .0517 ·0042 .0475 - .ms .0711 -.008'1' .0129 .oou .0119 x 
1 .C1712 .0668 -.0044 .0120 .0011 .0109 
2 .07:32 .C1742 .0010 .0140 .0014 .0126 
:3 .07:35 .0690 -·0045 .0109 .0109 -
4 .0665 .0649 -.0016 .0127 .0127 -

total .2844 .2749 -.0095 .0496 .0261 .02:35 - .0711 .0687 -.0024 .0124 .0065 .0059 x 
1 .0668 .osu .0143 .0137 .0010 .0127 
2 .0742 .CI/89 .0047 .0141 .002:3 .ous 
:3 .0690 .(]]9'7 .0107 .0148 .0019 .0129 
4 .0649 .0668 .0019 .0147 .0019 .0128 

Total .2749 .:3065 .0316 .0573 .0071 .0502 
x .06P/7 .cn66 .0Cfl9 .0143 .0018 .0126 
1 .0811 .C1744 -.0067 .0124 .0012 .0112 
2 .C1789 .C176:3 -.0026 .0103 .0009 .0094 
:3 .r:ncn .cn66 -.00:31 .0150 .0019 .0131 
4 .0668 .C1718 .0050 .0139 .0010 .0129 

Total .3065 .2991 -.0074 .0516 .oo;o .0466 - .C1766 .rn48 -.0019 .0129 .0013 .0117 x 



LIV 

Bef' ore A:rter Gain or Bef'ore Af'ter Loss 
loss 

1 .U'/44 .U'/59 .0015 ~01.44 .0014 .0130 
2 .U'/63 .0790 .OOZ7 .0094 .0009 .oo85 
3 .cn66 .0851 .0085 .0125 .oou .0114 
4 .U'/18 .U'/34 .0016 .0124 .oou .0113 

Total .2991 .3134 .0143 .o4m .0045 .0442 - .U'/48 .U'/84 .0036 ~0122 .oou .Olll x 
1 .U'/59 ~U'/50 -.0009 ~0094 .0016 .0078 
2 .mo ~OSU'/ ~0017 ~Oll2 .0011 .0101 
3 .0851 .0821 -~0030 .0141 .0012 .0129 
4 .f1'/34 .U'/01 -.0033 .Olr:t'/ .0015 .0092 

Total .3134 .3079 -.0055 .0454 .0054 .0400 - .0784 .mo -.0014 .0114 .0014 .0100 x 
1 .cn5o .0814 .0064 .0158 .0012 .0146 
2 .oscn .0819 .0012 .0146 .0006 .0140 
3 .0821 .0895 .OU'/4 .0154 .ooœ .0146 
4 .U'/01 .f1'/59 .0058 ~0120 .oorn .0113 

Total .3(]79 .3287 .0208 .0578 .0033 .0545 - .mo .0822 ~0052 .0145 .ooos .0136 x 
1 .0814 .0860 .0046 ~0143 .0009 .0134 
2 .0819 .0875 .0056 .0136 .0019 .0117 
3 .0895 .0892 -~0003 .0142 .oocn .0135 
4 .C!759 .f1105 -.0054 .0141 .0141 

Total .3287 .3332 .0045 ~0562 .0176 .0386 - .0822 .0833 .oou .0141 .0044 .0097 x 
1 .0860 .0845 -.0015 .0136 .0004 .0132 
2 .0875 .0827 -.0048 .0133 .0133 -3 .0892 .0888 -.0004 .0094 .0005 .0089 
4 .f1105 .0716 .oou ~0131 .ooos .0126 

Total .3332 .3Z76 -.0056 .0494 .0147 .0347 - .0833 .0819 -.0014 .0124 .0034 .0087 x 
1 .0845 .0927 .0082 .0112 .0008 .0104 
2 .0827 .0821 -.0006 .0131 .0131 
.3 .0888 .09.35 .004'7 .0114 .0010 .0104 
4 .0716 .0816 .0100 .on; .0008 .0107 

Total .3Z76 • .3499 .022.3 .0472 .0157 .0315 - .0819 .0875 .0056 .0118 .0039 .0079 x 
1 .0927 .0860 -.0067 .0151 .0004 .0147 
2 .0821 .0852 .00.31 .0129 .0013 .0116 
3 .0935 .0941 .0006 .0157 .ooos .0149 
4 .0816 .0770 -.0046 .0156 .0012 .0144 

Total .3499 .3423 -.0076 .0593 .0071 .0556 
i .0875 .0856 -.0019 .0148 .0009 .0139 
1 .0860 .0854 -.0006 .0117 .oorn .0110 
2 .0852 .0915 .0063 .0162 .oon .0151 
3 .0941 .0801 -.0140 .0141 .0012 .0129 
4 .0770 .0824 .0054 .0174 .0010 .0164 

Total .3423 .3394 -.0029 ~0594 .0040 .0554 - .0856 .0849 -.CXXJ7 .0149 .0010 .0139 x 



LV 

Be fore A.f'ter Gain or Bef' ore Af'ter Loss 
loss 

1 .0854 .osoo -.0054 .0158 .0010 .0148 
2 .0915 .0896 -.0019 .0162 .0022 .0140 
3 .0801 .0848 .0047 .0135 .0006 .0129 
4 .0824 .0879 .0055 .0135 .0029 .0106 

Total .3394 .3423 .0029 .0590 .0067 .0523 
f .0849 .0856 .00f.J7 .0148 .0017 .0131 
1 .0800 .rn46 -.0054 .0155 .0067 .0088 
2 .0896 .1017 .0121 .0141 .0042 .0099 
3 .0848 .0915 .0067 .0138 .0010 .0128 
4 .OS79 .œs5 .0006 .0123 .0016 .0107 

Total .3423 .3563 .0140 .0557 .0135 .0422 - .0856 .0891 .0035 .0139 .0034 .0106 x 
1 .0746 .rrt53 .0007 .0163 .0014 .0149 
2 .1017 .0931 -.0086 .0148 .0148 -
3 .0915 .0925 .0010 .0140 .0008 .0132 
4 .0885 .0941 .o056 .0148 .0031 .0117 

Total .3563 .3550 -.0013 .0599 .0201 .0398 - .0891 .0888 -.0003 .0150 .0050 .0100 x 
1 .0753 .0858 .0105 .0110 .0068 .0042 
2 .0931 .C1172 .0041 .0154 .0127 .OOZ'/ 
3 .0925 .0856 -.0069 .0136 .0136 -
4 .0941 .0892 -.0049 .0148 .0148 

Total .3550 .3578 .0028 .0548 .0479 .0069 - .osse .0895 .0007 .0137 .0120 .0017 x 
1 .os58 .0844 -.0014 .0142 .oou .0131 
2 .CFn2 .1030 .oo;s .0132 .0053 .0079 
3 .0856 .0823 -.0033 .0164 .0007 .0157 
4 .0892 .0910 .0018 .0165 .0165 -

Total .3578 .3607 .0029 .0603 .0236 .0367 
f .0895 .0902 .0007 .0151 .0059 .0092 
1 .0844 .0823 -.0021 .0118 .0006 .0112 
2 .1030 .1031 .0001 .0145 .0145 
3 .0823 .0857 .0034 .0096 .0003 .0093 
4 .0910 .(YJ37 .OOZ'I .0146 .0062 .0084 

Total .3607 • .3648 .0041 .0505 .0216 .0289 
i .0902 .0912 .0010 .0126 .0054 .0072 
1 .082.3 .0879 .oo;6 .0116 .0006 .0110 
2 .1031 .1018 -.001.3 .012.3 .001.3 .ouo 
.3 .0857 .rrt60 -.0097 .0122 .0007 .ou; 
4 .09.37 .0936 -.0001 .0128 .00.32 .0096 

Total • .3648 • .3593 -.0055 .0489 .oo;8 .04.31 - .0912 .0898 -.0014 .0122 .0015 .0108 x 
1 .0879 .086; -.0014 .0123 .ooos .0115 
2 .1018 .1042 .0024 .0136 .01.36 -
3 .0760 .0845 .oo85 .0155 .0010 .0145 
4 .0936 .0986 .oo;o .0157 .0035 .0122 

Total .3593 .3738 .0145 .0571 .0189 .0.382 - .0898 .09.35 .00.36 .0143 .0047 .0096 x 



LVI 

Be fore A.tter Gain or Be fore Ai"ter Loss 
1oss 

1 .0865 é0896 .0031 .0135 .0004 .0131 
2 .1042 .®2 -.ocno ~0142 .0039 .0103 
3 .0845 .0897 .0052 .0126 .0006 .0120 
4 .0986 .0969 -~0017 .0155 .0155 

Total .3738 .3734 -.0004 .os;8 .0204 .0354 
f .0935 .0934 -.0001 .0140 .0051 .0089 
1 .0896 .0841 -.0055 .0113 .0017 .0096 
2 .(J:J'l2 ~1<175 .0103 .0118 .0091 .0027 
3 .0897 é08l6 -.0081 .0124 .0008 .0116 
4 .œ69 .0988 .0019 .0119 .0028 .0091 

Total .3734 é3720 -.0014 .0474 .0144 .0330 - .0934 .0930 -.0004 .0119 .0036 .0083 :x 
1 .0841 .0842 .0001 .0150 .0004 .0146 
2 .1<175 .lCI72 -~0003 .0150 .0150 -3 .0816 .0867 .oo;1 .0127 .0004 .0123 
4 .0988 .1016 .0028 .0146 .0020 .0126 

Total .3720 .3797 .0077 .0573 .0178 .0395 - .0930 .0949 .0019 .014.3 .0045 .0099 x 
l .0842 .0909 .0067 .0125 .0009 .0116 
2 .1CI72 .1007 -.006; .0116 .0116 -3 .0867 .0864 -.0003 .0125 .0006 .Oll9 
4 .1016 .1017 .0001 .0101 .ooœ .0093 

Total .3797 .3797 - .0467 .01.39 .0328 - .0949 .0949 .0117 .0035 .0082 x 
l .f!jo:) .o:)21 .0012 .0150 .0013 .0137 
2 .1007 .œ84 -.0023 .0158 .0158 
3 .0864 .0837 -.0027 .0140 .0008 .0132 
4 .1017 .0920 -.0097 .0142 .0028 .0114 

Total .3797 .3662 -.01.35 .0590 .0207 .0383 - .0949 .œl6 -.0034 .0148 .0052 .0096 x 
l .0921 .0831 -.0090 .0142 .0008 .0134 
2 .0984 .1052 .o068 .0146 .0009 .0137 
.3 .0837 .0931 .0094 .0132 .0009 .0123 
4 .0920 ~096.3 .0043 ~0143 .0011 .0132 

Total .3662 .3771 .ou; .0563 .0037 .0526 - .0916 .0944 .0029 .0141 .0009 .0132 x 
l .0831 .CII93 -.0038 .0121 .0009 .0112 
2 .1052 .105.3 ~0001 ~0137 .ooos .0129 
3 .09.31 .1000 .0069 .0122 .001.3 .0109 
4 .0963 .0965 .0002 .ol.36 .0015 .0121 

Total .3771 • .3811 .00.34 .o;l6 .0045 .0471 
f .0944 .0953 .0009 .0129 .oou .0118 
l .(1793 .mo -.002.3 .0139 .ooo; .0134 
2 .1053 .0990 -.0063 .0146 .0009 .0137 
.3 .1000 .1047 .0047 .0150 .ool6 .0134 
4 .œ6; .0960 -.0005 .0126 .0014 .0112 

Total .3811 .3767 -.0044 .0561 .0044 .0517 - .0953 .0942 -.0011 .0140 .0011 .0129 x 



LVII 

Be fore After Gain or Be fore A.fter Loss 
loss 

1 .rrno ;.0809 .00.39 ;.0134 .0003 .0131 
2 .C9<}0 .1000 .0010 .0120 .0120 
3 .1047 .0959 -.oœs .0122 .0028 .0094 
4 .0960 .0896 -~0064 .0127 .0013 .0114 

Total .3767 •3664 -;.0103 ;.o;o,; .0164 .0339 - .0942 .0916 -.0026 .0126 .0041 .oo85 x 
1 .0809 ;.09.30 .0121 .0130 ;.0014 .0116 
2 .1000 ~112.3 .0123 .0140 .ocn5 .0065 
3 .0959 .1066 .0107 .0152 ;.0010 .0142 
4 .0896 .0816 -.oo8o .01.35 .0021 .0114 

Total •.3664 .3035 .0271 .0557 .0120 .04.37 
f .0916 .09S9 ~0068 .01.39 .0030 .0109 
1 .0930 .0802 -.0128 ;.0123 .012.3 • 
2 .1123 .0933 -~0190 • 0126 .0126 -
.3 .1066 .1088 .0022 .ol28 .0013 .on; 
4 .0816 .087; ~0059 .0125 .0008 .0117 

Total • .39.35 .3698 -.0237 .0502 .0270 ;.0232 
x .0989 .0925 -~0059 .0126 .0068 .oo;8 
1 .0802 .0774 ... 0028 .0126 .0007 .0119 
2 .09.3.3 .1066 .0133 ~0126 .oou .ou; 
.3 .1088 .1121 .003.3 .0142 .0019 .0123 
4 .0875 .0891 .0016 .01.35 ~0008 .0127 

Total .3698 .3852 .0154 .o;29 .0045 .0484 
f .0925 .0963 .00.39 ~01.32 .oon .0121 
1 .0774 .07S6 .0012 .0102 .0004 .0098 
2 .1066 .1059 -.0007 .ouo ~0007 .0103 
3 .ll21 .098.3 -.0138 .0130 .0015 .on; 
4 .OS91 .0871 -.0020 .0120 .0014 .0106 

Total • .3852 • .3699 -.015.3 .0462 ;.0040 .0422 - .096.3 ~0925 -.00.38 .0116 .0010 .0106 x 
1 .0786 •0894 .0108 ;.0156 .0007 .0149 
2 .1059 ~1010 -.0049 .0158 .00:11 .0121 
.3 .098.3 .0997 .0014 .0147 .0009 .0138 
4 .0871 .0927 .0056 .0150 .0012 .0138 

Total .3699 • .3828 ;.0129 .06ll .0065 .0546 
x .0925 .0957 .0032 .015.3 .0016 .0137 
1 .OS94 .0829 -.0065 .0111 .0009 .0102 
2 .lOlO ~0997 -.001.3 .010.3 .rou .0092 
.3 .(1J97 .0990 -.0007 .0112 .0007 .0105 
4 .0927 .0696 -.0231 .0109 .oou .0098 

Total • .3828 .3512 -.0316 .0435 .0038 .0397 - .0957 .0878 -.0079 .0109 .0010 .0099 x 
1 .0829 .0906 .0077 .0100 .oo;5 .0045 
2 .rm"/ .0973 -.0024 .0108 .ooo8 .o1oo 
3 .0990 .0874 -.0116 .0101 .0013 .0088 
4 ~0696 .0661 -.0035 ~0102 .0006 .0096 

Total .3512 .3414 -.0098 .0411 .0082 .0.329 - .0878 .0854 -.0025 .0103 .0021 .0082 x 



LVIII 

Bef' ore A:f'ter Gain or Bef' ore A:f'ter Loss 
1oss 

1 .0906 .C1777 -.0129 .010.3 .ooo; .0098 
2 .C/J7.3 .(yJ(J"f -.0066 .Olf:/1' .ooo; .0102 
.3 .0874 .08.39 -.00.35 .0108 ·0004 ;o104 
4 .0661 .0662 .0001 .0100 .0006 .0094 

Total • .3414 ~.3185 -.0229 .0418 .0020 .0.398 
i .0854 .C1196 -.0057 .0105 .ooo; .0100 
1 .C1777 .0756 -.0021 .ons .0004 .0114 
2 .tYJrn .0956 .0049 .0105 .0105 
.3 .08.39 .0919 .ooso .OJJ.4 .oou .010.3 
4 .0662 .C176.3 .0101 .ol.lS •000.3 .0115 

Total • .3185 • .3.394 .02fYJ .0455 .012.3 .0.3.32 - .ffl96 .0849 .0052 .0114 .00.31 .008.3 x 
1 .(:f'f56 .0870 .0114 .01.3.3 .01.3.3 -2 .0956 .1041 .0085 .0105 .ooo; .0100 
.3 .0919 .0862 -.0057 .ou; .0004 .0111 
4 .CJ76.3 .0682 -.0081 .0110 .oor:tr .010.3 

Total • .3.394 • .3455 .0061 .046.3 .0149 .0.314 - .0849 .0864 .0015 .0116 .00.37 .0079 x 
1 .0870 .0697 -.017.3 .0124 .000.3 .0121 
2 .1041 .08.37 ... 0204 .0116 .0116 -
.3 .0862 .0827 -.00.35 .0116 .oo05 .0111 
4 .0682 .0676 -.0006 .0122 .ooo5 .0117 

Total • .3455 .,30.37 -.0418 .0478 .0129 .0.349 - .0864 .(1759 -.0105 .0120 .00.32 .0087 x 
1 .0697 .066.3 -.0034 .0109 .0004 .0105 
2 .08.37 .090.3 .0066 .0125 .oo05 .0120 
.3 .0827 .0890 .006.3 .0122 .oocn .0115 
4 .0676 .C172.3 •0047 .om .0006 .0105 

Total • .30.37 • .3179 .0142 .0467 .0022 .0445 - .0759 .m5· .00.36 .0117 .0006 .om x 
1 .066.3 .rns2 .0119 .012.3 .0006 .0117 
2 .090.3 .0904 .ooo1 .0108 .ooo; .010.3 
.3 .OS90 .0861 -.0029 .Olll .oocn .0104 
4 .(]72.3 .0627 -.0096 .0108 .0004 .0104 

Total • .3179 • .3174 -.ooo; .0450 .0022 .0428 
f .(]795 .C1194 -.0001 .011.3 .0006 .oun 
1 .c:n82 .0681 -.0101 .0117 .OOfYI .o11o 
2 .0904 .OS94 -.0010 .Oll4 .000.3 .0111 
.3 .0861 .om .0016 .Oll6 .0006 .0110 
4 .0627 .0626 -.0001 .0117 .0004 .011.3 

Total .,3174 .,3(]78 -.0096 .0464 .0020 .0444 - .C/794 .mo -.0024 .0116 .ooo; .0111 x 
1 .0681 .0819 .0138 .0095 .0004 .0091 
2 .0894 .0862 -.00.32 .0120 .oocn .011.3 
.3 .0877 .0964 .0087 .0125 .oocn .ous 
4 .0626 .0658 .00.32 .0094 .oo06 .ooss 

Total • .3CY7S .3.303 .0225 .04.34 .0024 .0410 - .mo .0826 .0()56 .0109 .0006 .010.3 x 



LJX 

Bef' ore A.f'ter Gain or Bef' ore Atter Loss 
losa 

1 .0819 .W54 -.0065 .om .ooo; .0106 
2 .0862 .089.3 .00.31 .01()9 .0008 .0101 
.3 .(JJ64 .o;J59 -.0005 .0126 .0005 .0121 
4 .06;8 .0660 .0002 .0109 .oo06 .010.3 

Total • .3.30.3 • .3266 -.00.37 .0455 .0024 .04.31 
~ .0826 .0817 -.0009 .0114 .0006 .0108 
1 .(J'f!)4 .Cf/57 .000.3 .0110 .OOC17 .010.3 
2 .OS9.3 .086.3 -.00.30 .0100 .0010 .0090 
.3 ·0959 .œ27 -.00.32 .0099 .001.3 .oo86 
4 .0660 .0647 -.001.3 .0112 .owt .0105 

Total • .3266 • .3194 -.0Cf12 .0421 .00.37 .0.384 - .0817 .f1799 -.0018 .0105 .0009 .0096 x 
1 .(1757 .08.34 .OCJn .0121 .0004 .0117 
2 .086.3 .0872 .ooœ .0102 .0006 .oœ6 
.3 .C1727 .0862 -.0065 .011.3 .0010 .010.3 
4 .0647 .06.32 -.0015 .0112 .orxn .0105 

Total • .3194 • .3200 .0006 ·0448 .oozr .0421 - .(1199 .œoo .0001 .0112 .oocrr .0105 x 
1 .0834 .f1700 -.01.34 .0118 .00(17- .Olll 
2 .0872 .œ;o -.0022 .00)4 .0006 .ooss 
.3 .0862 .0867 .ooo; .0101 .0006 .0095 
4 .06.32 .0649 .0017 .014.3 .0006 .01.37 

Total • .3200 • .3066 -.01.34 .0456 .0025 .04.31 
f .osoo .(1766 -.00.34 .0114 .0006 .0108 
1 .woo .0615 -.0085 .OQ96, .0004 .0092 
2 .0850 .0915 .0065 .0124 .oor:n .0117 
.3 .0867 .08.37 -.00.30 .0109 .0009 .0100 
4 .0649 .0643 -.0006 .0096 .ooo5 .0091 

Total • .3066 • .3010 -.0056 .0425 .0025 .0400 - .(1766 .C1753 -.0014 .0106 .o006 .0100 x 
l .0615 .(178.3 .0168 .0116 .0005 .0111 
2 .0915 .rn63 -.0152 .0114 • OOC!'l' .OliJ7 
.3 .08.37 .W45 -.0092 .0108 • oo06 .0102 
4 .064.3 .0570 -.OCJ7.3 .0112 .ooo8 .0104 

Total • .3010 .2861 -.0149 .0450 .oo26 .0424 - .075.3 .(1715 -.00.37 .011.3 .orxn .0106 x 
1 .0783 .f117l -.0012 .0094 .oon .008.3 
2 .(1'{63 .f1179 .ool6 .Olcrt .0009 .Qfi7S 
.3 .fY'/45 .fY'/76 .00.31 .Olll .OOOC) .0102 
4 .0570 .0616 ~0046 .ou; .0012 .010.3 

Total .2861 .2942 .0081 .OI.Zt .0041 .0.386 
x .f1715 .r:n.36 .0020 .0107 .0010 .Qfl77 
1 J.177l .osoo .0029 .0108 ~0005 .010.3 
2 .f1179 .0874 .oœ; .0122 .ooo; .0117 
.3 .0776 .08.36 .0060 .0199 .0024 .0095 
4 .0616 .0625 .0009 .0120 .OOU'f .011.3 

Total .2942 • .31.35 .019.3 .0549 .0041 .0428 - .rn.36 .0784 .0048 .Oll7 .0010 .0107 x 



LX 

Bef'ore A !'ter Gain or Bef' ore Af'ter Losa 
losa 

1 .0800 .0651 -.0149 .0139 .0014 .0125 
2 .0874 .0786: -.0088 .0128 .0014 .0114 
3 .0836 .0751 -.0085 .0114 .0114 
4 .0625 .0576 -.0049 .0122 .0014 .0108 

Total .3135 .ZT64 -.0371 .0503 .0156 .0347 
f .0784 .0691 -.0093 .0126 .0039 .0087 
1 .0651 .0673 .0022 .0122 .0004 .0118 
2 .0786 .0914 .0128 .0121 .0006 .0115 
3 .0751 .0826 .0075 .0115 .ooos .0107 
4 .0576 .0603 .OOZl .0112 .0058 .0054 

Total .ZT64 .3016 .0252 .0470 .orn6 .0394 
f .0691 .0754 .0063 .ons .0019 .0099 
1 .0673 .0590 -.0083 .0121 .0004 .0117 
2 .0914 .0903 -.0011 .0129 .oocn .0122 
3 .0826 .0783 -.0043 .0128 .ooo; .0123 
4 .0603 .0616 .0013 .0134 .oou .0123 

Total .3016 .2892 -.0124 .0512 .OOZ! .0485 
! .0754 .C1123 -.0031 .0128 .0007 .0121 
1 .0590 .0674 .0084 .0137 .0004 .0133 
2 .0903 .r:trn -.0126 .o]M. .0006 .0138 
3 .0783 .0851 .0068 .0144 .ooos .0136 
4 .0616 .0588 -.0028 .0148 .0006 .0142 

Total .2892 .2890 -.0002 .0573 .0024 .0549 
i .f!723 .m23 - .0143 .0006 .01.37 
1 .0674 .0684 .0010 .0106 .001.3 .0093 
2 .r:trn .osu .0034 .0122 .0006 .0116 
3 .0851 .0824 -.OO'Zt .ouo .0010 .0100 
4 .0588 .0623 .0035 .0105 .ooo; .0100 

Total .2890 .2942 .0052 .0443 .00.34 .04(]:) 
i .f!723 .rn36 .0013 .0111 .0009 .0102 
1 .0684 .0737 .005.3 .0094 .0003 .0091 
2 .osu .0772 -.0039 .0110 .0005 .o1o; 
3 .0824 .0817 -.ooor .0117 .0008 .0109 
4 .0623 .0608 -.0015 .0115 .0006 .0109 

Total .2942 .2934 -.ooos .0436 .0022 .0414 
f .cn36 .07.34 -.0002 .0109 .0006 .0104 
1 .cn37 .0765 .0028 .0098 .000.3 .0095 
2 .0772 .080'7' .0035 .0094 .0002 .0092 
3 .0817 .0791 -.0026 .0109 .0003 .0106 
4 .0608 .062.3 .0015 .0101 .0004 .0097 

Total .29.34 .2986 .0052 .0402 .0012 .0390 
x .cn34 .rtl47 .0013 .0101 .0003 .0098 
1 .cn65 .cn02 -.0063 .0094 .oocn .0087 
2 .0807 .0708 -.006.3 .0094 .owr .0087 
3 .0791 .0871 .ooso .0095 .0006 .0089 
4 .0623 .06ll -.0012 .ouo .OOOS' .0102 

Total .2986 .2892 -.0094 .0419 .00.31 .o,;ss - .0747 .(]723 -.0024 .o1o; .ooos .0097 x 



Be fore Arter Gain or Be fore Art er Losa 
loss 

1 .0702 .osas .0106 .0108 .ooos .0100 
2 .0708 .0816 .0108 .0102 .0009 .0093 
3 .0871 .08.32 -.00.39 .0125 .ooos .0117 
4 .0611 .0694 .008.3 .0126 .oorn .0119 

Total .2892 • .3150 .0258 .0461 .0032 .0429 
f .C/123 .0788 .0065 .0115 .ooos .Ol(J'f 
1 .osos .0826 .0018 .01.44 .0009 .0135 
2 .0816 .0725 -.0091 .01.35 .00f17 .0128 
3 .0832 .08.34 .0002 .0147 .0008 .01.39 
4 .0694 .07(/J .0015 .0143 .0010 .01.33 

Total .3150 • .3094 -.oo;6 .o;69 .0034 .05.35 - .0788 .0774 -.0014 .0142 .0009 .01.34 x 
1 .0826 .0861 .00.35 .0138 .0006 .01.32 
2 .0725 .0851 .0126 .0145 .0006 .01.39 
3 .08.34 .086.3 .0029 .01.47 .0005 .0142 
4 .rnCYJ .0742 .00.3.3 .01.35 .0010 .0125 

Total • .3094 • .3.317 .022.3 .0565 .OOZ? .05.38 - .rm4 .0829 .0558 .0141 .0007 .01.35 x 
1 .0861 .0828 -.00.3.3 .OCIJ4 .0006 .0088 
2 .0851 .0685 -.0166 .0094 .0003 .0091 
3 .086.3 .(IJ41 .0078 .ou; .oou .0104 
4 .(1742 .0771 .0029 ~0126 .0006 .0120 

Total .3.317 .3225 -.0092 .0429 .0026 .0403 - .0829 .0806 -.0023 .0107 .0007 .0101 x 
1 .0828 .0796 -.00.32 .0098 .0098 
2 .0685 .0790 .o1o; .0099 .0004 .0095 
.3 .0941 .0916 -.0025 .0109 .0013 .0096 
4 .rm1 .0691 -.ooso .ou; .0010 .o1o; 

Total .3225 • .319.3 -.0032 .0421 .0125 .0296 
f .0806 .0798 -.0008 .o1o; .0031 .0074 
1 .0796 .f1124 -.OCf'/2 .ous .ooo; .011.3 
2 .0790 .rm1 -.0019 .0123 .ooo; .ons 
.3 .0916 .0852 -.0064 .0124 .0010 .0114 
4 .0691 .o666 -.0025 .0120 .0004 .0116 

Total • .319.3 • .301.3 -.0180 .0485 .0024 .0461 - .0798 .075.3 -.0045 .0121 .oo06 .0115 x 
1 .0724 .0834 .ouo .0109 .0004 .0105 
2 .rm1 .0791 .0020 .ouo .0004 .0106 
3 .0852 .090.3 .0051 .0100 .0004 .0096 
4 .0666 .0670 .0004 .0124 .0004 .0120 

Total • .301.3 • .3198 .0185 .0443 .ool6 .04Z7 - .0753 .osoo .0046 .0111 .0004 .0107 x 
1 .0834 .0831 -.000.3 .0116 .ooœ .0108 
2 .0791 .0706 -.0085 .01.36 .0045 .0091 
3 .0903 .0834 -~0069 .0157 .0004 .0153 
4 .0670 .0601 -.0069 .0154 .0006 .0148 

Total • .3198 .2972 -.0226 .056.3 .006.3 .o;oo - .osoo .f114.3 -.0057 .0141 .0016 .0125 x 



LXII 

Bef' ore A :t'ter Gain or Be fore A :t'ter Loss 
1oss 

1 .0831 .fJ790 -.0041 .0143 .0021 .0122 
2 Female died - rep1icate 2 terminated. 
3 .0834 ~m5 .0141 .0147 .0005 .0142 
4 .0601 .0685 .0084 .0140 .0004 .0136 

Total .2266 .2450 .0184 .0430 .0030 .0400 - .0755 .0817 .0061 .0143 .0010 .0133 x 
1 .mo .mo -.0020 .0113 .0003 .0110 
3 .C1Y/5 .0829 -.0146 .0110 .0005 .0105 
4 .0685 .0682 -.0003 .0127 .0003 .0124 

Total .2450 .2281 -.0169 .0350 .0011 .0339 - .0817 .rn6o -.0056 .0117 .0004 .0113 x 
1 .mo .0887 .0117 .0126 .0013 .0113 
3 .0829 .~38 .0109 .0121 .0005 .0116 
4 .0682 .(]700 ~0018 .0108 .0004 .0104 

Total .2281 ~2525 .0244 .0355 .0022 .0333 - .(]760 .0842 .0081 .ons .OOC17 .Oll1 x 
1 .0887 .0879 -.0008 .0126 .0126 -
3 .0938 .(1:J74 .0036 .0125 .0014 .0111 
4 .(]700 .rn44 .0044 .0124 .0005 .0119 

Total .2525 .2597 .0072 .0375 .0145 .0230 - .0842 .0866 .0024 .0125 .0048 .O!Yl7 x 
1 .0879 .0857 -.0022 .0094 .0006 .0088 
3 .0974 .0893 -.0081 .OlfYT .0010 .0097 
4 .rn44 .fJ722 -.0022 .0103 .0062 .0041 

Total .2597 .2472 -.0125 .0304 .0078 .0226 
~ .0866 .0824 -~0042 .0101 .0026 .0075 
1 .0857 .0906 .0049 .0105 .0002 .0103 
3 .0893 .0925 .0032 .0104 .OOfY'I .exy:n 
4 .rn22 .(]778 .0056 .0103 .0005 .0098 

Total .2472 .2609 .0137 .0312 .0014 .0298 - .0824 .0870 .0046 .0104 .0005 .0099 x 
1 .0906 .0848 -.0058 .0114 .0067 .0047 
3 .0925 .0986 .0061 .0114 .0006 .0108 
4 .ms .(]786 .0008 .0108 .OOC17 .0101 

Total .2609 .2620 .0011 .0336 .ooso .0256 
x .0870 .0873 .0004 .0112 .OOZ7 .0085 
1 .0848 .0820 -.0028 .0110 .0110 .. 
3 .0986 .0886 -.0100 .0112 .0004 • 0108 
4 .(]786 .CJ767 -.0019 .0114 .0004 .0110 

Total .2620 .2473 -.0147 .0336 .0118 .0218 
x- .0873 .0824 -.0049 .0112 .0039 .0073 
1 .0820 .07~ -.0081 .0111 .Olll 
3 .0886 .0854 -.0032 .0112 .ooœ .0104 
4 .fJ767 .0813 .0046 .0117 .0004 .0113 

Total .2473 .2406 -.0067 .0340 .0123 .0217 - .0824 .0802 -.0022 .0113 .0041 .0072 x 



UIII 

Be tore A:t'ter Gain or Be tore Af'ter Losa 
losa 

1 Female died - replicate 1 terminated • 
3 • 0854 .0985 .0131 .0125 .0021 .0104 
4 .0813 .0793 -.0020 .0130 .ooœ .0122 

Total .1667 .1778 .Olll .0255 .0029 .0226 - .0834 .0889 .0055 .0128 .0015 .0113 x 
3 .0985 .0921 -.0064 .0130 .0023 .0107 
4 .0793 .0861 .0068 .0121 .0014 .0107 

Total .1778' .1782 .0004 .0251 .0037 .0214 
f .0889 ~0891 .0002 ~0126 .0019 .0107 
3 .0921 .0993 .0072 .0096 .0020 .0076 
4 .0861 .0857 -.0004 .0106 .ooos .0098 

Total .1782 .1850 .0068 .0202 .0028 .0174 - .0891 .0925 .0034 .0101 .0014 .0087 x 
3 .0993 .0994 .0001 .0117 .0007 .0110 
4 .0857 .0698 -.0159 .0125 .0005 .0120 

Total .1850 .1692 -.0158 .0242 .0012 .0230 - .0925 .0846 -.0079 ~0121 .0006 .0115 x 
3 .0994 .1028 .0034 .0105 .0006 .0099 
4 .0698 .0718 .0020 .0105 .0008 .0097 

Total .1692 .1746 .0054 .0210 .0014 .0196 - .0846 .0873 .OO'Zl .0105 .0007 .0098 x 
3 .1028 .0921 -.0107 .0118 .0009 .0109 
4 .0718 .0719 .0001 ~0114 .ooo; .0109 

Total .1746 .1640 -.0106 .0232 .0014 .0218 - .0873 .0820 -.0053 .0116 .0007 .0109 x 
3 .0921 .0973 .0052 .Oll1 .0026 .oo85 
4 .0719 .0736 .0017 .0111 ·0004 .0107 

Total .1640 .1709 .0069 .0222 .0030 .0192 - .0820 .os;; .0035 .Olll .0015 .0096 x 
3 .0973 .0896 -.0077 .ou; .0005 .0110 
4 .0736 .0598 -.0138 .om .0004 .0109 

Total .1709 .1494 -.0215 .0228 .0009 .0219 - .0855 .r:n47 -.0108 .0114 .()0()5 .ouo :x 
3 .0896 .1009 .0113 .0114 .0006 .0108 
4 .0598 .0796 .0198 .ou; .0004 .0111 

Total .1494 .1805 .0311 .0229 .0010 .0219 - .0747 .0903 .0156 .ou; .ooo; .0110 x 
3 .1009 .1044 .0035 .ouo .0017 .0093 
4 .f1796 .0742 -·0054 .ou; .ooos .olen 

Total .1805 .1786 -.0019 .0225 .0025 .0200 - .0903 .0893 -.0010 .0113 .0013 .0100 x 
3 .1044 .0900 -.0144 .0112 .0009 .0103 
4 .0742 .0737 -.0005 .0115 ·0004 .0111 

Total .1786 .1637 -.0149 .0227 .0013 .0214 
f .0893 .0819 -.0075 .0114 .0007 .01(17 



• 

• 

LXIV 

Bef' ore Af'ter Gain or Bef' ore A.fter Losa 
loss 

3 .(1100 .(1136 .00.36 .0116 .0011 .0105 
4 .U737 .0721 -.0016 .0124 .0006 .oll8 

Total .16.37 .1657 .0020 .()240 .0017 .022.3 - .0819 .0829 .0010 .0120 .00(1j .0112 x 
.3 .(1136 .(1136 - .012.3 .ooœ .0115 
4 .0721 .0709 -.0012 .0118 .0004 .0114 

Total .1657 .1645 -.0012 ·0241 .0012 .0229 - .0829 .0823 -.0006 .0121 .0006 .0115 :r: 
.3 .09.36 .1060 .0124 .0123 .0008 .ou; 
4 .0701 .0758 .0049 .0122 .0008 .0114 

Total .1645 .1818 .017.3 .0245 .0016 .0229 - .0823 .0109 .0087 .012.3 .ooos .ou; x 
3 .1060 .09.36 -.0124 .om .0006 .0105 
4 .0758 ·0641 -.0117 .011.3 .0015 .0098 

Total .1818 .1577 -·0241 .0224 .0021 .020.3 - .0909 .U789 -.0121 .0112 .oou .0102 :r: 
,31 .0936 .1011 .0075 .012.3 .0010 .011.3 
4 Fema.le died - replieate 4 terminated. 
.3 .1011 .108.3 .0072 .012.3 .0008 .ou; 
.3 .108.3 .0182 -.0101 .0119 .0025 .0094 
.3 .0982 .10.37 .0055 .0127 .oocrr .0120 
3 .10.37 .1024 -.0013 .0129 .ooos .0121 
.3 .1024 .()185 -.00.39 .012.3 .0004 .0119 
.3 .0985 .1069 .0084 .0120 .0004 .0116 
3 .1069 .0992 -.0077 .0108 .0004 .0104 
.3 .0992 .()985 -.ocx:n .0125 .ooog .0117 
3 .0985 .10.3.3 .0048 .ou; .0025 .0090 
3 .1033 .0899 -.01.34 .0124 .0124 

1 
A.ll subsequent da.iq values :tor diet level l are based on replieate 3 
i.e. the value obtained :tor the sole surviving adu1t temale f• 
maculiventris in this experiment • 



LXV 

î. 1118.Culi ventris g. mellonella 

Repli- Weight Weight Gain or Weight Weight Loss in 
cations be fore af'ter loss in be fore alter weight 

feeding fee ding weight predation predation 

Diet level 2 - adult temales • 

1 .07]4 • 0647 -.0067 .0262 .0177 .oos; 
2 .0840 .0884 .0044 .0251 .0041 .0210 
3 .os;6 .0829 -~0027 .0210 .0210 
4 .0664 .07.38 .0074 .0208 .00.32 .0176 

Total • .3074 • .3098 .0024 .09.31 .0460 .0471 - .0'169 .m; .0006 .02.33 .ou; .Oll.8 :x 
1 .0647 .068; .0038 .0196 .0013 .0183 
2 .0884 .0873 -.oou .024]. .OOZl .02]4 
3 .0829 .0726 -.0103 .0262 .0262 -
4 .0738 .0697 -.0041 .0194 .0029 .0165 

Total • .3098 .2981 -.0117 .OS93 .0.3.31 .0562 - .rm5 .0745 -.0029 .022.3 .0083 .0141 :x 
1 .0685 .0688 .000.3 .0216 .004.3 .017.3 
2 .0873 .0887 .00]4 .0252 .00.31 .0221 
3 .0726 .0727 .0001 .02.39 .0010 .0229 
4 .0697 .0670 -.0027 .0259 .0045 .0214 

Total .2981 .2972 -.0009 .0966 .0129 .0837 
f .rrt45 .rn43 -.0002 .0242 .0032 .0209 
1 .0688 .0729 .0041 ~0255 .001.3 .0242 
2 .0887 .0828 -.0059 .0220 .0019 .0201 
3 .0727 .0726 -.0001 .0196 .0016 .0180 
4 .0670 .0711 .0041 .0194 .00.39 .0155 

Total .2972 .2994 .0022 .086; .0087 .0778 - .0743 .rt'/49 .0006 .0216 .0022 .0195 x 
1 .rn';!J .0699 -.0030 .0196 .0027 .0169 
2 .0828 .08?9 .0051 .0235 .0015 .0220 
.3 .rt726 .Cf125 -.0001 .0194 .00.3.3 .0161 
4 .07ll .0782 .0071 .0254 .0029 .0225 

Total .2994 • .3085 .0091 .0879 .0104 .0775 
x .rt749 .0771 .002.3 .0220 .0026 .0194 
1 .0699 .07.37 .0038 .0240 .0026 .0214 
2 .08?9 .o86; -.0014 .0205 .0205 -
.3 .0725 .0718 -.oor:n .02.39 .0020 .0219 
4 .rn82 .rn87 .ooo; .0215 .0036 .01'79 

Total .,3085 .310'7 .0022 .0899 .0287 .0612 - .0771 .cm7 .0006 .0225 .0072 .0153 x 



LXVI 

Be fore Arter Gain or Be fore Art er Loss 
loss 

1 .0737 .0806 .0069 .0238 .0021 .0217 
2 .0865 .0922 .0057 .0233 .0064 .0169 
3 .0718 .0912 .0194 .0194 .0042 .0152 
4 .07ert .0777 -.0010 .0264 .0044 .0220 

Total .3107 .3417 .0310 .(1J29 .0171 .0758 - .rrrn .0854 .0078 .0232 .0043 .0190 x 
1 .0806 .0782 -.0024 .0216 .0014 .0202 
2 .0922 .0848 -.0074 .0216 .0216 
3 .0912 .0833 -.0079 .0233 .0043 .0190 
4 .0777 .0775 -.0002 .0236 .0017 .0219 

Total .3417 .3238 -.0179 .0901 .0290 .0611 - .0854 .OSlO -.0045 .0225 .0073 .0153 x 
1 .0782 .0863 .0081 ~0223 .0033 .0190 
2 .0848 .0790 -.0058 .0214 .0017 .0197 
3 .0833 .0858 .0025 .0194 .0062 .0132 
4 .CYn5 .0869 .00)4 .02.39 .0091 .0148 

Total .3238 .3380 .0]42 .0870 .0203 .0667 - .OSlO .0845 .0036 .0218 .0051 .0167 x 
1 .0863 .0833 -.0030 .0194 .0194 
2 .mo .0905 .on; .0258 .0028 .0230 
3 .0858 .0908 ~0050 .0194 .0026 .0168 
4 .0869 .0807 -.0062 .0236 .0236 -

Total .3380 .3453 .OCf'/3 .0882 .0484 .0.398 - .0845 .0863 .0018 .0221 .0121 .0100 x 
1 .0833 .0786 -.0047 .0256 .0256 -
2 .0905 .0898 -.00(]7 .0266 .0017 .0249 
3 .0908 .0860 -.0048 .0254 .0254 -
4 .0807 .0804 -.0003 .0243 .0243 -Total .3453 .3348 -.010'5 .1019 .mo .0249 - .0863 .0837 -.0026 .02'55 .0193 .0062 x 
1 .(]786 .0791 .000'5 .02'53 .0029 .0224 
2 .0898 .1019 .0121 .025'5 .0023 .0232 
3 .0860 .0887 .00'2/ .0257 .0257-
4 .080.4 .0958 .0154 .0249 .0129 .0120 

Total .3348 .3655 .03(]7 .1014 .0438 .0576 - .0837 .0914 • rxn"l .0254 .0110 .01.44 . x 
1 .m1 .0831 .0040 .0220 .0035 .0185 
2 .1019 .1064 .0045 .0196 .0025 .0171 
3 .0887 .0854 -.0033 .0201 .0201 
4 .0958 .0860 -.0098 .0219 .0219 -

Total .36'5'5 .3609 -.0046 ~0836 .0480 .0356 - .0914 .0902 -.0012 .0209 .0120 .0089 x 
1 .0831 .0886 .0055 .0194 .0020 .0174 
2 .1064 .0956 -.0108 .0194 .0071 .0123 
3 .0854 .0817 -.0037 .0205 .0205 -
4 .0860 .0872 .0012 .0220 .0220 -

Total .3609 .3531 -.ocns .0813 .0516 .om 
! .0902 .0883 -.0020 .0203 .0129 .0074 



LXVII 

Bef' ore A t'ter Gain or Bef' ore Atter Losa 
losa 

l .0886 .0851 -.0035 .0254 .0018 .0236 
2 .0956 .0928 -.0028 .0256 .0068 .0188 
3 .0817 .0905 .0088 .0252 .0019 .0233 
4 .0872 .081.3 -.0059 .0211 .0158 .0053 

Total • .3531 .3497 -.0034 .C1113 .0263 .ffllO - .0883 .0874 -.0009 .024.3 .0066 .0178 x 
l .0851 .0821 -.0030 .0230 .0043 .0187 
2 .0928 .0916 -.0012 .0212 .0013 .0199 
3 .0905 .0910 .0005 .0211 .0211 -
4 .0813 .084.3 .0030 .0215 .0215 -Total .3497 .3490 -.0007 .0868 .0482 .0386 - .0874 .087.3 -.0002 .0217 .0121 .0097 x 
1 .0821 .0842 .0021 .0247 .0022 .0225 
2 .0916 .1018 .0102 .0264 .0012 .0252 
3 .0910 .0871 -.0039 .0219 .0219 
4 .0843 .0955 .0112 .0248 .0045 .0203 

Total .3490 .3686 .0196 .ff;?B .0298 .0680 - .0873 .0922 ·0049 .0245 ~0075 .0170 x 
1 .0842 .0907 .0065 .0247 .0011 .0236 
2 .1018 .0925 -.0093 ·0241 .0031 .0210 
3 .0871 .0968 .oa:n .024.3 .002.3 .0220 
4 .0955 .0881 -.0074 .0265 .0216 .0049 

Total .,3686 .3681 -.0005 .0996 .0281 .0715 - .0922 .0920 -.0001 .0249 .0070 .0179 x 
1 .0907' .0803 -.0104 .0225 .0022 .0203 
2 .0925 .0946 .0021 .0263 .0012 .0251 
3 .0968 .0899 -.0069 .0252 .0252 
4 .0881 .0890 .0009 .0228 .0228 

Total .3681 .3538 -.014.3 .0968 .0514 ·0454 - .0920 .0885 -.0036 .0242 .0129 .0114 x 
1 .0803 .0806 .0003 .0208 .0012 .0196 
2 .0946 .0958 .0012 .0195 .0024 .0171 
3 .OS99 .1084 ~0185 .0264 .0063 .0201 
4 .OSC)O .0934 .0044 .0260 .OOf:l} .0191 

'l'ota! .3538 .3782 .0244 .r1)27" .0168 .0759 - .osas .0946 .0061 .0232 .0042 .0190 x 
1 .0806 .0825 .0019 .0261 .0013 '•0248 
2 .0958 .0950 -.0008 .0242 .0010 .023Z 
3 .1084 .r/J67 -.0117 ~0234 .02r1) .0025 
4 .0934 .0931 -.0003 .0251 .0251 

Total .3782 .3673 -.Olr/J .ri)SS .0483 .0505 - .r/J46 .0918 -.0027 .0247 .0121 .0126 x 
1 .0825 .0865 .0040 .0261 .0020 .0241 
2 .0950 .1023 .0073 .0221 .0028 .0193 
3 .(J:J67 .0956 -.0011 .0203 .0203 -
4 .0931 .œos -.0023 .0244 .0216 .0028 

Total .3673 .3752 .0079 .0929 .0467 .0462 - .0918 .r/J38 .0020 .0232 .0117 .0116 x 



LXVIII 

Be fore Arter Gain or Be fore Atter Losa 
1oss 

1 .0865 .0758 -.01(17 .0218 .0013 .0205 
2 .1023 .0857 -.0166 .0230 .0015 .0215 
3 .0956 .1104 .0148 .0232 .0023 .0209 
4 .0908 .0993 .0085 .0221 .0032 .0189 

Total .3752 .3712 -.0040 .0901 .0083 .0818 - .0938 .0928 -.0010 ~0225 .0021 .0205 x 
1 .0758 .0852 .0094 .0248 .0022 .0226 
2 .0857 .0911 .0054 .0244 .0018 .0226 
3 .ll04 ~1055 -.0049 .0230 .0230 -
4 .0993 .086.3 -•0130 .0235 .0187 .0048 

Total .3712 .3681 -.0031 .0957 ·0457 .0500 
! .0928 .0920 -.0008 .02.39 .OU4 .0125 
1 .0852 .0711 -.0141 .0245 .0014 .0231 
2 .0911 .0980 .0069 .0231 .0030 .0201 
3 .1055 .0999 -~0056 .0250 .0250 
4 .0863 .osso .0017 .0230 .OOf/7 .0163 

Total .,3681 .3570 -.Olll .0956 .0361 .0595 - .0920 .0893 -.0028 .0239 .0090 .0149 x 
1 .(1711 .0754 .004,3 .0216 .0018 .0198 
2 .0980 .r:m6 -~0204 .02.31 . .001.3 .0218 
.3 .0999 .0932 -.0067 .0229 .0229 
4 .osso .0918 .0038 .0200 .0025 .0175 

Total .3570 .,3380 -.0190 .0876 .0285 .0591 - .089.3 .0845 -.0048 .0219 .0(171 .0148 x 
1 .0754 .0705 -.0049 .0241 .00]4 .0227 
2 .0776 .0848 ~0072 .0225 .001.3 .0212 
.3 .0932 .1095 .016.3 .0247 .0025 .0222 
4 .()918 .0934 .0016 .02.35 .00.30 .0205 

Total .3.380 • .3582 ~0202 .0948 .0082 .0866 
f .0845 .0896 .oo;1 .0237 .0021 .0217 
1 .(J'lo; .0668 -.00.37 .om .0015 .0192 
2 .0848 .0921 .007.3 .0215 .0054 .0161 
3 .1095 .1158 .0063 .0235 .0076 .0159 
4 .0934 .1032 •0098 .0215 .0072 .014.3 

Total .3582 ~37'79 .0197 .0872 .0217 .0655 - .OS96 .0945 .0049 .0218 .0054 .0164 x 
1 .0668 .0672 .0004 .0204 .0015 .0189 
2 .0921 .0739 -·0182 .0229 .0042 .0187 
3 .1158 .0872 -.0286 .0209 .0042 .0167 
4 .1032 .0984 -.0048 .0222 .0056 .0166 

Total .37'79 .,3267 -.0512 .0864 .0155 .0709 - .0945 .0817 -.0128 .0216 .00.39 .0177 x 
1 .0672 .0662 -.0010 .02.30 .0025 .0205 
2 .07.39 .0815 .0076 .0249 .0023 .0226 
3 .0872 .(1:}57 .oos; .0235 .0057 .0178 
4 .()184 .1007 .002.3 .0254 .0242 .0012 

Total .3267 .,3M.l .0174 .0968 .0347 .0621 - .0817 .0860 .a~ .0242 .0087 .0155 x 



LX:JX 

Be tore A.ft.er Gain or Be tore Atter Losa 
loss 

1 .0662 .0761 .0099 .0217 .0020 .0197 
2 .0815 .0912 .[XYJ7 .02rFt .0025 .0182 
3 .~57 .C1}78 .0021 .0210 .0145 .0065 
4 .1ocn .uoo .0013 .0217 .0029 .0188 

Total -3441 .3751 .0310 .0851 .0219 .0632 - .0860 .0938 .0078 .0213 .0055 .0158 x 
l .0761 .0896 .0135 .0251 .0010 .024]. 
2 .~12 .0876 -.0036 .0226 .0018 .0208 
3 .o:ns .1114 .01.36 .0252 .0063 .0189 
4 .uoo .0994 -.0106 .0260 .0260 -Total .3751 • .3880 .0129 .0989 .0.351 .06.38 - .(}}38 .C1}70 .00.32 .0247 .ooss .0160 x 
l .0896 .0946 .oo;o .0225 .0014 .0211 
2 .(g!6 .0812 -.0064 .0218 .0013 .0205 
.3 .1114 .1040 -.OCf/4 .0214 .0214 -
4 .0994 .1049 .oo;; .0220 .0109 .0111 

Total .3880 • .3847 -.0033 .0877 .0350 .o;Z? - .C1}70 .0962 -.ooo8 .0219 .0088 .01.32 x 
l .0946 .0938 -.ooo8 .0235 .0044 .0191 
2 .0812 .0956 .01.44 .0244 .OQ4l .020.3 
3 .1040 .1207 .0167 .o226 .0045 .0181 
4 .1049 .1078 .0029 .0230 .0071 .0159 

Total .3847 .4179 .03.32 .0935 .0201 .0734 - .0962 .1045 .008.3 .0234 .0050 .0184 x 
1 .09.38 .0950 .0012 .0217 .0026 .0191 
2 .0956 .0871 -.0085 .0221 .0007 .0214 
3 .12f17 .1052 -.0155 .0243 .0243 -
4 .1078 .1080 .0002 .0218 .0218 -

Total .4179 • .3953 -.0226 .0899 .0494 .0405 - .1045 .0988 -.0057 .0225 .0124 .0101 x 
1 .0950 .0914 -.0036 .0219 .oou .0208 
2 .0871 .0893 .0022 .0226 .0009 .0217 
3 .1052 .1212 .0160 .0224 .0037 .0187 
4 .1080 .lll5 .00.35 .0225 .0082 .0143 

Total • .3953 ·4134 .0181 .0894 .01.39 .0755 - .0988 .10.33 .0045 .0224 .00.35 .0189 x 
1 .0914 .0995 .0081 .0219 .0040 .0179 
2 .0893 .0916 .002.3 .0216 .0012 .0204 
.3 .1212 .1229 .0017 .0207 .0040 .0167 
4 .lll5 .1062 -.0053 .0202 .0202 -

Total ·41.34 ·4202 .0068 .08.44 .0294 .o;;o 
f .10.33 .1051 .0017 .0211 .0074 .0138 
l .0995 .0951 -.0044 .0253 .oo;.; .0200 
2 .0916 .0898 -.0018 .0227 .0024 .020.3 
.3 .1229 .1186 -.0043 .0247 .0247 -
4 .1062 .1126 .0064 .0214 .0091 .012.3 

• Total .4202 .4161 -.0041 .0941 .0415 .0526 - .1051 .1040 -.0010 .0235 .0104 .01.32 x 



LXX 

Be fore Af'ter Gain or Be tore A!'ter Loss 
loss 

1 .0951 .0921 -.00.30 .0200 .00.34 .0166 
2 .0898 .oS2S -.OC170 .0218 .oon .02f17 
.3 .1186 .1161 -.0025 .0200 .oo;o .0150 
4 .1126 .1004 -.0122 .0194 .0194 

Total .4161 .3914 -.0247 .0812 .0289 .0523 - .1040 .0979 -.0062 .020.3 .0072 .01.31 x 
1 .0921 .0905 -.0016 .0197 .0197 -
2 .0828 .0866 .00,38 .0209 .0020 .0189 
.3 .1161 .1244 .0083 .0211 .0040 .0171 
4 .1004 .1081 .0077 .0194 .00"18 .0116 

Total .3914 .4096 .0182 .08u .0.335 .0476 - .0979 .1024 .0046 .0203 .008.4 .0119 :x: 
1 .0905 .m4 .0069 .0195 .0027 .0168 
2 .0866 .0964 .0098 .0214 .0012 .0202 
3 .1244 .1269 .0025 .0199 .00.31 .0168 
4 .1081 .1028 -.005.3 .0208 .0208 -Total .4UJ6 ~.35 .0139 .0816 .0278 .05.38 - .1024 .1059 .00.35 .0204 .0070 .01.35 x 
1 .UJ74 .0959 ... 0015 .0196 .00.32 .0164 
2 .0964 .0804 -.0160 .0194 .0194 -.3 .1269 .1.3.3.3 .0064 .0204 .0036 .0168 
4 .1028 .1f177 .0049 .0209 .0209 

Total ·42.35 .417.3 -.0062 .080.3 .0471 .0.3.32 
f .1059 .1043 -.0016 .0201 .ons .0083 
l .0959 .0830 -.0129 .0248 .oo;6 .0192 
2 .0804 .f1779 -.002; .0196 .0010 .0186 
.3 .1.3.33 .1279 -.0054 .02.35 .0235 -
4 .1f177 .lf170 •• 00(17 .0194 .0066 .0128 

Total ·417.3 .3958 -.0215 .087.3 .0367 .o;06 - .1043 .0990 -.0054 .0218 .0092 .0127 :x: 
1 .0830 .0864 .00.34 .0218 .oo15 .0203 
2 .r:tl79 .f1739 -.0040 .0202 .0019 .018.3 
.3 .1279 .1224 -.0055 .0204 .0204 -
4 .lf170 .lOU -.0059 .0208 .0208 -Total .,39;8 • .3838 -.0120 .08.32 .Q446 .0.386 - .0990 .0960 -.0030 .0208 .0112 .0097 :x: 
1 .0864 .0921 .0057 .0208 .0024 .018.4 
2 .0739 .0776 .00.37 .0199 .001.3 .0186 
.3 .1224 .1188 -.00.36 .0232 .0208 .0024 
4 .1011 .1080 .0069 .0213 .0062 .0151 

Total • .3838 .,3965 .0127 .0852 .03f17 .0545 - .0960 .0991 .0032 .021.3 .0077 .0136 :x: 
l .0921 .0926 .ooo; .0206 .0022 .018.4 
2 .0776 .osoo .0024 .0194 .0013 .0181 
.3 .uss .1241 .0053 .0202 .00.34 .0168 
4 .1080 .1085 .ooo; .0200 .0100 .0100 

Total .3965 .4052 .0087 .0802 .0169 .06.3.3 - .0991 .1013 .0022 .0201 .0042 .0158 :x: 



LXXI 

Be:f'ore Art er Gain or Bef' ore A.tter Loss 
1oss 

1 .0926 .08.35 -.0091 .0202 .0019 .018.3 
2 .0800 .068.3 -.0117 .0210 .0014 .0196 
.3 .1241 .1137 -.0104 .02CI7 .om -4 .1085 .1012 -.ocn3 .0220 .ooso .0140 

Total ·4052 • .3667 -.0.385 .08.39 .0320 .0519 - .1013 .0917 -.0096 .0210 .0080 .01.30 x 
1 .08.35 .0819 -.0016 .0217 .0059 .0158 
2 .0683 .C1725 ·0042 .0211 .0020 .0191 
3 .1137 .1246 .0109 .0215 .0215 -
4 .1012 .1088 .ocn6 .0212 .0094 .ous 

Total .3667 .3878 .0211 .os;; .o388 .0467 - .0917 .0970 .0053 .0214 .0097 .0117 x 
1 .0819 .0942 .012.3 .0208 .0019 .0189 
2 .rn2; .0751 .0026 .0224 .0012 .0212 
.3 .1246 .1178 -.0068 .0224 .0224 -
4 .1088 .1024 -.0064 .0198 .0198 -Total .)878 .3895 .0017 .0854 .045.3 .0401 - .0970 .0974 .0004 .0214 .0113 .0100 x 
1 .0942 .0901 -.0041 .0210 .0029 .0181 
2 .0751 .0654 -.0097 .0211 .0027 .0184 
3 .1178 .1157 -.0021 .0209 .0209 -4 .1024 .1040 .0016 .0201 .0057 .OU4 

Total • .3895 .3752 -.0143 ,0831 .0322 .0509 - .0974 .09.38 -.0036 .0208 .oos1 .0127 x 
1 .0901 .0886 -.0015 .0215 .0045 .0170 
2 .0654 .rn44 .0090 .0210 .0020 .0190 
.3 .1157 .1129 -.0028 .0198 .0198 -4 .1040 .1054 .0014 . .0198 .0108 .0090 

Total .3752 .)81.3 .0061 .0821 .0371 .0450 - .09.38 .0953 ,0015 .0205 .0093 .011.3 x 
1 .0886 .0876 -.0010 .0194 .0042 .0152 
2 .0744 .fJ747 .0003 .0204 .0019 .ols; 
3 .1129 .1085 -·0044 .0204 .0204 -
4 .1054 .1044 -.0010 .0211 .0211 -Total .)813 .3752 -.0061 .0813 .0476 .0337 - .095.3 .09.38 -.0015 .020.3 .0119 .0084 x 
1 .0876 .0722 -.0154 .0200 .0046 .0154 
2 .0747 .0736 -.oou .0218 .0022 .0196 
3 .1085 .1062 -.002.3 .0212 .0212 -
4 .1044 .1002 -.0042 .0200 .0200 -

Total • .3752 • .3522 -.02.30 .0830 .0480 .0350 - .0938 .0881 -.ooss .0208 .0120 .0087 x 
1 .fJ722 .0743 .0021 .0200 .0014 .0186 
2 .r:n.36 .0680 -.0056 .0218 .0027 .0191 
.3 .1062 .1067 .0005 .0225 .0225 -
4 .1002 .uoo .0098 .0202 .0106 .0096 

Total • .3522 • .3590 .0068 .0845 .0.372 .0473 - .0881 .0898 .0017 .0211 .0093 .0118 x 



LXXII 

Be fore Af'ter Gain or Be fore Arter Loss 
loss 

1 .(1743 .r:t779 .0036 .0194 .0016 .0178 
2 .0680 .(1708 .0028 .0201 .0018 .018.3 
3 Female died - replicate .3 terminated. 
4 .uoo .1050 -.oo;o .0203 .0079 .0124 

Total .2523 .25.37 .0014 .0598 .0113 .0485 - .084]. .0846 .0005 .0199 .0038 .0162 x 
l .(1779 .0848 .0069 .0216 .0015 .0201 
2 .(1708 ·0649 -.0059 .0223 .0030 .019.3 
4 .1050 .1096 .0046 .0200 ·0042 .0158 

Total .25.37 .2593 .oo;6 .0639 .0087 .0552 - .0846 .0864 .0019 .021.3 .0029 .0184 x 
1 .0848 .(1703 -.0145 .0194 .0015 .0179 
2 .0649 .(1724 .or:n; .0218 .0019 .0199 
4 .1096 .0980 -.0116 .0196 .0196 -Total .2593 .24(17 -.0186 .0608 .0230 .0.378 - .0864 .0802 -.0062 .0203 .0(177 .0126 x 
1 .(1703 .f1749 .0046 .0202 .0029 .017.3 
2 .(1'/24 .07.35 .oou .0203 .0020 .018.3 
4 Female died - replicate 4 terminated. 

Total ·1427 .1484 .0057 .0405 .0049 .0356 - .0714 .(1'/42 .0029 .0203 .0025 .0178 :x: 
1 .f1749 .(1790 ·0041 .0197 .0020 .0177 
2 .07.35 .f174S .0013 .0194 .0010 .0184 

Total -148.4 .15.38 .0054 .0391 .0030 .0.361 - .(1742 .C1769 .oozr .0196 .0015 .0181 x 
l .(1790 .0666 -.0124 .0216 .0015 .0201 
2 .f1748 .C1784 .00.36 .0206 .0010 .0196 

Total .15.38 .1450 -.ooss .0422 .0025 .0.397 - .cnf/1 .C1725 -.0044 .0211 .0013 .0199 x 

~ Female died - replicate 1 terminated. 
.(J184 .os;; .00'71 .0202 .0048 .0154 

2 .os;; .0716 -.01.39 .0203 .0051 .0152 
2 .0716 .CI712 -.0004 .0205 .oor::n .0198 
2 .r:nl2 .0581 . -.01.31 .0209 .0021 .0188 
2 .o5s1 .0644 .0063 .0222 .0010 .0212 
2 .0644 .0639 -.0005 .0247 .0012 .0235 
2 .0639 .07.37 .0098 .0231 .0231 
2 .07.37 .06f17 -.0130 .0197 .0035 .0162 
2 .06(1'/ .0744 .01.37 .0225 .0015 .0210 
2 .f1744 .r::n39 -.0005 .0200 .0010 .0190 
2 .r::n39 .0686 -.0053 .0218 .0010 .0208 

1 .111 sûbseqœat da117 values for diet level 2 are based on replicate 2 
i.e. the value obtai.ned tor the sole surviYing adult temale l• 
maculi watris in this experiment. 



LXXIII 

Bef' ore J.f'ter Gain or Bef'ore A:f'ter Loss 
loss 

2 .0686 .rn68 .0082 .02.31 .0026 .0205 
2 .f1768 .0874 .0106 .0246 .0015 .02.31 
2 .0874 .0762 -.0112 .0221 .0010 .0211 
2 .(1762 .0935 .017.3 .0204 .0014 .0190 
2 .09.35 .0853 -.0082 .0221 .0018 .020.3 
2 .085.3 .(1123 -.01.30 .0208 .0124 .0084 
2 .(1723 .0783 .0060 .0206 .0010 .0196 
2 .0783 .(1760 -.0023 .0216 .0018 .0198 
2 .(1760 .0856 .0096 .0212 .0006 .0206 
2 .0856 .0904 .0048 .0202 .0013 .0189 
2 .0904 .089.3 -.oou .0215 .0045 .0170 
2 .0893 .0946 .0053 .0210 .0045 .0165 
2 .0946 .0969 .0023 .02(]7 .0037 .0170 
2 .0969 .0804 -.0165 .0217 .0013 .0204 
2 .0804 .0899 .0095 .0203 .0024 .0179 
2 .0899 .0829 -.omo .0212 .0022 .0190 
2 .0829 .0815 -.0014 .0212 .0008 .0204 
2 .0815 .0908 .0093 .0204 .0020 .0184 
2 .0908 .C1175 .0067 .0200 .0009 .0191 
2 .0975 .0967 -.0008 .0212 .0051 .0161 
2 .0967 .0994 .OOZ7 .0224 .0012 .0212 
2 .0994 .0832 -.0162 .0216 .0019 .0197 
2 .0832 .0818 -.0014 .0224 .0012 .0212 
2 .0818 .(J:J97 .0179 .0213 .0014 .0199 
2 .0997 .0815 -.0182 .0214 .0013 .0201 
2 .0815 .0916 .0101 .0220 .0024 .0196 
2 .0916 .0859 -.oo;7 .0202 .0013 .0189 
2 .0859 .0775 -.0084 .0215 .oo18 .0197 
2 .(1175 .m1 -·0004 .0205 .0021 .0184 



LXXIV 

~· maculiventris g. mellonella 

Repli- Weight Weight Gain or Weight Weight Losa in 
cations be fore art er loss in bef' ore af't.er wight 

f'eeding teeding weight predation predation 

Diet level .3 • adult females. 

1 .0649 .0811 .0162 .om .0047 .0.366 
2 .0854 .0824 -.0030 .0464 .0464 -
3 .f1704 -~14 .0210 .()426 .0127' .0299 
4 .0839 .(]759 -.0080 .0464 .0306 .0158 

Total .3046 .3.30S .0262 .1767 .0944 .0823 - .CJ762 .0827 .006; .0442 .0236 .0206 x 
1 .0811 .0816 .ooo; .0417 .0084 .033.3 
2 .0824 .OS62 .00.3S .()426 .0379 .0047 
3 .0914 .~88 .0074 .0456 .0079 .0377 
4 .rn;9 .OS2.3 ·0064 .04.31 .0192 .0239 

Total .3308 • .3489 .0181 .17.30 .rn34 .(996 - .0827 .0872 .0045 .0433 .0184 .0249 x 
1 .0816 .083.3 .0017' .0411 .01.39 .0272 
2 .0862 .1028 .0166 .0460 .0079 .03Sl 
.3 .~88 .1012 .0024 .0418 ·0044 .0.374 
4 .082.3 .0926 .010.3 .04.37 .ou; .0322 

Total ·.3489 • .3799 .0310 .1726 .0377 .1349 .. 
.0872 -~50 .oms .0432 .0094 .0337 x 

1 .083.3 .(JJ99 .0166 .0425 .010.3 .0322 
2 .1028 .1081 .005.3 .0394 .0057 .03.37 
.3 .1012 .1030 .0018 .0394 .0094 .0300 
4 .0926 .0852 -.0074 .0413 .0233 .0180 

Total .3799 .3962 .0163 .1626 .ol$7 .1139 - .0950 .(991 .0041 .04rn .0122 .02S5 x 
1 .0999 .08.36 -.0163 .0394 .0121 .02:73 
2 .1081 .087.3 -.0208 .ow .0203 .023S 
3 .1030 .®4 -.0056 .0431 .0137 .0294 
4 .0852 .cn;8 -.0094 .0394 .0394 -Total .3962 .3441 -.0521 .1660 .os;; .oso; - .0991 .0860 -.0130 .0415 .0214 .0201 x 
1 .0836 .0899 .006.3 .0411 .0093 .0318 
2 .0873 .0982 .0109 .0394 .oo;6 .033S 
.3 .®4 .(11ft! .001.3 .0.399 .005.3 .0346 
4 .07;S .o8Sl .012.3 .04(11 .om .0298 

Total .3441 .3749 .0.308 .1613 .0313 .1.300 - .0860 .(11.37 .0077 .040.3 .(1783 .0.325 x 



LXXV 

Be fore After Gain or Bef' ore A t'ter Losa 
losa 

1 .0899 .0964 .0065 .0442 .0065 .0377 
2 .0982 .1125 .0143 .042,2 .0013 .0409 
3 .t;FJS? .1007 .0020 .0394 .0034 .0360 
4 .0881 .ms -.0103 .0442 .0442 -Total .3749 .3874 .0125 .1700 .0554 .1146 .. .0937 .0969 .0031 .0425 .01.39 .0287 x 
1 .0964 .CFJ52 -.0012 .0413 .0054 .0359 
2 .1125 .1046 -.0079 .0415 .0356 .0059 
3 .1007 .1033 .0026 .0394 .0034 .0360 
4 .rm8 .lOlO .0232 .0395 .0123 .02!72 

Total .3874 ·4041 .0167 .1617 .0567 .1050 
f .(FJ(:8 .lOlO ·0042 .0404 .0142 .0263 
1 .0952 .(!123 -.0229 .0426 .0426 -
2 .1046 .lJ.49 .0103 .0394 .0133 .0261 
3 .1033 .1053 .0020 .0.394 .0029 .0365 
4 .lOlO .09(17 -,0103 ·0444 .0286 .0158 

Total ·4041 .3832 -.0209 .16;8 .0874 .C/184 - .lOlO .0958 -.0052 .0415 .0219 .0196 x 
1 .(!123 .0989 .0266 .0421 .0055 .0366 
2 .1149 .1096 -.0053 .0.394 .0.394 -
3 .1053 .1191 .01.38 .0453 .0044 .0409 
4 .09(11 .0886 -.0021 .0394 .0394 -Total .3832 .4162 .0330 .1662 .088'7 .(1175 .. .0958 .1041 .0083 .0416 .0222 .0194 x 
1 .0989 .1005 .0016 .0425 .0127 .0298 
2 .1096 .1093 -.0003 .0409 .0332 .0077 
3 .1191 .1087 -.0104 .0408 .oos5 .0.353 
4 .0886 .0957 .0071 .0394 .0210 .0184 

Total .4162 .4142 -.0020 .1636 .(!124 .0912 - .1041 .1036 -.ooos .0409 .0181 .0228 x 
1 .loo; .0965 -.0040 .0447 .0099 .0348 
2 .1093 .1017 -.0076 .0394 .0394 -
3 .1087 .1CIJ7 .0010 .0401 .0048 .0:353 
4 .0957 .0914 -.0043 .0400 .0400 -Total ·4142 • .3993 -.0149 .1642 .0941 .C/101 
! .1036 .0998 -.0037 .0411 .0235 .0175 
1 .096; .1062 .Otl!l .0454 .0223 .02.31 
2 .1017 .1180 .0163 -0458 .0214 .0244 
3 .1CFJ7 .1084 -.0013 .0459 .006.3 .0.396 
4 .0914 .0951 .0037 .0461 .0328 .0133 

Total .3993 ·4Z'f1 .0284 .1832 .0828 .1004 - .0998 .10(:8 .0071 .0458 .02(17 .02;1 x 
1 .1062 .1015 -.0047 .0.394 .0072 .0.322 
2 .nso .1082 -.0098 .0.395 .0395 -
3 .1084 .1085 .0001 .042.3 .0423 -
4 .0951 .0926 -.0025 .0.395 .0395 .. 

Total .4277 .4108 -.0169 .16(!1 • 1285 .0322 - .1069 .1027 -.0042 .0402 .0.321 .0081 x 



LXXVI 

Be fore Af'ter Gain or Be fore Atter Loss 
losa 

1 .1015 .1040 .0025 .04].2 .0099 .031.3 
2 .1082 .1039 .0017 ·0425 .0425 -
.3 .1085 .fJY/.3 -.0112 .0.395 .0395 -4 .0926 .09.3.3 .oocn .0447 .om .0050 

Total .4108 .4045 -.006.3 .1679 .1.316 .0363 - .1027 .1011 -.0016 .0420 .0329 .0091 x 
1 .1040 .1019 -.0021 .0460 .0048 .0412 
2 .1039 .m3 -.0126 .0420 .0.370 .oo;o 
.3 .f117.3 .1070 .0097 ·0424 .0068 .0356 
4 .09.33 .0976 .0043 .0414 .0235 .0179 

Total .4045 ·4038 -.oocn .1718 .0721 .0997 - .1011 .lOlO -.0002 .04.30 .0180 .0249 x 
1 .1019 .0932 -.0087 .0445 .0091 .0354 
2 .rJY/3 .1067 .0094 .0464 .0032 .04.32 
3 .1070 .1092 .0022 .0467 .0131 .0336 
4 .(1f76 .097.3 -.ooo:; .0455 .0455 -

Total .4038 .4064 .0026 .1831 .0709 .1122 - .lOlO .1016 .0007 .0458 .0177 .0281 x 
1 .0932 .1002 .0070 .044.3 .0035 .0408 
2 .1067 .1060 -.0007 .0447 .0113 .0334 
3 .1092 .uo; .0013 .Q436 .0209 .0227 
4 .CF)73 .0953 -.0020 .0448 .0448 -

Total ·4064 .4120 .oo;6 .1774 .osa; .(1:]69 - .1016 .1030 .0014 .0444 .0201 .0242 x 
1 .1002 .1087 .oo8; .0462 .0094 .0368 
2 .1060 .1009 -.0051 .0448 .0448 .. 
3 .uo; .1001 -.0104 • 0460 .0460 -
4 .0953 .CF)72 .0019 .0456 .0126 .03.30 

Total .4120 .4069 -.0051 .1826 .1128 .0698 - .1030 .1017 -.0013 .0457 .0282 .0175 x 
1 .1087 .1056 -.0031 .0442 .0061 .0381 
2 .1009 .1187 .0178 .0462 .0089 .0373 
3 .1001 .1034 .00.3.3 .0461 .Oll.3 .0.348 
4 .(1f72 .0978 .0006 .0455 .ooso .0.375 

Total ·40fJJ ·4255 .0186 .1820 .0.34.3 .1477 - .1017 .1064 .0047 .0455 .oo86 .0.369 x 
1 .1056 .1060 .0004 .0396 .0031 .0365 
2 .1187 .1198 .oou .0423 .0144 .0279 
3 .1034 .1090 .0056 .0433 .0110 .0323 
4 .0978 .09.39 -.0039 .0419 .0419 -

Total ·4255 .4287 .00.32 .1671 .0704 .0967 - .1064 .1072 .0008 .0418 .0176 .0242 x 
1 .1060 .1059 -.0001 .0438 .0042 .0396 
2 .1198 .1198' - .0422 .0422 -
3 .1090 .1175 .0085 .0439 .0114 .0325 
4 .09.39 .1017 .0078 .0419 .0222 .0197 

Total .4287 .4449 .0162 .1718 .osoo .0918 - .1072 .lll2 .0041 .0430 .0200 .02.30 x 



LXXVII 

Be tore Af'ter Gain or Be tore After Losa 
losa 

1 .1059 .1052 -.oocn .0423 .0068 .0.355 
2 .1198 .1078 -.0120 .0386 .0386 -3 .1175 .1054 -.0121 .0431 .0431 -
4 .1017 .10.3.3 .0016 .04.33 .0293 .0140 

Total ·4449 .4217 -.0232 .1673 .1178 .0495 - .lll2 .1054 -.0058 .0418 .0295 .0124 x 
1 .1052 .1000 -.0052 ·0444 .0062 .0.382 
2 .1078 .1036 -.0042 .0437 .0099 .0.338 
.3 .1054 .1064 .0010 .04.31 .021.3 .0218 
4 .1033 .1060 .OO'Zl .0450 .0.306 .0144 

Total .4217 .4160 -.0057 .1762 .0680 .1082 - .1054 .1040 -.0014 .0441 .0170 .O'Z/1 x 
1 .1000 .0996 -.0004 .()449 .0034 .0415 
2 .1036 .1106 .0070 .0436 .0250 .0186 
3 .1064 .1076 .0012 .0436 .0230 .0206 
4 .1060 .1062 .0002 .0455 .0455 -

Total .4160 .4240 .0080 .1776 .~69 .0807 - .1040 .1060 .0020 .0444 .0242 .0202 x 
1 .0996 .1107 .0111 .0424 .0091 .03.3.3 
2 .1106 .~88 -.ons .0437 .0437! -
3 .1076 .0997 -.0079 .0432 .0432 -
4 .1062 .1058 -.0004 .0415 .0415 -Total .4240 .4150 -.0090 .1708 .1.375 .033.3 - .1060 .1038 -.0023 .0427 .0.344 .0083 x 
l .1107 .1011 -.0096 .0422 .01.35 .0287 
2 .~88 .0915 -.007.3 .0422 .0295 .Ol'Zl 
3 .0997 .0977 -.0020 .0407 .0407 
4 .1058 .110.3 .0045 .0418 .0262 .0156 

Total .4150 .4006 -.01.44 .1669 .1099 .0570 
f .1038 .1002 -.0036 .0417 .O'Zl5 .0143 
1 .1011 .~15 -.0~6 .0427 .0098 .0329 
2 .~15 .0980 .006; .0460 .0263 .0197 
3 .(YJ77 .0899 -.0078 .0425 .0176 .0249 
4 .110.3 .1055 -.0048 .0419 .0419 

Total .4006 .3849 -.0157 .1731 .~;6 .0775 - .1002 .0960 -.00.39 .0433 .0239 .0194 x 
1 .~15 .~6; .0050 .0421 .0074 .0347 
2 .0980 .~85 .0005 .0415 .om .0036 
3 .0899 .0948 .0049 .0.396 .0053 .034.3 
4 .1055 .106.3 .0008 .0418 .0418 

Total • .3849 • .3961 .0112 .1650 .0924 .f!726 
i .0960 .0990 .0028 .0413 .0231 .0182 
l .0965 .0923 -.0042 .0429 .0083 .0346 
2 .0985 .0970 -.0015 .0462 ·0242 .0220 
3 .0948 .0941 -.0007 .au; .0066 .0.349 
4 .106.3 .1075 .0012 .0440 .0.349 .0091 

Total • .3961 .3909 -.0052 .1746 .0740 .1006 - .0990 .(1f17 -.001.3 .0437 .0185 .0252 x 



LXXVIII 

Be tore Atter Gain or Bef' ore Af'ter Loss 
loss 

1 .0923 .1086 .0163 .0435 .0093 .0342 
2 .®0 .0935 -.0035 .0436 .03?9 .0057 
3 .0941 .1215 .OZ74 .0440 .0051 .0389 
4 .1075 .1113 .0038 .0431 .0431 -Total .3909 .4349 .OM,O .1742 .0254 .0788 - .0977 .1087 .0110 .0436 .0064 .0197 x 
1 .1086 .0883 -.0203 .0430 .0430 
2 .0935 .1050 .0115 .0453 .0099 .0354 
3 .1215 .1245 .0030 .0452 .0345 .0107 
4 .1113 .1115 .0002 .0420 .0342 .0078 

Total ·4349 .4293 -.0056 .1755 .1216 .0539 
:f .1087 .1073 -.0014 .0439 .0304 .0135 
1 .0883 .m3 .0110 .0462 .0033 .0429 
2 .1050 .1079 .0029 .0424 .0211 .0213 
3 .1245 .1192 -.0053 .0448 .0047 .0401 
4 .lll5 .1100 -.0015 .0448 .0448 -

Total .4293 .4364 .0071 .1782 .0739 .1043 - .1073 .1091 .0018 .OM,6 .0185 .0261 x 
1 .0993 .1030 .0037 .0433 .0018 .0415 
2 .1079 .1084 .0005 .0409 .0225 .0184 
3 .1192 .1089 -.0103 .0433 .0153 .0280 
4 .1100 .11:33 .0033 .0424 .0424 -

Total .4364 .4336 -.0028 .1699 .0820 .0879 - .1091 .1084 -.00f17 .0425 .0205 .0220 x 
1 .1030 .1051 .0021 .0438 .0029 .0409 
2 .1084 .ms .0034 .0430 .0306 .0124 
3 .1089 .ll41 .0052 .0429 .OZ75 .0154 
4 .1133 .1121 -.0012 .0428 .0428 -Total .4336 .4431 .0095 .1725 .1038 .0687 - .1084 .nos ·0024 .0431 .0260 .0172 x 
1 .1051 .0971 -.ooso .0412 .0041 .0371 
2 .1118 .1051 -.0067 .04Z7 .0164 .0263 
3 .ll41 ,1173 .0032 .0443 ·0443 
4 .ll21 .1222 .0101 .0424 .0424 

Total ·4431 .M,l7 -.0014 .1706 .1072 .0634 
f .1108 .1104 -·0004 .0427 .0268 .0159 
1 .0971 .0936 -.0035 .0430 .0202 .0228 
2 .1051 .1078 .oov .0439 .0254 .0185 
3 .1173 .1154 -.0019 .0430 .0292 .0138 
4 .1222 .1272 .0050 .0448 .0064 .038.4 

Total .4417 .4440 .0023 .1747 .0812 .0935 - .1104 .1110 .0006 .0437 .0203 .0234 x 
1 .0936 .1105 .0169 .0417 .0071 .0346 
2 .1078 .1062 -.0016 .0419 .0419 -
3 .1154 .1263 .0109 .0410 .0093 .0317 
4 .1Z72 .1181 -.0091 .0394 .0394 

Total .4M,O .4611 .0171 .1640 .0977 .0663 - .mo .1153 .0043 .0410 .0244 .0166 lt 



LXXlX 

Be fore Art er Gain or Be fore After Loss 
1oss 

1 .1105 .109.3 -.0012 .0.399 .00.38 .0.361 
2 .1062 .1007 -.0055 .0425 .0425 -.3 .126.3 .1221 -.0042 .042.3 .0258 .0165 
4 .1181 .1224 .004.3 .0422 .0422 .. 

Total • 4611 ·4545 -.0066 .1669 .114.3 .0526 - .115.3 .11.36 -.0017 .0417 .0286 .01.32 x 
1 .109.3 .1092 -.0001 .040.3 .0208 .0195 
2 .lW! .0985 -.0022 .0422 .0422 
.3 .1221 .1251 .00.30 .04.3.3 .0121 .0.312 
4 .1224 ·1244 ~0020 .0420 .0.324 .0096 

Total .4545 .4572 .OOZ7 .1678 .1<115 .060.3 - .11.36 .114.3 .00(1'1 .0420 .0269 .0151 x 
1 a092 .10.30 -.0062 .0401 .0106 .0295 
2 .0985 .10.31 .0046 .0.395 .0191 .0204 
.3 .1251 .1201 -.0050 .0405 .0.367 .00.38 
4 .1~ .w5 .00.31 .0.397 .0.397 -Total .4572 .45.37 -.00.35 .1598 .1061 .o;.37 - .114.3 .1134 -.0009 .0400 .0265 .01.34 x 
1 .10.30 .1061 .00.31 .0406 .0215 .0191 
2 .10.31 .1067 .00.36 .0401 .0401 -
.3 .1201 .1199 -.0002 .0409 .0265 .0144 
4 .1275 .1229 -.0046 .0408 .0408 -Total .45.37 .4556 .0019 .1624 .1289 .0.3.35 - .11.34 .1139 .ooo; .0406 .0.322 .0084 x 
1 .1061 .1042 -.0019 .0416 .0061 .0.355 
2 .1067 .11.36 .0069 .04.37 .0285 .0152 
.3 .1199 .lOlO -.0189 .0.398 .0245 .015.3 
4 .1229 .1215 -.0014 .0.398 .0398 

Total ·4556 ·440.3 -.015.3 .1649 .0989 .0660 - .1139 .1101 -.00.38 .0412 .0247 .0165 x 
1 .1042 .1114 .0072 .0400 .0070 .0.3.30 
2 .11.36 .1049 -.0087 ·04Z1' .ow ... 
3 .1010 • 1196 .0186 .0414 .0111 .0.30.3 
4 .1215 .1274 .0059 .0409 .032.3 .0086 

Total .440.3 .46.3.3 .02.30 .1650 .09.31 .C1119 .. .1101 .1158 .oo;8 ~041.3 .02.3.3 .0180 :x: 
1 .lll4 .108.3 -.0031 .0394 .02'71 .012.3 
2 .1049 .1142 .009.3 .0404 .02.39 .0165 
3 .1196 .0955 -.0241 . ·0409 .0409 .. 
4 .1274 .1227 -.0047 .0412 .0412 -Total .46.3.3 .44rrt -.0226 .1619 .1.3.31 .0288 
x .1158 .1102 ... oo;7 .0405 .0.3.3.3 .0072 
1 .108.3 .1087 .0004 .0412 .0075 .03.37 
2 .1142 .0995 -~0147 .0413 .0413 -
3 .0955 .u;s .020.3 ~042.3 .0095 .0328 
4 .lW .1262 .00.35 .040.3 .040.3 

Total .44C11 ·4502 .0095 .1651 .0986 .0665 - .1102 .1126 ·0024 .041.3 .0247 .0166 x 



Be fore A .t'ter Gain or Be fore Art er Loss 
loss 

1 .1087 .1064 -.002.3 .0422 .0060 .0362 
2 .0995 .0925 -.0070 .0426 .()426 -
3 .1158 .119.3 .00.35 .0411 .0081 .03.30 
4 .1262 .1216 -.0046 .om .om 

Total .4502 ·4398 -.0104 .1656 .0964 .0692 .. .1126 .uoo -.0026 .0414 .0241 .017.3 x 
1 .1064 .1014 -~0050 .0421 .0144 .om 
2 .0925 .1047 .0122 .0421 .0181 .0240 
3 .119.3 .1165 -.0028 .0401 .0120 .0281 
4 .1216 .1250 .0034 .0402 .0402 -

Total .4398 -4476 .ocn8 .1645 .0847 .0798 - .1100 .lll9 .0020 .0411 .0212 .0200 x 
l .1014 .1006 -.0008 .0394 .0052 .0342 
2 .1047 .0989 -.0058 .0406 .0367 .00.39 
3 .1165 .1038 -.0127 .0410 .0410 -
4 .1250 .1194 -.0056 .0415 .0415 -

Total ./.476 .42ZJ -.0249 .1625 .1244 .0381 - .ll.19 .lOST -.0062 .0406 .0311 .0095 x 
l .1006 .1062 .0056 .0399 .00~.:3 .0356 
2 .0989 .1113 .0124 .0427 .ou:; .0314 
3 .1038 .1249 .0211 .0425 .0055 .0370 
4 .1194 .ll2l -.0073 .Q430 .0430 -

Total ·42'Zl ~4545 .0318 .l68l .0641 .1040 
f .1057 .1136 .0080 .0420 .0160 .0260 
l .1062 .0990 -.0072 .0416 .0061 .0355 
2 .ll]J .1142 -.0029 .04].2 .0235 .0177 
3 ~1249 .lrT/9 -.0170 .0415 .0415 -
4 .1121 .1198 ~OC1!7 .0418 .0418 -

Total .4545 .4409 ~0194 .1661 ~1129 .0532 - .11.36 .1102 é0049 .0415 .02S2 .013.3 x 
1 .0990 .1109 .0119 .0408 .0278 .0130 
2 .1142 .1080 -.0062 .0396 é0.396 -
3 .1079 .1140 .0061 ~0400 .0400 -
4 .1198: .1228 .0030 .0409 .0409 -

Total .4409 ·4557 ~01.48 .1613 .1483 .0130 
i .1102 .1139 .0037 .0403 .0371 .0033 
l .1109 .1001 -.0108 .0408 .0106 .0302 
2 .1080 .0972 -.0108 .0399 .0399 
.3 .1140 .1195 .0055 .0419 .0163 .0256 
4 .1228 .1142 -.0086 .0.394 .0394 

Total ·4557 .4310 -.0247 .1620 .1062 .0558 - .11.39 .1078 -.0062 .0405 .0266 .0140 x 
l .1001 .1018 .0017 .0406 .0039 .0367 
2 .r!172 .1085 .0113 .0395 .0065 .0330 
3 .1195 .1101 -.0094 .0438 .0438 
4 .1142 .1292 .0150 .0418 .0245 .0173 

Total .4310 ./.496 .0186 .1657 .(]7PJ7 .0870 
! .1078 .1124 .0047 .0414 .0197 .0218 



Be tore A.fter Gain or Be tore A. ft er Losa 
1oss 

1 .1018 .o:)9.3 -.0025 .0.394 .004.3 .0.351 
2 .1085 .~8.3 -.0102 .0404 .o1~ .0295 
.3 .1101 .1~.3 -.ooo8 .04rn .04fl7 -
4 .1292 .128.3 -.0009 .0410 .0410 -Total .4496 ·4.352 -.01.44 .1615 .œ69 .0646 
i .1124 .1088 -.00.36 .0404 .0242 .0162 
1 .o:)9.3 .11.37 .0144 .0404 .ooso .0.324 . 
2 • ~8.3 .®.3 -.0010 .0394 .01.30 .0264 
.3 Female died - replicate .3 terminated • 
4 Female died - replicate 4 terminated. 

Total .1976 .2110 .01.34 .ms .0210 .osss 
i .0988 .1055 .0068 .om .0105 .0294 
1 .11.37 .109.3 -.00.44 .040.3 .006; .0.3.38 
2 .®.3 .1059 .0086 .040.3 .040.3 -Total .2110 .2152 .0042 .0806 .0468 .0.3.38 - .1055 .lfJ76 .0021 .040.3 .02.34 .0169 x 
1 .109.3 .1126 .00.3.3 .0404 .01.32 .0272 
2 .1059 .1088 .0029 .0411 .0191 .0220 

Total .2152 .2214 .0062 .0815 .0.32.3 .0492 - .1(]76 .11(]7 .00.31 .0408 .0162 .0246 x 
1 .1126 .1106 -.0020 ·0414 .oll2 .0.302 
2 .1088 .1114 .0026 .0410 .0410 

Total .2214 .2220 .0006 .0824 .0522 .0.302 - .1107 .1110 .000.3 .0412 .0261 .0151 x 
1 .1106 .1065 -.0041 .Q4Cf1 .0166 .0241 
2 .1114 .~10 -.0204 .0401 .0401 -

Total .2220 .1975 -.0245 .osas .0567 .0241 - .1110 .0988 -.012.3 .0404 .0284 .0121 x 
1 .1065 .095.3 -.0112 .0418 .0.305 .011.3 
2 .0910 .~.34 .0024 .0410 .0126 .0284 

Total .1975 .1887 -.0088 .0828 .04.31 .0497 - .0988 .0944 -·0044 .0414 .0216 .0249 x 
l .0953 .0982 .0029 .0405 .oo;s .0347 
2 ·09.34 .0916 -.0018 .0405 .0405 

Total .1887 .1898 .0011 .OSlO .046.3 .0347 - .09.44 .0949 .0006 .0405 .02.32 .0174 x 
1 .~82 .0964 -.0018 .0400 .00.34 .0.366 
2 .0916 .a:no .0054 .0..398 .0.398 -

Total .1898 .19.34 .00.36 .ms .04.32 .0366 - .0949 .(1967 .0018 .am .0216 .018.3 x 
1 .0964 .1042 .ocn8 .0417 .0059 .0.358 
2 .ano .1122 .0152 .0411 .0110 .0.301 

Total .19.34 .2164 .0230 .0828 .0169 .0659 - .0967 .1082 .ou; .0414 .oos; .0.3.30 x 
1 .1042 .0828 -.0214 .0425 .0125 .0.300 
2 .1122 .1125 .0003 .0426 .0426 -

Total .2164 .195.3 -.0211 .0851 .0551 .0.300 - .1082 .(1:J77 -.0106 .0426 .OZ76 .0150 x 



L:X:XXII 

Bef' ore After Gain or Bef' ore Af'ter Loss 
loss 

1 .0828 .1043 .0215 .0426 .00.35 .0391 
2 .1125 .1110 -.CX:>l5 .0421 .0240 .0181 

Total .1953 .2153 .0200 .0847 .0275 .0572 - .®7 .lrJ77 .0100 .0424 .01.38 .0286 x 
1 .1043 .1032 -.oou ·0424 .0058 .0366 
2 .1110 .1104 -.0006 .0431 .0431 -Total .2153 .2136 -.0017 .0855 .0489 .0366 - .1(]77 .1068 -.0009 .0428 .0245 .0183 x 
1 .1032 .10.3.3 .0001 .0424 .0104 .0320 
2 .1104 .11.38 .0034 .0431 .020.3 .0228 

Total .2136 .2171 .0035 .0855 .03rJ7 .0548 - .1068 .1086 .0018 .0428 .0154 .0274 x 
1 .103.3 .10.35 .0002 .0439 .0159 .0280 
2 .1138 .1016 -.0122 .0427 .0427 -Total .2171 .2051 -.0120 .0866 .0586 .0280 - .1086 .1026 -.0060 .04.3.3 .0293 .0140 x 
1 .1035 .ll52 .0117 .0410 .0052 .0358 
2 .1016 .1016 - .0415 .0415 -Total .2051 .2168 .0117 .0825 .0467 .0358 - .1026 .1084 .0059 .041.3 .02.34 .0179 x 
1 .1152 .0988 -.0164 .0425 .0094 .0.331 
2 .1016 .08.35 -.0181 .0445 .0445 

Total .2168 .182.3 -.0.345 .0870 .05.39 .0331 - .1084 .0912 -.0173 .04.35 .0270 .0166 x 
1 .0988 .1026 .00.38 .0406 .0406 -
2 .08.35 .rn67 -.0068 .04C1T .04Cf7 -Total .182.3 .179.3 -.00.30 .0813 .0813 -- .0912 .0897 -.0015 .04Cit .04(17 x -1 .1026 .1099 .0(]73 .0420 .0160 .0260 
2 .rn67 .0788 .0021 .0416 .0416 -Total .179.3 .1887 .0034 .08.36 .0576 .0260 - .0897 .0944 .0047 .0418 .02.38 .0130 x 
1 .1099 .œ73 -.0126 .0429 .0118 .0311 
2 .0788 .08;o .0062 .0422 .0352 .0070 

Total .1887 .182.3 -.0064 .0851 .0470 .0,381 - .0944 .0912 -.0032 .0426 .02.35 .0191 :x: 
1 .CYr/.3 .0893 ... oœo .0412 .0112 .0.300 
2 .0850 .0852 .0002 .0425 .0425 -Total .182.3 .1745 -.0078 .08.37 .053'1 .0.300 - .0912 .087.3 -.00.39 .0419 .0269 .0150 x 
1 .089.3 .ll.34 .0241 .0.394 .0059 .0.3.35 
2 .0852 .0721 -.01.31 .040.3 .040.3 

Total .1745 .1855 .0110 .Cil97 .0462 .0.335 - .087.3 .0928 .0055 .om .02.31 .0168 x 
1 .11.34 .1119 -.0015 .0394 .0105 .0289 
2 .rn21 .0740 .0019 .042.3 .042.3 

Total .1855 .1859 .0004 .0817 .0528 .0289 - .0928 .09.30 .0002 .0409 .0264 .0145 x 



LXXXIII 

Be fore Af'ter Gain or Be fore Af'ter Loss 
1oss 

1 .1119 .0950 -.0169 .0394 .0041 .035.3 
2 .fi/40 .0682 -.oo;8 .0400 .0400 -Total .1859 .16.32 -.0227 .fi/94 .0441 .0.353 - .09.30 .0816 -.0114 .0397 .0221 .0177 x 
1 .0950 .1106 .0156 .0421 .0082 .0339 
2 .0682 .06'Z7 -.0055 .0394 .0394 

Total .1632 .17.33 .0101 .0815 .0476 .0339 - .0816 .0867 .0051 .0408 .0238 .0170 x 
1 .1106 .1020 -.0086 .0401 .0047 .0.354 
2 .06'Z1 .o;91 -.00.36 .04m .04f17 -Total .17.33 .1611 -.0122 .0808 .0454 .0354 - .0867 .0806 -.0061 .0404 .0227 .0177 :x: 
1 .1020 .1056 .0036 .0413 .0053 .0360 
2 .0591 .0552 -.0039 .0415 .0415 -Total .1611 .1608 -.0003 .0828 .0468 .0360 - .0806 .0804 -.0002 .0414 .0234 .0180 :x: 
1 .1056 .1087 .00.31 .Q418 .0046 .0372 
2 .0552 .o;28 -.0024 .04f17 .04(17 

Total .1608 .1615 .OOfii .0825 .045.3 .0372 - .0804 .0808 .0004 .0413 .0227 .0186 x 
11 .1087 .09.36 -.0151 .0398 .0061 .03.37 
2 Female died - replicate 2 terminated. 
1 .0936 .0988 .0052 .0404 .0022 .0382 
1 .0988 .1008 .0020 .0403 .0023 .0380 
1 .1088 .fY72.3 -.0365 .0394 .0.394 -1 .Cf/23 .0696: -.OO'Z7 .0408 .0408 -

1 All subsequent daily values for diet leval 3 are based on replicate 1 
i.e. the value obtained for the sole surviving adu.lt female l• 
maculiventris in this experiment. 



~· maculiventris !!• mellonella 

Repli- Weight Weight Gain or Weight Weight Loss in 
cations be fore a.f'ter loss in be fore arter wight 

f'eeding reeding wight predation predation 

Diet level 4 - adult females • 

1 .0702 • 0789 .0087 .0537 .0259 .0278 
2 .0763 .0958 .0195 .0493 .0191 .0302 
3 .0673 .0780 .01(1'f .0506 .0255 .0251 
4 .0666 .10.33 .0367 .0495 .0229 .0266 

Total .2804 • .3560 .0756 .2031 .0934 .1097 
i .0701 .0890 .0189 .o;os .0234 .0274 
1 .0789 .0995 .0206 .0525 .0093 .0432 
2 .0958 .a:J76 .0018 .0504 .0151 .0353 
3 .0780 .(J797 .0017 .0503 .oa:;6 .0407 
4 .103.3 .1057 .0024 .0504 .ou; .0389 

Total .3560 .3825 .0265 .2036 .0455 .1581 
i .0890 .a:;;6 .0066 .0509 .0114 .0395 
1 .0995 .a:;;; -.0040 .0564 .0175 .0389 
2 .a:)76 .0984 .ooo8 .0563 .0176 .0387 
3 .0797 .(]79.3 -.0004 .0564 .0.342 .0222 
4 .1057 .1067 .0010 .0508 .013.3 .0375 

Total .3825 .3799 -.0026 .2199 .0826 .1373 - .a:;;6 .a:;;o -.0007 .o;;o .0207 .0343 x 
1 .a:;;; .1039 .0084 .0552 .0122 .0430 
2 .0984 .1051 .0067 .0494 .02.35 .0259 
3 .079.3 .0780 -.0013 .0539 .0337 .0202 
4 .1067 .1146 .OC!79 .0494 .0091 .0403 

Total .3799 .4016 .0217 .2(]79 .0785 .1294 - .0950 .1004 .0054 .0520 .0196 .0324 x 
1 .1039 .1025 -.0014 .0542 .0208 .0.3.34 
2 .1051 .1087 .0036 .0564 .0155 .0409 
.3 .0780 .08.34 .0054 .0564 .0.311 .0253 
4 .1146 .0942 -.0204 .0494 .0494 -

Total .4016 .3888 -.0128 .2164 .1168 .0996 - .1004 .0972 -.0032 .0541 .0292 .0249 x 
1 .1025 .0881 -.0144 .0548 .0199 .0.349 
2 .1087' .1130 .0043 .0564 .0136 .0428 
3 .0834 .07.33 -.0101 .0494 .0494 -
4 .0942 .ll77 .0235 .0515 .0114 .0401 

Total .3888 • .3921 .0033 .2121 .0943 .1178 - .a:)72 .0980 .0008 .0530 .0236 .0295 x 



LXIXV 

Bef' ore Af'ter Gain or Bef' ore Af'ter Loss 
1oss 

1 .OSSl .0982 .0101 .0502 .0318 .0184 
2 .1130 .1161 .0031 .0564 .0120 .0444 
3 .(1733 .(1714 -.0019 .0555 .0555 -4 .1177 ·1143 -.00.34 .0550 .0261 .0289 

Total • .3921 .4000 .0079 .2171 .1254 .0917 - .()980 .1000 .0020 .0543 .0.314 .0229 x 
1 .0982 .1022 .0040 .0503 .050.3 -2 .1161 .1182 .0021 .05.38 .0201 .03.37 
.3 .0714 .0769 .0055 .0496 .0270 .0226 
4 .114.3 .1258 .ou; .0528 .0129 .0399 

Total .4000 .42.31 .0231 .2065 .1103 .0962 - .1000 .1058 .0058 .0516 .0276 .0241 x 
1 .1022 .1105 .008.3 .0564 .0161 .040.3 
2 .1182 .1145 -.00.37 .0519 .0151 .0368 
3 .Ul(:/J .1168 .om .0494 .0051 .044.3 
4 .1258 .1101 -.0157 .0494 .0494 

Total .4231 .4519 .0288 .2071 .0857 .1214 - .1058 .11.30 .0072 .o;l8 .0214 .0304 x 
1 .no; .105.3 -.0052 .0553 .055.3 -2 .1145 .1194 .0049 .0500 .0166 .0334 
3 .1168 .1263 .0095 .0494 .0251 .024.3 
4 .1101 .CI112 -.0129 .0540 .0540 

Total ·4519 .4482 -.0037 .20P11 .1510 .0577 
f .1130 .1121 -.0009 .0522 .0378 .0144 
1 .1053 .1J.44 .0091 .0495 .0349 .0146 
2 .1194 .1168 -.0026 .0508 .0082 .0426 
3 .126.3 .1204 -.0059 .051.3 .0082 .0431 
4 .0972 .0864 -.0108 .0521 .0521 -

To;:a1 .4482 .4.380 -.0102 .20.37 .1034 .1003 
x .1121 .1095 -.0026 .0509 .0259 .0251 
1 ·1144 .1092 -.0052 .0546 .0438 .0108 
2 .1168 .1191 .002.3 .0551 .02U/' .0344 
3 .1204 .1332 .0128 .0533 .0082 .0451 
4 .0864 .1025 .0161 .0554 .0258 .0296 

Total .4,380 .4640 .0260 .2184 .0985 .1199 ... 
.1C~5 .ll60 .0065 .0546 .0246 .0300 x 

1 .1092 .1081 -.0011 .0556 .0556 -2 .1191 .1129 -.0062 .0563 .0250 .0313 
3 .1332 .ll91 -.01.41 .0564 .0346 .0218 
4 .1025 .0889 -.0136 .052'1 .0527 -

Total ·4640 .4290 -.0350 .2210 .1679 .0531 - .1160 .1073 -.ooss .0553 .0420 .013.3 x 
1 .1081 .1049 -.00.32 .0508 .o;os 
2 .1129 .1213 .0084 .0514 .0156 .0358 
3 .1191 .1280 .0089 .05.31 .0060 .0471 
4 .0889 .0921 .00.32 .0512 .0512 -

Total .4290 .446.3 .017.3 .2065 .1236 .0829 
! .1073 .1116 .0043 .0516 .0309 .0207 



LXXXVI 

Be fore J.tter Gain or Be fore Af'ter Loss 
loss 

1 .1049 .1~4 .0045 .0470 .0317 .0153 
2 .121.3 .1179 -.00.34 .0511 .0157 .0354 
3 .1280 .1196 -.0084 .0549 .0098 .0451 
4 .0921 .~06 -.0015 .0552 .0552 -Total .4463 .4375 -.oœg .2082 .1124 .0958 - .ll16 .1094 -.0022 .0521 .0281 .0240 x 
1 .1094 .1051 -·0043 .0528 .0528 
2 .1179 .12.39 .0060 .0550 .0190 .0360 
3 .1196 .1260 .0064 .051.3 .0185 .0328 
4 .0906 .10.3.3 .0127 .0522 .0321 .0201 

Total .4375 ·458.3 .0208 .211.3 .1224 .0889 
i .1094 .1146 .0052 .0528 .0306 .0222 
1 .1051 .1125 .0074 .0549 .0243 .0306 
2 .1239 .1157 -.0082 .0564 .0138 .0426 
3 .1260 .1199 -.0061 .0556 .0157 .0399 
4 .10.3.3 .0990 -.004.3 .0556 .0556 

Total .458.3 .4471 -.0112 .2225 .1094 .1131 
i .1146 .1118 -.0028 .0556 .0274 .0283 
1 .1125 .1147 .0022 .05.36 .0406 .. 0130 
2 .1157 .1116 -.0041 .0559 .0559 
.3 .1199 .1294 .~; .0554 .023.3 .0.321 
4 .0990 .~64 -.0026 .05.3.3 .0489 .0044 

Total .4471 -4521 .0050 .2182 .1687 .0495 - .1118 .11.30 .001.3 .0546 .0422 .0124 x 
1 .1147 .102.3 -.0124 .05.38 .05.3S, ... 
2 • 1116 .1166 .oo;o .0521 .0117 .0404 
.3 .1294 .12.34 -.0060 .0541 .0188 .0.35.3 
4 .0964 .0958 -.0006 .0559 .0559 -Total .4521 .4.381 -.0140 .2159 .1402 .0757 - .11.30 .1~5 -.00.35 .0540 .0.351 .0189 x 
1 .1023 .1098 .0075 .0520 .0144 .0376 
2 .1166 .1198 .00.32 .0524 .0234 .0290 
3 .1234 ·1245 .oou .0534 .0224 .0310 
4 .0958 .1065 .o1r:n .0558 .0096 .0462 

Total .4.381 .4606 .0225 .21.36 .0698 ·14.38 - .1095 .1152 .0056 .0534 .0175 .0360 x 
1 .1098 .1062 -.00.36 .0549 .00.31 .0518 
2 .1198 .1120 -.0078 .0564 .0144 .0420 
3 .1245 .1322 .Or:t77 .0567 .0110 .0457 
4 .1065 .1065 - .0565 .0565 -

Toj;al .4606 ·4569 -.00.37 .2245 .0850 .1395 
x .1152 .1142 -.0009 .0561 .021.3 .0349 
1 .1062 .1106 .0044 .0526 .0526 -2 .1120 .1094 -.0026 .051.3 .0092 .0421 
.3 .1322 .1240 -.0082 .0510 .0318 .0192 
4 .1065 .108.3 .0018 .0521 .0521 -

Total .4569 ·452.3 -.0046 .2070 .1457 .0613 - .1142 .1131 -.0012 .0518 .0364 .0153 x 



LXXXVII 

Bef'ore A.fter Gain or Be fore Atter Losa 
loss 

1 .1106 .1124 .0018 .0505 .o5o; -2 .1094 .1220 .0126 .0526 .0235 .0291 
3 .1240 .1275 .0035 .0559 .0154 .0405 
4 .1083 .1083 • .0552 .0552 -Total ·4523 .4702 .0179 .2142 .1446 .0696 - .1131 .1175 .0045 .0536 .0362 .0174 x 
l .1124 .1090 .... 0034 .0542 .0118 .0424 
2 .1220 .1055 -.0165 .0511 .0511 -
3 .1275 .1227 -.0048 .0522 .0319 .0203 
4 .1083 .1112 .0029 .0562 .0562 -

Total .4702 .4484 -.0218 .2137 .1510 .0627 - .1175 .1121 -.0055 .0534 .0378 .0157 x 
l .1090 .1142 .0052 .0561 .0280 .0281 
2 .1055 .1185 .0130 .0536 .0173 .0363 
3 .1227 .1336 .0109 .0531 .0353 .0178 
4 .1112 .1204 .0092 .0525 .0193 .0332 

Total .4484 .4867 .0.38.3 .215.3 .0999 .1154 
! .1121 .1217 .0096 .0538 .0250 .0289 
1 .1142 .1085 -.0057 .0502 .0502 
2 .us; •1168 -.0017 .0516 .02:14 .0242 
.3 .1.336 .1185 -.0151 .0549 .0549 -
4 .1204 .112.3 -.0081 .0524 .0.302 .0222 

Total ·.4867 .4561 -.0306 .2091 .1627 .0464 - .1217 .1140 -.0071 .052.3 .Q4Ul .0116 x 
1 .1085 .11.34 .0049 .0534 .0184 .0.350 
2 .1168 .1047 -.0121 .052.3 .052.3 -
3 .1185 .1247 .0062 .0521 .0247 .0274 
4 .112.3 .115.3 .00.30 .0515 .0515 -

Total .4561 .4581 .0020 .209.3 .1469 .0624 - .JJ.40 .1145 .ooo; .052.3 .0.367 .0156 x 
1 .11.34 .0904 -.02.30 .0527 .0527 -2 .1047 .0954 -.0093 .0517 .0517 -
3 .1247 .1164 -.0083 .0522 .0522 -
4 .115.3 .1087 -.0066 .05.35 .0180 .0.355 

Total ·4581 .4109 -.0472 .2101 .1746 .0355 - ·1145 .1027 -.0118 .0525 .04.37 .0089 x 
1 .0904 .1013 .0109 .0494 .0068 .0426 
2 .0954 .uso .0226 .0495 .0227 .0268 
.3 .1164 .1205 .0041 .0557 .0557 -
4 .1087 .1017 -.omo .0540 .0540 

Total .4109 .4415 .0306 .2086 .1.392 .0694 
f .1027 .ll04 .OU'/7 .0522 .0.348 .0174 
1 .101.3 .1115 .0102 .0541 .0249 .0292 
2 .1180 .0869 ... 0311 .0498 .0498 -
.3 .1205 .1295 .0090 .056.3 .0249 .0.314 
4 .1017 .ll02 .oos5 .0562 .02:11 .0291 

'l'o'Jia1 .w; ·4.381 -.0034 .2164 .1267 .0897 
x .1104 .1095 ... 0009 .0541 .0317 .0224 



LXXXVIII 

Be fore A ft er Gain or Be fore After Loss 
1oss 

1 .1115 .1079 -.00.36 .05.31 .05.31 -2 .OS69 .120.3 .0.3.34 .05.3.3 .0054 .0479 
.3 .1295 .1275 -.0020 .051.3 .0198 .0.315 
4 .1102 .1257 .0155 .0520 .0245 .0275 

Total ·4.381 .4814 .04.3.3 .2rf}7 .1028 .1069 - .1o:}5 .1204 .0108 .0524 .0257 .0267 x 
1 .1C1'19 .1157 .0078 .05.30 .0250 .0280 
2 .120.3 .104.3 -.0160 ~0522 .0522 -
.3 .12'75 .1.310 .00.35 .05.31 .0.315 .0216 
4 .1257 .1159 -.0098 .05.30 .05.30 -Total .4814 .4669 -.0145 .211.3 .1617 .0496 
i .1204 .1167 -.00.36 .0528 .0404 .0124 
1 .1157 .10.39 -.ons .0520 .0145 .0.375 
2 .104.3 .1068 .0025 .0497 e0497 -.3 .1310 .1369 .0059 .0563 .0211 .0.352 
4 .1159 .1112 -.0047 .0529 .0529 -Total .46$ .4588 -.0081 .2lo:} .1.382 .0727 - .1167 .1147 -.0020 .0527 .0.346 .0182 x 
1 .1039 .1127 .0088 •05.34 .0107 .042"/ 
2 .1068 .1059 -.0009 .o506 .0506 -
3 .1.369 .1.348 -.0021 .0511 .0205 .0.306 
4 .1112 .1229 .0117 .0515 .0243 .0272 

Total ·4588 .476.3 .0175 .2066 .1061 .1005 - .1147 .1191 .0044 .0517 .0265 .0251 x 
1 .1127 .118.3 .0056 .051.3 .0220 .029.3 
2 .1059 .0890 -.0169 .052.3 .0523 -
.3 .1.348 .1.359 .oon .052.3 .0.376 .0147 
4 .1229 .1.355 .0126 .0528 .0.368 .0160 

Total .476.3 .47P/7 .0024 .2087 .1487 .0600 
x .1191 .1197 .o006 .0522 .0.372 .0150 
1 .118.3 .112'7 -.0056 .0519 .0519 
2 .0890 .1060 .0170 .050.3 .005.3 .0450 
3 .1359 .1.3.30 -.0029 .0516 .0375 .0141 
4 .1355 .123.3 -.0122 .0520 .0364 .0156 

Total .47PI7 .4750 -.0037 .2058 .1.311 .0747 - .1197 .1188 -.0009 .0515 .0.328 .OlS? x 
1 .1127 .1191 .0064 .05.36 .0.340 .0196 
2 .1060 .1220 .0160 .0524 .0060 .0464 
3 .1.3.30 .1364 -.0034 .0533 .0402 .01.31 
4 .12.3.3 .1205 -.0028 .0528 .03Cfl .0221 

Total ·4750 ·4980 .0230 .2121 .1109 .1012 - .1188 .1245 .oo5s .05.30 .0277 .025.3 x 
1 .1191 .101.3 -.0178 .0515 .0515 
2 .1220 .1165 -~0055 .o5o8 .0.32.3 .0185 
3 .1.364 .1.367 .ooo.; .0519 .0.39.3 .0126 
4 .1205 .1210 .ooo; .0524 .0217 .0307 

Total -4980 .4755 -.0225 .2066 .1448 .0618 - -1245 .1189 -.0056 .0517 .0.362 .0155 x 



Bef' ore Af'ter Gain or Bef' ore Af'ter Loss 
loss 

1 .1013 .1191 .0178 .050.3 .01.30 .037.3 
2 .ll65 .1147 -.0018 .0503 .0503 
.3 .1367 .1360 -.oor:n .0534 .0470 .0064 
4 .1210 .1108 -.0102 .0529 .0529 

Total .4755 .4806 .0051 .2069 .1632 .0437 - .lla<) .1202 .001.3 .0517 .0408 .0109 :x: 
1 .1191 .1221 .0030 .0510 .0475 .0035 
2 .1147 .1157 .0010 .0504 .0504 -
3 .1.360 .1482 .0122 .0528 .0528 
4 .1108 .1193 .oo85 ~0500 .0273 .0227 

Total .4806 .505.3 .0247 .2042 .1780 .0262 
x .1202 .1263 .0062 .0511 .0445 .0066 
1 .1221 .1201 -.0020 .0516 .0516 -2 .1157 .1147 -.0010 .0518 .0518 
.3. .1482 .]401 -.0081 .0510 .0510 -
4 .1193 .1169 -.0024 •0510 •0510 -

Total .505.3 .4918 -.0135 ~2054 .2054 -- .1263 .1230 -.0034 .0514 .0514 x 
1 .1201 .1175 -.0026 .0508 .0508 -
2 .1147 .1150 .000.3 .0496 .0496 -
3 .1401 .13.31 -.ocno .0515 .0515 
4 .1169 .120.3 .0034 .0515 .0200 .0315 

Total .4918 .4859 -.0059 .2034 .1719 .0315 
i .12.30 .1215 -.0015 .0509 .0430 .OCY79 
1 Female died - replicate l terminated. 
2 .1150 .1112 -.00.38 .0514 .0514 -
.3 .1331 .1376 .0045 .o;18 .0518 -
4 .1203 .1246 .004.3 .0511 .0212 .0299 

Total .3684 .37.34 .0050 .1543 .1244 .0299 - .1228 .1245 .0017 .0514 .0415 .0100 x 
2 .lll2 .1102 -.0010 .0547 .0547 -
.3 .1376 .1344 -.0032 .0542 .0542 -
4 .1246 .1168 -.0078 .0556 .05;6 

Total • .37,34 .3614 -.0120 .1645 .1645 - .1245 .1205 -.0040 .0548 .0548 x -
2 .1102 .1073 -.0029 .05oo .0149 .0.351 
3 .1344 .1318 -.0026 .0509 .0509 
4 .1168 .1200 .00.32 .0509 .0181 .0328 

Total • .3614 .3591 -.0023 .1518 .0839 .0679 - .1205 .1197 -.ooo8 .o;06 .0280 .0226 x 
2 .1073 .1198 .0125 .0507 .0036 .0471 
3 .1318 .lm -.0041 .0510 .0510 -
4 .1200 .1165 -.0035 .0521 .0521 -

Total .3591 .3640 .0049 .1538 .1067 .0471 
! .1197 .1213 .0016 .0513 .0.356 .0157 



xc 

Be fore Af.'ter Gain or Be fore A :t'ter Losa 
1oss 

2 .1198 .1211 .001.3 .051.3 .015.3 .0.360 
.3 Female died - replieate .3 terminated • 
4 .1165 .1218 .005.3 .0512 .0287 .0225 

Total .2.36.3 .2429 .0066 .1025 .0440 .0585 - .1182 .1215 .00.3.3 .o;l,; .0220 .029.3 x 
2 .1211 .1066 -.0145 .0498 .0498 -4 .1218 .1060 -.0158 .0496 .0496 -Total ·2429 .2126 ... 0303 .0994 .0994 - .1215 .1063 -.0152 .0497 .0497 x 
2 .1066 .1240 .0174 .0494 .0272 .0222 
4 .1060 .1186 .0126 .0496 .0125 .0.371 

Total .2126 .2426 .o,;oo .0990 .om .0593 - .106.3 .121.3 .0150 .0495 .0199 .0297 x 
2 .1240 .1122 -.0118 .0498 .0498 
4 .1186 .11.35 -.0051 .o;oo .o;oo 

Total .2426 .2257 -.0169 .0998 .0998 -- .121.3 .1129 -.oos5 .0499 .0499 x -
21 Female died - replieate 2 terminated. 
4 .11.35 .U68 .00.3.3 .0494 .0494 -
4 .1168 .115.3 -.0055 .0504 .0247 .0257 
4 .ll53 .1267 .0114 .0508 .0348 .0160 
4 .1267 .1307 .0040 .0498 .0305 .0193 
4 .1307 .1278 -.0029 .0494 .0320 .0174 
4 .1278 .1213 -.0065 .0494 .0494 
4 .1213 .ll86 -.00'21 .0505 .o;o; 
4 .1186 .ll82 -.0004 .0496 .0496 

1 .A.ll subsequent da.U7 values tor diet level 4 are based on replieate 4 
i.e. the value obtained for the sole surviving adult remale l• 
maeuli ventris in this experiment. 



XCI 

TABLE II 

Daily live gram weights per replicate (4), and mea.ns or replicates, 

rar unf'ed adults or the predator l• maculiventris reared at a coutant 

temperature or 800., and a relative humidity or 70 per cent during the 

period lky to August 1964. 

Adult male A.dult remale 

Repli- Initial Weight at Gain or Initial Weight at Gain ar 
cations weight end or loss in wight end or loss in 

24 hours weight 24 hours weight 

1 .0667 .0536 -.0131 .0781 .0809 .0028 
2 .0584 .0538 -.0046 .0853 .CTI97 -.0056 
3 .0642 .0542 -.0100 .0699 .06ff:J -.0030 
4 .0583 .055.3 -.00.30 .0802 .0782 -.0020 

Total .2476 .2169 -.0307 .31.35 .3057 -.0078 - .0619 .0542 -.0077 .0784 .0764 -.0020 x 
1 .05.36 .051.3 -.002.3 .oWJ .0738 -.0071 
2 .05.38 .0559 .0021 .079'7' .0643 -.0154 
3 .0542 .0521 -.0021 .0669 .0634 -.0035 
4 .055.3 .0526 -.0027 .0782 .0656 -.0126 

Total .2169 .2119 -.oo5o .3057 .2671 -.0386 - .0542 .0529 -.001.3 .r:n64 .0668 -.0097 x 
1 .0513 .0515 .0002 .0738 .0653 -.oo8; 
2 .0559 .0456 -.010.3 .064.3 .0621 -.0022 
3 .0521 .0530 .0009 .0634 .0583 -.0051 
4 .0526 .0532 .0006 .0656 .06.31 -.0025 

Total .2119 .2033 -.0086 .2671 .2488 -.0183 - .0529 .o;os -.0022 .0668 .0622 ... oo46 x 
1 .0515 .0492 -.0023 .0653 .0621 -.00.32 
2 .0456 .0438 -.0018 .0621 .0629 .ooo8 
.3 .0530 .o;l2 -.0018 .058.3 .0577 -.0006 
4 .05.32 .0455 -.or:n? .06.31 .0629 -.0002 

Total .20.3.3 .1897 -.0136 ·2488 ·2456 -.0032 - .o;os .0474 -.00.34 .0622 .06]4 -.ooo8 x 
1 .0492 .o;l6 .0024 .0621 .0646 .0025 
2 .0438 .0445 .0007 .0629 .0615 -.00]4 
.3 .0512 .0495 -.0017 .0577 .0603 .0026 
4 ·0455 .0426 -.0029 .0629 .0619 -.0010 

Total .1897 .1882 -.0015 .2456 .248.3 .0027 - .0474 .0471 -.0004 .0614 .0621 .0007 x 



XCII 

Initial Weigb.t at Gain or Initial Weight at Gain or 
weight end or loss in weight end or loss in 

24 hours weight 24 hours weight 

l .0516 .0490 -.0026 .0646 .0596 -.oo;o 
2 .0445 .0419 -.0026 .0615 .0622 .oocn 
3 .0495 .0485 -.0010 .060.3 .0566 -.00.37 
4 .0426 .0416 -.0010 .0619 .0669 .oo5o 

Total .1882 .1810 -.OC112 .248.3 -2453 -.0030 
x .0471 .045.3 -.0018 .0621 .061.3 -.ooo8 
1 .0490 .0491 .0001 .0596 .0565 -.00.31 
2 .0419 .0413 -.0006 .0622 .0594 -.0028 
.3 .0485 .0503 .0018 .0566 .0566 
4 .0416 .0554 .0138 .0619 .0576 -.009.3 

Total .1810 .1961 .0151 ·245.3 .2.301 -.0152 - ·045.3 .0490 .oo.;8 .061.3 .0575 -.00.38 :x: 
1 .0491 .0481 -.0010 .0565 .0586 .0021 
2 .0413 .0418 .oo05 .0594 .0593 -.0001 
3 .0503 .()483 -.0020 .0566 .0531 -.00.35 
4 .0554 .0444 -.ouo .0576 .0605 .0029 

Total .1961 .1826 -.0135 .2301 .2315 .0014 - .0490 .0457 -.00.34 .0575 .0579 ·0004 :x: 
1 .0481 .0457 -.0024 .o;86 .0556 -.00.30 
2 .0418 .0425 .0007 .0593 .0587 -.0006 
3 .0483 .0458 -.0025 .05.31 .0535 .0004 
4 .0444 .0404 -.0040 .0605 .0619 .0014 

To~al .1826 .1744 -.0082 .2315 .2297 -.0018 
:x: .0457 .0436 -.0021 .0579 .0574 -.ooo; 
1 .0457 .0478 .0021 .0556 .0536 -.0020 
2 .0425 .0.398 -.0027 .0587 .0551 -.0036 
3 .0458 .0468 .0010 .0535 .0534 -.0001 
4 .0404 .0395 -.0009 .0619 .0589 -.0030 

Total .1744 .17.39 -.0005 .2297 .2210 -.0087 - .04.36 .0435 -.0001 .0574 .0553 -.0022 :x: 
1 .0478 .0481 .0003 .o;36 .0555 .0019 
2 .0.398 .0.392 -.0006 .0551 .0570 .0019 
3 .0468 .0462 -.0006 .0534 .0533 -.0001 
4 .0.395 .0389 -.0006 .0589 .0620 .0031 

Total .1739 .1724 -.0015 .2210 .2278 .0068 - .0435 .04.31 -.0004 .0553 .0570 .0017 :x: 
1 .0481 .0458 -.002.3 .0555 .0570 .0015 
2 .0.392 .0.379 -.0013 .0570 .0569 -.0001 
.3 .0462 .0459 -.0003 .053.3 .0489 -.0044 
4 .0389 .0.384 -.0005 .0620 .0563 -.0057 

Total .1724 .1680 -.0044 .2278 .2191 -.0087 - .0431 .0420 -.0011 .0570 .0548 -.0022 :x: 



XCIII 

Initial Weight at Gain r.tr Initial Weight at Gain or 
weight end or loss in weight end ot loss in 

24 hours weight 24 hours weight 

1 .0458 .0402 -.0056 .0570 .0583 .0013 
2 .om ·0442 .0063 .0569 .0536 -.0033 . 
3 .0459 .0465 • 0006 .0489 .0519 .0030 
4 .0384 .0406 .0022 .0563 .0597 .0034 

Total .1680 .1715 .0035 .2191 .2235 .0044 -x .0420 .0429 .0009 .0548 .0559 .oou 
1 .0402 .0434 .0032 .0583 .0560 -.0023 
2 .0442 .0383 -.0059 .0536 .0541 .ooo5 
3 .0465 ·0454 -.oou .0519 .0521 .0002 
4 .0406 .0412 .0006 .0597 .0578 -.0019 

Total .1715 .1683 -.0032 .2235 .2200 -.0035 - .0429 .0421 -.ooo8 .0559 .0550 -.0009 :x 
1 .0434 .0426 -.ooo8 .0560 .0567 .0007 
2 .0383 .0392 .0009 .0541 .0546 .0005 
3 .0454 .0434 -.0020 .0521 .0514 -.0007 
4 .0412 .0397 -.0015 .0578 .0570 -.ooo8 

Total .1683 .1649 -.0034 .2200 .2197 -.0003 - .0421 .0412 -.0009 .0550 .0549 -.0001 x 
1 .0426 .0426 - .0567 .0515 -.0052 
2 .0392 .0383 -.0009 .0546 .0540 -.0006 
3 .0434 .0433 -.0001 .0514 .05.35 .0021 
4 .om .0382 -.0015 .0570 .0568 -.0002 

Total .1649 .1624 -.0025 .2197 .2158 -.00.39 - .0412 .0406 -.0006 .0549 .0540 -.0010 x 
1 .0426 .0419 -.0007 .0515 .0541 .0026 
2 .0383 .0.390 .0007 .0540 .0546 .0006 
3 .0433 .0427 -.0006 .0535 .0502 -.0033 
4 .0382 .0.387 .ooo; .o;68 .0550 -.0018 

Total .1624 .1623 -.0001 .2158 .21.39 -.0019 - .0406 .0406 .0540 .0535 -.0005 :x -1 .0419 .0420 .0001 .0541 .0555 .0014 
2 .0390 .0374 •• 0016 .0546 .0567 .0021 
3 .04Z'/ -0454 .0027 .0502 .0495 -.0007 
4 .0387 .0368 -.0019 .o;;o .o;rn .0027 

Total .1623 .1616 -.0007 .2139 .2194 .oo;; .. 
.0406 ·0404 -.0002 .0535 .0549 .0014 :x 

1 .0420 .0433 .0013 .0555 .0563 .0008 
2 .0374 .0378 .0004 .0567 .0535 -.00.32 
3 .0454 .0439 -.0015 .0495 .0515 .0020 
4 .0.368 .0381 .0013 .0577 .0600 .0023 

Total .1616 .16.31 .0015 .2194 .2213 .0019 - .0404 .0408 .0004 .0549 .0553 .ooo; x 



XCIV 

Initial Weight at Gain or Initial Weight at Gain or 
weight end of' loss in weight end or loss in 

24 hours 119ight 24 hours weight 

1 .04.33 .042.3 -.0010 .0563 .0564 .0001 
2 .0378 .0.388 .0010 .0535 .0533 -.0002 
3 .04.39 .0417 -.0022 .0515 .0519 .0004 
4 .0381 .0361 -.0020 .0600 .0559 -.0041 

Total .1631 .1589 -.0042 .2213 .2175 -.0038 - .0408 .om ... oou .0553 .054.3 -.0010 x 
1 .042.3 .04.32 .0009 .0564 .0586 .0022 
2 .0.388 ·0497 .0109 .05.3.3 .0553 .0020 
.3 .0417 .04.30 .001.3 .0519 .05.38 .0019 
4 .0.361 .0.390 .0029 .0559 .0555 ... 0004 

Total .1589 .1749 .0160 .2175 .22.32 .0057 - .om .04.37 .0040 .054.3 .o;58 .0014 x 
1 ·04.32 .04.34 .0002 .0586 .0541 -.0045 
2 .0497 .om -.0100 .055.3 .0524 -.0029 
.3 ·04.30 .0440 .0010 .05.38 .051.3 -.0025 
4 .0390 .0.391 .0001 .0555 .0529 -.0026 

Total .1749 .1662 ... oo87 .2232 .2107 -.0125 
i .0437 .0416 -.0022 .0558 .0527 .0031 
1 .0434 .0430 -.0004 .0541 .0535 -.0006 
2 .0397 .0.372 -.0025 .0524 .0561 .0037 
.3 .0440 .0424 -.0016 .0513 .0489 -.0024 
4 .0.391 .0349 -.0042 .0529 .0571 .0042 

Total .1662 .1575 -.0087 .2107 .2156 .0049 - .0416 .0.394 -.0022 .0527 .05.39 .0012 x 
1 .04.30 .04.32 .0002 .0535 .0535 -2 .0.372 .0351 -.0021 .0561 .0533 -.0028 
3 ·0424 .0432 .0008 .0489 .0500 .oou 
4 .0349 .0364 .0015 .0571 .0566 •• ooo5 

Total .1575 .1579 .0004 .2156 .2134 -.0022 - .0.394 .0.395 .0001 .05.39 .0534 -.0006 x 
1 .0432 .0422 -.0010 .0535 .05.32 -.000.3 
2 .0351 .0368 .0017 .0533 .0545 .0012 
3 .04.32 .0424 -.ooo8 .o;oo .0502 .0002 
4 .0364 .0.367 .0003 .0566 .055.3 -.001.3 

Total .1579 .1581 .0002 .2134 .2132 -.0002 - .0.395 .0395 .0534 .0533 -.ooo1 x -1 .0422 .0412 -.0010 .05.32 .0531 •• oool 
2 .0368 .0374 .0006 .0545 .0501 -.0044 
3 .0424 .0424 - .0502 .0496 -.o006 
4 .0367 .0371 .0004 .0553 .0547 -.0006 

Total .1581 .1581 - .2132 .2075 -.0057 - .0.395 .0395 .0533 .0519 -.0014 x -



xcv 

Initial Weight at Gain or Initial Weight at Gain or 
weight end of loss in weight end of loss in 

24 hours weight 24 hours weight 

1 .0412 .0415 .0003 .0531 .0495 -.0036 
2 .0374 .0370 -.0004 .0501 .0531 .0030 
3 ·0424 .0399 -.0025 .0496 ~0485 -.0011 
4 .0371 .0371 - .0547 .0510 -.0037 

Total .1581 .1555 -.0026 .2fY75 .2021 -.0054 
x .0395 .0389 -.oorn .0519 .o;o5 -.0014 
1 .0415 .04(J7 -.ooo8 .0495 .0529 .0034 
2 .0370 .0358 -.0012 .0531 .0506 -.0025 
3 .0399 .0418 .0019 .0485 .0497 .0012 
4 .0371 .0357 -.0014 .0510 .0551 .0041 

Total .1555 .1540 -.0015 .2021 .2083 .0062 
f .0389 .0385 -.0004 .0505 .0521 .0016 
1 .04fll .0365 -.0042 .0529 .0486 -.0043 
2 .0358 .0350 -.ooo8 .0506 .0512 .0006 
3 .0418 .0412 -.0006 .0497 .0492 -.ooo5 
4 .0357 .0350 -.0007 .0551 .0518 -.0033 

Total .1540 ·1477 -.0063 .2083 .2008 ... 0075 - .0385 .0369 -.0016 .0521 .0502 -.0019 :x: 
1 .0365 .0420 .oo;; .0486 .0515 .0029 
2 .0350 .0367 .0017 .0512 .0545 .0033 
3 .0412 .0414 .0002 .0492 .0490 -.0002 
4 .0350 .0345 •• ooo; .0518 .0553 .0035 

Total .1477 .1546 .0069 .2008 .2103 .0095 - .0369 .0387 .0017 .0502 .0526 .0024 :x: 
l .0420 .0365 -.0055 .0515 .o508 -.0007 
2 .0367 .0378 .oou .0545 .0503 -.0042 
3 .0414 .0418 .0004 .0490 .0467 -.0023 
4 .0345 .0350 .ooo; .0553 .0551 -.0002 

Total .1546 .1511 -.0035 .2103 .2029 -.0074 - .0387 .0378 -.0009 .0526 .0507 -.0019 :x: 
1 .0365 .0413 .0048 .o;o8 .0510 .0002 
2 .0378 .0362 -.0016 .0503 .0527 .0024 
3 .0418 .0393 -.0025 .0467 .0486 .0019 
4 .0350 .0344 -.0006 .0551 .0515 -.0034 

Total .l5ll .1512 .ooo1 .2029 .2038 .0009 
~ .0378 .0378 - .0507 .0510 .0002 
1 .0413 .0421 .0008 .o;1o .0537 .0027 
2 .0362 .0364 .0002 .0527 .0488 .... 0039 
3 .0393 .0406 .0013 .0486 .0472 -.0014 
4 .0344 .0353 .0009 .o;l5 .0523 .ooos 

Total .1512 .1544 .0032 ·.2038' .2020 -.0018 - .0378 .0386 .ooo8 .0510 .o;o; -.ooo; x 



XCVI 

Initial Weight at Gain or Initial Weight at Gain or 
weight end of loss in weight end of 1oss in 

24 hours weight 24 hours weight 

l .0421 .0.3S6 -.00.35 .05.37 .047.3 .00.36 
2 .0.364 .0.365 .ooo1 .0488 .0577 -.0011 
.3 .0406 .0400 -.0006 .0472 .0474 .0002 
4 .0.35.3 .0.360 .OOCI7 .052.3 .0546 .002.3 

Total .1544 .1511 -.00.3.3 .2020 .2070 .0050 - .0386 .0378 ... ooo8 .o;o; .0518 .0013 x 
1 .03S6 .039.3 .ooc:n .047.3 .0472 -.0001 
2 .0.36; .0.37.3 .ooos .0577 .0497 -.oo8o 
3 .0400 .0.395 -.0005 .0474 .0492 .0018 
4 .0.360 .0.344 -.0016 .0546 .o;06 -.0040 

Total .1511 .1505 -.0006 .2070 .1967 -.010.3 - .0.378 .0376 -.0002 .o;l8 .0492 -.0026 x 
1 .0.393 .0399 .0006 .0472 .o;oo .0028 
2 .037.3 .0353 -.0020 .0497 .0496 -.0001 
3 .0.395 .0417 .0022 .0492 .0464 -.0028 
4 .0344 .0.334 -.0010 .o;06 .0565 .0059 

Total .1505 .1503 -.0002 .1967 .2025 .oo;s - .0.376 .0376 .0492 .0506 .0015 x .. 
1 .om .0.350 -.0049 .o;oo .0461 -.00.39 
2 .035.3 .0.341 -.0012 .0496 .0502 .0006 
3 .0417 .0.399 -.0018 .0464 .0484 .0020 
4 .0.3.34 .0320 -.0014 .0565 .0517 -.0048 

Total .1503 .1410 -.0093 .2025 .1964 -.0061 - .0376 .0.35.3 -.002.3 .0506 .0491 -.0015 x 
1 .0.350 .0.380 .00.30 .0461 .051.3 .0052 
2 .0341 .0.380 .00.39 .0502 .0520 .0018 
3 .0.399 .0416 .0017 .0484 .0466 -.0018 
4 .0.320 .0.364 ·0044 .0517 .052.3 .0006 

Total .1410 .1540 .0130 .1964 .2022 .oo58 - .0.35.3 .0.385 .00.3.3 .0491 .0506 .0015 x 
1 .0380 .0409 .0029 .051.3 .0470 -.004.3 
2 .0.380 .0.365 -.0015 .0520 .0519 -.0001 
.3 .04].6 .0498 .0082 .0466 .0468 .0002 
4 .0364 .0.374 .0010 .052.3 .0495 -.0028 

Total .1540 .1646 .0106 .2022 .1952 -.0070 - .0.385 .0412 .0027 .0506 .0488 -.0018 x 
l .0409 .0.388 -.0021 .0470 .0501 .00.31 
2 .0.365 .0.37.3 .ooos .0519 .0472 -.0047 
3 .0498 .0.38.3 •• on; .0468 .04.36 -.00.32 
4 .0374 .0.345 -.0029 .0495 .051.3 .oo1s 

Total .1646 .1489 .0157 .1952 .1922 -.00.30 - .0412 .0.372 .0039 .0488 .0481 -.ooo8 x 



XCVII 

Initial Weight at Gain or Initial Weight at Gain or 
weight end of loss in weight end of loss in 

24 hours weigh.t 24 hours weight 

l .0.388 .0364 -.0024 .0501 .0447 -.0054 
2 .0373 .0.365 -.ooos .0472 .0484 .0012 
3 .0383 .0387 .0004 .0436 .0471 .0035 
4 .0345 .0.354 .0009 .0513 .0544 .0031 

Total .1489 ·1470 -.0019 .1922 .1946 .0024 - .0372 .0.368 -.oo05 .Q481 .04fr7 .0006 x 
1 .0364 .0387 .0023 .0447 .0505 .oo;8 
2 .0365 .0.370 .ooo; .0484 .0491 .oorn 
3 .0387 .0422 .0035 .0471 .0459 -.0012 
4 .0354 .0327 -.00'27 .0544 .0502 -.0042 

Total .1470 .1;06 .0036 .1946 .1957 .oou - .0.368 .0377 .0009 .0487 .0489 .0003 x 
1 .0387 .0393 .0006 .o~m5 .0498 -.0007 
2 .0370 .0363 -.0007 .0491 .0459 -.0032 
.3 .0422 .0381 -.0041 .0459 .0439 -.0020 
4 .Q3'Z7 .0344 .0017 .0502 .0518 .0016 

Total .1506 .1481 -.0025 .1957 .1914 -.0043 - .0377 .0370 -.0006 .0489 .0479 -.0011 x 
l .0393 .0341 -.0052 .0498 .0433 -.0065 
2 .0363 .0,368 .ooo; .0459 .0496 .0037 
3 .0381 .0374 -.Ot::IJ7 .0439 .0441 .0002 
4 .0.344 .0312 -.0032 .o;lS .0471 -.0047 

Total .1481 .1395 -.0086 .1914 .1841 -.Ofl73 - .0370 .0349 -.0022 .(}479 .0460 -.0018 x 
l .0341 .0382 .0041 .043.3 .0461 .0028 
2 .0368 .0371 .0003 .0496 .0472 -.0024 
3 .0374 .0384 .0010 .0441 .0457 .0016 
4 .0312 .0328 .0016 .0471 .0512 .0041 

Total .1395 .]46; .0070 .1841 .1902 .0061 - .0349 .0366 .0018 .0460 .0476 .oo15 x 
1 .0.382 .0382 - .0461 .0461 
2 .0371 .0368 -.0003 .0472 .0482 .0010 
3 .0384 .0363 -.0021 .0457 ·0437 -.0020 
4 .0328 .0328 - .0512 .0479 -.0033 

To!al .1465 ·1441 -.0024 .1902 .1859 -.0043 
x .0366 .0360 -.0006 .0476 .0465 -.0011 
1 .0382 .0383 .0001 .0461 .0496 .0035 
2 .0368 .0.348 -.0020 .0482 .0474 -.ooo8 
3 .036.3 .0372 .0009 .0437 .043.3 -.0004 
4 .0328 .0342 .0014 .0479 .0516 .0037 

Total .1441 ·1445 .0004 .1859 .1919 .oo6o - .0.360 .0361 .0001 .0465 .0480 .oo1; x 



XCVIII 

Ddtial Weight at Gain or Initial Weight at Gain or 
wight end or losa in weight end or loss in 

24 hours lleight 24 hours weight 

1 .0383 .0.419 .0036 .0496 .0435 -.0061 
2 .0348 .0344 -.0004 .0474 .0452 -.0022 
3 .0~2 .o~6 .0004 .0433 .0447 .0014 
4 .0342 .0340 -.0002 .0516 .o;u -.0005 

Total ·1445 .1479 .0034 .1919 .1845 -.0074 - .0361 .0370 .0009 .0480 .Q461 -.0019 x 
1 .0419 .0401 -.0018 .0435 .0477 .0042 
2 .0344 .0341 -.0003 .0452 .0486 .0034 
3 .0376 .0385 .0009 .0447 .0,441 -.0006 
4 .0340 .0338 -.0002 .0511 ·0491 -.0020 

Total .1479 .1465 -.0014 .1845 .1895 .0050 - .0370 .0366 -.0004 .0461 .0474 .0013 :x: 
1 .0401 .0370 -.0031 .0477 .0424 -.0053 
2 .0341 .0352 .0011 .0486 .0444 -.0042 
3 .0385 .03SS .0003 .0441 .0466 .0025 
4 .0338 .0341 .0003 .0491 .0452 -.0039 

Total .1465 .1451 -.001.4 .1895 .1786 -.0109 
i .0366 .0363 -.0004 .0474 .0447 -.0027 
1 Male died - repllcate 1 .0424 .0461 .0037 

terminated. 
2 .0352 .0352 - .0444 .0485 .0041 
3 .0338 .0.348 .0010 .0466 .0444 -.0022 
4 .0341 .0339 -.0002 .0452 .0506 .0054 

Total .1031 .1039 .ooos .1786 .1896 .ouo - .0344 .0346 .0003 .0447 .0474 .0028 x 
1 - .. .0461 .0449 -.0012 
2 .0352 .0358 • 0006 .0485 .0415 -.ocno 
3 .0348 .0324 -.0024 ·0444 .0427 -.0017 
4 .0339 .0305 -.0034 .0506 .0499 -.oocn 

Total .1039 .09f!J7 -.0052 .1896 .1790 -.0106 - .0.346 .0329 -.0017 .0474 .0448 -.0027 :x 
1 .0449 .0455 .oo06 
2 .0358 .0373 .0015 .0415 .0460 .0045 
3 .0324 .0366 .0042 .0427 .0436 .0009 
4 .0305 .0356 .oo;1 .0499 .0453 -.0046 

Total .œf!ft .1095 .0108 .1790 .1804 .0014 - .0329 .0365 .0036 .0448 .0451 .0004 x 
1 - - .0455 .0442 -.0013 
2 .0~3 .0359 -.0014 .0460 .0473 .0013 
3 .0366 .0393 .0027 .0436 .o4Jfl .0033 
4 .0356 .0357 .ooo1 .0453 .0513 .0060 

Total .1095 .1109 .0014 .1804 .1897 .0093 - .0365 .0370 .ooo; .0451 .0474 .0023 x 



Initial Weight at Gain or Initial Weight at Gain or 
weight end or loss in weight end or loss in 

24 hours weight 24 hours wight 

1 - .0442 .0452 .0010 
2 .0359 .0357 -.0002 .0473 ·0449 -.0024 
3 .0393 .0345 -.0048 .O/JJ9 .0449 -.0020 
4 .0357 .0390 .0033 .0513 .0455 -.oo;8 

Total .1109 .1092 -.0017 .1897 .1805 -.0092 
i .o~o .0364 -.0006 .0474 .0451 -.0023 
1 - - - .0452 .0463 .oou 
2 .0357 .0328 -.0029 .0449 .0404 -.0045 
3 .0.345 .0377 .0032 .0449 .0425 -.0024 
4 .0390 .0367 -.0023 .0455 .0484 .0029 

Total .1092 .1072 -.0020 .lao; .1776 -.0029 - .0364 .0357 -.0007 ·0451 .0444 -.0007 :x: 
1 - - .0463 .0443 -.0020 
2 .0328 .0.34& .0018 .0404 .0474 .0070 
3 .om .0324 -.0053 .0425 .0440 .0015 
4 .0367 .0353 -.0014 .0484 .0430 -.0054 

Total .1072 .1023 -.0049 .1776 .1787 .0011 - .0357 .0341 -.0016 .0444 .0447 .0003 x 
l - - - .0443 .0469 .0026 
2 .0346 .0345 -.0001 .0474 .0447 -.0027 
3 .0324 .0330 .0006 .0440 .0428 -.0012 
4 .0353 .0358 .0005 .0430 .0472 .0042 

Total .1023 .1033 .0010 .1787 .1816 .0029 - .0341 .0344 .0003 .0447 .0454 .OO(J'f x 
1 - - - .0469 .0448 -.0021 
2 .0.345 .0336 -.0009 .0447 .0466 .0019 
3 .0330 .03Z7 -.000.3 .0428 .0465 .0037 
4 .0358 .om -.0081 .0472 .0523 .0051 

Total .10.3.3 .0940 -.009.3 .1816 .1902 .0086 - .0344 .0.313 -.0031 .0454 .0476 .0022 :x: 
1 - - - .0448 .0477 .0029 
2 .0336 .0387 .0051 .0466 .0425 -.0041 
3 .03Z7 .0329 .0002 .0465 .0417 -.0048 
4 Male died - replicate 4 .0523 .0456 -.0067 

terminated • 
Total .0663 • 0716 .0053 .1902 .1775 -.0127 - .0.332 .0.:;58 .0027 .0476 .OM,4 -.0032 :x: 

1 - - - .0477 .0426 -.0051 
2 .0.387 .0345 -.0042 .0425 .0468 .0043 
.3 .0329 .0328 -.0001 .0417 .04.30 .0013 
4 - - .0456 .0415 -.0041 

Total .0716 .0673 -.0043 .1775 .1739 -.0036 - .0358 .0337 -.0022 .0444 .04.35 -.0009 :x 



c 

Initial Weight a.t Gain or Initial Weight at Gain or 
weight end or loss in weight end or loss in 

24 hours weight 24 hours weight 

1 - - .0426 .04.36 .0010 
2 .0.345 .0.304 -.0041 .Q468 .0418 -.0050 
3 .0328 .0344 .0016 .04.30 .0451 .0021 
4 - .. - .04].; .0476 .0061 

Total .0673 .0648 -.0025 .17.39 .1781 .0042 - .0.3.37 .0324 -.001.3 .0435 .0445 .oon x 
1 - - .0436 .0448 .0012 
2 - - - .0418 .04.36 .0018 
3 .. - - ·0451 .0417 -.0034 
4 - - - .0476 .0424 -.0052 

Total - - .1781 .1725 -.0056 - .0445 .0431 -.0014 x -1 - - .0448 .0441 -.0007 
2 - - .04.36 .0449 .001.3 
3 - - - .0417 .0381 -.0036 
4 - .0.424 .0442 .0018 

Total - .1725 .1713 -.0012 - .0431 .0428 -.0003 x - -1 .. - - .0441 .0445 .0004 
2 - - .0449 .0417 -.0032 
3 - - - .0.381 .0426 .0045 
4 - - .0442 .0479 .00.37 

Total - - - .1713 .1767 .0054 - .0428 .0442 .0014 x - - -1 - - - .0445 .0440 -.ooo; 
2 - - .0417 .0447 .0030 
3 - - - .0426 .0377 -.0049 
4 - - .0479 .0448 -.0031 

Total - - - .1767 .1712 -.0055 - .0442 .0428 -.0014 x - - -1 - - ·0440 .0443 .0003 
2 - - - .0447 .0416 -.0031 
3 - - - .0377 .0421 .0044 
4 - - .0448 .0452 .0004 

Total - - .1712 .17.32 .0020 - .0428 -0433 .ooo; x - - -1 .. - .0443 .0449 .oo06 
2 - - .0416 .0434 .oo1s 
.3 - - - .0421 .0455 .0034 
4 - - .0452 .o4f!fl .0035 

Total - - - .1732 .1825 .0093 - .04.33 .0456 .0023 x - - -



CI 

Initial Weight at Gain or Initial 'f/eight at Gain or 
weight end of loss in weight end of loss in 

24 hours weight 24 hours weight 

l - .. - .0449 .0406 -.0043 
2 - .0434 .0451 .0017 
3 - .. - .0455 .0408 -.0047 
4 - - - .0487 .0435 -.0052 

Total - - - .1825 .1700 -.0125 - .0456 ·0425 -.0031 x - -1 - - - .0406 .0464 .oo58 
2 - .0451 .0433 -.0018 
3 - - - .0408 .0416 .ooos 
4 - - .04.35 .0377 -.0058 

Total .. - .1700 .1690 -.0010 - .0425 .0423 ... 0003 x - - -1 - - .. .0464 .0421 -.0043 
2 - - .0433 .0395 -.0038 
3 - - - .0416 .0.365 -.0051 
4 - - - .0377 .0329 -.0048 

Total .. - .. .1690 .1510 -.0180 - .0423 .0378 -.0045 x - -l - - .0421 .0488 .0067 
2 - .0395 .0354 -.0041 
3 - - .0365 .0293 -.0072 
4 - - Female died - replicate 4 

terminated. 
Total - - - .1181 .1134 -.0046 - .0394 .0.378 -.0016 x .. - -

1 - .0488 .OM-3 -.0045 
2 - - - .0354 .0439 -.oo8; 
3 - - .0293 .0305 .0012 

't'ota.l - - .. .1135 .1187' .0052 - .0.378 .0.396 .0017 x - - -1 - - .044.3 .04f::IJ -.00.34 
2 - - .. .0439 .0405 -.0034 
.3 - - - Female died • replieate .3 

terminated. · 
Total - ... - .0882 .0814 -.0068 ... .0441 .0407 -.00.34 x - -1 - .0409 .0377 -.0032 

2 - - - .0405 .0327 -.0078 
Total - - - 4.0814 .f1704 -.0110 .. .0407 .0.352 -.oo;; x - -



CII 

TABLE III 

Daily live gram weights per replicate (10), and means or replicates, 

for different nymphal instars or the predator f• maculiventris and its 

prey Q• mellonella larvae reared at a constant temperature or soC, and 

relative hwnidity or 70 par cent, during the period May to June 1964. 

f• maculiventris Q• mellonella. 

Repli- Weight Weight Gain or Weight Weight Loss in 
cations be tore a:f'ter loss in be fore e.rter weight 

fee ding reading weight predation predation 

Diet leval 1 • 2nd instar nrmphs. 

1 .0006 .0020 .0014 .0042 .0016 .0026 
2 .0005 .0022 .0017 .0043 .ool6 .0027 
3 .0006 .0022 .0016 .0039 .0012 .OOZ'l 
4 .0006 .0020 .0014 .00.30 .0018 .0012 
5 .0006 .0018 .0012 .0044 .0017 .0027 
6 .0006 .0021 .0015 .00.36 .0015 .0021 
7 .0006 .0020 .0014 .0040 .0016 .0024 
8 .0005 .0022 .0017 .0040 .0020 .0020 
9 .ooo5 .0020 .0015 .0041 .ool6 .0025 

10 .0006 .0021 .0015 .0035 .0017 .0018 
Total .0057 .0206 .0149 .0.390 .0163 .0227 - .0006 .0021 .oo1; .0039 .0016 .0023 x: 

1 .0020 .oozr .00(17 .0045 .0019 .0026 
2 .0022 .0029 .00(17 .0043 .0022 .0021 
3 .0022 .0029 .00(17 .0045 .0020 .0025 
4 .0020 .00.30 .0010 .0031 .0015 .0016 
5 .0018 .0028 .0010 .0036 .0013 .0023 
6 .0021 .0029 .0008 .0040 .ool8 .0022 
7 .0020 .0027 .00(17 .0041 .0015 .0026 
8 .0022 .0030 .0008 .0037 .0013 .0024 
9 .0020 .0028 .0008 .0042 .0018 .0024 

10 .0021 .0028 .oor.rr .0045 .0017 .0028 
Total .0206 .0285 .0(179 .0405 .0170 .0235 - .0021 .0029 .ooos .0041 .0017 .0024 :x: 



CIII 

Be fore Af'ter Gain or Be fore After Loss 
loss 

1 .OO'Zl .0031 .0004 .0039 .0028 .oou 
2 .0029 .OOZ7 -.0002 .0032 .0032 

]i3 .0029 .0028 -.0001 .0042 .0042 
lE4 .00.30 .0028 -.0002 .00.30 .0030 
:&5 .0028 .OO'Z/ -.0001 .0045 .0045 -

6 .0029 .00.32 .0003 .0030 .0020 .0010 
7 .0027 .0026 -.0001 .0035 .00.35 -

•S .00.30 .0028 -.0002 .0042 .0042 -
9 .0028 .00.31 .000.3 .00.38 .0022 .0016 

10 .0028 .00.34 .0006 .00.3.3 .0020 .001.3 
Total .0285 .0292 .0007 .0366 .0316 .0050 - .0029 .0029 .00.37 .00.32 .0005 x -lll .00.31 .0030 -.0001 .0035 .00.35 
li2 .OOZ7 .0026 -.0001 .0030 .00.30 -ll6 .00.32 .00.31 -.0001 .0040 .0040 
:&7 .0026 .0024 -.0002 .00.32 .00.32 -
119 .00.31 .00.30 -.0001 .00.37 .00.37 ... 

lilO .00.34 .00.32 -.0002 .00.39 .00.39 -Total .0181 .017.3 -.0008 .021.3 .021.3 .. 
x .00.30 .0029 -.0001 .00.36 • 00.36 

lE 
Moulted to .3rd instar 



CIV 

f. maculi ventris g. mellonella 

Repli- Weight Weight Gain or Weight Weight Loss in 
cations be fore atter loss in be fore after weight 

feeding reading weight predation predation 

Diet level 1 - 3rd instar nymphs. 

1 .0030 .0059 .0029 .0041 .0006 .0035 
2 .0026 .0029 .0003 .0030 .0011 .0019 
3 .0028 .00.31 .0003 .00.37 .0002 .0035 
4 .0028 .00.38 .0010 .00.30 .0002 .0028 
5 .OO'Zl .0053 .0026 .00.39 .0015 .0024 
6 .00.31 .0055 .0024 .00.35 .000.3 .00.32 
7 .0024 .0047 .002.3 .0045 .0001 .0044 
8 .0028 .0040 .0012 .00.30 .0006 .0024 
9 .00.30 .0055 .0025 .0037 .0002 .0035 

10 .0032 .oo56 .0024 .0040 .000.3 .00.37 
Total .0284 .0463 .0179 .0.364 .0051 .0.31.3 

x .0028 .0046 .0018 .0036 .0005 .00.31 
1 .0059 .0061 .0002 .00.30 .0005 .0025 
2 .0029 .OQ48 .0019 .0042 .0001 .0042 
3 .0031 .0055 .0024 .00.36 .0004 .0032 
4 .00.38 .oo58 .0020 .0045 .000.3 .0042 
5 .0053 .007.3 .0020 .00.39 .0002 .00.37 
6 .0055 .0090 .0035 .0044 .0001 .004.3 
7 .0047 .0077 .0030 .0045 .0001 .0044 
8 .0040 .0060 .0020 .0045 .000.3 .0042 
9 .0055 .0090 .0035 .004.3 .0001 .0042 

10 .0056 .ooss .0032 .0040 .0002 .00.38 
Total .046.3 .cnoo .0237 .0409 .0023 .0.387 - .0046 .0070 .0024 .0041 .0002 .0039 x 

1 .0061 .0097 .0036 .0045 .000.3 .0042 
2 .0048 .wn .0029 .0045 .0001 .0044 
3 .0055 .0088 .00.3.3 .0044 .0001 .004.3 
4 .oo;8 .0088 .00.30 .0040 .0002 .0038 

lli5 .007.3 .0071 -.0002 .0045 .0045 
lli6 .0090 .0087 -.000.3 .0040 .0040 .. 

7 .0077 .0092 .0015 .0042 • ooœ .00.34 
8 .0060 .0096 .00.36 .00.39 .0001 .00.38 

li9 .0090 .oo87 -.000.3 .00.35 .00.35 -KlO .ooss .0083 -.0005 .004.3 .004.3 .. 
Total .0700 .0866 .0166 • 0418 .0179 .0239 - .CX170 .0087 .0017 .0042 .0018 .0024 x 

li 
Moulted to 4th instar 



cv 

Be fore Arter Gain or Be fore Art er Loss 
losa 

•l .OC111 .0093 -.0004 .0033 .0033 
2 .or::rn .0090 .0013 .0045 .~ .0036 

X3 .ooss .oos5 -.0003 .0042 .0042 
114 .ooss .0079 -.0009 .0045 .0045 -»7 .0092 .0089 -.0003 .0042 .0042 -lf8 .0096 .0094 -.0002 .0034 .0034 -Total .0538 .0530 -.ooos .0241 .0205 .0036 ... .0090 .0088 -.0001 .0040 .0034 .0006 x 
•2 .0090 .oos; -.ooo; .0045 .0045 

]f 
Moulted to 4th instar 



CVI 

f. maeuli ventris g. mellonella 

Repli- Weight Weight Gain or Weight Weight Loss in 
eations ber ore a :t'ter loss in ber ore a :t'ter weight 

reading reading weight predation predation 

Diet 1evel 1 - 4th instar nymphs. 

1 .0093 .0117 .0024 .0045 .0002 .0043 
2 .0085 .0093 .0008 .0036 .0002 .0034 
3 .0085 .0116 .0031 .0045 .0002 .0043 
4 .0079 .0090 .oou .0045 .0006 .0039 
5 .0071 .0085 .0014 .00.30 .0001 .0029 
6 .0087 .0113 .0026 .00.34 .cool .0033 
7 .0089 .0100 .0011 .0036 .0001 .0035 
8 .0094 .ons .0024 .0043 .0002 .0041 
9 .0087 .0115 .0028 .0037 .0001 .0036 

10 .0083 .0100 .0017 .0040 .0001 .0039 
Total .0853 .1047 .0194 .0391 .0019 .0372 - .0085 .0105 .0019 .0039 .0002 .0037 x 

1 .0117 .0150 .0033 .0045 .0003 .0042 
2 .0093 .0106 .0013 .0042 .0002 .0040 
3 .0116 .0108 •• ooo8 .0043 .0002 .0041 
4 .oQ:Jo .0105 .0015 .0031 .0001 .0030 
5 .0085 .0080 -.ooo; .0030 .0002 .0028 
6 .0113 .0100 -.0013 .0040 .0002 .0038 

'\l 7 .0100 .0100 .0039 .0002 .0037 
8 .0118 .0154 .0036 .0039 .0002 .0037 
9 .0115 .0100 -.0015 .0041 .0002 .0039 

10 .0100 .0099 -.0001 .0039 .0002 .0037 
Total .1047 .1102 .0055 .0389 .0020 .0369 - .0105 .0110 .0006 .0039 .0002 .0037 x 

1 .0150 .0201 .0051 .0038 .ooo1 .0037 
2 .0106 .0143 .0037 .0043 .0004 .0039 
.3 .0108 .0152 .0044 .0045 .0002 .0043 
4 .0105 .0167 .0062 .0045 .0002 .004.3 
5 .0080 .0115 .0035 .0045 .0002 .0043 
6 .0100 .0154 .0054 .0040 .0004 .0036 
7 .0100 .0123 .0023 .0037 .0002 .0035 
8 .0154 .0202 .0048 .0042 .0002 .0040 
9 .0100 .0136 .0036 .0043 .0002 .0041 

10 .0099 .0146 .0047 .0041 .0003 .0038 
Total .ll02 .15.39 .0437 .0419 .0024 .0395 - .0110 .0154 .0044 .0042 .0002 .0040 x 



CVII 

Bef'ore Af'ter Gain or Be fore A.:f'ter Loss 
loss 

l .0201 .0200 -.0001 .0035 .ooo; .0030 
2 .0143 .0187 .0044 .0036 .0001 .0035 
3 .0152 .0204 .0052 .0030 .0007 .0023 
4 .0167 .0186 .0019 .0043 .0001 .0042 
; .ou; .0174 .0059 .0043 .0001 .0042 
6 .0154 .0180 .0026 .0035 .0003 .0032 
7 .0123 .OJ.64 .0041 .0037 .0002 .0035 
s .0202 .0200 -.0002 .0031 .0004 .OO'Z7 
9 .0136 .0170 .0034 .0038 .0002 .0036 

10 .0146 .0188 .0042 .0036 .0001 .0035 
Total .1539 .18;3 .0314 .0364 .OOZ7 .03'57 

f .0154 .OlS; .0031 .0036 .0003 .0034 
•1 .0200 .0184 -.0016 .0034 .0034 
•2 .0187 .0184 -.0003 .0031 .0031 -
113 .0204 .0174 -.0030 .0030 .0030 -
•4 .0186 .0174 -.0012 .0030 .0030 -»; .0174 .0170 -.0004 .0035 .0035 -
•6 .0180 .0176 -.0004 .0041. .0041 -

7 .0164 .0200 .0036 .0040 .0002 .0038 
•8 .0200 .0184 -.0016 .0035 .0035 

9 .0170 .0210 .0040 .0030 .0001 .0029 
10 .0188 .0205 .0017 .0031 .0001 .0030 

Total .1853 .1861 .0008 .0337 .0240 .om - .0185 .0186 .0001 .0034 .0024 .0010 :x 
•7 .0200 .0184 -.0016 .0037 .0037 -
'K9 .0210 .0190 -.0020 .0031 .0031 

•10 .0205 .018'7 -.oo1s .0030 .0030 
Total .0615 .o;61 -.0054 .0098 .0098 -- .0205 .0187 -.0018 .0033 .0033 x 

li Moulted to 5th instar 



CV III 

!!• maculi ventris g. mellonella 

Repli- Weight Weight Gain or Weight Weight Loss in 
cations be :fore art er loss in be :fore arter weight 

fee ding fee ding weight predation predation 

Diet level l - 5th instar ~phs • 

1 .0184 • 0164 -.0020 .0030 .0001 .0029 
2 .0184 .0157 -.OO'Zl .0036 .0001 .0035 
3 .0174 .0219 .0045 .0032 .0001 .0031 
4 .0174 .0177 .0003 .0039 .0002 .0037 
5 .0170 .0161 -.0009 .0040 .0003 .0037 
6 .0176 .0150 -.0026 .0040 .0002 .0038 
7 .0184 .0197 .0013 .0031 .ooo1 .0030 
8 .0184 .0162 -.0022 .0035 .0001 .0034 
9 .0190 .0234 .0044 .0035 .0001 .0034 

10 .0187 .0195 .0008 .0034 .0001 .003.3 
Total .1807 .1816 .0009 .0352 .0014 .0338 - .0181 .0182 .0001 .0035 .oool .00.34 x 

1 .0164 .0215 .0051 .00.30 .0001 .0029 
2 .0157 .0193 .00.36 .00.31 .ooo1 .0030 
3 .0219 .0189 -.0030 .0030 .0001 .0029 
4 .0177 .0176 -.0001 .0030 .0001 .0029 
5 .0161 .0170 .0009 .0031 .0001 .0030 
6 .0150 .0191 .0041 .0030 .ooo1 .0029 
7 .0197 .0176 -.0021 .0034 .0001 .0033 
8 .0162 .0211 .0049 .0032 .0001 .0031 
9 .0234 .0216 -.0018 .0044 .ooo1 .0043 

10 .0195 .0172 .... 002.3 .0035 .0002 .0033 
Total .1816 .1909 .0093 .0327 .0011 .0316 - .0182 .0191 .0009 .0033 .ooo1 .0032 x 

1 .0215 .0175 -.0040 .00.37 .0002 .0035 
2 .019.3 .0172 -.0021 .0033 .ooo1 .0032 
3 .0189 .0221 .0032 .0034 .0001 .003.3 
4 .0176 .0216 .0040 .0045 .0003 .0042 
5 .0170 .0187 .0017 .0038 .000.3 .0035 
6 .0191 .0170 -.0021 .00.34 .ooo1 .00.33 
7 .0176 .0199 .0023 .0041 .0001 .0040 
8 .0211 .0190 -.0021 .0040 .ooo1 .0039 
9 .0216 .02.30 .00]4 .0040 .0001 .0039 

10 .0172 .0209 .00.37 .0035 .0001 .0034 
Total .1909 .1969 .0060 .0.377 .0015 .0.362 - .0191 .0197 .0006 .0038 .0002 .0036 x 



ClX 

Bef ore Af'ter Gain or Be tore Arter Losa 
1oss 

1 .0175 .0200 .0025 .0045 .0002 .0043 
2 .0172 .0200 .0028 .0041 .0002 .0039 
3 .0221 .0190 -.0031 .0045 .0001 .0044 
4 .0216 .0221 .ooo5 .0041 .ooo1 .0040 
5 .0187 .0195 .ooos .0042 .0002 .0040 
6 .0170 .0196 .0026 .0040 .0002 .0038 
7 .0199 .0216 .0017 .0032 .0001 .0031 
8 .0190 .0230 .0040 .0036 .0002 .00.34 
9 .02.30 .0210 -.0020 .00.36 .0002 .0034 

10 .0201 .0198 -.0011 .00.35 .0002 .00.33 
Total .1969 .2056 .0087 .039.3 .0017 .0376 - .0197 .0206 .0009 .0039 .0002 .0038 x 

1 .0200 .0204 .0004 .00.32 .0002 .0030 
2 .0200 .0201 .0001 .00.31 .0001 .0030 
3 .0190 .0229 .0039 .0035 .0002 .00.3.3 
4 .0221 .0206 -.0015 .00.34 .0002 .0032 
5 .0195 .0179 -.0016 .00.30 .0002 .0028 
6 .0196 .0200 .0004 .0031 .0002 .0029 
7 .0216 .0203 -.0013 .0030 .000.3 .OO'Zl 
8 .0230 .0206 -.0024 .00.35 .0003 .0032 
9 .0210 .0213 .000.3 .0035 .0001 .0034 

10 .0198 .0186 .... ool2 .0039 .0002 .0037 
Total .2056 .20:!1 -.0029 .0.332 .0020 .0312 - .0206 .020.3 -.0003 .0033 .0002 .00.31 x 

1 .0204 .0217 .001.3 .00.33 .0002 .00.31 
2 .0201 .0187 -.0014 .00.32 .ooo1 .0031 
.3 .0229 .0212 ... 0017 .00.30 .0002 .0028 
4 .0206 .0200 -.0006 .00.30 .0001 .0029 
5 .0179 .0195 .0016 .0045 .0001 .0044 
6 .0200 .0216 .0016 .0035 .0002 .003.3 
7 .020.3 .0226 .0023 .0031 .0001 .00.30 
8 .0206 .0195 -.oou .0031 .0002 .0029 
9 .021.3 .0196 -.0017 .00.37 .0002 .0035 

10 .0186 .0220 .0034 .0040 .ooo1 .00.39 
Total .2027 .2064 .0037 .0344 .0015 .0.329 - .0203 .0206 .0004 .0034 .0002 .003.3 x 

1 .0217 .0194 -.0023 .00.3.3 .0002 .00.31 
2 .0187 .0216 .0029 .0033 .0002 .00.31 
3 .0212 .0213 .0001 .00.32 .000.3 .0029 
4 .0200 .0202 .0002 .00.30 .0002 .0028 
5 .0195 .0228 .00.33 .0040 .000.3 .0037 
6 .0216 .0206 -.0010 .0035 .000.3 .00.32 
7 .0226 .0213 -.0013 .0030 .0003 .0027 
8 .0195 .0200 .0005 .0032 .0002 .00.30 
9 .0196 .0254 .oo;s .0041 .0001 .0040 

10 .0220 .0210 -.0010 .0040 .0003 .0037 
Total .2064 .2136 .Or:J72 .0346 .0024 .0322 - .0206 .0214 .ooœ .0035 .0002 .0032 x 



Be .fore A:rter Gain or Be .fore Arter Loss 
losa 

1 .0194 .0245 .0051 .0032 .0002 .0030 
2 .0216 .0226 .0010 .0039 .0002 .0037 
3 .0213 .0230 .0017 .0030 .0001 .0029 
4 .0202 .0238 .0036 .0031 .0002 .0029 
5 .0228 .0235 .00(]7 .0036 .0003 .0033 
6 .0206 .0239 .0033 .0039 .0002 .0037 
7 .0213 .0206 -.00(]7 .0041 .0003 .0038 
8 .0200 .0236 .0036 .0040 .0001 .0039 
9 .0254 .0235 -.0019 .0035 .0003 .0032 

10 .0210 .0219 .0009 .0034 .0002 .0032 
Total .2136 .2309 .0173 .0357 .0021 .0336 - .0214 .0231 .0017 .0036 .0002 .0034 x 

1 .0245 .0249 .0004 .0042 .0001 .0041 
2 .0226 .0202 -.0024 .0037 .0001 .0036 
3 .0230 .0226 -.0004 .0034 .0002 .0032 
4 .0238 .0242 ·0004 .0032 .0001 .0031 
5 .0235 .0238 .0003 .0037 .0001 .0036 
6 .0239 .0246 .00(]7 .0039 .0001 .0038 
7 .0206 .0245 .0039 .0041 .0002 .0039 
8 .0236 .0206 -.0030 .0030 .0001 .0029 
9 .0235 .0216 -.0019 .0033 .0003 .0030 

10 .0219 .0240 .0021 .0037 .0001 .0036 
To~al .2309 .2310 .0001 .0362 .0014 .0348 

x .0231 .0231 .0001 .0036 .0001 .0035 
1 .0249 .0205 -.0044 .0030 .0001 .0029 
2 .0202 .0252 .0050 .0042 .0002 .0040 
3 .0226 .0245 .0019 .0039 .0001 .0038 
4 .0242 .0229 -.0013 .0030 .0001 .0029 
5 .0238 .0211 -.OOZ7 .0031 .0001 .0030 
6 .0246 .0214 -.0032 .0040 .0003 .0037 
7 .0245 .om .0032 .0030 .0001 .0029 
8 .0206 .0230 .0024 .0035 .0001 .0034 
9 .0216 .0263 .0047 .0031 .0001 .0030 

10 .0240 .0268 .0028 .0040 .0003 .0037 
Total .2310 .2394 .0084 .0348 .0015 .0333 - .0231 .0239 .0008 .0035 .0002 .0033 x 

1 .0205 .0268 .0063 .0030 .0001 .0029 
2 .0252 .OZ72 .0020 .0030 .0001 .0029 
3 .0245 .0226 -.0019 .0032 .0001 .0031 
4 .0229 .0260 .0031 .0030 .0002 .0028 
5 .0211 .0259 .0048 .0030 .ooo1 .0029 
6 .0214 .0260 .0046 .0035 .0001 .0034 
7 .om .0282 .ooo; .0043 .0001 .0042 
8 .0230 .OZ70 .0040 .0032 .0001 .0031 
9 .0263 .0291 .0028 .0039 .ooo1 .0038 

10 .0268 .0267 -.0001 .0037 .0002 .0035 
Total .2394 .2655 .0261 .0338 .0012 .0326 - .0239 .0266 .0026 .0034 .ooo1 .0033 x 



CXI 

Be fore Art er Gain or Be fore A ft er Loss 
losa 

1 .0268 .0266 -.0002 .0041 .0001 .0040 
2 .OZ72 .0281 .0009 .00.36 .0002 .00.34 
.3 .0226 .0262 .00.36 .0044 .0002 .0042 
4 .0260 .0.305 .0045 .00.36 .0001 .00.35 
5 .0259 .0240 -.0019 .0040 .0001 .00.39 
6 .0260 .0257 -.000.3 .0042 .0002 .0040 
7 .0282 .0.366 .0084 .0040 .0001 .00.39 
8 .0270 .0270 .0040 .0001 .00.39 
9 .0291 .0.310 .0019 .0042 .0002 .0040 

10 .0267 .0264 -.000.3 .0040 .0002 .00.38 
Total .2655 .2821 .0166 .0401 .0015 .0.386 - .0266 .0282 .0017 .0040 .0002 .00.39 x 

1 .0266 .026.3 -.000.3 .0042 .0001 .0041 
2 .0281 .0.378 .oœ7 .00.36 .0002 .00.34 
.3 .0262 .0292 .00.30 .0040 .0001 .00.39 
4 .0.305 .0.329 .0024 .00.30 .0001 .0029 
5 .0240 .0288 .0048 .00.35 .0002 .00.3.3 
6 .0257 .0290 .00.3.3 .00.37 .0001 .00.36 
7 .0.366 .0.346 -.0020 .00.35 .0001 .0034 
8 .0270 .0.300 .0030 .0041 .0001 .0040 
9 .0.310 .0.358 .0048 .0040 .0001 .00.39 

10 .0264 .0.300 .00.36 .0041 .ooo1 .0040 
Total .2821 • .31.44 .0.32.3 .0.377 .0012 .0.365 - .0282 .0.314 .00.32 .00.38 .ooo1 .0037 x 

1 .026.3 .0,301 .00.38 .0045 .0001 .0044 
2 .0.378 .0372 -.0006 .00.39 .0001 .0038 
.3 .0292 .0.367 .orn5 .0044 .000.3 .0041 
4 .0.329 .029.3 -.00.36 .00.36 .0036 -
5 .0288 .0349 .0061 .0040 .0001 .0039 
6 .0290 .0350 .0060 .0041 .0001 .0040 

'Jl.'lâli(.7 .0.346 .0219 -.0127 .0037 .0037 ... 
8 .0300 .0.364 .0064 • 00.36 .0001 .00.35 

:1!11!119 .0358 .0281 -.fX177 .00.35 .00.35 
10 .0300 .0421 .0121 .0042 .0001 .0041 

Total • .3144 • .3317 .0173 .0.395 .0117 .0278 - .0.314 .0.3.32 .0017 .0040 .0012 .0028 x 
1 .0.301 .0422 .ol21 .00.36 .0001 .00.35 

•2 .0372 .0291 -.0081 .004.3 .004.3 
.3 .0.367 .0422 .oo;; .0041 .0001 .0040 

.. 4 .029.3 .0275 -.0018 .00.32 .0032 
1111115 .0349 .0225 -.0124 .00.34 .0034 -
.. 6 .0350 .02.31 -.0119 .00.35 .00.35 

lt8 .0.364 .0300 -.0064 .0030 .00.30 -
&10 .0421 .0358 -.0063 .00.37 .0037 -
Total .2817 .2524 -.0293 .0288 .021.3 .0075 - .0.352 .0.316 -.0037 .00.36 .OO'Zl .ooœ x 

li Emerged as adult male 
a Emerged as adu1t female - Died, wh.ile shedding exuviae 



OXII 

Be fore After Gain or Be fore A ft er Losa 
losa 

Dlil .0422 .0384 -.0038 .0030 .0030 
3 .0422 .0394 -.0028 .0040 .0040 -Total .o~ .r:rn8 -.0066 .0070 .0070 -f .()422 .0389 -.0033 .0035 .0035 

•3 .0394 .0327 -.0067 .0035 .0035 -

B Emerged as adult male 
• Emerged as adult f'emale 
JE:a Died, while shedding exuviae 



CI III 

~. maoull ventris g. mellonella 

Repli- Weight Weight Gain or Weight Weight Loss in 
cations bef' ore after 1oss in bef' ore after weight 

:f'eeding :f'eeding weight predation predation 

Diet leve1 2 - 2nd instar nympbs. 

1 .0006 .0026 .0020 .0066 .0020 .0046 
2 .0005 .0021 .0016 .0079 .0052 .0027 
3 .0006 .0026 .0020 .OCY72 .0013 .0059 
4 .0006 .0024 .0018 .0067 .0039 .0028 
5 .0006 .0028 .0022 .0063 .0016 .0047 
6 .0005 .0022 .0017 .0065 .0025 .0040 
7 .0005 .0022 .0017 .0075 .0019 .0056 
8 .0006 .0022 .0016 .OCI77 .0018 .0059 
9 .0006 .0022 ,0016 .ooso .0023 .0057 

10 .0006 .0023 .0017 .0069 .0013 .0056 
Total .0057 .0236 .0179 .0713 .0238 .0475 

x .0006 .0024 .0018 .0071 .0024 .0048 
1 .0026 .0028 .0002 .0066 .0052 .001.4 
2 .0021 .0025 .0004 .0063 .0053 .0010 
3 .0026 .0029 .0003 .ooso .0059 .0021 
4 .0024 .002!7 ,0003 .ooso .0052 .0028 
5 .0028 .0029 .0001 .OC/79 .0060 .0019 
6 .0022 .0026 .0004 .0065 .0032 .0033 
7 .0022 .0026 .0004 .0067 .0049 .0018 
8 .0022 .0025 .0003 .0075 .0029 .0046 
9 .0022 .0025 .0003 .0074 .0031 .004.3 

10 .002.3 .0027 .0004 .0075 .0045 .00.30 
Total .02.36 .0267 .00.31 .0724 .0462 .0262 - .0024 .002!7 .000.3 .0072 .0046 .0026 x 

Jl!l .0028 .0027 -.0001 .0061 .0061 
•2 .0025 .0024 -.0001 .0061 .0061 
•3 .0029 .0024 -.0005 .0079 .OC/79 
•4 ,OOZ7 ,0025 -.0002 .0056 .0056 -
•5 .0029 ,OOZ7 -.0002 .0078 .0078 .. 
•6 .0026 .0025 -.0001 • 0067 .0067 -
Jl!7 .0026 .0025 -.0001 .0071 .0071 
•s .0025 .0024 -.0001 .OCI74 .0074 
ll9 .0025 .0024 -.0001 .ooso .ooso ... 

•1o .0027 • 0026 -.0001 .0075 .0075 
Total .0267 .0251 -.0016 .0702 .0702 .. 

,OO'Z7 x .0025 -.0002 .0070 .0070 

li Mou1ted to 3rd instar 



f• maculiventris g. mellonella 

Repli- Weight Weight Gain or Weight Weight Loss in 
cations be fore af'ter loss in bef' ore af'ter.' weight 

tee ding f'eeding weight predation predation 

Diet level 2 - 3rd instar nymphs • 

1 .OOZ7 .00'71 ·0044 • 0069 .ooos .0061 
2 .0024 .0072 .0048 .0062 .0015 .0047 
3 .0024 .0049 .0025 .ocno .001.3 .0057 
4 .0025 .OQ42 .0017 .oo;; .• 0026 .0029 
5 .OOZ! .0054 .0027 .0067 .00.39 .0028 
6 .0025 .0071 .0046 .0068 .0008 .0060 
7 .0025 ~0071 .0046 .0065 .0009 .oo56 
8 .0024 .0050 .0026 .fXJ73 .0017 .oo;6 
9 .0024 .0068 ·0044 .0077 .0016 .0061 

10 .0026 .0071 .0045 .ooso .0010 .omo 
Total .0251 .0619 .0368 .06S6 .0161 .0525 .. 

.0025 .0062 .0037 .0069 .ool6 .005.3 x 
1 .0071 .0100 .0029 .0066 .00.30 .0036 
2 .OCft2 .0102 .00.30 .0067 .0028 .00.39 
.3 .0049 .00'78 .0029 .006.3 .0012 .0051 
4 .0042 .0088 .0046 .0070 .oor:n .006.3 
5 .0054 .Or$7 .004.3 .0065 .0012 .005.3 
6 .00'71 .0103 .00.32 .0071 .0029 .0042 
7 .0071 .0100 .0029 .0066 .0028 .00.38 
8 .oo;o .0096 .oQ46 .0067 .0013 .0054 
9 .0068 .0100 .0032 .0065 .oou .0054 

10 .00'71 .0101 .0030 .ocn; .0029 .0046 
Total .0619 .0965 .0346 .0675 .0199 .0476 

x .0062 .0097 .0035 .0068 .0020 .0048 
lil .0100 .0097 -.0003 .0073 .0073 -•2 .0102 .0092 -.0010 .ooso .ooso -
li3 .0078 .0071 -.0007 .0069 .0069 -

4 .oo88 .ouo .0022 .0066 .0011 .0055 
5 .ct:111 .0103 .0006 .0067 .OOC$ .oo58 

•6 .0103 ·0094 -.0009 .ooso .ooso 
•7 .0100 .0099 -.0001 .0075 .0075 -

8 .0096 .ouo .0014 .0069 .0012 .0057 
9 .0100 .0113 .0013 .0065 .0009 .0056 

li10 .0101 .0093 -.ooo8 .0067 .0067 -
Total .r$65 .0982 .0017 .0711 .0485 .0226 

x .0097 .OC$8 .0002 .0071 .0049 .0023 

li Moulted to 4th instar 



Be fore Atter Gain or Be fore A tt er Loss 
loss 

ll4 .ouo .0106 -.0004 .0080 .0080 -
ll5 .010.3 .0098 -.0005 .0067 .0067 
•8 .ouo .0098 -.0012 .0071 .0071 
W9 .Oll.3 .0099 -.0014 .0070 .0070 

Total .04,36 .0401 -.00.35 .0288 .0288 
x .0109 .0100 -.0009 .0072 .0072 

lf Moulted to 4th instar 



CXVI 

l• maculiventris g. mellonella 

Repli- Weight Weight Gain or Weight Weight Losa in 
cations bef' ore af'ter loss in bef' ore a.f'ter weight 

fee ding fee ding weight predation predation 

Diet leval 2 - 4th instar nymphe • 

1 .ocm .0143 • 0046 .0066 .0005 .0061 
2 .0092 .0153 .0061 .ooso .0011 .0069 
3 .0071 .ou; .0044 .0056 .0022 .0034 
4 .0106 .0188 .OOS2 .ooso .0012 .0068 
5 .0098 .0174 .0076 .ooso .0018 .0062 
6 .0094 .0145 .0051 .0065 .0002 .0063 
7 .0099 .ouo .0041 .0069 .0010 .0059 
8 .0098 .0176 .0078 .0075 .0011 .0064 
9 .0099 .0168 .0069 .0071 .0006 .0065 

10 .0093 .0139 .0046 .0069 .oou .oo58 
Total .0947 .1541 .0594 .0711 .0108 .0603 - .0095 .0154 .0059 .0071 .oou .0060 x 

1 .0143 .0130 -.001.3 .0075 ~0007 .0068 
2 .015.3 .0191 .00.38 .ooso .oocn .0073 
.3 .ou; .0111 -.0004 .oœo .0015 .0065 
4 .0188 .02.35 .0047 .ooso .ooœ .0072 
5 .0174 .0209 .0035 .0078 .0013 .0065 
6 .0145 .0170 .0025 .ooso .0006 .0074 
7 .0140 .018.3 .004.3 .0076 .0005 .0071 
8 .0176 .0213 .00.37 .0079 .0004 .0075 
9 .0168 .0205 .0037 .0080 .0004 .0076 

10 .01.39 .0185 .0046 .0069 .0007 .0062 
Total .1541 .18.32 .0291 .0777 .0076 .0701 - .0154 .018.3 .0029 .0078 .0008 .0070 x 

1 .0130 .0212 .0082 .ooso .0003 .om 
2 .0191 .0239 .0048 .ooso .0001 .0079 
3 .0111 .0176 .0065 .ooso .0006 .0074 
4 .0235 .0242 .0007 .0080 .0032 .0048 
5 .0209 .0227 .0018 .ooso .0023 .0057 
6 .0170 .0205 .00.35 .0076 .0002 .0074 
7 .018.3 .0235 .0052 .0078 .0001 .OCY77 

lES .021.3 .0205 -.ooos .0079 .om 
9 .0205 .0250 .0045 .0075 .0010 .0065 

10 .0185 .0216 .00.31 .0079 .0077 .0002 
Total .1832 .2207 .0.375 .0787 .02.34 .055.3 

i .0183 .0221 .00.38 .0079 .0023 .0055 

lE Moulted to 5th instar 



CXVII 

Be fore Af'ter Gain or Be fore Atter Losa 
loss 

l .0212 .02fJ7 -.ooo; .or:ns .or:ns -•2 .0239 .0223 -.0016 .ooso .ooso -3 .0176 .0227 .0051 .OfJ73 .ooo; .0068 
•4 .0242 .0231 -.oou .0057 .0057 
•; .om .0210 -.0017 .0056 .oo56 

6 .0205 .0250 .0045 .0078 .0009 .0069 
»7 .0235 .0220 .... 0015 .0075 .or:n; -
J!9 .0250 .0239 -.oou .0065 .0065 

•10 .0216 .02Cfl -.0009 .ooso .0080 -
Total .2002 .2014 .0012 .0642 .o;o; .0137 - .0200 .0201 .0001 .0071 .oo;6 .0015 :x: 
lll .02fJ7 .0206 -.0001 .OfJ72 .0072 -H3 .0227 .0216 -.oou .0063 .0063 -
•6 .0250 ·0249 -.0001 .ooso .ooso -Total .068.4 .0671 -.0013 .0215 .0215 - .0228 .0223 -.0004 .0072 .0072 :x: -

31 Moulted to 5th instar 



eni II 

f• me.culiventris .!1• mellonella. 

Repli- Weight Weight Gain or Weight Weight Loss in 
cations be fore a:f'ter loss in bef' ore af'ter weight 

fee ding fee ding weight predation predation 

Diet level 2 - 5th instar nymphe • 

1 • 0206 .0257; .0051 .0080 .0003 .om 
2 .022.3 .0286 .0063 .0080 .0004 .0076 
3 .0216 .0310 .0094 .0077 .0002 .0075 
4 .0231 .0270 .0039 .0079 .0002 .OfJ77 
5 .0210 .0285 .or::n; .0077 .0015 .0062 
6; .0249 .0275 .oo26 .0078 .0003 .or::n; 
7 .0220 .0279 .0059 .0075 .0006 .0069 
8 .0205 .0282 .OCI77 .0073 .0003 .0070 
9 .0239 .o285 .0046 .0078 .0006 .0072 

10 .02(]7 .0265 .oo;s .0057 .0002 .oo;; 
Total .2206 .2794 .o;ss .rn;4 .0046 .07œ - .0221 .0279 .0059 .0075 .ooo; .0071 x 

1 .0257 .0239 -.0018 .0067 .000.3 .0064 
2 .0286 .0240 -.0046 .0074 .0005 .0069 
.3 .0.310 .0286 -.0024 .0072 .0007 .0065 
4 .0270 .0256 -.0014 .006.3 .0004 .0059 
5 .0285 .0261 -.0024 .0064 .0005 .0059 
6 .0275 .0287 .0012 .0067 .oocn .0060 
7 .OZ79 .0.305 .0026 .007.3 .0004 .0069 
8 .0282 .0281 -.0001 .0069 .0015 .0054 
9 .0285 .OZ76 -.0009 .007.3 .0004 .0069 

10 .0265 .OZ75 .0010 .0057 .0002 .oo;; 
Total .2794 .2706 -.0088 .0679 .0056 ' .0623 - .0279 .OZ71 -.0009 .0068 .0006 .0062 x 

1 .0239 .028.3 .0044 .0068 .0002 .0066 
2 .0240 .0282 .0042 .ooso .ooo; .0075 
.3 .0286 .0.329 .0043 .0064 .0002 .0062 
4 .0256 .0299 .0043 .006.3 .0002 .oo61 
5 .0261 .0274 .0013 .0054 .0002 .0052 
6 .02PJ7 .0.319 .00.32 .006.3 .000.3 .0060 
7 .0305 .0389 .0084 .0075 .000.3 .0072 
s .0281 .0291 .0010 .0069 .ooo; .0064 
9 .OZ'/6 .0299 .0023 .0078 .0002 .0076 

10 .OZ'/5 .0.390 .ou; .0072 .000.3 .0069 
Total .2706 • .3155 .0449 .0686 .0029 .0657 - .0271 .0316 .0045 .0069 .000.3 .o066 x 



Be fore After Gain or Be fore After Loss 
loss 

l .0283 .0261 -.0022 .0080 .0002 .00'78 
2 .0282 .0268 -.0014 .0062 .0003 .0059 
3 .0.329 .0384 .0055 .0073 .0003 .0070 
4 .0299 .0396 .0097 .0072 .0003 .0069 
5 .O'Z'/4 .0302 .0028 .0077 .000.3 .0074 
6 .0319 .0379 .0060 .0074 .0002 .0072 
7 .0389 .0412 .002.3 .0080 .0004 .0076 
8 .0291 .0285 -.0006 .0069 .0004 .0065 
9 .0299 .0.388 .0089 .00'79 .0002 .0077 

10 .0390 .0429 .0039 .ooso .0002 .0078 
Total • .3155 .3504 .0349 .0'746 .0028 .0'718 - .0316 .0350 .00.35 .0075 .0003 .0072 x 

l .0261 .0423 .0162 .0070 .000.3 .0067 
2 .0268 .0291 .002.3 .ooso .0004 .00'76 
3 .0.384 .0428 .0044 .0071 .0003 .0068 
4 .0396 .0417 .0021 .0080 .ooo8 .0072 
5 .0.302 .0410 .0108 .ooso .000.3 .0077 
6 .om .0454 .0075 .00'7.3 .0003 .0070 
7 .0412 .0479 .0067 .0080 .ooo; .0075 
8 .0285 .0.375 .0090 .0080 .0002 .0078 
9 .0388 .0413 .0025 .0077 .0002 .0075 

10 .0429 .0457 .0028 .007.3 .oor:n .0066 
Total • .3504 .4147 .064.3 .0764 ,0040 .G724 - .0.350 .0415 .0064 .0076 .0004 .0072 x 

1 .0423 .0417 -.0006 .0069 ._000'7 .0062 
2 .0291 .0465 ,0174 .0080 .000.3 .0077 
3 .0428 .0470 .0042 .or:n? .0005 .0072 

ll4 .0417 .0.385 -.0032 .ooso .0080 
5 .0410 .0456 .0046 .ooso .0004 .0076 
6 .0454 .0442 -.0012 .0079 .0079 -7 .0479 .0466 -.001.3 .ooso .0080 
8 .0.375 .0426 .0051 .0075 .0003 .0072 
9 .0413 .Oitfi .0056 .0075 .ooœ .0067 

10 .0457 .0450 -.0007 .ooso .0080 
Total .4147 .4446 .0299 .0775 .0.349 .0426 - .0415 .0445 .00.30 .0078 .00.35 .004.3 :x: 

11 Emerged as adult male 



Bef' ore Af'ter Gain or Bef' ore M'ter Loss 
loss 

]il .0417 .0.395 -.0022 .0065 .0065 -2 .0465 .()441 -.0024 .0066 .0066 
3 .0470 .0457 -.0013 .0Cfl5 .0075 
5 .0456 .0418 -.0038 .ooso .ooso -6 .0442 .0420 -.0022 .0079 .0079 -1817 .0466 .0433 -.0033 .ooso .ooso -8 .0426 .0462 .0036 .0076 .oocn .0069 
9 .0469 .0461 -.ooo8 .0075 .0075 -

lllO .0450 .0433 -.0017 .0073 .0073 
Total .4061 .3920 -.0141 .0669 .0600 .0069 
~ .0451 .0436 -.0016 .0074 .0067 .0007 

lf2 .0441 .0410 -.oo:3l .0068 .0068 
ll3 .0457 .0429 -.0028 .0078 .0078 
ll5 .0418 .0394 -.0024 .0065 .0065 
ll6 .Q420 .0399 -.0021 .0067 .0067 

8 .0462 .0460 -.0002 .0076 .ocn6 
B9 .0461 .0453 -.ooo8 .0079 .0079 
Total .2659 .2545 -.0114 .0433 .0433 - .044,'3 .0424 -.0019 .OCf72 .0072 x 
•s .0460 .0454 -.0006 .0078 .orns 

li Em.erged as a.dult male 
Jœ Emerged as a.dult f'emale 



CX:X:I 

l• m.aeuli ventris G. me1lonella. -
Repli- Weight Weight Gain or Weight Weight Loss in 
cations bef' ore a:f'ter 1oss in bef' ore a:f'ter weight 

:f'eeding f'eeding weight predation predation 

Diet 1eve1 3 - 2nd instar nym.phs • 

1 • 0006 .0017 .0011 .0094 .0040 .0054 
2 .0006 .0019 .0013 .0118 .0069 .0049 
3 .0006 .0025 .0019 .Olll{ .oo;6 .0060 
4 .0006 .0018 .0012 .0100 .0075 .0025 
5 .oo06 .ool8 .0012 .0101 .0073 .0028 
6 .oo06 .0028 .0022 .0094 .0040 .0054 
7 .oo06 .0018 .0012 .0116 .0090 .0026 
8 .0006 .0018 .0012 .0109 .0069 .0040 
9 .0006 .0024 .ool8 .0110 .0081 .0029 

10 .0006 .0024 .0018 .0117 .0079 .0038 
Total .0060 .0209 .0149 .1075 .0672 .0403 - .0006 .0021 .0015 .0108 .0067 .0040 x 

l .0017 .0020 .0003 .0125 .0105 .0020 
2 .0019 .0019 - .0125 .0125 
3 .0025 .0025 .. .0140 .ou; .0025 
4 • ool8 .0020 .0002 .0120 .0073 .0047 
5 .0018 .0021 .0003 .0106 .0067 .0039 
6 .0028 .OO'Z7 -.0001 .0140 .Ol'Z7 .0013 
7 .0018 .0028 .0010 .0134 .0105 .0029 
8 .0018 .0020 .0002 .0136 .0112 .0024 
9 .0024 .0029 .ooo; .0100 .008.3 .0017 

10 .0024 .0030 .0006 .0097 .0078 .0019 
Total .0209 .0239 .0030 .1223 .0990 .0233 

i .0021 .0024 .0003 .0122 .0099 .0023 
•1 .0020 .0018 -.0002 .0134 .0134 -
•2 .0019 .0018 -.0001 .0111 .0111 
•.3 .0025 .0024 -.0001 .0137 .01.37 
lt4 .0020 .0019 -.0001 .0127 .0127 
1!5 .0021 .0019 -.0002 .0125 .0125 
1!6 .OO'Z7 .0025 -.0002 .0134 .0134 .. 

7 • 0028 .0026 -.0002 .0094 .0094 
»8 .0020 .0019 -.0001 .0123 .0123 
ll9 .0029 .0028 -.0001 .0096 .0096 -

llilO .0030 .0028 -.0002 .0146 .0146 .. 
Total .02.39 .0224 -.0015 .12'Z7 • 12'Z7 - .0024 .0022 -.0002 .0123 .0123 x -
li'] .0026 .0024 -.0002 .0122 .0122 -

• Mou.lted to 3rd instar 



CXXII 

~. ma.ou.li ventris Q• mellonella. 

Repli- Weight Weight Gain or Weight Weight Loss in 
cations be fore a !'ter 1oss in be fore ai'ter weight 

feeding fee ding weight predation predation 

Diet leve1 3 - 3rd instar eymphs • 

1 .0018 • oo;8 .0040 .0100 .0045 .0063 
2 .0018 .0059 .0041 .01ll .0049 .0062 
3 .0024 .0051 .OOZ7 .0133 .0083 .oo;o 
4 .0019 .0061 .0042 .0107 .0052 .0055 
5 .0019 .0062 .0043 .0110 .0043 .0067 
6 .0025 .0072 .0047 .0135 .0040 .0095 
7 .0024 .0062 .00.38 .0136 .ooss .0048 
s .0019 .0061 .0042 .0142 .0092 .oo;o 
9 .0028 .0032 .0004 .0096 .0082 .00:14 

10 .0028 .0048 .0020 .0132 .0051 .0081 
Total .0222 .0566 .0.344 .1210 .0625 .o;S5 - .0022 .oo;7 .0034 .0121 .0063 .0059 :x: 

1 .oo58 .0074 .0016 .0:140 .0075 .0065 
2 .0059 .0077 .oo1s .0138 .0070 .0068 
3 .0051 .0098 .0047 .0157 .0063 .0094 
4 .0061 .0080 .0019 .0145 .0068 .0077 
; .0062 .ooso .0018 .0143 .0065 .0078 
6 .0072 .0099 .OOZ7 .0151 .0078 .0073 
7 .0062 .0083 .0021 .0149 .0081 .0068 
8 .0061 .0079 .0018 .0142 .0092 .oo;o 
9 .0032 .0071 .0039 .0133 .0078 .0055 

10 .0048 .0090 .0042 .0116 .oo26 .0090 
Total .0566 .0031 .0265 .]4]4 .0696 .0718 - .oo;7 .0083 .0027 .0)41 .0070 .0072 x 

1 .0074 .0091 .0017 .01.35 .oos; .oo;o 
2 .om .0095 .0018 .0130 .om .0051 

B3 .0098 .0095 -.000.3 .0146 .0146 
114 .0080 .0078 -.0002 .0]4.3 .014.3 
•; .ooso .0079 -.0001 .0140 .0140 -»6 .0099 .0095 -.0004 .0110 .ouo -

7 .008.3 .oo86 .000.3 .0094 .0074 .0020 
liS .OC1'/9 .0077 -.0002 .01.38 .01.38 -

9 .0071 .0090 .0019 .O]J.3 .0078 .oo;; 
10 .0090 .0115 .0025 .01.38 .0064 .0074 

Total .08,31 .0901 .0070 .1.307 .1057 .0250 - .0083 .0090 .0007 .0131 .0106 .0025 x 

li Mou1ted to 4th instar 



Be :t'ore Af'ter Gain or Be :t'ore A:f'ter Loss 
loss 

Hl .o~l .ooss -.0003 .0130 .01.30 
•2 .o~5 .0093 -.0002 .01.35 .0135 
H7 .00!36 .0082 -.0004 .0149 .0149 -
H9 .o~o .0089 -.0001 .0157 .0157 ... 

•10 .0115 .01~ ... oo06 .0145 .0145 -Total .0477 .0461 -.0016 .0716 .0716 -i .0(95 .OC92 -.0003 .0143 .014.3 -

• Moulted to 4th inStar 



P. maouli ventris g. mellonella -
Repli- Weight Weight Gain or Weight Weight Losa in 
cations bef' ore af'ter loss in bef' ore af'ter weight 

f'eeding f'eeding weight predation predation 

Diet level .3 - 4th instar nymphs • 

1 • 0088 .019.3 .0105 .0140 .0021 .0119 
2 .oo:}.3 .0132 .0039 .01.35 .00.35 .0100 
.3 .0095 .0137 .0042 .0128 .00.34 .0094 
4 .0078 .0157 .OC!79 .01.38 .0014 .0124 
5 .OC!79 .0170 .0091 .0142 .0017 .0125 
6 .0095 .0154 .0059 .01.30 .0022 .0108 
7 .0082 .0184 .0102 .01.34 .0016 .ons 
s .0077 .0149 .0072 .0137 .0013 .0124 
9 .0089 .01.38 .0049 .olll .00.3.3 .0078 

10 .0109 .01.32 .002.3 .0094 .0010 .0084 
Total .o8S5 .1546 .0661 .1289 .0215 .1074 - .0089 .0155 .0066 .0129 .0022 .0107 x 

1 .019.3 .02.39 .oQ46 .0099 .0017 .0082 
2 .01.32 .0159 .OOZI .0121 .0019 .0102 
.3 .01.37 .0161 .0024 .0128 .0021 .010'7 
4 .0157 .0209 .0052 .0125 .00.30 .0095 
5 .0170 .02.36 .0066 .01.30 .0021 .0109 
6 .0154 .0215 .0061 .01.30 .00.38 .0092 
7 .0184 .02.36 .0052 .0094 .0014 .ooso 
8 .0149 .0242 .009.3 .0150 .00.36 .0114 
9 .01.38 .0189 .oo;1 .0099 .oo06 .009.3 

10 .01.32 .0174 .0042 .0116 .0015 .0101 
Total .1546 .2060 .0514 .1192 .0217 .m; - .0155 .0206 .0051 .0119 .0022 .0098 x 
lfl .02.39 .0226 -.001.3 .012.3 .012.3 

2 .0159 .0258 .0099 .0145 .0018 .012'7 
.3 .0161 .0258 .Or:$7 .0150 .0019 .01.31 
4 .0209 .0236 .OOZ7 .01.30 .oo;; .0075 
5 .02.36 .0255 .0019 .0119 .005.3 .oo66 
6 .0215 .0244 .0029 .0125 .0060 .o065 

'W1 .02.36 .022.3 -.001.3 .0097 .0097 
s .0242 .02.3.3 -.0009 .0148 .0148 -
9 .0189 .0255 .o066 .o1;1 .0024 .01Z7 

10 .0174 .0271 .0097 .0150 .0020 .0130 
Total .2060 .2459 .om .1.3.38 .0617 .0'721 - .0206 .0246 .0040 .01.34 .0062 .0072 x 

:If Moulted to 5th instar 



cxx:v 

Bef' ore Af'ter Gain or Bef' ore After Loes 
loss 

]12 .0258 .0230 -.0028 .0145 .0145 -ll.3 .0258 .02.36 -.0022 .0142 .0142 -•4 .02.36 .0229 -.OOCII .0105 .0105 -•5 .0255 .02.39 -.0016 .0135 .0135 
ll6 .0244 .02.35 -.0009 .0130 .0130 
liS .023.3 .02.31 -.0002 .010.3 .010.3 -
ll9 .0255 .02.38 -.0017 .0121 .0121 .... 
10 .0271 • 0269 -.0002 .0128 .0128 

Total .2010 .19Cil -.010.3 .1009 .1009 -- .0251 .0238 -.001.3 .0126 .0126 x 
»10 .0269 .0252 -.0017 .0126 .0126 .. 

li 
Mou1ted to 5th instar 



C:XXVI 

f. m.aculi ventris g. mellonella 

Repli- Weight. Weight Gain or Weight Weight Losa in 
cations be fore arter losa in be fore art er weight 

reeding feed.ing weight predation predation 

Diet level 3 - 5th instar n;ymphs • 

l • 0226 .0237 .0011 .0098 .0035 .0063 
2 .0230 .0250 .0020 .0135 .0045 .0090 
3 .0236 .0258 .0022 .om .0054 .0083 
4 .0229 .0250 .0021 .0134 .0040 .0094 
5 .0239 .0262 .0023 .0135 .0025 .0110 
6 .0235 .0260 .0025 .0127 .0014 .0113 
7 .0223 .0302 .om .0094 .0012 .0082 
8 .0231 .0301 .ocno .0152 .0013 .0139 
9 .0238 .0265 .0027 .0094 .0013 .0081 

10 .0252 .0318 .0066 .01.30 .0012 .ons 
Total .2339 .2703 .0364 .1236 .0263 .®3 

i .0234 .0270 .00.36 .0124 .0026 .0097 
l .02.37 .0276 .0039 .0164 .0018 .0146 
2 .0250 .0307 .0057 .0160 .0018 .0142 
3 .0258 .0315 .0057 .0164 .0027 .0137 
4 .0250 .0.306 .0056 .0157 .0021 .0136 
5 .0262 .0.346 .0084 .0097 .0004 .0093 
6 .0260 .0287 .0027 .0094 .0009 .oo8; 
7 .0302 .0277 -.0025 .0108 .0009 .0099 
8 .0301 .0345 .0044 .0095 .ooo; .0090 
9 .0265 .0330 .0065 .0155 .0014 .0141 

10 .0318 .0352 .0034 .0162 .ooos .0154 
Total .'Z103 .3141 .0438 .1356 .0133 .1223 - .0270 .0314 .0044 .0136 .0013 .0122 x 

1 .O'Z/6 .0350 .0074 .0155 .ooos .0147 
2 .03f!1 .0299 -.0008 .0140 .ooos .0132 
3 .0315 .0286 -.0029 .0142 .0007 .0135 
4 .0306 .0290 -.0016 .0145 .0006 .0139 
5 .0346 .0471 .0125 .0120 .0003 .0117 
6 .0287 .0299 .0012 .ou; .0004 .0111 
7 .0277 .0.329 .0052 .015.3 .0023 .01.30 
8 .0.345 .0471 .0126 .. 0122 .0003 .0119 
9 .0.3.30 .0440 .ouo .0113 .OO(J'l .0106 

10 .0352 .0507 .0155 .0151 .0009 .0142 
Total .3141 .371;2 .0601 .1356 .0078 .1278 

f .0.314 .0.374 .0060 .0136 .ooos .0128 



CXXVII 

Be fore .Atter Gain or Be fore .Art er Loss 
losa 

1 .0350 .0462 .0112 .0120 .0004 .0116 
2 .0299 .0369 .0070 .0150 .0009 .0141 
3 .0286 .0352 .0066 .0159 .ooo8 .0151 
4 .0290 .0351 .0061 .0149 .00(]7 .0142 
5 .0471 .0592 .0121 .0150 .0017 .013.3 
6 .0299 .0406 .0107 .0158 .oou .0147 
7 .0329 .0450 .0121 .0144 .0012 .0132 
8 .0471 .0600 .0129 .0156 .0018 .01.38 
9 .0440 .0498 .0058 .0148 .0007 .0141 

10 .05(]7 .0616 .0109 .0129 .0019 .0110 
Total • .3742 .4696 .0954 .1463 .0112 .1351 

i .0374 .0470 .0095 .0146 .0011 .0135 
1 .0462 .0528 .oo66 .0120 .0005 .0115 
2 .0369 .0476 .0107 .0120 .0003 .Oll7 
3 .0352 .0463 .om .0117 .0003 .0114 
4 .0351 .0460 .0109 .0119 .0004 .0115 
5 .0592 .0570 -.0022 .0131 .0131 
6 .0406 .0498 .0092 .0140 .0017 .0123 
7 .0450 .0535 .oos; .0129 .0006 .0123 
8 .0600 .0572 -.0028 .0134 .0134 -
9 .0498 .0491 -.00(]7 .0153 .0153 -10 ,0616 .0613 -.0003 .0140 .0140 

Total ·4696 .;206 .o;1o .1303 .0596 .(]7(]7 - .0470 .0521 .0051 .0130 .oo6o .0071 x 
lfl .0528 .o;oo -.0028 .0134 .0134 

2 .0476 .0563 .0087 .0119 .0003 .0116 
3 .0463 .0538 .0075 .0124 .ooo; .0119 
4 .0460 .0514 .0054 .0125 .oo06 .0119 

•5 .0570 .0545 -.0025 .01.33 .0133 
6 .0498 .0491 -.0007 .01.31 .0131 

'1IJe7 .0535 .0518 -.0017 .0135 .0135 -
•8 .0572 .0567 -.0005 ,0134 ,0134 .. 
•9 .0491 .0475 -,0016 .ou; .0145 
10 .0613 .0606 -.0007 .0135 .0135 ... 

Total .;206 .5317 .on1 .1315 • 0961 .0354 - .0521 .0532 .0011 ,01.32 .0096 .0035 x 
•2 .056.3 .0490 -.007.3 .0130 ,0130 

•.3 .05.38 .05.35 -.000.3 .0131 .0131 -
•4 .0514 .048.3 -.00.31 ,0125 .0125 
•6 .0491 .0460 -.00.31 .0125 ,0125 

lDilO .0606 .0553 -.005.3 .0129 .0129 -
Total .2712 .2521 -.0191 .0640 .0640 -- .0542 .0504 -.0038 ,0128 .0128 x -
lll Emerged as a.du1t male 
a Emerged as adul t te male 



ClXVIII 

~. maculi ventris Q• mellomelle. 

Repli- Weight Weight Gain or Weight Weight Losa in 
cations be fore after loss in be fore arter weight 

fee ding feeding weight predation predation 

Diet leval 4 - 2nd instar ~phs • 

1 • 0006 .0014 .0008 .0215 .0141 .0074 
2 .0006 .0014 .0008 .0220 .0119 .0101 
3 .0006 .0025 .0019 .0210 .0122 .0088 
4 .OOO'l .0021 .0014 .0227 .ouo .0117 
5 .0006 .0015 .0009 .0225 .0115 .0110 
6 .0006 .0014 .0008 .0221 .0126 .0095 
7 .0005 .0026 .0021 .0230 .Olll .0119 
8 .0006 .0029 .0023 .0200 .0117 .0083 
9 .0006 .0034 .0028 .0201 .0105 .0096 

10 .0006 .0014 .0008 .0231 .0118 .0113 
Total .0060 .0206 .0146 .2180 .1184 .0996 

x .0006 .0021 .0015 .0218 .0118 .0100 
1 .001.4 .0031 .0017 .0260 .0126 .0134 
2 .0014 .0029 .0015 .0194 .0128 .0066 
3 .0025 .0026 .0001 .0199 .0199 
4 .0021 .0031 .0010 .0202 .0168 .0034 
5 .0015 .0021 .0006 .0202 .0202 -6 .0014 .0021 .oocn .0205 .0165 .0040 
7 .0026 .oo26 - .0251 .0251 -8 .0029 .0030 .ooo1 .0260 .0260 
9 .0034 .0032 -.0002 .0198 .0198 -

10 .001.4 .0021 .0007 .0197 .0169 .0028 
Total .0206 .0268 .0062 .2168 .1866 .0302 - .0021 .0027 .0006 .0217 .0187 .0030 x 
li1 .0031 .0029 -.0002 .0194 .0194 

2 .0029 .0028 -.0001 .0222 .0206 .0016 
•3 .0026 .0025 -.0001 .0241 .0241 
li4 .0031 .0030 -.0001 .0248 .0248 ., .0021 .0020 -.0001 .0230 .0230 -ll6 .0021 .0020 -.0001 .0206 .0206 ...., .0026 .0025 -.0001 .0194 .0194 
•8 .0030 .0028 -.0002 .0196 .0196 .. 
ll9 .0032 .0031 ... ooo1 .0200 .0200 -
10 .0021 .0028 .0007 .0205 .0170 .0035 

Total .0268 .0264 -.0004 .2136 .2085 .0051 
i .0027 .0026 -.0001 .0214 .0209 .ooo; 

:1!2 .0028 .0027 -.0001 .0194 .0194 -
•10 .0028 .oov -.0001 .0219 .0219 
Total .0056 .0054 -.0002 .0413 .0413 -- .0028 .0027 -.0001 .0207 .0207 x 

» Mon1ted to 3rd instar 



f• maculiventris g. mellonella 

Repli- Weight Weight Gain or Weight Weight Loss in 
cations bef' ore af'ter loss in be fore af'ter weight 

fee ding fee ding weight predation predation 

Diet level 4 - 3rd instar nymphs • 

1 .0029 • 0062 .0033 .0212 .0099 .0113 
2 .OO'Zl .0057 .0030 .0200 .0128 .0072 
3 .0025 .0043 .0018 .0216 .0160 .0056 
4 .0030 .0039 .0009 .0246 .0184 .0062 
5 .0020 .0057 .0037 .0211 .0106 .0105 
6 .0020 .0033 .001.3 .0218 .0159 .0059 
7 .0025 .0045 .0020 .0221 .0]46 .0075 
8 .0028 .0081 .005.3 .0196 .0056 .0]40 
9 .00.31 .0080 .0049 .0210 .oo;5 .0155 

10 .0028 .0059 .0031 .0230 .OU9 .OU1 
Total .0263 .o;56 .0293 .2160 .1212 .0948 ... .0026 .0057 .0029 .0216 .• 0121 .0095 x 

1 .0062 .009.3 .0031 .0240 .0170 .0070 
2 .0057 .0080 .0023 .0231 .0141 .0090 
3 .0043 .0079 .0036 .0215 .0097 .0118 
4 .0039 .0063 .0024 .0194 .0103 .0091 
5 .0057 .0076 .0019 .0215 .0170 .0045 
6 .0033 .0070 .0037 .0217 .oo;o .0167 
7 .0045 .0087 .0042 .0222 .0066 .0156 
8 .0081 .0109 .0028 .0198 .0]48 .oo5o 
9 .ooso .0109 .0029 .0225 .0129 .0096 

10 .0059 .0098 .0039 .0235 .0135 .0100 
Total .0556 .0864 .0308 .2192 .1209 .0983 - .0057 .OOS6 .0031 .0219 .0121 .0098 x 

1 .0093 .009.3 ... .0222 .0222 
2 .ooso .0092 .0012 .0238 .0162 .0076 
3 .OC/79 .0104 .0025 .o2l4 .0171 .004.3 
4 .006.3 .010.3 .0040 .0194 .0089 .0105 

:tt; .0076 .0075 -.0001 .0256 .0256 -
6 .0070 .009.3 .002.3 .0217 .0130 .0087 
7 .0087 .0107 .0020 .0243 .0168 .0075 

liS .0109 .0108 -.0001 .0244 .0244 -
119 .0109 .0099 -.0010 .0205 .0205 -»10 .0098 .0094 -.0004 .0238 .0238 .. 

Total .0864 .0968 .0104 .2271 .1885 • 0386 - .ooS6 .0097 .0010 .0227 .0189 .0039 x 

31 Moulted to 4th instar 



Be fore A:f'ter Gain or Be fore Art er Loss 
losa 

ll1 .009.3 .0092 -.0001 .0212 .0212 
.2 .0092 .0091 -.0001 .02.38 .02.38 -•.3 .0104 .0094 -.0010 .0264 .0264 -ll4 .010.3 .0098 -.ooo; .0255 .0255 -ll6 .009.3 .0091 ... 0002 .0250 .0250 
lt7 .OHJ7 .0101 -.0006 .0194 .0194 -

Total .0592 .0567 -.0025 .141.3 .141.3 -- .0099 .0095 -.0004 .02.36 .02.36 x 

• Moulted to 4th instar 



f• maeuliventris Q• mellonella 

Repli· Weight Weight Gain or Weight Weight Loss in 
eations bef' ore art er loss in ber ore a.f'ter weight 

reeding reading weight predation predation 

Diet leval 4 - 4th instar nymphs • 

1 .Oo:)2 .02o:) .0117 • 0236 .oo,;s .0198 
2 .0091 .0105 .0014 .0264 .019'7 .0067 
3 .0094 .0152 .oo;s .0239 .oo86 .015.3 
4 .0098 .0154 .0056 .0238 .0078 .0160 
5 .ocn; .0159 .0084 .0220 .0053 .0167 
6 .0091 .01.43 .0052 .0221 .0077 .0144 
7 .0101 .on; .0014 .0219 .0030 .0189 
8 .0108 .0178 .0070 .0247 .0063 .0184 
9 .0099 .0166 .0067 .0235 .0060 .0175 

10 .0094 .0208 .011.4 .0223 .0035 .0188 
Total .0943 .1589 .0646 .2.342 .0717 .1625 

x .0094 .0159 .0065 .02.34 .0072 .0163 
1 .0209 .0259 .0050 .0194 .0066 .0128 
2 .0105 .020.3 .0098 .0264 .0161 .010.3 
3 .0152 .0214 .0062 .0197 .0023 .0174 
4 .0154 .0256 .0102 .0231 .006.3 .0168 
5 .0159 .0229 .0070 .0243 .0081 .0162 
6 .0143 .0256 .0113 .0199 .0039 .0160 
7 .ou; .0294 .0179 .0221 .0043 .0178 
8 .0178 .0268 .0090 .0194 .0029 .0165 
9 .0166 .0249 .0083 .0225 .0037 .0188 

10 .0208 .0280 .0072 .0223 .0035 .0188 
Total .1589 .2508 .0919 .2191 .0577 .1614 - .0159 .0251 .0092 .0219 .oo;8 .0161 x 
li1 .0259 .0253 -.0006 .0217 .0217 

2 .020.3 .0212 .0009 .0194 .01.32 .0062 
3 .0214 .0278 .o064 .0194 .004.3 .0151 
4 .0256 .0255 -.0001 .0222 .0222 
5 .0229 .0231 .0002 .0231 .0211 .0020 
6 .0256 .0240 -.0016 .0205 .0205 -

ll7 .0294 .028.3 -.0011 .0197 .0197 -•s .0268 .0247 -.0021 .0219 .0219 
9 .0249 .0235 -.0014 .0223 .0223 

1110 .0280 .0250 -.0030 .0215 .0215 -
Total .2508 .2484 -.0024 .2117 .1884 .02.3.3 - .0251 .0248 -.0002 .0212 .0188 .0023 x 

Je Moulted to 5th instar 



CXXXII 

Bef' ore Aftar Gain or Bef' ore Af'ter Loss 
loss 

lE2 .0212 .0210 -.0002 .0215 ~0215 -•3 .0278 .0259 -.0019 .0237 .0237 -~4 .0255 .0253 -.0002 .0217 .0217 -
5 .0231 .0228 -.0003 .0194 .0194 
6 .0240 .0229 ... oou .0199 .0199 
9 .0235 .0225 -.0010 .0197 .0197 

Total ·1451 .1404 -.0047 .1259 .1259 -- .0242 .0234 -.ooo8 .o::ao .0210 x 
»; .0228 .0221 -.0007 .0194 .0194 -ll6 .0229 .0220 -.0009 .0205 .0205 
l!cJ .0225 .0221 -.0004 .0199 .0199 

Total .0682 .o662 -.0020 .0598 .0598 - .0227 .0221 -.0007 .0199 .0199 x 

• Mou1ted to 5th instar 



CXXIIII 

• l• maculi ventris Q• mellonella 

Repli- Weight Weight Gain or Weight Weight Loss in 
cations bef' ore af'ter loss in bef' ore af'ter weight 

f'eeding f'eeding weight predation predation 

Diet level 4 - 5th instar nymphs • 

1 • 025:3 .0400 .0147 .0213 .0053 .0160 
2 .0210 .0314 .0104 .0205 .0044 .0161 
3 .0259 .0.364 .0105 .0229 .0059 .0170 
4 .0253 .0319 .0066 .0210 .0016 .0194 
; .0221 .0412 .0191 .0248 .0088 .0160 
6 .0220 .om .0179 .0245 .0090 .0155 
7 .0283 .0367 .ooa4 .0194 .0043 .0151 
8 .0247 .0296 .0049 .0194 .ou; .0079 
9 .0221 .0403 .OlSS .0250 .0040 .0210 

10 .0250 .0298 .0048 .0203 .0116 .ooS7 
Total .2417 .3578 .1161 .2191 .0664 .1527 - .0242 .0358 .0116 .0219 .0066 .0153 x 

1 .0400 .0430 .0030 .0198 .oo;; .014.3 
2 .0314 .0373 .0059 .0255 .0071 .0184 
3 .0364 .0.376 .0012 .0205 .0140 .0065 
4 .0319 .0419 .0100 .0248 .oo1s .0230 
5 .0412 .o;cn .0095 .0255 .0010 .0245 
6 .0399 .0528 .0129 .0259 .0025 .0234 
7 .0367 .0400 .0033 .0239 .0100 .0139 
g .0296 .0326 .0030 .0194 .0028 .0166 
9 .0403 .osso .0171 .0255 .OOJJ .0242 

10 .0298 .0430 .0132 .0264 .ocn5 .0189 
Total .3578 .4369 .0791 .2.372 .0535 .1837 

x .0358 .0437 .0079 .0237 .0054 .01$4 
1 .0430 .0582 .0152 .0254 .0021 .02.33 
2 .037.3 .0465 .0092 .0257 .0025 .02.32 
.3 .0376 .0536 .0160 .0254 .0033 .0221 
4 .0419 .0581 .0162 .0244 .0013 .0231 
5 .o5cn .0588 .0081 .0213 .0079 .0134 
6 .0528 .0602 .OC'f74 .0210 .0030 .0180 
7 .0400 .0522 .0122 .0209 .0024 .0185 
8 .0.326 .0401 .0075 .0257 .0020 .02.37 
9 .o5so .0689 .0109 .0217 .oo1s .0199 

10 .0430 .0574 .0144 .0250 .0029 .0221 
Total .4369 .5540 .1171 .2.365 .0292 .2073 - .04.37 .0554 .0117 .02.37 .0029 .om x 



CX:XXIV 

Bef'ore A.:f'ter Gain or Bef' ore After Loss 
losa 

1 .o;82 .0653 .0071 .0197 .0030 .0167 
2 .0465 .0575 .ouo .0259 .oo5; .0204 
3 .0536 .06Cil .0071 .0210 .0034 .0176 
4 .0581 .0704 .012.3 .0263 .0025 .0238 
; .o5ss .o;6o -.0028 .0262 .0262 
6 .0602 .o;so -.0022 .0263 .026.3 -7 .0522 .0663 .0]41 .0264 .0030 .0234 
s .0401 .0573 .0172 .0264 .0023 .0241 
9 .0689 .0665 -.0024 .0264. .0264 -10 .0574 .0679 .0105 .0220 .002.3 .0197 

Total .5540 .6259 .0719 ·2466 .1009 .1457 - .0554 .0626 .0072 .0247 .0101 .ol46 x 
l .0653 .0611 -.0042 .0244 .0244 -
2 .0575 .0536 -.00.39 .0245 .0245 ""' 
3 .0607 .0581 -.0026 .0263 .0263 
4 .0704 .0661 -.0043 .02.44 .0244 -
5 .o560 .0554 -.0006 .0209 .0209 
6 .0580 .0564 -.0016 .0235 .0235 .. 
7 • 0663 .0700 .00.37 .0220 .0080 .0140 
8 .0573 .0657 .0084 .0215 .0022 .0193 
~ .0665 .0612 -.0053 .0229 .0229 ... 

10 .0679 .0663 -.0016 .0260 .0260 
Total .6259 .61.39 -.0120 .2364 .2031 .0333 - .0626 .0614 -.0012 .0236 .0203 .0033 x 
•l .0611 .0578 -.0033 .0225 .0225 -

2 .0536 .0519 -.0017 .0215 .0215 -•3 .0581 .0538 -.0043 .0246 .o246 
lill~ .0661 .0611 -.0050 .02':!7 .02':!7 
•; .0554 .0509 -.0045 .02.34 .0234 -
•6 .0564 .0517 -.0047 ,0250 .0250 

7 .C/700 .0662 -.0038 ,0260 .0260 
8 .0657 .0638 -.0019 .0263 .0263 -.. 10 .0663 .0605 -.oo;s .0241 .0241 

Total .55:!7 .;177 -.0350 .2161 ,2161 
f .0553 .0518 -.0035 .0216 .0216 

•2 .0519 .0467 -.0052 .0215 .0215 -
YIJI7 .0662 .0612 -.oo;o .0250 .0250 -
D8 .0638 .0596 -.0042 .0244 .0244 
Total .1819 .1675 -.0144 .0709 .07(J1 - .0606 .o;;s -,0048 .0236 .0236 x 

:Je Emerged as adult male 

• Emerged as adu1t f'emale 



TABLE IV 

Da.ily live gram weights per replicate (10), and means of replicates, 

for unf'ed first, second and third nymphal instars o:f' the predator 

~· maculiventris at a constant temperature o:f' soOp- and relative 

humid:lty or 70 per oent, during the period May 15 to May 26, 1964. 

Repli- Initial Weigbt a.t Gain or 
cations weight end or loss in 

24 hours weight 

First instar nymphe. 

1 .000376 .000424 .000048 
2 .000323 .000425 .000102 
3 .000365 .000540 .000175 
4 .000348 .000475 .000127 
5 .000358 .000460 .000102 
6 .000343 .000515 .000172 
7 .000347 .000420 .000073 
s .000370 .000464 .000094 
9 .000375 .000548 .000173 

10 .000342 .000510 .000168 
Total .003547 .004781 .001234 - .000355 .000478 .000123 x 

1 .000424 .000560 .000136 
2 .000425 .000525 .000100 
3 .000540 .000600 .000060 
4 .000475 .000610 .000135 
5 .000460 .000602 .000142 
6 .ooo;1; .000606 .000091 
7 .000420 .000520 .ooo1oo 
8 .000464 .000545 .000081 
9 .000548 .000635 .000087 

10 .000510 .000600 .000090 
Total .004781 .oo;so3 .001022 - ,000478 .ooo5so .000102 x 



CXXXVI 

Initial Weight at Gain or 
weight end ot loss in 

24 hours eight 

lel .000560 .000550 -.000010 
2 .000525 .000620 .ooo~5 

ll3 .000600 .000557 -.000043 
•4 .000610 .000595 -.000015 
ll5 .000602 .oo05en ... 000015 
•6 .000606 .000590 -.000016 
7 .000520 .000599 .000079 
8 .000545 .ooo;ss .00004.3 

•9 .0006.35 .000605 -.0000.30 
•10 .000600 .ooo5so -.000020 
Total .00580.3 .oo;en1 .000068 - .000580 .ooo;S? .000007 :x: 
•2 .000620 .ooo;en -.00003.3 
7.7 .000599 .000576 -.00002.3 
liS .ooo5ss .000551 -.000037 

Total .001807 .001714 -.000~3 
x .000602 .000571 -.000031 

» Moulted to 2nd instar 



Repli- Initial Weight at Gain or 
cations weight end of loss in 

24 hours weight 

Second instar nymphs • 

l .000550 • 000670 .000120 
2 .00058'7 .000690 .00010.3 
.3 .000557 .000665 .000108 
4 .000595 .000660 .000065 
5 .00058'7 .000695 .000108 
6 .000590 .000710 .000120 
7 .000576 .000700 .00012.4 
8 .000551 .000655 .000104 
9 .000605 .000720 .000115 

10 .ooo580 .000695 .000115 
Total .005778 .006860 .001082 - .000578 .000686 .000108 :x 

1 .000670 .000600 -.000070 
2 .000690 .001000 .ooo:uo 
.3 .000665 .001090 .000425 
4 .000660 .001190 .000530 
5 .000695 .ooo850 .000155 
6 .000710 .001125 .000415 
7 .000700 .001100 .000400 
8 .000655 .001085 .0004.30 
9 .000720 .001112 .000.392 

10 .000695 .001150 .000455 
Total .006860 .010302 .003-'42 - .000686 .001030 .0003-'4 x 

1 .000600 .000760 .000160 
2 .001000 .000650 ... 000350 
3 .OOlc.Y;lO .001210 .000120 
4 .001190 .001090 -.000100 

+5 .ooos5o .000790 .... 000060 
6 .001125 .000770 -.000355 
7' .oouoo .0012.35 .0001.35 
8 .001085 .001007 -.000078 
9 .001112 .001018 -·000094 

10 .001150 .0011S9 .0000.39 
Total .010302 .009719 -.000583 - .001030 .000972 -.000066 x 

+ Died 



Initial Weight at Gain or 
weight end or losa in 

24 hours weight 

1 .OCX1760 .000715 -.000045 
2 .000650 .001170 .000520 
3 .001210 .001315 .000105 
4 .001090 .001405 .000315 

+6 .000'770 .000690 -.ooooso 
7 .001235 .000897 -.0003.38 
8 .0010CY7 .001247 .000240 
9 .001018 .000875 -.00014.3 

10 .001189 .0010.35 -.000154 
Total .008929 .009.349 .000420 - .000992 .0010.39 .000047 x 

1 .OOCY715 .000610 -.000105 
2 .001170 .001050 -.000120 
.3 .001315 .001.425 .ooouo 
4 .001405 .001.420 .000015 

+7 .000690 .00052.3 ... ooo167 
8 .001247 .001345 .000098 

+9 .000875 .000594 -.000281 
10 .0010.35 .001268 .00023.3 

Total .008452 .008235 -.000217 - .001057 .001029 -.000027 x 
tl .000610 .000540 -.0000'70 
+-2 .001050 .000915 -.000135 
3 .oOJ.~.25 .001264 -.000161 

]14 .001420 .001228 -.000192 
liS .001345 .001019 -.000326 

•10 .001268 .000993 -.000275 
Total .007118 .005959 -.001159 - .001186 .000993 -.00019.3 x 
X3 .001264 .000815 -.000449 

+ Died 
:a Mou1ted to third instar 
x Died, while shedding exuviae. 



RepU- Initial Weight at Gain or 
eations weight end of loss in 

24 ho'l.ll"s weight 

Third instar nymphs • 

+4 • 001228 .000925 -.000303 
+-8 .001019 .000750 -.000269 

+-10 .000993 .000698 -.000295 
Total .003240 .002.373 -.000867 ... 

.001080 .OOCJ791 -.000289 x 

+ Died 



• 

APPENDIX 

PART 2 

M!AN DRY WEIGHTS FŒ PRED!TŒ AND PREY 



TABLE V 

Mean dry gram wights, per 5-day interval, f:ttr adults of: the predatttr 

!!• macul1Yentr1s and its prey, Q• m.ellonella larvae, rea:red at a con­

stant temperature ot 800, and a relat1Ye humidity of: 70 per oent. 

l• ma.culi ventris Q• m.elloœlla 

.lge in Weigbt Weight Gain or Weight Weight Loss in 
daye bef:ttre art er loss in betttre atter weight 

tee ding tee ding weight predation predation 

Diet leve1 1 - adult males • 

5 .0207 .0207 .. • 0026 .oor:n .0019 
10 • 0206 .0208 .0002 .0028 .0010 .0018 
15 .0216 .0214 -.0002 .00.30 .oou .0019 
20 .0204 .0206 .0002 .0027 .0005 .0022 
25 .0209 .0209 - .00.31 .0006 .0025 
.30 .0199 .0201 .0002 .0024 .000.3 .0021 
.35 .0218 .0218 .. .0029 .0006 .002.3 
40 .021.3 .0211 -.0002 .00.30 .0010 .0020 
45 .0214 .021.3 -.0001 .0029 .0010 .0019 
50 .0212 .0211 -.0001 .00.31 .ooos .002.3 
;; .0206 .0205 -.0001 .00.30 .ooos .0022 
60 .0208 .0206 -.0002 .00.30 .0009 .0021 
65 .0206 .0208 .0002 .00.30 .0006 .0024 
70 .0212 .0214 .0002 .00.30 .001.3 .0017 
75 .0201 .0202 .0001 .00.32 .0009 .002.3 
80 .020.3 .0199 -.0004 .0024 .ooo; .0019 
85 .0199 .0200 .0001 .0025 .ooos .0017 
90 .0198 .0197 -.0001 .0024 .0007 .0017 
95 .0211 .0209 -.0002 .002.3 .0002 .0021 

lOO .0208 .0209 .cool .0024 .0006 .0018 
105 .02r:n .0208 .0001 .002.3 .0009 .0014 
llO .02CI7 .0202 ... ooo; .0025 .0018 .oorn 
115 .0199 .0196 -.000.3 .002.3 .000.3 .0020 
120 .0194 .0195 .0001 .0024 .oou .001.3 
125 .OlS; .0186 .0001 .002; .000.3 .0022 
1.30 .0175 .0175 - .0024 .0002 .0022 
1.35 .0192 .0188 -·0004 .0024 .0007 .0017 
140 .0192 .0196 .0004 .0027 .0007 .0020 
145 .0189 .0190 .0001 .OOZ? .ooo; .0022 
150 .0198 .019.3 ... ooo; .00.30 .0015 .0015 
1521 .0180 .0174 -.0006 .0029 .0029 -

1 two-day interval onl7. 



CXLI 

1!,. maeuli ventris g. meUonella 

!gein Weight Weight Gain or Weight Weight Loss in 
daye bef' ore atter 1oss in be tore art er weight 

f'eeding tee ding wight predation predation 

Diet 1eve1 2 - ad.ult males • 

5 .0239 • 0246 .oocn .0047 .0012 .0035 
10 .0243 .0242 -.0001 .0047 .0017 .0030 
15 .0238 .0235 -.000.3 .oo;1 .0027 ·0024 
20 .0227 .0227 ·0048 .0020 .0028 
25 .02.30 .02.30 .0049 .0008 .0041 
.30 .02.30 .0236 .0006 .0046 .0010 .00.36 
.35 .0247 ·024.3 -.0004 .oo;o .001.3 .00.37 
40 .0245 .0246 .0001 .oo;1 .0018 .00.3.3 
45 .0245 .0247 .0002 .0052 .00.30 .0022 
50 .0252 .0248 -·0004 .005.3 .00.31 .0022 
55 .024.3 .02.4.3 .005.3 .00.35 .0018 
60 .0255 .0254 -.0001 .005.3 .0025 .0028 
65 .0250 .0249 -.0001 .oo;2 .oo26 .0026 
70 .0251 .0253 .0002 .ooso .00.31 .0019 
75 .0244 .0245 .0001 .ooso .00.30 .0020 
80 .0251 .0254 .000.3 .0045 .0020 .0025 
85 .0261 .0255 -.0006 .0048 .002.3 .0025 
90 .025.3 .0255 .0002 .0047 .oo15 .00.32 
95 .026; .026.3 -.0002 .0046 ~0018 .0028 

100 .0265 .026.3 -.0002 .0045 .oou .002.4 
105 .0258 .0258 - .0045 .ooœ .00.37 
llO .0257 .0260 .000.3 ·0045 .001.3 .00.32 
115 .0262 .0248 -.0014 .0046 .0012 .00.34 
120 .0252 .0254 .0002 .0047 .001.3 .00.34 
125 .024.3 .0250 .OQ(ff .0047 .0017 .00.30 
130 .02,42 .0245 .0003 .0048 .oou .00.37 
1.35 .024]. .02.31 -.0010 .0047 .oo:tl .0020 
140 .0238 .02.31 -.oocn .0052 .oo;2 -



CXLII 

P. maculi ventris G. mellonella - -
.lgein Weight Weight Gain or Weight Weight Loss in 

da)'S be tore af'ter loss in bef' ore after· wight 
tee ding tee ding Weight predation predation 

D:tet 1eve1 3 • adult males. 

5 .0278 .0293 .0015 .0098 .0038 .o060 
10 .0291 .0289 -.0002 .0100 .0060 .0040 
15 .0278 .0277 -.0001 .0100 •0064 .0036 
20 .0289 .0290 .0001 .0102 .0065 .0037 
25 .0288 .0286 -.0002 .0103 .0071 .0032 
30 .0280 .0285 .0005 .0099 .0067 .0032 
35 .0301 .0299 -.0002 .0102 .0068 .0034 
40 .0299 .0299 .0106 .0084 .0022 
45 .0293 .0289 -.0004 .0105 .0092 .0013 
50 .0287 .0288 .0001 .0104 .0086 .0018 
55 .0286 .0285 -.0001 .0104 .0075 .0029 
60 .0273 .02'72 -.0001 .0103 .0081 .0022 
65 .0264 .0261 -.0019 •0103 .ooas .0015 
70 .0262 .0262 ~0101 .oos; .0016 
75 .0242 .0229 -.0013 .0101 .0081 .0020 
80 .0272 .0258 -.0014 .om .oos5 .0012 
85 .0288 .0289 .0001 .0098 .0060 .0038 
90 .0283 .02S7 .0004 .0097 .0063 .0034 
95 .œ.f!rt .0280 -.0007 .0095 .0067 .0028 

lOO .0279 .0278 -.0001 .0095 .0073 .0022 
1021 .0258 .0261 .0003 .0095 .0086 .0009 

1 two-day interva1 only. 



OXLIII 

P. macul.i ventris - ,g. me11onella 

A.gein Weight Weight Gain or Weight Weight Loss in 
daJ'8 bef' ore atter 1oss in be tore atter· wight 

f'eeding f'eeding weight predation predation 

Diet 1eve1 4 - adult males • 

5 .0297 .0303 • 0006 .0122 .0061 .0061 
10 .0299 .0301 .0002 .0122 .ooss .0034 
15 .0288 .0289 .0001 .0120 ~0093 .0027 
20 .0303 .0300 -.0003 .0123 .0091 .0032 
25 .0305 .0310 .0005 .0123 .0079 .0044 
30 .0303 .0300 -.0003 .ons .0091 .OO'Zl 
35 .0309 .0316 .OO(J'l .0119 .0089 .0030 
40 .0326 .0324 -.0002 .0125 .0107 .0018 
45 .0319 .0319 - .0124 .0104 .0020 
50 .0315 .0314 -.0001 .0124 .om .0013 
55 .0315 .0316 .0001 .0122 ~0105 .0017 
60 .0305 .0305 .0123 .0104 .0019 
65 .0305 .0304 -.0001 .0117 .0104 .0013 
70 .03(17 .0308 .0001 .0119 •0099 .0020 
75 .0303 .0303 - ~0119 .0105 .0014 
80 .0315 .0308 -.oorn .0119 .0103 .oo16 
85 .0320 .0326 .0006 .ons .0069 .0049 
90 .0313 .0315 .0002 .0118 .0089 .0029 
95 • 0327 .0317 . -.0010 .0115 .0081 .0034 

lOO .0319 .0328 .0009 .0116 .OCf/9 .0037 
105 .0319 .0314 -.ooos .0120 .0095 .0025 
llO .0328 .0326 -.0002 .oll6 .0088 .0028 
115 .03(17 .0317 .0010 .0116 .0073 .0043 
120 .0333 .0319 -.0014 .0118 .0084 .0034 
125 .0327 .0.343 .0016 .0117 .0102 .0015 
1271 .0356 .0321 -.0035 .0117 .0117 -

1 two-dq interval only. 



CXLIV 

P. maauli ventris G. mellonella - -
Age in Weight Weight Gain or Weight Weight Loss in 

da ys be fore atter 1oss in be fore atter weight 
tee ding fee ding wight predation predation 

Diet leve1 1 - adult females • 

5 .0317 .0314 -.0003 • 0026 .ooo8 .0018 
10 .0326 .0331 .0005 .0028 ·0004 .0024 
15 .0355 .0357 .0002 .0030 .0005 .0025 
20 .0371 .0376 .0005 .0030 .0013 .0017 
25 .o3S6 .03S9 .0003 .0029 .0009 .0020 
30 .0395 .0394 -.0001 .0029 .0005 .0024 
35 .om .0.395 -.0002 .OOZ7 .oorn .0020 
40 .0',110 .0.363 -.OOCfl .0025 .ooo,; .0022 
45 .0340 .0334 -.0006 .0025 .0004 .0021 
50 .03.36 .0336 - .0024 .0002 .0022 
55 .0315 .0308 -.0001 .0024 .0002 .0022 
60 .0304 .0.308 .0004 .0026 .0002 .0024 
65 .0316 .0.323 .oocn .0026 .0001 .0025 
70 .0334 .0327 -.0007 .0025 .0002 .0023 
75 .0339 .0344 .ooo; .0026 .0004 .0022 
80 .0354 .0357 .ooo3 .0024 .ooo5 .0019 
85 .om .0.365 -.0006 .0025 .0003 .0022 
90 .0353 .o,;;3 .0025 .0002 .0023 
95 .0.362 .0366 .0004 .0026 .0002 .0024 

100 .0431 .0428 -.0003 .0026 .0001 .0025 
105 .0425 .0417 -.0008 .0026 .0008 .0018 



CXI.V 

l• maculi'fentris g. mellonella 

Age in Weight lfeight Gain or \Yeigbt lfeight Loss in 
daye be tore after losa in be fore atter weight 

tee ding feeding wight predation predation 

Diet level 2 - adult temales. 

5 .0301 .0301 - .0051 .0031 .oo3s 
10 .0323 .0330 .0007 .ooso .0016 .0034 
15 .0350 .0351 .0001 .0052 .OO'Zl .0025 
20 ~0354 .0359 .00()5 .0053 .0019 .0034 
25 .OY/0 .0366 -·0004 .0()53 .0021 .0032 
30 .0350 .0347 -.0003 .0051 .0012 .0039 
35 .o3so .0390 .0010 ~0051 .0018 .0033 
40 .0405 .0408 .ooo3 .0048 .0016 .0032 
45 .0404 .0401 -.0003 .0047 ~0021 .0026 
50 .0387 .o383 -.0014 ~0047 .0019 .0028 
55 .0367 .0359 -.0008 .oo46 .0021 .0025 
60 .0313 .0311 -.0002 .0046 .0007 .0039 
65 .0290 .0279 -.0011 .0047 .oorn .0040 
70 .0268 .0276 .ooos .0050 .0014 .0036 
75 .0305 .0320 .0015 .oo;o .ooo3 .0047 
80 .0323 .0316 -.oocn .0048 .ooos .0040 
85 .0364 .0360 -.0004 .0047 .oor:n .0040 
90 .0339 .0352 .0013 .0046 .ooo; .0043 
95 ~0365 .0;67 .0002 .0049 .ooo5 .0044 

100 .0347 .0329 -.0018 .0047 .0004 .0043 



CXLVI 

l• macullventris G. mellone1la -
Age in Weight Weight Gain or Weight 'feight Loss in 

daye be tore at ter 1oss in be tore a:f.'ter night 
teediDg tee ding weight predation predation 

Diet leve1 3 - adult temales • 

5 .0372 • 0381 .0009 .0101 .0040 .0061 
10 .0400 .0416 .ool6 .0098 ~0038 .0060 
15 .0437 .0435 -.0002 .0100 .0061 .0039 
20 ~0430 .0435 .ooo; .01(]7 ·0044 .0063 
25 •0452 ·0451 -.0001 ~0102 .oo;1 .oo;1 
30 .04ZI .()420 -.00(]7 .0101 .0060 .0041 
35 .0449 .0461 .0012 .0104 .0057 .0047 
40 .0475 .0478 .0003 .0101 .0061 .0040 
45 .0480 .0477 -.0003 .0097 .0067 .0030 
50 .0,46; .()468 .0003 .0098 .oos; .0043 
55 .0472 .0468 -.0004 .oc:f17 .0064 .0033 
60 .0451 .0451 - .0096 .0049 .0047 
6; .0417 .04].6 -.0001 .0098 .0046 .0052 
70 ·0443 .0452 .0009 .0101 .oo;o .oo;l 
75 .0402 .0384 -.0018 .olOO .0070 .0030 
80 .0373 .0368 -.0005 .0096 .oo;6 .0040 
8; .0391 .0415 .0024 .Of117 .002!7 .0070 
871 .0.383 .0300 -.0083 .0096 .0096 

1 two-day interval only. 



CXLVII 

l• maouli ventris g. me11onella 

Age in Weight Weight Gain or Weight Weight Loss in 
days bef' ore atter 1oss in bef' ore af'ter weight 

f'eeding f'eeding weight predation predation 

Diet leval 4- adult temales • 

5 .0405 ·0434 .0029 .0121 • 0()48 .r:x1't3 
10 .0468 .0481 .001.3 .0121 .0065 .0056 
1; .o;06 .0504 -.0002 .0122 .0070 .0052 
20 .o;os .051.3 .ooo; .0125 .0071 .0054 
25 .0521 .0527 .0006 .0124 .0072 .0052 
.30 .051.3 .o;o1 -.0012 .0122 .0087 .00.35 
.35 .0528 .05.38 .0010 .0121 .0076 .0045 
40 .0548 .0554 .0006 .0119 .0084 .0035 
45 .0562 .0554 -.ooos .0120 .0101 .0019 
50 .0534 .0531 -.000.3 .0116 .0081 .00.35 
55 .0549 .0562 .001.3 ~0115 .0079 .0036 
5s1 .o5;s .054.3 -.0015 .ou; .ou; 

1 tbree-d&y" interva1 only. 



CXLVIII 

TABLE VI 

Mean dry gram weights, per 5-day interval, tor unted adulte of the 

predator ~· maculiventris reared at a constant temperature or soC, and 

a relative humidit:y or 70 per cent during the period May to August 1964 • 

.ldult males Adult remales 

Age in· Initial Weight at Gain or Age in Initial Weight at Gain or 
daye weight end of losa in days weight end ·or losa in 

24 hours wight 24 bours weight 

5 .0211 .0199 -.0012 5 .0291 .om -.0014 
10 .0182 .01SO -.0002 10 .0249 .0244 -.0005 
15 .0169 .Olb7 -.0002 15 .0234 .0234 -
20 .Olb1 .o'lbO -.0001 20 .0229 .0229 
25 .0161 .Olb1 25 .0228 .0227 -.0001 
30 .0153 .0152 -.0001 30 .0217 .0216 -.0001 
35 .0150 .0150 35 .0216 .0213 -.0003 
40 .0150 .0150 - 40 .0209 .0208 -.0001 
45 .0145 .0145 - 45 .0202 .0201 -.0001 
50 .0144 .0144 50 .0198 .0196 -.0002 
55 .om .0140 .ooo1 55 .0193 .0194 .0001 
60 .0137 .0135 - 60 .0191 .0191 -621 .0137 .0131 -.0006 65 .0184 .0184 -70 .0184 .0182 -.0002 

75 .0172 .Olb1 -.0011 

1 two-day interval only. 



CXLlX: 

TABIE VII 

M9anl dry gram weight per Hfeedingft nymph (instars two to five) Of f• 

maculiventris reared at a constant temperature of soor and a relative 

humidit;y of 70 per cent, during the period May to June 1964, and total 

dry gram weight of Q• mellonella larvae supplied par staditmJ. at each 

of four diet leve la. 

f• maculiventris g. mellonella 
Diet Instar 
level Weight Weight Gain Weight Weight Loss 

be fore after in be fore after in 
feeding :fee ding weight predation predation weight 

II .00015 .00(113 .ooo;s .0033 .0022 .oou 

l 
III .00066 .00210 .001.44 .OOM, .0022 .0022 

T'V .00190 .00435 .00245' .0049 .0015 .0034 
v .003913 .00807 .00401 .0133 .0028 .o1o; 

II .00015 .00065 .00050 .0046 .0030 .ool6 
2 

III .00059 .00242 .00183 .0060 .0034 .0026 
rv .00212 .00515 .00303 .0079 .0036 .0043 
v .00486 .00970 .004134 .0142 .oo;s .00134 

II .00015 .ooo;s .00043 .0076 .0062 .0014 

3 
III .00052 .00216 .00164 .ou; .0082 .0033 
lV .001913 .0055:3 .00355 .0136 .orrn .0059 
v .00515 .01190 .00675 .0200 .0073 .0127 

n .00015 .0006; .00050 .0191 .0161 .0030 
III .00062 .002:32 .00170 .0201 .0149 .0052 

4 IV .00210 .oo;64 .00354 .0241 .0163 .0078 
v .00532 .Ol3M. .00812 .0370 .0208 .0162 

1 Mean o:f 10 P. maculiventris uymphs per instar per diet leve1. -
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CL 

TABLB VIn 

Mean calorif'ic values' per 5-da,. interval' ror adults or the predator 

!!• maculiwntris and its PJ"SY't g. m.ellonella l.arvae, reared at a con­

stant temperature or 8QO.r and a relative humidity or 70 per cent. 

l• maculiventris g. mellonell.a 

Age in Calories Calories Gain or Calories Calories Loss in 
da :ys ber ore atter loss in be tore atter calories 

reeding teedirlg calories predation predation 

Diet level l - adult males. 

5 130.5 130.5 16.1 4.3 11.8 
10 129.8 131.1 1.3 17.4 6.2 11.2 
15 136.1 134.9 -1.2 18.6 6.8 u.s 
20 128.6 129.8 1.2 16.8 3.1 13.7 
25 131.7 131.7 - 19.2 3.7 15.5 
30 125.4 126.7 1.3 14·9 1.9 13.0 
35 137.4 137.4 18.0 3.7 14.3 
40 134.3 133.0 -1.3 18.6 6.2 12.4 
45 134·9 134.3 -0.6 18.0 6.2 u.s 
50 133.6 133.0 -0.6 19.2 4.9 14.3 
55 129.8 129.2 -0.6 18.6 4.9 13.7 
60 131.1 129.8 -1.3 18.6 5.6 13.0 
65 129.8 131.1 1.3 18.6 3.7 14.9 
70 133.6 134.9 1.3 18.6 8.0 10.6 
75 126.7 127.3 o.a 19.9 ;.6 14-3 
80 128.0 125.4 -2.6 14.9 3.1 11.8 
85 125.4 126.1 0.7 15.5 4·9 10.6 
90 124·8 124.2 -o.6 14.9 4·3 10.6 
95 133.0 131.7 -1.3 14.3 1.3 13.0 

100 131.1 131.7 o.6 14.9 3.7 11.2 
105 130.5 131.1 0.6 14.3 ;.7 8.6 
llO 130.; 127.3 -3.2 15.5 11.2 4·3 u; 125.4 123.5 -1.9 14.3 1.9 12.4 
120 122.3 122.9 0.6 14.9 6.8 8.1 
125 116.6 117.2 0.6 1;.; 1.8 13.7 
130 110.3 110.3 - ]4.9 1.2 13.7 
135 121.0 us.; -2.5 14.9 4·3 10.6 
140 121.0 123.5 2.5 16.8 4·4 12.4 
145 119.1 119.8 0.7 16.8 3.1 13.7 
150 124.8 121.6 -3.2 18.6 9.3 9.3 
1521 113.5 109.7 -3.8 18.0 18.0 -

1 two-dq interval only. 



CLI 

l• maeuli ventris g. mellonella 

Age in Calories Calories Gain or Calories Calories Losa in 
days bef' ore after loss in be tore art er calories 

f'eedi.Dg f'eeding calories predation predation 

Diet lewl 2 - adult males. 

5 162.1 166.9 4.8 .30.1 7.7 22.4 
10 164.9 164.2 -0.7 ,30.1 10.9 19.2 
15 161.5 159.4 2.1 .32.7 17 • .3 15.4 
20 154.0 154.0 ,30.7 12.8 17.9 
25 156.0 156.0 .. .31.4 5.1 26 • .3 
.30 156.0 160.1 4.1 29.5 6.4 23.1 
35 167.6 164.9 -2.7 32.0 8.3 2.3.7 
40 166.2 166.9 0.7 .32.7 11.6 21.1 
45 166.2 167.6 1.4 .3.3 • .3 19.2 14.1 
50 171.0 168.2 -2.8 .3.3.9 19.8 14.1 
55 164.9 164.9 - .3.3.9 22.4 11.5 
60 17.3.0 172 • .3 -0.7 3.3.9 16.0 17.9 
65 169.6 168.9 -0.7 3.3 • .3 16.6 16.7 
70 170 • .3 171.6 1 • .3 .32.0 19.8 12.2 
75 165.5 166.2 0.7 .32.0 19.2 12.8 
80 170 • .3 172 • .3 2.0 28.8 12.8 16.0 
85 177.1 17.3.0 -4.1 ,30.7 14.7 16.0 
90 171.6 17.3.0 1.4 .30.1 9.6 20.5 
95 179.8 .78.4 -1.4 29.5 11.6 17.9 

lOO 179.8 178.4 -1.4 28.8 1.3.4 15.4 
105 175.0 175.0 - 28.8 5.1 2.3.7 
llO 174 • .3 176.4 2.1 28.8 8 • .3 20.5 
115 177.7 168.2 -9.5 29.5 7.7 21.8 
120 171.0 172 • .3 1 • .3 .30.1 8.3 21.8 
125 164.9 169.6 4.7 .30.1 10.9 19.2 
130 164.2 166.2 2.0 .30.7 7.0 2.3.7 
1.35 < 16.3.5 156.7 -6.8 ,30.1 17 • .3 12.8 
140 161.5 156.7 -4.8 33.3 .33 • .3 -



CLII 

P. maculi ventris G. mellonella - -
Age in Calories Calories Gain or Calories Calories Loss in 

da.,a be tore atter 1oss in be tore alter calories 
tee ding teeding calories predation predation 

Diet level 3 - adult males. 

5 200.2 211.0 10.8 68.4 26.; 4]..9 
10 209.6 208.2 -1.4 69.8 4]..9 27.9 
15 200.2 199.5 -o.7 69.8 44.7 25.1 
20 208.2 208.8 0.7 71.2 45.4 25.8 
25 2f17.4 206.0 -1.4 71.9 49.6 22.3 
30 201.7 205.3 3.6 69.1 46.8 22.3 
35 216.8 215.4 -1.4 71.2 47.5 23.7 
40 215.4 215.4 - 74.0 58.6 15.4 
45 211.0 208.2 -2.8 73.3 64.2 9.1 
50 206.7 2f17.4 0.7 72.6 60~0 12.6 
;; 206.0 205.3 -0.7 72.6 52.4 20.2 
60 196.6 195.9 -0.7 71.9 36.5 15.4 
6;- 190.2 188.0 -2.2 71.9 61.4 10.5 
70 188.7 188.7 70.; 59.3 11.2 
75 174.3 164.9 -9.4 70.5 56.5 14.0 
80 195.9 1s;.a -10.1 67.7 59.3 8.4 
8; 207.4 208.2 0.8 68.4 41·9 26.; 
90 203.8 206.7 2.9 67.7 44·0 23.7 
95 206.7 201.7 -;.o 66.3 46.8 19.5 

lOO 201.0 200.2 -o.8 66.3 ;0.9 15.4 
1021 18;.8 188.0 2.1 66.3 60.0 6.3 

1 two-dq interva1 only. 



CL III 

l• maculi ventris .Q. mellonell.a 

Age in Calories Calories Gain or Calories Calories Losa in 
da ys be tore a.tter losa in be tore atter calories 

tee ding tee ding calories predation predation 

Diet level 4 - adult males. 

5 231.1 235.8 4.7 86.6 43.3 43.3 
10 232.7 234.2 1.5 86.6 62.5 24.1 
15 224.1 224.9 0.8 85.2 66.0 19.2 
20 235.8 233.5 -2.3 87.3 64.6 22.7 
25 237.4 241.2 3.8 87.3 56.1 31.2 
30 235.8 233.5 -2.3 83.8 64.6 19.2 
35 240.5 245.9 5.4 84.5 63.2 21.3 
40 253.7 252.1 -1.6 88.8 76.0 12.8 
45 248.2 248.2 - 88.0 73.8 14.2 
50 245.1 244·4 -0.7 88.0 78.8 9.2 
55 245.1 245.9 0.8 86.6 74.5 12.1 
60 237.4 237.5 - 87.3 73.8 13.5 
65 237.4 236.6 -o.8 83.1 73.9 9.2 
70 238.9 239.7 0.8 84.5 70.3 14.2 
75 235.8 235.8 - 84.5 74.6 9.9 
80 245.1 239.7 -5.4 84.5 73.1 11.4 
85 249.0 253.7 4.7 83.8 49.0 34.8 
90 243.6 245.1 1.5 83.8 63.2 20.6 
95 254.5 246.7 -7.8 81.7 57.6 24.1 

100 24$.2 255.2 7.0 82.4 ;6.1 26.3 
105 248.2 244·4 -.3.8 85.2 67.4 17.8 
llO 255.2 253.7 -1.5 82.4 62.5 19.9 
115 2.38.9 246.7 7.8 82.4 51.9 30.5 
120 259.1 248.2 -10.9 8,3.8 59.7 24·1 
125 254·5 266.9 12.4 83.1 72.5 10.6 
1271 m.o 249.8 -Z7.2 83.1 83.1 

1 two-day' interval onl:r. 



CLIV 

l• macnli ventris G. mellonella 

Age in Calories Calories Gain or Calories Calories Loss in 
da13 be tore af'ter loss in be tore ·· atter calories 

teed.!JJg tee ding calories predation predation 

Diet leval 1 - adult temales. 

5 216.9 21.4.8 -2.1 16.1 4.9 ll.2 
10 223.0 226.4 3.4 17.4 2.5 1.4.9 
15 242.9 244.2 1.3 18.6 3.1 1;.; 
20 253.8 257.2 3.4 18.6 8.0 10.6 
25 264.1 266.1 2.0 18.0 ;.6 12.4 
30 270.2 269.5 -0.7 18.0 3.1 14.9 
35 271.6 270.2 -1.4 16.8 4·4 12.4 
40 253.1 248.3 -4.8 1;·.; 1.8 13.7 
45 232.6 228.5 -4.1 15.5 2.5 13.0 
50 229.9 229.9 - 1.4.9 1.2 13.7 
55 215.5 210.7 -4.8 14.9 1.2 13.7 
60 208.0 210.7 2.7 16.1 1.2 1.4.9 
65 216.2 221.0 4.8 16.1 o.6 15.5 
70 228.5 223.7 -4.8 15.5 1.2 1.4.3 
75 231.9 235.3 3.4 16.1 2.4 13.7 
80 242.2 244.2 2.0 14.9 3.1 ll.8 
85 253.8 249.7 -4.1 15.5 1.8 13.7 
90 241.5 241·5 - 15.5 1.2 14·3 
95 247.6 250.4 2.8 16.1 1.2 14.9 

lOO 294.8 292.8 -2.0 16.1 0.6 15.5 
105 290.7 285.3 -5.4 16.1 4·9 ll.2 



CLV 

P. maculi ventris Q• mellonella -
Age in Calories Calories Gain or Calories Calories Loss in 

day& be fore a.t'ter losa in ·bef'ore af'ter calories 
fee ding fee ding calories predation predation 

Diet level 2 - adult females. 

5 205.3 205.3 32.7 8.4 24.3 
10 220.4 225.1 4.7 32.0 10.2 21.8 
15 238.8 239.5 0.7 33.3 17.3 16.0 
20 241·5 244·9 3.4 33.9 12.1 21.8 
25 252.4 249.7 -2.7 33.9 13.4 20.5 
30 238.8 236.7 -2.1 32.7 7.7 25.0 
35 259.2 266.1 6.9 32.7 11.6 21.1 
40 Z76.3 278.3 2.0 30.7 10.2 20.5 
45 Z75.6 'Zl3.6 -2.0 30.1 13-4 16.7 
50 264.0 261.3 -2.7 30.1 12.2 17.9 
55 250.4 244.9 -;.; 29.5 13.5 16.0 
60 213.5 212.2 -1.3 29.5 4·5 25.0 
65 197.8 190.3 -7.5 30.1 4·5 25.6 
70 182.8 188.3 5.5 32.0 8.9 23.1 
75 208.1 218.3 10.2 32.0 1.9 30.1 
80 220.4 215.6 -4.8 30.7 ;.1 25.6 
85 248.3 245.6 -2.7 30.1 4.5 25.6 
90 231.3 240.1 8.8 29.5 2.0 Z7.5 
95 249.0 250.4 1.4 31.4 3.2 28.2 

lOO 236.7 224·4 12.3 30.1 2.6 Z7.5 



CLVI 

.l• maculiventris Q• mellonella. 

Age in Calories Calories Gain or Calories Calories Losa in 
da ys bef' ore af'ter loss in bef' ore af'ter calories 

f'eeding feeding calories predation predation 

Diet level 3 - adult f'emales. 

5 261.4 2i:J7.7 6.3 70.5 Z7.9 42.6 
10 281.1 292.3 11.2 68.4 2f:J.5 41.9 
15 3fl7.1 305.7 1.4 69.8 42.6 27.2 
20 302.2 305.7 3.5 74.7 30.7 44.0 
25 317.6 316.9 -0.7 71.2 35.6 35.6 
30 300.1 295.1 -5.0 70.5 41.9 28.6 
35 315.5 323.9 8.4 72.6 39.8 32.8 
40 333.8 335.9 2.1 70.; 42.6 27.9 
45 337.3 335.2 -2.1 67.7 46.8 20.9 
;o 326~8 328.9 2.1 68.4 38.4 .30.0 
55 331.7 328.9 -2.8 67.7 44.7 2.3.0 
60 316.9 316.9 - 67.0 34.2 .32.8 
6; 293.0 292 • .3 -0.7 68.4 .32.1 36 • .3 
70 311 • .3 317.6 6.3 70.; .34.9 .35.6 
75 282.5 2i:J9.8 -12.7 69.8 48.9 20.9 
80 262.1 258.6 -3.5 67.0 39.1 27.9 
s; 274.8 291.6 16~8 67.7 18.8 48.9 
871 269.1 210.8 -58.3 67.0 67.0 -

1 two-da7 interva1 onl7. 



CL VII 

l• maculi ventris g. mellonella 

Age in Calories Calories Gain or Calories Calories Losa in 
dqs be tore atter losa in be tore ·atter calories 

teeding teeding calories predation predation 

Diet level 4 - adult temal.es. 

5 315.4 338.0 22.6 85.9 34.1 51.8 
10 364.5 Yl4.7 10.2 85.9 46.1 39.8 
15 394.1 392.6 -1.5 86.6 49.7 36.9 
20 395.7 399.6 3.9 ss.s ;o.; 38.3 
25 405.8 410.5 4.7 88.0 51.1 36.9 
30 399.6 390.2 -9.4 86.6 61.7 24.9 
35 411.3 419.0 7•7 85.9 53.9 32.0 
40 426~8 431.5 4~7 84.5 59.6 24.9 
45 437.7 431.5 -6.2 85.2 71.7 13.5 
50 415.9 413.6 -2.3 82.4 57.5 24·9 
55 J+Z7 .6 437.7 10.1 81.7 25.6 56.1 
5s1 434.6 422.9 -11.7 81.7 81.7 -

1 three-dq interva1 onl:r. 



CL VIII 

TABLE lX 

Mean caloritie values, per 5-day interva.l, for unf'ed adults of the 

preda.tor l· maeuliventris reared a.t a constant temperature of soo.r and 

a relative humidity of 70 per cent during the period May to August 1964. 

Adult males Adult females 

Age in Initial Calories Gain or Age in Initial calories Gain or 
da)'S calories at end of losa in da ys calories at end of losa in 

24 hours calories 24 hours calories 

5 179.2 169.1 -10.1 5 243.6 231.9 -11.7 
10 148.5 146.9 -1.6 10 205.6 201.5 -4.1 
15 133.8 132.2 -1.6 15 181.1 181.1 
20 122.5 121.7 -o.s 20 169.5 169.5 
25 118.1 118.1 .. 25 164.3 163.6 -0.7 
30 108.7 108.0 -0.7 30 153.5 152.8 -4.3 
35 103.1 103.1 35 149.1 147.0 -2.1 
40 100.3 100.3 40 140.9 140.2 -0.7 
45 94.2 94.2 .. 45 132.7 132.1 -0.6 
50 90.9 90.9 - 50 127.0 125.7 -1.3 
55 85.1 85.3 0.2 55 120.5 121.1 0.6 
60 81.3 80.1 -1.2 60 116.0 116.0 
621 79-3 75.8 -3.5 65 109.0 108.4 .. o.6 

70 105.9 104.8 -1.1 
75 95.5 89.4 -3.3 

1 two-day interval onl:y. 



TABlE X 

Meanl oalorif'io values per ltf'eeding" nymph (instars two to f'ive) of' 

f• maouliventris reared individually on g. mellonella larvae at four 

diet levels, with gain in calories per nymphal instar per diet level 

and total eœrgy oonsumed. 

Calories Calories 

CLJX 

Diet bef' ore af'ter Gain in Total energy 
level Instar fee ding fee ding calories oonsumed 

n 1.0 5.3 4.3 6.; 

rn 4.5 13.9 9.4 13.1 
l 

IV 12.0 22.3 10.3 20.2 

v 1S.9 33.3 14-4 62.3 

II 1.0 4.7 3.7 9.9 

III 4.0 16.0 12.0 16.1 
2 

IV 1.3.4 .31.2 l7.S 26.6 

v 27.9 47.6 19.7 ;1.9 

II 1.0 4-2 3.2 S.7 

III 3.5 14.2 10.7 20.5 
3 

IV 12.6 34.9 22.3 36.6 

v 30.7 73.6 42.9 7S.8 

II 1.0 4.7 ,3.7 19.2 

III 4.2 15.3 ll.l 33.3 
4 

IV 13.3 37.1 23.8 ;o.o 

v 3.3.8 ss.; 54.7 10.3.8 

l 
Mean of 10 nymphe per instar per diet level. 




