
 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



During diplotene-diakinesis the two original sex.chromosomes that form the positively heterochromatic

structure, become separated. The original X part of the neo-X usually lies, from the time the

chromosomes become discernable, close to its autosomal part and neo-Y1 while the neo-Yz (which

embodies the original Y) usually lies well removed from this structure and is only connected to it with

two very thin, nearly invisible strands. At late diakinesis it is apparent that this gap is situated between

the two parts of the small autosomal 'bivalent' and represents a terminal chiasma. (This is equivalent

to the situation in D. nodulicarinus novenus where there is usually a gap between the two chromosomes

of the small autosomal bivalents.) During metaphase I the neo-Yz moves closer to the neo-X but a small

gap always remains visible. The two strands that attach them, however, become clearly detectable. The

two chromatids of the original Y-chromosome usually lie somewhat directed towards the poles with its

free end, suggesting spindle attachment to them.

The crossover pattern of both the large autosomal bivalent and the neo-Y1 - neo-X 'bivalent' differs

markedly from that of D. nodulicarinus novenus. The large autosomal bivalent exhibits the following

percentages of chiasmatic types (37 MI cells were analysed):

BIVALENT 2/0 2/1 2/2 1/0 1/1

TYPE
PERCENTAGE 3 24 73 0 0

The neo-X - neo- Y part of the sex chromosome structure was also scored for the five types of single

crossovers as defined for D. nodulicarinus novenus. In addition to the five types a substantial number

of them have two crossovers. The observed percentages for the 37 analysed MI cells are as follows:

TYPE 1 2 3 4 5 2 chiasmata

PERCENTAGE 11 5 30 5 3 46

The neo-Y1 - neo-X 'bivalent' with two chiasmata have interesting complications for segregation as
discussed in 9.2.1.4.

During AI three bodies move to each pole namely the two autosomes and the tripartite neo-X-neo- Y1-

neo-Yz (one chromatid of each of the latter). Although no early AI cells were observed, late AI cells

often suggest the broadside movement of the larger chromosomes.

At Mil (Fig. 457) three structures are present namely the two autosomes and the tripartite sex

chromosome structure which incorporates the neo- X on the one side and the neo- Y1 and neo-Yz on the

other. Both the large autosome and the neo-X lie with their long axis parallel to the equatorial plate.

At All four daughter chromosomes (the large autosome, the small autosome and the medium sized neo-

Y1 and Yz) segregate to one pole and three (the large autosome, the small autosome and the large neo-X)
to the opposite pole.

 
 
 



Spermatogonial mitosis (Fig. 458) shows seven chromosomes as expected, namely (from large to small)

the neo- X, two large autosomes, neo-Yj, neo-Y2 and two small autosomes. Oogonial mitosis (Fig. 459)

shows the expected six chromosomes, namely (from large to small) the two neo-X chromosomes, two

large autosomes and two small autosomes.

As mentioned above D. nodulicarinus septeni possibly originated from D. nodulicarinus novenus by

means of the fusions of the homologous chromosomes ofa small autosome to the original X- and Y-

chromosomes respectively. The relative sizes of the chromosomes (compare Tables 9.21 and 9.22),

however, suggest that they may have originated independently from D. nodulicarinus nodulicarinus or

another ancestor. It is evident that the large autosome is larger in D. nodulicarinus novenus than in D.

nodulicarinus septeni (32% versus 24% of the total chromosome area) while the neo-X is larger in D.

nodulicarinus septeni (34.5% versus 27%). Although the latter is to be expected because of the extra

autosome fused to it, the difference is larger than can be explained by the fusion. Further confirmation

of this is that the neo- Y\ (which is the homologue of the large autosomal part of the neo- X) is also larger

in D. nodulicarinus septeni (20.7% versus 16.3%). The different frequency and location of the

crossovers in the large autosome and neo-X-neo-Y\ 'bivalent' between these taxa are also indicative of

the size and structural differences between them and support their independent origin. Further study and

analysis would be necessary to confirm this.

In D. nodulicarinus septeni two crossovers often occur between the neo-Y\ and neo-X chromosomes

(in 46% of the cells) and this has complications for the segregation of the chromosomes and may throw

some light on the location of spindle attachment. It is known that in the Heteroptera the spindle usually

attaches over a large part of the length of the chromosomes during mitosis (Buck 1967, Comings &

Okada 1972, Ruthmann.& Permantier 1973) while it usually attaches to the chromosome ends during

meiosis (Schrader 1935, Hughes-Schrader & Schrader 1961, Nokkala 1985, Gonzalez-Garcia et af.

1996, Perez et af. 1997) although Nokkala & Nokkala (1996) suggested that microtubules may also

attach to those regions of chromatids lying parallel to the equatorial plane during meiosis. In Psylla

jOrsteri (Homoptera) the large bivalent/chromosome always orientates with its long axis parallel to the

equatorial plate at MI and MIl and the spindle fibres apparently attach themselves to its whole poleward

surface (Suomalainen & Halkka 1963).

From the following figure, which depicts the case in D. nodulicarinus septeni, it is obvious that if the

spindle attaches to the free distal ends of the 'bivalent', it would follow that all two and four strand

double crossovers (50% of the cases) would result in the original X part of the neo-X (as well as the

original Y) undergoing chromosome and not chromatid segregation. Only three strand double crossovers

(50% of the cases) would resuh in chromatid segregation of the original X (and Y). However, all AI and

MIl cells show that chromatid segregation of the original X and Y is the rule without exception.

 
 
 



To ensure the regularly observed segregation pattern there are the following possibilities:

The spindle may attach to the two chromatids of the original X-chromosome and not to its large

autosomal part. This is, however, unlikely because:

a. Both ends of the original X are fused with autosomes which are involved in chiasmata.

This would imply that the spindle fibres attach to the main body of the X-chromosome

and not to the chromosome ends as is usually the case in Heteropteran meiosis.

Although this may be possible and even likely (see point 4.), one would then expect that

it would also happen to the autosomal and neo- Y 2 parts of structure and not to the

original X alone.

b. It would imply that there are no spindle fibres attached to the neo-Y 1 and that they are

dragged along to the poles by their chiasmatic association with the neo-X. It is,

however, the rule that the chiasmata break down during early AI and one would expect

that they would be unable to segregate to the poles but form laggards on the equatorial

plate. This as well as the presumed deletion MIl cells, was never observed.

1. The distal chiasmata may terminalize completely before the spindle attaches. This would,

however, require the attachment of the spindle to each pair ofadjacent chromatids although they

have originated from different chromosomes. This is unlikely and it has been demonstrated that

the chiasmata do not terminalize in the Heteroptera (Nokkala & Nokkala 1996, Perez et a1.

1997).

2. The spindle may attach to the free ends of the neo-Y2 (= original Y-chromosome). The neo-Y2

is, however, attached to the rest of the structure by means of a terminal chiasma and would thus

be unable to drag along the other chromosomes (see point 1b).

3. The spindle fibres do not attach to the chromosome ends as is normally the case but to the main

body of the chromosome between the two chiasmata (probably at various points) as is the case

during mitosis. The crossover between the spindle attachment area and the original X would

then assure the chromatid segregation of the latter. It is also probable that the spindle

simultaneously attaches to the chromatids of the original X (and possibly to the original Y as

well - although it is more probable that the spindle attaches to its free ends as its orientation at

MI suggests) to assist their segregation.

 
 
 



This type of spindle attachment could also explain the broadside movement of the large chromosomes

during AI (as was also observed in D. nodulicarinus novenus) and it can be argued that the large

chromosomes have various potential attachment areas. The large chromosomes are the resuh of the

fusion of various small chromosomes and it is possible that interstitial telomeric sequences may serve

as attachment points for the spindle.

The following arguments against this mode of spindle attachment can be raised:

a. It would probably imply different modes of spindle attachment depending on the location and

number of chiasmata (two chiasmata or a single terminal chiasma •• interstitial spindle

attachment; single interstitial chiasma •• telomeric spindle attachment).

b. Ahhough interstitial or holocentric spindle attachment has been suggested for large

chromosomes and the broadsided movement of chromosomes has been described previously

(Schrader 1935, Suomalainen & Halkka 1963), most of the recent investigations support the

telomeric attachment of the spindle during meiosis.

Further investigation is necessary to elucidate the spindle attachment to this structure.

Very few XYn sex chromosome systems have thus far been reported in the Heteroptera. Pfaler-

Collander (1941) reported that some individuals of Lygaeus equestris have two Y chromosomes that

are smaller than the usual small Y-chromosome. The same situation was subsequently described for L.

hospes and L. pandurus (Barik et a1. 1981, Manna & Deb-Mallick 1986). They found that in both these

species there are two types of X-chromosomes and three types of Y-chromosomes namely the usual

original X, a smaller XI that probably originated after a small segment broke off the original X, the

original Y, a smaller YI that probably originated after a small segment broke off the original Y, and Y2

which is presumably the fusion product of the small parts that broke off the X and Y.

In the above three lygaeid bugs only a few individuals in the population exhibit the XYIY2 sex

chromosome system (11 of 230 specimens in L. hospes and 6 of 80 specimens in L. pandurus). These

individuals could not morphologically or otherwise be told apart from the rest of the population.

A few cases of polymorphism for sex chromosome systems where "supernumery" Y-chromosomes occur

have been reported in the Heteroptera. Wilson (1907, 1909, 1910) described the situation in three

species of Acanthocephala (as Metapodius)(Coreidae) namely A. femoratus, A. granulosa and A.

terminalis. All three species have the basic coreid type chromosome constitution of 2n( d') = 21 (18A

+ 2m +XO) but many of the individuals have in addition one to five supernumery Y-chromosomes. The

Y elements form a chain with the single X at MIl and segregate regularly to the opposite pole than the

X. The extra Y-chromosomes were suspected to be supernumeraries because they seemed to have no
genetical or morphological effect.

 
 
 



The only two species that have been reported as having an XYn sex chromosome system as the norm is

Rhyparochromus angustatus (Lygaeidae) [reported by Takenouchi & Muramoto (1968) as cited by

Ueshima (1979)] and Cryptostemma pusillimum (Dipsocoridae) (Grozeva & Nokkala 1996).

I have not read the original paper of Takenouchi & Muramoto (which is in Japanese) and therefore do

not know how many specimens they studied and how many details of their findings are presented. If one,

however, compares the chromosome number of Rhyparochromus angustatus (2n( 0")= 15 (lOA + 2m

+ XY1YJ with that of two other Rhyparochromus species (listed by Ueshima 1979) which both have

2n(0") = 14 (lOA + 2m + XY) it is evident that the XY1Yz system in R. angustatus probably originated

by means of fragmentation of the Y-chromosome. It must, however, be noted that the findings of

Takenouchi & Muramoto have often been in disagreement with the findings of other authors. For

example: they (1967) listed Saldula saltatoria as having 2n( 0")= 36XY while Cobben (1968) found it

to be 2n(0") = 35XO; they (1968) found Gerris paludum to have 2n(o") = 24XY while Wilke (1913)

reported it to be 2n( 0")= 23XO; they (1968) found Hydrometra procera to be 2n( 0")= 20XY while two

other Hydrometra species are 2n(0") = 19XO (Jande 1959, Cobben 1968).

In the well documented case of Cryptostemma pusillimum the two Y-chromosomes are rather small,

only slightly larger than the m-chromosomes and much smaller than the autosomes and X-chromosome.

Grozeva & Nokkala came to the conclusion that "there is certainly no doubt that these multiple Y

chromosomes ofC. pusillimum have evolved from the Y chromosome by fragmentation". Unfortunately

they did not state how many individuals they studied.

In all of the above cases the multiple Y-chromosomes originated by means offragmentation. The XY 1Yz
sex chromosome system of Dundocoris nodulicarinus novenus and D. nodulicarinus septeni are thus

the first reported cases in the Heteroptera where such a system originated by a X-chromosome-autosome

fusion. The case of D. nodulicarinus septeni where three autosome-sex chromosome (two X-autosome

and one Y-autosome) fusions were involved in the creation of its sex chromosome system and where the

two homologous autosomes were both involved in fusions with the X- and Y-chromosome respectively,

have, to my knowledge, not previously been encountered in any organism.

The chromosome number of D. marieps is 2n( 0")= 28XY. The true and relative chromosome areas of

D. marieps are presented in Table 9.23 and an idiogram in Fig. 260.

 
 
 



Tme chromosome areas (pm") and standard deviatlolL Relative chromosome areas (0/0 of total area
of autosomes) and standard deviatlolL

Chromosome Mariepskop forest Marlenskon forest

Individuals 2 2

Cells 9 9

Al 4.02l±O.36l 9.63l±O.26l

A2 3.88l±O.37) 9.29l±O.18)

A3 3.69l±O.37) 8.84l±O.22)

A4 3.6Ol±O.42) 8.6Ol±O.28)

AS 3.38l±O.35) 8.08l±O.19)

A6 3.32(±O.32) 7.951±O.13)

A7 3.24l±O.3U 7.77l±O.13)

A8 3.19l±O.28) 7.651±O.I5)

A9 3.08l±O.31) 7.39l±O.22)

AI0 2.94l±O.27) 7.O5l±O.14)

All 2.77l±O.24) 6.651±O.30)

AU 2.38l±O.25) 5.70l±O.23)

A13 2.26l±O.27) 5.41l±O.23)

X 8.351±O.88) 20.02l±1.21 )

Y 6.37(±O.72) 15.23l±O.67)

Autosomes 41.75l±3.98)

All 56.47(±5.43)
chromosomes
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The autosomes fonn a gradual size series except for AI2 and AI3 which is set apart by a slight step in

the series. The sex chromosomes are by far the largest chromosomes in the complement - the X-

chromosome is more than twice the size of the largest autosome while the Y-chromosome is nearly 1.6x

as large as the largest autosome.

D. marieps occurs sympatricallywith D.fuscus at Mariepskop and individuals ofboth species are often

found in close proximity to each other. The chromosome number of D. jUscus is also 2n( 0") = 28XY and

its karyotype is very similar to that of D. marieps except for the sex chromosomes that are distinctly

smaller.

The chromosome number of D. begemanni is 2n( 0") = 26XY. The true and relative chromosome areas

are presented in Table 9.24 and an idiogram in Fig. 261. Although cytogenetic preparations of 5

individuals were made the MIl cells found were not well spread and therefore MI cells were used for

measurements. The largest autosome (AI) is much larger (1.4x)than the second largest autosome (A2).

A2-Al2 fonn a more or less gradual size series but small steps set apart A2 and Al2. The sex

chromosomes are large as in the previous species. The X-chromosome is the largest chromosome in the

complement, about twice the size of A2. The latter probably represents the largest autosome of an

ancestor before a fusion gave rise to the large A 1 and is thus comparable with Al of the previous species.

The Y-chromosome is about 1.35x the size of A2 and slightly smaller than AI.

True chromosome areas (filii') and standard deviation. Relative chromosome areas (0/0 of total area
of autosomes) and standard deviation.

Chromosome InIasuti forest Injasuti forest

Individuals I I

Cells 2 2

Al 9.94(±O.68) 14.65l±O.30)

A2 7.00(±O.13) IO.32(±O.68)

A3 6.19(±O.I6) 9.13(±O.17)

A4 5.94(±O.08) 8.76(±O.28)

AS 5.85l±O.19) 8.6O<±O.14)

A6 5.53(±O.14) 8.14(±O.19)

A7 5.31(±O.35) 7.82(±O.17)

A8 5.O6<±O.2l) 7.46l±O.03)

A9 4.79(±O.08) 7.O6(±O.22)

AIO 4.51(±O.39) 6.65l±O.29)

All 4.2l(±O.77) 6.2l(±O.87)

Al2 3.53(±O.22) 5.20(±O.O7)

X 13.33(±O.34) 19.71(±O.32)
y 9.51(±O.26) 14.07(±O.96)

Autosomes 67.86<±3.14)

All 9O.70(±3.22)
chromosOmes
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D. begemanni probably originated from a 28XY ancestor (refer also to the discussion in 9.2.12) by

means of a fusion of two autosomes. It is possible that one of the smallest autosomes (A12 or A13) of

the ancestor fused with the second largest autosome (A2) to form the large autosome of D. begemanni.

The small steps between A2/A3 and All/A12 support this hypothesis.

D. stuckenbergi encompasses two subspecies that are motphologically indistinguishable but have

different chromosome numbers and karyotypes. Two specimens of a possible third subspecies were also

collected - they are smaller than specimens of the other subspecies and although their autosomal

karyotype is very similar to that of one of the described subspecies (D. stuckenbergi ngomensis) the

sex chromosomes are markedly smaller.

The chromosome number of D. stuckenbergi stuckenbergi is 2n( d') = 26XY. The true and relative

chromosome areas are presented in Table 9.25 and an idiogram in Fig. 262. The largest autosome (AI)

is about 1.5x as large as A2. A2-A12 form a more or less gradual size series with a slight step between

A2 and A3 and autosomes All and Al2 also seem to be set apart by a small step. The sex chromosomes

 
 
 



are subequal in size and by far the largest chromosomes in the complement. The X-ehromosome is

about 2.37x and the Y-chromosome about 2.23x as large as A2.

D. stuckenbergi stuckenbergi probably originated from D. stuckenbergi ngomensis or an ancestor

with similar karyotype by means of the fusion of two autosomes. A fusion between the second largest

chromosome (A2) and one of the smaller chromosomes, maybe Al 0 or All (but not A12 or A 13 as they

are set apart by a small step in the ancestor as well- see discussion in 9.2.12) of the ancestor will be

consistent with the observed steps in the karyotype of D. stuckenbergi stuckenbergi as well as with the

size of AI.

True chromosome areas (JIm") lIIld standard deviatiolL Relative chromosome areas (0/0 oftotlll area
of autosomes) lIIld standard deviatiolL

Chromosome Town Bush Town Bush

Individuals 1 1

Cells 6 6

Al 2.76(±O.47) 15.31(±O.80)

A2 1.86(±O.28) 10.35<±O.64)

AJ 1.6O(±O.18) 8.92(±O.38)

A4 1.57(±O.I8) 8.76(±O.32)

AS 1.5O(±O.20) 8.36(±O.20)

A6 1.45(±O.19) 8.O5(±O.18)

A7 1.37f±O.14) 7.66l±O.26)

A8 1.33(±O.14) 7.41(±O.27)

A9 1.29(±O.I5) 7. 18(±O.36)

AI0 1.22f±O.I6) 6.79(±O.26)

AU 1.07(±O.18) 5.91(±O.40)

All O.96(±O.17) 5.31(±O.57)

X 4.41(±O.79) 24.43(±2.15)

Y 4. 15(±O.85) 22.9Of±2.32)

Autosomes 18.()(J(±2.31)

AU 26.56(±3.88)
chromosomes

The chromosome number of D. stuckenbergi ngomensis is 2n( 0") = 28XY. The true and relative

chromosome areas are presented in Table 9.26 and an idiogram in Fig. 263. It has the typical

Dundocoris ancestral karyotype where the autosomes form a gradual size series except for A12 and A 13

which are set apart by a slight step in the series. The sex chromosomes are, however, extremely large,

the largest of all Dundocoris taxa. The X-chromosome is 3.3x and the Y-ehromosome is about 2.8x

as large as the largest autosome.
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Figure 262. Idiogram of Dundocoris stuckenbergi stuckenbergi.

Tme chromosome lU"eIIlI{JIIIl~ lUld standard deviatiolL Relative chromosome lU"eIIlI(0/. of total area
of autosomes) lUld standard deviatiolL

Chromosome Nl!ome forest Nl!ome forest

Individuals 2 2

Cells 6 6

Al 2.39C:l:O.47) 9.75<:l:O.36)

A2 2.19(:l:O.42) 8.91(:l:O.ll )

A3 2.14(:l:O.40) 8.72(:l:O.14)

A4 2.10(:l:O.41) 8.55<:l:O.ll )

A5 2.03(:l:O.36) 8.28C:l:O.I0)

A6 1.99(:l:O.37) 8.10(:l:O.19)

A7 1.95<:l:O.36) 7.96C:l:O.14)

A8 1.92(:l:O.35l 7.82(:l:O.12)

A9 1.81(:l:O.39) 7.36(:l:O.28)

AI0 1.69C:l:O.34) 6.85(:l:O.15)

All 1.64<:l:O.33) 6.68C:l:O.17>

A12 1.42(:l:O.28) 5.76(:l:O.31)

All 1.29C:l:O.23) 5.26(:l:O.ll)

X 7.93(±1.73) 32.21(±1.78)

y 6.64(±1.29) 27.10(:l:O.85l

Autosomes 24.55<±4.67)

All 39.12(±7.64)
chromosomes
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Figure 263A. Idiogram of Dundocoris stuckenbergi subspec. nov?
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A male and female of a possibly undescribed subspecies were collected in Ngoye forest in northern

Kwazulu-Natal. Its chromosome number is 2n( 0") = 28XY and an idiogram ofits karyotype is presented

in Fig. 263A. Its karyotype is very similar to that of D. stuckenbergi ngomensis except that the sex

chromosomes are smaller. The X-chromosome is 2.5x and the Y-chromosome 2.17x as large as the

largest autosome.

The chromosome number of D. nigromaculatus is 2n( 0") = 20XY. The true and relative chromosome

areas are presented in Table 9.27 and an idiogram in Fig. 264. There is a substantial difference in size

between the five largest autosomes (AI-A5) while A6-A9 form a more gradual size series. The sex

chromosomes are relatively small; the X-chromosome is just larger than A3 but smaller than Al & A2,

while the Y-chromosome is only slightly larger than A5.

D. nigromaculatus supposedly originated from an 28XY ancestor by means of four fusions. Two of the

largest autosomes of the ancestor probably fused to form Al while two of the smallest autosomes fused

to form A4. A2 and A3 were formed by indeterminable fusions of some of the other autosomes.

Tl'lIe chromosome areu (pm') lIIld standard devJation. Relative chromosome areu (0/0 of total area
of autosomes) lIIld standard devJation.

Chromosome Nl!on forest N I!oye forest

Individuals 1 1

Cells 6 6

Al 5.87(::1:0.87) 21.49(::1:0.86)

A2 4.30(::1:0.76) 15.67(::1:0.58)

A3 3.68(::1:0.68) 13.38(::1:0.50)

A4 3.15(::1:0.48) 11.52(::1:0.25)

A5 2.58(::1:0.48) 9.39(::1:0.26)

A6 2.18(::1:0.36) 7.95(::1:0.23)

A7 2.06(::1:0.35) 7.52(::1:0.08)

A8 1.87(::1:0.29) 6.83(::1:0.18)

A9 1.71(::1:0.26) 6.25(::1:0.37)

X 3.87(::1:0.62) 14.13(::1:0.56)

y 2.76(::1:0.49) 10.05(::1:0.42)

Autosomes 27.40(±4.46)

AD 34.03(±5.54)
chromosomes
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Figure 264. Idiogram of Dundocoris nigromaculatus.
9.2.6. Dundocorisflavilineatus. (Figs 265-266, 471-487).

Two subspecies are recognized, mainly on account of their different chromosome number although there

also seems to be a slight size difference between them. D.jlavilineatus jlavilineatus has a chromosome

number of 2n = 28XY and is slightly smaller than D. jlavilineatus ndabeniensis with 2n = 27X\X2 Y.

The nominate subspecies occurs widespread in Kwazulu-Natal and also in the Eastern Cape while D.

jlavilineatus ndabeniensis is probably restricted to the Ndabeni forest in northern Kwazulu-Natal.

The chromosome number of D. jlavilineatus jlavilineatus is 2n( 0") = 28XY. The true and relative

chromosome areas for three localities are presented in Table 9.28 and idiograms for the three localities

in Fig. 265. D.jlavilineatus jlavilineatus exhibit the typical ancestral Dundocoris karyotype where the

autosomes form a more or less gradual size series with perhaps a small step that sets apart All and

A12, and large X- and Y-chromosomes.

The three populations used for the idiograms come from localities that are far apart from each other (at

least 120 km) without interconnecting forests between them. Given the low vagility of the apterous

Carventinae it can be assumed that they have been isolated for at least several thousands of years.

The idiograms of the populations at the three localities are very similar in respect to the autosomes - the

differences between them can probably be accounted to variation in the squashing and measurement

errors. The sex chromosomes, however, differ markedly between the three localities. The X-

chromosome of the Mpsheni Forest population is markedly smaller than those of the other populations

 
 
 



and the Y-chromosome of the Ngoye Forest population is markedly larger than those of the other

populations. Size differences in the sex chromosomes between populations and even between individuals

of the same population is fairly common in the Heteroptera.

True chromosome areas (Janr) and standard deviatiolL

Chromosome Mpesheni forest Ne:oye forest Scottbur2h TOTAL

Individuals 1 1 2 4

Cells 3 11 4 18

Al 2.89(±o.06) 2.46(±0.18) 3.70(±1.12) 2.81(±0.71)

A2 2.68(±0.17) 2.27(±0.14) 3.29(±0.85) 2.56(±0.57)

A3 2.48(±0.19) 2.22(±o.l5) 3. 18(±o.90) 2.48(±0.56)

A4 2.4S(±0.19) 2. 1S(±0. 14) 3.08(±0.88) 2.4l(±0.55)

AS 2.36(±0.1l) 2.07(±0.1S) 2.9S(±O.83) 2.31(±0.52)

A6 2.23(±0.07) 1.9S(±o.lS) 2.76(±0.7S) 2. 17(±0.47)

A7 2. 13(±0.08) 1.92(±0.1S) 2.63(±0.67) 2.11(±0.43)

A8 2.02(±0.02) 1.87(±0.17) 2.56(±0.66) 2.0S(±0.42)

A9 2.01(±o.03) 1.83(±O.17) 2.47(±0.62) 2.00(±0.39)

AI0 1.93(±0.08) 1.77(±o.l6) 2.38(±0.70) 1.93(±0.41)

All 1.82(±0.06) 1.61(±o.12) 2.23(±0.63) 1.78(±0.38)

A12 1.6O(±0.06) 1.5S(±0.1l) 2.03(±0.59) 1.66(±0.33)

A13 1.SO(±0.01) 1.3S(±0.14) 1.7S(±0.4S) 1.46(±0.27)

X 3.97(±0.30) 4.6O(±0.40) 5.99(±1.26) 4.8O(±0.93)
y 3. 10(±0. 18) 3.51(±0.30) 4. 12(± 1.12) 3.S8(±0.62)

Autosomes 28.09(±0.85) 25.01(±1.83) 35.01(±9.64) 27.7S(±5.98)

All 35. 17(±1.24) 33.12(±2.40) 45.12(±1l.98) 36.13(±7.34)
chromosomes

Relative chromosome areas (% of total area ofautosomes) and standard deviatiolL

Al 10.31(±0.46) 9.84(±0.29) 10.5l(±0.35) 10.07(±0.43)

A2 9.S4(±o.32) 9.08(±0.24) 9.42(±0.20) 9.24(±0.30)

A3 8.83(±o.40) 8.9O(±0.20) 9.07(±0.1S) 8.92(±0.23)

A4 8.71(±0.41) 8.62(±0.19) 8.78(±0.09) 8.67(±0.22)

AS 8.41(±0.18) 8.28(±0.17) 8.4O(±0.26) 8.33(±0.19)

A6 7.9l(±0.06) 7.79(±0.14) 7.88(±O.04) 7.83(±O.12)

A7 7.57(±o.24) 7.66(±O.16) 7.S3(±0.19) 7.62(±o.18)

A8 7.20(±o.14) 7.46(±0.19) 7.36(±O.17) 7.39(±o.20)

A9 7.13(±0. 12) 7.33(±O.18) 7.11(±O.25) 7.2S(±O.2l)

AI0 6.87(±0.09) 7.06(±0.24) 6.76(±O.21) 6.97(±O.2S)

All 6.48(±O.16) 6.42(±O.14) 6.36(±O.1l) 6.42(±O.14)

A12 5.69(±0.38) 6.18(±O.17) 5.79(±O.19) 6.01(±0.30)

A13 5.3S(±O.14) 5.38(±o.28) 5.Ol(±O.12) 5.29(±O.27)

X 14.13(±0.72) 18.41(±1.01) 17.39(±1.38l 17.47(±1.88)
y 1l.04(±O.49) 14.04(±0.81) 1l.8O(±0.59) 13.04(±1.48)
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The chromosome number of D. j/avilineatus ndabeniensis is 2n( 0") = 27XIX2 Y, although the possibility

exists that it is actually 27XY IY2 as no females were studied (refer to 9.2.6.3). The true and relative

chromosome areas are presented in Table 9.29 and an idiogram in Fig. 266. The autosomes form a

gradual size series but a small step sets off A 12. The Y-chromosome (actually a neo-Y) is by far the

largest chromosome in the complement, being about 4x the size of the largest autosome. The original

X-chromosome (XI) is the second largest chromosome, about twice the size of the largest autosome

while the neo-X (Xz) chromosome is about the size of A3. The multiple sex chromosome system of D.
j/avilineatus ndabeniensis also originated by a fusion between a sex chromosome and an autosome but

the details and behaviour of the chromosomes differ markedly from that described in D. nodulicarinus.

At pachytene the original X -chromosome (XI) forms a positive heterochromatic body which is usually

roundish in shape but sometimes its linear shape is apparent as it is twisted and folded in various ways.

The Y-chromosome is usually also positively heterochromatic but more or less linear in shape and the

junctioo between the original Y-chromosome part and the autosomal part (which probably incorporate

X2 as well) is often evident as a constriction (Fig. 475). The two sex chromosome structures are often

associated but apart from each other in a significant number of cells. When they are apart nucleoli are

often associated with both these structures - in the neo- Y it occurs near the free end of the original Y-

chromosome. It is unclear whether true synapsis forms between the neo-X (Xz) and the autosomal part
of the neo-Y.

True chromosome areas (pm") and standanl deviation. RelaUve chromosome areas (0/0 of total area
of autosomes) and standanl deviation.

Chromosome Ndabeni forest Ndabeni forest

Individuals 2 2

Cells U U

Al 1.99(::1:0.15> 10.43(::1:0.37)

A2 1.88{::I:O.13) 9.85(::1:0.33)

A3 1.77(::1:0.10) 9.28(::1:0.21)

A4 1.70(::1:0.09) 8.92(::1:0.20)

AS 1.66{::I:O.09) 8.70(::1:0.20)

A6 1.59(::1:0.10) 8.32(::1:0.17)

A7 1.54(::1:0.09) 8.08(::1:0.13)

A8 1.51(::1:0.09) 7.92(::1:0.14)

A9 1.48(::1:0.09) 7.75(::1:0.13)

AI0 1.44<::1:0.09) 7.57(::1:0.14)

AU 1.40(::1:0.09) 7.35(::1:0.17)

A12 I.U(±O.05> 5.83(::1:0.18)

X, 3.97(::1:0.29) 20.85(±1.12)

X, 1.75<::1:0.15> 9.20(::1:0.75)

Y 7.91(::1:0.59) 41.47(±1.22)

Autosomes 19.07(±1.05>

All 32.70(±1.91)
chromosomes

 
 
 



During the diffuse stage XI and the neo-Yare positively heterochromatic and nearly always associated.

The XI usually forms a smooth, circular body with the more or less thick filamentous neo- Y attached

to it with it original Y-chromosome end. The distal autosomal subdivision of the neo- Y often exhibits

chromomere-like nodules. The nucleoli usually occur in the region where the XI and Yare associated.

The individual autosomes are not discemable at this stage. As the diffuse stage gradually advances to

diplotene the autosomal bivalents become discemable, firstly as filamentous patches with

heterochromatic chromomere-like nodules without the individual chromosomes and chromatids

discemable but later the they can be distinguished as nodulated filaments. At this stage it also becomes

evident that the euchromatic X2, which may be a considerable distance away, is attached to the

heterochromatic neo- Y by means of thin, often nearly invisible filaments, supposedly representing a

terminalized chiasma. It now becomes apparent that the X2-neo- Y 'bivalent' contain three distinct

subdivisions namely:

1. A thick, heterochromatic, relatively smooth part that is also the largest and represents

the original Y-chromosome.

2. A somewhat thinner, heterochromatic, nodulated part that is slightly smaller than the

previous part and represent the autosomal part of the neo-Y.

3. A thin, euchromatic, usually distant part that represent the neo-X (XJ which is

probably attached to the second part by a terminalized chiasma.

The first two subdivisions stay visible until late diakinesis and the third until AI.

At diplotene the chiasmata also become visible. Roughly a third of the bivalents have non terminal

chiasmata (1/0) while the rest are associated at their ends by means of terminal chiasmata or perhaps

non chiasmate associations. The sex chromosomes are usually still associated at this stage. In cells

where they are separate, nucleoli are often associated with both the XI and neo- Y, indicating that both

probably have NOR's.

At diakinesis the chromosomes spiralize so that during the latter part of this stage the chromosomes

become isopicnotic or the sex chromosomes are only slightly heteropicnotic. The XI and neo-Y

invariably detach and the tripartite structure of the X2-neo- Y 'bivalent' is very clear. The first two

subdivisions are now the same thickness but separated by a less intensely stained constriction while the

third subdivision (Xz) is thinner and separated by an unstained area except for the thin filaments that

attach it to the neo- Y. Nucleoli are usually not present but rarely small fragments persist that are

associated with the XI or neo-Y or both. As resuh of spiralization all bivalents look more or less the

same and it is not possible to tell the bivalents with a non-terminal chiasma (1/0) apart from those with

a terminal chiasma (1/1), thus making chiasma analysis at this stage and at MI unreliable.

At MI all the chromosomes are isochromatic. The autosomes together with the sex chromosomes form

a peripheral ring, ahhough one or two autosomes sometimes lie inside the ring. The neo- Y-X2 structure

always orientates with its long axis parallel to the equatorial plane. Each chromatid of the neo- Y is now

a solid thick rod and its two subdivisions are not discemable any more, while the X2 subdivision is much

 
 
 



thinner and each chromatid is more or less spherical. The X2 is set apart from the neo-Y by a less

intensely stained constriction.

During AI the autosomes segregate regularly (12 chromosomes to each pole) while the XI, X2 and neo- Y

undergo chromatid segregation and one chromatid of each segregates to each pole.

At MIl the autosomes form a peripheral ring with the tripartite sex chromosome structure (consisting

ofa chromatid each of the XI>X2 and neo-Y) in the centre of the ring. The sex chromosome structure

always orientates with the neo-Y towards one pole and the XI and X2 towards the opposite pole and

during AIl they also segregate in this fashion. In two of the individuals a few polyploid MIl cells (Fig.

485) were observed. They probably originated as a result offailed cytokinesis.

Spermatogonial mitosis (Figs 486-487) shows 27 chromosomes. The large neo- Y and XI chromosomes

are clearly distinguishable while all the autosomes and the X2 are in the same size order.

D. jlavilineatus ndabeniensis probably originated from D. jlavilineatus jlavilineatus by means of a

fusion between its Y-chromosome and an autosome. Ifwe, however, compare the size ofX2 with that

of the 'autosomal' part that is attached to the original Y-chromosome it is clear that other structural

modifications also took place. The 'autosomal' part of the neo-Y is at least twice the size ofX2 (Fig.

481). It also seems to be permanently heterochromatic while the X2 is euchromatic. Whether the size

difference is the result of the heterochromatization process or of duplications or other reasons is unclear.

If we compare the size of X2 with that of the autosomes it indicates that probably one of the larger

autosomes was involved in the fusion. The karyotype of D. jlavilineatus ndabeniensis where only one

small chromosome is set apart by a step in the size series, however, suggests that rather one of the small

autosomes (A12 or A13) was involved. It is thus possible that some structural changes also took place

inX2·

One of the main differences between D. jlavilineatus ndabeniensis and D. nodulicarinus is that the

autosomal part of the neo-sex chromosome stays euchromatic in the latter while it is heterochromatic

in the former from the onset of meiosis. This gives rise to the question of the nature of the association

between X2 and its homologous part on the neo-Y in D. jlavilineatus ndabeniensis during pachytene -

does true synapsis and crossing-overtake place? Invariably an end to end association between the X2

and the neo- Y exist from diplotene to MI but whether it is chiasmate or non-chiasmate [as John & King

(1985) found in some of the small bivalents of the grasshoppers Cryptobothrus chrysophorus and

Heteropternis obscurella] is unclear.

It seems as if the two subdivisions of the neo-Yexert an influence on one another. The Y-chromosome

which normally forms a spherical, smooth structure at the diffuse and diplotene stages, usually forms

 
 
 



an extended or folded rod-like structure in D. jlavilineatus ndabeniensis. The autosomal part has

become heterochromatic but not to the same extent as the Y-chromosome as is evident from its nodulated

structure during diplotene. It is unclear why the same has not happened in D. nodulicarinus but one

possible explanation is that the Y-chromosome is usually constitutive heterochromatic and inert while

the X-chromosome is only facultative heterochromatic (in the females the two X-chromosomes are

normally euchromatic).

No cytogenetic studies were done on females of D. jlavi lineatus ndabeniensis. By convention its sex

chromosome system was described as XIX2 Y but it could as well be a XYI Y2 system. There are no

strong indicators to favour the one above the other. Nucleolus organizer regions are usually situated on

the X-ehromosomes of Heteroptera but here they seem to be present on both of the original sex

chromosomes of D. jlavilineatus ndabeniensis. At diakinesis (Fig. 481) it seems that the original Y-

chromosome part of the neo- Y is larger than the original X-chromosome (XI) indicating that if it is a

XIX2 Y system the Y-chromosome was probably larger than the X-ehromosome in its ancestor and thus

probably in D. jlavilineatus jlavilineatus. In a XY sex chromosome system the larger of the sex

chromosomes is conventionally assigned as the X-chromosome ifno females were studied, and although

it is usually correct it is not necessarily so. It is possible (and even probable) that in some cases the X

and Y chromosomes were assigned incorrectly in Dundocoris and the other genera.

D. schoemani contains two subspecies which are nearly identical in morphology, have the same

chromosome number and can only reliably be distinguished by their different karyotypes. The nominate

subspecies has thus far only been recorded from the montane forests and D. schoemani dwesaensis from

the coastal forests of the Eastern Cape (former Transkei).

The chromosome number of D. schoemani schoemani is 2n( 0") = 26XY. The true and relative

chromosome areas for three localities are presented in Table 9.30 and idiograms for the three localities

in Fig. 267. The autosomes form a gradual size series with Al set apart by a small step. The smallest

one or two autosomes are not set apart at all. The sex chromosomes are very large, the X-chromosome

is about twice and the Y-chromosome about 1.65x the size of the largest autosome. The idiograms of the

populations of the three localities (that are only about 50km apart) are nearly identical for both the

autosomes and the sex chromosomes and the differences can probably be attributed to measuring errors.

 
 
 



True chromosome areas (unr) and standard deviatiolL

a.romosome Baziya forest Ku-manina forest Nquaba forest TOTAL

Individuals 4 3 3 10

Cells 12 9 11 32

A1 2.20(:1:0.48) 2.38(:1:0.43) 2.49(:1:0.49) 2.35(:1:0.47)

A2 1.98(:1:0.39) 2.22(:1:0.42) 2.23(:1:0.46) 2.13(:1:0.43)

A3 1.93(:1:0.39) 2.07(:1:0.37) 2.17(:1:0.44) 2.05(:1:0.40)

A4 1.87(:1:0.38) 2.02(:1:0.39) 2.14(:1:0.43) 2.01(:1:0.40)

AS 1.82(:1:0.37) 1.97(:1:0.37) 2.05(:1:0.44) 1.94(:1:0.39)

A6 1.70(:1:0.33) 1.89(:1:0.35) 1.90(:1:0.34) 1.82(:1:0.34)

A7 1.66(:1:0.34) 1.82(:1:0.34) 1.87(:1:0.34) 1.78(:1:0.35)

A8 1.63(:1:0.34) 1.75(:1:0.30) 1.83(:1:0.33) 1.73(:1:0.33)

A9 1.58(:1:0.33) 1.69(:1:0.32) 1.79(:1:0.34) 1.68(:1:0.33)

A10 1.49(:1:0.27) 1.64(:1:0.29) 1.73(:1:0.30) 1.62(:1:0.30)

All 1.44(:1:0.27> 1.60(:1:0.28) 1.65(:1:0.31) 1.56(:1:0.29)

A12 1.38(:1:0.26) 1.53(:1:0.29) 1.55(:1:0.30) 1.48(:1:0.29)

X 4.39(:1:0.86) 4.85(:1:0.88) 5.02(:l:1.05} 4.73(:1:0.95)

Y 3.49(:1:0.51) 3.99(:1:0.66) 4.26(:1:0.94) 3.90(:1:0.78)

Autosomes 20.69<:1:4.11) 22.58(:1:4.11) 23.39(:1:4.49) 22.15(:1:4.28)

All 28.57(:1:5.41) 31.42(:1:5.61) 32.67(:1:6.44) 30.78(:1:5.93)
chromosomes

Relative chromosome areas (% of total area of autosomes) and standard deviatiolL

A1 10.61(:1:0.44) 10.57(:1:0.45) 10.63(:1:0.42) 10.61(:1:0.42)

A2 9.59<:1:0.23) 9.81(:1:0.30) 9.51(:1:0.23) 9.62(:1:0.27>

A3 9.30(:1:0.20) 9.17(:1:0.22) 9.25(:1:0.21) 9.25(:1:0.21)

A4 9.06<:1:0.21) 8.95(:1:0.18) 9.12(:1:0.20) 9.05(:1:0.20)

AS 8.81(:1:0.25) 8.73(:1:0.17> 8.72(:1:0.30) 8.76(:1:0.25)

A6 8.24(:1:0.16) 8.34(:1:0.27) 8.14(:1:0.21) 8.24(:1:0.22)

A7 8.02(:1:0.16) 8.06<:1:0.27> 8.02(:1:0.21) 8.03(:1:0-21)

A8 7.85(:1:0.17) 7.77(:1:0.21) 7.82(:1:0.17) 7.82(:1:0.18)

A9 7.61(:1:0.14) 7.49(:1:0.19) 7.66(:1:0.16) 7.59(:1:0.17)

A10 7.24(:1:0.25) 7.27(:1:0.18) 7.41(:1:0.16) 7.31(:1:0.21)

All 6.98(:1:0.20) 7.09(:1:0.23) 7.06(:1:0.22) 7.04<:1:0.21)

A12 6.69(:1:0.20) 6.75(:1:0.18) 6.65(:1:0.27) 6.69(:1:0.22)

X 21.23(:1:1.29) 21.50(:1:0.94) 21.41(:1:0.82) 21.37(:1:1.03)

Y 17.04(:1:1.29) 17.76(:1:1.06) 18.15(:1:0.96) 17.62(:1:1.19)
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D. schoemani schoemani is the only 26XY Dundocoris species where Al is not markedly larger than the

rest of the autosomes. That, together with the fact that the two small chromosomes are not set apart as

usual strongly indicates that it originated from a 28XY ancestor by the fusion of the two smallest

autosomes. Its karyotype thus resemble that of the hypothetical26XY ancestor of Dundocoris (refer to

the discussion at 9.2.12).

The chromosome number of D. schoemani dwesaensis is 2n( 0") = 26XY. The true and relative

chromosome areas are presented in Table 9.31 and an idiogram in Fig. 268.

Al is about 1.32x as large as A2. Autosomes A2-A12 form a more or less gradual size series with

definite steps between A21A3 and A III A 12 and a small step between Al 01A 11. The sex chromosomes

are the largest chromosomes in the complement: the X-chromosome is twice and the Y-chromosome about

1.47x as large as A2.

D. schoemani dwesaensis probably originated independently of D. schoemani schoemani from the same

28XY ancestor by means of the fusion of two of the smaller autosomes.
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