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as follows: 2 mi. N Nixon, Gonzales County (Raun, 1959); west-southwest to 7 mi. E Lytle, 
Atascosa County (Blair, 1952); south-southwest to 2 mi. NE Bustamante, Zapata County 
(Baumgardner and Schmidly, 1981); and east-southeast to Sauz Ranch, Willacy County 
(Schmidly and Hendricks, 1976). 

I wish to thank W. B. Davis for permission to examine his transcriptions of Vernon 
Bailey's field notes, D. E. Wilson and R. D. Fisher of the U.S. National Museum for 
allowing me to re-examine the presumed topotypes and the staff of the Map Department 
for the Sterling C. Evans Library at Texas A&M University for their assistance. I am also 
indebted to J. K. Jones, Jr., M. J. McCoid, R. D. Owen, and an anonymous reviewer for 
their comments on earlier versions of this manuscript. 
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During a recent herpetological collection trip to South America by members of our 
department, a small (total length less than two centimeters) specimen of the aplocheiloid 
fish Rivulus agilae was inadvertently returned to College Station in the water used to 
maintain live specimens of turtles. The fish was brought to our laboratory, and we were 
able to obtain surprisingly good chromosome preparations, which were then stained with 
silver nitrate to determine the number and chromosomal locations of the nucleolar 
organizer regions (NORs). Herein, we document the standard karyotype and chromosomal 
NORs of R. agilae, describe the procedures used to obtain chromosomes from such a small 
specimen, and reference other studies that have shown that chromosomal NOR phenotypes 
appear to be effective taxonomic and systematic characters in fishes. Our primary intent in 
this note is to stimulate further chromosome research into the diverse and cytogenetically 
variable aplocheiloid fishes of the New World tropics. 
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FIGURE I. (A) Silver-stained metaphases of Rivulus agilae (chromosomal NORs are 
indicated by arrowheads; bar equals 5 J.lm). (B) Computer-generated idiogram of the 
Rivulus agilae NOR karyotype (NORs are indicated by darkened areas). 

The specimen of R. agilae was discovered in water obtained from a small ditch near the 
Hotel Le Grillardin in Matoury (Guyane Province), French Guyana, on 13 June I987. 
Upon return to Texas, the individual was injected with 0.1 cubic centimeters per gram body 
weight of a 0.5 percent colchicine solution and maintained under aerated conditions for 50 
minutes. The gills were removed, placed into fresh hypotonic solution (0.4 percent KCI) for 
30 minutes (two changes), and then fixed (several changes) in freshly prepared 
methanol:acetic acid, 3:1. Metaphases were obtained using the slide warmer procedure of 
Kligerman and Bloom (1977) as modified by Rayburn and Gold (1982) and using fresh 50 
percent acetic acid to dissociate cells. NOR staining was accomplished using the controlled 
silver nitrate procedure of Howell and Black (1980) as modified by Gold and Ellison (I983). 
Chromosomes stained with silver (and counterstained with Giemsa) were photographed in 
bright-field using Kodak Technical Pan 2415 film (ASA 40) developed in Diafine (Acufine). 
Determinations of NOR band positions and size, and of relative size and centromere 
position of NOR-bearing and other chromosomes, were made off positive prints using a 
digitizer, a small laboratory computer, and the BANDSCAN program described in Gold 
and Amemiya (1986). 

Fourteen good metaphases were examined from the specimen of R. agilae. A 
representative silver-stained metaphase and a computer-generated diploid idiogram of the 
metaphase are shown in Figure I. More than 90 percent of the metaphases had 2N=44 
chromosomes, which is assumed to be the chromosome number of the species. The R. 
agilae karyotype is noticeably asymmetric (sensu Stebbins, 1971) and contains several 
"marker" chromosomes. These include an exceptionally large metacentric pair, a medium
to large-sized submetacentric pair, and three pairs of metacentric chromosomes, one of 
which is measurably larger than the other two (Fig. I B). The remaining chromosomes are 
all medium- to small-sized subtelo- or telocentrics (acrocentrics). The arm number (NF) of 
R. agilae is estimated to be 54. In most silver-stained metaphases, a maximum of four (two 
pair) NOR-bearing chromosomes was observed (Fig. lA). In all cases, the NORs were 
located terminally on the short arms of small acrocentric chromosomes. 

Recent studies in our laboratory (Gold and Amemiya, 1986; Amemiya et a!., 1987; 
Amemiya and Gold, 1988) have shown that chromosomal NORs are effective taxonomic 
and systematic markers in fishes, particularly when morphologically similar types (differing 
in NOR phenotypes) are found sympatrically. Chromosomal NORs represent the sites for 
the ISS and 28S ribosomal RNA genes (Ritossa and Spiegelman, 1965; Wallace and 
Birnstiel, 1966), and hence identify homologous genes that if located on morphologically 
different chromosomes serve to identify the past occurrence of chromosomal rearrange-
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ments. Intraspecific NOR variants occur, but are qualitatively different from the types of 
variants observed between species (Gold and Amemiya, 1986). In cyprinid fishes, we have 
been able to unequivocally identify 15 of the 24 taxa examined solely on the basis of 
chromosomal NOR phenotypes (Amemiya and Gold, 1988). 

The fish suborder Aplocheiloidei (sensu Parenti, 1981), which includes the tropical 
families Rivulidae (New World) and Aplocheilidae (Old World), contains more than 500 
nominal species (more than 40 nominal genera) and is one of the most taxonomically and 
systematically troublesome fish groups in the world. Standard karyotypes are known for 
species in both families (particularly the Aplocheilidae) and indicate the past occurrence of 
numerous chromosomal rearrangements (Scheel, 1972). The inability to homologize 
chromosomes or chromosomal regions across species, however, has somewhat precluded 
efforts to use the chromosomal information effectively in a taxonomic or systematic 
context. The use of NOR and other types of chromosome banding (Gold et al., 1986, for 
example) on fish chromosomes should overcome the homologization problem, and the 
tropical aplocheiloid fishes should represent a prime group on which to use the recent 
developments in fish chromosome staining. 

We thank C. J. Ragland for reading a draft of the manuscript. The work was supported 
in part by funds received through the Texas Agricultural Experiment Station under Project 
H-6703, and in part by the National Science Foundation under grant BSR-8620134 (to 
JRG). Field work was supported by National Geographic Society grant 3423-86 to Dr. J. 
W. Bickham. The specimen of Rivulus agilae was deposited in the Texas Cooperative 
Wildlife Collections at Texas A&M University (catalogue no. 6662.1). 
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