Acta Theriologica, Suppl. 4: 87-90, 1997. BISONIANA 114
PL ISSN 0001-7051

Developmental stability in hybrids
of European bison Bison bonasus and domestic cattle
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We examined fluctuating asymmetry of 25 characters of skull morphology (fo-
ramina, apertures through the bone for nerves and small blood vessels) to estimate
the developmental stability of European bison Bison bonasus (Linnaeus, 1758) (n = 34),
cattle (n = 13) and their hybrids (54 hybrids of different generations). Mean number
of asymmetrical characters per individual was used as a measure of fluctuating
asymmetry. European bison were characterized by a lower developmental stability,
compared with cattle. The developmental stability of hybrids was similar to that of
cattle and higher than that of European bison. These findings suggest that the
genomes of parental forms are similar and that there is no indication of the disruption
of genetic coadaptation in their hybrids.
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Introduction

Hybrids between European bison Bison bonasus (Linnaeus, 1758) and domestic
cattle are of both fundamental and applied interest. Such crosses produce viable
F1 hybrids, but male hybrids appear to be sterile. Male sterility does not improve
even after backcrossing with cattle for three generations (Krasiriska 1969, 1971a,
b, 1979). Nevertheless, all F1 hybrids are viable and show some heterosis. Is male
sterility of F1 hybrids caused by small changes in the genome, or is it the result
of disturbance of general genetic coadaptation? Developmental stability, which is
estimated by fluctuating asymmetry of morphological characters, is a sensitive
indicator of an organism’s condition. It has been suggested as a measure of genetic
coadaptation (Dobzhansky 1950, Reeve 1960, Ferguson 1986, Zakharov 1981, 1987,
1992, Clarke and McKenzie 1992, Graham 1992).

The aim of this study was to estimate the developmental stability of hybrids
between European bison and cattle and to compare it with the developmental
stability of the parental forms.

(87



88 A. S. Baranov and V. M. Zakharov

Material and methods

We used skull collections of European bison, cattle and their hybrids from the Mammal Research
Institute of the Polish Academy of Sciences in Bialowieza and the Department of Animal Anztomy,
Warsaw Agricultural University. Thirty-four skulls from a free-ranging population of European bison
in Bialowieza Forest and 13 skulls of the “black and white” cattle breed were used to charactierize the
parental forms. Hybrids were represented by a small sample of F1 hybrids (n = 7) between European
bison and cattle and three backcross generations of F1 females backcrossed to cattle (Krasinska
1973 asb,:1979)n'=2bfor Blan = 17 for B2, n = 5 for/B3).

We examined fluctuating asymmetry of 25 skull characters comprising a number of foramina (as
presented in Fig. 1 in Baranov et al. 1997) to estimate developmental stability. The similarity of the
skulls of the European bison and cattle allowed us to use the same set of morphological characters
for both species. Because there were no indications of directional asymmetry or antisymmetry (Van
Valen 1962, Palmer and Strobeck 1986, Zakharov 1987) for the characters, the difference between left
and right sides of the skull in a number of foramina (I-r) was considered fluctuating asymmetry.
Different number of foramina on the left and right sides of the skull was regarded as an asymmetrical
state of a character. We used the mean number of asymmetrical characters as an index of develop-
mental stability. The pooled samples were compared, as we had not revealed significant sex
differences (eg for the bison sample: ¢ = 1.41, df = 32, p > 0.05). One-way ANOVA has not revealed
significant difference among groups of hybrids studied: F1, B1, B2 and B3 (¥ = 1.22, df = 3, 50,
p > 0.05). Hence, the pooled sample of 54 hybrids was compared with the samples of parental
populations. ¢-tests were performed to test differences in the mean number of asymmetrical characters
between the three samples under study: hybrids, bisons and cattle (Sokal and Rohlf 1981).

Results
Comparison of the samples from two Table 1. Integrated measure of developmen-
tal lati (Table 1) dait tal stability (mean number of asymmetrical
p.are'n o PP ?‘ ISR S ; e characters, NA, for 25 characters of skull
significantly higher fluctuating asym- morphology, see Fig. 1 in Baranov et al.
metry for the European bison than for 1997) in Bialowieza population of European
et i bison Bison bonasus, cattle and their hybrids
the cattle (¢ = 2.97, df.- 45, p < 0.01). (B ‘se hadheiigen: BI-HS),
The level of fluctuating asymmetry
proved to be significantly lower (¢ = 4.2, Samples n NA + SE
df = 86, p < 0.001) in hybrids than in
the European bison population and was Elson 34 10.62 +0.43
T . . +
very similar to that in the cattle. This Bi 275 Z'Zg;éié
indicated the same or even higher de- B2 - 747 +0.51
velopmental stability of the hybrids as B3 5 9.00 +0.95
compared with the parental forms, and All hybrids 54 8.31+0.34
Cattle 13 8.54 £ 0.55

European bison in particular.

Discussion

F1 hybrids between European bison and cattle, and three backcross generations
(B1, B2, B3) with cattle (Table 1), did not reveal any significant differences in
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developmental stability, as measured by mean number of asymmetrical characters.
These results correspond to the fact that even after three generations of back-
crossing hybrid females with cattle, hybrid males were still sterile (Krasinska
19718, b51979):

Three possible scenarios can be expected for hybridization of different forms:
(1) Hybridization of genetically related forms that have high developmental
stability will not affect the developmental stability in resulting progeny, because
genetic coadaptation is not disrupted. (2) Hybridization of closely related forms
that have low developmental stability — caused by high homozygosity — will lead
to an increase of developmental stability in the offspring, resulting from increased
heterozygosity and removing of inbreeding depression. (3) Hybridization of
genetically divergent forms will result in a decrease in developmental stability
because of disruption of genetic coadaptation.

Parental forms in this study had different levels of developmental stability.
Higher asymmetry in European bison in Biatowieza suggests a decreased devel-
opmental stability level, which could be caused by high homozygosity (Olech 1987,
1989). We would expect a decrease in developmental stability in hybrids of
European bison and cattle, in light of the knowledge that the hybrid males are
sterile. But absence of developmental instability, which would indicate disruption
of genetic coadaptation, suggests that the genomes of the parental species are
similar. Sterility of hybrid males could be caused by local genetic changes
unrelated to the essential genetic differences between the original forms. Similar
levels of developmental stability for the parental forms of sibling species of
Drosophila and their sterile hybrids, indicating overall similarity of the original
forms, have been shown earlier (Wallace 1953, Gupta 1978, Markow and Ricker
1991).

An increase of developmental stability in hybrids, as compared with the
Bialowieza population of European bison, relates to the earlier obtained data that
the decrease in developmental stability of the Bialowieza population is a result of
increased homozygosity (Baranov et al. 1997). Removing the inbreeding depression
could have a stronger positive influence on an organism’s condition than the
possible adverse effect of some decline in overall genetic coadaptation. Similar
result has been obtained in the study of the Mus musculus hybrid zone (Alibert
et al. 1994). More data are needed for a final conclusion, but even these preliminary
results show the potential usefulness of developmental stability studies to assess
the consequences of hybridization between various forms.
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