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tubercles that usually do not form a shagreen. The largest pectoral fin
tubercles in the subgenus are those of N. ardens.

The number of chin and lower jaw tubercles exhibits both geo-
graphic and ontogenetic variation in N. lirns. Mandibular tubercles were
enumerated by counting each tubercle tip, not each base. In some cases
a single, unusually large tubercle base may be biconic, terminating in
two separate points.

SEXUAL DIMORPHISM.-The species of Lythrurus exhibit strong sex-
ual dimorphism. As is typical for most cyprinids, the most striking dif-
ferences involve coloration and tuberculation. The breeding colors of
females are more subdued than those of males. Tubercle development
in breeding females varies within the subgenus, but it is always very
weak when compared with males. Females may have poorly developed
head tubercles but rarely have body tubercles. Fin tubercles are always
absent.

Certain pigmentation features also exhibit sexual dimorphism. The
bars of N. ardens and the chevrons of N. umbratilis are best and most
consistently developed in reproductive males. Darkened scales on the
flanks of N. b. bellus usually are present only in males. Melanism is ex-
hibited only by breeding males of N. umbratilis and, to a lesser degree,
N. b. bellus. In the umbratilis complex, melanin is deposited in fin in-
terradial membranes of breeding males only. In the roseipinnis complex
fin membrane pigment is present year round in both sexes but is intensi-
fied in breeding males.

An enlarged urogenital papilla is characteristic of breeding females
of all species of Lythrurus. The structure protrudes posteriorly to about
the anal fin origin and has no consistent shape or ornamentation. In
males the urogenital papilla is not enlarged. This character facilitates
external sexing throughout most of the year.

Sexual dimorphism in body size is widespread among fishes. In
North American cyprinids males usually are larger than females when
territoriality is expressed, especially in the form of paternal nest building
and defense. When territoriality is reduced or absent and spawning
more gregarious, body size is more nearly equal, or females may be the
larger sex. To check for sexual dimorphism in size, record was made of
the length and sex of the largest specimen in every collection that con-
tained mature males and females. When the largest male and female in
a collection differed by less than a millimeter, no size difference was re-
corded. If there were no difference between the maximum size attained
by each sex, one would assume that a male would be the larger sex in
roughly half of the collections examined and a female would be the
larger in the other half. A 2X2 Chi-square analysis (Snedecor and


