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The Cyprinidae (minnows) is the largest family of freshwater fishes in the world, com

prising over 2000 species in nearly 200 genera (Nelson 1984). Standard karyotypes (chromo
some and arm numbers), however, are only reported for around 250 cyprinid species (LeGrande 
1985, Ojima 1985), and there clearly is a need for additional work in this area. Our laboratory 
has continued its survey of the karyotypic variation in cyprinids endemic to North America, 
and herein we report some of our recent findings.

The North American Cyprinidae probably consists of more than 250 extant species (35-40 

genera), with one genus, Notropis, containing at least 110 living representatives. Standard 
karyotypes have been reported from 59 species, including 24 representatives from Notropis 

(LeGrande 1985). The entire assemblage exhibits a general uniformity in standard karyotypes; 
the overwhelming majority of species (including all Notropis so far examined) have a diploid 
chromosome number of 50 and diploid arm numbers between 92 and 100 (LeGrande 1985). In 
this paper we present standard karyotypes from an additional 12 North American cyprinid 
species representing four genera.

Materials and methods

The 12 cyprinids examined in this study were collected by seine from the following localities 
in Texas, Alabama, Louisiana and Oklahoma: Hemitremia flammea (Harrin Cr., Morgan Co., 
AL.); Hybognathus placitus (Brazos R., Brazos Co., TX.); Notropis ardens (Scroungeabout Cr., 
Morgan Co., AL.); Notropis bellus (Buck Cr., Shelby Co., AL.); Notropis braytoni, Notropis 

jemezanus and Notropis proserpinus (Pecos R., Val Verde Co., TX.); Notropis chrosomus (Cahaba 
R., Jefferson Co., AL.); Notropis emiliae (Chappapela Cr., Tangipahoa Par., LA.); Notropis 
lutrensis lepidus (Nueces R., Real Co, TX); Notropis sp. cf. longirostris (Little Sandy Cr., Bibb 
Co., AL.); and Pimephales notatus (Blue R., Pontotoc Co., OK.).

Karyotypes were prepared either directly from live specimens (Gold 1984) or from primary 
fi broblast cultures (Amemiya et al. 1984). Processed specimens were individually tagged and 
deposited in our laboratory fish collection at Texas A & M University. Chromosome counts 
were made by direct microscopic observation of at least 15 well spread Giemsa-stained meta

phases per specimen. Arm number estimates (Levan et al. 1964) were made using dial calipers 
from projected photographic negatives of at least five good metaphases per specimen.

1 XI in the series "Cytogenetic studies in North American minnows (Cyprinidae) ."
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medicine in Florida, 10900 Roosevelt Boulevard, St. Petersburg, FL 33702, U. S. A.
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Results and discussion

Karyograms for the 12 species examined are shown in Figs. 1 and 2. Modal chromosome 
numbers and arm number estimates are given in Table 1. All 12 taxa examined had a modal 
diploid chromosome number of 50, with arm number estimates ranging from 88 (Hybognathus

Fig. 1. Karyograms from: (A) Hemitremia flammea, (B) Hybognathus placitus, (C) Notropis 

ardens, (D) Notropis bellus, (E) Notropis braytoni and (F) Notropis chrosomus. Scale bar=5ƒÊm.

placitus and Notropis proserpinus) to 96 (Hemitremia flammea and Pimephales notatus). These 

arm number estimates, however, should be interpreted with caution as minnow chromosomes 

are fairly small (most are less than 5ƒÊm in length) and the delineation between uni and biarmed 

elements is somewhat subjective. The karyotypes of the following species are reported for the 

fi rst time: Hybognathus placitus, Notropis ardens, N. bellus, N. braytoni, N. chrosomus, N.
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jemezanus, N. lutrensis lepidus, N. proserpinus and N. sp. cf. longirostris. Of these nine, two 
deserve special mention: N. lutrensis lepidus and N. sp. cf longirostris. The former is an aber
rant form of N. lutrensis from the Nueces and Frio Rivers in Texas, and may warrant specific 

taxonomic status (Matthews ms submitted); the latter is an undescribed species from the Mobile

Fig. 2. Karyograms from: (A) Notropis emiliae, (B) Notropis jemezanus, (C) Notropis lutrensis 

lepidus, (D) Notropis proserpinus, (E) Notropis sp. cf. longirostris and (F) Pimephales notatus. Scale 

bar=5ƒÊm.

Bay drainage in Alabama which closely resembles N. longirostris (Heins et al. 1980). As ex

pected, the standard karyotypes of these two forms are very similar, if not identical, to those of 
N. lutrensis and N. longirostris, respectively (cf. Gold et al. 1980). We did detect slight diff
erences in arm number: 94 and 92 for N. lutrensis lepidus and N. sp. cf. longirostris versus 100 

and 94 for N. lutrensis and N. longirostris, respectively (Gold et al. 1980). However, the some
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what subjective nature of arm number estimates suggests that these differences may be artifactu
al rather than real.

The karyotype of Hemitremia flammea has never been formally presented, although in an 
unpublished account (see Gold and Avise 1977) its chromosome number was thought to be 48. 
Both specimens of Ha fammea we examined had a modal number of 50. Additionally, we were 

unable to confirm the previously reported chromosome numbers of Notropis emiliae and Pim
ephales notatus, i.e., Notropis emiliae (formerly Opsopoeodus emiliae) was reported to have a 

chromosome number of 48 (Campos and Hubbs 1973), whereas Pimephales notatus was reported 
to have a chromosome number of 52 (Legendre and Steven 1969). We observed a chromosome 
number of 50 for both taxa. It is possible, of course, that the reported differences in chromo
some number may stem from intraspecific variability.

We did not detect any definitive sex-correlated chromosomal heteromorphisms in taxa where 
both male and female specimens were examined (Table 1). This is not surprising since pre
sumptive sex chromosomes have not been reported in any native North American cyprinid 

(LeGrande 1985). We suspect that if sex chromosomes do exist in this group, they are probably

Table 1. Data for the 12 species examined

* Taxa where individuals of both sexes were karyotyped .

in an early stage of differentiation and likely demonstrable only through chromosome banding 
methodologies.

Lastly, the irclusion of the data presented in this paper with the existing North American 
minnow chromosome database does not alter the overall picture of gross karyotypic evolution 
in the group (Gold et al. 1981). That is, the North American cyprinids show considerable 
conservatism in standard karyotypes, a particularly intriguing fact in view of the rapid organism
al evolution which has undoubtedly occurred within the group (Gold et al. 1978, Gold 1980). 
This suggests that few major chromosomal rearrangements have occurred within the North 
American Cyprinidae and that karyotypic change has not played a significant role in the spe
ciation of the group. Recent findings, however, using NOR-banding (Gold 1984, Amemiya 
and Gold 1984, 1986) have revealed substantial cryptic variation among the karyotypes of many 
North American cyprinids. Whether or not such interspecific NOR variation is indicative of 
major chromosomal rearrangements is unknown, and the need for serial (G type) banding to 
assay the true extent of interspecific karyotypic variation is imperative. Unfortunately, methods 
for reliably producing good quality serial bands on cyprinid chromosomes have not been 
satisfactorily achieved.
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Summary

Karyotypes of 12 species of North American cyprinid fish from the southern United States 

are documented. All 12 have a diploid chromosome number of 50; the estimated arm numbers 

of the species range from 88 to 96. Sex chromosomes were not detected in those taxa where 

specimens of both sexes were assayed. All available karyotypic data on the North American 

cyprinids indicate considerable conservatism in standard karyotypes within the group . The 
true extent of karyotypic variation among North American minnow species , however, will be k

nown only after serially banded karyotypes are rigorously examined .

Acknowledgments

We thank the following people for their help in the collection and identification of spe
cimens: James Barlow, Anthony Echelle , Mike Howell, William Karel, Chara Ragland and 
Robert Stiles. Funding was provided by the Texas Agricultural Experiment Station (projects 

H-6187 and H-6703) and the National Science Foundation (grants DEB-8022173 and BSR
8415428).

Please address reprint requests to Dr. John R. Gold.

References

Amemiya, C. T., Bickham, J. W. and Gold, J. R. 1984. A cell culture method for chromosome preparation in 
cyprinid fishes. Copeia (1984): 232-235.

- and Gold, J. R. 1984. Assessment of inter and intraspecific variability in chromosomal nucleolus organizer 
regions (NORs) of North American cyprinid fishes. Abstract. 64th Annual Meeting of the American 
Society of Ichthyologists and Herpetologists, Norman, Oklahoma.

- and - 1986. Chromomycin A3 stains nucleolus organizer regions of fish chromosomes. Copeia (1986): 
226-231.

Campos, H. H. and Hubbs, C. 1973. Taxonomic implications of the karyotype of Opsopoeodus emiliae. Copeia 

(1973): 161-163.
Gold, J. R. 1980. Chromosomal change and rectangular evolution in North American cyprinid fishes. Genet.

 Res. 35: 157-164.
- 1984. Silver-staining and heteromorphism of chromosomal nucleolus organizer regions in North American 

cyprinid fishes. Copeia (1984): 133-139.
- and Avise, J. C. 1977. Cytogenetic studies in North American minnows (Cyprinidae) I. Karyology of nine 

California genera. Copeia (1977): 541-549.
- , Womac, W. D., Deal, F. H. and Barlow, J. A. 1978. Gross karyotypic change and evolution in North 

American cyprinid fishes. Genet. Res. 32: 37-46.
- , Whitlock, C. W., Karel, W. J. and Barlow, J. A. 1980. Cytogenetic studies in North American minnows 

(Cyprinidae) VI. Karyotypes of thirteen species in the genus Notropis. Cytologia 44: 457-466.
- , Womac, W. D., Deal, F. H. and Barlow, J. A. 1981. Cytogenetic studies in North American minnows 

(Cyprinidae) VII. Karyotypes of 13 species from the southern United States. Cytologia 46: 105-115.
Heins, D. C., Gunning, G. E. and Williams, J. D. 1980. Reproduction and population structure of an unde

 scribed species of Notropis (Pisces: Cyprinidae) from the Mobile Bay drainage, Alabama. Copeia 

(1980): 822-830.
Legendre, P. and Steven, D. M. 1969. Denombrement des chromosomes chez quelques cyprins. Naturaliste 

Can. 96: 913-918.
LeGrande, W. H. 1985. A preliminary bibliography and checklist of karyotypic studies on fishes. (Unpub

lished computerized fish chromosome database).
Levan, A., Fredga, K. and Sandberg, A. 1964. Nomenclature for centromeric position on chromosomes.

 Hereditas 52: 201-220.
Nelson, J. S. 1984. Fishes of the World (2nd edition). John Wiley & Sons, New York.
Ojima, Y. 1985. Fish chromosome data retrieval list. (Unpublished computerized fish chromosome database).


