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Three additional populations of T. oceanicus and six intra- and inter-specific hybrids of Teleogryllus
species have been studied. Some abnormal chromosome conditions, such as variation in number, occur-
rence of numerous univalents, chromosomal bridges, and polyploid cells, were found in the intraspecific

hybrids of T. commodus and in interspecific hybrids.

The low fertility of intraspecific hybrids of T. commodus and the production of sterile progeny of
interspecific crosses may be due to the unequal segregation and chromosomal incompatibility.

Introduction

Morphological studies (Leroy 1964; Chen et
al. 1967), physiological investigations (Bigelow
1962; Bigelow and Cochaux 1962; Cochaux
1965; Hogan 1965, 1966), and cytological studies
(Fontana and Hogan 1969; Lim e al. 1969) have
confirmed that two different species of black field
cricket occur in Australasia. The northern ‘non-
diapause’ populations are referable to Teleogryl-
lus oceanicus (Le Guillou, 1841), while the
southern ‘diapause’ populations are 7. commodus
(Walker, 1869).

T. commodus from Western Australia differs
morphologically (Chen et al. 1967) and cytolog-
ically (Lim e al. 1969) from other populations
distributed in southeast Australia and in New
Zealand. Typical T. commodus was described
from Western Australia; all the latter popula-
tions studied, except one from South Island, New
Zealand, are referable to 7. commodus, subspecies
servillei (Saussure, 1877) (Lim et al. 1969).

Materials and Methods

Specimens used in this study were all reared in the
laboratories of the Lyman Entomological Museum and
Department of Entomology, Macdonald College of
McGill University. Three populations of Teleogryllus,
all belonging to the ‘non-diapause’ T. oceanicus popu-
lations, in addition to those referred to by Lim ez al.
(1969), were included in the present investigations. These
are designated as follows: Qe (from Darwin, Northern
Territory, Australia); Qo (from the Ord River region,
northern Kimberley District, Western Australia); and
Qf (from Viti Levu, Fiji Islands). The first two were
cultured from specimens received in 1968 through the
kindness of Mr. K. Hodder, Darwin; specimens of the
latter were reared from material collected in the field by

Dr. D. K. McE. Kevan of Macdonald College in July,
1968. The sources of the other material studied, the
techniques used, and the other symbols used here are
explained in a previous paper (Lim ez al. 1969).

The frequency of ring-form chromosomes and uni-
valents were measured at diakinesis, and the frequency
of unequal bivalents was determined at metaphase I
Some other changes take place during different stages,
so that the data presented for these apply only to a
particular stage, as indicated in the text.

Observations

1. T. oceanicus

Populations Qe, Qo,and Q fareall T. oceanicus
and have karotypes that are similar to those of
other populations of 7. ocearnicus, in that most of
the chromosomes were acrocentric.,

In the Qe population, only a single unequal
bivalent was found. Of 184 cells from six indi-
viduals of the Qf population, 96 (52.29) showed
single heteromorphic pairs (Fig. 1) and 88
(47.8%,) showed double heteromorphic pairs.
Cells from the population Qo were singly hetero-
morphic only. The occurrence of ring-form
chromosomes and univalents at diakinesis are
summarized for these populations in Table I.

It is interesting to note that one or two frag-
ment-like chromosomes, which could be seen
very clearly during the diplotene and diakinesis
stages, occurred in each of these three popula-
tions. They were small, dot-shaped, and very pale
in appearance (Fig. 2). Fragment-like chromo-
somes were more common in the Qe than in the
Of and Qo populations. In some individuals of
the Qf and Qo populations, fragment-like chro-
mosomes were not found. In the Qo population,
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TABLE 1

Frequency of ring-form chromosomes and univalents at diakinésis (20 cells
" from each of 10 individuals)

Qe of Qo

Ring-form chromosomes

without ring-form chromosome 3.7+0.12 5.9+0.18 1.34+0.07

with one ring-form chromosome 12.6+0.18 11.1+0.21 8.7+0.26

with two ring-form chromosomes 3.2+0.13 2.6+0.16 7.1+0.18

with three ring-form chromosomes 0.5+0.07 0.41+0.05 2.7+0.15

with four ring-form chromosomes — — 0.2+0.13
Univalents

without univalent 0.3+0.04 2.44+0.10 6.0+0.19

with one univalent 7.3+0.17 9.3+0.16 10.6+0.18

with two univalents 10.3+0.10 7.7+0.16 3.2+0.18

with three univalents 2.1+0.12 0.6+0.06 0.2+0.04

the fragment-like chromosomes and nucleolus
disappeared after the diplotene stage. However,
such chromosomes proceeded to diakinesis in the
other two populations. Polyploid cells occurred
occasionally in the Qf (Fig. 3) and Qo popula-
tions. The occurrence of achromatic gaps in these
three populations was not as common as was re-
ported for other T oceanicus populations by Lim
et al. (1969).

1I. Hybrids

The frequencies of the different chromosome
structures which were observed in each individual
hybrid are compared in Tables Ila and 115.

A. Intraspecific Hybrids of T. commodus

(1) Qaw: South Australia (Qa) females X
Western Australian (Qw) males.

Univalents were found to be very frequent in
this hybrid, ranging from one to eight. Achro-
matic gaps (Fig. 4), chromosomal bridges, poly-
ploid cells (Fig. 5), and unequal bivalents (Fig. 4)
were also common. Because of the appearance of
many univalents, the chromosome number varied :
ng = 14-18.

(2) Ozw: North Island, New Zealand (Qz) fe-
males X Western Australia (Qw) males.

This hybrid showed less abnormality in chro-
mosomal configuration than the previous one. At
diakinesis some cells contained one or two addi-
tional small univalents (Fig. 6). This might have
resulted from an exchange between the chromo-
somes because, during early diplotene, extra
univalents were not observed; all of the cells con-
tained 14 chromosomes. One or two unequal bi-
valents were found. Single chromosomal bridges
occurred occasionally.

B. Intraspecific Hybrids of T. oceanicus

(1) Qef: Darwin (Qe) females X Fiji (Qf)
males.

(2) Qfo: Fiji (Qf) females X Ord River (Qo)
males. )

Neither hybrid showed abnormality in chro-
mosome structure or number. The karyotypes
were very similar to those of other 7. oceanicus
populations reported by Lim et al. (1969).

C. Interspecific Hybrids

(1) Qayrc: Queensland (Qayr) females of T.
oceanicus X Victoria (Qc) males of T. commodus.

(2) Qzayr: North Island, New Zealand (Q2)
females of T. commodus X Queensland (Qayr)
males of T. oceanicus.

Both interspecific hybrids produced sterile
progeny, sterility presumably resulting from
chromosomal incompatibility. The chromosome
number varied, n3 = 14-18 (Fig. 7a, b), de-
pending on the occurrence of univalents. At
metaphase I, most of the cells were normal with
two to six univalents (Fig. 8). During anaphase
1, unequal pairing of chromosomes caused the
production of some abnormal configurations,
such as unequal segregation and bridge forma-
tion (Fig. 9a, b). After the telophase, three to
four or more univalents become disassociated
with the dividing nucleus (Fig. 10a, b). Unequal
size and shape of spermatids also occurred (Fig.
11). The anomalies in chromosome structures
resulted in the formation of many nonfunctional
sperm cells, most of which degenerated at dif-
ferent stages of development. The adult F;
female hybrids did not lay eggs because their
ovaries were nonfunctional. This was also a
result of chromosomal incompatibility.



TABLE Ila
The frequency of ring-form chromosomes and univalents at diakinesis in the hybrids (20 cells from each of 10 individuals)

No. of univalents

No. ring-form chromosomes

0

Hybrids
Qaw
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TABLE 115
Variation in chromosome number and the mean frequency of unequal bivalents distributed in the hybrids (20 cells from each of

10 individuals)

Number of unequal bivalents

Variation in chromosome number
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Discussion

The two intraspecific 7. oceanicus hybrids in
the present study showed no important anomaly
in chromosome number or structure, undoubt-
edly indicating that these three populations are
conspecific. Although the populations from Fiji
and northern Australia are geographically widely
separated, little, if any, progress toward specia-
tion has occurred. The occurrence of polyploid
cells was similar to that previously reported for
Teleogryllus species, i.e., fusion between neigh-
boring cells or failure of chromosomes to segre-
gate (Lim et al. 1969).

Although the hybrid obtained by crossing
South Australian with North Island, New Zea-
land, populations of 7. commodus servillei was
previously found to show chromosome struc-
tures similar to those of the parent populations
(Lim et al. 1969), and although these popula-
tions are very similar morphologically (Chen
et al. 1967), minor differences must exist be-
tween them. This was demonstrated by the
crosses between these populations and a popu-
lation of typical 7. commodus from Western
Australia, for the hybrid (Qaw) between South
Australian and Western Australian populations
showed greater dissimilarity in chromosome
structures such as the occurrence of univalents,
the variation in chromosome number, etc.
(Tables Ila, I16) than did (Qzw) obtained: by
crossing North Island, New Zealand, and West-
ern Australian populations.: The dissimilarities
in chromosome structures found in these two
hybrids again strongly indicates that the Western
Australian population differs genetically from
the other populations of 7. commodus: so far
studied. This is further emphasized by the fact
that the F; progeny of both of these hybrids
showed low fertility, which might have been
caused by the abnormal segregation and chromo-
some disassociation in F; offspring. Neverthe-
less, some viable germ cells were produced, so
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that the western and eastern populations are not
reproductively isolated in the laboratory and
may be considered to be conspecific even though
subspecifically distinct.

Sterile progeny are produced from crosses of
T. commodus and T. oceanicus because of chro-
mosome disassociation and incompatibility.
White (1954) points out that some very closely
related species might have a very strong isolating
mechanism, while less closely related species
might have a weaker one. The two Teleogryllus
species here studied belong to the first category.
They are morphologically very similar, have the
same chromosome number, some similarities in
chromosome behavior and structure, and they
are probably derived from a common ancestor.
However, crosses between these two species
produce only sterile hybrids, and, even in intra-
specific crosses between populations, some hy-
brids are less fertile than either parental popula-
tion. "

The occurrence of many unequal bivalents
(ranging from two to six) in the interspecific
Teleogryllus hybrids is mainly due to the unequal
pairing of chromosomes, rather than to duplica-
tion or deletion in one of the chromosome pairs.
This is given as the reason for the formation of
chromosomal polymorphism in Pteronemobius
taprobanensis (Walker) by Manna and Bhat-
tacharjee (1964). The chromosome set received
from each parent is uneven in size and shape in
Teleogryllus and fails to pair, so that asynapsis
occurs in the Fy progeny.

The variation in chromosome number in the
intraspecific hybrids of T. commodus and in the
interspecific hybrids between that species and
T. oceanicus depends on the occurrence of numer-
ous univalents (ranging from one to eight). This
may be a result of disassociation between chro-
mosomes or be caused by abnormalities of the
spindle apparatus, or, as indicated by Fontana
and Hogan (1969), may be due to some genic

Fic. 1. Metaphase I of Fiji Island population (Qf) of T. oceanicus, showing a single heterozygote (arrow).
FiG. 2. Diakinesis of Darwin population (Qe) of T. oceanicus, one pale dot-shaped fragment-like chromo-
some (arrow). FiG. 3. Polyploid cells of Fiji population of T. oceanicus. FiG. 4. Metaphase I of intraspecific
hybrid (Qaw) of T. commodus, showing unequal bivalents and achromatic gaps. Fic. 5. Polyploid cells of
intraspecific hybrid (Qaw) of T. commodus. F1G. 6. Diakinesis of intraspecific hybrid (Qzw) of T. commodus,
showing two small univalents (arrows). FiG. 7. Diakinesis of interspecific hybrids (@) Qayre, (b) Qzayr. Varia-
tion of chromosome number depends on the occurrence of univalents. Fic. 8. Metaphase I of interspecific
hybrid (Qayrc), four univalents shown. Fig. 9. Anaphase I of interspecific hybrids (@) Qayre, (b) Qzayr,
showing unequal segregation and chromosome bridges. FiG. 10. Telophase of interspecific hybrids (a) Qayre,
(b) Qzayr, showing some univalents unassociated with the dividing nucleus. FiG. 11. Interspecific hybrid

(Qzayr) showing uneven size of spermatids.
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and mechanical causes which act and interact on
the chromosome cycle. The formation of numer-
ous univalents in the interspecific hybrids and in
some of the intraspecific hybrids of either of these
species of Teleogryllus seems to be one of the
characteristics of these two species. This special
condition may also be a causal factor of sterility
of the F; generation.

In conclusion, in spite of the skepticism of
Fontana and Hogan (1969), it is clear that Teleo-
gryllus commodus and T. oceanicus both occur in
Australia, and that they are indeed very closely
related but distinct biological species having a
very strong reproductively isolating mechanism.
The Western Australian population of 7. com-
modus differs genetically from more easterly
populations of the same species. This western
population must be considered to be the typical
subspecies, 7. commodus commodus (Walker),
while southeastern Australian populations and
that from North Island, New Zealand, belong
to the subspecies 7. c. servillei (Saussure) (Lim
et al. 1969).

Acknowledgments

The author’s thanks are gratefully expressed
to Dr. D. K. McE. Kevan and Dr, V. R, Vickery,
Department of Entomology and Lyman Ento-
mological Museum, Macdonald College, for
their advice and critical reading of the manu-
script. The help of Mr. K. Hodder, Darwin,
Northern Territory, Australia, in obtaining the
additional Australian populations of 7. ocean-
icus used in this study is gratefully acknowl-

527

edged. Thanks are also extended to Mrs. Elsie
Smythe and Miss June S. T. Chan for technical
assistance. Financial support was received from
the National Research Council of Canada.

BiceLow, R. S. 1962. Factors affecting developmental
rates and diapause in field crickets. Evolution, 16:
395-406.

BigeLow, R. 8., and P. S. A. CocHAUX. 1962. Intersteril-
ity and dxapause differences between geographical
populations of Teleogryllus commodus (Walker) (Or-
thoptera: Gryllidae). Aust. J. Zool. 10: 360-366.

CueN, G. T., V. R. VICkerY, and D. K. McE. KgvAN.
1967. A morphological comparison of Antipodean
Teleogryllus species (Orthoptera: Gryllidae). Can. J.
Zool. 45: 1215-1224,

Cocuaux, P. 1965. Croisements intraspecifiques et
specification chez quelques Gryllides des genres
Gryllus et Teleogryllus (Orthoptera: Gryllidae). Can.
J. Zool. 43: 105-134.

Fontana, P. G, and T. W. Hocan. 1969. Cytogenetic
and hybridization studies of geographic populations of
Teleogrylius commodus (Walker) and T. oceanicus (Le
Gui%lsou) (Orthoptera: Gryllidae). Aust. J. Zool. 17:
13-35.

Hocan, T. W. 1965. The onset and duration of diapause
in eggs of Acheta commodus (Walker) (Orthoptera).
Aust. J. Biol. Sci. 13: 14-29

1966. Physiological dlfferences between races of
Teleogryllus commodus (Walker) (Orthoptera: Gryl-
lidae) related to a proposed genetic approach to con-
trol. Aust. J. Zool. 14: 245-251.

Leroy, Y. 1964. La signalisation acoustique chez les
Gryllides. Ann. Biol. 3: 400-428

Lmv, H. C, V. R. Vickery, and D. K. McE. Kevan.
1969 Cytologlcal studies of Antipodean Teleogryllus
species and their hybrids (Orthoptera: Gryllidae). Can.
J. Zool. 47: 189-196,

MANNA, G. K., and T. K. BHATTACHARIEE. 1964, Studies
of gryllid chromosomes. II. Chromosomal polymor-
phism in Pteronemobius taprobanensis (Walk.) and
morphology of Loxoblemmus sp. Cytologia (Tokyo)
29: 196-206.

Warte, M. J. D. 1954. Animal cytology and evolution.
2nd rev. ed. Cambridge Univ. Press, London.






