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ABSTRACT

:‘A technlque was developed to make permanent‘preparat1ons of
Trlbollum chromosomes. After dlssectlon testes are hypo-]“
*”tonlcally treated w1th Simmons cltrate, flxed 1n 3 1 methanol
and gla01al acetlc a01d and are spread along the surface of
a sllde that has been covered w1th flxatlve. UtlllZlng thlS i
:technlque elght spec1es of Trlbollum representlng three |
spe01es—groups were chromosomally examlned.“ In the castaneum
spe01es—group T. castaneum and T freemanl have 2N :,20
chromosomes and a 9 + Xyp meloformula.i T. gggg§' and I.
‘madens have 2N = 20 chromosomes and supernumerarles, four are
:seen in T. ggdgz and ten in T. madens.. The meloformula of T..

audax is 9 +° Xyp + BII 1 + BI 1 and T. madens is 9 + Xyp ‘
“BII 3 + BI 2. In the confusum spe01es—group T. confusum, T.

destructor, and T anaghe have 2N 18 chromosomes. T.

‘confusum has an 8 + neo XY meloformula whlle T destructor'

_and T. anaphe have nlne blvalents w1th no heteromorphlc sex:

'chromosomes 1dent1f1ed T brev1corn1s, ‘of the brev1corn1s,

.spe01es—group had 2N 18 and nlne blvalents durlng metaphase
I, No heteromorphlc sex blvalent was 1dent1f1ed MeasurementS»
nof melotlc chromosomes revealed s1gn1flcant dlfferences 1n |

s 1ze 1ntraspe01f1cally and 1nterspe01flcally.‘ .
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v INTRODUCTION
Trlbollum flour beetles are 1mportant pests of stored
:v'gralns and cereal products. Slmllar beetles have beenv"
<aass001ated w1th humans for as long as seeds have been stored o
1:to prevent starvatlonv Records from Shakespeare s day show

:?that on the long voyages of Ellzabethan marlners, food storeS’

’:were llable to be damaged by "stored product" beetles,»f“
v.generally known as weev1ls (Crowson, 1981)

‘ Not all ass001atlons of beetles and man are negatlve,_l'
"examples from some of the most prlmltlve recent human trlbes_"
‘]suggest that beetle 1arvae may have been a 51gn1flcant
;element 1n the d1ets of many paleollthlc peoples (Crowson,-'
b1981) In addltlon to thls, the use of Trlbollum as materlal

'lffor dlverse laboratory and experlmental 1nvest1gat10ns is ‘-

B ;long establlshed Flour beetles are readlly avallable and

culturable, and Trlbollum 1s utlllzed w1de1y by many S

researchers today._ | h, |

The genus Trlbollum contalns over thlrty specles;hand 1s
-a.member of the order Coleoptera._Thls order contalns the -

‘g‘.

beetles and weev1ls and cons1sts of four suborders 1)

”.,c Adephaga,,Z) Archostemata, 3) Myxophaga and 4) Polyphaga.u

‘TioColeoptera would have to be con51dered the most sucessful of‘

‘{:1nsect orders 1f the number of representatlve spe01es is
51gn1flcant There have been over 300 000 spe01es of beetles

descrlbed maklng up over 259 of all cataloged 1nsects. Over

'”fglooo new spe01es of Coleoptera are descrlbed each year



(Sokoloff 1972) In regards to the abundance of Coleobteran
_spe01es, Crowson (1981) quotes T H Huxley "that one thlng we -
know about a d1v1ne Creator,'suppos1ng one to ex1st is that
he has a partlcular 1nterest in Coleoptera"' thls remark is
v.'true even today. S | v o

| ‘The suborder Polyphaga contalns 150.- 170 famllles of
beetles. The genus Trlbollum belongs to the Tenebrlonldae
-(Crowson 1981) Members of Tenebrlonldae are Versatlle.
Adults and larvae can be found 1n dlverse habltats (w1th the
aexceptlon of aquatlc ones) 1nclud1ng, rotten wood, the
under51desvof logs or rocks, and even in the arld deserts of
Africa and the Amerioan southwest;"Theyjfeed on’decaying
uegetable matter;fanimal waste'produots;'seeds,'cereals,
ufungi and liﬁing plants.gIncludedlin Tenebrionldae is the
subfamlly, Tenebrlonlnae, and the trlbe Ulomlnl, Wthh |
contalns the genus Trlbollum, and the other tenebrlonld flour
beetles that constltute the 1mportant pests of stored |
products‘(Sokoloff,'1972).'In 1948 Hinton examined the
vrelationships'of these beetles-and grouped the thirty species_
of Tribolium 1nto flve spe01es—groups (Flgure 1). ‘These‘ |
‘spe01es—groups are. ass001ated w1th geographlcal reglons and
are included in Table 2.;
| Chromosomal studles of beetles have been undertaken but
are difficult because of the'small s1zejofvthe cells;
kcytologically‘their ohromosomes aretmore”diffioult to work

‘with compared to those of manyvother insect orders. (Smith, |



1952b; Crowson,k1981; Camacho, 1982; Garber, 1972). In the
absence 6f "giant‘chrombsomés", and of true salivary glands,
cytogenetic studies in beetles must rely on other tissues as
‘a source of chromosomes, Cell divisions of non—germinal
tissues are rare in édult beetles,,being limited primarily to
regeneration of the mid-gut epithelium, and blood or
hypodermal cells in the process of wound healing (Crowson,
1981). This limits thé choice of tissues suitable for
cytogenetic investigatidns;

The target tissue chosen for cytogenetic study of
tenebrionid beetles must provide a source of rapidly dividing
cells to improve the chances of finding sufficient metaphase
chromosomeé. Metaphase chromosomes are desirabie because it
is during this stage that the chromatin is most highly
condensed and comparisons of chromosomes are easiest to make.
The final divisions in gametogenesis in most béetles takes
place during, and usually early in, adult life. However, the
long adult lives of Tribolium involve more than one period of
reproductive activity making these tissues an excellent
source of rapidly dividing cells.

Spermatogonial tissues are preferred over oogonial
tissues for two reasons. F%rst, by examining spermatogonial
tissues at metaphase I it ﬁay be possible to determine the
condition of the X and Y chromosomes and any pairing
associations that have occurred. Secondly, because

spermatogenesis continues throughout the reproductive life of



male Tribolium beetles these tissues almost always contain
activély dividing cells. Division of nongerminai tissue is
rare in Coleopterans, therefore most cytogenetic
investigations héve'focuséd on the meiotic stages of
"reproductive tissues. Spermatogenesis is a more rapid process
than oogenesis providing more metaphaSe cells and thus making
testes the best choice for chromosbmal studies. The choice of
spermatogonial tissue determines;thét most observations will
focus on meiotic cells.

An interesting attribute of beetles is that a definite
chromosome complement of their ancestral form can be
postdlated with a‘high degree of probability. This form
persists in a considerable percentage of the recent species
(Smith, 1952b; Crowson, 1981; Juan and Petitpierre, 1988).
Four of the eight species involved in this study were
cytoiogically examined by S.G. Smith in 1952 (Figure 3). The
four species were T. castaneum, T. confusum, T. madens, and

T. destructor. In addition to his work on Tribolium beetles,

Smith did extensive analyses within the order Coleoptera. Of
the approximately 25,000 species of Coleoptera in North
America representing about 150 families, Smith has reported
on at least 191 species from 66 families. Based on the
results of these studies, Smith (1952b) concluded that the
primitive number of chromosomes for Coleoptera consists of
nine pairs of autosomes, an X approximately the size of the

autosomes, and a minute Y. During metaphase I the sex

4



»chromosomes are V-shaped and are connected at two termlnal
'p01nts 1n a parachute-llke formatlon. ThlS ass001at10n lS f;nn'

bc'denoted XYp and was observed by Smlth 1n most members of the

’"superfamlly, Tenebr01n01dea. Accordlng to Smlth (1953)
_?»members of the order Coleoptera usually display metacentrlc
or acrocentrlc centromeres. HlS observatlons are supported by
:"the more recent flndlngs of Crowson (1981), and Juan and
A'Petltplerre (1988) Smlth's cytologlcal examlnations of the
.genus_Trlbollum determlnedvthat T. castaneumaandyg- madens
are.consistent‘mith‘the primitive condition.} Both speciesf'
haVe nine palrs of autosomes and dlsplay the Xyp as5001at10nf'
of the sex chromosomes. In addltlon to thls T. madens
'possesses fivegsmall<supernumeraries;Whose origins‘and ,
function areostiii unknown.~‘ | | B

Smith (1952b) denotes the supernumerarles as elther BII
‘or BI. "B".refersatovB-chromosomes,‘but he does,not elaborate
as to the meaning of’IIvor I. It 1s apparent that the super—
‘numerarles of T.vmadens are of two dlStlnCt morphologlcal
,types. Three of-them are metacentricaand consequently have
two lobes. The two remalning supernumerarles are telocentrlc“
and therefore s1ngle-1obed Blpartlte,‘metacentrlc super—"
‘numerarles will be denoted as BII and 51ng1e—lobed ones as BI
in th1s study. - |

Whlte (1954) suggests that supernumerarles,.orlglnated
: not from the dlSlntegratlon of autosomes but from fus1ons or

fragmentatlons of them. ‘These supernumerarles are referred to



“ﬁ'as'B—chromosomes or‘aCCesSOry.Chromosomes;,and”are.comprised'

.'prlmarlly of heterochromatln When thls condltlon occurs,'lt .

7,"1s not always con51stent throughout the populatlon (Whlte,,»'

p1954 Blackwood 1956, Catche51de, 1956,vSwanson, 1967) Many','

. types of supernumerarles have been descrlbed in 1nsects and

”l‘:other groups of anlmals (Whlte[ 1976 Ostergren, 1947 Lew1s,v‘

f1957) Con51derable dlfferences ex1st 1n the morphology and
_behav1or of these supernumerarles at m1t051s and me10s1s.

The presence or absence of supernumerarles doesn’t seem; :

 to affect phenotyplc expres51on of the organlsm (Catches1de,

' 1956) The presence of supernumerarles probably has somei

hieffect on v1ab111ty or fertlllty Mo of 1n other ways too subtle

to notlce (Crowson, 1967 Gresson, 1948 Waddlngton, 1957)
In addltlon to the supernumerarles descrlbed in. T.v-

madens, Smlth (1952b) observed other exceptlons to the usualo

number of chromosomes observed in most Coleopterans Some -

B specles have fewer chromosomes, a condltlon he regards as

}derlved from the earller one. He hypothes1zed that thls ty

'ﬁfas1tuatlon resulted from the translocatlon of the sex

f;chromosomes to a palr of autosomes, and refers to thls largerv"

5,COmp1ex as the neo-X and neo-Y In spermatogonlal metaphase
-'preparatlons of T. confusum Smlth observed that the neo-x 1s
‘hoften J—shaped and larger than any other member of the'irs
complement and the neo Y 1s relatlvely small and

hfftelocentrlc. The locatlon of the centromere in the neo—Y of

v*‘;T confusum supports Smlth's hypothe51s as to 1ts orlglns. It



"'1s generally accepted that acrocentrlc or telocentrlc

'5chromosomes are ‘more recent than metacentrlc chromosomes in

vthe phylogeny of a’ spe01es 1ndlcat1ng the development of the

'-;’neo—Y occurred rather recently (Whlte, 1954)

~ The stalnlng reactlons of the neo X and neo- Y offer
further support of Smlth's hypothe51s. When stalned with |
?buFeulgen fuchs1n the pr1m1t1ve X as ‘seen in T‘ castaneum,
”exhlblts both euchromatln and heterochromatln. ’The neo-X

observed in T. confusum and T destructor show 51m11ar

staining activ1ty) but,bothvare larger than the»prlmltlve X;,,
. This indicates‘that.theuneoéx consistsiof’more functional
' genes than'does.the,primitive‘one{
| During metaphase’I;sthe'neo—X andineo—Y form a
heteromorphic‘pair,’the neo-XY. Whenistained‘With Feulgen
fuchsin; Smith:observed,that the XY bivalent innI. confusum
j‘had three majordcomponents;tthe differential armvofbthe X
‘that was positively heteropycnotic at pachytene but could not
be distinguiShed‘fron the autosomes at metaphasef-the'pairing
arm of the X that was euchromatic at‘pachyteneband metaphase;
| and_the'Y chromosome which was indistinguishabie from |
;euchromatin at’pachytene but was‘neqatively heteropycnotic at
metaphase. | " | |

vSmith feelsdthat the]lack of heteropycnoSis in T.
confusum's‘neoéY>indicates that the chromosome is genetically
'inert.fHe hYpothesizes that*i.“confusum represents an

intermediate form'and that this situation'occurred at the



expense of the euchromatin of the autosome involved in the

translocatiOn; The neo-Y obserVed'in'T‘ideStructor lacksmthis

heteropycnotlc sectlon so Smlth suggests that T. destructor

must have evolved from T. confusum, and that the genes that
were lost were probably inert at that tlme.
The neo-XY or a s1m11ar condltlon was also observed in

T. brev1cornls and T. anaphe by Moore and Sokoloff (1982).

They observed a d1p101d number of 18 chromosomes in both |
spec1es. These chromosomes were of s1m11ar 51ze durlng
spermatogonlal metaphase but a structure resembllng thev
'neo -XY observed in T.‘confusum by Smlth (1952b) was seen in a

metaphase I preparation in T. brevicornis (Figure 4).

After'studyingvover 24 American species of»Coleoptera,
‘Cromson (1981) also concluded that the basic'complement
consists of nine pairs of autoSomes;'a fairly large X and a
small y which associates with the X in meiosis to form the
Xys bivalent. This type ofTX—y association occurs inysome
other'primitive insectdtypes, and»isvsuspected to have been a
featurerof the ancestors of ColeOptera at the'beginning of
the Permian period{ A | 5

Given thls bas1c number of nlne palrs of autosomes and a
sex bivalent, Crowson feels that the chromosomes of beetles
:demonstrate the pr1n01ple that w1th a reasonably small .
starting number of chromosomes, 1ncreases ‘in number are
" considerably more frequent than decreaseS“throughout the

course of evolutionary history. Some exceptions to this



‘_theorytare.demonstrated by‘the findings ofaJuaniand
Petltplerre (1988) and w1th1n the genus Trlbollum.

’ Juan and Petltplerre (1988) studled twenty spe01es of
’Med1terranean tenebrlonlds and reported dlplOld numbers of 18
and 20 chromosomes.: Although most of the spe01es that were h

examlned had 9 + Xy meloformulas,‘some w1th 8 + Xyp and one

spe01es w1th a 9 + Xy meloformula were reported The

' reductlon in chromosome number 1n the spe01es w1th an 8 + XYp"‘l

'meloformulas 1s due to the 1oss of. a pa1r of autosomes, and
is s1m11ar to the 51tuatlon observed 1n some Trlbollum'
spe01es.

‘Virkki (1974) postulates that the Xyp condltlon’
>d1splayed by many Coleopteran spec1es may have ‘arisen from Xy -

or XY ancestors. In Coleoptera the Xyp ass001at10n is

belleved to have 1nvolved a nucleolus. Accordlng to Virkki,_

th1s ass001at10n was respons1b1e for the formatlon of the Xyp'

’complex. In Xy or XY types the pers1stence of thlS nucleolar

a55001at10n makes poss1ble a revers1on to the Xyp

a55001at1on.

Crowson (1981) hypothes1zes that prior to the Xye

condltlon the or1g1nal sex—determlnlng palr cons1sted of an X o
~the size of an. autosome and a small y, ~but no nucleolus. ‘He -

'feels that the most s1gn1flcant dlfference 1n the development

- of thlS tralt ‘was the absence or presence of a nucleolus 1n

qassoc1atlon w1th the y—chromosome 1n me1051s In s1tuatlons

Wherevthe nucleolusmwas lost,,the~onlyvpossible kind'of}sex


http:meiosis.In

-}blvalent WthhFCOUld develop was an XY s1tuat10n whlch washi-
”"observed and descrlbed by Smlth (1952b) as the neo-x and neo—lth
e,Y ThlS new. sex b1valent relles on a. palrlng segment of the E

yautosomes to whlch they have translocated to, for the
bassoc1atlon of the sex chromosomes.i hi‘ |

' The present study 1nvolved the development of a ysrh"

'htechnlque to karyotype Trlbollum beetles.‘Once establlshed
glpthe procedure was applled to the elght spe01es of Trlbollum o

rbeetles avallable at the Callfornla State Un1vers1ty ‘
:fTrlbollum Stock Center.lUtlllzlng thls technlque, the

:,chromosomes of each of the elght spec1es of Trlbollum was

L chromosomally examlned The d1p101d number of chromosomes for"

each spec1es, the number of autosomes and the condltlon of
: :the sex chromosomes durlng metaphase I was determlned Theseml
Tresults were then compared to those obtalned by Smlth !
(1952b), and Moore and Sokoloff (1982) |
| In her studles of Blattella, Dr Mary H Ross (1986)
~lnoted the dlfflculty in determlnlng the centromere locatlon

.utlllzlng current cytogenetlc technlques. She d1d however "

"“p‘note pronounced dlfferences 1n chromosome length when

7f'compar1ng the autosomes of Blatella to each other.‘ Juan and'

'?Petltplerre (1988) also utlllzed the measurement and

“ana1y51s of chromosome length 1n the1r study of tenebrlonld

b'gubeetles. They determlned that the dlfferences 1n chromosome




length were significant enough to distinguish one species
from another based on that characteristic. The length of

Tribolium chromosomes will be examined in this study.
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”'bkMATERIALS AND METHQDS o o
The follow1ng teohnlque prov1des a s1mple method of
;Qproduc1ng permanent preparatlons of Trlbollum chromosomes._*‘

'ffThe process requlres less than two hours to complete, and T

' "'jafter stalnlng, the slldes are ready for 1mmed1ate

dirobservatlon, The tlssue 1s completely flxed and drled and the e

"Slldes last for an 1ndef1n1te perlod of tlme allow1ng for -j_fjﬂf”

examlnatlon at a 1ater date,t»ff

| The 1nsects used 1n thls study were the’elght spec1es of e
tTrlbollum avallable at the Trlbollum Stock Center at i
Callfornla qtate Unlverslty, San Bernardlno.3 hese beetles“}*“"

B represent 3 specles—groups and are 1lsted 1n Table 1. kafyi,”

: Table 1 -The elght spe01es of Trlbollum 1ncluded
o »ln thls study. : e e 5

‘Specles—group ,~y“ Ht ,TSpec1es 1nc1uded 1n thls study
Lo L Brev1cornls vﬁn“._‘ﬂTrlbollum brev1corn1s "

2. Canusum . Tribolium confusum =
S : oo o Tribolium anaphe
5v~Tribolium destructor

3. Castaneum =~ finribolium‘castaneum-
Sl oo oo s L Tribolium madens

© 'Tribolium audax .

© Tribolium freemani

12



.Testes were removed from adult.males by mlcrodlssectlonvg
klﬁ a. drop of Insect Rlngers solutlon. The tlssue wasj
ftransfered to a hypotonlc solutlon of sodlum 01trate where
'Tlt should remaln for 20 mlnutes. ThlS process results in.

rfvswelllng of the chromosomes, maklng them eas1er to observe.‘»

The tlssue was ' flxed for a mlnlmum of one hour 1n a

hmlxture of 3 parts absolute methanol and l part gla01al B

dvacetlc a01d (Baragano,,1978 Brown, 1972 Jones, 1962) |

'ﬂBefore us1ng, mlcroscope slldes were thoroughly cleaned wlth:"

methanol After cleanlng, several drops of flxatlve were, -

1rrapp11ed to ‘one end of the sllde,‘and 1t -was tllted S0 that
},the solutlon spread evenly across the surface.;‘ |
"_ Two or three testes were placed at one end of the sllde

'f_(Flgure 1—a) A second sllde was allgned over the f1rst at as_

'_,590 degree angle (Flgure 1—b), and gentle pressure applled to*

7,»spread the tlssue.. The top sllde held at at a 45 degree

»ﬁ -angle above the bottom sllde was turned and llfted (Flgure 1-

'c)rf The top sllde was then dragged over the bottom one to
wspread the materlal evenly across the surface (Flgure 1—d)

vgvThe preparatlon was allowed to a1r dry and 1t was then f\'

’*cf,stalned w1th 10/ Glemsa for 20 mlnutes. The sllde was then

ij-rlnsed air drled and observed under 011 1mmers1on.»

A leon phase—t”ntrast mlcroscope was used to study the l

. 3fchromosomes.»Photographs were taken us1ng a green fllter w1th

i?xf‘a leon 35mm camera Technlcal Pan 2415 fllm waS”employed

ti3w1th prlntlng on hlgh contrast paper. gg_]]‘_d_;

BN

'.,;3*w""




Chromosome measurements were ‘made’ w1th an occular

‘mlcrometer. For each of the elght spe01es 1ncluded in thls p

' ‘-study the chromosomes from 51x metaphase I cells were

-,measured The results of these measurements were analyzed
ltw1th the Tukey test. slgnlflcance was determlned at the 59
1evel. |

U51ng th1s method I-was able to examlne the chromosomes of
lelght spe01es of Trlbollum flour beetles.ﬂ Although no other
| insect groups have been examlned us1ng thls technlque 1t,;"
;should prov1de a sultable means for other cytogenetlc '

1nvest1gat10ns.
’REAGENTS\: C

1. Sodlum c1trate hypotonlc solutlon - 1/ solutlon 1n

dlstllled H20. » o } ,
2. Insect Rlngers solutlon,- To 100 ml dlStllled HzO add,'
 0.65g Nacl, o. 042g Kcl, and 0 025g CaClz._" '

p3. leatlve -3 parts absolute methanol to 1 part gla01al
acetlc acld Prepare fresh dally.

4..G1emsajsta1n.e 106 Harleco-Glemsa.‘
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'33'75 (dj':”'d.

Preparatlon of slldes (a) Place several

;d]Flgure 1.

slide over the first at a: 90 degree angle, ‘apply
v'e’llft the top- sllde (d) Drag the top slide across.

.. the bottom one. to spread the tlssue evenly across
-;,’the surface y S L o

‘testes. at one:end of the: sllde (b) ‘Place a second -

" gentle pressure to spread ‘the tissue. (¢) Turn and



::ﬁESULTS
Chromosomes were observed at. spermatogonlal metaphase and
‘metaphase I (Flgures 5 20) Table 3 llStS the spe01es |
.surveyed and the number of mltotlc and melotlc cells that ‘
-were examlned The chromosomes of 51x metaphase I cells were‘
.measured for each of the elght specles 1nvolved in thls study
and are recorded 1n Tables 4 11. The chromosomes of the elght:
specles were compared 1ntraspeclflcally;and ;nterspe01flcally'
using Tukeyfs analysis. These results are recorded in Tables
12-27. | | |
e‘CASTANEUM SPECIES;GROUP

Four members of the castaneum spec1es group were examlned

VT.‘castaneum, Tk freemanl,_ T. madens,‘and T. guggg. All four |

:]spe01e5rhave 2N ='20 chromoSomes”and'Xyp meioformulas,‘but

the karyotypes of T. audag and T. madens contain add1t1onal
supernumerary members. The blvalents of all four species are
‘ rather unlform in slze, and metacentrlc centromeres are |
predomlnant. | |

T. castaneum and T freemanl both have 2N = 20
Chromosomes. The chromosomeS‘of‘T.vcastaneum at .
} spermatogonlal metaphase are all blpartlte 'andvmost are fg
| metacentrlcs. The most consplcuous exceptlon 1s the small y-
chromosome (FlgurevS) T, freemanl 'S mltotlc metaphase"
rjchromosomes are also prlmarlly metacentrlc, but several

quadrlpartlte members were 1dent1f1ed The y—chromosomes 1s



again the’smalleStwmember-of the complementﬂ(figure 7);

| *T.'ggggg and T. madens also have 2N # 20 chromosomes but
gthelr karyotypes contaln addltlonal supernumerary
' chromosomes. Durlng mltotlc metaphase the karyotype of T.
'auggg contalned four supernumerary elements._Two of these are
blpartlte metacentrlcs while the other two elements are
telocentric (Flguree9)v ‘The supernumerarles are somewhat
‘smaller,than.the autosomes butvnot obvlously so,:thls makes
it‘difficultﬁto distinguish them from each other'during
m1tot1c metaphase. Ten supernumerarles are present in |
ttspermatogonlal metaphase karyotypes of . T madens, six
blpartlte metacentrlcs, two acrocentrlcs and two telocentr1cs>
h (Flgure 11) As Was the case w1th T. guggg, there was a small,_
| 1d1fference ‘in 51ze between the autosomes and the. .
_.supernumerarles.f” |

i MelOtrC.Preparatlons of?T.‘castaneum'and'T'ifreemani:were
vsimilarﬂ(Figures 6 and'8) Both spe01es have pre— domlnately
.‘metacentrlc autosomes and the sex chromosomes ass001ate in
‘the parachute formatlon. T. castaneum metaphase I cells

exhlblted a 9 + Xyp meloformula w1th metacentrlc autosomes"

.{'averaglng from 2 0 - 3 83 mlcrons in length The Xyp sex

f blvalent averaged 1.42 microns (table 8) Measurements of T.
'Lfreemanl metaphase I autosomes average from 1.04 —'3 0
’mlcrons in length _most of these hav1ng metacentrlc

centromeres. The sex chromosomes are as5001ated



in an Xyp blvalent and averaged sllghtly less than one mlcronwr'
long | (Table 5) - ' ' | Lo

Metaphase I preparatlons of T audax contaln two

supernumeraries 1n additlon to the 9 + Xyp chromosomes

(Flgure 10) One of these 1s blpartlte and metacentrlc -and
'the other is small and telocentric Autosomes average 1.92 -
3.58 microns in length,'the supernumeraries average 1.00 and .
1.08, "and‘the Xyg"Was 1. 0 micron longs(Table 10)} The . |
supernumeraries are ea51er to dlstingulsh from the autosomes
1n melotlc metaphase than they are 1n mltotlc metaphase.

T. madens displayed flve supernumeraries durlng melotlc
metaphase (Flgure 12) Three are metacentrlc and the
remalning two are small -and probably telocentrlc all are
consplcuously smaller than the autosomes. The autosomes
i‘average from 1;5h%‘4;25 microns in length, the super-
"numeraries randed‘from 0.875 - 1.13, and’the Xyp bivalent‘
averaged 0.79 microns (Table ll).

L ‘CONFUSUM sPEcIEs?GRoUP

- The three members of the confusum species?group'that were

- examined include T. confusum,,T._deStructor,Yand T. anaphe.
all threersnecies have 2N = 18 chrOmosomes‘but SOme variation
*_1n their meloformulas was observed. ( B
| Durlng spermatogonial metaphase T. confusum karyotypes
,‘cons1st of 16 autosomes, most of these are metacentrlc and

’allvare blpartiteg The X is metacentric, brpartlte and is

18



"i'larger than the autosomes. The Y lS a 1arge telocentrlc

ln5chromosome, approx1mate1y the same 31ze as some of the

nfautosomes (Flgure 13)

Karyotypes of T destructor contaln 16 metacentrlc,.'vu :

- »blpartlte chromosomes,'a 1arge submetacentrlc X and a y that

'5}1s sllghtly smaller than the large arm of the X (Flgure 15)

'T-T. anaphe karyotypes (Flgure 17) are s1m11ar to these except R
,that the X-chromosome 1s quadrlpartlte and the y-chromosome )
' 1s not as large as the one observed 1n T. confusum. K:x‘ »

' Metaphase I preparatlons of T destructor often dlsplay

a consplcuously large, submetacentrlc autosome (Flgure 16)

The remalnlng chromosomes are metacentrlc or acrocentrlc, and‘

b'all of them are blpartlte. It was. not poss1b1e to dlstlngulsh

' the Xy complex from the other blvalents based on morphology
o or dlfferences in stalnlng characterlstlcs.»
‘ T. anaphe s melotlc cells lack the large autosome that was

wev1dent 1n T destructor Metacentrlc, submetacentrlc and

, telocentrlc, blpartlte chromosomes make up the complement

T (Flgure 18) Some metaphase I karyotypes contaln a blvalent

that resembled the Xye assoc1atlon Thls structure is not

r‘apparent 1n all of the cells that were examlned.
BREVICORNIS SPECIES GROUP

' Only one member T. brev1cornls of thls spe01es group was

.‘avallable for thlS study Spermatogonlal metaphase karyotypeSj‘
contaln 18 members (flgure 19) Most of the chromosomes are\

”metacentrlc and blpartlte although some quadrlpartlte



‘ blvalents were 1dent1f1ed It 1s drffrcult to distlngulsh the
TX—chromosome from the autosomes due to the s1m11ar1t1es 1n
‘.morphology and stalnlng. The y—chromosome is large,:f“ﬁ
approx1mately the size of the autosomes.j‘ |
During metaphase I nlne metacentrlc, blpartlte‘

chromosomes were observed (Flgure 20) The chromosomes are.
:_unlform in size and 1t is not possible: to dlstlngulsh a |

heteromorphlc sex’ bivalent. These results agree w1th those

reported-by'Mooreiand‘SOKQloff (1982).
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DISCUSSION
The eight species of Tribolium ihvestigated in this study
are consistent with the other tenebrionids that have been
previously examined (Smith, 1952b; Moore and Sokoloff, 1982;
and Juan and Petitpierre,_1988). Diploid numbers of 18 and 20
chromosomes and three meioformulas, 9 + Xye, 8 + neo-XY, and
9 autosomes with no heteromorphic sex pair identified.
CASTANEUM SPECIES-GROUP

Tribolium castaneum

Examination of Tribolium castaneum spermatogonial

metaphase chromosomes revealed metacentric centromeres in
most of the autosomes,}with some acrocentric and telocentric
members identified. Almost all of the autosomes are
bipartité. The X is metacentric, bipartite, and approximately
the size of the éutosomes; while the y is small and
telocentric. These results are the same as those obtained by
-~ Smith (1952b) in his study of the cytogenetic characteristics
of T. castaneum (Figure-3).

- Metaphase I chromosomes of T. castaﬁeum are predom-
inantly metacentric. Whénvéomparing the~chromosomes to each
other significant differences in length were observed between
all members except 4 and 5, and 7 and 8. The Xys bivalent is
significantly smaller than autbsome number 9. The X stains
darkly and the y appears as a thin loop attached to the X at

terminal ends.
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Tribolium freemani

Although the mitotic autosomes of T. freemani are similar
in size, SOme-mofpholoéical differences were noted.
Variations include the position of the centromere and the
number of arms per chromosome. Most of the autosomes are
metacentric, although submetacentric and acrbcentric»members
were observed. Both bipartite.and quadripartite chromosomes
were identified. The X-chromosome isvbIOCky, bipartite, and
has a submetacentric centromere, While'thebthe y is small and
acrocentric. This is the first time that I..freemani has
been cytologically examined.

Mosf of the meiotic metaphase chromosomes are metacentric
and difficult to distinguish baséd on morphology. Tukey’s
analysis of chromosome length showed that there»are no
significant differences between most of the autosomes (Table
21). There was not a significant difference in length between
the Xye bivalent and chromosome number 9 but differences in
morphology allow a distinction to be made. The‘Xyp consists
of a relatively large,vdark staining X and a small, closely
associated‘y.

Tribolium audax

Diploid cells of T. audax contain 2N = 20 chromosomes .
and four supernumeraries. Most members of the complement are
mefacentric, except for the small, acrocentric y. Two of the
supernumeraries are meﬁacentric, and are denoted BII 1 and

BII2, and the two others are telocentric and are denoted BI 1

22



and.Bi 2. The supernumeraries are not much smaller than the
autosomes and therefore are difficult to distihguish from
them by size during spermatogonial metaphase. T. audax has
been previously examined by Shaw (Sokoloff, 1972) who
observed nine autosome pairs, plus three pairs of
supernumeraries, plus Xye.

T. audax’s meioformula consists of nine autosomes, the

Xye bivalent and two supernumeraries, denoted BII 1 and BI 1.

One of the supernumeraries is metacentric and the other is
telocentric. There are no significant differences between the
autosomes when comparing one member to the adjacent

autosomes. This was also true when comparing the Xy, bivalent

to the autosomes and the supernumeraries. The supernumeraries
are significantly different in size from the autosomes.
However, it is not possible to distinguish between

supernumeraries by size.

Tribolium madens

Spermatogonial metaphase karyotypes consist of 19 + y and
ten supernumerary chromosomes. The autosomes are similar in
size,\and most are bipartite with metacentric centro- meres.
Six of the supernumeraries are metacentric, and are denoted
BII 1, BII 2 and BII 3, While the other four are telocentric

and are denoted, BI 1 and BI 2.

Metaphase I preparations of Tribolium madens consisted

of the 9 + Xyp meioformula and five supernumerary members in

eleven of the cells examined. Three of these supernumeraries
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are metacentric and the other two are acrocentric. The
remaining célls each contained three supernumeraries.

It is not possible to discriminate between autosomal
members based on their lengths. In addition to this, neither
the Xyp nor the supernumeraries can be distinguished from the
autosomes by size. Individual supernumeraries can however be
identified by the position of their centromere.

When comparing the>chromosomes of these four members of
the the castaneum species-group it is apparent that some
differences between them do exist. During spermatogonial
metaphase the chromosomes of both T. castaneum and T.
freemani are primarily metacentrics. Tukey’s analysis
determined that there are sufficient differences in
chromosome lengths to'distingﬁish between the two species.
They can also be distinguished by morphological differences.
Quadripartite'chromosomes are seen in T. freemani but only
biparﬁite chromosomés were identified in T. castaneum.

The presence of supernumerary chromosomes in T. audax
and T. madens makes their distinction from each other and the
other species in thié study quite simple. Tukey’s analysis of
the autosomes of these tWo species did not show significant
differences to distinguish between‘based on the size of their

chromosomes.
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CONFUSUM SPECIES-GROUP

Tribolium confusum

T. confusum has a diploid number of 18 chromosomes, 16 + X
+ Y. Most of the autosomes are metacentric but some |
acrocentrics were identified. During spermatogonial metaphase
a neo-X and a neo-Y were observed. The neo-X is metacentric
and larger than the autosomes and the neo-Y is acrocentric
and similar to the autosomes in size. These results
correspond with those obtained by Smith in his 1952 study of
Tribolium.

During metaphase I, eight autosomal chromosomes and a
1arge neo-XY sex bivalent were observed (Figure 14). The
autosomes average 2.25 - 3.75 microns in length and the neo-
XY averages 4.08 microns iong. Most of the autosomes are
metacentric and bipartite, the remainder being acrocentric or
telocentric. The differences in chromosome iength that were
observed are not sufficient to distinguish between adjacent
members. Although the neo-XY is the largest member of the

complement it is not significantly larger than the autosomes.

Tribolium destructor

The T. destructor diploid compliment includes 16

autosomes, an X and a Y chromosome. Although not as large as
the neo-X and neo-Y of T. confusum, the sex chromosomes of T.

destructor are larger than those observed in the castaneum

species-group. The X-chromosome is slightly larger than the
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~autosomes but the Y is similar to fhem in size. Most of the
autosomes are metacentric and bipartite, although some
submetacentric and telocentric members were observed. This
makes it difficult to distinguish the sex bivalents from the
other chromOSomes during mitosis. This situation was also

observed in T. destructor by Smith.

Metaphase I cells of E{ destructor have eight.autosomal

members and a neo-XY sex bivalent. T. destructor’s neo-XY is
smaller than the bomplex observed in T. conquum. The
autosomes average-from 1.17 - 3.0 micron in length and the
neo-XY averages 3.5 microns. It is not possible'to
distinguish between most of the autosomes by‘size.

Tribolium anaphe

Diploid preparations of T. anaphe were consistent with the
other members of the confusum speciés-group examined, having
18 chromosomes. T. anaphe’s sex chromosomes and autosomes
are similar in size, indicating perhaps, that a loss of
heteropycnotic material has occurred.

Metaphase I cells contain 9 chromosomes. The XY is
slightly larger than the autosomes and is composed of two,
unequal portions: the autosome and tfanslocated X, and the
relatively large Y. The autosomes average from 1.04 - 2.42
microns in length and the neo-XY averages 2.75 microns long.
These differences are not sufficient‘to differentiate between
adjacent autosomes or between the sex bivalent and the

autosomes.
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When comparing chromosome lengths of these three species
to each other Tukey’s analyéis-showéd sufficient differences
to distinguish between T. confusum and T. anaphe or T.

destructor. It is not possible to differentiate between T.

anaphe and T. destructor by the size of their chromosomes.

Significant differences exist between the neo-XY in T.
confusum and the XY sex bivalents of T. anaphe and T.

destructor. This supports Smith’s theory (1952b) concerning

loss of heterochromatin in T. destructor’s sex complex, a

structure that he feels was derivéd from the older neo-XY. A

similar situation has‘oniouSly occurred in T. anaphe, as

.indicated by the lack of a heteromorphic sex bivalent.
BREVICORNIS SPECIES-GROUP

One member of the brevicornis species-group was examined

in this project, Tribolium brevicornis

(Figures 19 and 20). Spérmatogonial metaphase'preparations
contained a diploid number of 18 chromosomes. These
chromosomes are similar in size, and a heteromorphic sex pair
was not observed.

Metaphase I cellsvcontain nine chromosomes, most
displaying metacentricﬂcentromefes. The chromosomes are
similar in size with their lengths ranging from»2.17 - 3.58
microns. The differences in chromosome length is not
sufficient to distinguish the autosomes‘from*each other or
the éex chromOsdme complex from_tﬁe autosomes.

When chromosomes 1-9 were compared among the eight species

27



a significant difference was seen in all but chromosome
number four. For this reason TUkey's analysis was applied to
all of the chromosomes with the exception of number four.—
This characteristic of Tribolium allows the eight species
involved in this study to be distinguished from each other

based on the size of their chromosomes.
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vmyrmecophilum'

brevicornis
confusum
castaneum

alcine

Quaternar§

Tertiary

"Cretaceous

Figure 2 Phylogenetic diagram illuétrating relatiohs of
- species—groups of Tribolium to each other.
(adapted from Sokoloff 1972).
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Figure 3
 Chromosomes of Tribolium at metaphase. (After Sokoloff,
1972). : C
(a) T. castaneum, spermatogonial metaphase (19 + y).

(b) T. castaneum, metaphase I (9AA + Xyp), |
(c) - T. confﬁsum, spermatogonial metaphase (16 + X + Y).
(d) T. confusum, oogonial metaphase (16 + X + X).

(e) T. confusum, the- élght autosomal bivalents at pachytene
showing centrlc blocks of heterochromatln and neo-XY
attached to the nucleolus. :

(£) T. destructor, spermatogonial metaphase (16 + X + Y).

(9) Enldestructor,»ﬁetaphase I (8AA + neo~XY).

(h) T. madens, metaphase I (9AA + Xys + 3BII + 2BI).

30






Figure 4

Chromosomes of Tribolium brevicornis and Trlbollum anaphe
After Moore and Sokoloff 1982.

faﬁth-ﬂslde“v1GWr of first meiotic metaphase in a -cell -from =

o ‘the testes of T. brevicornis showing bipartite
chromosomes.

(b) - Side view of first meiotic metaphase in a cell from

L - the testes of T. brev1cornls showing quadrlpartlte
chromosomes

(c) Polar view of spermatogonlal m1t051s in the testes of
T. anaphe. : :
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Figure 5

Spermatogonial métaphaSe and karyotype of-
Tribolium castaneum, 19 + y. 2,100X.
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Figure 6

(a) - (b). Metaphase I of Tribolium castaneum with -
9 + Xy», showing the Xyp arrowed. 3,500X.
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Figure 7

Spermatogonial metaphase and karyotype of
Tribolium freemani, 19 + y. 3,650X.
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Figure 8

(a) - (b). Metaphase I of Tribolium freemani with
9 + Xy,, showing the Xy, arrowed. 4,000X.
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Figure 9

Spermatogonial metaphase and karyotype of
Tribolium audax, 19 + y + BII 2 + BI 2. 3,050X.
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Figure 10

(a) - (b). Metaphase I of Tribolium audax with
9 + Xyp + BII 1L + BI 1, showing the Xye
arrowed. 2,800X.
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Spermatogonial wetaphase and karyotype of
Tribolium madens, 19 + v %+ BIL 3 + BI 2. 3,050X.
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(a).

Figure 12

, Metaphase I of Tribolium madens with

9 + Xy + BII 3 + BI 2, showing the Xys
arrowed. 3,075X. ,
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Figure 13

Spermatogonial métaphase»and,karyotype of
Tribolium confusum, 16 + X + Y. 2,950X.
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. Figure 14

(a) = (b). Metaphase I of Tribolium confusum with
' 8 + neo-XY, showing the neo-XY arrowed.
3,350X. '
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: Figure 15

Spermatogonial metaphase and karyotype of
Tribolium destructor, 16 + X + Y. 2,850X.
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- Figure 16

(a) - (b). Metaphase I of Tribolium destructor with
’ 9 bivalents, no heteromorphic sex chromosome
identified. 3,400X. '
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Figure 17 . |

|

: |
Spermatogonial metaphase and karyotype -of
Tribolium anaphe, 16 + X + Y. 4,375X.
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Figure 18 |
(a) - (b). Metaphase I of Tribolium anaphe with

9 bivalents, no heteromorphic sexgchromosomebﬂ
identified. 4,200X. F

|
\
|
|
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Figure 19 : i

Spermatogonial fmetaphase and karyotype of
Tribolium brevicornis, 17 + y. 3,200X. l

i
1
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Figure 20

(a) - (b).AMetaphasé I of Tribolium brevicornis with
9 bivalents, no heteromorphic sex chromosome
identified. 3,200X. ”
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(b)
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»‘Table 2.

(From Sokoloff 1972)

Species-group and species

1.

T.

131813131318 ~13- ~|=3

’T.

brevicornis species-group
T. brevicornis

linsleyi Hinton

T. parallelus :

gebieni Uyttenb
carinatum dubium Hinton
. uezumii Nakane

=i

Helle)

onfusum species-group
anaphe Hinton
confusum Duval

O

.

.

3=

=B

deétruptor‘Uyttenb

semicostata (Gebien)
T. glganteum Hlnton)
downesi Hlnton
beccarii Gridelli

“T. downesi?)

semele Hinton

sulmo Hinton

Su.imo

indicum

‘indicum f. seres Hinton
“indicum f. ares Hinton
‘thusa Hinton

. H?"<H'

. *

L

.

alclne species-group

T. alcine Hinton -
quadricollis (Fairmaire)
(= T. dolon Hinton)

T. ceto Hlnton

castaneum species-group
T. castaneum (Herbst)

,T. madens (Charp.)
v,T.

audax Halsted
freemani Hinton
cylindricum Hinton
politum Hinton
waterhousei Hinton
parkl Hinton
aglculum Neb01ss

-T.‘O
T.
T.
T.

T.

myrmecoph;lum~specles—group
T. myrmecophilum Lea
antennatum Hinton

66

The Five Species-Groups of Tribolium
- And Their Geographical Origin.

Country or Region of Origin

.California
Mexico
Western N" America

2

: Argentlna;
Honshu Japan

Africa ‘

Africa in origin, now
‘widespread

Africa 1nlor1gln, now in
Europe and N. America
Africa }

Africa

|
Africa |
Africa |
Africa
Africa
Africa
India |
Africa |

and India

Madagasdaﬁ
Madagascar

|
Madagascaﬁ'

- Cosmopolit B

‘‘Nearly COSmopolltan'
N. America
Kashmir |

Malay Peninsula

- Doerian Islands
Australia -

- Larat Island
Australia |

Australia
Australia
|



Table‘3."ChromOSOma11Y’sampiéd‘SpéCies‘bf_Tf
including chromosome number and meioformula. |

ibolium,

’x’Species

Cells counted:
'_Mitoses ‘Meioses

Chromosome

‘number

Meioformula

=3

=3

!

|'€

13

s

castaneum

~freemani

madens

- audax-

- confusum

-anaphe

fdesfructbr: 

brevicornis

22
12

14

11

17

19 -

.26

20
20
30

24

e

18

- se
- id

18

- se

18

- id

.9,

9,

o

he

h%

id

he
se

+ Xy

9+ Xye

+oXye +
II 3 + BI 2)

+ Xye +
II.pr BI 1)
+ neo-XY

~with no =
teromorphic
X chromosome -
entified. -

~with no

teromorphic
x chromosome
entified. '

with no. ,
teromorphic
% chromosome
entified.
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Table 4. Measurements* of chrombsomes, Tribolium destructor

|
\
n
i

Cell Number _ ' ‘Standard
1 2 3 4 5 6 Mean?® Deviation
, ;,
c 1 3.5 2.5 3.5 4.0 4.0 3.5 3.50% 0.548
? 2 3.5 2.5 2.5 3.0 3.0. 3.5 %.oo: 0.447
; 3 3.0 | 2.5 2.5 3.0 3.0 3.5 2.33% 0.516
g 4 2.5 1.5 2.0 1.5 2.0 2.5 2?00& 0.447
; 5 2.5 1.5 2.0 1.5 1.5 1.5 1%75t 0.418
© 6 2.0 1.5 1.5 1.5 1.5 1.5 1.5 t 0.214
7 1.5 1.5 1.5 1.5 1.5 1.5 1%0 t 0.204
8 1.5 1.5 1.5 1.5 1.5 1.5 1.0 * 0.214
9 1.5 1.0 1.0 1.0 1.0 1.0 1.0 % 0.204

* Measurements in microns.
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Table 5. Measurements* of chromosomes, Tribolium freemani.

Chromosome number 10 is the Xys.

* Measurements in microns.

69

Cell Number : Standard
1 2 3 4 5 6 Mean ! Dpeviation
C 1 2.5 3.0 2.5 3.5 3.0 3.5 3.17 % 0.577
h - ‘
r 2 2.5 2.5 2.5 3.0 2.5 3.5 3.00% 0.500
n 3 2.5 2.0 2.0 2.5 2.0 2.5 2.33% 0.289
(o] . .
s 4 2.0 2.0 2.0 2.0 2.0 2.0 2.00% 0.000
(o] ) '
m 5 1.5 2.0 1.5 2.0 2.0 2.0 1.83% 0.289
e .
6 1.0 2.0 1.5 2.0 2.0 2.0 1.83 * 0.289
7 1.0 1.0 1.0 2.0 2.0 2.0 1.67 t 0.577
8 1.0 1.0 1.0 2.0 2.0 1.5 1.50%* 0.500
9 1.0 1.0 1.0 1.0 .75 1.5 1.67 £ 0.289
10 .75 1.0 .75 1.0 .75 1.0 0.917 X 0.144



 Table 6. Measurements* of chromosomes, Tribolium

1

2

3

.i,f¢e11ﬁNumber'5

~ Standard
Deviation -

‘oHomozEORDAQ |
W
=
(&)

9 .75

" . % Measurements in microns.

[C ST S bt

-

U

0.612
0.584

1 0.584

0.419

0.376

0.376

- 0.447

0.332

0.368



brevicornis

Table 7. Measurements* of chromosomes, Tribolium

Cell Number Standard
1 2 3 4 5 6 Mean Deviation

c 1 3.5 3.5 3.0 3.0 4.5 4.0 3.58% 0.584
2 2 3.5 3.0 3.5 4.0 3.0 3.5 3.421 0.376
; 3 3.0 3.5 3.0 3.0 3.0 3.0 3.08% 0.204
g 4 3.0 3.0 3.0 3.0 3.0 3.0 3.00% 0.000
n 5 3.0 3.0 3.0 3.0 3.0 3.0 3.00%0.000
© 6 2.5 3.0 3.0 3.0 2.5 2.5 2.75%0.274
7 2.5 2.5 2.5 2.5 2.5 2.5 2.50%0.000

"8 2.5 2.5 2.0 2.5 2.5 2.5 2.42%0.204

9 2.0 2.5 2.0 2.5 2.0 2.0 2.17*%0.258

* Measurements in microns.
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Table 8. Measurements* of chromosomes, Tribolium castaneum.

Chromosome number 10 is the Xys.

* Measurements in microns.

72

Cell Number Standard

1 2 3 4 5 6 Mean?! Deviation
- 1 4.0 4.0 3.5 4.0 4.0 3.5 3.831%0.258
2 2 3.5 3.5 3.0 4.0 4.0 3.0 3.50% 0.447
; 3 3.5 3.0 3.0 3.5 3.0 3.0 3.17% 0.258
Z 4 3.0 3.0 3.0 3.0 2.5 3.0 2{92t,o.204
; 5 3.0 3.0 3.0 2.5 2.5 3.0 2.83%0.258
® 6 2.5 3.0 2.5 2.5 2.5 2.5 2.58 ¥ 0.204
7 2.5 2.5 2.5 2.0 2.0 2.5 2.33%f0.258
8 2.0 2.0 2.5 2.0 2.0 2.5 2.17%0.258
9 2.0 2.0 2.0 2.0 2.0 2.0 - 1.92%0.204
10 1.5 1.0 1.0 2.0 1.5 1.5 1.42%0.376



Table 9. Measurements* of chromosomes,
Chromosome number 1 is the neo-XY.

Tribolium confusum.

Cell Number ' Standard

1 2 3 4 5 6 Mean * Deviation
C 1 4.0 4.5 4.0 4.0 3.5 4.5 4.08%0.376
2 2 3.5 4.0 3.5 4.0 3.5 4.0 3.75%*0.274
; 3 3.0 4.0 3.5 3.5 3.5 4.0 3;581 0.376
g 4 3.0 4.0 3.0 3.0 3.0 3.0 3.17%0.408
; 5 3.0 3.0 3.0 3.0 3.0 3.0 3.oot 0.000
® 6 3.0 3.0 3.0 3.0 2.5 3.0 2.92% 0.204
7 2.5 3.0 3.0 2.5 2.5 2.5 2.67*0.258
8 3.0 3.0 2.5 2.0 2.5 2.5 2.58%0.376

9 2.5 2.5 2.5 2.0 2.0 2.0

* Measurements in microns.
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Table 101 Measurements* of chromosomes; Trlbollum audax.-.f”
Chromosome number 10 1s the Xyp."{ : '

S Cell_Number v‘f;“;-‘ ' standard -
1 2 3 4 5 6  Mean? Deviation

1 3.5 3.0 4.0 3.5 3.5 4.0 3.58* 0.376
2 3.0 3.0 3.0 3.5 3.0 3.5 3.17% 0.258
0.376

4 2.5 .2.5 2.5 2.5 2.5 3.0 2.58% 0.204

PEONOESORDN
(98]
(o]
o
NN W W w |
o 1
[\®]
)
W
o
W
o
W
)
N
©
N
1+

5 2.5 2.5 2.0 2.5 2.5 2.5 2.42% 0.214

o
N
o
X
o1
X
o
N .
o
)
o1
N

.

ol
N
N
o
=+

0 274

3”0.274'

~

N
]

o
N
L]

o
N
L]

o

N
ST

N
o
N
.

ol
¥
L]

N
Ul

e

8 2.0 2.0 2.0 2.0 2.0 2.0 2.00% 0.000
9 2.0 1.5 2.0 2.0 2.0 2.0 1.92 % 0.204

10 1.5 1.5 1.5 1.5 1.5 1.5 1.50 ¥ 0.000

-+

-11,11.0“1.0' 1.5 1.0 1.0 1.0 1.08 * 0.204

I+

12 1.0 1.0 1.0 1.0 1.0 1.0 1.00 £ 0.000

* Measurements in microns.
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Table 11. Measurements* of chromosomes, Tribolium madens.

Cell Number ~ gtandard

1 2 3 4 5 6 Meant* Deviation
c 1. 4.0 4.0 4.5 4.5 4.5 4.0 4.25%0.274
- 2 4.5 4.0 4.5 4.0 4.0 4.0 4.17% 0.258
n 3 3.0 2.5 2.5 3.0 4.0 3.0 3.75% 0.683
s 4 2.5 3.0 2.5 2.5 2.5 3.0 2.67%0.274
n 5 3.5 2.0 2.5 2.5 2.5 2.5 2.58% 0.516
e

6 2.0 2.0 2.5 2.5 2.5 2.5 2.33%0.274
7 2.5 2.0 2.0 2.0 2.0 2.0 2.08%0.204
0.258
o 1.5 2.0 2.5 1.5 1.5 1.5 1.75% 0.258
10 1.5 1.5 2.0 1.5 1.0 1.5 1.50f0.000
11 1.5 1.0 1.5 1.0 .75 1.0 1.13%0.258
12 .75 1.0 1.5 1.0 1.0 .75 1.00%0.137
13 .75 1.0 1.0 1.0 .75 1.0 0.92%0.102
14 .75 .75 1.0 1.0 .75 1.0 0.88% 0.129
15 .75 .75 1.0 .75 .75 .75 0.79%0.102

* Measurements in microns.
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TABLE 12. ANOVA, chromosomes 1-9, eight species of Tribolium.

Chromosome f value Significant

difference

1 » | 7.33 Yes
2 11.90 Yes
3 . 7.15 Yes
4 1.72 No
5 - 16.70 Yes
6 2.77 Yes
7 14.75 Yes
8 -16.33 Yes
9 37.95 Yes
fe = 2.25
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‘ Table 13. Interspe01flc comparlson of- chromosome #1.-
e ‘ Tukey s analys1s* S e B

[
b
b

‘Species compared o . ; q ‘value Slgnlflcant |
: o ‘ SR R R - difference

. anaphé'"7  ».,’f, . :3;02;:f'7*~¥

M o 6.68 | x

IR

. madens Vvs.

=3

‘madens vs. .

_l_e:

M

vmadené VsQ} , destructor f: v["‘V4;01 ,é'}No'_

i)

I}

‘madens vs. brev1cornls;jj;*g;' '3.58 | No

I3
13

madens vs. “audaXf*; . ,"‘ ff_.3.58, . No

 madens vs. T. castameum  2.25  No

IR

I=h
=3

madens vs. T. confusum ~~ 0.91  No

143
16 

‘confusum vs. T. anaphe 7.11 %

.ffreemanixi,f "!11 5;78 Hf *

=

confusum vs..

14

=

destructor 3.100 = No

. confusum Vs.

=t

confusum vs. brevicornis =~ 2.67  No

I3

L]

confusum vs. audax o 2.67 | No

L]

13
1=

‘confusum vs. T. castaneum  1.34 . No

N
=B

’castaneum"vs; anaghe;-; S 5;73.

_castaneum’vs.j freemani. . 4.44 | No

=]
(=R

16 

*destructor".p _'.1;76 ' . No

castaneum.vsr

I3

'castaneum'Vs;. brevicornis - 1.34 | No

BicE

14

:@éStaneum vs. T. audax ~  1.34  No

1A



Table 13. cont. Chromosome #1. Tukey’s analysis*.

Species compared g value Significant
. difference

T. brevicornis + T. audax 4.44 No

T. brevicornis vs. T. anaphe 4.44 No

T. brevicornis + T. audax 3.10 No

T. brevicornis vs. E. freemani 3.10 No

T. brevicornis + T. audax 0.43 No

T. brevicornis vs. T. destructor 0.43 No

T. destructor vs. T. anaphe 4.01 bNoi.

T. destructor vs. T. freemani 2.67 No

T. freemani vs. T. anaphe 1.34 No

= 4.52

* Indicates a significant difference.
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Table 14.

Tukey’s analysis*.

Interspecific comparison of chrom

osome #2.

Significant

brevicornis

79

Species compared q value
difference

T. madens vs;‘g. anaéhe : 69.23 *
T. madens vs. T. freemani 55.77‘  *
T madens vs. T. destructor 46.15 *
T. madens vs. T. audax 38.46 *
T. madens vs. T. brevicornis 30.77 *
T. madens Vs, T. castaneum 26.92 *
T. madens vs. T. confusum 17.31 *
2 confusum vs. T anaphe 51.92 *
T. confusum vs. T. freemani 38.46 *
T. confusum vé. I; destructor 28.85 *
T. confusum vs. T. audax 21.15 *
T. confusum vs. g.vbrevicornis 13.46 *
T. confusum Vé. T. castaneum 9.62 *
T. castaneum vs. T. anaphe“ 42.30 *
T. castaneum vS. T. freemani 28.85 *
T. castaneum vs. T. destructof‘ 19.23 *
‘2 castaneum vs. T. audax | 11.54 *
T. castaneum vs. T. brevicornis 3.84 No
T brevicornis vs. I; anaphe 38.46 *
T brevicornis vs.‘z. freemani 25.00 *
T. brevicornis vs. T. destructor 15.38 *
T vs. T. audax 7.69 *



Table 14. cont. Chromosome #2. Tukey’s analysis*.

S

Species compared =~ g value Significant
' R A B A .- .. difference

|e}:'5

audax vs. T. anaphe =~ 30.77 %

=H

audax vs. T. freemani. fﬂf ff}v17;31'T 

=

audax vs. T. destructor  7.69

:(1_;(.-

=3

'destfuctor‘vs; T. anaphe - 23.08 _f % .

=R

destructor‘Vs;‘g, freémahi ':fv9.6lv f v{

freemani vs. T. destructor = -9.61 %

M

* Indiéates a'SiqnifiCanﬁ.differenceff-

e = 4.52



Table 15. Interspecific comparison of chromosome #3.
Tukey’s analysisx*. :

Species compared g value Significant
difference

T. confusum vs. T. freemani 8.21 *
T. confusum vs. T. destructor 7.72 *
T. confusum vs. T. anaphe 8.27 *
T. confusum vs. T. audax ’ 4.07 No
T. confusum vs. T. brevicornis 3.09 No
T. confusum vs. T. castaneum 2.53 | No
T. confusum vs. T. madens 2.53 i No
T. madens vs. T. freemani 8.20 *
'g. madens vs. T. destructor 5.19 ‘ *
T. madens vs. T. anaphe 4.63 *
T. madens vs. T. audax 1.54 ‘ No
T. madens vs. T. brevicornis 0.80 No
T. madens vs. T. castaneum 0.00 : No
T. castaneum vs. T. freemani 5.68 ' *
T. castaneum vs. T. destructor 5.19 *
T. castaneum vs. T. anaphe 4.63 ‘ *
T. castaneum vs. T. audax 1.54 : No
T. castaneum vs. T. brevicornis 0.56 ' No
T. brevicornis vs. T. freemani 5.12 *
T. brevicornis vs. T. destructor 4.63 | *
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Table 15. cont. Chromosome #3. Tukey’s amalysiss.

;,Spegies'édmparedfﬂ  f 

’.»q'valueﬁ.

- Significant

difference -

R TE I T= B T IR [ R = B [ R I

14

% Indicates a significant difference,

Qe

previcornis vs. T. anaphe = 4

brevicornis vs. T. audax 0

. audax vs. T. freemani -

‘audaX'ﬁs}*T,:déstruCtbr-”77‘

audax vs. T.

aﬁaghe"'

. anaphe vs. T. freemani

,TanaEhe_vs.{g; destfﬁct6r vf'"

. destructor vs. T. freemani' 0

tsz”ﬁ  -¢

HYLNO?

No
No

NO ‘ '

i

Nb;7f

Npa

i
|



o

:*Table 16;' Interspe01flc comparlson of chromosome #5.’H

Tukey S, analys1s* ST

i
|-

Species compared o g value

QSiQnificantj
-~ difference

Mo

brevicornis vs.

11

RicH

brevicornis vs.

N

s

Dbrevicornis vs.

13

=]

brevicornis vs. T. audax =~ 4.50

13

1
=3

_breviccrniS‘vs. madehs B o 2.56

=R

»brev1corn1s vs.,

.fcastaneum o 1.32

‘|e;

=}

'castaneum<VS._T destructor o . 8.37

3

I3

castaneum vs. T. a

=]

castaneum Vs.*g.'médens   o 1.24

destructor 7.13

3

madens vs.

IS

-3

, madens Vs.

13

. freemani = 6.50

_‘madénSVVS.

e
|-

IH 

SR

madens VSQ . audax‘_ y,3 :'v o 1.94

14

=

audax v /s, T. anaphe . 3.88

14

' anaghe vs. T. destructor L ‘ 1,32’

13

:anaghe vs. T. freemani . 0.53

‘83

1deétru¢torjtyf*,9.697 e
freemani = 9.07

.- anaphe =  ] }13{37f.iff

castaneUm~vs{.3L freemanl'-'   7,75

_casfaneum vs..2. anthé :35*'\ ’Q-?édsi -
audax

‘-audax T destructor 5.9

audax vs. T. freemanl gH k . 457

~anaphe . 5.81

i

. No
auNO,

YZNQ 

i.NO».

- No

No

gNov



‘Table 16. cont. Chromosome #5. Tukey’s analysis#.

i

Species,compared : SR S q.valuéa'significant- ‘
: ‘ o ‘ e ' ;Z"difference_ '

destructor  0.62 No

I
=T

freemani vs.

L=
1=

confusum vs. destructor 9.69 | %

IR
3

confusum vs. T. freemani -~ 1 9.07 I %

13

confusum vs.

=

anaphe  8.37 %
audax,vwfiAv  4.50 No

=3
1=

confusum vs.

=]

~confusum vs.

13

 madens o B “2;56i§' 'No

=]
=

confusum‘vs;' mcastahéum R ‘1¢32 . No

* Indicatésia significant differehce;

Je = 4.52 .



Tukey’s analysis*.

‘Table 17. Interspecific comparison of chromosome #6.

85

Species compared q value Significant
difference

T. confusum vs. T. destructor 11.35 *

T. confusum vs. T. anaphe | | 11.35 *

T. confusum vs. T. freemani 9.92 *

T. confusum vs. T. audax 5.68 *

T. confusum vs. T. madéns 5.68 *

T. confusum vs. T. castaneum 2.88 No

T. confusum vs. T. brevicornis 1.44 No

T. brevicornis vs. T. destructor 9.92 *

T ‘brevicornis vs. T. anaphe 9.92 *

T. brevicornis vs. T. freemani 8.47 *

T. brevicornis vs. T. audax 4.24 No

T. brevicornis vs. T. madens 4.24 No

T. brevicornis vs. T. castaneum 1.44 No

T. castaneum vs. T. destructor 8.47 *

T. castaneum vs. T. anaphe 8.47 *

T. castaneum vs. T. freemani 7.03 *

T. castaneum vs. T. audax 2.79 No



1

Table 17. cont. Chromosome #6;_Tukey15:ahalyéis*.,""

- Species compared

g value

'significant =~
difference .~

T IR T B T N 1 T 1 T T I R - I

=)

‘castaneum vs. T. madens

‘audax vs. T. destf@ctor'.

audax vs. T. anaphe 

madens vs. T. destructor

madens vs. T. anaphe

audax vs. T. freemani

madéns‘vs.,T. freemahi ‘

freemani vs. T. destructor

freemani vs. T. anaphe

* Indicates a significant differenCeQ

Je = 4,52
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- Table 18. Interspe01flc comparlson of chromosome #7.,&
’ Tukey S analys1s* o : R .

|

!

Species compared " . | - .q value Slgnlflcant
o ’ ' ~ difference

confusum vs. i;’destructor . 9.76 %

v]:—j

=B

|

confusum vs. T. freeman1‘> ‘ 9.14 %

1=

anaphe'o-  9.14 B

. madens 4.60 I

confusum vs.

I3

14
13

confusum vs.

confusum vs. T. audax | . 3.28 ~No

13
I3

=3

confusum vs.

143

- castaneum  2.66 fNo

I3

castaneum VS. g.fdestructor‘ 7.11 ok

1castaneum vs. T. freemani = - 6.48 L%

NIE]

3

castaneum vs. I; anaphe = 6.48 ﬁv‘,‘i*‘

i

castaneunm vs. T. madens . 1.95° ©  No

castaneum vs. T. audax . 0.63 'No -

I3

audax Vvs.

L
14

. destructor ‘ 6.48 *

43
=R

audax vs. T. freemani - = 5.86 *

paudaxyvs.

=]

anaphe ~  5.86 %

. madens = . . 6.02 2*

<13

13
L]

audax vs..

143

madens vs. T. destructor 5.16 *

13-
=K

madens vs. T. freemani =~ = 4.53 *

3
=

madens vs. T. anaphe L .. 4.53 Sk m

. destructor - L 0.63 No

I3
L=

' anaphe vs.
“anaphe vs.

X

,‘freemaniV | ‘0.00_ No

14
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Table 18. cont. Chromosome #7; Tukey’s analy$is*.

Species compared g value iSignificant

‘difference

T. brevicornis vs. T. destructor '8.44 %

T. brevicornis Qs. T. freemani 7.81 -i *

T. brevicornis vs. T. anaphe 7.81 -

T. brevicornis vs. T. madens : 3.28 No

T. brevicornis vs. T. audax 1.95 No

T. brevicornis vs. T. casténeum 1.33 - No

T. brevicornis vs. T.

confusum 1.33 . No

* Indicates a significant difference.

e = 4.52
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 Table_19; Interspe01flo comparlson of chromosome #8.
' Tukey s analys1s* ;

Species compared = g value significant

‘difference

anaphe 10.57 %

destructor  9.51 %

13

confusum vs.

NN

e

‘confusum vs.

R

.confusum vs.

i
3

freemani o _]‘.9,51”. *

N
=K

confusum vS. audax - - 4.75 E*'

confusum vs. ‘madens - 3.36  No

[
13

confusum vs.

13
I3

castaneum - 3.36 No

13
I3

confusum vs. brevicornis 1.31 No

L=

brevicornis vs. T. anaphe ‘9,26f ik

I3

brevicornis vs. T. destructor . 8.20 . %

I3
3

brevicornis vs. freemani ‘ 8.20 %

brevicornis vs.

143
I3

audax : ,3.44»o 'No

castaheUm , 2.05° No'

I3

brevicornis vs.

13

13

WH'

brevicornis vs. T. madens . 2.05 No

madens vs. T. anaghe = o 7.21 *

I3

=]
I3

‘madens vs. . destructor S 6.15‘ #

I3
L=

madens vs. T. freemani_’v‘bV 6.15 %

.audax - .. 1.39  No

13

madens VsS.

143

13

_castaneum vs. T. anaphe = 7.2l %

)

castaneum vs. T. destructor " 6.15 *

13

. castaneum vs. T. freemani = - -~ 6.15 . %
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 fTable’L9i coht;fChromosbﬁei#SQ»TukéyfsfanélyéiS%gf,fVv

R e e N N
- Species compared - _ . m,_g,’q_value ';S;gn1ficant

uiifdifferehcek_ﬂf“"’

=

' castaneunm VS;ii; auda2‘""f'vu;“1;39”“ﬁ’ 1-No

14

3audax’vsggia anaphe' i~vif’,a>' 5;ééj':f;§v*,‘35”* 

I3

’“audax"vs.:22 déstfdctqr'f'4‘ 4u75 %

=

audax vs. 1} fre¢mahi' . au7s %

13

destructor vs. T. anaphe 1.07 . No

B

. freemahivVS;fI.:anaghe"1 . 1.07 I No

* Indicates a éignificant differencé.

Qe = 4.52
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Table 20. Interspecific comparison* of chromosome #9.
Tukey’s analysis¥*. ;

' Species compared q value = Significant

difference
T. confusum Vs. T. freemani ‘ 14.94 .k
‘E. confusum vs. T. anaphe 14.94 *
T. confusum vs. T. destructor 14.44 *
T. confusum vs. T. madens 7.16 ;»*
T. confusum vs; T. audax | 4;07 | No
T. confusum vs. T. castaneum 4.07 No
T. confusum vs. T. brevicornis 0.99 - No
vg{ brevicornis vs. T. freemani 13.95 ok
I./brevicornis vs. T. anaphe 13.95 *
T. brevicornis vs. T. destructor 13.45 *
T. brevicornis vs. T. madens - 6.17 ‘*'
T. brevicornis vs. T. audax ~ 3.09 No
T. brevicornis vs. T. castaneum 3.09 Nb
T. audax vs. T. freemani 10.86 ok
I. QEQEEvVS-vE. destructor 10.37
T. audax vs. T. madens . - 3;09 ' ;No
T. castaneum vs. T. freemani ~ 10.86 = *
T. castaneum vs. T. anaphe 10.86 ok
T. castaneum vé. T. destructor 10;37 ok
T. castaneum vs. T. madens . 3.09 ENo
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fTable.QQ,7coht.sChromosome’#g.,TUReY’é~anaiyéis*Q

 species compared @ q value Significant
- e T L . .. . difference

IER.

madens vs. T. freemani = 7.78 | *

14

‘madens vs. T. anaphe L 7,78 %

=3

xmadenST&s;‘I. deStructor "; 3f3 - 7.28 %

E=a

destructor,Vs, T. freemani '?;>““0}49‘ g No .

13

’destrﬁctor,vs. I,'anaghe“: SRR 0.49 No:

% Indicates a Significantvdiffeﬁen¢é.

Qe = 4.52
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Table 21. Intraspecific comparison of chromosomes,
Tribolium destructor. Tukey’s analysis*.
‘ T _ . ER

- T I ' v
Chromosomes compared g value | Significant =
o ' ' o ‘ : | difference

16.92
-14.55 -
'14.55 -
13.43
12.24
- 8.18. 1
3.49 . '
13.43
11.04
11.04
9.93
8.74
. 6.99
4,68
. 8.74 S
' 6.36 ..

6.36
5.24 B
4.08
2.31-
'6.43
4.06
. 4.06
2.92
1.75
4.68
vs. 2.31
vs. b~ - . 1.19-
vs. 9 o 3.49 0
vs. 8 . R AP B
vs 7 12

vVS.
vs.
VS. .
vVS.
vS.
VS.
vVS.
VS.
vS.
Vs,
VS.
VS.
vS.
vs.
vS.
VS. |
vVS.
vS.
VS.
vSs. -
VS.
VS.
vs.
vsS.
vVS.
vS.
VS,

A I R IR R

* 22
o0

NOOVOIOANOOAUIONROWRUONOONWSUON®O
ZEZEE k22
00000 0000

OO AUINIUIERERRELWWWWWWNNNNNNNR R R R e
=z
o

% Indicates a significant difference.

e = 4.64
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Table 22. Intraspecific comparisonvOfvéhrdmosbmes,

Tribolium freemani. Tukey’s analysis*.

* Indicates a‘Sighificant,differehde.

Qe = 4.64

94

Chromosomes compared g value ~ Significant
K : : . Lo ‘difference
1vs. 9 14.85 *
1 vs. 8 o 11.97 *
1 vs. 7 '11.36 *
1 vs. 6 ©.9,47 *
1vs. 5 8.86 *
‘1 vs. 4 8.18 *
1vs. 3 5.68 *
1l vs. 2 1.89 No
2 vs. 9 12.95 *
2 vs. 8 10.07 *
2 vs. 7 1.9.47 %
2 VS. 6 7.58 *
2 vs. 5 . 6.97 *
2 vs. 4 6,29 *
2 Vvs. 3. 3.79. No
3 vs. 9 9,17 %
3 vs. 8 6.29 ok
3 vs. 7 5.68 *
3 Vs. 6 - 3.79 No
3 vs. 5 ‘3.18. No
3 vs. 4 2.50 No
4 vs. 9 6.67 *
4 vs. 8 3.79 No
4 vs. 7 3.18 No
4 vs. 6 1.29 No
4 vs. 5 0.68 No
5 vs. 9 5.99 *
5 vs. 8 3.11 - No
5 vs. 7 2.50 No
5 vs. 6 -0.60 . No
6 vs. 9 5.38 %
6 Vs. 8 | 2.50 . 1 No.
6. .Vs. 7 - 1e89 i No
7VS. 9 3.48 . No
~ 7.vs. 8 '0.61. No
- 8 vs. 9 2.88 i No
9 vs. 10 0.91 " No
8 vs. 10 3.79: . No
7 v§. 10 4.39. |

-
(o)



Table 23. Intraspecific comparison of chromosomes,
Tribolium anaphe. Tukey’s analysis*.

Chromosomes compared . g value Significant
difference

1 vs. 9 9.05 *
1l vs. 8 7.72 ' *
1 vs. 7 6.61 *
1 vs. 6 ' 6.19 *
1 vs. 5 4.39 No
1 vs. 4 2.64 "No

1 vs. 3 1.75 No
1 vs. 2 1.75 No
2,3 vs. 9 7.30 *
2,3 vs. 8 5.98 *
2,3 vs. 7 4.87 *
2,3 vs. 6 4.44 No
2,3 vs. 5 2.65 No
2,3 vs. 4 0.89 No
4 vs. 9 '6.40 *
4 vs. 8 5.08 *
4 vs. 7 3.97 No
4 vs. 6 3.54 ' No
4 vs. 5 1.75 No
5 vs. 9 4.66 *
5 vs. 8 3.33 . ‘No
5 vs. 7 2.22 - No
5 vs. 6 1.79 No
6 vs. 9 2.86 No
6 vs. 8 1.53 No
6 vs. 7 0.42 . No
7 vs. 9 2.43 ‘No
7 vs. 8 1.11 No
8 vs. 9

1.32  No

*

Indicates a significant difference.

e = 4,64
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Table 24. Intraspecific compafison,of'chromosomes,
Tribolium brevicornis. Tukey’s analysis*.

Chromosomes compared g value Significant
‘ Sl ' R - difference

1 vs. 9 10.93 . *
1 vs. 8 8.99  *
1 vs. 7 8.37 *
1 vs. 6 6.43 *
1 vs. 5,4 4.49 -No
1l vs. 3 - 3.88 - No
1 vs., 2 1.39 No
2 vs. 9 . 9.53 %
2 vs. 8 -~ 7.59 *
2. vs. 7 6.98 k.
2 Vs. 6 5.04 N
2 vs. 5,4 3.10 - No
2 vs. 3 2.48 No
3 vs. 9 7.05 *
3 vs. 8 5,12 *
3 vs, 7 4.49 No
3 vs. 6 2.56 ~ No
3 vs. 5,4 ‘0.62 No
4,5 vs. 9 1 6.43 *
4,5 vs. 8 4.49 - No
4,5 vs. 7 . 3.88 " No
4,5 vs. 6 1.94 No
6 vs. 9 4.49 No
6 vs. 8 : _ 2.56 No
6 vs. 7 ’ ©1.94 No
7 vs. 9 2.56 . No
7 vs. 8 0.62 No
8 vs. 9

1.94 No

*

Indicates a significant difference.

Qe = 4.64 | o SR

96



Table 25. Intraspecific comparison of chromoéomes,
’ Tribolium castaneum. Tukey’s analysis*.

Chromosomes compared . g value .Significant
difference

36.73

CONNOOOAUUITULADERLEDNWWWWWWNNNNNUONRRRERRR R

vs. 9 *
vs. 8 31.92 *
vs. 7 28.85 *
vs. 6 24.04 %
vs. 5 19.23 .
vs. 4 -17.50 *
vs. 3 12.69 *
vsS. 2 . 6.35 %
vs. 9 30.38 *
vs. 8 25.58 *
vs. 7 22.50 *
vsS. 6 17.69 *
vs. 5 12.88 *
vs. 4. 11.16. *
vs. 3 6.35 *
vs. 9 - 24.04 *
vs. 8 19.23 *
vs. 7 16.15 ok
vsS. 6 11.34 *
vs. 5 6.53 %
vs. 4 4.81 *
vsS. 9 19.23 *
vs. 8 14.42 - %
vs. 7 11.35 *
vVS. 6 6.54 *
vs. 5 1.73 No
vs. 9 . 17.50 ok
vs. 8 12.69 *
vsS. 7 9.62 * .
vsS. 6 4,81 *.
vs. 9 12.69 *
vs. 8 7.88 *
vs. 7 4.81 *
vs. 9 7.88 " *i
vs. 8 3.08 No
vs. 9 : . 4.81 *
vs. 10 9.62 *

* Indicates a significant difference.

e = 4.64
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oflable 26. Intraspe01flc comparlson of chromosomes, b
Trlbollum confusum. Tukey s ana1y51s*

g value Significant

‘}Chfomosomééicompare@ o;;v;éi

difference

L ',.ll 287 o *l
9. 28";:*“*?.5
.8.64 %
7.28 0 % ;
4.00  No . -
12, 00;1”‘ *
9.36 . e
' 8.64 .
L 6.64 %
" 6.00
. 4.64.
o 1.36¢
]10 64_,, ;
e 5;28;\}f~
4.4
o f3¢28“:7
- 7.36 .
4720
S 4,000
ﬂVKZ;OO e
L 3 36 B
. :3 36 .
‘QQ”2v64fQ '
5,36
20720 0 No.oo
2,00 b‘_'NO
T ‘0 72 - No

VS,
VS,
Vs,
VS.
vVsS..
vs.
vS.
VS, .
e
N
‘VS.
VS - P
Vs,
VS. .
VS.
vS. -
vS.
VS,
vS.
vS. '
VS«
VS
VS..
vs.
vS.
VS.
VS.
- VS.
VS,
VS.
VS
vs.f
vS..
_Vs.
[vs._

oo

ZZ k=

o o000 "

Z ;'_Z;;Z_: 2
5355

b

<mmoﬁwmmﬂm@quw@hmquowmeﬂm@MQ#wmqmooo)
=
' O

’mﬁqﬁdoxgimx”UTW‘”¢>#i>¢-§kaauznu:mtoASNeom:m!oFiPreFfPJa+:Pf" -

Indlcates a 31gn1flcant dlfference.fof‘,,
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g8vs.10 . am»ms5
C9ws.l0 373

‘Table 27. Intraspe01f1c comparlson of chromosomes,'
o _ Trlbollum audax. Tukey s analy51s*x '

i

Chrbmoédmes.Cémpared}ff'jlf“73g q Value . 1gn1flcant
: S SRR P P v ‘ dlfference '

- jl7;00 ‘nf1*§-J¢.;; -
‘ 14“36;“j Z*V.,~
v312.09fﬁ 

 9}09‘““‘
- 6;00:f
- .3.45
:-511'73f
~~ 10 90 =
-8, 64 7,”

'>Tf7 097”

L 5.64

= -2, 55  .
o 9. 18
o ]8.36f»»”
6.18
- 4755

S 3.090
. 6.09

L BL27
”.3w00*1~~

.=,{1;45§Pw‘

6 e 1B
y7 VS99 3.09 -

VS,
VS.
VS
VS,
VS.
Vs.
Vs,
vs.®
VS
VS.
vS.
VS
vs.
vS..
VS.

i i

o

o

E Ok RZ X KK K KD R K X X

L~ Lt
o

vs.

* 22
RS

Z %%

N
=z
)

N0V UINWYRUIN0VWEUINEON WS N ® 0 I

>
656

s.9 ... . . o.82
$.010 e 80360

CURACUUIUARRAPLVLWWWWNNNNNNR PR RRRRE |
i .
0
L)

lovs. 11 . 382 N

S 11wvs.12 0 . 0.73 No

9 vs., 12 . ' »."{;‘. : 8.27 *' TR
._10 vs.,lzﬁ _’ 'bv* f‘;~ v”~yi“ g“4 55V;' No

| *Indlcates a 51gn1flcant dlfference.;;f'

' ;f§9;f




Table 28. Intraspecific comparison‘of chromoSomes;
‘ Tribolium madens. Tukey’s analysis¥.

Chromosomes compared q value = Significant

: ' difference
1 vs. 9 '7.35 *
1 vs. 8,7 6.18 *
1 vs. 6 5.70 *
1vs. 5 4.50 - No
1 vs. 4 4.27 . No
1 vs. 3 3.08 No
1 vs. 2 0.23 No
2 vs. 9 7.12 ko
2 vs. 8,7 5.95 %
2 vs. 6 5.47 *,
2. vs. 5 4.27 No
2 vs. 4 4.05 No
2 vs. 3 2.85 No
3 vs. 9 4.27 No
3 vs. 8,7 3.11 No
3 vs. 6 2.62 No
3 vs. 5 1.42 No
3 vs. 4 1.19 No
4 vs. 9 3.08" No
4 vs. 8,7 1.91 No
4 vs. 6 1.42 No
4 vs. 5 0.23 ~ No
5 vs. 9 2.85 No
5 vs. 8,7 1.28 No
5 vs. 6 1.89 No
6 Vvs. 9 ' 1.65 No
6 vs. 8,7 0.48 No
7,8 vs. 9 1.17 No
9 vs. 10 - 0.48 No
9 vs. 11 , 4.21 No
10 vs. 11 3.36 No
9 vs. 12 1.91 No
10 vs. 12 ‘ 1.42 'No
11 vs. 12 ’ 0.37 No
12 vs. 13 0.23 No
11 vs. 13 , » ’ 0.59 No
10 vs. 13 1.65 No
12 vs. 14 , 0.34 No
11 vs. 14 0.71 No
12 vs. 15 ' 0.59 No
13 vs. 15 0.37 No
14 vs. 15 - 0.26 No
* Indicates a significant difference. ‘
e = 4.64
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