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From the Editor s degsk:

I have received preliminary annouwncesments of the follawing

meabings

Y. CAF INTERMATIONAL COMFEREMCE ON CONTROLLED ATHMOSFHERE
FLMIGATION IM STORED PRODUCTS

MICOSIA, CYFRUS, April 21-24, 1994,

For further information contact:

Dr. Andreas Yarnava

Secretary of the Organizing Committes
Cwprus grain Commission

FaoQ. BOx 1777

Micosia, Cwvprus
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SECOND ANNOUNCEMENT



IMPORTANT DATES

Abstract receipt deadline January 31, 1996
Early Registration January 31, 1996
Hotel Reservation April 30, 1996
Registration July 15, 1996

; (Thereafter on-site
| registration only)
[
T

Organizing Secretariat

0.1.C. srl
Via A. La Marmora, 24
50121 Firenze, Italy
Tel. +39/55/50.00.631
Fax +39/55/50.01.912

Scientific Secretariat

Prof. Augusto Vigna Taglianti
Dip. Biologia Animale e dell’Uomo (Zoologia)
Viale dell’Universita, 32
00185 Roma, [taly
Tel. +39/6/49.91.47.42 or 44.57.120
Fax +39/6/49.58.259
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Stock

BURLINGTON, MORTH CAROLINA
CAROLINA BICLDGICAL SUPPLY COHPANY
Triboliue castaneus
1. black
2, jet
3. pearl
4, Hild
3. High body weight
4, Low body weight
Triboliva contusus
IooHild

iEd. i,
BURLINGTOR, VERMONT (3441
UMTVERSITY QF YERHONT
DEPARTMENT OF IGULGRY
STEVENS/G00DNIGHT LAR
1. confusum T.castansun Oryzapphilus

surinagensis

bi tl
bt co-+/+
bill tCH-b/b
hIV clV-a
b-Chicago Bfb c-Brazil
b-Chirago t-fasta Rica
b-Lircle c-Thailand

b-yupo-illinois /b c-Spain
b-yugo-Iitinois +/+  [-lsrael
b5

b-yuge-kentuciy

b-Mcbill

k-Thailand

b- Migeria

b-Fakistan

Lists

L. Stevens
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Stock Lists

£, ILLINDIG 62900
ILLINDIS UNIVERSITY AT CARHDNDALE
1 GF 7D0LD6Y

Tribplius castangua

I, Wild

type strainz

I, Purdue + Foundation

11, rut

ant strains

1. antennapedia (ap}

0.C. Engiert

Chicago, 11lirois &0637-1573

The Uni

versity of Chicago

Departeent of Ecology and Evolution

Stock |
I. #ild
g, Ir

ists
type strains
iboliua castaneua

-

CH P Ly O s

-0 T S oo
P

1%,

B, Tribolius confusum (f= infected with Wolbachia nipientis)

t+, "Chicagoe” {froa Thoras Park)

c-ARK, Arkansas

r-YUS0, Yegoslavia, now Crpatia

c-Texas :

£-BS, collected in Mapervilile, IL, on birdseed
t-Infantes, Spain

c-derez, Spain

c-Caspanaro, Spain

c-Osaka, Japan

c-Nigeria

i,
2
1.
14,
i3,
th,
7.
8,
%,
10,

bty *Chicago® from Thoaas park}

b-1, inbred strain derived from {1).
b-11, inbred strain

u-111, ° :

b-1y * .

b-YUGD, Yegosiavia, now Lroatia
b-YLED, .

b-Illinpis

b-Mississippi

b-Nigeria

Michagl 1. Wade Noraan T. Johnson

TI8-35A



July, 1995

Stock Lists

CHICABL, ILLINOIB

UNIVERSITY OF ILLINDIS AT CHICAGD CIRCLE
DEPRRTRENT OF EIOLOGICAL SCIENCES

I, Wild type strains

A. Oryzzephilus suripasensis

B, Trikeliua castaneus

1. "Chicage” toripinally froe Thosas Fark)
2. "Brazil® {alse known as cl) originally froe Rio de Janeire)
3o clVa fan inbred strain derived froa *Chigage®

€. Triknlium confusug

L. "Chicagn® {originally fros Thomas Park)
» "Circle” (Collected in Chicago)

« bl (derived fros "Chicage™)

« BII {derived fros "Chicaga™

. B {derived from “Chicage”)

« BIV {derivad from "Chicage®)

3

Ll R Y

B. B, Mertr

CORAL GRELES, FLDRIRBA
UHIVERSITY OF MIAHI
DEFRRTHENT (F BIOLOGY

1, wild types strains

Lo Jribolium _confusup (Chicago! Chicago
2. T4 castaneus {Chicagn) Chicags

11, Hutant

1. confusun - ehony--Sokoloff dgntuft
T. castansus - jet - from Chicago wild

L. cétansua - Chicago black—- Sckoloff

T._castaness - dark sooty {Sekalueff)

I._rastaneva - Lharcoal--Sokolots

e

Ear} H. Rich
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Stock Lists

BAINESVILLE, FLORIDA

ARS, LSDA

PO, BOY 14545

INSECT ATTRACTANTS, BEMAVIOR AND BASIC BIOLOGY LABORATORY.

Pttagenus megatons black carpet beetle
Ladra rautella almond soth
Lvias foraicarius elegantulys sweet potats weevil
Lasicderma serricorne cigarette bestls
Oryzaephilus surinagsneis sawtpothed grain bestle
Farasyeinis transitplla navel orangewors
Plodia interpunctella Indian meal ooth
_ Sitptroos cerealella Argouasis grain poth
Sitpphilus oryzae rice weevil
ot Triboliug castaneup red flour heetle
: Trooodersa granariua khapra beetle
Irogedersa inclusus
{Ed.7.

KINGSTOH, RHODE 1BLAND 0ZEB!
URIVERSITY OF RHODE ISLAND
DEPAHTHENT OF 10CLOEY

Triboliug castaneum
Furdue Foundation via Purdup
Black Foundation ) via Furdue
Corn oil unsaturated fatty acid sensitive (cos)

Tribolins confusus

Ehicaga Park 1955

blachk via San Bernardino

pearl via San Berparding
Triboliug padens via Han Berparding
Iriboliue brevicorais via San Bernardinp

{Ed. 1.
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LAFRYETTE, INDIANA 47907
PRROLE UNIVERSITY
ANIMAL SCIENCES LEPARTHENT

Tribolive castaneum
1. Wild type sirains

#. Foundation "+ - ariginsted in 1954 at Furdue University from
a broad genetic base and maintained with no artiticial
selection and minigal breeding.

B, Foundatioa s - Sase genetic base as Foundation °+7, but
gengtivally marked with the sooty mutant {s),

L, Foundation b - Originated in 1959 at Purdue University with a
broad genetic base wnrelated to Foundation *+%, no artificial
selection, minimal inbreeding, and genetically maried with the
black mutant (b,

D, Foundation p - Originatad in 1959 at Purdue University wilh a
broad genetic base unrelsted to Foundation "+F apd b, no
zelection, minimal inbreeding, and genstically marked with the
pearl mutant (p).

Y.5h. BUIR

LEVINGTON, KENTHCKY
UNIYERSITY BF EENTUCKY
ASRICULTURAL EXPERINENT STATION

1. Bazse populations

1. Furdue + foundation Furdue
2. Purdwe s foundation {sacty) Furdue
3. Purdue b foundation tblack) Purdue
4, Purdue p fourdation {pearl) Furdue

11, Synthetic strains -- with 2 history of lopg-ters selection
for increased pupa weight but saintained in popelation cages
without selection pressure but discrete gensrations.

1, HRS-{ Minnesota, 1970
2, MRS-2 Hinnezota, 1970
L F Purdue, 1976
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Stock Lists

4, L Lavis, 1974
111. Synthetic strain I8 frop a cross of CBI-10 X Ef inbred
tines,maintained in population rages with extresely large
f. 18 - From & cross of C8I-10 X el inbred lines, maintained in

popilation cages with extresely large population size and randos
nating for 20 generations,

{Ed.Y.

HANHATTAN, EANSAR

KANSAS STATE UNIVERSITY

DEPARTHENT OF ENTDHOLOGY

LEFIDOFTERS

Fhycitidaer Ladra cautella and Plodia intersunctells

felechiidae: wild and red eyed strains.

Fyralidag: Lorcyra cephalonica

LOLEOPTERA

anchiidae: Lasioderma serricorne and Stegohics paniceus

Bostrichidae: Rhivzopertha deainica

Bruchidae: [zllosobrachus pacul atus

Cugujidap; Cryptolestes ferrunineus, C. pusillus,

furcuiionidas: Sitophilus nranarius, 8. oryzae, and two strains
of 5. zeamais. :

Dermestidae: Tropoderma inclusem, Attagenus segatona

Ostomatidae; Tenebroides mauritanicus

Ptinidae: Bibbiua psylloides

Silvanidae; Rhasverus advens, Oryzaephilus surinasensis, 0.
gercatar

Tenebricnidaes
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Stock Lists

Falorus ratzeburpi,Kanzas 1965

Tenebrio molitor, Kansas

Tenebric obscurus Manhattan, ¥ansas, 1971
Trikolive tastaneus, Kansas

Tribolivm confusum, Kansas

Valerie Wright

NANHATTAN, KANDAS 44502
.8, GRAIN MARKETING RESEARTH LARORATORY

Tribolium castaneus

I, Insecticide-resitant sirains

o GA-1, malathioa-specific, coliected in Georgia, 1980

2, NC-1; selathion-specific, collected in North Carplina. Fros
4.0, CANPRELL,

3, Kano, malathion-specific, collected in northern Nigeris,
1951, From H.R. wilkin,

4, 010 12, nonspecitic, oxidase type, collected in Kingaroy,
fustrzlia, 1968, Fros W.R. Wilkis.

G, 1L 95, ropspecific, From B.R. Chasp.

b, DOY C, BDT-resistant, coliected in Sputh Afriza, 1939, From
D.G. Blackman.

7, Rmal-2 allelic to Raal-l

B Rdiel--Resistant to lindane, dieldrin and cther cyclodienas,
linkage group not determined,

Tl. Butant strains

{see next pages)
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Stock Lists
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TIB-35A

Manhattan, Kansas

Mutant Full Name or description Link. Group Stocks Source
1865 Crossover supressor 2,9 1865/mas,p Manhattan
3Pi CrOSSOvVer suprassor 3 3P1/auid Purdue
3pP2 CTOSSOVEr SUpressor 3 3P2/aut4, 3P2/X{ab-2s) Purdue
A{Ag1).Stm abdominal {fr. Ag), cis Stm 2 A{Agt), Stm /plIDEO Manhattan
A{Ag2) abdominal (from Ag) 2 AlAg2)/Ey Manhattan
A{mc) abdominal (from mc) 2 A{me),p/Stm, Cx5 Manhattan
Al10 Abdominal 10 2 A10 / Ey Manhattan.
A1l Abdominal 10 2 A10,mxpA10/Utx1,mxp,apt Manhattan
Ai0,mxpA10 Abdominal 10, mxp fr. A10 2 A10,mxpA10/Utx1,mxp,apt Manhatian
At2 Abdominal 12 2 Al2/Ey Manhattan
A15, Stm Abdominal 15, Stm cis 2 A15,Stm/Ey Manhattan
A20 Rdlel Dieldrin reslstant 2 A20 Rdiel Unknown
A4 Abdominal 4 2 A4/Stm,Cx5 Manhattan
A8 Abdominal 8 2 AB/Stm,Cx5 Manhattan
ab antenna bifurcada 9 ab,pas30,p Bogota, Colombla
ab antenna bifurcada 9 ub,ab Bogota, Colombla
ab antenna blturcada 9 ab/ab Bogota, Colombia
ab antenna bifurcada 9 ue,ab,msg,p.mxp,apt,pas30 Bogota, Colombia
AD100,5tm,Cx5 Notched gena,Stm,Cx5 (cls) 2 AD100,Stm,Cx5/Est Manhatian
Ag Antennagalea 2 Agrest Manhattan
Ag Antennagalea _ 2 Ag/imxpNG Manhattan
Ag+RptiD1 Ag revertant-dominant pti 2 Ag+RptiD1/Es1 Manhattan
Ag2, Stm Antennagalea 2, Sim (cis) 2 Agz,Stm/Ey Manhattan
Ays, Stm \ntennagalea 5, Sim (cls) 2 Ag5,Stm/Est Marhattan
AgPin Antennagalea {Pinhead} 2 AgPin/Stm,Cx5 Manhattan
Ah Arrowhead 8 Ah Purdue
ap antennapedla 8 b, ap San Bernading
ap antennapedia 8 Bald,ap,sqi/ap,sq1 San Bernadino
ap antennapadia 8 Bald,ap,sq2/ap,sq2 San Bernadino
ap antennapedia 8 MMS {s.c,ap,au,mas} San Bernading
ap{psi) ap{pleurosternal sutures incompl. 8 ap(psh Manhattan
Apt Antennapalpus 2 Api, apt, ub Manhattan
Apl Antennapalpus 2 Apl,apt,mas,pas Manhaltan
Apl Antennapalpus 2 Apl/Apt Manhattan
apt alate prothorax 2 apt, mas, p Manhattan
apt afate prothorax 2 apt, pas San Bernadino
apt alate prothorax P b, apt, sa, ¢ San Bernadine
apt alate prothorax 2 ba,mxp,apt,pas30 San Bernadino
apt alate prothorax 2 Quad{mxp,apt,mas,pas San Bernadino
apt alate prothorax 2 quint San Bernadino
apt alate prothorax 2 s,h,b(1),mxp,apt,pas30 San Bernadino
apt alate prothorax 2 s,h,j2,mxp,apt,pas30 San Bernadino
apt alate prothorax 2 Utx1,mxp,apt/mxpX8,Es1 San Bernadino
apt alate prothorax 2 s,L,b{t),mxp,apt,pas30,h San Bernadino
au aureate 3 au San Bernadino
au aureate 3 b(t},p.lod,au,msg San Bernadino
au aureate 3 au,lod isoline {JS}) San Bermnadino
au aureate 3 mas, p.au San Bernadino
au aureate 3 MMS (s.c,ap,au,mas} San Bernadino
aut4 aurgate 14, iethal a 3Pi/autd, 3P2/autd Purdue
b black body color 3 b San Bernading
b black body coior 3 b, ap San Bernadino
b black body color 3 b, apt, sa, ¢ San Bernadino
b(ST} black, dominant 8 Chr/b(ST)} Manhattan
b(t) tawny body color 3 b{t) San Bernadino
b{t) tawny body color 3 b{t),p,lod,au,msg San Bernadino
b{t} tawny body color 3 s,h,b{t),mxp,apt,pas3o San Bermnadino
b{t) tawny body color 3 s,}.b{t},mxp,apt,pas30,h San Bernadino
ba broken antennae 2 ba, pas30 Manbhattan
ba broken antennae 2 ba, pas30 Manhattan
Bald Bald {reduced setifercus plts) 8 Bald Manhattan
Bald Bald {reduced sefiferous pits) 8 Bald,ap,sq1/ap,sqi Manhattan



July, 1995

R. W. Besman Laboratory

Bald
Bampi4
Bamp2?7
Bamp27.au
Bamp29
Bamp31
Bamp31
Bamp58
BampSp

o

co

Crab

Crab

Crab
CTC12Rabon R
Cv

Cx20

Cx6

Dcht
Dehi13,Stm
Dch4

Detd3

Detd3
Di(Dcht}
Df{LuyDi(Lu)
Df1-3/Ey
Df1-5/Ey

dve{mas,pas)
Em,A16s

Froreepproom

Stock Lists

August 12, 1994

Bald (reduced setiferous plts)

Biunt anterlor metastern. projection -
Biunt anterior metastern. projection
Blunt anterior metastern. projection
Blunt anterior metastern. projection
Blunt anterior metastern. projection
Blunt anterior metastern, projection
Blunt amerlor metastern. projection
Blunt anterlor metastern. projection t
Bar eye

Bar eye

box {abdominal)

chestnut eye

chestnut eye

chesinut eye

Cleft gular {sutures)

Charcoal body color

Charcoal body color

Charcoal body color

Charcoal {Elytra Indsnted)

cola body color

cola body color

cola body color

Crab (warped legs)

Crab (warped legs)

Crab (warped legs}

Rabon resistant

Cross-velned elytra

Cephalothorax 20

Cephalothorax 6

Dachshund 1

Dachshund 13, Stm {cls)

Dachshund 4

Divergent elytral tips

Divergent elytral tips

Deficiency {from Dchi)

Deficlency {from Lu}

Deficlency

Deficlency

Duplication (from Dch1)

Duplication (from Dchi}

Dupilcation (from Dchi)

Dupllcation {from Dcht)

Duplication {from Dcht)

Duplication {from Dcht)

Dupllcation (from Lu)

Duplication (from Spa)

Displaced sternelium

displaced sternellum (from euD)
displaced sternelium, x-finked
divergent elytra (from mas,pas stock
Enlarged mentum, abdominal {cis)
Eye reduced

Eye reduced

Eye reduced

Extra sclerite {(abdominal}

Extra sclerite {abdominal}

Exira sclerlte (abdominal)

Extra sclerite (zbdominal)

Extra sclerite {abdeminal)

Extra sclerite (abdominal)

Extra sclerite (abdominal}

Extra sclerite {abdominal)

oA oty oan RY R

PR w2 v N~ S0 @0 W 00 ey SN D D0 WG WM

2;9

[8) ol
A rs e
e mm[\)m

MNMNMRDaR ol DD R

>

2:4
2:4
2;4
2;4
2;4
24
2:4
2:4

Bald,ap,sq2/ap,sq2
Bamp1i4
Bamp27
Bamp2?7,au/au
Bamp29
Bamp31/+
Bamp31/Chr
BampSss
BampSp

Be

Be, s

box / Es

b, apt, sa, ¢

sa,c

MMS {s.c,ap,au,mas)
CGg

Bamp31/Chr
Chr

Chr/b(ST)

ChE

co,p

Se,co

Se,c0,p

Crab

Crabs

Crab/PL4

CTC 12Rabon R
Cv

Cx20/Es1
Cx6/Est
Deh1/Est
Dch13,Stm/Es1
Dehd 7 Es
Det43,h,s/Esh,s
Det43/Es1
Di(Dch1)/Ey
DHLu)/DHLu)
DH-3/EyY
Df1-5/Ey
Dp/Es1/ATO
Dp/Es1/DHDch)
Dp/Est/Df1-3
Dp/Es1/pas30
Dp/EYy/EyY
Dp/Stm,ptID57/pas30
DpLu/Ey
DpSparEst/pas30
Ds/Spa (no Medea)
ds{euD)

ds-X
dve{mas,pas}
Em,A16s/Sth

Er

Er,quint

Erub
AD100,Stm,Cx5/Es1
Ag+RptID1/Es
Ag/Esi
Ag5,Stm/Est
box / Es
Cx20/Esi
Cx6&/Es1
Deh1/Est

Manhattan, Kansas

Manhattan

‘Manhattan

Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
San Bemnadino
San Bernadino
Manhattan
San Bernadino
San Bernadino
8an Bermnadino
Manhattan
San Bermadino
San Bernadino
San Bernadino
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Australia
Purdue
Manhaltan
Manhatltan
San Bernadine
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhaitan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhatftan
Manhatian
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
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Es(Ski6)
Est+R1/Stm
Es1+RO/Ey
Es2/Ey
Es3/EY

eu

eu

eu

Extra sclerite {abdominal)
Extra sclerite {abdominal)
Extra sclerlte {abdominal)
Extra sclerite (abdominal)
Extra sclerlte {abdominal)
Exira sclerite (abdominal)
Extra sclarite (abdominal)
Extra sclerite (abdominal)
Extra sclerite {abdominal}
Extra sclerlte (abdominal)
Extra sclerite (abdominal)
Extra sclerite {abdominal}
Extra sclerite {abdominal)
Extra sclerite {abdomlnal)
Extra scletite {abdominal)
Extra sclerite {abdominal)
Extra sclerita {abdominal)
Extra sclerite {abdominal)
Extra sclerite (abdominal)
Extra sclarite (abdominal)
Extra sclerite (abdominal)
Extra sclerite (abdominat)
Extra sclerite (abdominal}
Extra sclerite {abdominal)
Extra sclerite (abdominal)
Extra sclerite (abdominatl)
Extra sclerite (abdominal)
Extra sclerite (abdominail)
Extra sclerlte {from Skig)
Extra sclerite revertant 1
Extra sclerite revertant 9
Extra sclerite 2

Extra sclerite 3

extra urogomphi

extra urogomphi

extra urogomphl

extra urogomphl

Extra urogomphl (Abd B)

eyeless
eyeless
eyeless
eyeless
eyeless
eyelass
eyelass
oyeless
eyslass
eyeless
eyeless
eyeless
eyeless
eyelass
ayeless
ayeless
eyeless
gyeless
eyeless
eyeless
eyeless
eyeless
eyeless

Stock Lists
August 12, 1904

2:4
2:4
2:4
2:4
2:4
2:4
2;4
2:4
2:4
2:4
2:4
2;4
2:4
2:4
2:4
2:4
2:4
2:4
2:4
2:4
2;4
2;4
2;4
2:4
2;4
2;4

2;4

2:4
2

RN NDN

3+
N
[+)]

2;:5
2;5
2:5
2:5
2:5
2:5
2;5
2;5
2:5
2:5
2:5
2:5
2.5
2:5
2:5
2:5
2;5
2,5
2:5
2;5
2;5
2:5

Dch13,Stm/Es
Detd3/Es
Dp/Es1/A10
Dp/Es1/D(Dch)
Dp/Est/Df1-3
Dp/Es1/pas30
DpSpa/Esi/pasio
Esitr :
Ey/Es1

g/Es

IpBoe/Est
Spa/ks1
Stb,Di{mas)/Es
Sth/Es
Sthd/Est
Stm+RSptiD/Es
Stm, Agd/Es
Stm,Cx5/Es1
Stm,Ns/Est
Bim-Est/+NDJ
Stm-Ski4-Es/+ NDJ
StmR1/Es1
StmRZ/Es1
StmR5/Es1
StmR&/Es1
Utxt,mxp,apt/mxpX8,Es1
Utx1/Es
vwe/Es
Es{SkI&)
£51+R1/Stm
Est+R9/EyY
Es2/Ey

Es3/Ey

eu

ey, apt, mas
eu, mas

eu, mas, pas
euld

A{Ag2)/Ey

A10 f Ey
A12/Ey
A15,Stm/Ey
Agz, Stm/Ey
Dch3 7 Ey
Di{Deh1)/EY

 DHLu)/Di(Lu)

DiH1-3/Ey
DpLu/Ey
Ey/Es]
Lu,Skie/Ey
ptl16,8tm/Ey
McsiR1/Ey
McsiR2/Ey
Mes1RS/Ey
mxpb1,Ski6/Ey
mxpX9,Es1/Ey
DI1-5/Ey
ptliD57,Stm/EY
ptiDEO/EY
Skl4/Ey
SKI4R1/EY

TIB-35A

Manhattan, Kansas

Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
San Bernading
San Bernading
San Bernadino
San Bernading
Manhattan
Manhattan
Manhatlan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan -
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhalttan
Manrhattan



July, 1895

R. W. Beeman Laboratory

Ey,A14
Ey-Lethal-Free
ts(sa)

Fla

g

g

g

Ga-1

Ga-1

po

T IToo>yT
z

W
Is

i1

i1

i1

i2

i2

Ju

tab-S Rusty
LF-3 (JS)
lod

lod

Ip&a
ip69

Lu

Lu

Lu

Lu

m.l. 9.4
M1

M1

M1

M1

M1

M1

M3

M3

mas
mas
mas
mas
mas
mas
mas
mas
mas
mas2
me

me

me
mc(eg)
Me-2,Utx1
Mesi
Mes1R1

Stock Lists

August 12, 1994

eyeless

eyeless

eyeless

Eysless, Abdominal 14 {cls}
lethal free from Eyless

short antennae, female sterlle

Fused tarsl and antennae
glossy

glossy

glossy

Gaorgla 1, wild type
Georgla 1, wild type
Glant {body slze}
Goliath (body slze}

. hazel eye

hazel eye

hazel eye

hazel eye

Halry wing

Hairy wing

Incompiete sternellum
Jet, body. color

Jet, body color

jet, body color

let, body color

jet, body color
juvenile urogomphl
Lab straln, rusty, wild-type
Lethal free

Hght optical diaphragm
light optical diaphragm
lablopedia 69
labiopedla 69

- Luclifer (dorsal head horns)

Lucifer {dorsal head horns)
Lucifer {dorsal head horns)
Lucifer {dorsal head horns}
{(Male linked)

Medea 1

Medea 1

Medea 1

Medea 1

Medea 1

Medea 1

Medea 3

Medea 3

missing abdominal sternite
missing abdominal sternite
missing abdominal sternite
missing abdominal sternite
missing abdominal sternite
missing abdominal sternite
missing abdominal sternite
milssing abdominal sternite
missing abdominal sternite
missing abdominal sternite 2
microcephalic
microcephalic
microcephallc
microcephalic (eye growth)

Microcephalle-2,Uitrathorax(cls)

Miscadestral sclerite

Miscadestral sclerite, revertant 1

2:5
2;5
2:5

NA

=3

mmmmm-qmma:—aaﬂ%

= o
b

N
mmmmmmm_qmwmmmmmmmmmmmmmmmmmmmmmmwmm

Ski4R2/Ey
Stm,Cx5/Ey, A4
Stm,Cx5/ey; s/s
Stm, Cx5/Ey,Al4
Ey-Lethal-Free
ts{sa)

Fia

g

g/Deh3

g/Es

Ga-1

Ga-9s

€]

Go

Det43/Es

h, s

s,h,b(t),mxp,apt,pas30

s,h,]2,mxp,apt,pas3o
Hw/Es,mxpX9

" Hw/Stm,Cx5
Is
jme
th,)
s,),b{t},mxp,apt,pas3d,h
i2
s,h,J2,mxp,apt,pas30
ju,ptl
Lab-S Rusty
LF-3 {J8)

aujod Isoline (JS)
bit},p,lod,aumsy
{p69/Es1
lpse/Utxt,mxp,apt
Lu / 8tm,Cx5
Lu,SKI6e/Ey
Lu,Skig/Stb
Lu/Stbd

9.14 (male linked)
M1 - iso 3B1 (@)
M1 Isoline {JS}
M1,au,M3
Mt,au,p,lod

M1,b

M1/M1, Bamp27
M3,au

M1,au,M3
1S65/mas,p

apt, mas, p

mas

mas, p.au

mas, pas

pil, mas, pas

Quad({mxp,apt,mas,pas

quint

MMS (s,c,mas,ap,au)
mas2

jme

me,rb,}

me.}

me{eg).p,lod
Me-2,Utx1/mxpNG
Mes1/Sim
Mcs1R1/Ey

11

Manhattan, Kansas

Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
San Bemnadino
Manhattan
Manhattan
Manhattan
Georgla
Geargla

San Bernadino
Manhattan
San Bermadino
San Bemadino
San Bernadino
San Bernadino
Manhattan
Manhattan
Manhattan
San Barmadino
San Bernading
San Bernadino
Cedar Raplds

" Cedar Raplds
~ Manhattan

Manhattan
Purdue

San Bernadino
San Bernadino
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
San Bemadino
San Bernadino
San Bemadino
San Bernadino
San Bernadino
8an Bernadino’
San Bernadino
San Bernadino
Ban Bernadino
Manhattan
San Bemadino
San Bernadino
San Bermnadino
San Bernadine
Manhattan
Masnhattan
Manhattan
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R. W. Beeman Laboratory

MestR2
MesiR4

- Mecs1RS

Mo

msg

msg

msg

mt

mxp

mxp

mxp

MXp

mxp

mxp

mxp

mxp

mxp

mxp

mxp

mxp
mxp{Dch3}
mxp({Dch3)
mxp(Deh3)
mxp{Dch3}
myp{Decha)
mxp{Di1-3)
mxp170
mxpi19
mxp8
mxpD1,SKIS/EY
mxpNG
mxpNG
mxpNG
mxpNG
mxpX9, Es
mxpX8, Es
mxpXe, Es
mxpX9,Est/Ey
NDG-2 (#59)

plt
pnk {(NDG-2)
Ps
ptl

" tethal maxillopedia, Es (cls)

Stock Lists
August 12, 1994

Miscadestral sclerlte, revertant 2
Miscadestral sclerite, revertant 4
tMiscadestral sclerile, revertant 5
Micro opthalmic

melanotic stink gland

melanotic stink gland

melanotic stink gland

melanolic tumors

maxlliopadia

maxillopedia

maxHlopedia

maxillopedia

maxillopedia

maxlliopedia

maxlliopedia

maxillopedia

maxillopedia

maxillopedia

maxillopedia

maxiliopedia

maxillopedla dauchshund 3
maxillopedia dauchshund 3
maxillepedia dauchshund 3
maxillopedia dauchshund 3
maxilfopedia dauchshund 3
maxliiopedia (from deflclency)
maxiilopedia 170, lethal
maxillopedia 19, lethal
maxiilopedia 8, fethal
Maxlilopedia, dom. 1, SKI& {cis}
maxillopedia, Notched Gena, lethai
maxlilopedia, Notched gena
maxlilopedia, Notched gena
maxillopedia, Notched gena
lethal maxiliopedia, Es {cis)

iethal maxillopedia, Es {cls)
maxiliopedia X9, lethal, Es {cls)
Wiid-type

pear! eye

pear! eye

pear] eye

pearl eye

pear! aye

pearl eye

polnted abdominal sternite
pointed abdominal sternite
pointed abdominal sternite
pointed abdominal sternite
polnted abdominal sternite
pointed abdominal sternite 30
poimted abdominal sternite 30
pointed abdominal sternite 30
pointed abdominal sternite 30
polnted abdomina! sternite 30
pointed abdominal sternite 30
polnted abdominal sternite 30
paddie antenna

XNNI\)NNNNNNI‘ONN(D(DCD(.O(.O({)%TE:-EE-ZNNNMMNNNNIQMNNNNNMMNNNNNNS\JN-O-@Q-QO‘JNNN

Pseudo Linker 4 7;2
platinum eye X
pink eye, from NDG-2 ?
Pinched sternellum 2
prothoraxless 2

MesiR2/Ey
Mes1R4/mxpNG
Mes1RS/Ey

Mo
b(t),p,lod,au,msg
msg, pas

ua,ab,msg,p,mxp,apt,pasio

mt
ba,mxp,apt,pas30
mxp, apt

mxp, apt, pas30
mxp, mas

pll, mxp

A10,mxpAIC/UIT, mxp,apt

Quad{mxp,apt,mas,pas
guint
5,h,b{t),mxp,apt,pas3o
s,h,j2,mxp,apt,pas30
s,],b{t),mxp,apt,pas3t,h
Uixt,mxp,apt/mxpX9,Esi
X-31 peart s../Dch3
X-31/Dch3

Deh3 / Ey
Poh3/X{ab-1s)
g/Beh3
mxp{DH-3)Es
mxp170/Es1
mxp19/Es1

mxp8/Esi
mxpD1,SkIS/EY
mxpNG/Es? -
Ag/mxpNG
Mc-2,Utx1/mxpNG
Mes1R4/mxpNG
Utx1,mxp,apt/mxpX9,Es1
mxpX9,Esi/Ey
Hw/Es,mxpX9
mxpX9,Es1/Ey

NDG-2 (#59)
1865/mas,p
ab,pas30,p

apt, mas, p

mas, p,ay

Se,co,p

Sep

apt, pas

pll, mas, pas

mas, pas
Quad(mxp,apt,mas,pas
quint

ab,pas3d,p
ba,mxp,apt,pas30
s,h,b(t),mxp,apt.pas3s
s,h,j2,mxp,apt,pas30
5,),b(t),mxp,apt,pasdn,h
ub,pasdt

ue,ab,msg,p,mxp,apt,paslo

py, pd, pit
Crab/PL4

py, pd, pit
pnk (NDG-2)
Ps

ju,ptl

TIB-35A

Manhattan, Kansas

Manhattan
Manhattan
Manhattan
San Bernadino
San Bernadino
San Bermnadino
San Bernadino
San Bernadino
San Bernadino
San Bernadino
San Bernading
San Bernadine
San Bernadino
San Bernadino
San Bernadino
San Bernadino
San Bernadino
8an Bemadino
San Bernadino
San Bernadino
Manhattan
Manhattan
Manhattan
Manhattan
Manhatian
Manhattan
Manhattan
Manhattan
Manhafttan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manitcha

San Bernadino
San Bemadino
San Bernadino
San Bernadino
San Bernadino
San Bernadino
San Bernading
San Bernadino
San Bernadino
San Bernadino
San Bemadino
Manhattan
Manhatian
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
San Bernadino
Manhattan
San Bernadino
Manhattan
San Bernadino
San Bernadino



July, 1995

R. W. Beeman Laboratory

pti

pti

pil

ptID16,5tm
ptiD2

ptiD26Y
ptID57,Stm
ptiDe0o

ptiD60

py

Py

Pyr-R

QTC 279 (Pyr-R)
Rap

rb

rb

Rd

Rd

Rd

Rd

Rd(CS)

Rdiel BCY Lab-8
Rmal-2 (Cogburn) -
Russell 1 BC4s
Russell 2 BC4s

-8

ggggwwwwmwmmmw

Se

S

Se

56 485
Se-2
Sel2
ser
Ski2s
Skl4/Ey
SkI4R1
Skl4R2
Ski4R3
Skis
SkisR1
small
sp

sp

Spa
Spa

sq (Tiw-2)
sq-B
sq1
g1

Stock Lists

August 12, 1924

prothoraxless

prothoraxless

prothoraxiess

Dom. prothoraxless 16, Stm {cis)
Dom. prothoraxdess 2

Dom. prothoraxless 28, Y-linked
Dom. prothoraxless 57, Stm {cls)
dominant prothoraxless 60
domlinant prothoraxless 60
pygmy

pygmy

Pyrethrold resistant
Pyrethrold resistant
Recurved anterlor pronoium
ruby eye

tuby eye

Relndeer, homozygous viable
Reindeer, homozygous viable
Reindeer, homozygous viable
Reindeer, homozygous viable
Relndeer, crossover suppressor
Dieldrin resistant from Lab-$
Malation resistant
spontanecus scoty ?
spontaneocus sooty ?

sooty

sooty

sooty

sooty

sooty

sooty

sooly

sooty

sooty

sooty

short antenna

short antenna

Short antenna-8

short antenna, X-linked
Short elytra '
Short elyira

Short elytra

short elytra 46

Short elytra 2

Short elytra 12

serrate antenna

Socketless spontaneoyus 2
Socketless 4 :
Socketless 4, revertant 9
Socketless 4, revertant 2
Socketless 4, revertant 3
Sockefiess €

Socketliess 6, revertant 1
small body size

shoulder pads

shoulder pads

Spatulate antennae
Spatulate antennae
squint (from Tiw-1}
squint {from Burma)
squint eye 1
sguint eye 1

»

w N

[+ I

LN NSNS

.<

MR- MNMMDNDNDR - . U F = =
RHXIBIOOOXwwvhrbrbbbrprrprrZsdonwnnaonloxxmwpn

EN

ptl

ptl, mas, pas

pii, mxp
ptiD16,Stm/Ey
ptiD2sSth

ptiDzey
ptiD57,Stm/Ey
A{Ag1), Stm /ptiDE0D
ptiDBO/EY

Py, pd, pit

Py, ser

co,Pyr-R

QTC 279 {(Pyr-R)
Rap

me,ib,}

rh.j

Rd/Rd

Rd, mas, p

Rd,me,p

Rd,pas30

Ps/Rd(CS)

Rdlel BCO Lab-S
Rmal-2 (Cogburn)
Russell 1 BC4s
Russeil 2 BC4s
Crab,s

s

Dei43,h,s/Esh,s

h, s
$,h,b(t),mxp,apt,pasi0
s,h,j2,mxp,apt,pas30
s,},b{t},mxp,apt,pas3o,h
Be, s

Ga-gs

MMS (s.c.ap,au,mas}
b, apt, sa, ¢

53,0

Sa-8

sa-X

Se

Se,cop

Sep

se 46

‘Se-2

Sei2

py. ser
Skl2s/Stm,Cx5
Skl4a/ey
SkI4R1/Ey
Skl4R2/EY
Ski4R3/Stm,Cx5
S8ki6/Stm,Cx5
8kIBR1/8tm,Cx5
small

sp/Dch3
sp/Stm,Ag4
Ds/Spa {no Medea)
Spa/ksi

sgq (Tiw-2)

sq-8 ‘
Bald,ap;sqi/ap,sq1
sqt

13

Manhattan, Kansas

San Bemading
San Bernadino
San Bemading
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan :
San Bernadino
San Bernading
Peter Collins
Peter Collins
Manhattan
San Bernadino
San Bernading
Dawson
Dawson
Dawson
Dawson
Manhattan
Unknown
Texas

Russell, KS
Russell, KS
San Bernadino
San Bernadino
San Bemnadino
San Bernadino
San Bermnadino
San Bernadino
San Bernadino
San Bernadino
San Bernadine

-San Bernadino

8an Bemadino
San Bemadino
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Purdue
Manhattan
Purdue

San Bernadino
Manhalttan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Purdue
Manhattan
Manhattan

San Bernadino
San Bernading
India

Burma

San Bernadino
San Bernadino
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R. W. Beeman Laboratory

sq2
5q2
Stb
Stb
Stb
Stb,Di{mas)
Sthd
Sthd
Stm
Stm+RSplD
Stm,Ag4
Stm,Ag4
Stm,Ag4
Stm,Ag4
Stm, Ag4
Stm,Ag4
Stm,Cx5
Stm,Cx5
Stm,Cx5
Stm,Cx5
8tm,Cx5
Stm,Cx5
Stm,Cx5
Stm,Cx5
Stm.Cx5
Stm,Cx56
Stm,Cx5
Stm, Cx5
Sim,Cx5
Stm,Cx5
St Ns
Sim-Est1/+NDJ
Stm-Skid-Es/+ NDJ
Stm-Skis/+NDJ
StmR1
StmR2
StmRAs
StmR8
TH{Y:3)
T(Y:4)
T. brevicornis
T. confusum {apt,mas,sti}
T. confusum (b,au,lod,p)
T. confusum {PRC)
T. freemanl
T. madans
tar
tib
Tiw-1
Tiw-1 (Iso 43)
Tiw-1{lso 43) pink
tr
tr
ub
ub
ub

T ub
ub
ub
ua
ue
Utx{New)
Ut

Stock Lists

August 12, 1994

squint eye 2

squint eye 2

Stubby antennae

Stubby antennae

Stubby antennae

Stubby, deficlency In mas
Stubold (short antennae)
Stuboid (short antennae)
Stumpy

Stm spontan. revert, ptl
Stm, Antennagalea 4
Stm, Antennagaiea 4
Stm, Antennagalea 4
Stm, Antennagzalea 4
Sim, Antennagalea 4
Stm, Antennagalea 4
Stm, Cephalothorax 5, cls
Stm, Cephalothorax &, cis
Stm, Cephalothorax &, cls
Stm, Cephalothorax 5, cls
Stm, Cephalothorax 5, cis
Stm, Cephalotheorax 5, cis
Stm, Cephalothorax 5, cis
Stm, Cephalothorax 5, cis
Stm, Cephalothorax 5, cis
Stm, Cephalothorax 5, ¢is
Stm, Cephalothorax 5, ¢ls
Stm, Cephalothorax 5, ¢is
Stm, Cephalothorax 5, ¢is
Stm, Cephalothorax &, ¢is
Stm, Narrow sternellum (eis)
Non-disjunction
Non-disjunction
Non-disjuncticn

Sim revertant 1

Stm revertant 2

Stm revertant 5

Sim revertant 6
Translocatlon Y-3
Transiocation Y-4
Tribollum brevicornis

T.c. with apt, mas, st
T.c. with b,au,iod,p
Tribolium confusum *
Tribolium freemani
Tribolium madans
anterior melanotic stink glands
tiblaless (from ab)

2

Tiw-1 Isoline

pink eye from Tlw-1
tremblor

tremblor

unbuckled T1 epimera
unbuckied

unbuckled

unbuckled

unhuckied

unhucklied

unsclerotized elytra
unsclerotized elytra

- Ultrathorax (New)

Ultrathorax

4]

X

XK

-a-o%.’égmmmm-e-e-emmmmwmmmmmmmmmmmmmmmmmmmmm

pMdherro 222
P N i S ) P
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ap,sq2
Bald,ap,sq2/ap,sq2
Em,A16s/5tb
Lu,Skis/Stb
Sib/Es
Stb,Di{mas)/Es
Lu/Sthd
Sthd/Es
Stm/Stm
Stm+RSptID/Est
X-B3/Stm,Ag4
X-47/Stm Agd
vwe/Stm,Ag4
sp/Stm,Ag4
g/Sim,Ag4
X-31/5tm,Ag4
Ad4/5tm, Cx5
AB/Stm,Cx5
AgPIin/Stm,Cx5s
Lu / 8tm,Cx5
Ski2s/Stm,Cx5
AD100,5tm,Cx5/Est
AD100,8tm,Cx5/Es1
Ski2s/Stm,Ox5
SkldR3/Stm, Cx5
Ski6/Stm,Cx5
SkigR1/8tm,Cx5
Stm,Cx5/Est
Stm,Cx5/Ey,A14
Stm,Cx5/Ey; s/s
Stm,Ns/Est

© Stm-Est/+NDJ

Stm-Skl4-Es/« NDJ
Stm-Skis/+NDJ
StmR1/Es1

StmR2/Esi

StmR5/Est

StmRe/Est

T{Y;:3)

T(Y:4}

T. brevicornis

T. confusum {apt,mas,st)
T. confusum {b,au,lod,p)
T. confusum {PRC}

T. freemanl

T. madans

tar

tib

Tiw-1

Tiw-1 {iso 43)
Tiw-t{iso 43) pink
Es/tr

tr

Ey,ub/Es,ub

ub

ub, ab

ub,g

ub,pas30
Quiny{ub,mxp,apt,mas,pas)
ve

ue,ab,msg,p,mxp,apt,pasdd

Utx(New)

TIB-35A

Manhattan, Kansas

Manhattan
Manhattan
Manhattan
Manhaltan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhaitan
Manhattan
Manhattan
Manhaitan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhatian
Manhattan
Manhattan
Manhattan
Manhattan
Manhatian
Manhattan
Manhattan
Manhattan
San Bernadino
San Bernadino
P.R. China
Japan
Manhattan
Manhattan
Manhattan
India
India
India
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhaltan
Manhattan
Manhattan
Manhattan
Manhattan

A10,mxpA10/Utx1,mxp,apt Manhattan
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H. W. Beeman Laboratory

Utx1
Utx1
Utx
Utx1
Utx2,8tm
vwe

vwe

vwe

w
X{ab-1s}
X{ab-2s}
X-31
X-31 peari s.l.
X-47
X-83

Ultrathorax

Ultrathorax

Uitrathorax

Ultrathorax

Ultrathorax 2, Stm {cls)
vestiglal wings and elytra
vestiglal wings and elytra
vesliglal wings and elytra
white eye

Lethal revertant from ab

lethal revertant from ab stock

lethal 31
lathal 31 with pear
lathal 47
Lethal 83

Stock Lists
August 12, (994

MR NNWD RN MDMOD N/ DR

Ip68/UIxt ,mxp,apt
Utx1,mxp,apt/mxpX9,Est
Utxi/Es

Utx1/Utx1
Utx2,Stm/Es1
vwe/Dch3

vwe/Es
vwe/Stm,Ag4

w

Dch3rX{ab-1s)
3P2rX{ab-2s)
X-31/D¢ch3

X-31 pearl s.l./Dch3
X-47/Stm,Ag4
X-83/Stm,Agd

154)

!

UE  [FAAS,

15

Manhattan, Kansas

Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
Manhattan
San Bernadino
Manhattan
Manhattan
Manhatian
Manhattan
Manhattan
Manhattan
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SAN DERMARDING, CALIFORNIA
CALIFORNIA GTATE UNIVERRITY
BIOLOBY DEPARTHENT

I, Iriboliem anaphe
1, Wild
2. Splprps D)

I1. Tribolium auday

111, Tribolius brevicornis

I #ild
. Wild
. Bild
. spl

e Led B3

1¥. Tribolium castaneus

f. Bild type strains

1. Chicage

2, Lonseio

4, Davis

f. Florida

8, Hebill

i, FIL

12, Sacramenin

14, Tesas

16, Veracruz

17, Virginia

{9, Synthetic ! thas 5}
20, Bynthetic 7 {no body coleorl
23, Hew York UFF

4, San Bernardine

5. LB-4 {from New York)

8, Hulanis
{. Bex-limked

26, dve--divergent elytra
30, pd--paddle
M. ple
36 py--pygEy
3, r--red

]
3. 7 o~-red
94, pdy r--paddle, red

r

Stock

Riverside, 1949
igaho 1973

Lists

San Bernardino, 1977

fark, 1935
Spain, a%48
havis, Ca, 1981
Ball, 1970
Stanley, 1958

)

1961
1938
Hexico, 1963

Prepared 1938
Prepared 195

1974 :

1974

1974

Chazy, 1939
Park, 1955
Berkeley, 1943
Chazy, 1939
Chazy, 1999

Berkeley

38, py, by M --pyesy, red, red andifier

9. ry sp--red spotted
8i. pd, pte-—paddle, platinua eye

TIB-35A
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futosonal
© &3, p--pearl 11 HNew York 1974
3
64, p --pink U Chazy, 1959
6%, p pearl I ' Bark 1953
8
bt g pearl 11
7h, au--aureate III
78, b--black 11
§-1 .
81, B -- black, Brazil
82, b--black Chicago 1933
g4, b--black MeBiil 1959
85, b--black HeGill via Hew York, 1974
84, b—-black NAGA 1999
. B8, B--black synthetic (Chicago/Mchilll
90. Lhr--Eharcoal 111
91, lod p--light ocular diaphrage, pearl 111,11
¥4, msg--melanctic stink glands 111
74, at--mottled I
t
98, b --tawny II1
{05, fas-2--fused antennal sepaents-2 1V
107, ap, ju--antennanedia, juvenile urogomphi
113, s--sooty {Berkeley synthetic backgroundd IV
114, s--czooty iMNew York) IV
135, j=-jet ¥
KR
134, § --jet ¥
13%, ac--microcephalic ¥ Chazy, 1959
10, me-1 microcephalic-l {eyeless) ¢ Hayward 1967
£43, faz-Ja fused antennal segeents 33 ¥ DBerkeley, 1943
48, g--parcon ¥ Purdue 1970
150, rb--ruby ¥ Berkeiey, 1942
155, Mo--Microphthalaic VI Chazy, 1939
162, sa=ca--short antensa VII Cnld Sprg. Hbr. {944
165, c--chetnut VI Purdue, 1942
168, ju-7-~juvenile urogosphi YII-1V Purdue
17, Fle--blistered elytra VII Berkeley 1942
{73, ¢, Rd Vi, it forvallis 1975
8
180, ap --antennapedia VIII Eerkeley 19462
b
184, =q --squint VIII {hazy 1959
189. apt--alate prothorax IX Berkeley 1943
192, pti--prothorasiess 1X Chazy 1959
199, ppas--partially pointed abdominal sternites Berk. 1953
196, mas--missing abdopinal sternites 11 Berkeley 1754
228, Dch--Dachs 1] San Bernardino 1974
280, fas-1--fused antennal segments-1 Chazy 1959
233: imp--incoaplete mesothoracic projectioms
238, mep--paxillopedia 11 herkeley 1965
240, fpp--Non-penctzte prothoras, & phencdeviast

17
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24%. pec--pectinate

282, sC--srar Purdue
239, w-—-shite Fardue
261, fas-8--fused antennal segeepis-R

274, Bi--Giant PIL
278, la--long abdosen PIL

280, Verarrur small
288, fas-9 fused antennal segeents-9 San Bernardino, 1973
794, pd,p--paddle, pearl I, 11
296, pd,p,b--paddie, pearl hiack I, II, 1II
297, sn,p--spotied, pearl I, I
299, py,i,p~-pygay, ivory, peerl I, I, II
01, p, au, log--pearl, aureste, light ccular diaphrags 1i,
111, 111,
2. p, au, mo--pearl, aureate, microcephalic 1Y, 110, ¥
303, pyb--pearl, Black (11, HD
304. p,au,led,nsg--pearl, aureste, light scular diaphrage,
selanotic stink glemds (11, III, 111, ITD}
306, pybype--pearl, Black, pointed elytra (11, 13,7
308, pyoc--pearl, sicrocephalic I3, W
g, pys--pearl, sooty I, IV
312, py3 Npp--pearl, jet, Mon-punctate prothorax II, V
385, p,api.Ho--pearl, alate prothorax, Hicrophthalaic I,
i1, ¥
5. pymac--pearl, sissing abdosinzl segmente 13, 11
&. py kpp--pearl, knobby protherax I, 11
7. pyaa--pearl, shbreviated appendages iI, V
2. peFas-4,k-~pearl, Fused antennal segments-4, black iI,
?, 11
15, mep,s--sarillopedia, sooby 1%, 1V
414, 8y, s--aureate, sooby 11,1V
#1%. hy s--hazel, sooty III, BV
478, r©, Npp--chestnut, Nonpunctate prothorax VIL, 2
839, au,Bpp--aureate, Honpunctate prothoray 118, 7
434, au,sc--aureate, sicrocephalic I1I, ¥
442, D4 s, Mg--Deforaed, sooty, Microphthaleic 7, 1¥, VI
444, i,lod,Mo--ivory, light orular diashraga, Microphthalaic
17, II, V1
445, i,ppas-ivery, partially pointed abdoa. sternites 11, 7
438, Chr,ap--Charcoel, antennapediz 11, VIII
459, au,ble--aureate, blistered elytra 1iI, VII
ELL P
5. p fp il
442, mas, sC--micsipg abdosinal segeents, sicrocephalic I,V
459, i led--ivory, light ocular diaphrage IT,111
470. lod,rh--light ocular diaphrage, ruby 111, 7
473, tas-b--fused antennal segments-b

3
3
3k
32

Y. Tribolivg confusus

Wild type =trains

1. Chicago Fark, 1955



July, 1995 Stock Lists
2, Chicags via Sokal, 1975
3. McBill via Hchonald
4, HcBill Staniey, 1938
3, Hew York 1961
h. Sarramento
7. San Fernardino 1948
B. Yugoslavia 1973

Synthetic strains
1, Berkeley

Hutant sirains

apt--alate prothorax 1

apt,fas-2--alate prothorar, fused antennal segaments-2

b-klack  III

b,cas,p~~hlack, creased abdosinal segments, pearl

bylud,p--black, light pcular diaphrage, pearl

byp--biack, pear]

byrus--black, ruby spat

b,ruscspl--black, ruby zpot, split

bytua--klack, twisted abdomen

b-Z--black-2

b-2/% MeBill--synthetic Black

bl,ri--black Iagreb, red Jagred

{black strains from Carlisle, Pa., Chicaga, Donner lab,

Beorgia, McBill, Sault Ste. Marie, Winnipeg and Yegoslavia)

b-Lhicago/b Hohill--synthetic blark

b-fegill, fas--black, fused antennal segaents

b-Begill,p--black, pear]

bG8, spl--black, =plit

ble--tlistered elytra ¥

ble,e--blistered elytra, shony V,Y

car,p--caraine, pearl

rag--creased abdominal cegeents [

cla-tlaret

cru--cruppied 1

dpe--dirty pearl eye I

gi--disioined ¥l

dt--dent {zee ush--umbilicus)

tt,p--dent, pearl

e--ghony ¥ Chicago, 1985

{other ebony alleles)

&, fas-3--ghony, fused antennal seguents-3 ¥, 7

e-2--ghony-2 {not allelic with g} I

-2, fas-1--ebony, fused antenpal segaents-|

ele--elongated elytra

ele;fas-2--elongated elytra, fused antennal segments-2

es--gyespot I '

es,fas-1--eyespot, fused antennal seqaents-

esyfas,nsg--pyespot, fuced antennal segeests sslamotic stink
glands I, 7, 111

es,fas,sti--eyespot, fused antennal seqments, sternites
intoaplete

19
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pu,fas-2--extra urpgesphi, fused antennal cegaenis-2
fas~2--fused antesnal segeents-2 11
fas-2,lod,nsg,p-—fised antennzl segments-Z, light ocular
diaphrags, melanotic stink glands, pear! 11,15, 110,11
fas~7, od p--fused zntennal zegments-2; light ccular
giaphrags pearl 11, 11,8
fac~2,@sg--fused antesnal segaents-2, melanctic stink glands
11,111 .
taz-3--fused antennal segments-3
fro—-frosted
lod,rus--1ight ccular diaphrags, ruby spot
psg--gelanotic. stink glands 11l
msg,rus--gelanptic stink glands, ruby spst 311,111
; gsg,twa--selanotic stink glands, twisted ahdomen 11,7
o ov-1ike--overshot-like
' p-pear]l 1l
p-3lough-pear]
‘ R
------ - p ——pearl ribotlavinless Ii
! r-red 1
rosh--red, chort elvira
H
r —-red
I
r ~-red from lagreb
rhy--ruby
res--ruby spot  IIl
gh=-short elytra {Berkeley}
shysp, tua--short elytra, split, twisted abdomen
gg--gplit Il
spri--split-i
twi--tuisted abdomen
thu--thuabed IV
5
thu --an aliele of thu, 1V
thu, $i--thusbed, Extra large
uab--umhilicus

VI, Triboliup destructor

Y1i. Tribolive {receani

yiil. j{iﬁgliym padens
A. Sokoloft
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Stock Lists

BEVANMAH, GEORGIA :
STORED-FRODLICT INBECTS RESEARCH aMND DEVELDFMENT LABIRATORY

I.

Ir.

Wild tvpe straing

£ e

B

21

L=

Lepidoptera
R

1. fadra cantella (Walkee) Tifton, Ga.

2. Plogia interpunctellsa (Hubner? Modesto, Ca.

E. Sitgtroga cerealella (Glivier! Manhattan, ka

' Care, - and Durham., N.H.

Coleaeoptera

1. Attagenus megatoms (Fab.) CEMA strains

20 Callasobruchus macul atus (Fabo)Fresno, Ca.

Je Lryptolestes ferrugineus (Stephens) 8. Carclina
4, Lasioderma serricorne (Fabk.) Urkrnown

G. ryzaephilus smercator (Fauvel) Unkoown

Ge Lrvzaenhilue surinamensis (L. Manhattan, Han.
7. Bhyzopertha dominica Fab.) Linknown

2. Sitophilus granariues (L. Marnhattan, Fan.
Y. 8. orvzae (L. Ark., Calif., FEan..,
10, 8. zeamais Motchulshky Eetill, &.C.
11, Stegobium paniceum (L. Madison, Wis.
2. Tribolium castaneum (Herbastd Hnknown
1%, Tribolium contfusum dual Manhattan, kan,
e Traogoderma glabrum (Herbst) Madison, wis.,

Fiverside, Ca.

Mutant strains. None

Fichard T. frbogast, Laboratory Dirsctor.
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Scuth Drange, Mew Jersey
Seton Hall University
Departaest of Hielogy
T. castansus
Bild Type Strains
Seten Hall~l
HcBill, via Califorpia State
Synthetic Strains
:E Fear] Foundation, via Purdue University

Black Foundation, via Purdue University

Wutant Strains

Paddle (pd) via Cal State B., 5.5,
Ho ko

Red (R ) Viz Cal State L., 5.5,

White (W) Vs Cal State U., &

shert antennz (cal  Via {regon Giate
Short antenne {8a)  VYia Purdue University
JIriboliuam confusug Via Carnlina Biological Supply

Eligt ¥rause
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STORRS, CONMECTICNT (4248
CRLLEGE OF LIBERAL ARTS AND SLIENCES
THE BIOLOGICAL BCIENCES GROUP

{. Tribolive brevicersiz (iwo vials)

2. Iribplium castaneus

a, Chicago
b. Yeracruz
. Berkeley synthetic, aarked with s,
d. Chicago black, b.
g, ac, p {microcephalie, pearl
t. pygay
g, Davis Low Body Weight
- b, Davis Higk Body Weight

« iribnlius confusus

Lod

2. Chicago
b, Yugoslavia
¢, Inbred {(Group L £FI1-B, culture 8d; feneration 123)
d. b,p (black, pearl
e. di, e {disjoined, ebony!
f. sh {short elytra
{£d. ).

87, PAUL, RINNEGOTA
HNIVERZITY OF MINNEROTA
DEPARTHENT OF ERTOMOLOGY, FISHERIES AND WILDLIFE

1. Wild type strains
R. Colespters strains

fergestidae
Aitagenus megatoms iF.) Madispn, Wis., 1975,

Savannah, Ba. 1974

Lists

Trpgoderea variabile Ballion tield callected, Hn. 1972

Cucujidae
fryzaephilus surinaeensis (L)
Oryzaephilus sércator (Fauvel)
Cryptolestes pusillus (Schosnherr) Manhatian Ka. 1947
grystolestes ferruninens (Stephess) Unknown
Bilvanidae
fhasverus advena Haltl, Hinnesota

23
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Teasbripnidae

Cyaneus angustus {lelonte! Yinnipen: Winnesots

Tribolive castaneus Herbst) Corvallis, Ore

Tribolive confusua duval Unkaoun

Tepebric mplitor Larolina Biplogical, 1984
fnphiidae

tasipdersa serricorne (Fab,} Savannah, Ga.
Bostrichidae

Rhizopertha domipica {F.) Hanhattan, Ka.

Prostephanus truncatus {Horm) Unknown
Curculionidae

Sitophilue graparige (L.} Unkrown

5. oryise (L.} _ #

B, Lepidopters

" Pyralidae
Anagasta kuehniella (Zeller) Savannah, 6a,
Belpchiidae
Sitptrpgs cerealella {Dliver) Sayannah, Ba.

{£d.}

Et. Paul, Hipnescta 55168
University of Minnessta

Departaent of Entosclogy
Stored-Grain Pest Managesent Program

Eight species of stored-product beetles and two species of aoths
are paintained in the laboratory. These speries include:
fngoumois grain socth, flat grain beetle, Indian aeal soth,
larger brain borer, lesser grais borer, serchant grain hestle,
red flour beetle, red flowr heetle, rusty grain heetle, rice
weevil, and zawlonthed grzin beetle.

The Angoumeis grain soth was obtained in June 1993 from
Comsunity Research Rervice, Kentucky State University, Kentucky.
All other species were obtained in January 1992 fros the
Department of Entomology, Kamsas State University, Hanhattan,
Kansas, Except for the merchant grain beetle, all species
sriginated from farm-stored grain. The origin of serchant grain
beetles is unknown.
Areas of research:

Developing and validating sampling scheses for insects
acsociated with fare-stored grais,

Eveluating nopchesical alternatives for suppressing
stored-grain traits.
Hodeting population treads of insects from life-history traits,

Bhadriraju Subrazanyas, Ph. D.

TIB-35A
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HASHINGBTON, 3.8, 20203
DEPARTHENT OF HEALTH, EDUCATION AND WELFARE
DIYISION OF HICREBIDLOGY

Lolepptera

finobiidae
Steguhi_um paniceus (L.}

fAnthrihidae
Araecerus fasciculatus {Deq.} [ppor conditiony may be dead),

Bostrichidae
Rhyzopertha dosinica (F.)

Bruchidae
Qtaﬂthnggﬁlides ghtectus {8ay)

Cleridae
Necrohia rufipes (Deg,}

Cucujidae
Bhasverus advena {¥altl)
Lryptolestes ferrugineus [Steph.). Poer condition, may he
dead.
£, pusillus [Sthon.]
L. tergicus (Browy,)
Bryzeephilus surinasensis (Linnaeus!)

Curculionidae
Sitophilus granarius {L.)
5, zeamais Motschulsky

Dergectidae
Anthrenus flavipes LeC, Weak culture
&nthrepus verbasci {Linnaeus)
Derspstes maculatus De Geer
Irogodersa variabile Ballion

Bstomidap
Gibbium psvlloides {Czemp,)
Silvanidee

Ahasverus advena  (Haltl.)
Oryzaephilus sirinagensis
Tencbrionidae
piphitobius disperinus (Panz.}
Snathocerus maxillosus (F.)
Palorus ratzeburgi {(Wisss.)
Tribelive brevicernic {Lelonte}
T. rastaneus (Herbst)
1. confusum Buv,
1. destructor Uytt.--weak cultwre, may he diseased,
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1, madens {Charpentier}

C i L,

M. Nakashima

RUSTRALIA
Buraley, Victoria
Victoria Flant Research Institute
Deparigent of Agriculture
COLEGPTERA
JIriboliua castaneus
Bild type strains
Balathion sperific resistant strain
Halathion non-specific strain

Tribolius confusun

Kild type strains
Balathion specific strain

Oryzzephilus surinasensis

Hild type strain
Halalhiop resistant strain

Oryzaephilus percator

flphitobivs disperinus

Cryptolestes ferrugineus

fnathocerus cornetyus

Enathocerus saxillosus

Latheticus oryrae

Rhyzopertha dominica

Sitophilus granariuvs

Sitophilus pryzae

Jlenebroides mauritanicus

LEPIDOPTERA
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Ephestia rautells

Ephestia figuiella

Balleria aelionella

Flodia interpunctella

P. Nilliass

Indooroopilly, Bueensland 4068, Australia
Bueensland Departsent of Primary Industries
Flant Protection Unit

Coleoptera

Oryzaephilus surinagensis

Wilg type strains
Y05 48 insecticide susceptible Victoria
Q058 42 fenitrothion susceptible  fQueensland
405 115 chiorpyrifos-methyl-R 2 fueensland

Ehyzopertha doainica

Wild type strains

BRD 349 phosphine-resistance , Bueens}and
BRD {4 insecticide susceptible Bueensland
ORD 2 sultiresistant Bueensland
BRD 43 aultiresistant Bueensland
BRD 318 pyrethroid-resistant Bueensland

Sitophilus oryzae

Bild type strains
L5 2 insectiride susceptible fueens]and

050 56 aulti-resistant Bueensi and
LS50 231 sulti-resistant W. Australias
850 388 phosphine-resistant Bueenslangd

Tribolivm castaneus

¥ild type strains .
@1 4. insecticide susceptible Bueensland
BT 279 pyrethroid insecticide resistant Bueensland
Q70 285 sulti-resistant, cosposite strain Queensland
L€ 12 non-specific malathion resistant fueensiand

81C 34 aalathion specific-resistant Sueensland
. BTC 320 phosphine-resistant dueensland
Lepidoptera fueens]and

Ephestia cautella Wild

Fatrick 1, Collins, Senior Entomologist
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AGRICULTURE AND AGRI-FOOD CANADA
WINNIPEG RESEARCH CENTRE
195 DAFOE ROAD
WINNIPEG, MANITOBA, R3T 2M9

TIB-354

ECOLOGY OF FIELD AND STORED PRODUCT PESTS SECTION

STOCKLIST
1. Acanthoscelides obtectus Phillips, Wis 1993
2. Ahasverus advena Argyle, MB 1991
3. Callosobruchus maculatus Phillips, Wis 1993
4, Cryptolestes ferrugineus "I Manitoba, MB 1991
3. Cryptolestes pusillus Lac du Bonnet, MB 1988
6. Cryptolestes turcicus 1971
7. Cynaeus angustus Minnesota, MN 1982
8. Lasioderma serricorne Winnipeg, MB 1984
9. Liposcelis bostrychophilus Winnipeg, MB 1994
10.  Oryzaephilus mercator Winnipeg, MB 1994
11.  Oryzaephilus surinamensis Landmark, MB 1991
12.  Prostephanus truncatus Mexico City, Mexico 1977
13.  Rhyzopertha dominica Manitoba 1993
14.  Sitophilus granarius
15.  Sitophilus oryzae Coal Lake, AB 1992
16.  Sitophilus zeamais "
17.  Stegobium paniceum Winnipeg, MB 1993
18.  Tenebrio molitor Winnipeg, MB 1980
19.  Trbolium audax
20.  Tribolium castaneum Manitoba 1991




duly,

1995

Stock Lists

29

21,  Culture S38 red eye
22,  Culture $351 red eye, pygmy, fused antennal
segments

23.  Culture S§156 microphthalmic

24,  Culture S136 jet (dark body)
25, Culture S113 sooty (dark body)

26.  Culture S63 pearl eye

27.  Culture S165 chestnut eye

28,  Culture S148 maroon eye

29.  Culture S38 paddle (antennae fused, flattened)

malathion-specific resistance

34,  red eyes
35.  black body

A — R
36.  Tribolium confusum Winnipeg, MB 1994
37.  Trbolium madens
38.  Trogoderma variabile
39.  Typhaea stercorea Manitoba 1991
1. Plodia interpunctella Winnipeg, MB 1990
2, Sitotroga cerealella Kansas 1982

Dr. Noel D.G. White
Section Head
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SANTA FE DE BOSGTA, D.C.,

Stock Lists
COLOMBIA

UNIVERSIDAD NACIONAL DE COLOMBIA

FACULTAD DE CIENCIAS

DEPARTAMENTE DE BIOLDGIA

APDD. AERED #1449
Iriboliua_castansum

I. Rild type strains

4, Bucaramanga

5. Cartageng .

4. Fusa

HAME ORIGIN DATE

f. RHBEC Synthetic, Bogota 1982
2. #pulo Apulo (Cund.) Col. 1982

- 3, Bogota Inst. Publ. Health, 1978

Bogota, Col. 1981
Bucaramanga, {5ant.)1981
Lartagena, Bol., Coll980
Fusagasuga, Cund. Lol 1984

7. Honda

II. Dowestic mutapts

Mutant strains discovered in Coloshia

Honda, tol. Col. 1986

KANE SYNBOL LINKAGE ORIGIN  DATE OF
: GROUP " ENTRY
N
8, &ntennapedia ap Y111 Hog. 1584
3. Argentua eyes ae i Bog 1993
{0.Bifurcated antenna ab I Bag. 1980
N
i1, Black I 5§ Bog. 1983
12, colossal pupae £p ? Eog. 1993
h
13. Tharcoal Lhr 1 Bog. 1979
14, Msjuncted elytra  ed ? Bog. 199¢
13, Fused anteanameres  af ¥ Bog. 1980
16, Blass legs py ? Beg. 1980
17. Globose antenna hg Vil Rog. 1989
18. Light eyes-} oc ? Bog. 1990
19, Light eyes-2- ? ? Bos. 1990
20, Light eyes-3 ? ? Bog. 1994
21, light eyes-4 ? ? Bog, 1993
22, Metathoratic scar  se 111 Bog. 1983
: y
23, Kiniature appendaged aa I Bag, 1984
24, Narrow eyes oje ? Bog. 1986
23, Red eyes or ? Bog. 1985
26, ¥White eye ob} Iy Bog, 1982
111, lsported mutants from Tribeliua Stock Center, 1983
: D
27. Pntennapedia ap Viil
28, Black b i1
2%, Charcoal Chr i
30. Miniature appendaged ms ]
31. MWicrocephalic i y
32, Microphthalaic Ho yi

33,
14,
35
3b.
3?!

Pearl eye
Flatinum eye
Pygay

Short antenna
Sooty

TIB-35A

p il
pte I
pY I
Sa Vil
g Iy

Fernando Nunez del Castille
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DENMARK

LYNGBY _
STATENS SKADEDYRLABORATORILN
(DANISH FEST INFESTATION LARORATORY)

Bnthrenus auseorus

A. vorax

———— N Y
Attagenus s#irnovi

A, unicolor (piceus)

A. woodroffei

Deraestes hesorrhoidalis
Lasipdersa serricorne

Oryzaephilus suripagensis
Frostephanus truncatus

Ftinus tectu

Sitophilus granarius

S, oryrae

Stegobium {Sitodrepa) paniceus
Tenebrio meliter

Ihylodrias contractus

Iribalium confusun

I. destructor

Irggndersa anqustus
T. qranarius

K. firevad and H, Wourjer

Stock Lists

31
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FRANCE
YILLEURBANE (LYON) RHONE

INSTITUT RATIONAL DES SCIENCES APPLIGUEES
LAEORATOIRE DE BIDLDGIE

A, Wild type strains

. Sitophilus granarius L.

2, 5, oryzae L.
a, FB strain {la Reunion}

b. 5Fr strain {lyon) [3b,300+3,000 ovarian sysbiotes)
€. Wstrain Villeurbane) (22,700+1300 ovarian sysbiotes)
3, 8, zea-mais Mots--fros PIL, Slough

B, Selected lines of Sitophilus oryzae

1. 558/5#r strainsaposyabiotic strain (0 avarian sysbioles)
cbtained froa Sér

2. LL strain {s]ow gevelopaent) (42,000+3000 ovarian syabiotes)

3. BR strain (fast development) 88,000+5000 ovarian sysbiotes)

P, Nardon
[No updated list availakle, £d.).

TIB-35A
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GERMAMY
INCLOEIRCHES IRSTITUT 1
(I00LGEIE) DER ALBERT LUIMIGS UNIVERSITAT

I 78 FREIBURS IN BREISGAU
EATHARINEHGTRASSE 20

Wild type strains

{. Oryzaephilus surinzeensis Freiburg
2. Tribnlive castaneus San Fernardinc
3. J. confuzus San Bernardino

Hutant strains {fll fros Sap Bernarding)
f. Iriboliue castaneun

4. alate prothoray {apt}

3, Bar eye {Be!

&. black (Brazil background}

7. black {Chicapo background)

B, Dachs {Bchy :

9, Fused tarsi and antemnae (Fia}

10, Microphthalmic (Mol

th nude (nd)

1Z. pygay ipy!

13, short antenna {sa)

14, Bhort antennz {8a-2)
15, sooty (sl

14, Bpatulate antenna {Spai
weird eggs (wd)

B. Irikoliug confucus
18, black-3 (b-3)

19, ebany {el

%, ehony-2 le~2)

21, HcBiil plack {McBi)

K. Sander

HURICH,

BAYER, LANDESAHSTALT FUR BODEMEULTUR
UND PFLANTENBAY, ABT, PFLANZENSCHUTZ
folecptera

Bruchidap——Acanthoscelides shtectus (Say)

Curuiidas--Cryptolecies turcicus Brouv.  Munich, 1764

@

© Ptinidae .
Gibbium psylloides (Czemp) Regenshurg, 1960
Plimus tectys (Bpi.) Munich, 1972

Silvanidae
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Hryzaephilus mercator {Fauv,) Hunich, 194b

L. surinasensis {L) 7197

Hunich {cont'd)

Tenebrionidae
Enathocerus cornutus (F,) HUNICH, 1946
Triboliua castapeus 7 197
T._confusup Duv. Hunich, 1960
I. destructor Uyttenh, ! 1937
Lepidoptera

Fhycitidae--Ephestia kuehniella (Iell.) ? 1945

E. Haton,

BERMANY
080333 punchen
Institut fur Zooicgie
Luisenstrasse 4

#ILD TYFE

Jriboliue castaneus

HUTARTE provided by A, Sckoloft

Tribolium castaneus
Bar eye, sooty (e, s}
Black, microcephalic pearl (b,mc,p)
Hicrocephalic f{ac)
Microcephalic aureate {mc, aul
Hicrophthainic (Mo)
Sguint {sg)

Tribalius confusus
Diainished eye {dim)

Marcus Friedrich
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iv Uni . I 3
T '}‘ ]o a! El;x-

{Note . TSSO Tribolium Stock Center, San Bernardino, Calif.)

T.castaneun

Wild Type Strains : Crigin

CS++ Ishaava Israel,before 1972
CTC~12 (Insecticide resistant) Slough {(England), 1977
Kano C (Malathion resistant) Slough {England), 19877

Mutant Strains

CS bb Stony brook, 1970

EU++ {(extra urogomphi) Derived from CSbb, 1973
CSme (microcephalic) Derived from PPxbb, 1879
S Paddle _ TSC, 1988

CS Pearl TsC, 1977

CS Pygmy TSC, 1878

T.confusum

Wild Type Strains

CF Chicago T8C, 1877
CF Tarovet Israel, 1994

Mutant Strains

CF bb Stony Brook, 1970
CF x]1 (extra large) TsC, 1979
7.1 . .
++ (Riverside) TSC, 1879
. T.freemani Japan, 1982

Ijrw iD LL!(:'L'\’[..
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MEW DELHI
INDIAN ABRIC, RESEARCH
DIVISION OF ENTOMOLOGY
INSECT GEMETICS LAR.
BTOCK LIST

STRAIN

1. Malathion-—-reszsist,
2. lindane~resist.

A, DDT-RESIGTANT

4, pivimiphosmeathyl
oresietant

. phosphine-resistant

A, delta-mathrin resist

TIB-35A
Stock Lists

IMsTITUTE

FESIET
LEMVEL REARING MEDIA

00 common whaat 1 our
charged with tech
malathion.

RS ERIa . wW. t. chargsd with
tech. lindane

vy 1 £30) C.w.t. Charged with

tech ddt.

FEXIO0 CLBLF. CHARGED WITH
tech. pirimiphosmehhyi

Lo Caaf.
F2E19.3 et ehargecuwi th

tech deltamethrim

2. Fh Catwieta

7. Ffenitrothion—-resist.

H. susceptible - Catdafa
P. black mutant - a
Tribkolium copfusum

13, susceptible . Cabiafa
11, migrat- melanic mutant - "

J.0, Darena.
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JAPAN

NATICNAL FOOD RESERRCH INSTITUTE

BINISTRY OF ASRICULTURE, FORESTRY AND FISHERIES
2-1-2 KANNONDAL, YATABE-NACHI

TSUKUEA-GUN, IERRAKI-KEN 345

Feotoptera
Liposcelidae
Liposcelis bestrychophilus Badonel - Wild

Liposcelis entomnphilus (Enderleinl  Hild

Trogiidae

Lepinotus retirulatus Endelein Bild
Colegptera
Anobiidae

Lasioderama serricorne {Fabricius) Wild

otegobiue paniceun fL.) Wild
Ftinidae

§ibbium equinoctiale Hoieldieu Bild
Rastrichidae

Ehvzopertha deminica (Fabricius) ¥ild

Dingderus minuius {Fabricius] Bild
Cucujidae

Cryptolestes turcicus Wild

Cryptolestes pusilloides (Steel & Houe Wild
Silvanidap

dryzaephilus surinamen sis iL.) Hild
Tepebrionidae

Aiphitobius diaperinus {Panzer) wild
Gnathocerus corputus (Fabricius) Hild (Dkavama str.)

Palorus ratzeburgi (Wissmanm) Hild
Jribolius castaneun [Herhbst) Wiid
1. confusup Jacquelin du Val Wild
T freeaani Hinton ' Wild
= Tenedric molitor L.
------- : Bruchidze
‘ Callesghruchus chinensis (L) Hild
fnthribidae
Arzecerus fascitulatus Degeer Wiltd
i Ehynchophoridag
= Sitophilus reasmaiz Motschulsky Wild
? Sitophilus oryzae {L.) Hild
Lepideptera
Pyralidae
Echestia cautella {Halker) Wild
E. kuhpiella {Zeller) Hild
Pladia interpunctella Rild
Lorcyra cephalonica Wild
Belechiidae
Sitotroga cerealells (Dlivier) Wild

H. Nakakita  H. Ikenags
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Stock
BRAYARA
LARBRATORY OF APPLIED ENTOMOLDGY
COLLEBE OF ABRICULTURE
OKAYAMA UNIVERSITY
1, Hild type strains
COLEDRTERA
I, piphitobius diaperisus Miyazaki
2. fallpsphrechus chinensis (kzyama
3. €. maculatus
4. Bpathpeerus cornutus Miyazaki
b Lasioderes serricorne fkayara
b, Lathetirus pryzae Hiyazaki
7. Bryzaephilus surinasensic Biyaraii
8, Palorus ratzeburgii : Hiyazaki
9. P._subdepressus Miyazaki
1¢. Rhvgorertha dominica Mivazaki
11, Bitophilus oryzae Okavana
12, 5. zeamais Okayama
13, Tenebrin molitor Dkayana
14, Tenebroiges mauritanicus Jkayasa
15, Jriboliue tastaneus Mivazaki
{6, 1, confusua Hiyazaki
17. 1. freesani
HYMEXOPTERA
L. Anisopiereaalus calandrae Okayana
2. Chostespila eleqans [BEVELT:
3. Lariophagus distinouendus Dkavama

Tnshiharu Yoshida

INSTITUTE OF BIMMOBICAL SCIENCES
URIVERSITY OF TEUKHEA

" BAKURA-MURA, TDARAKI

MH-31 JARAN

Bruchidae

Eallosebruchus chinensis

13 wild type strains from different localities in Japan
and abread

Hlack colored sutant derived from Shusenji strain.
¢l Mainland Ehina
f€  Fukushisa, Japan
ht  Hirosaki, Japan
k16 Hirpsaki, Japas

Lists

TIB-35A
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& Kyolo, Japan, 1934

s Moricka, Japen

nf  Niigata, Japan, 1954

pt Punjab, India

sChl Shusenii black sutant

t€  Tokyo (Nishigahara, Nat. Inst. Agr.{, Japan
tal Tsukuba, Japan

talZ Tsukuba, Japan

tel Tsuksha, Japan

yC  Taisha, Japan

C. maculatus
12 wild type strains fros different lecalities in the
worid,
al  U.5.A. (probably Lowisianal.
B9  Bures .
c@  Fresno Labk., USDA, Calif., 4.5.A.
el Thailand
f8  Thailand
gl Chio, U.5.4,
r
tf Tel Aviv, Israel {Dept. Plant Prot., Stored Prod. Res.
Hes. Lab,
k@ EKyotn, Japan
#8  Kansas Slate Univ., Marhattan, K3, U.5.A.
sf  Savannzh Lah, USBA, georgie, U.8.4.

g, analis Fros United Kingdoa
€, phasenli Froam Unites Kingdon
Isbrotes subfaciatus From Africs
franthoscelides obfectus Fros Dalifernia, U.5.4.
Hymenoplera '

Eratonidae

Heterpepilus prosopidis from Hawaii, WLE.A.
Pteromalidae ‘

fAnisopierpaalus calandrae,  dapan

Lhastozpila plegans from United Kingdos
Mnaraus basalis fros India

k. flijit
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PEQPLE’S REFUBLIC OF CHINA

feijing
Beijing Agriculiural University
Dept of Animal Science

Tribpliug castaneus

‘T_ﬁ{fd type straing

1, Base population for quantitative penetics, Guelph, 1987,

2. Inbreeding line~-Beijing, 1987
Mutant strains: pygay

1., Base population saintained with no artificial selection

and ginisug of inbreeding—-Buelph, 1987

2. Inbreeding line--Heiiing, 1997,

Lap Zhang

SPAIN

HADRID

IHSTITUTO HACIONAL BE INVESTIGACIGHES ABRARIAS

DEPARTAMENTO D GENETICA CUANTITRTIVA Y MEJORA ANINAL

Tribolium castanpus

A, wild type strains

1, Consejc £.5.1.C. Madrid, Spain
2. Purdue Furdus, USA,
3. Edinburgh | Edinburgh, Scotland

4, Edinburgh 2 Edinburgh, Srotland
9, Caspanario | Campanarin, Spain

. Coronada Lz Coronada; Spain
7. fndujar fndujar, Spain

8, Jerez Jerez, Spain

%. fsuna Gsana, Spain

i, Carpio Carpio, Spain

1, lafe datn, Israel

12. Beer-Sheba keer-Sheba, Israel
E. Hutant type sirains

{3, Black Purdup Purdue, USH,

1944
1954
1970

191
1973
1974
1975
§973
1975
1975
1975
1973

1944

Stock Lists

TIB-35A
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C. Experimental lines
driginated fros the *Consejo” sirain and selected for eqg
laying perforaance through 42 generations

cefected for

at

33
3
28
a8
38
K
33
24
28
18
38
33
33
33
33
24
23
28
2
38

I8

14, AK-1 high perforaance at
19, AR-11 ? :

th. AF-1 ! :

17. AF-11 : :

18. AT-1 * ¥

19, A¥-11 : .

2%, BN-I low perforpance at

21, BF-1 # *

22, BF-11 : *

23. B7-1 ? ’
.24, BT-11 ! .

23, R8-1+  high cross perforsance
26, SN-11 . * *

7. RN-I1 = ’ #

28, SN-T1 " ! :

29, RF-1 ’ " '

30, §F~1 ! ? "

3. RF-11 ! ¢ :

32, BF-11 # : "

33 RI-1 : * !

34, §7-1 : : ®

3o, RI-11 high cross perforgance
Jb. ST-11 " ! b
37, €781 high perforaaace at diféf, levels
i, CTp-11 " ! o
34, DTB-1 ¢ ’ S
40, 0TB-11  ° " =
4. BT} i ! Lo
42, ETR-11 ¢ * oo
43, FTD-1 ! * ! '
34, FTB-11 ¥ " o

D. mutants
45, antennapedia ap, VIII

46,
41,
43,
49,
3.
2l
a2
ol
GL N
.
b,

.

difereacial M, IV
fused antennal segments-2 fas-2
ivory 1 0¥

paddle, pé i

pearl p 1l

pegleg pg 1l

pyamy py I

rose rs |

ruby b ?

short elytra sh V]
squint sg Vil
white w 7

W

Stock Lists

Teasperature (ol}

bt

of selection

= = = =
s

Furdue, 1944
Purdue, 1944
Sokoloff, 1948
Purdue, 1944
Furdue, 1964
Sckolotf, 1948
Purdue, [958
Purdue, 1968
Purdue, 1744
Purdue, 1964

Purdue, 1984
Purdue, 1944

41
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W
38, wing r 1 Purdue, 1948
39, eye autant 7?7 Madrid, 1947
G, sarpon & ¥ Furdue, 1977
51, aelanctic stink glands-—like Madrid, 1948
52, spoty & v Sokolotf, 1977
63, chestaut c VI Sokploff, 1977
54, sicrocephalic ac ¥ Sokolett, 1977
45, Microphthalaic Mo Vi Sokoloff, 1977
Pk
b6, pink 11 Sokoloft, 1977
47, Bar gye Re IV Sckoloff, 1977
88, prothoraxless pil i Soknloff, 977
§9. light ocular diaphrage iod Il Purdue, 1948
76, dlack B 1IN Soknloff, 1977

Tribolium confusua
A, Wild type strains

71, Coronada La Coronada, Spain
B, Mulants

72. creased abdcwinal sternites cas Il Sokolofs, 1948
73. ebony-2 e-2 Il Soxoloft, 19468

Ma. §. Fuentes

UNITED KINEDOM
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CENTRAL SCIENCE LABORATORY

Insect Cultures Order Form

NAMOI et s et e eeee e e s eeeeeeee e eoeo e
AAAISS: ottt sttt e e et eeeee e
Tel NO! e e, Fax No: e,
. . Live/ Adult/ .
Species Quantity Dead Larvae Price
Subtotal
(Note: VAT is not payable for orders paid from outside UK) VAT
Post & Packing 2.50
TOTAL
Latest date required: (see note about availability): oo
SIZNAtUre: ....c.coovevmverecereeise s, ereenrre e ree s ntnen e Date: ...cccovvvnviiririin
Please send or fax this order to: Mrs C Trowe
Central Science Laboratory
London Road
SLOUGH, Berkshire, SL3 7HJ UK
Fax; 0753 824058

International code +44 -753 824058

(Cheques payable to Central Science Laboratory)
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Number of insects per culture, charged at £50 + VAT
Cockroaches 100 sexed insects

{"harach’s ants - Colony of 6-10 queens plus several
tundred workers

50 insects {minimum) of mixed sexes

RBeetle, moth, silverfish and
except for parthenogenic psocids

peocids.

(Gume species may be charged
at a higher rate because they
require special handling or
are in limited supply).

Prices for aphid cultures are available on request.
Please add £2.50 to vour order for postage and packaging.
payments must be made in Sterling.

Chegues must be made payable to Central Science Laboratory-

Regular orders can be supplied under commercial contract.

Customs and Quarantine regulations
Overseas customers are requested to include any necessary licences or documents

with their request.

Other services
« Identification - CSL runs courseson identification and on storage and
public health pests. We run an identification service and a wide range of
insect identification cards is available. Apply to the Librarian at CsL
Harpenden (address below) for 1dentification cards.
«  Advice - on the care and maintenance of caltures can be provided.
. Mites - CSL can supply cultures of mites, for which a separate leaflet

i available.

Contacts

Mrs C Trowe or Mrs S Henderson The Librarian,

Central Science Laboratory, Central Science Laboratory,
MAEF, L.ondon Road, Stough MAEF, Hatching Green

Berks, L3 7H] UK Harpenden, Herts, AL32BD UK

Telephone : 0733 334626 Telephone : 0582 71524
nternational code #4733 334626 International code 3 -528 7152417
Fax: 11733 824058 Fax: 0582 762178
[nternational Fax: e STED R2A05K International Fax: ~44 -382 762178

CENTRAL SCIENCE LABORATORY

Insect Cultures

Over 100 mwmnmmm of stored product and
public health insects available

e
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Species currently available

Coleoptera

Ahasverus advena

Alphitobius diaperinys
Antlhrenocerus australis
Anthrenus flavipes

Anthrenus flavipes seminiveus
Anthrenus picturatus hintoni
Anthrenus sarnicus

Anthrenus verbasci

Attagenus brunneus :
Attagenus cyphonoides

Attagenus fasciatus cinnamomeus
Attagenus insidiosus

Attagenus pellio

Attagenus rufiventris

Attagenus smirnopi

Attagenus unicolor canadensis
Attagenus unicolor japonicus
Atagenuts unicolor simulans
Attagenus unicolor wiicolor -
Attagenus woodroffei

Attagenus fasciatus fasciatus
Callosobruchus maculatus
Carpophilus dimidiatus
Carpophilus dimidiatiis pearl-eye mutant
Carpophilus hemipteris
Coelopalorus foveicollis
Cryptolestes capensis

Cryptolestes ferrugineus
Cryptolestes pusilloides
Cryptolestes pusillus

Cryptolestes pusiltus fuscus
Cryptolestes turcicus

Cryptolestes turcicus red-eve mutant
Cryptolestes ugandac

Dermestes ater

Dermestes frischi

Dermestes haemorrhoidalis
Dermestes lardarius

Dermestes maculatus

Dermestes maculatus pearl-eve mutant
Dermesies macnilatis black-brown mutant
Dermesles poruvianus

Gibbium aequinoctiale

Guatocerus cornufus

Guatocerus maxillosns

Lastodermn servicorne

Lasiodcrma serricorne vlack mutant
Latheticus orvzae .

Meziuwm affine

Meziunt americanum

Niptus hololeucus

Oryzacphilus acuminatus
Oryzacphilus mercator

Oryzacphilus surinamensis
Oryzacphilus surinantensis smail mutant
Palorus cerylonoides

Palorus ficicola

Palorus genalis

Palorus ratzeburgii

Palorus subdepressus
Prostephanus truncatus
Pseudeurostus hilleri
Ptinus clavipes

Phinus exudans'

Ptinus pusillus

Ptinus sexpunctatus
Ptinus tectus
Rhyzopertha dominica
Sitophagus hololeptoides
Sitophilus granarius
Sitophilus oruzae
Sitophilus zeamais
Sphaericus gibboides
Stegobium paniceum
Stethomezium squamosiom
Tenebrio molitor
Tencbrio ebscurns
Tipnus unicolor
Tribolium confusum

Triholium anapie
Tribolivm audax
Tribolitom brevicornis
Tribolivm castancim
Tribolinm castancien black mutant
Tribolivm destructor
Tribelium freemuani
Tribolium madens
54.%26%2:.5 %3?.::..” .
Trigonegenius particularis
Tragoderma angustum
Trogoderma andhrenoides
Trogoderma glabrum
Trogoderma granarium
Trogoderma grassmani
Trogoderma inclusum
Trogodernta irroratum
Trogoderma ornatum
Trogoderma sternale plagifer
Trogoderma variable
Trogoderma varium
Typhaea stercorca

Dictyoptera

Blatta orientalis
Blattella germanica
Diploptera punctata
Periplaneta americana

Lepidopiera
Ephestin cautella
Ephestia kuelmiclla
Galleria mellonella
Plodia interpunctelin
Sitotroga cercalella
Tiuea pelfionclla
Tincoln bisselliella

Thysanura
Lepisma saccharing

Hymenoptera
Monomoritn pharaonts

Psocoptera

Liposcelis bostrychophila
Liposcelis subfuscus
Liposcelis paefus
Lepinotus patruelis
Trogiunr pulsatorin

Hemiptera

Aphis fabac

Aphis gossypii
Brevicoryne brassicac
Macrosiphum cuphorbiac
Myzus persicac
Nasonovia ribisnigri
Phorodon Iannldi
Rhopalosiplum padi
Sitobioir avenne

Availability

Please give two weeks notice.
Although most species can be
supplied within two weeks, those 1l
breed slowly may take longer to
supply.

We will advise you if there is tikely
be a delay. y
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CENTRAL SCIENCE LABORATORY

LONDON ROAD TEL: 44 1753 534626

SLOUGH FAX 44 1753 82405
BERKS UK : '
SL3 7H]

Insects mentioned below are bred in controtled environmental conditions and , as far as
possible, free from disease. All new stocks pass through a quarantine procedure before
acceptance into the main insectary. This list was last updated January 1995. The country of
origin.and year of receipt at this laboratory are shown against the strains where this
information is known, For some of the older strains such information is not known. Please
note that some strains do not have a name, especially if only one strain of a species is held.
Where more than five strains of a species are held, full details are not given. (However, full
details of all mutant strains held are given). Please write to me or Carol TROWE for further
details on any aspect of this list and with any requests for specimens. The latter will be met
where sufficient are available, but a charge will have to be made.

CHRISTINE B MUGGLETON (Mrs)
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INSECT DATABASE FOR TRIBOLIUM INFORMATION BULLETIN

Genus , species, sub-species.

COLEOPTERA

Ahasverus advena

Alphitobius diaperinus

Anthrenccerus australis
Arthrenus flavipes

Anthrenus flavipes seminiveus
Anthrenus picturatus hintoni
Anthrenus sarnicus

Anthrenus verbasci

Aftagenus brunneus
Attagenus brunneus
Aftagenus cyphonoides
Aftagenus fasciatus fasciatus
Altagenus fasciatus cinnamomeus
Aftagenus insidiosus

Attagenus peliio

Aftagenus rufiventris
Aftagenus smirmovi
Attagenus unicolor canadensis
Aftagenus unicolor japonicus
Aftagenus unicolor simufans
Altagernius unicolor unicolor
Attagenus woodroffei
Attagenus woodroffel
Callosobruchus maculatus
Carpophifus dimidiatus
Carpophilus hemipterus
Coelopalorus foveicollis
Cryptolestes capensis
Cryptolestes ferrugineus

Cryptolestes pusilloides
Cryplolestes pusiflus
Cryptolestes pusiffus fuscus
Cryptolestes turcicus
Cryptolestes ugandae
Dermestes afer

Dermestes frischii

Stock Lists

Strain

6 strains from 2 countries,
many differing in their
susceptibility to pesticides

6 strains all from Britain, many
differing in their susceptibility

o pesticides

Wiltshire

Canada
Spain

Sweden
Fintand

24 strains all from Britain,
many differing in their
susceptibility to pesticides

Place of origin

Britain

Russia
Britain
Britain

Spain
Tashkent
New S. Wales
Bolswana
Kenya
Britain
Botswana
Kenya

N. America
Japan
USSR

Sweden
Finland

UsA

Trinidad

Canada
Trinidad
E. Africa

Britain
Nigeria

Year
received

1933

1977
1966
1951

1976
1972
1965

1950
1970
1962
1980
1958
1976
pre 1958
1978
1665

pre 1858
1962
1972
1961

1944

1960
pre 1958
1954
1953
pre 1958

47
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Dermestes haemorrhoidalis
Dermestes lardarius
Dermestes maculatus
Dermestes peruvianus
Gibbium aequinoctiale
Gnatocerus cormutus
Gnatocerus cormutus
Gnatocerus maxilfosus
Lasioderma serricorne
Latheticus oryzae

Mezium affine

Mezium americanum
Niptus hololeucus
Oryzaephilus acuminatus
Oryzaephifus mercator
Oryzaephilus mercator
Oryzaephilus surinamensis

Palorus ceryionoides
Palorus ficicola
Palorus ficicola
Palorus genalis
Palorus ratzeburgii
Palorus subdepressus
Prostephanus fruncatus
Pseudeurostus hilferi
Ptinus clavipes

Ptinus exulans

Ptinus pusillus

Ptinus sexpunctatus
Ptinus tectus

Ptinus tectus

Ptinus tectus
Rhyzopertha domirica

Sitophagus hololeptoides
Sitophilus granarius

Sitophilus oryzae

Sitophilus zeamais
Sitophilus zearnais
Sphaericus gibboides
Stegobium paniceum
Stethomezium squamosum
Tenebrio molitor

Stock Lists

Chittagong

9127 Pickering

54 strains from 4 countries,
many differing in their
susceptibility to pesticides

1168

1178

Wild

PICL

Birkenhead

7 strains from.3 countries,
many differing in their
susceptibility to pesticides

11 strains from 3 countries,
many differing in their
susceptibility to pesticides

5§ sfrains from 4 countries,

many differing in their
susceptibility to pesticides

US.A,

Britain
Britain
Chiftagong
Britain
Britain

Britain

Britain
Sri l.anka

Britain

Turkey
Tanzania
Britain
Britain
Britain
Britain

Britain

Trinidad

U.S.A.
Britain

Britain

TIB-35A

1962
pre 1858
1975
1861
1937
pre 1958

pre 1958
pre 1858
pre 1958
pre 1858

1960
pre 1958

pre 1958
1994

1960
1956
1981
1940
1954
1971
pre 1958
pre 1958
1975
1860
1975

1972

pre 1958
1682
1976
1959
1976

pre 1958
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Tenebrio obscurus
Tipnus unicolor
Tribolium anaphe
Tribofium audax
Tribolium brevicornis
Tribolium castaneum

Tribolium confusum
Tribolium confusum
Tribolium confusum
Tribofium destructor
Tribolium freemani
Tribolium madens
Trigonogenius globulus
Trigonogenius particularis
Trogoderma angustum
Trogoderma anthrenoides
Trogoderma glabrum
Trogoderma granarium
Trogoderma granarium
Trogoderma grassmani
Trogoderma inclusum
Trogaderma irroratum
Trogoderma omatum

Trogoderma sternafe plagifer

Trogoderma variabile
Trogoderma varium
Typhaea stercorea

THYSANURA
Lepisma saccharina

LEPIDOPTERA
Ephestia cautella
Ephestia cautella
Ephestia cautella
Ephestia elutella
Ephestia elutella
Ephestia kuehniella
Ephestia kuehniella
Ephestia kuehniella
Galleria melionella
Galieria melfonella
Plodia interpunctella
Plodia interpunctella
Plodia interpunctella
Flodia interpunctella
Sitotroga cerealella
Sitofroga cerealelfa
Tinea pellionelia
Tineola bisselliella
Tineola bisselliella
Tineola bisselliella

Stock Lists

8 strains from 3countries,
many differing in their
susceptibility to pesticides
W-44

f.ab. susc.

African

Datchet

Brown/Yellow
Bedstock

Lab,

Miliwall

Welsh Buffer Depot
Rhydymwyn

B
88
121
102
823
AB8

U.S.A. Lab. strain
U.K.Wild strain

Kenya
Nigeria
Canada
USA,

Ethiopia
Japan
Yugoslavia
freland
Kenya
Germany
US.A
USA,
Britain
Britain
U.S.A.

Egypt
U.S.A.
New Mexico
U.S.A.
Korea
Britain

Britain

Cyprus
Florida

Britian
Britain
Britain
Britain
W.S.A.
U.S.A,
Turkey
Britain
Chicargo
Tanzania
U.S.A
Nepal
Britain

Britain

pre 1958
pre 1958
1956

pre

pre

1969

1962
1968
1980
1959
1961
1962
1975

1957

1959

1958
1976
1958
1958
1974
1966
1965
1970

. 1980

1978

1969

. 1868

1688
1949
1992
1987
1977
1968
1977
1977
1672
1981
1988

1989

49
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MUTANTS

Carpophilus dimidiatus
Crypfolestes turcicus
Dermestes macufatus
Dermestes macuiatus
Lasioderma serricome
Oryzaephilus mercator
Oryzaephilus surinamensis

Tribolium casfaneum

Stock Lists

pearl-eye
Red-eye mutant
Black-brown
Pearl-eye

Black mutant
0779 pearl-eye
smali

484 -sp eye,lod

484-sp eye
484 black dd
black

Australia

Australia

USA.

Pacific Isfands
East Pakistan
speckled eye, light
ocular diaphragm
speckled eye

TIB-35A

1964
1964
1975
1978

1964

1994

1983
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SLOUGH, BUCKS, U.E. :
TROPICAL DEVELDPHENT ARD RESEARCH INSTITUTE {(FORMERLY TPD)
STORASE DEFARTHENT

OVERSERG DEVELOPHENT ADNINISTRATION

PEST BIDLOGY AND INSPECTION SECTIEN

TROPICAL DEVELOPMENT AND RESEARRCH INSTITUTE (TDRD)

The Tropical Bevelopsent and Research Institute {TDRD) was
formed I April, 1933, following the asalgamation of the Tropiral
Products Institute and the Centre for Overseas Pest Research,
The Birector of the Institute is Dr, Malcele Thain who was
formerly Iirector of the Fropical Freducts Institute,

The Institute, part of the Overseas Development Adsinistration
and funded from the aid programse, will provide technical
assistance {o developing rountries. The budget will total over
eight aillion pounds in the financial year 1983/84,

DRI will continue to work on post-harvest technology and pest
end vector managemeat for the besefit of developiag countries,
by controlling the pests harsful to agriculture, stored products
and public health, and by isproved processing, storage and
marketihg of agricultural fisheries products.

The main epphasis of its work in scientific recezrch and
tevelopeent, marketing, information, advice and training will
centre o the inprovemest of food supplies in accordance with
the saior objectives of the Britich overseas aid prograeze.
Work wili also continue on certain mon-food crops of particular
impertance to developing countries, These activities will he
carried gut, as at presest, in the UK and overseas in countries
throughout the develeping world,

Since post barvest technology and pest and vector manapesent are
broad and varied subjects, TORIwill concentrate its activities
in those areas where it has a cosparative advantage in teras of
experience; knowledge and cost-effectiveness. Close copperation
#ill continue with governeent organizations, universities and
Industry in developing countries, the UK and other
industrialized countries, and with sultilateral and bilateral
aid agencies,

Requests from developing country govenments qualifying for
British aid wiil be channelled through the Gverseas Developaent
Aoministration, which may cosmission TDRI to carry out the work
if it lies within the scope of its terss of reference, and if
respurces are available. In addition, TDRI may, subject to the
clzies on its resowrces comsissinned by DA, acrept contracts
for relevant work on behalf of develeping countries from
suitilateral aid agencies and other organizations.
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TORY i= based in London, aithowgh relocation to a new site
cutside the ceptral London ares is under consideration, It
turrently employs over 430 staéf.

fequests for iﬁ§srmatiné, advice, investigations or training
should he sent to:

The Director

Tropical Developeent and Research Institute

G6~62 Gray’s Inn Road

Longon HCIX BLU

England {Telephone (1-24Z 3412}

A1l stocks are maintained at 77 degrees restigrade and 70% R.H.
The stocks listed below are those curreptly saintained for
pngoing research projects, Other storage pest species are kept
in culiure from tige to tise for training ar short research
nroiects,

1. Bild type_strains
h, Coleoplera

Bpetrichidae
i. Prostephanus truncatus -- Mesice, Tanzanpia

Bruchidae
i. Aranthoscelides chiectus -~ Seazilandy Turkey
2, Callosshrachus analis -- WAFF Lab., Blough; Indonesia
3. Lalloschruchus chinensis -- Nepal; Kenya
. Callosobruchus maculatus -— Brazil, 2 strains; Nigeria,
2 strains; Oman; Senegal; Sierra leone; Turkey; Upper
Volia; Yemer.
. Darvedon cerratus -- Unknoun
. iabrotes subfasciatus -- Uganda {collected fros cowpess
and bred on cowpeas)y Coloabia.

=

v

fa

Lerrulienidae

f. Bitophilus pryize -- Feru (pulse-feeding strain breeding
or split peas)

2, 8. zeemais -- Merico

B. Lepidopiera

Ealleriinae: Lorcyra cephalonica -~ Malaui

Gellechiidae: Biteltroga cereslells -~ Sudan

Fhycitinae: Ephestia cautelia -— Brazil

TIB-35A
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CHEMICA: LONTRDL SECTION

{stocks of some major beetles pests are maintained, under
selection pressure with insecticide where necessary, in order to
enablie the FAQ recensended sethods for the detection and
seasurezent of resistance to be carried out. Incoming strains
from shroad are screened and the sethods are demonstrated in
training progrags.)

Hild type strains
Colepptera

Bostrichidae
Prostenhanus truncatus--Btrains tested for phasphine
resistance: Eolswana; Indonesiag Mali (B strains! Hepal;
NWigeriay Pakistan (2 strains} Singapore; Sri Lanka (4 strains);
Tunisis; limhabwe, '

Bruchidae
Acanthoscelides phtectus -~ Ethicpia
Eallosobruchs chinensis - India

furculionidae
HBitophilus oryzap -- Inserticide-susceptible strain
{reference strain} -- viz MAFF Lab, Slough
S, oryzae -~ Malathion and lindane resistant strain
{f.76) -~ via MAFF Lab., Slough.

Tenebrionidae
Tribolivm rastaneus -~ Multiple insecticide-resistant
strain {CTC {2} -- australia

T, tastanpus ~- Malathion-specitic resistant strains
{Kano L} -- Higeria

I. castaneus -— Issecticide-susceptible strain treference
strain) -- NAFF Lab, Slough

br, P, F. Frevett
Deputy Head of Departaent
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TBRI iz based in London, although relocation te & new site
putsige the central Londen area is under consideration. It
currently esploys over 450 staff,

Reguests for information, advice, investigations or trainsing
chould he seat to:

The Director

Tropical Development and Research Institute

34~62 Gray’s Inn Road

London WCLY BLU

England {Telephope (1-247 5412)

All stocks are meinteined st 27 degrees centigrade and 70% R.H.
the stocks listed below are those currently saintained for
ongoing research projects, Gther storage pest species are lept
in colture from tise to time for treinipg or short research
projects,

1. Hild type streins

#. Coleoplera

fnobiidae
i, lasioderea serricorne 2, Unknpwn
2. SBteppbiug paniceus 8. ex~HAFF
Bostrichidae
Y, Binoderus distinctus 8. Tanzania
Z, D, minutus - 2. Indonesiz
3. B, porgellus a, Togn

4, Frosiephanus truncatus #, Costa Rica
b, Mexico {3 strains}

C, Nigeria
d. Tanzania {4 strains}
g, Tooo
f. Kenya
% Ehyzopertha dosinica &. Ex-HAFF
b, fngolat
£, Kenya {3 straips}iiy
d. Mali
e, Horoceco 4
. Bepalt
g. ari Lanka
Bruchidae
t. Acanthoscelides pbiectus -~ a. Colosbia {2 straips!
b, Upanda
£. limbabwe
2, Lallosgbruchus analis --  a. MAFF Lah,
3. Lallosobruchus chinensis -- a. Indonesia
4, Callpzpbruchus garulatus -~ a. Uganda
I, Larvedon serratus a, India
b, iabrotes =ubfasciatus -~ b, {ganda
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Lurculionidae

{. Gitophilus oryzae
i. Normal strains 2,
b,
£,
d.
‘ii. Pulse-feeding a,
2. 5, zeapais -- a,
he
fiereestidae
f, Dergesies ater &
2, D, macelatus B
3. Trogodersa granarius a:
b,
Bisteridae
f. Teretripsoces nigrescens &
Lophocateridae
1. tophocateres pusitlus B
Silvanidae
!, Bhasverus advena a.
2, fOryraephilus sp. 2
3. Dryzaephilus surinamensis  a.
Terebrionida
fo To castaneus R
b
.
¢,
g,
{,
g
he
i,
5
k,
2. Lathetitus oryzae a,
3, Bnatorerus cornutus 2,
4, Palprus subdepressus LR
Key

¥ Kusber of strains which have te date
Fhosphine resistant.

+ Halathion resistance noted.

% Firipiphos eethyl resistance noted.

Stock Lists

Ex-HAFF
India
Morocoe
Iishabwe
Bursa
Ex-HAFF
India

Ex-HAFF
Jagaica
India
Sudan

Hexico
Philippines

Ex-HAFF
Kenya (4 strains)
Ex-HAFF

Ex-NAFF

Botowanat

Indonesiz {2 strains)
Kenya #

Malit

Mozashique

Pakistant

Fhilippines +

Sri Lanka
Thailand (3 strains)itts
lighabwe (2 strainsid

Ex~HAFF

Ex-NAFF
Ex-NAFF

been found to be

55



Stock Lists

E. Lepidaplera

Fyralidae
i. Corcyra cephalenica 8. Ex-HAFF
2. Ephestia cautella 2. Ex-MAFF
b. Ethiopia
3. Ephestia elutella a. Ex-HAFF
Gellechiidae:
I, Sitptrega cereaiella 3. Dugen

CHEHICAL CONTRGL BECTION

tstocks of some sajor beetles pests are sainiained, under
selection pressure with insecticide where necessary, in order to

enable the FAL recomsended methods for ihe detection and
neasurenent of recistance to be carried out. Incoming strains
trom abroad are screened and the sethods are desonstrated in
iraining proorass.)

¥ild type sirains
Coleoplera
Bostrichidae
Prostephanus truncalus--Strains tested for phosphine

resistancer Botswana; Indonesiay Mali {8 strains) Kepal;
Nigeris; Pakistan (2 strains) Bingapore; Bri Lanke {4 strains);

Tupiciay Zisbabue,

Bruchidae
franthoscelides obtectus - Ethiopia
Calipsobruchus chinensis -- India

Curculionidae
Sitophilus grvzae -~ Insecticide-susceptible sirain
{reference strain) -~ via WAFF Lab, Slough
3. oryrae -- Nalathion and lindane resistant strain
{f. 78} = via HAFF Lab., Slough.

Tenebrionidae
Tribolive castaneun — Multiple insecticide-resistant
strain {LTL 12) -- australiz
T. castaneun -- Malathion-specific resistant strains
{Kano [} -- Nigeria
T. castaneun -~ Insecticide-susceptible strain (reference
strain} -~ NAFF Lab, Slough

Or. Chris P. Haines

TIB-35A
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Bzeman ., Richard W. and M. Susan Haas
UShia MRS Binlogical REssarch Unit
.5. Grain Marketimg Research Lab.
1215 College Ave.

Marhattarn, KS &&502

#* Three Mubtants of Teiboliun castaneum.

l.

tar (tar) - Contents of the prothoracic guinone aland
reservoirs are more darkly pigmented than normal, and are
not secreted. The gland contents in the mutant are usually
red-brown Lo purple-brown compared to the usual wax-yellow
color characteristic of wild type. Posterior glands are
seltdom affected. We speculate that some faulty mechanism
prevents the anterior glande from excreting their contents,
which oxidize and become darker with time.
. broken antennae (ba) - Club segments are often pale and
undersclerotized or unevenly sclerotized with a patchy
appgarance. The funicle has uneven sclerotization, often
Wwith patches of excess pigment. Both club and funicle are
brittle and subject to breakage.

3. Eveless (Ey) - Resembies microcephalic (mcy, but has a
mere severe-ﬁﬂenotypa. The eye-bsaring portion of the head
capsule is reduced, with an accompanving reduction of the
eye itself. In the most strongly expressed individuals, no
omnatidia develtop. The gena is unaffected.

For Hllustration of these mutants see the accompanving Fig.
1. '
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Fig. 1. Upper Row: Left, a normal teneral adult: Frioht . &
tarstar hompzvaote. WNote the dark massss withinm the
prothorax.

Lower RKow: Left, an "eveless® Ey/Es’ translocation
heterozygote. Note the complete absence of ommatidia. Right,
a "broken antenna’ (ba/ba’) teneral adult. Note the right
antenna with missing terminal club segments and ledt antenna
with reduced club seaments.
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Fichard M. Beeman and M. Busan Maas
UBD&E/ARE Riologicel Research Wnit
.S, Grain Marbeting Ressarob Lab,
1515 Dot itege fve.

Marmbhiattan, KS &&HOZ

# Pew mutants in Tribol ium castareun.

e Dleft guwla (Cg) . Dominant, radization irnduced, homozyygoos
Tethal . 8t ronaly indented or Clett gular sutures on ventral
head , causing a slight widening of the head capsule, siving
the syes a "walleved" Took from the ventrum. Excel ient
panstrance and viability . It appesrs Lo be unlinked to any
currently documesnted Elnhagm CIFTRLALY &

2. Unsclerotized elvtra {ug). Spontameous recsssive. The
muk at i on characterized by a membranous stippling along
the midlineg margin of esch @lytron. The prothoracic
stornelTum 1s often slightly indented at the posterior

micl ime, giving 1t a liahtly cleft appearance. It has
complets penetrance, variable supression, and sxoellant
viabrility as & homozyvoous stock. Linkagae i1s undeterminesd at
this Lime.

d. Feetrel (Pz) - EMS-inddocaed, dominant, homozvyvgous
semi-Tethal o Excellent viabiiity andg inctomslete pensbeancs
in the hebterozyvoous condition. The original sautant was 2
malas with warped peothoracio tibilas . Hebterorvgotes have
pomal  antennas and gnarled, thichesnesd legs (one of more
] w omay be aftected: . The homozvaot Frave wvery ashort
antenmas and radically eeducesd Tegs, consisting of ondy
cipas ., Parsal olaws, and a hint ) irtervening
segmsnt .« Linkaoge i wndeterminsd at this time.

sl mlterme] Tum (Bg) -~ Radiation induced, dowminant,
penestrant, viable, and tightly linked to Reindser (R
» The prothoracic sternalluam bas & "pinched”
rance, 1.2, i lateral ly narrowed and dorso-véntrally
thickened. The smesobthoracic stermel Tum is aleo entargsd. The
pronobum has generalized dorsal dents, wswally with a dorsat
antsrior midline dip, and abrnoraally pointed anterio-laberal
corners . The venteral anterior of ths pronotum also has a
midline dip which its often devold of the anteriorty
prolecting setag usually found at the anterior margin.
Matathoracie anbecoxas are disrusted along the common margin
with the enlarged posterior metepisternum. A1 coxal
sogkelts, 1ncluding those of the maxiilary palps., ars
mntmwngg with & poorer 41t to the coxae. This "looseness!
at the maxillary paips gives the ventral head a "walleysd"
Took , and may &lso be responsibls for an escape of saliva
reaulting in a crust of Fflow acoumulating around the oowth
region. Large setae are commonly found on ooxas, with =
and spikes on antennal scaps, and maxillary paips
oroasional by branched.
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6. Crab (Op( - Radiation-induced, dominant, homoz yaous
Tethal , fully penetrant. Moderately viable <(has difficutty
sriosing and moving about due to warped legs): Crab is
tocated on LG7, with Q4 crossover with chestnut eye {(¢). It
is currently maintained as balanced stock of Crab/PFL4. The
tibiae of all three pairs of legs are enlarged, and bowed.
Males are occagionally seen with a "sex patch” on the
prothoracic tibiae, indicating this mutant iz a tibia to
femur transformation. Random tarsomeres are also often
fused. :

7. Folded elytra (ig). Spontaneous recessive derived Ffrom
the dominant ew (ewl) stock. It has incomplete penetrance
with excellent viability. It is characterized by elytra
which arg folded under at the tips. The trait is visible in
pupae . Linkage is undetermined at this time.
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3~ Podapolipid Mites (Acari: Podapolipidae) Associated with Tenebrionidae
R. W. Husband, Biology Dept., Adrian College, Adrian MI 49221

Podapolipus tribolii Feldman-Muhsam and Havivi 1972 was described from
laboratory specimens of 7. confusum maintained in the Medical Entomology
Laboratory, Hebrew University, Jerusalem, Israel in 1961.  The specimens. were
removed from under the elytra and from the tergites of the abdomen of the
beetle. This was the first and last report of Podapolipus from T. confusum,

Sokoloff (1974) lists several parasitic mites of Tribolium including
another mite in Tarsonemoidea, Pyvemotes ventricosus. The tenebrionid genera
dkis, Pimelia, Blapstinus, Gonocephalum and Alphitobius are hosts for these
ectoparasites and it is very likely that additional tenebrionid beetles may
serve as hosts. Keys to species of Podapolipus associated with tenebrionid
beetles appear in Husband and Baker (1992). A new genus of podapolipid mite
was recently discovered by Kurosa on a tenebrionid beetle collected in Japan.

Although many podapolipid mites may parasitize one beetle, the mites are
seldom seen because the incidence may be very low in a population. The life
cycle of podapolipid mites is abbreviated. Adult male Podapolipus with 3 pairs
of less hatch directly from the egg. Larval female and adult male mites mate
under the elytra of beetles. The larval female mite is the stage which
migrates to new hosts. This may occur when beetles mate or cluster. Feldman-
Muhsam and Havivi (1972) point out that low humidity is detrimental to the
survival of the mites. When reaching a new host, the larvae attach with
cheliceral stylets and molt to the adult stage. Adult females have one pair of
legs and are not capable of much movement. Larval female exoskeletons may be
seen attached to adult females. This has resulted in confusion when parts of
iarval females have been mistaken for structures of the adult females. It is
likely that a few larval females {about 0.15mm) or males (about 0.0lmm) will be
overlooked. However, adult females appear as round clear or white spheres
about O.5mm in diameter and many eggs may remain attached to the posterior of
the abdomen. Feldman-Muhsam {personal communication, 1989) noted raised elyta
in some parasitized T. confusum. Sokoloff, {personal communication, 1995} noted
raised elyvtra in Tribolium due to @e blisters of genetic origin. Thus,
raised elytra in Tribolium may not be due to parasitism.

Feldman-Muhsam, B. and Y. Havivi. 1972. Twe new species of the genus
Podapolipus {Podapolipidae: Acarina), redescription of P. aharonii Hirst
1921 and some notes on the genus. Acarologia 14: 657-674.

Husband, R.W. and A. Baker. 1992. A new species of Podapolipus (Acari:
Podapolipidae) ectoparasitic on Alphitobium laevigatus {Tenebrionidae}
from Trinidad. Internat. J. Acarol. 18{(2): 83-87.

Sokoloff, A. 1974. The Biology of Tribolium. Volume 2: 276-277,
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#-A Request for Help in Collecting Additional Podapolipus
tribolii from Tribolium confusum

by Robert W. Husband, Biology Dept., Adrian College, Adrian MI 49221

Podapolipus tribolii was collected once, in 1961, and reported by
Feldman-Muhsam and Havivi (1972). It seems unlikely that only a single
incidence of ectoparasitism by P. tribolij under elytra of 7. confusum exists.
Your assistance in finding additional cases of parasitism by podapolipid mites
is requested.

] maintain a reference collection of nearly 100 species of mites in this
family for my own studyv and for use by others. Some mites are maintained in
alcohol and have been used in studies involving electron microscopy and
electrophoresis, At present I have no P. tribelii in alcohol. If you notice
these parasites, please contact me. If abundant, the long caudal setae (setae
h,} of larval females will be conspicuous. Females will appear as clear or
white spheres about 0.5mm {+ 0.2mm) in diameter and will be located on the
abdominal tergites under the elytra. Larval females and males have 6 legs
while adult females have 2 legs., Two small anterior lobes are characteristic
of female Podapolipus from tenebrionid beetles. Your help will be very much
appreciated.,

I hope the paragraphs above mdy be appropriate. Please change them as
vou see fit.
Thank you for your help.

Sincerely,

bl Bl

Robert W, Husband
Professor of Biclogy
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Listov, M.V,
.M. Eirov Military Medicasl Academy
St . FPetersbhuaro, Russia.

*Experimental models available in mice.

Two experimental models, ong resulting in cardiomvositis,
and the other producing experimental primary glavcoma in
inbred mice DBA/2 have been developed by the author.

A summary of the models is included. The Editor of TIER has
been intormed by the author that he does not have the
required financial support to continue working on these
models, hence he is making the models available for sale. I+
vou are interested contact Dr. Listov at the above address.

TIB-35A
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M. V. Listov, Ph.D. (Biology)
Experimental Model of Cardimyositis in Mice

Summary

The discase is manifested in mice of two lines (DBA/2 and C57Bl) after
peroral injection of 2 substances one of which is inhibitor of the known enzyme
and the other one is metabolic precursor of the substrate of this enzyme. The
substances are injected with water (0.2 ml/mouse) daily during 3 to 4 weeks.

The pathology has been originally registered by the electrocardiography
method. Histological study has shown diffuse injury of the whole of the
myocardium: absence of the cross lines in some fibers, necrosis and destruction
of some muscular fibers, a small edema. Lymphohistocystic and inflammatory
reactions are moderately expressed. Observations of the experimental mice have
demonstrated that some of the mice had their motion functions disturbed and
spine crooked. An assumption arises whether the pathology in question is the
model of one of the widely spread forms of polimyositis (Wagner - Unferricht
form).

The advantage of this method of reproduction of the heart pathology is
that it is easy to implement and also the fact that one of the injected substances
is an inhibitor of the enzyme which is especially interesting in connection with
the opportunity to understand the natural mechanism of the origin of the
pathology in question.
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M. V. Listov, Ph.D. (Biology)
Experimental Model of Primary Glaucoma in Linear Mice DBA/2
Summary

The disease is manifested in the form of acute bout in 5 to 20% of mice
taken for the experiment (mass of the animals is from 18 to 20 g, animals of
both sexes) after intraperitoneal injection of aqueous solutions (0.2 ml/mouse) of
two_substances. Within 1 - 1.5 hours after injection of the solutions pathological
process (stable increase of the intraoccular pressure resulting in the clearly visible
increase of the size of the eyeball) occupies one or both eyes and is
accompanied by the cornea turbidity. Within 24 houss the increased eyeball
assumes the form of a cone and wrinkles, the animal becomes blind.

The injected substances are well soluble, they are injected in relatively low
doses, can be natural metabolites of the organisms. The model advances a
researcher to understanding of the natural mechanism of the intraoccular
pressure regulation, outlines ways of development of the early diagnostics of
prirmary glaucoma and search for new drugs to treat this disease.

The model can be used for screening of chemical substances with
hypotensive activity as well as substances - inactivators of those natural
metabolites analogs of which have been used in our experiment.

The main advantage of the model is that it advances a researcher to
understanding of the natural mechanism of the origin of primary glaucoma.
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FaRVEEN, B. AND B.J. BELMAN
Department of Agricul tural and Environmental Scisnce
University of Newcastle upon Tyne NEL 7RU, U.E.

*Eftfects of Annona sSguamess Linn. seed oil on adult
engrgence and sex-ratio of Tribeolium castaneum (Herbst) .
(Coteoptera: Tenebrionidas) . ‘

ABSTRACT
The petrolteum ether (40-60 &) extracted Gnoona SOLIAMDS A
Linm. seed oil was found to be effective for the reduction
of aduli emergence of Tribolium castansun (Herbst) ., But this
seed 0il did not significantly deviate the sed-ratio from an
ideal sew—ratio 1:1..

INTRODUCTION

ARNONE  SOuamosa lLinn., the custard sopie, is a small ftree or

zhrub widely distributed mainly in tropical fimerica, but has
Tong been introduced into Indis and south esast fGsia. APRoha
zQuamosa bears heart-shaped, vellowish-green, Juicy, sweet,
dalicatelv flavouwred and gream, vellow er white fruit.
Econamically, the family is of appreciable importance as a
sourcg of edible fruwits, ils from the seeds of some of
these plants may be used for the production of edible wmils
and s0ap. Many members of this familv are ussd in folk
medicing for various purposes. The seed extracts of this
plant have besn used as an abortifacient (Bheroy et al .,
154687 .

The most effective application appears to bhe against various
aphitids and human body jice {Reyves and Santos, 19317.
Insecticidal materials are precipitated from custard appte
seed extract conuentrated with ether or petroleum ether at
O L (Feinstein, 1952).

Triboliun castaneum (Herbst) is a major pest of stored
products and is cosmopolitan in distribution (Good, 1933
Sokolaff, 1972, 1974). Both adulits and larvas are able o
2xploit & wide variety of steored commodities (Ziegler,
1977y . Intestation by these beetles leads to persistent
release of unpleasant odows in the commodity. These are due
to the secretion of benzoguinones from two paire of deterce
giands, one pair in the thorax, and the other in the
abdomen.The species is particularly suitable for mary kinds
of sxperiments because both the intra and extra medium
conditions can be maintained at a constant level . By using
similar flour in all experiments and by ensuring similar
walights, surface exposure and external conditions, a total
enviromment can be established which is relatively constant
and reproducible (Fark, 1934).

=B, FParveen, Scientific Officer, BCSIR Lahoratories,
Rajshahi 6206, Bangladesh,

69



70 TIB-35A
Notes - Research, Teaching and Technical

MATERIALS AND METHODRS

The insecticidal propertiss of petroleum ether (40-60 )
extracted Anngna sauampsa seed 01l have been sxamined.
Fetroleum ether extracts of the sesds cocontained unsaturated
fatty acids such as linoleic acid (24.7%4) and oleic acid

(759 .3%7 in the seed oil, and it has insacticidal properties
{(kumar and Thakuwr, 1988).

MNewly hatched T, castaneum larvas were reared- in either
fresh or treated flour medium. Larvae were regularly
observed until pupated. The pupae were colliscited by sieving
the medium through a 230 micrometer aperture sieve and sexed
hy microscopic examination of the exogsenital processes of
the male and female pupae (Ho, 1946%). The genital lobes in
the +temale pupae are large, bifid and flexible, whereas in
the male pupas the lTobes are minute. The pupae are esasily
sexed on the basis of these lobes.

After the pupae were sexed, the flour particles were removed
from the pupae with a fine soft brush. The sexed pupae were
returned to the individual tubes and observed daily for
adult emergence. The experiments were conducted with four
replicates tor each treatment and each replicate congisted
of ten newly hatched larvae.

REBULTS

HGodult eamergence and sex ratic: The results and statistical
analysis of the experiments are shown in Table 1. The
eftect of different doses of A. sguamosa seed oil on adult
snergence was tested by analvsis of variance. The
significant differences between the doses were determined by
a Student-Newman=-keul s multiple comparison test (Zar,
19247 .

leviations of the sex-ratio from an ideal 1:1 ratioc were
determined using the binomial test (Zar, 19864). The
percentage emergence of adulits was measured from the numbers
of adults emerging in relation to the total numbers of
larvae used. All pupae produced adults. Arcsine transtormed
data +or the percentage emeraence of adulis were used here
for analysis of variance. There was a significant (F<O.001)
reduction in adult emergence from the larvae treated with A.
sguamosa seed il compared to the control. The average
percentage of adult emergence with 4. sauamosa seed 0il was
rot dose-dependent. In the controls and in some chemical
treatments the sex-ratio deviated from the typical 1:i
sex-ratio but not significantly (Fx 0.03) (Table Z).

DISCUSSION

Thetre was & significant reduction in aduit emergence from:
the larvae trested with 4, squamosas seed oil comparesd to the
control (Table 1). In the present experiment the sex-ratio
deviated from the tvpical 1:1 sex ratio. but the deviation
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of the sex-ratio was not significant (FPU0.0%) in either the
contral or treatments (Table 2.

In nature, natural selection favours a §:1 sex-ratio at
conception for most species (Leigh, 1970) but soms organisms
show a deviation from this typical sex ratio. These
deviations may be dug to the infiuence of environmental
factors on the physiology of the offspring after conception
(Anderson, 19613 Trivers and Willard, 1973:; White 1973
Charnov and Bl ,1977) .
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k|
Ph

Table 1. The effects ¢of 2. sgquamosa seed ©ll ¢n the percentage ¢

T, castaneum adult emergence aiter :he ~2rves gxpossd T2 Lhs szeed
il treated medium.
Dose Mean percentage of % S.E
{ppm} dult emergence
Contrcl 85.3% * 4.£1 a
20 6L.64 £ £.47 b
280 59..9 £ 3.8 1
388 84,22 £ .32 b
720 47.529 = $.0% &
1440 £3.50 % 3.6% L
studeni-Newman-~Feul (SNK) multirple compariscor tesgt values Zclliwed
ny The same letrers are not significently diflsrent et L% level
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Farveen, E. and Selman, B..J.
Department of Agricul tural and Environmental Scisnce.
University of Newcastle upon Tyne. NEL 7RU, U.H.

Efficacy of Annona sguamosa Linn. seed oil on the reduction
of pupal and adult weight of Tribolium castaneum (Herbst)
{(Colzoaptera: Tenegbrionidae).

ABSTRACT

The effect pf Annona sguamosa L. seed sxtracted oil was
found to be highly significant (F < 0.001) for the reduction
in the weight of pupae and adults of Tribolium castaneum
{(Herbst) . The prolongation of the pupal period with the
treatment of Annona sguamosa L. seed oil was highly
significant (FJ0.001). '

INTROGUCTION

Annona sguamesa Linn, the custard apple, widely distributed
naturally in tropical America, has long been available in
India and southeast Asia. It bears heart-shaped, vellowish
areen fruit which are Juicy sweet, delicately flavoured and
cream, yellow or white. The seeds are many, brownish black,
smooth and oblong. In many countries iocally available plant
materials are widely used as protectants of stored products
against insect pests. The effectiveness of many derivatives
for use against grain pests has been reviewed by Jacobson
(1938, 1975, 1990). The sseds, leaves and immature dried
fruits are used as an insecticide against bedbugs, head and
body tice {(Harper et al, 1947). The leaves of A. squamosa
have a disagreesable odour, while the seeds contain an aceid
principle fatal to insects (Lindley, 1%46). The insecticidal
principtes of Annona spp. have received considerable
investigation summarized by Harper et al (1947).

The seeds and roots of custard apple A. sguamosa contain an
insecticidal material which when concentrated with sther
appears to be as potent against several insect species as
rotenang (Harper et al, 1947). The seed extract of this
plant was used as an abortifacient (Bhenoy et al. 1948).

Arinona extracts have been claimed to act as both contact and

stomach poisons (Harper et al., 1947).

Tribolium castaneum {(Herbst) is one of the most serious
pests of stored products and it occurs all over the world
wherever stored products are found. The effect of
temperature and humidity on the rate of development and
mortality of T, castaneum over a series of temperatures was
found to be between 15 C and 3% C at 70Y% relative humidity
(Howe, 1936). Fupal development can be completed in 4-5
days. Adults are small, flat elongate, red brown heetles
3-4mm long. They are winged and fly well (Hill, 1990). The
life of this beetle is longest at 25 C. and 70-80% relative
humidity (Simwat and Chahal, 1970).
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The following sxperiments were undertaken to study the
efficacy of locally avaitable plant materials on the pupal
and adult growth of T. castaneum which have not been
investigated or published elsewhere before.

MATERIALS AND METHODS

The insecticidal properties of petroleum ether (40-60 )
evtracted Annons sauamosa Linn. seed oil have been examined
in this and the accompanving article (Parvesn and Selman,
1995) .

FUFAE tNewly hatched T. castaneum Tarvae were reared in flour
medium, either fresh or treated. Larvae were regularty
observed until all pupated. The pupas were collected by
sifting the medium through a 250 micrometer aperture sieve
and sexed by microscopic examination of the exogenital
procaesses of the male and female pupae (Ho, 19469).

The genital lobes in the female pupae are large, bifid and
flexible whereas in the male pupae the lobes are minute. The
pupae wers easily sexed on the basis of these lobes. After
the pupae were sexed, the flour particles were removed from
the pupas with a fine soit brush., Then the pupae were
individually weighed.

The sexed pupae were returned to individual tubes (50 x 2%
mm? .with ©.3g of either fresh or treated media into each
tube, and the tubes were capped with cotton wool . Adult
amergence was observed regularly and the pupal period was
recorded. The pupal period was recorded from the time of
pupal formation to the time of adult emerasnce.

ADULTS: When the adults emerged, they were separated from
the medium by sieving through a 300 micrometer sieve and
they were then cleaned and weighed individually.

REGULTS

FUFAL WEIGHMT aND DEVELOFMENT: The results and statistical
analvyveis for the pupal weight and pupal period of T.
castaneum are shown in Table 1. The esffects of the treatment
with A. sguamosa on the decrease in the weiaght (in
micrograms? and the pupal period were anslyzed by analysis
of variance. The significant difference between the means of
the pupal weight and period was tested using the
Student-Newman—keul {(8NE) multiple comparison method. Al
the treated media significantly reduced the pupal weight (F<
0.0017 and this reduction in weight was found to be
dose—dependent. The SNE multiple comparison showed that the
pupal weight loss at the different doses was statistically
sigrnificant.

ADULT WEIGHT AND DEVELOFPMENT: The effect of the treatment
with A. sguamosa seed il on the reduction in the weight (in
micrograms) of the adults of T, castaneum. compared to the
control , was significant (P< 0.001) (Table 2. The reduction



July, 1995 _ _
Notes - Research, Teaching and Technical

in the adult weight after ireatment with A. SHUANCEA Sead
0il was dose dependent.

The results were analyzed by anaivysis of variance. A1l the
treated media significantly reduced the adult weight in
comparison with the control. The significant difference
between the means of the adult weigfht was tested by using
the Student-Newman—HEeul multiple comparison test. The adult
weight reduction at the higher dose, for erampie at 1440 ppm
concentration of A. squamosa seed oil, was very high
campared to the wsiaght at the other doses.

OISCUSEION

FUPAL . AND ADULT WEIGHT AND DEVELGPMENT: The sther and
petroleun ether insoluble resing have previously besn
extracted from A. sguameose seed oil and fed to the bestles.
It was found that the oil has a profound effect, reducing
the weiaht of all stages of T. castaneum. It also lenothensd
significantly the developmental period compared to the
control .

Turmeric oil, sweetflag o0il, neem oil and margosan "0OY have
repellent and growth inhibiting effects on the larvae, pupae
and adults of L. . castaneum (Jilani et al., 1988). These
invastigators found that the body weight of T. castansum
larvae, pupae and adults reared in treated wheat 41our was
stanificantly lower than that of the controi, and that the
reduction in body weight was dose dependent. The results of
the present experiments using A, sauamosa seed oil agree
with the results obtained by Jilani et al (1988).

Other investigations have shown that nicotine incorporatad
inta an artificial diet significantly reduced the 7-day old
larval and pupal weights and prolongued the pupation time of
the tobacco budworm Heliothis virescens F. (Gunnasena et

al ., 19907 . Larval development to the adult staus was
greatly delayed by Aradirachtin, and the reduction was dose
dependent in Epilachna varivestis M., Ephestia kueshniella
Zell ., and Apis mellifera L. (Rembold et al. 1982). Nine
different oils (almond, shark liver, khaskhas, groundnut,
sesamum, castor, mustard, coconut and cucurbit) have been
found to retard the growth and development of the larvae,
pupae and adults of Trosoderma granarium and T. castaneum
(Funji et al., 1970). The present studies, therefore, adds
one more oil, that extracted from A. sgquamosa seeds, iz an
agent which significantly delaved larval development and
reduced body weight of the adults, and the effect was dose
dependent.
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Table 1. The efficacy of Anpona sgquamosa Linn. seed 0il on thre

pupal weight (}m;) and developmentel pefiod (days) of Tribelium

castaneum Herbst.

Dose " Meazn weight yug}i S.E Mean pupal * 8.E,
{ppm) of pupae period {days,

Control 2486.25 a + 85.20 3.75 a * 0.48
9c 2031.7% b * 98.48 €.08 b * C.72
180 1855.75 be * 68.63 7.3 b * £.83
360 153%.50 cd + 24.70 8.17 b + 0.56
720 - 1213.50 de * 182.42 10.17 ¢ + 0.22
1440 934.7% € + 151.2:2 10.59 ¢ * 2.03
Student~ Newman -~ Keul (8HX) multiple compariscon tesst values

fcliowed by the same leiters are not significantly cifferent at 5%

~evel {P>0.05).
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Table 2. Tne gffect of Annona sguamosa Linn. seed cil on the adult

welght 9ug) of Tribolium castaneum Herbst.

Dose - Mean weight }ug)lof adult £ §.&
~{ppm) ‘
Control 18%2.20 a + 64,48
g0 1864.73 ab + 43.C0C
180 178€.53 abc + 86.9¢
360 1703.50 bc £ 82,73
720 15%2.25 ¢ = 48£.38
1440 1352.2%8 4 + 60.41
Students Newman - KXeul (SNK) multiple comparison test wvalues

followed by the same letters are not significantly different at 5%

level (P>»0.05). 5. E., = gtandard Error.
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¥ Criteria for identifving the intenﬁiﬁy af intra-species
competition in Tribalium,.

Weight and swrvival are usual iy emnl oy
orf the effect of dansity =R TR B R Y
compelition, Biomass ususlly describes the amount
materisl directly related to the anount of energy’
ol csoof an gcosysten. However, there =
usa of this term canngt be sstended to esperimental
of coepetition 1 use to inoguive Pow omock
ced by oan organism from s glven amcunt of food. in
investigetion we have use
cotastansun under different conditions of crowding
rmired the individual and the gross 3
L It dis in this cont
note ie part of s more tigation on
reEcies coapetition din T & uwm which will be
mibliehed el sewhere. But the wse of biomass {rather than
individual weightes of survivors as & criterion for o determining
the intensity of coampetition, and & method of identifying
cabiorts in intraspecies conpetition studies may be of
to popurliation biclogists,
METERIALS &ND RETHODS
. SBrtrains and substraline. .
berial used in this inwvestigation

raine differing in body ool
from them as followss

Wiy Lhe
Culi s

Tivirg material ic

it

nTalulell

o & kHoown amount of oo

weed ghbd

that e w
1 VLT

o A

&. Berhkeley synthetic strain, Thi
styraln derived from seven laboratory shrains (for method of
synthesis sge Lerner and Ho 1981 o Sokoloff 1974), I+e
notvpe ie referred to as chestnut or red rust. the noeoal
Yo of Lhe majority of species - the gerus Tribolium, In
this study, these bestles are referred simply as strain B,
Fiw slrain was chtained by
crossing the semidominant black mutant with beetles from the
Berkeley strain, The bronze Fil beetles were intercrossed, and
the FIZ hlack bheetles resulbing from these orossss were selechsd
too abtain strain 6, & black strais with the highly heterozvoous
Perkeley syniheltic background.
we Hubstrains. lan Frarklin, wvsing the Berkeley synthetic
craing selected four strasims for high body weight (HEWD and
four strains for low body wei 2

ifi

pbeer

‘

[

b, ck osvrthetic strain.

it (LBW) . These strains had been

slechtaed for 7 generaticons of brobhs feber mating. For owr

dy . Frapklin avalilable o strain selected for HBH which

maih as bthe etrain from which it was

ancl e e ] for LEW which

oAt the Yime
sty

(4o details

i

wioalni ld oy
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Frambkling 19471, To eliminate the inbresding effecte and to
detect possible maternal stfects in owr study, HBEW females
crossed with the Berkeley synthelic wild tvpe males and HRW
females giving A strain larvae heterocerygous for the black gene.
The reciprocal cross gave larvae which were likewise
hetergoygous for Black and ~eferved to as strain B larvas.,
Rarkeley synthetic wild type males were crossed with LB femal ex
to aobtain L etrain larvae, and the reciprocal cross gave D
strain larvas. F strain larvae were obtained by Crossing
Rerkaeley synthetic meles with black females; the reciprocsl
croms gave FToegtrain larvae. Fioelly, black beestles with
Berkeley synthetic bhackground were obtained by croesing Berkelaey
synthetic bheetles with black, crossing the Fl o to each obther. In
lack heestles were or 1 with ezch obher to obhitain the
trairn. Although A-F are = ~ains derived from o stealn 2,
v will be referred to as slrains in the rest of the oaper.
LAl gﬁﬁ#him representaltion of the relaticonship betwesn the
criginal and the derived strains see Fig. 1.
B, FProcedurs for controlses and experimentals.
1. CONTROLS. _
Lervaw of egach strain were allowed to pupate in cors plus
eannt mediam and &llowed to hatoh s imagogs. When fhey were 10
; ald, 100 paires of beetles of each needed strain were
digtributed over five oviposition Jjears containing corn flog v
gnriched with brewers yveast in & proportion of 19%:1.,
respeoctivel v, The adolte were Lrasterred to fresh food daily to
minimicre cannibalism of the egus. The esgogs kere allowed to
hratoh, and O-4 hows~old larvae were aspirated into an empty
vial and transferred to ancther vial cwhtaining iogram ocof m
Feor each strain or combination of strains there were thres
denzities (10, 40, and 100 larvaelgram). Ten replicsates were set
up oy ogach & strain or gombination of strains. The larveas were
reared in ar incubator maintained at IZY¥C. amd 70% relative
huwmidity, When the bestles hatched. they were sesed, identified
to body caolor, and placed in separate sopty viels acocording to
wiy and phenatype, and killed by placing the viale in & high
temperature oven. The adults were then stored until time bheoams
ilable to weigh them. Prior to weighing them, the bestles in
their vials were left overnight in an oven to dehyvdrate them.
The contents were then placed gn om i an analytical balance,
arntd the number of beetles producing the dry weight recorded.

2. Enperimental e.

The sowrces of larvas for the esxperinmentels were the sams as
for the eight strains just described for the controle. They were
introduced into vials containing 1 gram of medium enriched with
brewers veast in the following combrinationss AF, AF° &G, BF,

WEET

H i

BET, RBG, OF, OFT CE, DF, DF° and DG in egual proportions, ..,
oA and OF to total a density of 10, 2048 and 2Z0F to egual a
dengity of 40, and 508 and S50F for a density of 100, and the
samg for the obther combinations of strains, The E strain was
vead only as 4 "controlt, It was rot used in the e imental s
rauss its phenotype s chestrhut, the same as that of the A-D
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i all the 12 Lypes of mixed-strain vials listed abave, we could
distinguish wild type adults from bronze adults by thelr color
ard ot by theilr size, which may he unreliable as = crdterioan
far ddentifying beetles to thelr respective strain when
competition conditions are imposed at the Figher densitities,
For example, A or B HEW beetles may be reduced in size ta such
arn extent &s te he be confused with F strain beetles, and strain
Coor D LEW beeltles may likewice be confused for F bestles at the
Bigh densities. Howsver, since the F bestles are bropze
theterczygous for’ black) mistaben identification of the beetles
o & a weong strain is not likely to ocour. Euncept, for a few
inadvertent technical errores, theres were 10 replicetes for zach
strain o strain combination, and de iy .
O fmalvels of data.

The dz weee analveed by using Student s
Aralveis of Variance and Multiple Regression !
tnforce the conclusions, 1 advantage of the
tBtatistical Packasge for the Social Scien: ool =i
I reonal computer. Beocause certain limitations of the
progran and becadse of the very nature of tnter—dernsziiy
comparlsons of hiomass which will be discussed la PR W
data had to be converted into biomass per individu Lo
o obltain the significance any differences in the
Eaiis. This conversion lesds to values similar to those obtairned
whien mean welght of individuasls is considered and can be u
data across densities for each of the straine. The main
ence lies in that, where weights are available the offect
arn wWeight can be determined. In biomsss, the valuess of
: and femalee are combined, so the effect of dansity. on b
it = oof individual sedes cannet be deteroined.

Wity Lhese introductory remsrbe ool of the WEY . WE CAan Eroces
Lo enaming the actual results.
RESULTS
f. Effect of density on Burvival ang hioma
1. Bingle strains.
2. Surviwval.

€1, Density 10,

Table 1 shows the syabols for the single strains used
{coluwmn 1 the number of replicates (column 20 and t (Fid3
e of survivors to the adult 2. e o techrical errors
Lhe number of survivors in coluaan cgeds 100E for strains &
and D, Strains By, C had an escs Thoswrwivel: strains B,

Fo F7o and 6 had a swvival rate of cver S3Y%.

2. Density 40,

Table 1| shows that all of the strainse hed a modicum of
mortality. The largest mortality was observed in the 5 strair.
Mevertheless, 78.75% of the beetles survived b adult stage.
The remaining strains had & swvival rate of
{3r. Densaty 100,

Table 1 shows that ©, D, F, F* had the
rates (over %08, The E etrain had abouot

foallowsd by
o

cpad For hhe

3y

e abile

o N ]

grw il wval

argl bhe 5
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strain had 72% survival., The lowest survival was observed in
straimns A and H, the HBW strains, which showed 4% and &5%
slprvival , respectivel yv.

(4) . Other cobservations.

{a) Variance.

Golumns 4, D, and b6 in Yable 1 show the standeard deviation,
the varliance and the standard errof, respectively, for all
densities. Mest notable areg the veariasnce wvalues: At density 10,
The variance is 2.1 wunite for strain U and much lesse for strains
M, B, Oy F, and F*. The highest variance (4,3) is sgen for the &
strain. In density 40, the variance of 211 straine remains
than 11 wmits, bul the varience of the 6 strain increasses
units. AL denesity 100, the lowest variances are
i thie LBW strains (less than 20 umited. Larger than 20
tharn 80 unite are the variances obtained for straing F,
Fry Boand E have a variance lajpger than 50, but e than
Bub strain G has 8 variancse 551;13hh1193y valusd al

Correction factor +for survival.
% zhows the strains shown 10 Table 1 lescept for EY in
culumr iy the mean number of swwvivors {oodumn {2 and thelr
omess (Column 3.  Becauwse the mean nusber of survivors is not
C””MJ o density 10 we have correchted the hiomass (G (R
celoamer 3 to show, in column 4, the value the blom ses shooald be
Frac &1l the beetles surwvived to the zdult stage. « Ffourr
Erample, we have a mean of 101 suwrvivors of strain & wkich
proguced 12.67mg of biomasse. Multiplyving 12067 by a factor of
iu/lw.¢mlﬁ.ghmg for the kiomess of & a8t density 100 On the other
hand, & mean of 7.7 B strain beetles orcduacsd 15, 823mg.
gfore, 1097 = 14.28mng is the corrected values forr Lthe B
strain 1f we assume L00¥% survival. And s on for the other
strains. For Density 40 (D-40), strain A, we divide the iomass
bow the number of survivors and maltioly by 40 (45,54 o 407357.7
e wd. The same procedure for dats wnder density iuu Thie
ruwl s will bhe like those shown in Table la.
be mow ask the guestion: to what extent are the valuess in Table
e consistent with expectation™ In the superimental protocol we
Mrawe 1nor ek the density from 10 fto 40, & fouwr—fold increasg,
from 10 to 100, & 10-fold increase. Al thinge being ecual,
piomass for D30 is euwpected toe be fouwr timess grester than
Biomass abt D-10. {(We chose D10 as owr standard on
» sseumption that st this densily thers is o competition
stween the beetles because there is an sxcess of food). The
A fouwr columne of Table b are identicsl to Tabhle la. Goluoan
Soin Tatiw Ity shows the expected values of biomass corrected to
100 survival wsing the D-10 valuese as & standard. Actually we
have two standards to compare the cbserwved wvaluss: one L8 &n
el correction: the blomass of & particuwler strain iz
multiplied by & ratico of potential swrvivors to actual
survivors. The other is an "external” correction, and it
utilizes the correchted results obtained abt D10 a8 & £
Marnl @ will show the difference betweeso the two
gz td o

31 wE

1

i

]
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1. Intermnal Corvectiorn.

Strain Qel., 3 Corrgction = Column 4
factor
2l @W,an H4OSEEFLT = 02,08

[ GO/ ET LS = .70 (Under Ool. 4 are the
'pert@d values for & and B at D-30),

o~
irs

Fow 0-100 & = 48.4%; B + 77.848. Correcting for mortalitve

H

Go= 48,5 ¥ 100/44, 5
H o= 778 Y 10099,

0
L

T
3
*

.,l'::
|
1
C e e

2. External coreesctions:
D=didy 4 o= 459,05y B o= D2, BR7

values in D-10, column 4

=100y Bhandard from values in D102
o= 1ELED Y 10 = 105,27

Xolo o= 142,58

the coympan
the internal &
will give & Jm&e" value to the chaserved vealue,
Fooo =100, if the survival iz high., there will be littles
diftference betwesn the observed and either the internal or
gntarnal correction. I+ the swvival 1s low, the ohserved
iomass will e so diftferent from the corrected wvaluess t
malkes little difference whether the ohzerved values are
to the irnternally or externally corrected values.
2. Mived-strains.

B DUrvival.
T £ I shows the basic statistics for swvivors for esch of
raine involved. For sach of Lhw thye e densities. Lthe
s involved are shown in column 1, the nusber of succ

g

“ieons et D-40, when mortality is low, somet
rd ohher times the external correction res

it

Cri L S e T

~r

of strain 1 {(also referred to as genobvpe 1) in column 3,
mear number of survivors in column 4 oand in columns S, &,
are shown the corresponding standerd deviation, the variance,

arnd the standard error, Columns 812 show the eame statistics
for genoctype 2. The survival of the various etraine at the threes
densities can be summarized as follows:

Lo Density 10, The mean suvival valuss for strai
tthe HEBW strains) and C and D {the LEW strains) are compars
For the HEW strains the average survival valu Fa, 3% for the
LEW etraine it is 96.7%. For the F ostrains 9% fop FUOFLW and
for the 6 strain only 774%.

2 Density A0, The mean survival wvaluwe for the HWN
iwm W7 7%, For the LBW YE. 1L, and forr the F, F7 oand
,

srvival values sare 79,49, 85,8 and &Y. 1%, resoschiy
H 4 [

e foand E
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. PRernsity 100,
The suarvival value for the MEW strains deops

markedly to A6K. The LEW strains maintalns a high survival value
of owveyr 92.84%. The F and F* strains have a mean swrvival value
of 7304 and 7E.EYN, respectively, and G dirops in mean survival to
] < S A

Hoglance at Table 2 shows that there is a dece suryival
as densilty incresses. The MBW strains are most a+$ecﬁed v the
inorease in density, and of these, straip & is more stfecied
than strain B.e The © and I LBW strains are minismally affec
df the intermediate weight strains, the F oamd F7 95,5 and %1
respectively at D10, drop Lo 79.4 and 89. at JRE and to
; ' 2% res iy el D-100, The G strain shows & gradu

suwrvival st D10, to i? % at be40,

LR

dyrop from 7V
1.7 et De-lan,
A Other observations.
Cand o Wardarce,
Falvsis of the data in the single strains

aelyoussd that the

The aff
f

Wl ance was a useful etaticstic te deltermin: 1

density on swrvival. Exeminmation of the variance in Table 7
shoms that gernerally, st D10, the varience s very low (4
oo unit) for most sltrains, and less than 2 ounite for
etraing F' oand 6. As density ingre g, 1 variance at D-40
ingreases to 2.59-5.1 undte forr omost strains. The only escepition
ig the & strain whose variance becomes 7.5 units,

Fear D100, the wariance of the A and B strains is about S8 and
T ounits, respectively. For the £ and D straine is about 12 and
ia umits, respectively.. For the F and F7 ostrains the varianoe
iw o aboul 24 units.

Blthough the veariances in Table 2 are high, those in Tabkle i
ttar the single strains) are much i]uhﬂrn e can conolude from
these values thalt both strains benefit by being resred in
tation with ancobher strain in sived-straeain viale.
. Hiomass.

Takle Za summarizes the hasic statistice of bLiomass for
gxch strain {gerncbyped. The smean and its standard devistion are
given for 10 replicates of esch strain esceplt as noted. 43 we

done for swvival, colwmm 1 gives the syvabols for the
alne resred togethery; column 2 glves the symbol of one of the
=g

&

T ER B

€z,
straineg; colwnn 3 gives the nuwnber of replicates; column 4 and
the hiomess and 1te standsrd deviation:; column & glves the
symbiol of the D*her strain  (gencotype 233 colwmn 7 the number of
rwpizuﬁt&m, coluwnns 8 and 9 the hiomease and standard deviation
of the other strain {(genctype Z). Columns 19, 11 and 12 give the
t-values, degress of freedom and p values respectively, obtained
when genotype 1 and genotype 2 are compared within a density.
Coluamn 13 gives the migniticeance of the p valus obtsingd. Column
14 gives the total biomass produced by genoctypes 1 oand 2, and
columnme 15 and 16 the percentage of the biomass produced by ach
tiwvely. (The figures
obhtained at that

d

of the strainse of genoctype 1 and g Fﬁhp&r
i parenthesis s sums of the six pere
Black of raumbers) .
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Table Za shows the overall results of the biomass calocylations:

1. Denmsity 10

Taking the data st face value, at D-10 the greatest average
Biomass is that produced by HEW strains & and B (7.7 and b.9mg,
g artively), and the lowesst is produced kv the LBW strains
Loand D, (4.0 and 4.4 mg, respectively). The biomassese of the o
Fre and B strains are intermediate betwssn the HEW and L&
strains (5.8, 5.3 and 4.2ma,

e Density 40,0
The relative standings of the bionscssss ab
not altered: the HBW straing produce the 2
oproducing about 28 mg. s the ©
t biomasses (14 and 18mg, res

are interaediate (19 ang pectively) and the G
train produced 189mg of biomesss. ALD things being egual and
the theoretical valuss on obhtained in 010, the
= walues for A = ZR.8; B = Z7.6; O o= 14y D o= 18 F =
Brow 23y and B o= 16,5 mg., so the observed and the theorstics
{uncorrected) values are very claose.

e Density 100,

The observed biomasses at D-100 do net change their relative
starnding from that observed at D-10 and D-40, but the pupscted
Al the ahserved values have become highly disparete. In the
following we list the strains alphabetically, and the choerved
argh gupected values in that order: & 24 ang Y23 B SR and
40 and 403 D 41 and 443 F 41 and 59; FTOZER oand 9% and B
AL The fact that € and D agree betwesen their ocheseved and
calouwlated valuss sugaests that the LEM strains ars the ol oy
& obtaining sufficient +o at this density. The remsining
strains are sctively competing for the available food HLE0L Y,
ut & and B are the strains showing the most obvicus effects of
susrwvaticon. '

c. Fatio of biomssses of coexisting straine,

Hefore undertabking long series of caleculaebions ueing
statistical methods, & few simple calcuwlaltions were carried oot
better to understand the data: Fatios were calculated to
obtain a trend, if any, other than a viso observation that as

imlty increases the variance of the Diomass increases.

: rerted that ratics of Hi over Intermediats straine
would give a ratic greater than 1, and ratios of Lo over
intermediate woula cive a ratio less than ! under normsl
conditions, but it might he modified wnder abrnormal copditions
such &s high density, and it might he altered at the i gplver
densities in an unknown way, since 211 of the strains were
highly heterozvgous bul diffaered in their Sodv-welght
Cminic g genss,
resulte were interesting: On face value, the HEW strains
2d to be more efficient in the production of kiomazs than
woand FTostrains by 10-Z8Y (Lhe diffe 2obm o theis Dody
() oangd o more se than the G etrain by & fac
artl Il straing were less edfi codr mros
the F and F° strains by & factor of .01 S

A Factor of -, 01 to L 1EY compersd with bl O

this density sre
=t biomases
rrains produce
wis Lhe F,. and

szt i

1%y
-

]

Dl CHnAE S
ard bw oa
el mg
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Dy, e A oand B ostrains dnore S0 AN
the Foand F° Lraine and 7I-100% over the & strain.
The: C sl W . &Filajpﬁt than the F oor F' in produacing
Bimmass by & Ffactor of 16%, while the D strain w 3=
efficient than the F' strain by 16%. but more ewflLlent tharn F
by 11%. Both C and D were more successtul than the § strain in
producing & biomass by & factor of 10 and &%, respectively. &t
D=1090 the level of etficiency in biomass production of the & and
Foatraing over the F oand F* ostrains wa stwgen 20 and Lofor A
ard Datwsen 36 and £4% for B, & was interior in
prudurr1un e B by 12%. while B owas superior Lo
ot Foand FTOoin biom proguction by 5
st vel v, whille B oweas indericor by 18 arnd
ant I owere supsrior to 8 in biomass production by oa
b 28 and 31%. rescectivel v,
nq -1 standard.
givern in D10, oo
ww hwuw xwlnulmtﬁd ihw experted walll
" Poand genotyvpe &£ combinaticons in colunns 1?9 s B
and the coryresponding percentages for each strain in onloumns EG
: i Table 2a, part 2. and from codumne 17 and
imated Lhe ratios with the following resalbs:
e Damsity 40,
=40, the raticos of A and B owith F
oF & de qrester than F oand F°
fively, while that of B ig gres.
of A owith G oand B owith & show that
ts FOoand 34%, respectivelyv,
strains biomass e less than Lhe
Do For O, while thal for D ie less aod FUOoby
ey respectively. The blomass of G, when resred with O
; e B de reared with B the bilonass

Qﬁ¥iﬁm tf bimmaﬁﬁ L

m%

WE TRvE

shiow That

- L
s 0.

19 and
T
zlrain.
o Foomrnd

m% B is 1

2. Bensity 100
=1, the ratic of hlomass is abouwbt lo and 218 greater
arrcd 10 amd 274 greater for B oover Foend FPo o The ratio of

s & Wonreatar, FEE?EF+1¥“1V over T, The I and D ratios

nr

viomass are below by 17 and Z00 with F, respectively, and &
o Lo, re#pecﬁively when compared with F7. Fipally, the

sses of O and B are equal, while thelt of strain D is

than the bimmaﬁg of G by 1T per centl.

cimates for biomass ratiocs have

W oany correction. Table Zb shows the o

nolype 1, genotype 2 oand the sum of gerotypss

zoted valuss asre hased on observed ndmbiers o

penotype. For example, for D-10 in the AF Viml‘ 7%
+ 4.0 beatles out of O f le arigin ]NL?DMUL”AF E]

i val wiriolh welghed &.959mo. f I A £3rF“Lt thia o

Aomwrvival we gultiply S/7400 X &, 93 for geral e

: Suws o= G0 1Y for ., genotype 0 oand 14

valuess of genotyoes

tor the determin

fu> Pe=aild amred D00 juet &se we did

xrf
e T

and . The

_ 5
i

|U,"-r’

P
o
]
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Ze Correctid facver for biomass,
Table 2o is an ablreviated version of Tabhle

i Cexd w1
the combimstion of mixed straine; colusn 2 the strain referr
to as genotyvpe 1p; column 3 the mean number of suwrvivors for
genotype 1. Column 4 the mean weight of survivors of penotype 1.
Column I gives the corrected weight assuming 100% surviwval.
column & gives the symbol for genctype ¥: column 7 the numbwr
swrvivarsy column 8 the mean welight of biomass of e
column 9 the corrected value based on 100% st ival g
10 the tobs Bilomass (adding columns 4 and 8) . He iﬂh g
how close the observed and the

hoother .
1o,
ALY The compari sons
Ay . The greatest differ
in mixed strain vials
2 L D (0L 88mg) . The r&m&iﬁlﬁg
Zi het.
Dearymi by 40,
At this denzity there is a Chags b
the calculated biomasses, =cially iF b
Pz mumber of survivors, &, reasred wilh F haa the gre
diftference in biomess. But the difrerence in biomass
and FToand A and G i less than O.Zmg. B with F, F* and 3 have
ditferenve belween observed and calculated biomass of the or
af D a-ZeBmg.e C oand D odiffer from F, F° oand & by 91,200, On
e hBand, Fo F' and G range in difference from ¢ to almost ®
thise density.
sity 100,
At this density the differences bwt.wmn tive b oma o
co-gnilsting strains becames manifest: The difforences in
betwesn F oand F* observed and caloul tﬁc walues whwn g
#ode 117200 0mgy 10-19 whien reared with By 5-1dm
with O and 5.5%-6.3 when raized with 0. The didd
arvd 4 ois 17.0mgy with B it die Z48.7mgy and wit
difference is about 22 units. Oocasionally we
thg welﬂh% of biomases of the £ and D strains i
Uhe walghlt of the § strain, which wider
toms belaves as an intermediate t
Za summerizes the numher of : ;
. biomeaeses producsd &L three EEitiEE with their
companying asteatistics (mean, standerd devi :1nn Vel ance and
nﬁﬁard greor sy by the single strains, ' e Lhe
For the two strains in mized s . a0 and b

el the same an Tables Za and 2k, s . ach of ownher
tof replicates the number of nd*vzdud} contributing
Lo the hiomass is given. In Teble 4da thﬁ st imeted From
values i D=10 are used az standard Lo caloula
values in biomass for D40 and D-100,
Faired comparisons,
statistices givern in Tables 4& and b
risons to determing whether
significant or nol by applyving

£

culated wvalusa oof

clome Lo

pelieear &

b b

b

air.
thee mean wElght

[T
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The results of the t-tests have besn summarized in graphic form
ire Fig.l for the single strainsy; in Fig. B 4or the biomaszses of
mined-straing of genotyvpe 1 and genotype 2 within a vial, and in
Fig. for comparisons between a gliven genotype belween single
and mixnedastrains.

1. &imgle strain comparisons,

a. Density 10,

Fig. ¥, D-10 shows that the £ and B strains ar
significantly different from each other and from every obher
ztrain used. None of the obther palred comparisons of the obher
strrains {i.e. LEBW and Intermediate weight strains) is
aignificant. .

B Dersi by 40,

The & amd B streains are significantly differsnt from each
cther and from every obther strain. For the other paired
comparisong, C ig pet significantly differsnt from D, E, ar &,
but it is significantly different from F and F'. Btrain D is not
migniticantly different From B, nor $from G, bubt it is=
signifigantly different from F° and G. F is significantly
different from strains F7° and G, and F* ite sjigrnificantly
different from G.

. Density 100,

A ie significantly different from every other str
significantly different from F and F'; O ie not signidf
dif+ferent froam D, but hoth © and D are significantly different
from E, F, F' and G. E ie «_. . significantly different from F and
F s but ot from G, F is net significantly different $from F7.
ut both F oand F* are significantly different from G.

2. Mined strain comparisons of genotyoes 1| oand 2.
a. Density 14, .

Fig. F shows that the HEW strains A and 2 and the LEW
atrains differ significaeantly from the intermedi ate weilght
strains F, F7 and G,

L. Density 40,

The HEW and LBW strains differ significantly from esch other
ard from the intermediate stvrains F, F7 and .

c. Density 100,

Tre D strain is not significantly different from the F°
strain, nor from the G streain. Every other paeired comparison is
zignificantly different. .

Se Comparicsons between single and mixed-siraing.

The only useful comparisons are those between single and
mixned-strainse of the same genctype, and these are summarized in
Fig. -

a. Densifty 140, 1

The single strain 4 in groug.differs significantly from A& in

groups 9, 10, 1l. The B strain in group 2 differs significantly
fram B in group 13 but not from Groups 12 or 14, C from group o

"

differs from C in groups 19, 1é, 17. D from oroup 4 differs
significantly from D in group 20, hut not in groups 18 or 1%, F
i group & differs from F in groups 9, 12, 15 and 18. F7 in
groun 7odiffers significantly from FToin groups 10,135, 14, and
19, G im group 8 differs from G in groaps 11, 14, and 20, but
ot from G in 17,
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e Deneity 40,
Adn group 1 differs significantly from A in roupe 9, 10,11,
B oim group 2 differs from B oin group 14, but noet from B oin
grouns 12 and 13,
Coin groeup 2 differs $rom $oin group 1% but does not odifder
from O in groups 1é and 17.
D in group 4 differs from D in groups Hoand Z0 but not from D
in grous 19.
Foim group S differs from F in group 12 but not from d o in
groups 9, 15 and 14,
Fr'oim group & differs from F* in graups 10, 13, 14, and 19,
G in group 8 differs $from § in groups 11, 14, 17, and 20,
. Density 100, '
A oin group L differs from & in grouns % and 11, bat not feom

1,

Boin group 2 differs $from B in groups 12, 173 and 14.

Coin group T dosse mobt differ from £ oin mroups 15, 14, 17.

“oin o group 4 differs from D oin group 20 but net from CHY LS
18 ar 1%,

Foin group & differes from F in group F. but noet from groups

12, 1% o 18,

F*" in group 7 does rnot differ from F° in groups 10 of 173, hot
it does differ from groups 14 and 19.
G in group 8 does not differ from & in Groups T and 14 but
g diffter from G in groups 17 and 70, )
E. A further model for testing survival and bhicnsses.
Based on the recsults obtained for the zingle straine summarirced
i Table 1k, column 4y we have created some data to serve as a
model against which we could compare the resul_te of the
mixed-strains of eguivalent dansity. Since mined-strain vials
corsi et of larvae of 2t rain 1 and strain 2 in equal by s
we have added the corrected values of sltrain & (17,521 and
strain F (10.5) in dermsity 10 and divided their sum by 2 ti.e.,
1E8.58 + 10.5/2 = 11,51, This procedure was repeated for ail the
remsining combinations of strains for all the three densities.

5t owe have compared esch of these values with the valuss
obtained at sguivalent densities and combinations of strains
with the results summarized in Table Aoy left, under the hesding
ot eingle strains. Then we have transferred the corrected val e
of Table Zb, column 12 and transferred them to Table S rioht
column, under the heading miszed-strains for immediate visual _
comparison. The results are obvicus if it is remembered that at
D40 the number of initial larvae is four times the numbar of
larvae introduced into vials at D-10, and the number at DiOG ie
ten times larger than at D-10: Locking at Table B¢ it isBwvident
that there is very little difference between the calculated and
the observed values as ewpected, At D-40, the valuess for
combinations including the © or D strains are cleoser than the
values that include the & or B strains. At D40 the ditfersnsces
hetween the observed and the theoretical values, especially for
the combinations that include the 6 and B strain: become more
olavious. AL D100 the closest data between the calcoulabed and
Ohaerved values, as expected are those for mived-strains
irvodving © and D straing. The bhiomasses of mixed strains
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ipvalving A and B are generally higher than the raloul ated
valuas. This, agaln, jeads Lo the conclusion that at high
densities in vials involving C and D etrains, both LEW and the
imternediate welght straing, by being reared tagether, are able
tey produce @ greater bilomass than single strains of egquivalent
density. Mathematicallya it makes sense that if Ffood is
abundant, & large etrain and a middle sired strain will produce
s mpuch iomsss /8 they &#re phyﬁialagically capable. If food is
in short supplys 1arper body mized strains will shme & oreater
mon-tality and reduction in tody eize than emaller sized sy aLISE.
S S0 A (HBRDY larvags grown with S0 F (inptermediate) larvas in
e oran of medium will fare muck better than 100 £ larvas growen
ip the same amount of Food. However the genotype of the strain

jo mleon imporiant as we have SEEn; Judging from the behavior OF
the Black body color atrain G the g&ﬁetic make Qp 18 important:
Ewen thouah this strain had the same heterzosyoous backgroun =
tlve other strains apparently G ois more sensitive o Crowcding.
resulting in Leatles with lawer eurwival even at the lowesht -
grnity. and at higher densities it showed a greater raduction

S

L.
in body welght that other strains of comparable intermadialte

BliTE.

F. Variance of Biomass.
By sguaring the standard Adeviations shown in Tables &a and &b
we can obtain the variance of each etyrain and some ides of the

effect of density on the biomass of wach strain. The regultse of
CiLr an&lyﬁigfga follows. ’

Sivele straing.

Tt wiltl b recalled that first instar larvag wWere introduced
into vials containing ig of flour at densities of 10, 40, and
100 larvas per vial. There were 10 replicates for gach strain
and densibty.

Daneity 1.

e variance for strains A-E evreeds one unil M walri ance,
it e less than 3 upite. The warlance far bthe F oand F7 sty alngs
Fi heterozygates of CrosEes hetween E and G are tess than 1 .
unit. Thes varlance of the G strain evceads & units, g it ois
s most variable of all etrains even in the absence of
cromding. We will use these valuss azg & standard.

Density 40,

Thers is o lNCrease in the variance of strain D, For the
remaning strains, there iz roughly & four—fold increasd T
variance for strain g and a 10-fold increase for strains A O
and E, an increake of 9-18% times in the variance of F oand F'a
antd & LE-fold Increase for the veariance of strain G.

Density 100.

The least. increase in variance is suhibited by etrains © oand D.
Coipcreases only a—-faold over the varilance atserwed 1N dersity
10, while D ehows a SE-F0ld increase i valriantce. Gtrain &
wariance increases aboul &0X the Wl e ehaerved 1 density 0.
Froimcresses ky 100X ard F7 by more than w00y the velues
chserved in density 10, Strain § incraasss Ly 80 fold e
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Elance obhserved in Density 10,
In the single strain biomase data in Table & we can ses that
at density 10 the variarnce of A and B {(the Hi bady weight
strains) and ©C and D (the Lo body welght strains is comparable.
The F and F* (heterczyvgous for black! show the lowest variance
artd G, the hlack strain, shows the highest variance.
Density 40.
All the strains show arn incresss in their respective biomasses,
which have become about 4 times larger than those cboserved in
density 10, as expected. The variarces of comparable strains
have not encressed equally: The variance of A Mas incressed
tive—fold, while tha veariance of B has increased about four—fald
over that chserved zt D-10. The wvariance of the C strain hac
increased about five-fold, while that of the D strain is abyenat
same & that cheserved in D=-10. The variarce of the E strain
increased asbout seven—fold over the variarce in D-10. The
valriance of the heteronvgous strain F has incresssd abook
Ffold, and that of the strain F° has incressed almest 20—fpld.
Ah density 100, the variance of & and B has incressed
i00-F00-+fold, compared with that of gdensity 10, The variance
strainse © and D, although the lowest for a@ll shtralimns, has
increased about 8—fold for strain © and 20-fold for etraim D,
The E strain has increased S0-fold cver that seen in D-10. F and
F* have incressed in veariance shout 200-feld and Hon-—fold,
respectively over that ohserved at D-10, and the variamce of &,
the black mutant strain, has incressed S0—fpld,
Misned-strains.,
We refer now to Table &b to obitain a rough picture of what i
happening to the biomasses and variancges of co-eristing strains.
Demsity 10.
Sirain A, co-inhabiting with etrains Fo F'y and G, has =

L)
i

variance of about 1.3-i.46 units wher reared with F and Feog
respectively, and about 0.8 units when reared with strain G.
Variance of B, when reared with F, gives & variance of SEPRALEI A
sbout 0.7 when reared with F° and aboot 0073 when reared with G,
The Lo body weight strains C has a variamnce which - tatul -3

from Loto about 006 when reared with F, F°, and G, and D, whiesrn
reared with the same middle weight strains hes a variance of 0.1
ta Q.8 The F, F' and G straine have very §ow variances, ranging
from 02 to 0.5,

Density 40, ) .

the variances for the Hi body weight straing & and R ramge from
1.3 te 10,6 for the A strain, and from 3 to & for the B strain..
The Le body weight strains range in variance from 0.4 to A01 far
the € strain and from 9.4 to 7.4 for the D strain. None of the
strains co-inhabiting with A, B, C, or D has a variance
exceading 1.2 units.

Density 100,

the variance of the Hi body weight strain A4 ranges from 20 to
184, while the variance for the Hi body weight strain B orangss

from 41 to about 79 units, For the Lo hody- etrains the wariance
has increased from 4.75-11.48 units for the O strain and from 10
toe 2 ounites for the strain D. For the intermediate wed ot
stiraing, The variances of the F strain range from Z.1-14.91 for
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e FY ofroam 3.4 o 25086 and For the G strain Ffrom L7 Lo about
A% units.
To simplify the presemntalticon all the variances of esoach sirain
Mave bhween pooled and averaged for the number of entries Thres
antries sach for the A, B, O, D strains, and four for the F, F7,
and & strains with the following results

Density 10

e ZL93/3 = 1,351 Fr 0.688/4 = 0,172
By 2:.01/3 = 00,67 F s m.f?ﬂ 4 = 0,10
Ce 1.04/0 = 0,354 5 QL.ETVAE/4 = 0,144
Dy 1.08/3 = .38

Density 40
5 22.173 = .36 Fo 1.8174 = 0,377
Be 13,7735 = 4,89 Fre 203574 = ¢, 5588
Lo H.&6/3 = Z.20 Gy 2,234 = 0,852
D 1i.8/s0 = 3,92
_ Density 100
Ap dEl.BAE = 12T7.X Fe ZF.9/4 = 4H.90
i 1?3”¢/¢ = &4,5 Foes &7,.4074 = 16,84
£ SH.2/03 0= g.4 G 89,7774 = 22.44

Dy 42,273 = 14.1 .
The simplified tabhle above shows that at Density 12 onlvy one of
the strains (A) excesds one unit of variance. Straing B, O, and
D range between 0.3& and 0.&7 units of variance, while ths F, F°
and G strains heve & variance between 0.1 and G017 units
At D40, A and B, the Hi beody weight strains have =
variance of shout 7 and T unite, respectively, and the Lo weight
wtrginse C and D bhave less than 4 units of variance. The
intermediate weight strains Fy, F7 and G 2till have a wvarlance

Jower than one unit,

At D100, the grestest increase in varisnce is observed

for straing A and B, the Hi body weight strains with 127 and &4
wnits, respectively,. Bverall, the A strain produces a 1lower
hiomazs and & higher variance, and the B strain produces a
Migher biomass and & lower variance. The C and D Lo body weight
stirains have a much lower variance than & and B, but comparable
to the varieance of F and F°, The B strain has o higher veriance

tharn F and F° and O and % But much lower than the variance of A

and H,

bier we compare the data of the single strains in Teble é&a with
the data in &b it ie evident Lthat the highest effect of densiiy
hecomes manifest in the Hi body we1uhi strains which show a
arester mortality, greater loss in biomass, and greatest
variabhility., & similar effect iz ochserved in the performance of
Z, the black mutant strain, but this effect has a different
cavse: the black strain doss well in low population density
conditions, but it has & lowsred viability under crowded
population conditions ss Sokolofd (1977) has shown,
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DISCUSEION ANMD COMNDLUSIONS
The present paper dezls only with survival and Biomaes
criteria for determining the effect of density in intra ol e
conpetiticon. These two priteria andg two others lweight by gernder
and disregarding sex, and development) will be the subrjeact of a
more comprehensive paper to be published elsswheres,

We have chosen biomass rather than weight of individuasls as one
af the criteris because biomass dats are comswhat easiar to
obhiain bthan individual weights, snd vet, te our knowledos, this
crriterion has seldom (AF sver? been veed by populaticn
iologists, The section on Fesults is rabber long, but thise is

Lo ouwr desire to ses whether statistical modele b tliar

=

ct compstition.
Lion are as Followss

The main Findings of thie inw
1. Huwrwvival. '
For convenisnce and to visuwalize what is Fzappening, we offer &
tagram of the single straine (Fig. 29 and one for sach
ity o show survival of the individusl stesing PFios. Do &,
oooargt o s

. Single strains {(see Fig. 2).

(1) A and B, the HBW strains) show about the same e e
af survival at D-10 and 0-490, but =z sigrificant drop in swrvival
at D100,

2 0 and D (the LBW strains) show no zignificant che
their near 100% survival in all of densities geed.

3 The IBW (ntersediate weight strains (=W E. F. F* and
Go mhow about the same martality at D-100: there is &
signiticvant difference in survival for E and iy bt met for F
ard F.

B, Mized-strains {see Figs Za, b, and 5c). )

(1) D-i0, The A, B, £, D, F and ¥" strains show about the
same percent survival, F has a higher suwrvival than F'r 6 bas a
lower survival tham &, B, T o D,

(23 D40, The survival for straine 6, ®, , and D
maintained over P04, F shows a sionificant drap in swrvival over
that shown by &, B, L, and D; F? has leower survival than B oand
Dy B has & lower survival than A, H, 2, and D. .

(5 D100, A and B have & severes drog in survivaly T and D
maintain theiv high level of survival. F FRas & lower survival
tabiout &0Y) thar at D-10 and D=49. F draoss in survive Tt SO%

ith /A A0% with B, but it stays at 80% or 0% survival with O o
Do G has SU-65% survival with & or B, but higher labkout 75%
sUrvival) with C or D,

2 B

#. Single strains.

The date in Fig. 4 show that st D-10 and D40, 4 and B ars
significantly different from sach other and from every obher
gtrain used. C and F are not significantly differsent from each
chher at D10, but at D-40 F is significantly different from ©,
Dy and Ey F' is significantly different 4rom O, D, and F, and G

N

(ERE S,

tgnitvicantly different from F oand F7. At P-100
sl gnificantly ditferent from the remaining strains
i signiticantly different from F oand F': ©
significantly different from E-G, E differs

i
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ot Lgriificantly different from F° but twe different from &, F°
is alsn significantly different $rom G
br. Mined-strains

As can be seen in Fig. G, the two genotypes reared together
in combinations &F to DB are significantly different at D-10 ard
D= 40, At D-100 strain combinations AF to DF are still
significantly different, but combirngtions I and DB are not.

o, Compariscns between single strains with same genotype in
mived strain. ;

Me omit the E strain because 1t wes not involved in
inter-etrain competition. CGut of 24 comparisons possible for
gach derwsity, 5724 comparicsons at D-10 were not significant
WMlle 19/24 were aignificant; at D-40 H/24 were not
ifFicantly different while 1&4/24 War . m% b-100 17 fZ@ WHE 6
i antly diffaerent, while 11/04 were., Mote that as density
e number of significent oaired comparisons
s, mEaning that the biomass of single strains becomss of
the same order of aasgnitode &t the highest densities,

2. Fodels,
The discovery Lhat a few technical errore head been made while
the gxperiment was being set up (resulting in swvivals of
Yarvae Lo =l Hﬂﬁ)led us to attempt to aspply some corrections to
he data. We alsc noted, comparing densitiss, that biomazses of
R W Y ek o g4 wvery close to fowr—fold, over the bilomosses
chtained at D-10, and the biomasses of D-100 did neot increase
ten—+tald over those at D-10 (all things being eouall. Since the
aurvival values of the single strains iz not egual; swwyvival was
gguated by multiplying the biomass by 5 ratio {(see Section on
Fesuwlits for examples!, which becams & corrected biomass. It was
chzerved that the ohserved biomase at D40 was very close to the

gxpected value using the corrected value of the hiomass o
each ebrain abt D10 and multiplied by 4. Bubt the oboser ard

grpected biomasses for D-100 differed significantly evern with
orrection. The discrepancy betweesn the observed and the
aperted values of bhiomasses at D100 and net ot D49 is
ﬁ*ﬁrlbu;wﬁ to the onset of competition at a dernsity somewhsre
3 and 100 larvae per oram. In other words, when

ie taking place at these higher densities, it will
becone evident hecauwse there will be fewer swviveore and the
biiomass values betwesn oheerved and caloulated values will be
ohvwiously different. Similar conciusions carn be made for the
model e developed for the mixed-sztrain vials.

d, Variance.
Hnw ot the advantagez of the personal computer is that

atistices such as mean, standard deviation, variance and
ndard error, among others, are very =asy to obtain. This is=
ey Usefal b .ﬁHGE the wvariance which is the standeard deviation
sauared, greatly magnifies any difterences in Lhe standard
daeviation. In the present paper we have ssesn that sach of the
strains, nobt unedpectedly, had its own variance. The variance
may be wvary low gt low densities but incresse tremendousiy ab
denszi where competition is btaking place, and 1L may inorease
e seitive o crowding such o as

|T' rl

I3

further in strains which ares
bhe O strain.
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hus, varisnces can be used as an index of the degrees of
competition taking place or sensitivity of the strainfis) to
crowding., In mized-straing, the varisances shows in Table 2 are
RBigh, but they are not as high as tho for single strains in
Table 1. The highest veriances are resched at D-100 4or straims
foand B O lthe HEW strains) and the lowsst for strains O and
D oithe LBW strains)., Thoase for F, F' and 6 are intermedi ate, huab
e variance is higher than the variance of F or F7. Because
Lhe varisnces in Takle 2 are lower tharn the variances in Tehle
1, we conclude that in mixed strain vials bhoth strains benefit
from being resred in association with another than being reared
singly at the sams density, especially if there v big
difference in the size of the bwe strains. be bel s this i
firel time thalt such a o iameion has bheen observed
weritally in the Coleoptera.
a faw words about the interaction chesrved in the
Simernts. A the title of the fraper indl cates, we v
raotiong observed both within and betwesn the highly
“onygous strains of T casstaneum Lrazirng gramples of
Competition and not predator-prey interaction
cause bthe dnteractions ocourred for s than one
gaeneration in dwation {(first instar larvas O-4 howrs old were
to initiate the esxperiments in &1l single strain and
zel-ategin viale: and the exoeriment Brought  to an end
A (there were no
that were white or pale in colord. Thus, dwing the
roroudsly within viate of
sity may result in s
ity 40 and density 100

sy L

“iments, larvas are growing sy
3 &

the same density, Differences in
gize of the adults at
ested by the total biom & decrease in Lhe number
b survivors, esoecially in the H brains at D100, wuhich
resulted, in owr opinion, froem & shortscs of food and not $rom
pradetor-prey interactions. Although pradator—orey interactions
Fravver Dieaen ¢ ~ated in Tribolium fses Sok 1978 amd
@y arg obssrved in long cLimg cenperimants
or spveral veare duration, when the
X ge, larval
¥ e tenaeral adults and mature adulte)
In o view, by starting the experis
Have minimlized age differences
radin vials and cannibalistic
cge larvas or adults preving
cumss o tenesral adolts. Sinces
The same sge in any givern vial, the
- : ig ascribed more ta

o bto matuwal mortality than to oredat interactions.

demomst

T E b &

Larg, praepupaE,
be control led,

tarvas 0-4 howrs

both sinale ebtrain and

i

2 which may
mall §arvas
wer s of alout

suryviwore at the

nelt

"
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LEGE!‘JD@ FOR TaBLES

Tabkle 1. Survival statistics, single strains,
Takxle la. Abbvreviated statistice of survivors and biemasces of
strains. Column 1 gives the symbol of the shtraing;
Column 2 the mean number of survivors: strains. Column
F gives bhiomass of survivors as chzerved. Colunn 4 the
corrected Dlomass sssuming 100 per cent murvival,
Table 1b. For legends for columns 1 to 4 sse Tahle la. For
column T biomass of the single straine has heen
calculated using Density values as standard,
Table 2. SHtatiztics for survival of genct v
mized-strain vials,
Table Za. Measn (mg) of bicmeass of genotvpes 1, genotype 2. and
the totel biomass of genotype 1+ 2.
Takle Za, Fert 2. Riomass of genotype 1 and genctype 2 and
percent of genctype 1 and paesrcent of gencobype 2,
N osurvivors, biomass and biomass correcsted to 100%
survival for genctyape 1, genctype 2, and :
i+ 2.
Table 2. SBame &z 2b, zimplified.
Table IJa. Statistics for N replicates and total bicmass of

o

genotyvpe 1 and 2.

She Brhatistice for N replicates and biomasses of
gernatypes 1 o+ 2,

4. Btetistics for N swrvivors and biomass oof genotyoss 1

a2,

Statistics for strains of geneotvoes 1 and 2.

Biomass of genotype | carrected to 100% survivors and

genotype 2 corrected to 100Y% surviveors., Total bio

Fercent of genchtype 1| and 2 in the biomass. Ratio of

targer Diomass/smaller biomass. Celumn 8, eupected

Bicmsss using that of D-40 in column 7 standard and

resuming 100% survivors,

Tabie Jza. Bdaplified survivors and their bioom:

Mined-Strains) . .

e Obh. Survivors and biomsss edpacted taking from Density 10
values as standard. )

. "Oorrected” valuess asswning 100V survivors {left

columnt ve valuess derived from Table 1b,

Tolsle

|
i
[
N
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(2)*
10
10
10
10
g
10
1G
9

-~

10
10
10
10
10
10
10
10

10
10
16
10
8
g
9
10

* 1. Strains;

2. Replicated number,;

.

3. my

TABLE 1
DENSITY 10
(3 (4)* (5)*
10.1 1.101 1.211
9.7 0.675 0.456
9.6 1.265 1.600
10.1 1.449 2100
8.444 1.333 1.778
8.600 0.843 0.711
B.300 0.675 0.456
7.558 2.555 6.528
DENSITY 40
377 1.494 1.233
37.3 1.418 2.011
39.3 2111 4.456
38.1 1.912 3.656
35.7 2.668 7.122
36.8 2.271 5.156
36.8 3.225 10.400
31.5 8.880 78.500
DENSITY 100
44.9 8.865 77.878
65.2 7.843 61.511
95.4 3.748 14.044
98.2 4,442 19.733
70.88 B.741 76.411
85.78 6.978 48.694
85,78 6.978 48.694
72.00 21,377 456980
4, 8.D.;
5, Variance;
8. S.E.

feaching and Technical

&)~
0.348
0.213
0.400
0.458
0.444
0.267
0.213
0.852

0.473
0.448
0.667
0.605
0.844
0.718
1,020
2.802

2.791
2.480
1.185
1.405
3.001
2.326
2.326
6.760

101
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TABLE 1a

DENSITY 10
{2)* (3 (4
104 1267 1252
97 1382 1425

8.6 8.04 8.38
10.1 8.35 8.27
7.9 8.30 10.50
0.3 8.26 8.88
6.8 6.47 9.51
DENSITY 40

37.7 49,56 62.58
37.3 b2.87 56.70
39.3 33.66 34.26
39.1 32.77 33.52
36.6 42.34 46.27
36.8 36.64 39.82
31.5 30.14 38.27

DENSITY 100
44.9 48.49 108.00
65.2 77.86 119.42
954 82.23 86.1¢
86.2 80.96 84.16
77.2 98.38 127.44
835 90.94 108.21
65.1 64.33 98.80

*The headings for this table are:
1. Strains;
2. Mean number of survivors;
3. Biomass observed:
4. Biomass corrected to 1009 survival.

TIB-35A
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TABLE 1b
DENSITY 10
{1)* (2)* (3)* (4)* (B)*
A 10.1 12.67 12.52
B 9.7 13.82 14.25
C 0.6 8.04 8.38
D 10.1 8.35 8.27
F 7.9 8.30 10.50
F 9.3 8.26 8.88
G 6.8 6.47 9.51
.......... | DENSITY 40
" A 37.7 49.56 52.58 50.08
B 37.3 52.87 56.70 57.00
C 39.3 33.66 34.26 33.52
D 39.1 32.77 33.52 33.08
F 36.6 42.34 46.27 42.00
F 36.8 36.64 39.82 35.52
G 31.5 30.14 3827  38.04
DENSITY 100 .
A 44.9 48.4¢ 10800  125.20
B 65.2 77.86 11942  142.50
C 95.4 82.23 86.19 83.80
D 06.2 80.96 84.16 82.70
F 77.2 98.38  127.44 105.00
F’ 83,5 90.94  108.91 88.80
G

65.1 64.33 98.80 85.10

*The headings for this table are:

1. Strains;

2. Mean number of survivors;

3. Biomass observed;

4, Biomass corrected to 100% survival;
5. Expected biomass using "Density 10"
values as standard.
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AF
AF
AG
BF
BF
BG
oF
CE
e
OF
DFE
DG

AF

AF
AG
8F

BF
BG
CF
CF’
CG
DF
DF
oG

AF

AF
AG
BF

B
BG
CF
CF
CG
DF
CF

DG

Notes

@ @
10
10
10
10
10
8
10
10
10
10
10
10

Uo0O0O0O000DTdO>» > P

10
10
16
10
10
10
10
1Q
10

COQO0O0O0COWwwr >

o
CoT o000 mE P B>

* 1, Birain mix; ,
2. Replicated number;
3. Genolype 1;

Research,

x » 3

GENOTYPE i

8y
4.5
48
5.2
4.7
4.7
5.0
4.7
48
5.0
4.7
3.1
49

20.000
19.444
15.800
19,300
20,100
18.500
18.800
20.000
18.500
19.900
20.400
12,100

$3.100
26.000
19.700
40.400
41.200
37.500
46.222
47.800
48,300
44,000
47.400
48.200

4. Mean number of survivors;

{5
0.707
0,788
D.422
©.483
0.483
0.000
0.483
0.639
0.471
0.675
0.568
0.316

2.538
2.186
2078
1.2%2
2.025
1.354
3.048
0.867
1.178
2079
0.566
2.726

8.724
5.67¢
9.8?1
6.128
4.849
4,528
2.891
3.178
3.854
2.867
5.83%
2.541

%. Standard deviefien;

8. Variance;

Teaching and Technical

8
0.500
0.622
0.178
0.233
0.233
0.000
0.223

0.488
0.222

0.458
¢.322
C.1C0

€.444
4.778
4.322
1.567
4.400
1.833
§.289
G.444
1.389
4.322
0933
7.433

45.211
32222
96 456
37.528
23.511
20.500

B.944
10.100
15611

8.222
34.044

6.456

7. Stendard arror;
8. Genotype 2;

TABLE 2
DENSITY 10
@y ®)*
0.224 F
0,249 F
G.133 G
0.153 F
0.183 F
0.000 G
0,153 F
0.221% F'
0,149 G
0.213 F
3,180 F
0.100 G
DENSITY 40
0.BC3 F
0728 F
0.637 G
0.3%8 F
0,840 F
0.428 G
0.864 F
02114 £
0.373 G
0.6%57 F
0.308 F
0.BE2 G
DENSITY 100
2.128 F
1.7¢5 F
2.106 G
2.042 F
1.833 F
1.432 <]
0.997 F
1.088 [
1.249 G
0.907 F
1.848 F
0.833 G

18.200
17.778
13.200
18.500
17.100
14.700
16.500
18.200
14.400
14,300
18.500
13.000

30.500
25.000
30.800
34.889
31.200
26.400
36.889
40.000
28.500
44,400
44,900
30.800

1,476
1.583
2.150
1.800
2.514
1.947
2.068
1.388
3.0s8
2.058
1.3%4
3.828

4,301
4,164

4,458

3518
4.417
4,851
5510
4.082
5.061
2.502
4677
4.624

8. Mean number of survivers;

$0. Standard deviation;

11, Varianes;
12. Stendard

ETof.
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(3"
0.322
0.456
1.587
0100
0.233
0.167
0.711

500
0.444
0.456
1344
1.611

2.178
2.444
4.622
361
§.322
3.789
4.278
1.856
g.600
4.233
1.833
12.444

18.500
16 844
19.878
12.361
16.511
23.822
30.361
16.677
340.800
12.267
21.878
21.378

{12y
5.180
0213
0.396
0.100
2,153
0.187
0.267
0.224
0.211
6,213
0.367
0.401

G487
0,821
G.680
C.801
0.795
0.618
S.E34
G.442
0.580
0.851
0.428
1.118

1.560
1.288
1.410
1.472
1.397
1.543
1.837°
1.291

1.600
1.108
1.479
i
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TABLE 2a
DENSITY 10
GENOTYRE ! QEMOTYPEZ
O & (sj" 4 5 5 e 5 5" a9 e aar g {t4)* (is;* {1g
AF A 10 6.8480 1.228 F 10 5.8970 0.876 214 18 0.046 12.8450 S3.67 4833
AL A 10 71180 1.278 F 10 5.8070 1.049 231 18 0,033 13.G220 54.7 45,3
AG A 10 7.5380 {862 G w0 £.6680 1.380 [ 4] 18 0.600 12,4060 82.2 G7.8
BF B 10 6.7880 $.000 F 10 £.1290 ©.392 1.88 18 0.077 NS 12.8950 £2.5 475
BF 8 10 6.9940 {.851 F 0 5.4760 0.634 372 18 0.002 12,4700 56.1 439
BG =] & 68867 0.532 G 5} 4.5480 0.608 7.40 10 0.600 11.8310 60.6{339.8) 35.4/265.8)
CF c i0 4.7770 0.507 F 10 56,7540 1.208 -2.38 18 .030 10,5310 45.4 4.8
CF c 10 38,5950 0.718 F 10 4.4900 0.822 -2.59 18 c.018 B.0850 44.5 §5.5
CG c 10 2.6900 a.5612 G 10 3.5080 0.901 G.i1 18 0.918 NS 7.0430 50.2 49.8
oF D 10 4.3870 0.752 F 16 5.4550 0.826 -2.88 18 0.008 9.8510 44,6 85.4
oF' o] 10 4.2190 0.631 F 10 14,4220 1.381 -0.54 1B 0.668 NS 28410 488 51.2
BG e 10 4.4960 0.348 G 10 4.0210 1.558 0.94 16 0.352 NS 84170 52.8{286.3) 47.2(340.7)
DENSITY 40
AF A 10 28,6770 3.282 F 10 18.6620 2198 805 18 0.000 47,3390 80.8 8.4
AF A 10 26,4244 31581 F' 19 21.4344 2.527 £.19 16 2.000 £2.8588 £38 462
AG A 10 2B.3600 1.224 €] 10 141510 2178 17.08 18 6.00C 42.9110 66,7 333
EF g 10 268810 1.718 F 10 20,2670 2.505 £.89 18 0.000 47.1480 57.0 430
e BF B 10 28.9360 2.402 F 10 203510 . 3.237 8.74 18 .000 49,2870 567 1.3
BG 2 10 28,1540 2441 G 10 16,4910 2,324 10.94 18 2.009 44,6450 B3.1{859.9) 46.8{260.1)
CF c 10 17,8850 AT F 10 19.2040 1.932 -1.23 18 0.235 NS 37,1880 48.4 1.6
cF C 10 16.68350 0.824 F 16 20.7410 1,712 -6.63 18 £.000 37.8760 44.5 855
GG [» 10 1681006 0.754 G 10 15.3300 3.450 1.33 18 0,202 NS a2.1400 2.3 §1.7
GF 8] 10 18.2410 1.942 ¥ 10 16,4800 1.950 2.02 1B 0.058 NS 347210 525 47.5
oF o 16 176010 1.340 [ 10 21.0200 2.017 -4.47 18 0.000 30610 456 54.4
DG O 1 17 868G 2755 G 10 14,2530 3.954 2N 18 0.014 32,2210 55.B(299:1) 44.2(300.8
DENSITY 100
. AF A 10 44,6140 10.858 F 16 82,4780 6132 2.08 1€ 0.008 77.05920 57.8 421
AP A 1c 31,4870 B.955 F 10 25,6910 5814 1.76 .18 o047 NS 57.0BB0 8582 448
AG A 16 257910 13552 a 10 28.4040 4,135 -0.81 18 0.431 NS 54,9950 46.9 531
8F B & 54.3511 8,801 F ] 35,9156 4,356 4.37 16 © 0000 4, 2667 57,7 423
BF' B 10 53.8080 8.487 F 10 32.7480 4.905 673 18 c.o00 68,5550 622 378
BG 8 10 50.8360 6.370 G 10 27.6050 5.088 9.05 18 0,000 78,5410 64.8(354.8) 35.1{255.2)
CF C g 35,1500 3.035 F a 41,3200 6817 -0.87 18 0.398 NS 80.4700 48,6 51.4
CF C 10 40,3680 5413 F 10 47,8310 5.057 -5.82 13 0.001 B7.801¢ 459 541
oe) C 10 40.5580 2.085 G 10 31.6480 5.806 4.50 18 C.000 +2.2080 £8.2 43.8
LiF o 10 37.8620 5,138 F 10 §0.310 4108 -7.61 16 £.000 88,1640 42.9 471
OF o 19 41,3360 4,666 F 10 50,4330 3.600 -4.78 18 " n.ooo 81,7710 45.0 5.0
DG o 1qa 43,8240 3.356 G i0 33,6600 5224 5.28 18 0.¢6G° 77,4830 58.7{295.3) 43.3(294.7}
* 1. Btrain mix; 4, m1; 7N 10, 1; 13. Signiticance; 15. Unoorrectied % igmass 18 Uncorractsd % Biomass
2. S¥hain or genolyps 1; 585, & m2; 1. dh; 14, mi+m2 of genotyps $ of genclypa?

3. Repticatad nymber; 8. Birain or genolype 2 880 t12m {mitm1+m2 10603 tm2imt+m2.100).
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These are expecied values from

the uncorrected Dernsity 10 values,
(173 (18)* {18)* {207+ (21

28.7 18.7 47.4 60.54 °  38.45
28.4 23.E £2.0 54.64 45 .38
3.2 18.3 49,5 83.03 . 36.86
271 24.4 51.5 £52.62 47.38
28.0 22.0 50.0 £8.00 44.00
28.0 18.2 46.2 80.61% 33.40
P81 23.0 421 45.37 54.63
4.4 18.0 22.4 44.44 £5. 86
14.0 14.0 28.0 50.00 50.00
17.6 21.8 33.4 44.67 ££.33
16,5 V7.7 346 43.30 51.60
18.0 16.0 34.0 £2.94 47.08
69.5 €0.0 1295 5367  46.33
71.2 50.0  130.2 5469  45.31
75.0 48.0 121.0 £51.98 38.02
&67.7 61.3 128.0 52.48 47.62
70.0 £8.0 125.0 £6.00 44.0C
70.0 45.0 t18.0 €£0.87 39.13
48.0 58.0 106.C 45.28 £4.72
36.0 450 81.0 44.44 £5.58
35.0 35.0 70.0 £0.00 50.00
44.0 54.0 98.0 44 .60 £5.10
42.0 44.0 260 48,84 $1.16
45.0 40,0 85.0 £2.84 47.08

17. Genotype 1; 20. % Genotype 1;

18, Genotype 2, 21. % Genotype 2

19, Jenotype 142,
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TABLE 2b
DENSITY 10
QENOTYPE 1 QGENOTYPE 2 GENOTYPE 1+2
e 2)* (3 (ay =N (& a7y (| o (o) (t1y a2y
AF A 4.5 685 7.72 F 49 588 611 8.4 12.94 13.83
AF A 4.8 712 7.42 F! 47 S.e1 628 85 13.03 13.70
; AG A 5.2 7.54 7.25 G 3.7 457 625 a9 12.1% 1380
BF B 4.7 8.77 7.20 F 49 5,13 6,25 88 12.90 13.45
BF’ 8 47 6.9¢ 7.44 F 4.7 575 €12 8.4 12.47 1356
BG 8 50 . 899 6.99 G 4.1 454 5.54 9.1 11.83 12.53
CF c 4.7 4.78 5.05 F 4.5 5.75 625 9.3 10.53 11,80
CF' < 4.6 3.60 3.9 F 45 4.9G 5.44 .1 8.50 8.35
e c 5.0 3.54 2.54 G 4.0 350 436 2.0 7.04 7.92
DF [ 4.7 4.40 4.68 F 4.7 5.45 5.80 9.4 885 10.48
oF! o 51 422 4.14 F 4.3 4.62 5.14 5.4 864 9.28
DG ] 4.8 4.50 4,59 e 2.5 4,02 .74 8.4 852 10.33
DENSITY 40
AF A 16.2 28.66 35.41 F 2¢.0 16.86 18.66 382 47.34 54.07
AR A 201 28.42 2826 F 17.8 21.83 26.44 378 50.35 54.72
AG A 18.9 28.36 2850 G 13.2 1415 21.44 33.% 42 .30 43,94
BF =] 19.3 26.68 27.85 F 185 20.27 24 .57 358 47.15 £2.42
BFE 8 201 28.94 28.80 £ 17.1 2033 23.80 37.2 49,29 &2 .80
BG = 18.3 28.15 3C.43 G 14.7 16.49 22 44 33.2 44.64 s2.87
CF < 18.8 17.88 1813 F 16.85 18.20 2327 353 37.18 42,40
R < 200 1664 1684 F t8.2 16.64 16,29 38.2 33.28 3483
CG < 195 16.81 17.24 G 14.4 15.33 2529 33¢ 3211 3853
DF (> 19.9 18.24 18.33 F 14.3 16.48 23.04 34.2 34.82 41,87
BF! o 20.1 17.60 17.25 F 185 2102 22.72 38.6 38.62 32.97
DG > 1861 17.87 18,82 G 13.0 1428 21.82 321 3z.22 40.74
. DENSITY 100
AF A 3341 44 61 67.39 F 308 32.48 4325 63.6 77.09 110.64
AF! A 25.0 3B 50 £0.58 F 250 25.89 51.18 51.0 £7.08 111.76
AG A 18.7 25.79 65.45 G 3t.3 28.40 46.96 51.0 5519 112.41
BF B8 40.4 54,35 67.26 F 342 . 9992 57.18 75.3 84.27 124.45
8F! B 412 €381 £5.30 F 312 32.7% 52.48 72.4 85 .56 117.78
BG B 373 50.94 68.28 G 26.4 -27.80 52.27 63.7 78.54 120.55
CF < 45.2 3515 42.37 F 36.3 41.32 .. B9850 825 B0.47 101.87
CF < 47.9 4037 4214 F* 42.0 47 .93 57.06 8%8.8 88.30 $9.2C
CG c 48.5 40,56 41.81 G 285 31.65 £3.84 78.0 72.21 G5 45
oF D 44.0 37.86 43.02 F 44.4 S0.30 56.64 88.4 88,16 59.66
DF! ] 47.4 41.34 4361 F 44.9 5C.43 56.18 92.3 81.77 89.77
BG D 48.3 43.82 45,47 G 30.6 33.57 54.85 76.9 77.49 100.32
* 1, Strain mix; 5. Biomass corrected to B. Mean biomass;, 11. Total of 4+8;
2. Strain or genotype 1; 100% survival, ' 8 Biomass corrected o i2. Total of 5.8
3. Mean survivors; &, Sirain or genotype 2; 100% survival,
4. Mean biomass; 7. Mean survivors; 10. Total of 3+7;
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AF
AF
AG
BF

BF'
BG

CF
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GENOTYPE 1
(2" £3* t4®
A 4.5 6.95
A 4.8 7.42
A 5.2 7.54
B 4.7 8.77
B 4.7 6.92
B 5. 6.99
c 4.7 478
c 46 3.60
C 5.0 3.54
D 4.7 4,40
» R 4.22
D 4.9 4,50
A 16.2 o8 .68
A 20.1 28.42
A 19.9 28.36
8 19.3 26.88
8 20.1 28.94
8 18.5 28.15
c 18.8 17.08
c 20,0 16.64
c 19.5 16.81
D 19.9 18.24
D 20.1 17.60
») 19.1 17.97
A 33.1 44,61
A 26.0 36.50
A 1.7 25.79
B 40.4 54.35
B 41.2 £3.81
8 37.3 50.94
c 46.2 35,15
c 47.9 40,37
c 48.5 40,56
D 44.0 37.86
D 47.4 41.34
D 48.3 43.92

* 1. Strain mix;
2. Strain or genotype
3. Mean survivors;
4. Mean biomass;

1

TABLE 2¢
DENSITY 10
GENOTYPE 2
foj= i6)* (4" ()
7.72 F 4.9 5.9%8
. 7.42 F! 4.7 5.8
7.28 G 3.7 4.57
7.20 F 4.3 £.13
7.44 F 47 5.75
6.99 G 4.1 4.54
5.05 F 46 £.75
3.91 F 4.5 4.0
354 3 4.0 3.50
4.8 F 4.7 5.45
4,14 F 4.3 4,47
4,58 e 3.5 . 4.02
DENSITY 40
35.41 F 20.0 18.66
28.28 F 17.8 21.83
28,50 G 13.2 14.15
27.85 F : 18.5 20.27
28.80 F 17.4 20.35
30.43 G 14.7 16.49
1913 F i8.5 18.20
18.54 F 18.2 16.84
17.24 €] 14.4 16.33
18.33 F 14.3 16,48
$7.25 = 185 - 21.02
18.82 G 13.0 £4,25
DENSITY 100
87.3¢ F 30.8 32.48
£0.58 F 25.0 25.52
€5.45 G a1.a 28.40
§7.26 F 34.8 35.82
£5.30 F! 312 3275
68.28 a3 26.4 27.8C
42.37 F 36.3 41.32
4214 3 420  47.83
41.81 G 28.5 31.65
43.02 F 44.4 £0.30
43,61 F! 44.9 £0.43
45.47 G 30.€ 33.67

£. Biomass corrected (o
100% survival;

£. Strain or genotype 2;
7. Mean survivors:

Teaching and Technical

TIB-35A

b
&.11
6.28
5,28
€.28
6.12

[~
ot

£.25
5.44
4,38
£.80
514
574

18.66

26.44
21.44
24.57
£3.80
22.44
23.27
18.29
<€.29
23.04
2272

21.82

53.64

o (

s> o oot

0 — o,
o I

(4]

8. Mean biomass;
3. Biomass correstzd to
100% survival

i0. Tota! biomass.

!
1
1
1
1
1

0 W O
S o © 0w
(03]

Ny
[
48]

54.07
54.72
42.94
5242
52.60
52.87
£2.20
34.93
38.63
41.37
39,97
40.74

10.64
11.78
12.41
24.45
17.78
20.55

87

-

BN
o

<O W
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o

{2)*
10
10
10
10
9
10
10
9

10
10
10
10
10
10
10
10

e Y

* 1. Strains;

2. Replicated number;

3. mi;

TABLE 3a

DENSITY 10 -
(3 (4)*
12.669 1.449
13.820 1.080
8.043 1.408
8.352 1.293
7.854 1.207
3.297 0.951
3.259 0.628
7.186 2.468

DENSITY 40
49,564 3.369
b2.871 2.040
33.655 3.33¢
32.767 1.268
34.716  3.188
42.335 2.865
36.6840 2.742
30.141 8514

DENSITY 100

48.492
77857
82.227
80.963
67.893
08.384

O DA S
-leR-A g

64,329

15.405
14.609
4.197
7.852
9.011
13.670

4N oo
FULO0OO

22.198

{8)*
2.100
1.167
1.985
1.672
1.457
0.905
0.394
6.089

11.348
4.160
11.152
1.608
10.165
8.206
7.518
72.484

237.325
213.420
17.616
61.648
81.200
186.862

440 AN
(BRI o 2+

492 742

4. 5D
5. Variance;
8 S.E.

{6)*
0.458
0.342
0.446
0.4089
0.402
0.301
0.199
0.823

1.065
0.645
1.056
0.401
1.008
0.9086
0.867
2.692

4.872
4.620
1.327
2.483
3.186
4,657

I AAN
A P o 7l

7.020

109
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(1)

10
11
12
13
14
15
18

4
4
‘Q

20

1C
11
12
13
14

15

16
17
18
19

20

10
11

+
i

13
14
15

17

Ny A
S oW oW

£y

{e)
10
10
i0
10
10
&

10
10
10
10
10
iC

L4

Notes - Research,

(3%
6.948
7.415
7.538
6.766
6.944
6.180
4.777
3.595
3.540
4.397
4.218
4,496

28.677
28.424
28,380
25.831
28.836
28.154
17.285
16.635
1€.810
18,241
17.801
17.9€8

44.614
31.487
25.791
£4.351
£3.808
£0.938
39,180
40.369
37.8€3
41.338
42.940
32.478

4
1,228
1.275
0.882
1.000
0.851
0.532
0.507
0.718
g.612
L7852
0.€31
0.346

3.26e2
3.181
1.224
1.718
2.402
2.441
2.472
0.824
0.754
1.942
1,340
2,758

10.858
8.955
13.582
g.201
8.587

£.370

3.035
3.413
3138
4.606
3.33%
5132

TABLE 3b

DENSITY 10

DENSITY 40

DENSITY 100

(5)*
1.508
1.626
0.796
1.000
0.724
0.217
0.257
£.51€
0.282
0.5¢%
0.398
0.120

10.640
g.92¢
1.492
2.943
£.769
5.961
6111
G.679
0.569
3.770
1.788
7.588

117.917

80.182

183.658

4

73.220
73.739
40.577

2.208
11.652

$.881
21.774
11,128
37.598

8.0,
5, Variance;
6.

S.E.;

Teaching and

(6}
0.388
0,403
0.282
0.31¢
0.269
0.283
0.160
0.227

. 0.162

0.238
C.200
0.102

1.032
1.080
0.387
0.542

0.7€0

0.772
0.782
D.261
0.239
0.614

0,424

c.871

3.434
2.832
4 286
8.857
2718
2014
1.012

0.983
1.478
1.083%

1.833

Technical
(7" &
£.997 0.676
5,807 1.043
4,568 1.380
5.129 £.392
£.746 0.634
4 545 0.609
£.754 1.208
4.420 ¢.823
3.505 0.201
£.454 0.gze
4,422 1.331
4,021 1,858
18.€82 2.196
21.434 2.527
14, 161 2178
20.287 2.E08
20.351 3.237
16,491 2.324
19.204 1.932
20.741 1.712
15.230 3,480
1£.480 5.95C
21.020 2.017
14.253 3.384
32.478 £.132
25.831 C.E14
29.404 4,135
30.216 4,356
32.74% 4,808
27.605 £.088
41,320 6817
47.e31 S.057
31.6842 £.908
£0.301 4.108
50.433 3.800
35.883 5224
7.me;
g 80
3. Vanance;

TIB-35A

(@
C.458
1.101
1.808
0.153
0.403
0.24%
0.z82
0.677
0812
0.£83
.77
2.431

4,822
£€.38%
4.74%
6.276
10,473
5.400
3.734
2.831
11.902
3.8C¢
4.088
11.248

LS T AN B T 1 S
BB N D N
W QW —~ =} n
W o~ QW o
O N RO @

£

bl
iY
ey
L7%]

taly

25.569
34.878
16.877

(1o
0.214
0.332
0.436
0.124
0.201
0.371
1.458
0.280
0.28¢
0,281
0.421
0.423

0.694
0.842
0.683
0.782
1.024
0.73%
0.611
C.241
1.021
cE17
0.638
1.0€1
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2/23/95 TABLE 4a
DENSITY 10
(1)~ (2)* {3)* (4)* (5)* (6)* {7)*
A 101 12.670 1.449 2.099 0.458
B 97 13820 1080  1.166 0342
: C 9.6 8.043 1.409 1.985 0.446
| D 10.1 8.352 1.293 1.672 0.408
E 7.6 7.854 1.207 1.457 0.402
F 7.9 8.297 0.951 0.904 0.301
F 9.3 8.259 0.628 0.394 0.199
G 6.8 6.467 2.468 6.001 0.823
DENSITY 40
A 37.7 49,56 3.369  11.350 1.065 50.68
B 37.3 52.87 2.040 4,162 - 0.645 55.28
c 39.3 33.66 3339  11.149 1.086 3117
D 30.1 32.77 1.268 1.608 0.401 33.41
E 35.7 34,72 3.188  10.163 1.008 31.42
F 36.6 42,34 2.865 8208 0906 33.19
F 36.8 36.64 2.742 7.519 0.867 33.04
G 315 30.14 8514  72.488 2.692 25,87
DENSITY 100
A 44.9 4890 15405 237.310 4,872 126.7
B 65.2 77.86  14.610 213450 4620  138.20
c 95.4 82.23 4197  17.615 1.327 80.43
D 86,2 80.96 7.852  61.653 2.483 83.52
E 56.7 54.31 9.011  81.198 3.186 78.54
F 77.2 98.38  13.670 186,869 4,557 82.97
F 83.5 9094  10.883 118.440 3.442 82.59
G 65.1 6433  22.198 492,751 7.020 6467
* 1. Strains; - 4,5.D,; 7. Estimated from values
2. N/1G; 5. Variance; from Density 10 used

3.m; ' 6. S.E. as standard.
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by

2123/ 85 ' _ TABLE 4b
CENSITY 10
STRAIN 1 STRAIN 2
(y* @y ) e s sy e ey (2 (1o}~ gy g T
AF -3 4.5 6.848 1.229 1.508 0.388 F 4.9 5.997 0.876 0.4570 a.214
AF A 4.8 7118 1.27% 1.626 0.403 F 4.7 3.807 1.049 0. 1100 0332
AG A 5.2 7.538 0.882 C.785 0.282 G 37 4.%568 1,380 0.1800 0.438
BF B 4.7 8.766 1.000 1.000 0.318 F 4.9 £.129 0.392 0.0154 0,124
BF. 8 4.7 6.994 0.8%51 0.724 G.269 F* 4.7 3.746 0.634 0.0404 0.201
BG B8 30 4.182 ¢.532 0.283 0217 G 4.4 4.54% ©.608 2.0820 0.248
CF C 47 4.777 G507 0.257 0.160 F 4.6 3.7%4 1.208 0.1480 0.382
CF C 4.8 3.58% 0.7e 0.518 0.227 £ 4.5 4.490 0.823 0.0676 0.260
ole] < 3.0 3.540 0.512 0.262 G.162 G 4.0 3.303 0,801 c.0812 0,283
DF D 4.7 4.397 0.7%2 0.586 0,238 F 4.7 §.434 0.ez26 0.0681 0.26%
oF o 51 4.218 0.632 0.299 C.200 F 4.3 4.422 1.33 Q1770 g.421
DG o] 4.9 4.488 0.346 ¢.120 G.108 G 3.5 4.021 1.5358 0,2430 0.483
DENSITY 40
AF A 16.2 28.68 3.262 10,641 1.082 F 200 18.68 2.196 0.126 0.684
AF A 201 26.42 313 9.92¢ 1,050 F 17.8 21.83 2.527 0.708 0.64z2
AG A 1.2 28.25 1.224 1.488 0.287 G bEch 14.15 2178 ¢.473 2682
aF & 8.3 £6.80 1715 2.841 0.542 F 183 20.27 2.508 G.82 0.752
BF B ‘0.1 2884 2.402 5770 0.7e0 F 7.1 20.35 3.237 1.048 1.024
BG B 8.5 2818 2.441 5.858 0772 G 18.7 16.49 2.324 0.540 0.735
CF C 18.8 17.98 2.472 6.111 Q.782 E 18.5 19.20 1.832 D.373 o611
cF C 20.0 16.64 0624 c.e79 0261 F 18.2 16.64 0.524 0.068 0.281
cG C 18.5 16,61 0.75%4 C.569 £.239 G 14.4 15,33 3.450 1.18C 1.091
DF D 19.8 18.24 1.942 3. C.6t4 F 4.3 1€.48 1.650 0.281 0817
oF D 20.4 17.60 o063 a.3%e 0.200 F 18.5 2t1.02 2.017 0. 407 0.638
oG D 181 17.97 2.75% 7.590 C.B71 G 13.0 1425 5.3%4 1128 1.061
DENSITY 100
AF A 331 44 .61 1086 117.940 3.434 L 308 2.48 6.132 3.758 1839
AF A 26.0 3150 B.26 e0.282 2832 F 250 25.39 5814 3.878 1.838
AG A 18.7 2878 13.55 1iB3.802 4,208 <} 3.3 29 .40 4135 1.711 1.208
oF B 40.4 54,35 8.90 79.210 2.967 F 34.8 -38.82 4,386 2,108 1.4%2
BF 8 41,2 s3.81 B8.59 73.788 2715 F 312 32.75 4,905 24.0%9 1.351
B8G [} 373 30.94 .37 40.577 2.014 G 26.4 27.60 5.088 25.e68 1.808
CF c 46.2 3915 3.04 8.242 1.012 F 8.3 41.32 £.817 §.162 2.272
cF c 47.9 40.37 3.41 11.628 1.079 F 2.0 47.83 5.057 25413 1.599
CG < 48.5 Lisk-1 z.08 4.328 0.659 G 288 3185 5.908 34.881 1.668
oF [s] 44.0 37.86 214 8.B6C 0.893 F 44.4 30.30 4,108 18 676 1.299
oF o 47.4 “1.34 4.67 21,508 1.476 F 44.8 50.43 3.800 14 440 1,202
a]c s} 48.3 43.82 3.34 11,156 1.055 G 6.8 33.87 5,224 27.283 1.652
* 1. Strain mix; 550, 8 NIO; 13. 3.E.
2. Strain or genotype 1, 6. Vardance; 10. mz;
5. NAD; 7.5.E.: 113D
4. mt,; 8. Strain or genctype 2: 12. Variance;
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(1]

AF
AF
AG
BF

BF
BG
CF
CF
Ca
DOF

OF!
DG

AF
AF
AG
BF
BF
8G
CF
CF'
Ca
OF
OF
DG

AF

AF'
AG
BF

BE
BG
CF

CF
Cca
DF
DF'
DG

Notes - Research, Teaching and Technical

(2)* {3
7.72 6.11
7.42 6.28
7.25 6.25
7.20 6.25
7.44 6.12
6.299 5.54
5.05 6.25
3.91 5.44
3.54 4,38
4.68 5.80
4.14 514
4.58 574

35.41  18.66
28.28 26.44
28.36 21.44
27.88 24.57
28.80 23.80
30.43 22.44
19.13 23.27
16.64 18.29
17.24 21.2¢8
18,33 23.04
17.2% 22.72
18.82 21.92
67.3% 43.25
60.58 51.18
£5.45 46.96
§7.26 57.19
£5.30 £2.48
68,28 £2.27
42.37 £9.50
42.14 £7.06
41.81% £3.64
43.02 55.64
43.61 £6.16
45.47 5485
1. Strain mix;

2

3

4

S

g

7

g

100% survival.

TABLE 4c
DENSITY 10
(4)* (s)*
13.83 5.8
13,70 54,2
13.50 53.7
13.45 535
13.56 54.9
12.53 55.8
11.30 44.7
9.35 41.8
7.92 44.7
10,48 44.7
9.28 44,6
10.33 44.4
DENSITY 40
54.07  65.49
54,72 51.68
49.80  £6.9%
52,42  53.10
52.60  54.75
52.87  £7.56
42.40  45.04
44.93  37.03
38.53  44.74
41,37 44.3%
39.97  43.16
40.74  46.20
DENSITY 100
110.64  60.94
111.76 54,21
112.41  58.22
124.45  $4.05
117.78  55.44
120.55  56.64
101.87  41.50
99.20  42.48
95.45  43.80
99.66  43.17
99.77 . 43.71
100.32  45.32

&)
44.2
45.8
46,3
46.5
451
44.2
55.3
58.2
£5.2
55.3
55.4
55.6

34.51

48,32
43.05
46,88
45.25
42,44
54.88
4C.73
55.25
55.81
56.84
53.80

39.09

44,30
41,78
45.95
44 56
43.36
£8.41

§7.52
56.20°
56.83
£5.20

£4.68

. Biomass of genctype 1 corrected 1o 100% survival,
. Blomass of genotype 2 corrected to 100% surviva!:
. Total biomass of genctype 1 + genotype 2;

. Biomase proportion of genotype 1 in percent;
. Biomass proportion of genotype 2 in percent;
- Ratic of biomass of genotype 1/ biomass of genotype 2:

. Expected biomass in terms of values of Density 40 in column 7 assuming

26
48
.18
A6
22
i
24
.39
.23
24
24
.28

Relt)

.07
.32
A3
&1
.38
22
A0
23
28
.32
A6

.21
.39
18
24
31
.40

el

1t
A3
.32
26
21

135.2

136.8
124.8
131.0
131.8
132.2
108.0
112.3

96,2
103.4

9.9
101.8

113
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TABLE 8a. Survivors and their biomass.(Mixed strains)

("
AF 9
AF' 10
AG 11
BF 12
BF' 13
BG 14
CF 18
CF' 16
CG 17
DF 18
DF' 19
DG 20

AF @
AF 10
AG 11
BF 12
BF'13
BG 14
CF 15
CrF 1B
CG 17
DF 18
DF'1¢g
DG 20

AF @
AF' 10
AG 11
BF 12
BF' 13
3G 14
CF 158
CF' 16
CG17
DF 18
DF 19
DG 20

DENSITY 10
GENOTYPE ¢ GENOTYPE 2
()" @ (4)* {8)*
4.5 £.948 4.9 5287
4.8 7115 4.7 5.907
4.8 7.538 3.7 4.568
4.7 6.766 4.9 6.129
4.7 £.994 4.7 £.746
3.C 4.182 28 2.727
4.7 4.778 4.6 5,754
4.5 3.585% 4.5 4,430
5.0 3.540 4.0 3,505
4.7 4.387 4.7 5.484
5.7 4.219 4.3 4.422
4.9 4,486 3.5 4.021
DENSITY 40
20.0 28.677 16.2 18.682
17.8 25.582 16.¢ 18.291
19.8 28.360 13.2 14.151
19.3 26.881 16.5 20.267
201 28.938 17.1 20.351
i8.8 28.264 14.7 16.491
18.8 17.985 16.5 19.204
20.0 16.635 18.2 20.741
18.5 16.810 14.4 18.330
198.9 18.241 14.3 1€.480
20.4 17.601 18.5 21.020
121 17.268 13.0 14.253
DENSITY 100
331 44,614 30.8 32.478
26.0 27.397 252 - 25.591
18.7 25.781 308 28.404
36.4 48.916 31.4 35.924
41.2 53.808 3r.2 £2.748
- 37.5 50.836 27.1 28.427
T 416 35.235 33.2 37.188
48.9 40.369 40.0 47.631
48.5 40.55¢ 28.% 31.549
44,6 37.863 44.4 506,341
47.4 41,338 449 50334
48.3 43,021 306 33.569
1. Mixed strains;
2. Mean survivors of genotype ¥,
3. Mean biocmass of genotype 1;
4. Mean survivors of genotype 2,
5. Mean biomass of genotype 2.

TIB-35A
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TABLE 5b. Survivors and biomass expected taking
from Density 10 values as standard.

(1>
AF 9
AF' 10
AG 11
BF 12
BF’ 13
BG 14
"CF 15
CF’ 16
CG 17

DF 18 -

- DF' 19
oG 20

AF @9
AF' 10
AG 11
BF 12
BF' 13
BG 14
CF 15
CF' 16
cG 17
DF 18
DF’ 19
DG 26

DENSITY 40
GENOTYPE 1 GENOTYPE 2
(2)* {3)* (4)* (5y*
180 27672 196 23.988
192 28.460 188 23.629
196  30.152 148 18.272
188 27.064 196 24516
188 27.976 188 22984
120 16.768 100 10.908
168 19.112 184 23.016
184 14.380 180 17.960
200 14.160 160 14.020
188 17.588 188 21.816
204 16.876 172 17.688
196 17.984 140 16.084

DENSITY 100 _
450 69.18 490 .59.97
480 71.15 470 59.07
480 75.38 370 45.68
470 67.66 490 61.29
470 69.94 470 57.46
300 41.92 250 27.27
470 47.78 460 57.54
460 35.95 450 44.90
500 35.40 400" 35.05
470 43.97 470 54.54
510 4219 430 4422
40.21

490 44 .96 350

* 1. Mixed strains;
2. Mean survivors of genotype 1;
3. Mean biomass of genotype 1;

4. Mean survivors of genotype 2;.

5. Mean biomass of genotype 2.
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TABLE 50. These data have been "corrected”, assuming 100% survival of beotles

both in single and mixed strain vials using the date in Table 6e.

(A+F)e=

(A+F')/2 =
(A+G)/2=
(B+F)je=
(B+F/2=
(B+G)/2=
(C+F)z=
(C+F)a=

C+G)e=

(D+F)f2=
(D+FY2=
(D+G)j2=

(A+F)2=
(A+Fj2=
(A+G)2=
(B+Fy2=
(B+FY/2=
(B+G)/2=
(C+F)f2=
(C+FYj2=
{C+G)2=
(D+F)2=
(O+F)/2=
(D+G)/2=

(A+Fy/2=
{A+F'Y2=
(A+Q)e=
(B+F)/2=
(B+F)2=
B+G)e=
{C+F)/z=
(C+FY/2=
({C+Q)iz=
(D+Fyj2=
D+ FYf2=
D+G)fe=

Single Strains
6.26+5.25
£.26+ 4,44
6.26+4.76
7.18+5.25
7.18+4.44
7.18+4.76
4.189+5.25
4.188+4.44
4188+ 4.76
4,135+5.25
4.135+4.44
4.135+4.76

25.04+21
25.04+17.65
25.04+19.2
28.7+21
28.7+17.6
28.7+18.2
16,75+ 21
16.76+17.65
16.76+16.2
16.6 +21
16.6+17.65
16.6+10.2

(108+127.44)/2

(108+108.9)/2
(108+98.8)/2

{(118+127.4)/2
(118+108.8)/2
(115+98.8)/2
(85.2+127.4)/2
(86,2 +108.9)/2
(86.2+ 98 82
(84.2+127.4)/2
(84.2+108.6)/2
(34.2+98.8)/2

= 11.81
= 10.7
=11.02
= 12.43
= 11.62
= 11.24
8.44
£8.63
8.95
©.388
8.575
= B.8e8

H

It

I

i

n

= 46,04
42.69
44.24
407
46.3
= 47.9
37.75
34.41
35.86
37.8
= 34.25
= 35.8

il

n

i

n

fl

L}

4

= 117.72
= 108.48
= 103.4
= 123.2

= 113.85

= 108.8
= 105.8
= Q7 55
= 92.5

= 105.8
= 85.66
=G1.5

DENSITY 10

(A+F) =
(A+F)=

(A+G) =

(B+F) =
(B+F)=

(B+G) =

(C+F) =
(C+F')=

(C+G) =

(D+F) =
{D+F'y=

(D+G) =

DENSITY 40

(A+F) =
(A+F)=

(A+Q) =
(B+F) =.

{B+F)=

(B+G) =

(C+F) =
(C+F)=

(C+G) =

(O+F) =

O+F"
(D+@G) =

DENSITY 100

(A+F) =
(A+F)=

(A+G) =

B+F) =

(B+F)=
B+G) =

(C+F) =
(C+F)=

iC+G) =

(D+F) =
(O+F)=

(C+Gi =

Mixed Strains
7.72+6.11
7.42+6.28
7.25+86.25
7.20+86.25
7.4445 75
4,19+5.54
5.05+6.25
3.81+5.44
3.54+438
4.68+5.45
4.14+514
4.63+5.74

35.41+18.656
28.28+26.44
28.50421.44
27.85+24.57
28.80+23.80
30.43+22.44
10.13+23.27
16.64+18.29
17.24+21.29
18.33+23.04
17.26422.72
18.82+21.62

67.38+43.28
80.668+51.18
65.45+46.86
67.26+57.19
65.30+62.48
£8.28+82.27

-42.37+66.50

42 14+57.060
41.561+53.64
43 02+56.64
43.61+556.16
A8 47 +54.85

= 13.83

13.70

= 13,80

13.45

= 13.18

]

Q.73
11.30
8.35

= 7.82

[H

10,18
&.28
10.87

54.07
5472
48.84
g2.42
22.60
52.87
42 .40
34.63
38.53

= 41.37

fl

ih#

39.87
40.74

© 0 oo
O 0O GG
@ N BN

o
o
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Legends for Flgures

Flew chart showing interrelationship of strains and
substrains of Tribolium castaneum, _
Significance of t—tests of biomass, single strains.
Significance of t-tests, mived-strains genotype 1 vs
penotyne 2 within a vial.

Bigrificance of t-tests bhetwwen bhiomasses of
mived strains of same Qenobyoe.

i

imgle ve
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Figure §. t-tests biomass, single strain.

'DENSITY 0
A B C D E F F G
12 3 4 5 6 7 8
A1 + o+ + 4+ + o+
B 2 + o+ + o+ +
Cc 3 . -
D 4 -
~~~~~~~~~ E 5 - -
F 6 -
F 7 -
G 8
DENSITY 40
A1 + +  + + 4 + o+
B 2 + o+ + o+ o+ &
Cc 3 .o + +
D 4 -+ +
E 5 + .-
F 6 + 4+
F 7 +
G 8
DENSITY 100
A1 -+ +  + + 4 +
B 2 S -+ +
Cc 3 + o+ o+ 4+
D 4 +  + + o+
E 5 “+ +
F 86 +
777777777 F 7 +
G 8
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Firi |m>5 ttacte hinmass mivad.straing
migure o FIesis DIOMass mixad-giraing

genotype 1 vs. genotype 2 within a group.

DENSITY 10
GENOTYPE 2
AF AF AG BF BF' BG CF CF CG DF DF DG
g 10 11 12 13 14 15 16 17 1B 1¢ 20
AF & +
AF 10 +
AG 11 +
BF 12 +
BF' 13 +

GENOTYPFE 1 BG 14 +

CF 15 +

CF' 18 +

CG 17 +

OF 18 +

DF' 18 +

DG 20 +

DENSITY 40
AF 9 +
AF G +
AG 11 +
BF 12 +
BF' 13 ' +

GENOTYPE BG 14 +

CF 15 +
CF 16 +

CG 17 +

OF 18 - F

DF 18 +

DG 20 +

DENSITY 100
AF & +
AF' 10 +
AG 11 +
BF 12 +
BF' 13 +

GENOTYPE1 BG 14 B +

CF 15 +
CF 16 +

CG 17 +

DF 18 +

DF 12 -
DG 20

TIB-35A
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ﬁgmeé.bmSmlﬁomassofanMVSJnmedenamsofsamegenona

DENSITY 10
AF AFF AG BF BFF BG CF CF CG DF DF DG
9 10 11 12 13 14 15 16 17 18 19 20

At + + +

B 2 . +

C 3 + o+ +

D 4 +

E E &5 + + + + 4+ + + + + + -

F 8 = + + +

F' 7 + + + +

G 8 + + +
DENSITY 40

A1l + 4+ +

B 2 - 4

c 3 +

D 4 + +

E 5 + + + + 4+ 4+ -+ + o+ +

Fs& - + -

F7 -+ - + e

G 8 + + + +
DENSITY 100

A1 + -+

B 2 + + o+

cC 3 '

D 4 +

E 5 + + + + 4+ + + 4+ + 4+ 4+ o+

_____ F 6 + --
7 - + +
G 8 - - + +
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AFFENDT X

fpppendix Table 1. Paired comparisons between biomass of strain L
ve bDiomass of strain 2, single strain vials.
Flews = Htrain &4

= SBtrain B
= Dtrain C
= Htrain D
= Sirain E
foo= Btrain F
7o=m Strain F
8 = Btrain &
For key to numbers st the head of the colugns sese bhe
detinitions at the hobtor of the tabhle,

Iy R e

-
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23/ 85
(1)~ (2)*
1,2 12.6680
1.3 12.6880
1,4 12.6630
1,5 12.6680
1,6 12.6690
1,7 12,6690
1.8 12.6690
2,3 13.8200
2. 4 13.8200
2,5 13.8200
2.6 13.8200
2,7 132.8200
2.8 13.8200
3, 4 8.0430
3,5 8.0430
3.8 8.0430
3,7 §.0430
2,8 8.0430
4,5 8.3520
4,8 B8.3520
4,7 §.3820
4.8 8.7520
5 6 7.8544
5,7 7.8544
5,8 7.8544
8,7 8.2670
G, 8 8.287C
7,8 8.2590
* 1, Strains;

Notes - Research,

(@)*
1.449
1.449
1.442
1.449
1.449
1.44¢
1,448
1.080
1.080
1.080
1.080
1.080
1.080
1.408
1.409
14089
1.408
1.408
1.263
1.283
1.283
1.263
1,207
1.207
1.207
0,981
0.851
0.628

2. Mean welight of strain 1,
3 Standard Deviation of strain 1;

(4)*
13.8200
8.0430
8.3520
7.8544
8.2570C
8.2580
7.1688
8.0430
8.3520
7.8544
8.2¢70
8.,2690
7.1856
8.3520
7.8544
8.2670
8.2580
7.18586
7.8544
8.2970
8.2580
7.1856
8.2876
8.2580
7.1858
8.25%0
7.1888
7.18586

TABLE 1a

DENSITY 10

(8)*
1.08C
~1.4089
1.283
1.207
0.8951
C.628
2.468
1.408
T.283
1.207
0.8581
¢.628
2.468
1.283
1.207
G951

0628 -
2.468
1.207
0.651
c.g28
2.458
0.651
0.628
2.458
0.628
=z 468
£2.468

&)
-2.01
7.24
7.03
7.82
7.98

- 8.83

568
10.28
10.28
11.37
12,13
14.07

7.74
-2.51

G.31
-0.47
-0.44

.84

0.88

C.11

0.20

1.31
-0.86
-0.83

0.73

0.11

1.2

1.33

Teaching and Technical

)
18
18
18
17
18
18
17
18
18
17
18
18
17
18
17
18
18
17
17
18
18
17
17
17
16

18

17
17

4. Mean weight of strain 2;

8. Standard Deviation of strain 2;

8.t

7
. 8
@

127

O
NS

NS
NS
NS
NS
N
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

- df;
<R
. Significancs.
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2/ 3/ 98 ‘ TABLE 1b
DENSITY 40
(1" () (3" (4)* (&) (&) a
1, 2 49,5640 3.368 ©2.8710 2.040 -2.65 18
1,3 465840 - 3.369 33B.655C 3.33¢ 10.67% 18
1, 4 49.5640 3.369 . 327670 1.268 14.76 18
i, B 49,5640 3368 34.7180 3.188 1012 18
1.6 48,5640 3.368 42.3350 2.8565 517 18
1.7 4€.5640 3.368 36.5400 2742 e.41 18
1,8 49,5640 3.369 30,1400 8.514 6.71 18
2.3 52.871C 2.040 33.6550 3.339 18.53 18
Z 4 52.8710 2.040 32.767C 1.268 26.47 18
2 5 £2.8710 2.040 34.71860 3.188 16.17 18
2, 6 52.8710 2040 42.3350 2.868 - 8.47 18
2,7 52.8710 2.040 35,6400 2742 i5.02 i8
2.8 52.8710 2.040 30.1400 B.514 8.21 18
34 33.6550 3.388 32.7¢7C 1.268 c.7e 18
3.8 33.6550 3.338 34.7160 3.188 -0.73 18
3.6 33.6550 3.338 42.3350 2.865 -6.24 18
3.7 33.6850 3.33¢ 35.8400 2742 -1.28 18
3.8 33.85850 3.33¢ 30.1400 8514 1.22 18
4,5 32,7670 1.268 34.716C 3.188 -1.80 18
4,6 327670 ©  1.268 42.3880 2.865 -5.66 18
4.7 32,7870 1.2680 36.6400 2.742 -4.05 18
4,8 327870 1.268 30.1400 8.514 0.665 18
5 6 34.7160 . 3.188 42.3350 2.865 -5.62 18
S 7 34.7160 3.188 36.6400 2.742 «1.45 ig
5 B 34.7160 3.188 30.1400 8.514 1.5@ 18
57 42,2350 2.865 38.6400 2.742 4.54 18
8 8B 42.3380 2.865 30.1400 8514 429 18
7,8 36.5400 2.742 30,1400 8.514 2.3G 18
* 9. Strains; 4. Mean weight of strain 2;

2. Mean weight of strain 1; §. Standard Deviation of strain 2;

3. Standard Deviation of strain 1! 6.t

&)
0.016
0.000
£.000
0.000
0.000
0.000
0.000
0.000
0.600
0.000
Q.000
0.00C
0.000
0.442
0.477
0.000
0.042
0.240
0.088
0.C00
0.001
0.347
0.0C0
£.165
0.129
0.000
0.000
0,034

T

7.

g
g

IB-35A

@

NG
NG

df;

P
. Significance.
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2/ 8/ 95

{1 (2)*
2 48.4820
48.4920
48,4920
48,4820
48.4920
48,4920
48.4920
77.8570
77.8570
77.8570
77.8570
77.8670
77.8570
82,2270
62.2270
52.2270
82,2270
82.2270
80,8630
80.8630
80.9680
80.9630
67.8925
67.8025
67.8¢25
$8.3844
08,3844
90.9410

N

+

[ N S R Y

N b WO @~ O " h ©

W0 WL N R R R R

B~ DO~ DL DN DA D~

= O h NN b BB R W

* 1, Strains,

Notes -~

(&)~
15.405
15,405
15.405
15.405
15.405
15.405
15.405
14.609
14.609
14.609
14,609
14.608
14.609

4.197
4,197
4.167
4.197
4,197
7.852
7.852
7.852
7.852
$.011
8.011
9.011
13.670
13.67C
10.863

2. Mean weight of strain 1.
3. Standard Deviation of strain 1;

Research,

(4)*
77.8570
827870
80,8630
67.8028
88,3844
&0.8410
64,3280
£2.7870
80.6830
67.8825
$8.3844
G0.8410
£4.3280
BL.6630
£7.8025
58.3844
80.8410
£4.3280
§7.8925
£8.3844
80.8410
€4.3280
88.3844
80.9410
£64.3280
80.9410
64.3280
£4.3290

TABLE 1¢

DENSITY 100

{8)*
14.609
4,167
7.852
8.011
13.670
10.883
22.198
4187
7.852
14.60¢
13.670
10.883
22.188
7.852
8.011
12.670
10.883
22.198
2.011
13.670
10.863
22.198
13.670
10.883
2z.1¢8
10.883
22.168
22.198

(&)
-4.35
-6.68
-5.94
-3.15
-7.43
742
-1.85
-0.91
-0.58
1.58
-3.18
-2.27

1.61

0.45

4.48
-8.57
-2.36

2.51

3.2¢
-3.48
-2.35

2.23
-5.35

.4.e1
0.42

1.32
3.87
3.40

Teaching and Technical

(7)*
18
18
18
16
17
18
18
18
18
16
17
18
18
18
16
17
18
18
16
17
18
18

15

16
18
17
17
18

4. Mean weight of strain 2;

g, Stendard Deviation of strain 2;

‘Bt

(8)*
0.000
G.000
0.000
0,006
0.000
0.000
0.080
0.375
0.561
0.112
0,006
0.036
0.125
0.65¢
0.000
C.002
0.030
0.022
0.005
0.000
0.003
0.038
0.000
0.000
0.677

g.ece.

0.001
0.003

129

@)~

NE
NE&
NS
NS

NE
NE

NS

7. df:
8. pi
9. Significance.
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TIB-35A
Notes - Research, Teaching and Technical '~

Apperdix Table 2 a,b,c. paired comparisons of total b
the same and different genctyvpe in pived-strain
The key for svobols is as follows:

oo

iomases of
vimls

i
i

g = AF 12 = BF 15 = OF 18
10 = AOF° 1

1

= DF

= BF" 16 = CF" 19 = DF-
11 = AB 14 = BG 17 = 0B 20 = DB

Citrer swvmbiol s

(L symbols of strainsy (2) = mean biomass, genoltype 1p (% =
standard deviation: 4) = mean biomase, genotvpe 23 (S =astandared
d!{'?vi t':."'itj. (;Jl"'l; (f‘:* } = t: (—;} = dE‘?{;jerE?fﬁ D')‘ {".E‘?Eﬂjﬂ'f'ﬂ; f.:l - %3;"(:3};}&‘&:\3; :1 1 ‘L‘y‘:
t9) wignificance: NS = not significant; B = horderline
signifticance; blank () = gignificant



July,

1995

-

(B
9,10
9, 1%
g, 12
£ 13
3 14
8,15
816
817
9,18
9,19
q, 20
10,11
16,12
13,13
10, 14
16,15
1G, 186
10,17
10,18
10,18
10, 20
i, 1€
11, 12
11,14
11,158
11,18
11,17
31,18
11,18
11, 20
12,13
12,14
12,15
12,16
12, 17
12, 18
12,18
12, 20
13, 14

13,18
1317
13 18
13, 18
13, 20
14,18
14,186
1417
14, 18
14, 19
14, 20
18, 18
15, 17
15, 18
15,18
15, 20
18,17
18,16
16, 18
16, 20
17,18
17,48
11, 20
18, 19
8, 20
19, 20

1. Biraine;

Notes - Research, Teaching and Technical

@*
84725
84725
5.4725
8.472%
6.4725
64725
B.4725
S.4725
54725
6.4725
5.472%
6.53110
6.5110
6.5110
6.5710
6.5110
6.5110
65110
65110
85110
65110
8.0530
6.0830
8.0530
£.0630
60520
60530
£.0530
£.0530
8.0630
6.4475
6.4475
5.4475
64475
B.4475
B8.4475
84475
6.4475
6.3700
6.3700
6.3700
6.3700
6.3700
£.3700
£.0700
5.7658
5.7654
5.7558
£.7558
5.7658
5.7658
5.2855
5.2655
5.2858
5.2855
5.2655
4.0425
4.0426
4.0425
4.0425
35225
5225
2.6225
4.9255
4.9255
4.3205

N
1.081
1.081
1.081
1.081
1.061
1.081
1.081
1.081
1.081
1.081
1,081
1,204
1.294
1,284
1.294
1.2%4
1,284
1.494
1.284
1.284
1.294
1.858
1,698
1.698
1.898
1.888
1,899
1.6898
1.898
1.890
0.808
G.808
0.808
0.808
0.508
0.608
0.808
0.808
Q.871
0.871
0871
0.971
0.971
0.974
0.871
1.387
1.367
1.287
1.387
1.387
+.387
1.03%
1.03t
1.031
103
1O0AN
0.8851
0.681
Q.88
o.683
0.713
0.3
0.713
0.841
0.941
1.019

2 Mean weight of strain 1;

3 Standard Deviation of strain 1;

(43"
65110
50530
5.4475
8.3700
5.7658
5.0656
40425
4.5226
4.9755
4.2206
4.2585
6.0530
6.4475
6.3700
5.76688
52655
10425
35225
49265
43205
4.2685
6.4475
6.3700
57658
52656
4.0425
5.5225
5,9255
45205
4,2585
6.3700
57658
5.26856
4.0426
3526
49255
43205
4,2585
5.7658
5.26565
£.0425
35225
4.5255
£.5205
4.2585
50655
40425
2.5225
4.9255
43205
4.2585
4.0425
3.8225
45255
4.3205
42565
85225
4.9255
4.2205
4.2585
4.9255
43205
4.2685
40205
4,2585
4 2585

TABLE 2a

DENSITY 10
(5"
1.284
1.668
{.608
0.971
1.387
1,031
0.881
0.714
0.941
1018
1,126
1,698
0.806
0.971
1,387
1.031
0,661
0713
0.941
1.618
1.128
0.808
0.971
1,987
1.031
0.681
.75
0.941
1.018
1,126
o.87
1.387
1,091
0.881
0713
0.941
1019
1428
1.387
1.631
©.681
0.71a
0841
1.019
1.126
1.031
0,681
6713
0.241
1.019
1.128
0,881
ST
0.041
1.018
1,928
0.743
0.941
1.01%
1.126
0.941
1.019
1.126
1.019
1126
1126

{8)*
0,10
G.B8
0.08
0.32
1.61
a1
7.79
10.18
4,83
6.48
6.34
0.69
0.19
0.39
1.64
237
7.05
2.04
4.43
5.95
567
-0.88
-0.67
0.46
1.63
430
5.58
2.38
3.60
a.64
627
1.77
4,02
5.00
12.14
5,49
7.8
7.06
1,45
3.49
7.94
10,57
478
6,51
6.35
117
1.2
6.06
2.05
2.0
3.36
4.02
622
1.09
2.9
295
2.05
-3.06
-0.82
-.68
5.9
-2.87
247
195
2,008
018

>
38
98
38
a0
39
38
36
38
8

e
i

38
a8
38
38
20
38
38
a8
B

),
pe:

38
el
elz}
J30

o
i

38
38
38
38
38
38
30
a8
38
a8
8
38
38
30
el
3
35
38
<L
38
90

ek

et:|
38
o]
38
28
et
38
36

4 Mean wetsht of efrain 2

5. Standard Gewnation of strain 2;

8.t

(g

0.918

0.954
0.754
0118
2.001

0.000
0.000
0.000
C.000
0.000
0.000
0378
0.843
0.699
0138
0.002
¢.000
0.00¢
0.000
G.000
C.000
0.398
0.510
0.652
g

Q.000
C.000
0.0#2
0.001

.00

0.785

C.088
0.000
0.000
0.000
2.000
©.000
0.000
0.158
.00
0.000
0.000
0.000
0.000
¢.000
0.252
C.000
C.000
0.050
0.002
2.002
£.000

. Loog

0. 26%
0.G0&
0.605
0.047
0.004
0.362
0.503
0.400
0.0C?
o.018
G058
6.048
0.85%

@ Do

o
N§

NS
N8

NS
NS
NS
NS

MS
NS
NS
N§

NS

NS

NS

NS

NS

NS

M5

1.

igrificance.
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Notes - Research, Teaching and Technical 5’/
TABLE 2
DENSITY 40
(i (2 @ 5y Er @ w (e
9, 10 23.6695 5.807 24,9294 4.540 -0.74 ag 0.465 NS
8, 11 23,6695 5807 21.25855 7.489 1.14 el 0.262 NS
8, 12 23,8695 8.807 235749 2.885 0.08 a8 0.952 NS
8,13 23.6685 5807 24,6435 5.205 -0.56 e 0.580 N8
g 14 23.6685 5807 223225 6.417 0.70 38 c.491 NS
5,15 23,6695 5,807 18.6845 2.248 a.64 28 0.001
8,16 73,6605 8807  18.6880 24708 463 38 6.001
817 23,6695 6.807 16,0700 646 £5.58 38 G.000
8,18 23,6695 §.807 17.3605 2.088 4,57 38 0.000
8,18 23,6686 5.607 19.31¢8 2.419 310 38 0.004
20 23,6685 5807 161106 2.542 4.87 ei:] 0.000
10, 11 24.8264 4540 21,2558 7.468 1.80 88 0.G80 NS
10,12 24,9254 4640 236740 3.985 TR 3 0.333 NS
10, 13 24,9254 4.540 24,6405 5.208 g 3 0.858 NS
10,14 24,9284 4.540 223225 6.417 143 8 0161 NS
10,15 24,5254 4.540  18.5945 2248 3.54 6 0.000
10, 16 24,9294 4.540 1668680 2.479 5.38 6 0,000
16, 17 24,5284 4540  16.0700 2546 7.52 36 0.000
10, 18 24.8294 4540 17.3605 2088 8.7 36 C.000
30,189 £4.9204 4510 153105 2418 4.83 36 C.000
10, 20 24,8294 4540 16.1105 3.543 671 o] G.000
1%, 12 21.2685 7.488 235740 3.985 -1.82 38 0.229 it
1%, 18 21,2585 7.488 24.8435 5.205 -1.66 S8 5,108 NS
1114 21,2555 7.488 225225 6417 (.48 a8 G631 NS
11,15 21,2555 7488 185945 2.248 1.62 38 0.136 NS
11,16 21,2555 7.488 18.6680 2478 1.48 38 0154 NS
1%, 17 #1.2555 7.488  16.07C0 2.548 .83 38 0.006
11, 18 21.2565 7.488 17.36805 2.088 224 a8 0.031
11,18 21.2555 7482 183105 2418 11 ) 0.276 N§
11,28 21.2555 T.488  16.1105 8.543 27d 38 0.008
12,13 22.5740 3.965 24.6435 5.205 G673 oi:] 0470 NS
12,14 23,5740 3885 223236 5417 674 <L:] 0.463 2}]
12,18 23.5140 3.665 18.5845 2.248 4.67 38 0.005
12,18 23,5740 3.985 18.6880 2.47% 4.66 38 0.000
12,17 23.574G 3.985 16.0700 2.546 719 o8 0.000
12,18 285740 3985 17.3605 2.088 817 38 0.000
12,18 23.5740 3885 183105 2418 4.08 a8 0.000
12,20 23.5740 30685 161105 3543 6.26 28 0.0G0
13, 14 24.6435 5205 223225 6.417 1.26 38 0217 NS
13, 18 24.6435 5205 1B.5945 2.248 477 38 0.000
13186 24,6435 5205 18.6880 2479 4.62 88 4000
13,17 24,6435 8205 16.0700 2.546 6.62 a8 0.c00
* 13,18 24,6435 §.205 17.3805 2.088 5.80 as 0.000
13,19 24,6435 5,205 19.3105 2.418 4.16 a8 G.000
113,20 24.6435 5205 161705 3.943 6.06 a8 G.000
14,15 22.3225 B.417  1B8.5845 2.248 2.45 g [Rak:
14,18 22,3225 6.417  18.6680 2.479 2.36 36 0.023
14,17 22,2225 5.417 16,0700 2.548 4.05 - 2.000
14,18 Ra225 B.417  17.360% 2.088 229 e 0.002
14,19 22,3225 6,417 193105 2.419 1.85 58 0.087 NS
14, 20 22.3225 6417 161105 3.542 373 38 0.001
15,186 18.6945 2.248 186880 2,479 -0.12 38 0963 NE
15,17 18.5845 2.248 16.0700 2.546 332 a8 0.002
+ 15,18 18.5845 2.248  17.3605 2.0%8 1.79 28 0.081 NS
15, 1% 18.5845 2248 13.3105 2,418 .57 B 0.338 MS
15,20 18.5845 22588 1631305 3543 2.85 38 D012
16,17 16.6880 2.479  36.0700 2,848 328 38 0.002
16, 18 18,6880 2478 17,3605 2.098 183 38 078 NS
16, 19 18,6860 2478 188108 2418 <080 28 5,427 NS
18, 20 10,6880 2478 16108 3.543 267 38 0.0
17,18 16,0700 2.548  17.0805 2.098 -1.75 38 (088 MNS
17,18 16,0700 2546 183105 2418 4,13 ] C.000
17,20 16.0700 2546 181108 3.543 004 3 C.967 NS
18, 18 17,3605 2086  15.310% 2418 272 38 [ty
16, 20 17,3508 2098 161105 3.543 1.36 28 0183 NS
18, 28 17,3605 2088 181105 3.548 1.36 38 0183 NS
* 1. §traing; 4, Mean weaigh! of strain 2, 7. di;
2. Mean weight of atrain 3; S. Btandarg Daviation of strain 2, B p

3. Standard Denation of strain 1; -3 S Sigrthicance
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{1y
g 10
21
8,12
8,13
g 14
3.1
8,16
9,17
g, 18
4 19
9,20
10,1
10, 12
10,13
106, 14
16,15

- 10,18

10,17
10, 18
16,18
10,20
1,12
1,18
1,14
11,15
11,16
11,17
11, 18
11,18
11,20
12,13
12,14
12,15
12,16
12,17
0%, 18
12,18
12, 20
13,14
13,15
3. 18
13,17
13,18
13,19
12, 20
14,15
14,18
14, 17
14,18
14,18
14, 20
15,18
18,17
15, 18
15,189
15,90
16,17
16,18
16, 19
18, 20
17,18
17,18
17,20
18,18
18, 20
18, 20

* 1. Strams,

it
38.5480
38.5450
36,5460
28,5460

T EARD
puiwanavivy

285480
28.5480
38,5460
38,5460
38.5460
J8.5460
28.5440
28.5440
28.5440
28,5440
2B.5440
28.5440
28,5440
28,5440
26,5440
28,5440
27.5575
27.5575
27.5875
27.5975
27.5975
27.5975
27.6875
27,5875
27.5975
47,1333
47,1333
471333
47.1333
47,1333
47.1333
47,1332
47.1383
A43.2775
43.2775
43.2775
43.2775
43.2775
432775
43.2775
39.3705
39.2705
58,2705
38,2708
38.2705
38.270%
40,2350
40,2350
40,2350
40,2350
40,2350
443500
44.1500
44,1500
44,1500
361040
38.104C
38.1040
44,0820
44,0820
45,8855

19
10,605
10.602
10.603
10.803

10.802
10.603
10.602
10.603
10,608
10.603
10.602
7.848
7.948
7.948
7.948
7.848
7.548
7.948
7.948
7.948
7.948
8.926
5926
8.826
5,526
4,626
6,026
9.925
9826
9.926
16.058
10,068
10,088
16.068
10.068
10,068
10.068
10.068
12.768
12.768
12.768
12.738
12.768
12.768
12.788
12218
13.21%
13,218
13218
13.219
13.218
5.239
5238
5239
£.239
5.209
s717
6.717
5717
87
6.2B3
6.283
5263
7,306
7.308
5209

2. Mean waigh! of sirain 3;

Q. Btandard Deviation of atran 1;

4
28.5440
27,8975
47,1322
43.2775
35.2708
40,2350
441500
261040
44.0820
45.8855
28,7465
27.5875
ATA388
432775
39.2706
40,2350
44,1506
56.1040
44,0820
45,8855
38,7485
47.1333
43,2775
38.2705
40,2350
44,1500
381040
44,0820
45,8855
38,7465
43,2775
38,2705
40,2350
441500
36.1040
44.0820
45.8855
4B.7465
39.2705
40,2350
44,1500
36,1040
44,0820
45,8855
38.7465
49,2350
44,1500
36,1040
44,0520
45,8855
38.7485
44,1500
36.1040
33,0820
45,8655
58.7465
36,1040
44,0820
45.5856

38.7965

44,0820
46.8855
36,7465
45,8855
J8.7465
JB. 7465

TABLE

Teafing and Technical

DENSITY 100
{5
7.948
2.926

10.068
12.768

19 M
Tl S

P
522

8717
£.283
7.506
6.239
6.813
9,926
10.068
12,768
13.218
5.239
5717
6.284
7.506
6.239
6818
10.068
12,768
13218
5.239
5717
6.283
7,308
6.20%
6.813
12.768
12218
5.235
5717
6.263
7.306
6239
6613
13219
5.238
5717
6283
7,906
6.239
6813
"5.209
5717
6253
7.306
6239
6813
5717
6.282
7.808
6238
6.813
© 6283
7,506
6.239
6813
7.306
5239
5813
6.235
5813
6.813

G MDD =W

i
R

o

2i an

«© P
CﬂmCB A h Lo

w

o~
o o
~ A

-0.07

043

-5.35
-4,38
811
5,28
718
feRes
-5.44
7.68
-4.38
-6.02
-4.84
-8.18
-4,83
6,48
-5.24
5,98
588
414

1.03
2.04
258
114
410
1.08
0.48
a.03
0.98
0.94

(.28

228

~.24
-0.82

1,40

-0.2%
-1.52

087

1,42
-2.02
018
219

219

+1,8%
S0

0.75
424
0.03

-0.82

272

-3.70
-4.94
-1.28
-C.84

2.38
3.46

-
+

£
0 a1

O ) G td L) LY €3 L LY D
o & 0 DL DT

ag
3B
3B
3%
a6
36
35
6
a8
38
38
38
a2
36
38
fel-]
a8
a8

4 Mean waight of eiramn 2;

5. Standard Devialion of strain 2

64

___‘
B ¢ ]

2E

BN

i 4D O

P OO0 o
T R O -

O W LD M O D

©
(&)
[
28

0.062
0.011

0.944
0.741

0.000
Q000
0.004
4.000
G.200
0.002
0.000
0.000
0.0G0
.00
0.0006
2.663
0.000
0.0C0
3.002
€.000
2.000
£.000
0312
0.048
0.014
0.263
6.000
0.288
0.845
G.004
0.338
6.353
0.782
£.050
0.808
0.417
0170
T4
o138
0,308
6.162
0.050
0.876
0.025
0.045
2.073
0.005
0.458
0.000
0.874
0.365
0,010
2,001

0.000
o210
0.408
0,022
0.0m

zZ
L9

i

NS
NS

NS
NS

NS

NS
NG

MG
MS
NS

NS
NS
NS
NS
NS
NS
MS

NB

NG,

NS
N3

M3
hig

7. df;
g
& Significance.
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AFFEMDIY Tahle 3

Faived compariscne betweern single strains and strains of
equivalent genotvpe from mised-strain vials

ey

Single strains Mised-straing
R 10, 11 = strain &
12, 13, 14 = smtrain B
1. &4, 17 = gtrain ©
18, 19, 20 = strain D

H]
Mmoo

= P 12, 13, 18 astrain F
=" , 1o, 13, 14, 19 = gtrain F°
G : 11, 14,

i

fi
]

.

0~ G L s 0 B3
i

Fa 20 = ombtrain G

(25

Flote: i+ the mean of gernchype 1 is larger than the mesn of
genctype Z, the t value is positive. If the mean of Genotypes is
smaller {han the mean of genchype 2 the 1 value is negative.

NS = Mot significant; B = borderline significance; blank =
gignificant.
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c 15
;18
017
218
:1G
P20

S 10
C11
I~
113
P14
15
D15
17
.18
D 1@
H~{e]

B
D15
18
V10
013
16
D19
c 1
D14
217
;20
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Notes -

(2)* @)
10 1.2545
10 1.2545
10 1.2545
10 1.4241
10 1.4241
10 1.4241
10 0.8334
10 0.8334
10 0.8334
10 . 0.8278
10 0.8278
10 0.8278
g £.e318
e C.g318
S 0.9318
& 0.6318
9 0.0318
S 0.9318
9 0.9318
9 0.8318
e £.9318
e 0.6318
g 0.9318
e 0.9318
10 0.9640
10 6.8640
10 0.6640
10° 0.6640
10 0.8890
10 0.8880
10 0.8860
10 0.8860
g 0.9467
S 0.9467
9 0.9467
o

o

P

0.8467

. Strain compared;
. Replicated number of strain 1;
. Mean weight of strain 1;

Research,

4" oy
0.048 10
0.048 10
0.048 10
¢.031 10
0.031 10
0.031 6
0.046 10
0.048 10
0.048 10
0.050 10
0.C50 10
0.050 10
0.048 10
0.048 10
0.049 10
C.048 10
0.049 10
0.040 8
0.04¢ 10
0.048 10
$.049 10
0.049 10
0.04¢ 10
0.04¢ 10
0.0458 10
0.045 10
0.045% 10
G.045 10
0.044 10
0.044 10
0.044 10
0.044 10
0,031 10
0.031 10
0.031. 10
0.031 10

tandard Deviation of strain 1;

Teaching and Technical

TABLEYa

DENSITY 10
(6)*
1.6324
- 1.4837
1.6678
1.4386
1.4867
1.3073
1.0177.
0.7758
0.7088
£.9317
0.8281
0.6180
1.6324
1.4387
1.5678
1.4385
1.4867
1.3673
1.0177
07786
0.708e8
C.8317
0.8251
2.8180
1.2256
1.2548
1.248%
1.1608
1.2560
1.2248
.5e68
1.0171
1.2571
1.08C3
£.8717
1.1411

[N WY

£

7y
0.103
0.116
0.086
0.136
0.074
0.108
0.058
0.060
0.088
0.043
0.047
0.046
0.103
0.116
0.086
0.136
0.074
0.108
0.058
0.060
0.095

- 0.043

G.047
0.046
0.049
0.086
2.080
0.057
117
c.cos
0.020
0.054
0.117
¢.oe7
0.133
2.073

(&)
-7.72
578
-10.08
-0.33
-2.45%
0.75
-7.85
-2.40
270
-4.97
Q1
-4.19
-186.87
-18.22
-18.44
-10.63
-18.88
-11.58
-3.47
6.16
6.28
£.00
4.80
.63
-12.33
-8.47
-8.99
-8.53
-8.30
-16.78
-3.40
-5.85
-7.72
-4.17
t.64
-7.34

o)~
18
18
18
18
18
14
18
18
18
18
18
18
17
17
17
17
17
13
17
17
17
17
17
17
18
18,
18
18
18

18

18
18
17
13
17
17

. Replicated number of strain 2;
. Mean weight of strein 2,
. Standard Deviation of stra

ineg:

135

oy (ayr
0.000
0.000
0.000
0.748 NS
0.025
0.461 NS
0.000
0.027
0.002
0.000
0.203 NS
0.001
©.000
5.000
0.000
0.000
0.000
0.000
0.003
0.000
£.000
0897 , NS
0.000
0534 NS
£.000
2.0G0
0.000
10.006
- 0.000
0.000
0.063
0.000
0.000 -
0.001
0118 NS
£.000

&, df;
10 e
11, Significance.
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1t
12
013
114
C 18
16
17
18
c 18
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10
D
12
213
14
D18
D18
17
.18
D18
. 20

112
215
018
10
B’
C 10
1€
11
14

- 20
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TABLE?®o
DENSITY 40
(@)* (3)* (4 ()" (&)* ) @ (o (10)* {11}
10 1.3146 0.074 10 1.4374 0.067 -3.80 18 0.001
10 1.83146 0.074 L2 1.4627 0.044 -5.23 17 C.000
10 1.3146 0.074 10 1.4358 0.124 -2.66 18 ¢.018
10 1.4175 0.017 10 1.3939 0.053 1.34 18 0,188 NS
G 1.4176 c.o17 10 1.4424 0.061 -1.24 18 0.231 NS
10 1.4176 0.017 16 1.5210 0.042 -7.28 18 0.000
10 0.8584 0.055 10 0.8684 0.151 -2.22 18 0.040
10 0.8554 0.068 10 0.8317 0.02¢ 1.21% 18 0.243 NS
10 0.8554 0.055 10 0.B635 ¢.038 -(.36 18 0.707 NS
10 0.8388 0.034 10 0.6168 0.030 -5.3¢ ig $.000
10 0.8388 0.034 10 0.8620 0.031 -1.57 g 0.134 NS
10 0.8389 0.024 10 0.93¢7 0.027 -7.32 18 0.000
10 0.8721 0.045 10 1.4574 0.067 -18.36 18 0,000
10 0.6721 0.045 & 1.4827 0.044 -24.21 17 0000
10 o.e7e1 £2.045 10 1.4358 C.i24 <1117 18 .000
1C G.g721 0.045 10 1.393¢ $.083 -18.1¢8 18 0.000
10 Q.9721 0.045 10 1.4424 0.061% -18.73 18 .C0C0
10 0.8721 0.045 10 1.8210 0.042 -28.48 18 0.000
10 0.8721 0.045 10 C.e584 0,161 c.07 18 0.842 NS
10 0.e721 0.04& 10 0.8317 C.028 8.37 18 2.000
10 0.8721 C.045 10 0.8635 0.038 5.85 18 0.000
1Q 0.6721 £.04% 10 0.g188 0.030 3.26 18 0.004
10 0.6721 0.045 10 0.8820 0.031 .40 18 0.000
10 0.9721 0.045 10 £.8387 0.027 1.67 18 0.064 NS
10 1.1864 0.030 10 1.14@7 C.040 .43 18 0.675 NS
10 1.15564 ¢.030 10 1.2275 $.023 -5.00 18 C.000
10 1.1864 0.030 10 11713 0.101 -0.45 18 0.658 NS
10 1.1564 0.030 10 1.1878 = 0.067 -0.08 18 0852 . NS
10 £.8868 0.031 g 1.2034 0048 -11.20 17 0.000
10 0.696¢ 0.031 10 1.1850 G128 -4.84 18- 2.00C
10 {.8069 0.6381 10 1.1385 0.023 -11.73 18 0.000
10 2.9968 0.031 10 1.1332 D.045 -7.78 18 0.000
10 0.9565 C.03¢ 1C 1.0738 0.045 -6.22 18 0.000
10 0.8565 C.038 10 1.1211 0.03% -5.84 18 0.000
10 0.9565 C.03¢ 10 1.0633 Q051 - -5.24 18 0.000
10 0.e5685 0.03¢ 10 1.1081 0.0g4 - -4.68 18 0.000
* 1. Straln compared; 5. Repiicated number of strain 2; - 8. df;
2. Replicated number of strain 1: 8. Mean weight of strain 2; 10,
2. Mean weight of strain 1; 7. Standard Deviation of strain 2; 11. Significance.

4, Stancard Deviation of strain 1: 8.t
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116
c 17
118
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113
18
(19
MR
14
17
20
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2 (3
10 1.0625
10 11,0628
iC 1.0625
10 1.1995
10 1.1996
10 1.1895
10 0.8619
1Y 0.8619
10 0.861¢
10 £.8403
10 0.8403
10 0.8403
8 0.8574
& £.9574
8 0.8574
8 0.8674
8 0.9574
8 0.9574
8 G.9574
8 0.9574
8 0.8574
8 0.9574
8 0.8574
8 0.9874
9 1.1429
g 1.1429
8 1.1429
8 1.1429
10 1.0867
10 1.0887
1 1.0867
10 1.0867
10 0.288¢
10 0.588€
1C 0.988¢
1¢ 0.9886

* 1. Strain compared;

(43
0.173
0.173
G.173
0.136
0.136
0.136
0.024
£.024
0.024
0.056
0.086
0.056
0.034
0.034
0.034
0.034
0.C34
0.034
0.034
0.034
0.034
0.034
0.034
€.034
0.086
0.098
0.08¢€
0.086
0.083
0.093
£.083
0.083
0102
0.102
0.102
0.102

Si*
10
10
10
9
10
10
9
10
10
10
10
10
10
10
10
<
10
10
10
10
10
10
10
10
10
9
Qu
10
10
10
10
10
10
10
10
10

2. Replicated number of strain 1;
3. Mean weight of strain 1;
4, Standard Devigtion of sirain 1,

TABLESc

DENSITY 100
(€)"
1.3370
1.1998
1.3083
1.3420
1.3004
1.3576
0.848%
0.8607
0.8517
0.8602
0.8737
0.89085
1.3370
1.19¢8
1.3083
1.3420
1.3004
1.3576
0.848%
€.8607
0.8517
0.8602
0.8737
0.8908
1.0588
1.14314
1.1197
1.1330
1.0088
1.0486
1.1980
1.0968
0.8582
1.0420
1.07C3
1.0289

5.
8.
7.
8.

t

(7}
0.103
0.128
0.088
0.032
0.087
0.034
0.068€
0.032
0.064
0.028

c.038-
so17

C.103
G.128
0.c88
0.032
0.067
0.034
0.0868
0.033
0.064
¢.028
0.03¢
0.017
0.058
0.021

0,083
0.01¢
0.088
0.021

0.048
0.030
0.088
0.024
0.050
0.030

(8}
-4.31
-2.62
-4.01
-3.24
-2.29
«3.75
0.57
0.08
0.47
-1.01
-1.85
-2.72
-9.96
-5.18
-10.€2
-23.8C
-13.18
-24.61
4.04
5.46
4.18

- £.58

4,74
£.41
2.34
-0.01
0.61
.32
2.01
1.26
-3.43
-3.22
0.80
-1.82
-2.27
-3.22

lean weight of strain 2;

Rz plicaled number of sirain 2;
Standard Deviation of strain 2;

(e)*
18
18
18
17
18
18
17
18
18
18
18
18
18
16
18
15
16
16
18
1€
16
16
16
16
17
16
16
17
18
18
18
18
18
18
18
18

(103"

£.000
. 0.05¢
0.0014

0.008 -

£.034
C.001
0.57%
0.838
0.544
0.328
0.132
0.014
C.000
0.000
0.000
0.000
0.000
£.000
0.001
0.000
0.G01
0.000
¢.0co
0.000
0.032
0.985
0.652

0.782 -

0.0£0
0.223

0.003

£.00E
0.43%
0.082
£.035
0.005

g, df;
0. m

137

(e

NS

NS
NS
NS
NS
NS

NS
NS
NS
NS
NS

11, Significancs.
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TABLE1. =~ DEVELOPMENTAL PERIOD FOR SINGLE AND MIXED STRAINS

AT THREE DENSITIES
SINGLE STRAINS
DENSITY
10 40 100
. WEEKS 4 5 [ 4 5 6 4 5 8
GROUP STRAIN

1 A 10 0 0 10 0 0 10 0 0

2 B 0 10 0 0 10 0 0 10 0

3 c 8 4 0 8 2 0 5 5 0

4. D 10 0 0 10 0 0 5 5 0

5 E 10 0 0. 10 ] 0 10 0 0

: 6 E 10 0 o 10 0 0 10 0 0

7 F' 10 0 0 10 0 0 4 6 0
5 8 G 9 0 0 10 0 0 5 5 0

- MIXED STRAINS

9 A 0 10 ¢ g 10 4] 0 10 0

F 0 10 0 0 10 0 1] 10 0

10 A 0 10 0 0 10 0 0 10 0

F 0 10 0 0 10 0 0 10 0

1" A 10 0 o 10 - 0 0 4 6 0

_ G 1¢ 0 0 10 0 0 ] 4 6

12 B 0 10 L] G 10 ] ] 10 0

F 0 10 0 0 10 0 0 10 0

13 B 0 10 0 0 10 0 0 10 0

F' 0 10 0 0 10 0 1} 10 ]

14 B 0 6 0 10 0 0 8 2 0

G 0 8 0 10 0 0 10 ] 7]

15 C 0 10 0 0 10 0 0 9 0

F 0 10 0 0 10 0 H] 9 0

16 C 6 4 0 0 10 0 0 10 0

F 10 0 0 0 10 0 0 10 0

17 C 0 0 0 10 0 0 0 4 0

G 10 0 ] 6 - 0 0 0 4 0

18 D 0 10 0 0 10 0 0 10 0

F 0 10 0 0 10 0 ] 10 0

19 D 0 10 0 0 10 0 0 10 0

F' 0 10 0 0 10 0 0 10 0

20 D 0 10 0 0 6 g - 0 2 8

""""" G 0 10 0 0 6 4 0 2 8

THE FIGURES ARE NUMBERS OF VIALS IN WHICH DEVELOPMENT
TO THE ADULT STAGE HAD BEEN COMPLETED
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SOROLOFF, AL and FaRE,. S4NE
BIOLOGY DEFGRTHMERNT

CARLIFORMES STATE UNIVERS
BaN BERNARDING, 4 9240

“-..‘ iﬂ

Rt e e Da&imentg to test the possibilitv of tertility in
hvbrids of T, castaneum (Herbst) and T. fresmani Hinton.

The genus Iribolium at present consists of over 30 described
spacies distributed unequallv over five BOECLEB—ArOUDS
ireview n Sokoloff, 1972). Within the castaneum
speciss-aroup two pairs of species resemble sach obther @ T.
addax AU and T. madens MDD are blackizh in body calor. AU
andg ML were once mistaken for & single species until
Halstead (196%) took & closer look. observing differencess in
variows characters in the larvaes, pupass and adul ts. '
mttemnts to hybridizre these two species were sucrsssigl :
thev can produce a few tertile hvbrids. Ths sscond pair of
speclies inciudes T. castaneum (C8) and T. freemani (FRI .
Thev resemble sach other in their antennal morphoi ogy and
the inter-occuliar diztarce and their chestrut pody colae,
(For other characteristics ses Sokolofd 15880 . .

FR was found in the Eashmir as a single specimen and it had
nEan described by Hinton, (1948 as 2 new =oecies inc) uded
in the castaneum group, but it was not wuntil the Japanesa
intercepted a contaminated shipment of carn importasd from
Brazil (Nakakita et al,. 1783 that living material becaine
avallabie +or research. Nakakita et al . 1981 showed that
gven though FR weighs about three times more than CS, the
two species can mate with each other. producing abundant

but strile orogenv.

Through the courtesy of D, Nakakita T. fresmani bacame
avallable +or genetic studies. Gne of us (A.5.) and a numbsr
of students have undertaken a seriess of studies to sstablishH
o whalt extent the genomes of 0 and FR are similar.
Brownlee and bokolofd (1988 showed by rvtiricdizing CS
dominant mutants with recessive lethal efiects:
semidominants and sex-linked recessive females with FR mal es
and the same kinds of mutants with T. castarneum wild tvoe
males for controis that the mutant fraits are tranemitted in
the proper proportion to the F1 hvbrids. Furthermore, the
expresglvity and the degree of penetrance of the genes in
the hvbrids varied to the same extent as those observed
within CF control matings, attesting to the similar genetic
Tibrarv in the two species.

Carrillo and Sokolofd (1951) reported 10 mutations and about
3 dozen teratologies which appeared spontansously in FR.
Gpray and Sokoloff (1991) found that the black mutation
taund in T. freemani was a somidominant mutation and the
scat (8c) mutation was a semidominant gene influenced by
temperature in its expression: when scar beetles are rearsd
at 32 L. the F! beetles are non-scarred, while those reared

139
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at 4 are scarred. The same results are obtained when sc FR
pestlaes are mated with sc C5 and their hvbeid progeny are
reared at two tempesratures;: the hvbrid sc CH/ssc FR bestiss
reared at 32 appear normal, while those reared at 24 show a
certain proportion of s beetlies.

Henry-Ford and Sokolaofd (1992 carried out reciprocal
crosses between FR O+ and CF homozvaous for black and hemi-
or homozyvgous for r oand py, and another reciprocal oross
involving FR + and 05 pd pte. The resulis were interesting:
In the +irst cross (LS5 b: r py male X FR +/+ female) the
hvbrid F1 were phenotypically bronze bodv color but normal
in respect to the gther traits. The reciprocal cross failtead
te produce progeny even thowgh the b r py fesales and thesir
FR +/+ mates were moved to fresh medium several times. The
sEeErond oross involving FR O+/7+ famales and CO pd pte malss
alzso gave normadl Fl1 oprogeny, but the reciprocal cross failed
ta produce any Fl progenv.

Becatse in these two experiments we sdpected to obtain
viable F1 from both reciprocal crossss, and because we had a
areat abundance of FR beetles from another experiment, we
decided to carrvy out an esxtensive experiment to trv to
axpltain the results obtained by Henryv-Ford and Sokoloff.

Methods

Crosses were carried out between £S5 virgin females
coltltected, sered and allowed to hateh and mature from the
stocks shownr in Table 2 and FR males of the opposite sey.
For the Pecipwoca1 crosses we obtained FR wvirain females
from creamers where Targe |arvae had been introduced in
zmall numbers to avoild crowding (crowding greatlv extends
the larvail period) . The creamers containing 1arvae were
periodicallv sifted to separate the pupse. The pupas were
gexed and placed in vials to allow them to hatch to adults
betore mating. When the F1 +from these superimnents smerasd.
the males and females were palred and introduced into vials.

The number of F1 £ F1 crosses varied +rom 1-33 paiers
depending on the number of beetles produced by the P11 pairs.
The vials weres placed in a walk—-in incubator for & period of
&~F manths before checking to see whether the bestles were
tertile or sterile.

Hesults

Tablae | summarires the results of crosses between hvbrids of
reciprocal crosses between the wild tvpe FR . and wild tvpe op
mtant C8 beetles. Tabhle Z identifies the tvoes of mutants
present in T. castaneum in the F1 cross which in column 2

of Table 1 were identified by numbesr.

The results in F2 are given in Table 1 in two columns. The
first, headed bv STERILE shows whethsr the matina was
successtful or not. If the mating was not successful the
tetters N/A are gaiven. The fraction shows the number of
sterile crosses over the number of crosses attempted. This
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i1s followed bv a column headed by FERTILE. This columm was
created should any of the crosses be fertile. ( &8s 1% turned
out, this column was unnecessary because all the Fi % Fi
crosses wers sterileld. In zome of the crosses we were
unsuccesstul in setting up reciprocal matinas becauss a
Timited number of FR females virgins was available. In other
casas abundant Fl progeny wers available so 1arger numbers
of vials could be set up. )

With these introductory remarks the data in Table 1| speak
for themselves., In both series A and B Fi X Fl crosses
tapout &0L crosses for series 6 and over 750 crosses for
geries B) all the crosses gave 100¥% sterile resulits.
Furthernore . where tarae numbers of replicates of reciprosal
crosses areg avallable, i+ all the roplicates in one croosg
show sterility, the replicates from the reciprocal CHORE
will aleo show sterility. '

A otew of fthe vials, when sifted, showed 1arvae of all sires,
sometimes puosae and sometimes living adults in a greater
rumber than those introduced at the beginning of the
guperiment . However, thess on examination proved to be
cortaminants belomnging to the species 7. confusum (CFJ,
srCapaes which had managed to crawl up on the guter surface
ot the vial taking advantase of the data gummed label which
Felped in ldentifving the tyvpe of cross coantained thersin,
arid which were largs s2nouab to reach the ower surfacs of
the perforated plastic caps we usze to close the experinental
vials. Unce thev had reached the top of the vial, thev had
found access to the inside through the ventilation holes we
had made in the cap to allow exchange of gases and thus
altow normal respiration and survival of the introduced
bastles and their progenv. (Without the holes. the caps are
o tiaht on the vial that asphixiation of the heetles MaY
take placel, Some of the contaminants were maless=. but thev
posed no oroblem in this experiment because, even if they
mated with the sxperimental femalss. no hvbrid pDroasny Can
be produced in matings betwesen COF males and OS or FR
temales. & few vials contained female OF contaminants which
muzt have been virgins when they entered the vials. Had they
been inseminated females. thev would have besn able to
produce recoanizable OF beetles. There were., in fact, some
vials which, in addition to the pair of experimental F1
bhybrid beetles contained as many as 40 to &0 OF beetles
which had been produced in the vial in the course of

the experiment, and the numnbers of larvae, pupae and adults
attested to the fact that thev were contaminants of relative
recent invasion. These vials contaminated with COF bestles
tortunately were few in number and did not i1nterfere with
the initial purpose of the experiment and its conclusion.
Thev served as a warning that such an invasion of the

vials is possible, and they permit taking appropriate
measuwrgs to prevent their recurrence .

H8 to the results reported by Henry-Ford and Sobolodf
(19723, and described above, these experiments do not
explain them. Flans are to carecy further experiments o

il

i
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determing whethsr it was a Lrus phenomenon os dust an
accidental ococurrence.
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TARLE 1
EXPERIMENT 93-1
Series A 18eries B

P1 Cross: Y.cimale] * T.f(female +/+) PT Cross: T.clfemale] * T.fimale +/+)

T.¢ Stock No. Results in F2 T.t¢ Stock No, Besults in F2

in P1 Cross Stenle Fertile in P1 Cross Sterls Fertile
1 306 6/86 NONE 1 N/A N/A N/A
3 N/A ~ N/A N/A 3 310 B/B NONE
4 NIA NIA N/A 4 313 4/4 NONE
5 N/A N/A N/A B 314 5/86 NONE

(6) 315 & N/A N/A N/A
7 317 5/5 NONE 7 317 3/3 NONE
8 . 324 16/16 NONE 8 N/A NIA N/A
10 357 2121 NONE 10 57 474 NONE
11 11+ 979 NONE 11 1+ 19719 NONE
12 14 4 /3 NONE 12 N/A NIA N/A
13 N/A N/A N/A 43/ 15+
15 NIA N/A NJ/A 15 20+ 22{22 NONE
18 NIA N/A N/A 16 23+ 1 NONE
18 38+ 24{24 WONE 19 38+ 717 NONE
20 40 + 717 NONE 20 40 + 6/6 NOGNE
22 N/A N/A N/A 22 42 r ph 1010 NONE
23 44 ag 19/18 NONE 23 NIA N/A N/A
24 51 dve pd 5/5 NONE 24 N/A N/A N/A
26 56 msg pyr 14114 NONE 26 56 msy pyr 10/10 NONE
27 69 rspip) 16/16 NONE 27 59 rspip) 7/7 NONE
29 ptiE4 5/5 NONE 28 N/A N/A N/A
30 stb d/Es /5 NONE 30 N/A N/A N/A
31 mxp NG/Es’ 9/9 NONE k3l mxp NG/Es’ 3/3 NONE
32 sfm - Ey 24124 NONE 32 stm - Ey 171 NONE
33 Ag/Es’ ) B/8 NONE 33 N/A N/A N/A
34 Dch3/Ey8 9/9 NONE 34 Dch3/Eys 1717 NONE
35 Bes 6/8 NONE 35 Bes 11411 NONE
36 NJA. N/A N/A 36 . 5433 122 NONE
37 CcsusB 117 NONE a7 csUsE 13/13 NONE
38 N/A N/A N/A 38 14|Texas +/+) 6/86 NONE
29 NIA N/A N/A 39 k) 9/9 NONE
40 23(NYH) 474 NONE 40 23(NYT} 3/3 NONE
41 5D 4/4 NONE 41 rs p 1010 NONE
42 74 414 NONE 42 N/A N/A N/A
43 B3 111 NONE 43 83 12/12 NONE
44 83 12112 NONE 44 23 2121 NONE
(a5) 24 45 N/A NiA N/A

46 81 3/3 MONE 48 21 21/21 NONE
47 NIA N/A N/A, a7 109 6/6 MONE
48 85 B8/8 NONE 48 M/A NIA N/A
49 70 3/3 NONE 48 N/A N/A N/A
B0 68 /1 NONE 50 68 Q/9 NONE
52 98 12112 NONE 52 N/A PA N/A
53 929 11711 NONE 53 - 98 14714 NONE
b4 103 2/2 NONE 54 103 414 NONE
b6 N/A NIA N/A 58 123 16/16 NONE
57 N/A B/A N/A 57 t24 16/16 NONE
58 376 g/8 NCNE 58 376 31/31 NONE
59 377 13/13 NONE 69 N/A N/A N/A
60 NIA NfA N/A 60 379 A74 NONE
61 381 8./8 NONE - 61 N/A N/A NIA
62 386 12/12 NONE 62 386 6/68 NONE
63 a1 1o/t 0 NONE 63 aM 22/22 NONE
&4 N/A NIA N/A 64 393 6/6 NONE
67 NIA N/A NIA 67 402 414 NONE
68 406 717 NONE 68 408 8/8 NONE
70 408 3/3 NONE 70 NiA MN/A N/A
72 414 9/9 NONE : 72 N/A . N/A N/A
73 417 8/8 NONE 73 NIA HMIA N/A

Page 1




144 ' TIB-35A
Notes - Research, Teaching and Technical

EXPO3-1.XLS
74 N/A N/A N/A 74 421 717 NONE
75 NiA N/A N/A 75 422 11/11 NGNE
76 424 16/16 NONE 76 424 18/18 NONE
77 428 8/8 NONE @) 428
78 N/A N/A N/A 78 431 11411 NONE
79 442 3/3 NONE (79) 442
80 N/A N/A NIA 80 444 16/16 NONE
a1 N/A N/A N/A 81 448 11711 NONE
81a' 449 4/4 NONE 81p’ 449 12112 NONE
82 N/A N/A N/A 82 452 6/6 NONE
83 453 3/3 NONE 83 453 B/8 NONE
84 454 1111 NONE 84 484 6/86 NONE
85 N/A N/A N/A 85 473 19/19 NONE
87 478 29/29 NONE 87 478 9/9 NONE
88 Sa-2 44 NONE B8 Sa-2 13/13 NONE
90 Exp 2063 12/12 NONE 80 Exp 2063 3/3 NONE
91 Exp 1065 3/3 NONE 81 Exp 1068 2/2 NONE
92 xp 717 NONE 92 mxp 2/2 NONE
93 fas-like modif of 717 NONE 23 N/A N/A N/A

BC+ +/mas p ‘

95 {aulRd(?) 414 NONE 95 N/A NIA NI
o7 272 14014 NORE 97 272 22/22 NONE
88 257 13/13 NONE 98 257 3/3 NONE
8g 264 8/8 NONE 29 254 12112 NONE
100 264 12112 NONE 100 N/A NIA N/A
102 276 14114 NONE 102 276 29/29 NONE
103 278 5/5 NONE 103 N/A 1 N/A Ni&
104 284 3/3 NONE 104 284 23/23 NONE
105 286 717 NONE 106 NIA N/A N/A
107 212 2/2 NCNE 107 212 707 NONE
109 N/A N/A NIA 109 221 /3 NONE
111 236 2/2 NONE 111 N/A N/A NJA
113 239 33 NONE 113 NIA N/A N/A
114 241 676 NONE 114 N/A N/A M/A
118 N/A N/A N/A 118 197 14114 NONE
119 N/A N/A N/A 119 189 33/33 NONE
120 198 171 NONE 120 N/A N/A NIA
121 N/A N/A N/A 121 200 10110 NONE
122 N/A N/A N/A 122 206 6/8 NONE
123 NiA NIA N/A 123 209 17117 NONE
124 N/A N/A N/A 124 210 11/11 NONE
125 N/A N/A N/A 125 153 8/9 NONE
127 159 6/6 NONE 127 N/A N/A N/A
128 161 171 NONE 128 H/A N/A N/A
129 N/A NiA N/A 129 182 44 NONE
130 N/A N/A N/A 130 162a 8/9 NONE
131 NJA N/A NIA 131 166 20/20 NONE
133 168 8/8 NONE 133 168 1111 NONE
138 N/A N/A N/A 136 324 8/@ NONE
141 143 8/8 NONE 141 143 44 NONE
143 265 8/8 NONE 143 N/A NIA N/A
144 296(bp pd) 212 NONE 144 296(bp pd} 14/14 NONE
145 2861py? py} Ald NONE 145 N/A N/A NIA
146 NIA N/A N/A 148 276 14/14 NONE
147 N/A N/A N/A a5 358 i
148 418 5/6 NONE 148 415 14/14 NONE
148 Mg Mupber B/E NONE 149 N/A NfA N/A
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Table &. Btock identificatior

Wild tvpe strains
1i. CBUSE +

4. TEXAS

15, YUCAIFPA +

20, SYNTHETIC +
23. NEW YORE +

Mutant strains

.
Ad. mg
S8.
Mo
40, ¢

nh
424
44, aw (argentum?
81, dve pd
Sd. msa, pve
wF. o osp oD
S Malta p
T, pg

4. mas p

2. b MeGiil
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3. i
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8. b
t
F9. i Chawnmy?

03 . apt., mxp
10%. ctp~1, du
doala g Dt] e
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206, pht Rd
212, Che Rd

220 b
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