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spawning act in both species are quite similar. Furthennore, in both species the site of 
gamete deposition appears to be ultimately detennined by the female as she moves 
toward the substrate with one or a few male swimming alongside. 

Spawning behavior in H. jlammea is significantly different from that reported for 
Semotilus atromaculatus, a species in the proposed sister-group of H.jlammea (Coburn 
and Cavender, 1992; Simmons and Mayden, 1997). None of the spawning behaviors 
exhibited by male and female H. jlammea during interim, approach, alignment, run and 
clasp, or dissociation were consistent with those described by Sabaj ( 1992) and 
Maurakis et al. (1993) for S. atromaculatus and S. thoreauianus. During interim 
behavior in S. atromaculatus, a single male uses his mouth to construct a pit-ridge nest 
and remains stationed in the pit unless engaged in spawning on the pit/ridge interface 
or aggressive behaviors with other males away from the nest (Sabaj, 1992), behaviors 
not observed in H. jlammea. During the approach, a female S. atromaculatus always 
moves toward a male in his nest. The male Semoti/us effectively detennines the 
spawning site by constructing the nest. In contrast, female H. jlammea may move to 
substrates away from congregating males for spawning. Female H. jlammea do not 
retroflex as do female S. atromaculatus reported by Sabaj ( 1992) and Maurakis et al. 
(1993). Male H. jlammea do not perfonn a spawning clasp like that described for S. 
atromaculatus by Sabaj (1992) where a male completely encircles an uplifted female. 

Differences in spawning behaviors between H. flammea and Semotilus species do 
not conflict with the Semotilus-Hemitremia sister-group of Coburn and Cavender 
(1992) and Simmons and Mayden (1997). Pit-ridge nest building probably represents 
an autapomorphy that evolved within the Semotilus ancestral lineage after separation 
from the ancestral stock common to Hemitremia and Semotilus. For example, Johnston 
and Page (1992) indicated that the primitive Phoxinus and Margariscus and derived 
Couesius, Dionda, Hybognathus are broadcast spawners (i.e., species that scatter eggs 
and spenn with no previous preparation of substrate). By this definition, H. jlammea 
can be considered a broadcast spawning species. However, delineation of chronologi­
cal categories of spawning behavior of Sabaj et al. (2000) for closely related species 
(Phoxinus, Margariscus, Couesius, Dionda,and Hybognathus) will allow the use of 
behavioral characters to refine resolution among species relationships proposed by 
Coburn and Cavender (1992) and Simmons and Mayden (1997). 
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