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Use of the cephalic lateral-line system as an ind.ex to habitats 

and ecological requirements of fishes ha.111 long been knowno This . . 

lateral-line study o:t.Bzbopsis was aonduate~ to; (1) correlate lateral-
.. 

line structure with species ecologies; (2) predict probable ecologies 

of little-known species 0£ Bybopsis; (3) investigate the neuromast-, 

bone :relationships in Hzbopsis; and (4) erect tentative phylogenies 

for some subgenera of ljtybopsiso 
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CHAPTER I· 

INTRODUCTION 

For over a century, the lateral-line system of cold. blooded aqua.
/ 

tic vertebrates has been of special interest to zoologists, because 

structural and functional specializations in the system offer interest-

ing problems iD adaptive radiationo Allis (lC,36), Romer (1945), 

Stensio (1947), and may others observed that lateral-line systems in 

:many primitive (fossil and.· ext.am.) vertebrates were well developed and 

frequently complex, as seen, for example, in~ (Allis, 1889), 

Lepisosteus (Gollinge, 1893), and Dipnoi in general (Goodrich, 19;0). 

Apparently, .:f.'rom the nr;,re primitive fishes with complex lateral-line 

systems to higher teleosts, there has been a gradual red1J.ction and 
• .. 

sim:plif'iaa't.ion of the lateral-line system. The cephalic canals are com-

plex with much secondary ramification in the Clupeidae (Tretyakov, 1938; 

Dijkgraaf, 1962; and Stephens, 1962); less complicated in the Catos

tomidae (Bransen, 1962&); simpler in the Cyprinidae (Leka.nder, 1949; 

and Illiok, 1956); and still simpler in the Poeciliidae (Gosline, 1949; 

and R~sen and Mendelson, 1960), Centrarchidae (Branson and Moore, 1962), ' 

and Percidae (Hubbs and. Cannon, 1935) .. 

Quantitative and qualitative changes in lateral-line systems 

vary from taxan tot.axon, and.11 in some groups, taxonomic signifi

ca.ne has been attributed to canal structure (Hubbs and Cannon, 19.35; 

Goslin.11 1949; Bailey, 1951; Illick, 1956; Moore, 1957; and Branson 
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amd Moore, 1962)0 Major modifications in the system have generalll' 

resulted in loss or near lose of side branches, trunk canals, dis

ruption of previosly- existing canals, or total disappearance of 

canals,. leaving only pit lines to suggest their previous existence 

(Hubbs and C~nnon, 19.35; Lekand.er, 1949; Branson and Moore, 1962; 

Dijkgraaf, 1962; and Reno, 1966). Among modern cold blooded aquatic 

vertebrates, pit lines are present in the Agnatha (Wright, .1951), 

Elassoma. (Branson and Moore, 1962), Gymnarchus (Pehrso:µ., 1945), 

1118.DY' specialized teleo.sts (Goodrich, 1930), and larval an~. certain 

ad~t amphibians (Wright, 1951; and Holmgren and Pehrson, 1949). 

Leka.nder (1949) indicated that irl more primitivefi-1les, bones 

associated with lateral-lines form. in connection ~th neuroma.sts. 

These bones, usu.a~ tube~like, are secondarily-.tra.nst~rmed into 

"lamella.r bone 11 ; that is, dermal bone is added ~econdarily- to the 

la.tero-sensory elem~nts. In higher teleosts bone continues to form 

ar~und lateral-line canals, but undern,ath, separate membranous 

components appear which~ or may not fuse with the over~ing 

la.~eral..J.ine bones. In fishes la.eking canals the lateral-line bones 

ar«. generall1' wanting or greatly reduced in size (Bra.aeon and Moore, 
' .. '. ' ' 

1962); however., the dermal elements usual~ persist as.normal bones 

(Lekander., 1949)0 N~t all investigators agree with these phylo-
_,. '' 

g\ffletio generalizations; oonsequent'.cy', :numerous papers .have appeard 
' . . . 

elucidating the neurpmast-b~e relationships in !ar.:tous _piscine and 

amphibian ta.xao Allis (1689., 19.36), Westoll (1937), Pehrson (1940, 

1944), and Branson and Moore (1962) assertedneuromasts are directly

responsible for bone formation, while Walther (1882), Moodie (1922), 

De Beer (1937), Moy-Thomas (1941)., Parrington (1949), and Stephens 
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(1967) sugge$ted that neuromasta lack evoca.ting propertiee and that 

bones a.re derived from sources other than neuromasts. An interj~cent 

view held by St~sicS (1947),1) Kapoor (1962).IJ and Reno (1966) SUl6Jests 
,; 

bones a.re derived from tW0 ~~vces9 i.e.j) neuroma.st activities and 

Although literature on ls.teral=l.iae structure and function is 

voluminous,ll comparatively little is known about the ay.etem in the 

Cyprinida.e (Leka.n.de:r9 1949; and Illick, 1956) .. Sa.gemehl (lS91) 

briefly diacf1.1.ased. the cephalic canals in minnows., and., a few rears 

l.a.terg Andres (1899) discussed the same system in Tinca. Allis 

(1,04) reviewed the canal 97ate:ms in Oarassius and Moxostoma. 

Manigk (1933) gave a detailed account of the lateral-line system 

in adult Phoxinus laevis, and Devillers (1944, 1947) discussed the 

canal system in Leuciscus rutilus. More recentlys Lekander (1949) 

studied the lateral-line ontogeny in one cobitid and tour cyprinids, 

io e • ., Phoxinus pho:xinus, Leuciscus rutilus, Albu.mus album us, and 

Tinca tincao Ill:i.ck (1956) researched the cephalic canals in 11 .. oo 

eighty-three forms including subspecies, representing thirty-eight 
• 

ge:n.era.o" Rem, (1966) analyzed the cephalic lateral-1.iae system of 

Notnpis volucellus and !o bucha.nami. Lekuder (1949) and Illick 

(1956) pointed out that in some respects the lateral .. line system 

of cypril!lid.s is unique amang :t'isheso Unlike most fishes., the sup

raorbital canal ie incomplete; that iss connection with the posto

cula.r commissure is la.cldngo Similarly, the preoperculomandibular 

canal lacks confluence with the ea.me postorbital cans.lo When these 

peeulia.rit.iea a.re coupled with intrinsic canal variability (Illick, 

1956; and Reno, 1966)., it is evident that cyprinids in general afford 



excellent material for lateral-line studies (Leka.nd.er, 1949) .. Among 

the diversified groups of :minnows, the genus H:y't>opsis Agassiz is 

unusually unique and well suited for lateral-line studies, because 

its members are morphologically quite diverse and. occupy'a wide 

variety of aqua.tie enviro:nments (Moore, 1957). 

Prior to the present time, studies on Hzbopsis have been ,. 

4 

principal]¥ behavioral er ecological (Reighard, 1943; Marshall, 1947; 

Raney, 1947; and Lachner, 1950, 19.52), although the barbels, cuta.meous 

se:nse organs, breeding tubercles9 rugosities9 am elfactory apparatus 

ot some have been investigated (Moore, 1950; and. Branson, 1962b, 

1963., 1966)0 Davis and Miller (1967) critical:cy, ana~zed the gusta

tory apparatus and brain patterns, of .most.species.of HY;bopsisin an 

effort to correlate structure and functiQJl with species• ecology. 

The aims of this study are twofold: (l) · t@ provide ad.Glitional infor

mation on phylogeny. and ecological requirements of little-known 

species of &Ybopsis; and (2) to investigate the neuromast-bone re

lationships 1n theee . .tisheeo 



CHAPTER II 

LATERAL-LINE STRUCTURE AND FUNCTION 

Fundamentally, lateral lines develop from the acoustieo.la.teralis 

portion of the auditory placodeo During ontogeny-., most of the pla.code 

sinks beneath the skin to become the auditery labyrinth, while the 

latera.l=l.in.e component persists superficailly., gradually giving rise 

to the primary neuroma.st ... or pit:..line of the head and body (Allis, 

18'8'9; To.n.dac:r.e, 1910; Pehrson, 1922., 1940., 1944; Stone., 1928., 193.3., 
-

1937; Stensio, 1947; Holmgren and Pehrson, 1949; Lekander, 1949; 

Wright; 1951; Sato, 1956; Branson and Moore, 1962; Hama, 1965; and 

Stephens 1 1967)" Lekander (1949) suggested that pit lines develop 

by any of thre; me~, ioeo~ (l)direct maturation from the lateral

line portion o.f the auditory placode; (2) 11 bu.dding11 of primary neuro

ina.ste; er (3) spontaneous appearance independent of placodes or 

primary neuromasts. Stone (19.33, 1935.,1937), Bailey (1937)., Wright 

(1951) 1 and.Stephens (1967) reached similar.conclusions .from works 

on u.rodeJ.es.,. F..undul.us., .. a:nurans., and Doroso:ma, respectively. Stone 
,, 

(l92S,; 1933) further demonstrated that the primary neuromast lines 
,. 

are polarized, the cephalic lines.preceding development of trunk 

lines. According to Stone (1933, 1935, 19.37), Speidel (1948)., 
.• 

a.nd Lekander (1949)., some of the primary neuromasts secondarily bud 
... ,,, '" 

or divide into smaller superficial neuromaste which generally persist 

as free sens.e organs in the skin. As f'ree sense organs., they ma:-:, be 
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sunken into pits or crypts (pit organs), elevated on sensory hillocks, 

or remain exposed as naked neuroma.sts (Stensio, 1947;Iskander, 1949; 

Sato, 1955a, 1955b, 1956; Branson, 1961; Branson and Moore, 1962; 

Dijkgraaf, 1962; Reno, 1966; and Stephens, 1967). Neuromast division 

ceases after the primary sense organs sink below the skin and become 

entrenched. in connective tissue tubes (Bamford., 1941). Bone primor

dia develop aro~d the enclosed. neuroma.sts and eventually form chains 

of' embryonic lateral-line bones which may or :qiay not fuse with ·the . 

.membranous components developing underneath (Stensio, 1947; Lekander, 

194,; Dijkgraaf', 1962; and. many oth,rs). 

Histologically, canal and superficial neuroma.sts are similar; 

6 

that is, each is constructed of sense (receptor) and. sustentacular 

supporting) cells (Wright, 1951; Sato, 1955b; Moore, 1956; Branson., 

1961; Branson and Moore, 1962; and Reno, 1966) .. In an intact neuro

mast (Fig. 1), the centrally placed sustentacular cells exteni from 

the basement membrane to or near the free surface of the organ., in

stead of terminating at the basal ends of the sense cells as some 

authors have reportedo The more peripheral supporting cells fre

quently extend above the organ forming a cavity (tremognostic chamber) . 

into which the sense hairs of the sense cells project (Branson and 

Moore; 1962; and Reno, 1966). Distal]¥, each sustentaaular element 

is intricate]¥ bound to its neighbor by a complex aystem. of inter

digitationa and deamosomea (Hama, 196S; and Iwai, in press). Similar 

structures (intercellular bridges) were seen by Moore (19S6) in 

Lepomis humi.lis, amd Brauon and Moore (1962) in centrarchida. The 

oyt,opla.sm. of these attenuate cells is homogeneous (Branson 1961; 

Branaen and Moore 1962; and Reno 1966); however, Flock and Weraall 
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SC 

50 .u . 

c--

Fig. L, 

----· 

.. 

·. 'l'ran,verse · seQtion · through inf:raorbital canal neuromast and 
· superficial neuromast of Hybopsis. a.estivalls. BM, basement 

membrane; BV, blood vessel; c, connective tissue; D, dermis; 
PE, detritus; L, lachrymal; LAC, loose areolar connective 
tissue; LU, lumen of infraorbital canal; N,la.ter;!l.l-line 
nerve; SC, sense cell; SH, sense hair; SQE, stratified 
squamous epithelium.; SSC, sustentacular cell; T, tremog
nostic c~ero 



8 

(1962a) 9 Hama. (1965) 9 and Iwai (in press) revealed the ultrastructure 

to be granular with some supranuclear mitochondria and Golgi apparatus, 

and paranuclear la.mination ard membrane foldingo Flock and Wersall 

(1962a) further illustrated tiny microvilli {apparently nonfunctional) 

on the apical ends of these cellso The nuclei, ellipsoidal in shape, 

are basally placed and generally homogeneous throughout (Branson, 

1961; Branson and Moore 9 1962; and Reno, 1966)0 

Unlike the eustentaeular cells:;; the sense cells are club-shaped 

and fewer in numbero The 1:B,rge ovate nuclei are basally placed and 

generall,y contain numerous dark-staining bodies (chromatin or nucle

oli)o The supranuclear cytoplasm is highly granulated and apically 

each cell bears one to several sense hairs (Wright, 1951; Sato, 1955a; 

Moore, 1956; Moore and Burris, 1956; Branson, 1961; Branson and Moore, 

1962; Dijkgraaf, 1962; Van Bergeijk and Alexander, 1962; and Reno, 

1966)~ Ultrastructure studies by Trujillo....Cen6z (1959), Flook and 

Wersall (1962a, 1962b) 9 Lowenstein and Osborne (1964), Hama (1965), 

and Iwai (in pre$s) disclosed that each sense cell actually bears a 

tuft of sense hairs (cilia); each tuft being composed of a long kino

cilium and numerous (~5=50) shorter stereociliao Moreover9 as re

ported by Flock and Wersa.11 (1962a) and substantiated by Iwai (in 

press), the kinocil.ia are alternately arranged on opposite sides of 

successive ci.liary tufts, instead of being topographically polarized 

on the same side of consecutive tufts as in the labyrinth cristae 

(I.owenstein and Wersall, 1959, Trujillo=Cenoz, 1961; and Flock and 

Wersall, 1962b). At the base of each sense hair is a small axial 

filament which has roots in th~ dark stai.!!.ing cuticular plate 

immediately below the sense hair bases (Flock and Wersa.119 1962a; 
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Lowenstein and Osborne, 1964; am Ha.ma, 1965) .. The cuticular plea.ts is 
... -

probably homologous to the blepharoplast-like granules seen by Br~nson 

(1961) in Cichl.asoma. cyanoguttatum., and Branson and Moore (1962) in 

centrarchids .. Bedell (1939), Speidel (1949)., and Wright (1951) 

attributed the supranuclear granulation to mitochondria; ho~ever, 

Flock and Wersall (1962a), Lowenstein and Osborne (1964), and Ha.ma. 

(1965) showed that lysosomes, parts of the endoplasmic reticulum, 

and the striated organelle also substantially contributed to the 

granu.la.tion .. The striated organelle, according to Lowenstein and 

Osborne (1964), passes from the cuticular plate dol!lll through the cyto

plasm to synaptic junctions near the basal end ·of: 'the cells., Although 

the subnuclear cytoplasm is clear, staining homogeneous thro~hout 
i' 

(Br.anson and Moore, 1962; and Reno, 1966), cytoplasmic inclusi9ns., 

such as multivesicula.r bodies, synaptic bars., and folding membranes 

to name a few, have been reported (Flock and Wersall, 1962a; 

Lowenstein and Osborne., 1964; and Ha.ma., 1965)0 

Whether or not lateral-J.iae nerves lose their myelination after 

penetrating the basement membrane of a neuromast is problematical 

(Reno,1966) .. Recent evidence by Ham.a (1965) amd others., suggests 

that both Jll1"elinated a:rn nonmyelinated nervee innervate the same sense 

organ, the points of demyelination., probably analogous to nodes of 

Ranvier; occurring anywhere above or below the basement meml:>rane .. 

Seemingly, neurons (1D3'elina.ted or not) are interspersed between sus

tentacula.r cells, eventually terminating as synaptic bulbs on the 

basal surfaces of the sense cells (!Dwenste:in am. Osoorne., 1964;. 

Ha.ma, 1965; and Iwai, in press) ... The synaptic bars 9 folding membranes, 

and multivesicular bodies of the sense cells are almost always 



localized near the synaptic surfaceso The synaptic surface$ per se 

are smoot,h and straight or tortuous and interdigitated (Flock and 

Wersall, 1962a, and Hama» 1965)0 According to Flock and Wersall 

(1962a) and Hama (1965)» the cytoplasm of the nerve endings contain 

cluster8 of small mitochondria, numerous irregular-shaped granules 

(probably glycogen), and varying numbers of vesicleso 

That the sense hairs of a neuromast project into the base of the 

cupula and that the cupula=sense cells system functions as a ntl..cro-, 

current receptor is well documentedo The cupulae, possibly origi

nating from apocrine activities of the supporting cells (Dijkgraaf, 

1962; and Iwai, in press), generally persist as skin structures or 

are secondarily incorporated into the subdermal canals noted earlier 

(Dijkgraaf':,, 1962, Cahn and Shaw, 1962; Branson and Moore 9 1962; and 

Iwai» 1965)0 Denny (1937) 1 Cahn and Shaw (1962)J Dijkgraaf (1962), 

and others observed the cupulae to be easily destroyed by mechanical 

10 

abrasion or chemical fixation .. Apparently, however, once mechanically 

dalllltroyed,l) new cupulae are not regenerated. Reno (1966) further ob

ser·ved that; the sense ha.ire of' protected neuromasts (principally pit 

organs) remained sepa.ra.t:e and intact despite cupular destruction and 

tha.t oupular shrinkage during .fixation caused the sense hairs of 

canal organa''.to 'be drawn :into coneso 

With the exception of the enveloping bone, lateral~line canal 

walls are aonst:ructed of tw11 layers, the inner being separated from 

the outer by the basement membrane (Figo l)o According to Bra.neon 

and MQ{l)re (1962) and Reno (1966), the inner, layer il!I prinoipaJ.4" 

simple cub~idal which gradually· changes to pseudostra.ti:tied columnar 

epithelium in the vicinity of the sense organs. Generally, goblet 
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cells are .found. 5cattered throughout·the epithelium. (Bran$on and Moore., 

1962; Van Bergeijk and Alexander., 1962; and Reno, 1966)0 However, 

Sharma (1964) indicated that the poreless canals of Notopterus chitala 

lacked mucous cellio The outer layer is loose areolar connective 

tissue with some blood capillaries~ nerve fi'ber~, and mast cells 

{l3ranson and Mo(:)Jrej 1962; and Reno, 1966)0 Denny (19.37) and Van 

Bergeijk and Alexander (1962), working on Fundulua heteroc1itus, 

observed in this layer.I> cords of mesenchymal tissue, and supposed 

the undifferentiated til!!lsue was a ~ o o oremnant of· the 61\bryonic lateral ... 

11- anla.g<e .. o o, 11 since the cells of the cord merged \ti.th and changed 

into the supporting cells of the neuromasts. Jakubowski (1965) ob

served similar cords in ~ lota and Esox lucius., However, he 

strongly questioned the term "mesenchymal cord,,, for he said, 11This 

is supposed to·be a rsmnaht of the embryonic anlage of lateral-line 

neuromasts (placod~ )2,. • o II which is ectoderma.l in origino Beard (1884) 

reported that the canal neuromasts.of Salmo fario are segmentally 

arranged and connected· by a cord o:f embryonic cella. In most in

stances a each neuromaat, generally situated between two oonseoµtive 

canal pores, is closely associated with a bone fora.men through which 

pass the lateral-line nerves and blood vessels (Branson and Moore, 

1962.; Van Be:rgeijk and Alexander, 1962; and Reno1 1966). The vessels, 

according to Van Bergei.jk and Alexander (1962), form extensive ca.p

;:u.ary beds under each sense o:rga.no'.: 

The functions a.scribed to the lateral-line system were ext.ensively 

reviewed by Dijkgra.a:f' (1962) and Branson and Moore (1962)., Dijkgraa.f 

(1962) described the latera.l""'line organs as '' Udistant ·t.ouch 1 recep

to:ra" and said: 



They serve to detect a:a:l locate moving animals 
(prey, enemies, social partners) at short range 
on the basis of current-like water disturba.nceso 
Their use in obstacle avoidance and rheotactic 
orientation is of relatively minor importance .. -
They are mt engaged in the detection or propa
gated sonic or infrasonic so1ll'Jd waves, nor are 
they used as temperature receptorso 

Functionallya the principal difference between superficial and 

canal neuromasts is that the former are directly exposed to external 

currents, whereas the latter are effected by local currents more or 

less impinging vertically on the lateral lineso At such angles, a 

certain a:m.cnmt of water is forced through one or more canal pores, 

thua vibrating the canal fluid. and neuromast cupulae (Dijkgraaf, 1962). 

Some question has been raised as to how much liquid actually pene

trates a canal pore, especially if the pore is small and partially 

occluded by mucuso Under these circumstances, some intrinsic canal 

modifications, such as seen by Moore (1956) and Curd (1959) in Lepomis 

humilis and. by me in Ericymba buccata (unpublished data), ma.;r serve 

to amplify or modify the impinging vibratioM; thus, the inlet function 

of the pores is circumvented (Dijkgraaf, 1962)0 

According to Flock am Wersa.ll (1962b), the sense cells o:r lateral

line organs are stimulated by bidirectional displacement of the cupu-

1.a.e, while unidirectional diispla.cement effects the senee cells of the 

labyrinth cristae o This meau that in neuroma.sts, antero-poeterior 

movement of the cupula.e affects equal numbers of kinocilia, whereas 

the kinocilia of cristae respone to one....way deformation only 

(Lowenstein am Wersall, 1959; Trujillo-Cen&z, 1961; Bijkgraa.1'9 1962; 

Flock and Wersill, 1962b; and Iwai, in press).. :Ea.ch time the cupulae 

are flexed,, the sense hairs are deformed and impulses initiated within 
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eiach sense cello How the incipient impulses are conveyed from the 

sense hairs to the synaptic junctions is questionable, although the 

axial filaments, cuticular plate9 and striated organelle of each cell 

undoubtedly effect impulse transmission (Lowenstein and Osborne, 

1964; Hama.9 1965; and Iwai.9 in press) .. The fmctional significance 

of the synaptic bars am multivesicula.r bodies is obscure, but their 

close .asaociation with the striated organelle and synaptic membranes 

suggest that they relay impulses across the synaptic junctions to the 

end orgam, of the innervating nerve (lowenstein and Osborne, 1964; 

and Ha.ma, 196.5).. Once acroais the synapse 1 impulses may be conducted 

through a neuromast-assooiated ganglion (Reno, 1966) or directly to 

the brain via the lateral-line nerves (aranson and Moore, 1962; 

Dijkgraar, 1962; and other) .. 

Several authore 9 notably Olmsted (1920), Parker and Pain (1934), 

and Bailey (1937), have indicated that trophic activities of lateral

line nerves are responsible for maintaining neuromast integrityo 

Harrison (1924)j Stwne (1937) 9 Bedell (1939), and others dis.a.greedj 

and argued that lateral-line organs were maintained indefinitely 

despite denervation. Speidel (194,4.aj) 1944b, 1947, 1948), and Wright 

(1951)» working independently on anuran~j established that lateral

line nerves definitely influence neu:ro:qia.st integrity, although the 

effect ofdienervation (atrophy) is not iJ.mllediate. 



CHAPTER III 

METHODS AND MATEJ!IALS 

In this study 450 specimens from 23 species of the genus Hybopsis 

were e:x:a.mi;nedo Ea.ch .species., except H,o ~ which was unavailable., 

was repreeented by two or more specim.enso. Two undescribed forms of 

the subgequei Nocomis were also stu.diedo Specimens were obtained from 

collections at Cornell T,1niversity (CU)., Kansas T1niversity (KU)., 

University of Michigan (mmz)., Oklahoma State University (OAM)., Tu.la.ne 

University (TU)., University of Richmond (UR)., and University of Texas 

(UT) nth the locality data belowo Parenthetical numbers represent 

the numbe~ of specimens examined from each collection and hyphenated 

numbers ~dicate the range of standard length in mjJJ1$eters. 

B(bopsis aestivalis (Girard)., speckled chub: (l3)., 15:XI:1963., 

Arkansas Ro,?ell Coo, Arko, 3lo5-.39o0; (2)., 6:llI:1960., KU 7266., 

Waba.sh Ro, Clark Coo, Illo., 39o5-4S.O; (7)., .3:IX:1963., Wabash Ro., 

Vigo Coo, Ind.o., 32,,5-3700; (7)., 23:III:1965., North Fork of Ninnescah 

R • ., Sedgewick Coo, Kano, 47o0-5lo0; (5)., 7:IX:1964., Mississippi Ro, 

Scott Coo, Hoo, 2400-2500; (5)., 16:II:1952., Pearl Ro, Marion Coo, 

!isso, .35o0=39.5; (3)., 2.3:IV:1964, KU 8064, Pecos R • ., Chaves Coo, 

No Hexo, 2800-.30 .. 0; (6)., 1.3:IV:1963, KU 8365, Pecos R., Chaves Coo, 

l\T., Mexo, 1805-2705; (11)., 17:VII:.1965., North Fork of Red Ro, TiJJman 

Coo, Okla.o, 28 .. 0""47~0; (l3)., 8:VII:1965 9 Elm Fork of Red B0 ; Greer 

C~ .. , Okla.o, 35 .. 0=45o5; (.3)» 3:VIII:1950., UT 293, San Marcos Ro, 

14 



Gonzales Coo, Texo 9 44o0=5lo0; (12),l~IV:1961, KU 5976, Blanco R., 

Hays...Ca.ldwell Coo , Tex. , 440 0-51. Oo 
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Hybepsis ambl.ops (Rafin~sque) 9 bigeye chub: (l), 9: DC: 1964, Piny 
-- ' 

Cr., Izard Coo, Ark • ., 6lo0; (7), 9:IX:1964, Indian Cr., Marion Co • ., 

Ark., 27o0=34.5; (5), 19:IX:1963, Sugar Cr., Parke Coo, Ind., 39.0-

56.5; (3) 9 l:V:1965, Pearl R .. ., Marion Co.,, M.iss., 45 •. 0-47.0; (7), 

6:IX:1964, East Fork of Pigeon R., Sevier Co., Tenn., 33.5-48.0; (7), 

20:V:1959., South Indian Cr., Tenn., 47.0-53 .. 5; (8), 31:VIII:1964, 

Powell R., Claiborn.a Co .. , Tenn., 29 .. 0-57.0. 

fllbopsis bellica (Girard)., southern chub: (l)j 8:ll:19641 

Buttaha.tchie R.,, Marion Co.j Ala., 56.0; (5), 29:VIII:1964j Ogeechee 

R., Warren-Hancock Co • ., Ga., 42.0-107.0; (1), 7:VIII:1962, TU 29449, 

To:x:away R., Transylvania.Co., N. c., 154.,0. 

!fzb5?psis bigtJ.ttata (Kirtlatd), hornyhead chub~ (3).j 9:IX:1964, 

Kings R., Carroll Co.j Ark., 57.0=93.0; (2), 2:V:1959, OAM 5722, 

Barren Fork Cr., Cherokee Co., Oklao, 14005-150 .. 5; (3), 23:VII:1950, 

Oil 4506, Bidding Springe Cro, Cherokee Co., Oklaojl 5L0=65o5; (4), 

10:X:1965, Barren Fork Cr., Cherokee Co., Oklao, 34.0-ll6o0o 

Hybopsis cahni Hubbs and Crowe, slender chub: (2), 31:VIII:1964, 

©AM 6126, Powell R .. ; Claiborne Co .. , Tenn., 35.8"""-6.5. 

Hzbopsiserameri Snyder., Oregon chub: (5), 10:VI:1963, Willarp.ette 

Hybopsis d.issimilis (Kirtland), streamline chub: (3), 4:IV:l964j 

KU 8000, Buffalo R., Marion Co., Arko, 60 .. 0-91 .. 0; (5), 9:IX:1949j 

Sto Francis R .. , Butler Co .. , Mo • ., 54.0=82.0; (4), 7:IV:1963.11 KO' 764lj 

Current R .. , Shannon Co .. , Mo .. , 83o0=94 .. 0; (3), 31:VIII:1964, Powell 

R., Claiborne Co • ., Tenno, 5300-63.0. 
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Hybopsis gelida (Girard)» sturgeon chub: (2), 17:VII:1940» 

Mississippi Ro, Jackson Go., Ill., 3000-38.8; (2), 24:VIII:1938, 

Mississippi R., Jackson Co., Ill., 30.0-33.0; (6), 12:VII:1952, KU 

2447, Kaw R., Douglas Co., Kan., 44.0-52.0; (3),17:VII:1940, Repttblica.n 

Ro, Dundy Coo, Neb., 59.0-67.0o 

· Hybopsis gracilis, (Riohardson), flathead chub: (l), l:IX:1941, 

0AM 5flJ97, Mississippi R., Jackson Co., Ill., 41.0; (2), 24:X:1951, 

OA'M 4700, Kaw R., Dc,uglas Co., Kan.,, ll4.0-l47.0; (6), 10:IX:19.31, 

Mieai,ouri R. 8 Lafayette Co., Mo., 53 .. 0-81.5; (8), 2.3:VII:1965., Yellow

stone R., Dawson Co., Mont.a, 53.0-107.5; (6), 22:VII:1965, Redwater 

Ro, McCone Go .. , Mont .. , 6.3.0-83.0; (3), 25:VII:1931, tJMMZ 92256, Platte 

R., Dawson Co.,, Neb., 41.0-46.0; (l), 22:VIII:1959, KU 4961, Bad 

R., Haakon Co., S. Dako, 61.0 .. 

Hybopsis harperi (Fowler), red.eye chub: (15), .30:V:1951, TU 2370, 

Russ Cro 1 Jackson Coo, Flaa, 3700-46.0; (J2),ll:IV:1955, TU 9776, 

Ichetuchnee Spring, Columbia Coo, Flaa, 44,.0-54000 

H_yboJ!:;iia h,XE~dnot.:t (C~pe).11 highback chub: (6), 15:II:1964, Cold 

Springs,Meriwether Co., Gao, 47 .,0-51000 

Hybopsia insignia Hubba and Crowe.11 blotched chub: (8), .31:VIII: 

1964, Powell R .. ., Claiborne Co.,, Tenn .. , 4800-54 .. 0 .. 

Hybo~is labrosa (Cope), thicklip chub: (4), 24:III:1954, CU 

19663., South 'Tyger R .. .l> Spartausburg Co .. , s .. c .. , 39 .. 0-5000; (2L 

7:l;x.:1964, IBk'irth Fork of Saluda R .. , Pickens Coo, So C .. , 4So0-51o5 .. 

Hybopsis lept@cephala (Girard), Carolina Chub: (2) 8 6:IX:1964» 

Catawba R • ., Iredell Co .. , N. C., 34o0=50 .. 0; (6) 9 6:IX.:1964, Catawba 

R • .i> Burke Co., N. C., 48.0=60.0; (16)., 4:VII:1958, OAM 5992, Roanoke 

R., Montgomery Coo, Va. 9 44.0=153 .. 0; (4), 7:IX:1963, tJR 1973., Catawba 
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Cro, Botetou.rt C@o, Vao.9 97.0=154.oOo 

H.ybopaiis meeki Jordan and Everma.nn, sicklefin chub: (5), l:VIII: 

1941.9 OAM 285 3 Mi~si$sippi Ro, Jackson Co., Illo, 21,0=26oO; (1), 10:IX: 

1931, MiS$ouri Ro, Jackson Co., Moo, 45o0; (9), 9:IX:1940, UMMZ 152574, 

Missouri Ro, Jackson Coo, Moo, 4100-53.0o 

&bop:siai Micropogon (Cope), river chub: (2), 6:IX:1964, Chattooga 

R., Jackson Co., N. C.,, 80.0....S8o0; (15, 17:VII:1961, OAM 5990, Webb Cr., 

Sevier Coo, Tenn., 49.0-1,34.0; (6), 31:VIII:1964, Powell R., Claiborne 

Co., Tenn., 47o0=49o5; (6), 2:VII:1963, UR 1755, North Fork of Holston 

R., Smyth Coo, Va., 107.0=126.0. 

Hz,boprsis Mons.cha (Cope, Spotfin Chub: (3), 23:IX:1947, UMMZ 157561, 

South Fork Holston R., Sullivan Co., Tenn • ., 44.5.51.0. 

,Hl';.bop_si! (Nocom:s) sp o l: (12)., 5: VIII: 1957., OAM 6127., Wolf Cr o, 

Bland Co., Vaq, 58.0 .... 146.,0. 

Hybopsis (Nocomis) :sp.,2, bull chub: (15), 5:VII:1961, OAM .5991, 

Blackwater R,,, Franklin Coo, Vao, 50.0-121,,0. 

H:ybo]!~is p_lumb_!! (Agassi~L neirlhern chub: (lL i;~v:1964,Bluewater 

Cro, Carbon Coo, Mento, 76o0; (7), 28:VIII:1965, Cliff lake, Madison Coo, 

Mont., 47.0=76oO; (3), 22:VI:1961, KU 6972, Bighorn Ro, Bighorn Coo, 

Wyco, 22.,0-3Jo0. 

Hybop$iS rubrifrons (Jordan), redface chub: (16), 29:VII:1964, 

Ogeechee Ro, Warren=Hancock Coo, Gao, 47.0-6500; (?), 23:VII:1962, TU 

29593, Tonaway Ro,PiJkens=Oconee Co., S. C., 55o0=59 .. 0o 
- -

Hybopsis storeriana (Kirtland.) 1 silver chub: (7), 8:XII:1964, 

Waba$h R., Vigo Co., Indo, 63.0=83o0; (5), 19:IX:1963, OAM 5632, 
' 

Mi.ssi$$ippi R., Scott Coo, Iao, 5300-6700; (2), 24:VIII:1946, OAM 2426, 

Illinois Ro, Sequoyah Coo, Oklao 62.5=63o0: (7), l5!IV:1949, OAM 2950, 
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Red R., Bryan Co .. , Okls.o, 60o0=72o0; (3), 12:VIII:1948, OAM 3383, Lak:$ 

T~ma, Bryan Gao, Gkla .. , 39.,5 .... 52.,J; (2), 14:II:1941, OAM 335, Red Rock 

Cr .. , Noble Co .. , Okla.o, 40 .. 5...68.,0; (l), 1.3:VII:194~, OAM 1530, Chieka-
// 

skia Ro, Kay Co .. , Okla .. , 67 .. 0;, (5), 9:VII:1940, OAM 1846, Arkansas Ro, 

Pawnee Coo, Oklao, 35o0=36 .. 0 .. (2)., 18:II:1950, OAM 4o66, Red Rock Cro, 

Pawnee Co .. , Oklao, 36 .. 4-38000 

Hzbopais x-punctata Hubbs and Crowe, gravel chub: (1), 3:VIII:1947, 

OAM 648, Ouachita R .. ., Montgomery Co • ., Arko, 77 .. 5; (2)., 22-~IX:19.'.30, OAM 

.'3124, Neosha R .. , Ia.bette Co .. , Kan .. , 47 .. 0-6000; (4), 23:III:1965, Illi

nois R .. , Sequoyah Co .. , Okla., 4,.3.0-5700; (l), 25:VIII:1946, OAM 2384, 

Illinois R .. , Se.quoyah Co .. , Okla • .51o0; (l), /+:VII:1950, OAM 4374, 

Illinois R .. ., Sequqyah Co., Okla., 63 .. 0; (8), 19:VIII:1946, OAM 241.3, 

Illinois :R.,., Cherokee Co .. ., Okla • ., .36.5-54.5; (3), 15:VIII:1946, 6AM 

2447, Flint Cr., Dela.ware Co., Okla., 66.0-71.0; (.3), 14:VIII:1946, 0AM 

24.32, Flint Co • ., Delaware Co., Okla., 4000-42.0; (1), 21:VIII:1946, OAM 

2392, Illinois Ro, Cherokee Co., Okla.o, SloO; (l), 22:VII:1946, OAM 

2.3 90 , Illinois Ro , Cherokee Co. , Okla. o , 32 .. 0. 

To demonstrate the cephalic lateral-line system., canals were blown 
,/ 

free of liquid and, with capillary pipettes., injected withmmixt.ure of 

black Indian imk and 5~ 2=propanol., This method, used sucoessful.:cy' by 

Mo~re and Burris (1956), Illick (1956), Branson and Moore (1962), and 

Reno (1966), made it easy to ascertain the i"ela.tive completness of each 

canal and count the number of pores contained in each. In all canals 

except the supratemporal, pores were counted in an anteropos~erior di-

reoticm. In species with incomplete canals, pores were counted in the 

same mmmer and the disruptions designated by commas. Pores in the sup-

ratemporal canal were counted from the junction with the postocul.ar 



C(.}mmis~ure, ac.ross the po~terior edge of the cranium to the junction on 

the other sideo .. When the supratemporal canal was incomplete, pores were 

counted f'rom the same junction to the canal vs terminus lateral to the 
- . . 

oe@iput. Canal systems of smaller species were illustrated with a 

camera lucida mounted on a binocular dissecting microscope and those of 

larger species pictures from proportional measurements and freehand 

drawingso 

Specimens prepared. for histological or cytological examination were 

fixed in 10% formalin or Bouin's fluid, decapitated, and the heads de

oalei.fied in 2 or 4% acid alcohol. After thorough decalcifieation, 

heads selected !or histol0gical study were graduall;y dehydrated in 2-

propanol, cleared in acetone or :xylene, and infiltrated in vacuo with 

Tisnsmato 0:f the two clearing agents, ;xylene proved the most desirable 

since tissues tended to harden excessively a:f'ter prolonged periods in 

acetone. To enhance dehydration an.d infiltration, the heads of larger 

specimens were split logitudina.lly. After infiltration, heads were em-

bedded in Tissu.emat., cut seriall;y with a rotary microtome at 10 }l thick

ness, mounted on slid.ea, stained with Harris' hematoocylin and eosin, 

oles.red in :a;ylene, and mounted in PiccoJ.Tte o Heads selected for cyto ... 

logical study were embedded in celloidin according ta Wall's (19.32) 

method; cut with a rotary microtome at 5 or lQ p. thickness; gra.duallJ' 

dehydrated in ethanol; stain.fad with Harris' hem.a.toocy-lin and erosin., 

Mall.@ryVs tripJi, connective tusue etain, or Heidenhain's hema.t.o~lin 

and phl.oodne; cleared in terpineol; and mounted in P1ccolyte. 

Six arbitrary head regions were selected for making quantitative 

and qualitative meae'tll"emants of' superficial and canal neuroma.stso The 

regions were: (I) anterior nasal rosette= that part of the snout which 



contained the anteriormost olfactory la.mellae; (II) posterior nasal 

rosette= that part of the snout which contained the posteriormost 

olfactory lamellae, (III) optic nerve head= that point in the eye 
- . 

where the optic nerve fully penetrated the retina; (IV) posterior 
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sclera = that posterior point in the eye where the. choroidal pigment 

vanished from the sections, (V) preopercle bone= that point where the 

preoperculo:mandibular canal began to bend dorsad to outline the 

posterior margin of the bone; (VI) junction of the postocul.ar co:mmis-

sure and supra.temporal canal= that point where the two canals 

II 
Ill 

I 

IV 

VI 
V 

) 

) ) 

Fig. 2. Six head regions arbitrari1y selected for making quantitative 
and qualitative measurements of superficial and canal 
neuromasts. I, anterior nasal rosette; II, posterior nasal 
rosette; III, optic nerve head; IV, posterior sclera; V, 
preopercle bone; VI, junction of the postocular commissure 
and supratemporal canal. CL, cephalic l.ateralis; IO, in
fra.orbital canal; LL, l.ateralis; POC, postocular commissure; 
POM, preoperculomandibul.ar canal; SO, supraorbital can:al; 
ST, supratemporal canal. 



21 

coale!3eed into the cephalic laterali~o It must be r~ali~~d that the 

distances between thes® :six regions wer® size=dependent, varying within 

and between specie:so Moriei()ver, the sectioning angl@s were not always 

per-pendicular to the long a:xis of the head, thus topographical features 

included in any region varied frequently., Therefore, the slope and 

spacing of the region lineB in Figure 2 are only hypotheticalo 

The number of integum.ental and canal neuromasts was calculated 

for each of the six regions by counting the number of neuromasts in 

every third section until 13 sections had been exa.minedo In addition, 

neuroma.sts in Regions I and II were measured and their position in the 

canals and skin notedo For each canal organ, the maximum diameter, 

maximum and minimum height (that distance from the basement membrane 

to the organ's exposed surface), and :maximum diameter of the sensory 

area was reeordedo Maximal am minimal lengths and diameters were 

recorded for the sensory and sustentacula.r components of each canal 

organo Whenever possible 1 the number of sense hairs per sense cell 

and thei:r lengths were ta.bula.tedo Similar measurements and counts 

were made for superficial neiuromas·ts and thei.r cellular conatituentso 

Neux0cima.st1 ex.a.mined c;rtologieally were of Regions I and IL All 

microscopic meaisurement.s were made with a Filar micrometer mounted on 

a compound, trinooular microscope. Drawings of histological materials 

were :made from photomicrogre.phs taken with a 35..mm camera mounted on 

the same microscope. The photomicrographs were later traced and re

produced as line drawings. 



CHAPTER IV 

NOMENCLATURAL REVIEW OF HYJ,30PSIS 

Prior to 1896» six closely related barbeled minnows,)! akin to 

Notro.ipis Ra:f'inesqu.e (1818) am Semotilus Rafinesque (1820) had been 

de~cribed (Jordan and Evermannj1896). 

Agaseiz (1854) noticed among some Alabama. cyprinidsi a new type 

11 "° orema:rka.ble for, its slender elongated form,11 its long head, its 

obtuse, prominent snout, its :inferior mouth and the advanced position 

of th.e anal~'' To this new generic form he attached. the name !fY:bopsis 

s;racili!,<l Two year~ later, Girard (18.56) described a· minnow whi.ch 

he called '.Nooomi11 f!!b:raS.Q._f!!!.nBi!, from Ne'braskao Cera.tichtQY;E!, hy;alipus 

descrtbed by Cope, 1868, from Virginia, was later placed by Jordan 

(1876a) in the monotypic gem11 E:r.inemus. Gill (1876) attached the 

name Platyi:tobi© c:olllI)lunis to a n$W generic type from th1:1 Missouri 

River dra:inageo1 Jordan (1878)J after e.xam.ining fish collections 

from North and South Dakota and Montana 9 described Couiead.us milneri 

which he had earlier (1877) w~cognized ae Nocomis :milnerio In 18829 

Jordan E11stabli:sh€Sd the monotypic genu~ ~ista.x·for Luxilus 

dissimill.s Kirtland :i 184L 

lEvidentlySJ the original listing of Platygobio communi:s by Hayden 
(1863) i$ a nomen nud:umf>... since the fishes from the Hayden expedition 
were identified but °k©Jt diagfil\©~~ by Gill., The valid description of 
Platygobio comm:unis 9 however 9 based on fish from the earlier Simpson 
expedition.9 was not publl!1!hed by Gill (1876) until 13 ye~rs later., 
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In 1896, Jordan and Evermann consolidated the genera !!:l:_bopsis 9 

Nocomis, Ceratichthys, Erinemus, and Erim;ystax into the nominal genus 

Hybopsis~ After consolidation, they divided fl;ybopsis into four sub= 

gen.era and noted 11 oooa greater number of subordinate groups could be 

recognizedo" The genera H:ybopsis 9 Nocomis., and Eri:mystax were thus 

given subgeneric status along with the newly created Yuriria Jordan 
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and Everman:n, erected specifically for g.. (Yuriria) altus (Jordan, 

1880) of Mexico. The genus Erinemus was not mentioned, perhaps being 

accidentally omitted» for they listed Ceratichthys hyalinus Cope, 1868, 

under the newly acknowledged Hybopsis amblops (Rafinesque, 1820)02 

This species, described as Rutilus amblops Rafinesque, is the type 

species tor H1bopsis; consequently, Erinemus hzalinus (Copa) is a 

junior s;vno:nym.o Other species placed in the subgenus HzboE1:!!. by 

~rordan and Ever.mann (1896) were g. ,:a,.ab:rosmt (Cope, l871b)., fio 

~,yPs;aotus (Cope, l87lb), H• rubrifrons (Jordan, 1876b), and g. 
~etorer:i.anus (Kirtland, 1842). 

Jordan and Eve:rma.rm (1896) listed Hzb~EBi! ~entuckiensis 

(Rafinesque) as the only species in the subgenus Nocomis (!. nebra

scensis was preceded by the senior synonym Luxilus kentuckiensis 

Raf:inesque, 1820),, They noted Semotilus biguttatus Kirtlanijl 1841; 

Nooomis bellicus Girard 1 1856; Ceratichthys leptocephalus Girard, 

1856; Ceratichthys leptocephalus Girard, 1856; and Ceratichthys 

micropogo:1:1 Cope~ 1865$ were synonymous with gzpoEsis kentuckiensiso 

The subgenus Erimystax acquired several species of questionable 

relationship3 in particular, Hybopsis tetranemus Gilbert, 1887; 

2Hybopsis amblops (Rafinesque) (=H. gracilis Agassiz, 1854)0 
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H. aestivalis {Girard.ll 1856); !!,o hyostomt1$ (Gilbert.11 1885), !!., 8!,lidus 

(Girard, 1856); !!o meeki Jordan am Everma.rm, 1896; !!o monacus (Cope, 

1868); !!o dissimilis (Kirtlani., 1841); and !!o watauga Jordan and Ever

mann (!a,g Jordan, 1888) .. Couesius and Plat:y;gobio were also changed 

because Couesius milneri. {Jordan, 1878) became Couesius pl'Wllbeus by 

virtue of description of Gobio plum.beus by Agassiz, 1850; and Platy

gebio communis because Pla.tygobio gracilis when it was recognized as a 

junior synonym of Cyprinus gracilie Richardson, 18.360 

In their lepidologica.l study of some cyprinids., Cockerell and 

Alli.sen (1909) placed. Hybopsis gelidus (Girard, 1856) in their new sub

genus MacrhYbopsis .. Machrhybopsis remained a subgenus until Jordan 

(l920)listed it as a full genus with Ma.orhybo)?s:i.s gelidus (Gira.rd) the 

type species., Jordan (1918) formed the monotypic genus Extrarius !or 

Flzbops!:! tetra.nem.ws Gilbert, 1887., later Jordan (1924) · reviewed the 

genu !flbopsis, reoogaising Extrarius, Ma.crhybopsis, Erim.ysta:x:., Erine

mus $ Yuriria., and Nocomis as tu.11 genera., .· and a.lso erecting the new 

monotypic genus Erirrumax for Ceratiohthys monacus Cope:> 1868., previous

ly listed as H.ybopsis monacus (Cope3 1868) by Jordan and Evermann 

(1896)0 In the same review Jordan said, uThe name Hybopsis, in my 

judgement, should be restored to the Alburnops group (ot Notropis), in 

which the name gracilis has priority over blennius, stramineus, delio

iosuas, misaurienais and other recognized synonym.so" Hubbs (1926) con

curred with -.Jordan 9 s _l!;enerie_ revision of liY,.bJ;msis ~d further noted 

Erimtystax contained two species, !,o dissimilis and "E,, wa.tauga.o Hubbs 

also rE!lcognized. Erinemua hyalinus and stated, 11This is the species 

~ua~ but apparently wroi:ngly call.ad H:ybopsis am.blopa. 11 

Jordan~a decision to change the species composition of Hybopsis 
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must have been partly influenced by others;1 becaue, in his ana.ly$i5 of 

Hybopsis (Jordan.,1929)., he commented, "The analysis of the species of' 

Hybops::ls, Hyd.rophlox, and C:vprinella found within our limits is mainly 

furnished by Carl Leavitt Hubbs,, These genera, with Lwdlus and 

L;ythrurus» Mro Hubbs prefers to unite with Notropis., the oldest name 

applied to any of these small :mirmowso II Those species formerly of 

Hzbopsisj ioeoj Ho amblops, !!o labrosus., !!.o rubrifrons, !!o hzesinotus, 

and!!, .. storerianus were placed in the newly resurrected genus Erinemus .. 

Unfortunately» the transposition resulted in some confusion, since 

Jordan (1929) listed Erinem.us as containing only !,o h.yalinus, !o 

labrosu, !o hzpsinotus, and !o storerianuso Why !,o hyalinus was 

listed in favor of H:y:bopsis amblope is problematical .. The problem 

was further confounded when Hubbs and Ortenburger (192,b) listed 

Hzbopsie amblops as part. or Oklahomaus pisoifauna.o Moreover, they 

noted that a color sketch by Agassiz ot Hzbopais graoilia (-amblope) 

made virtually certain that Ceratichthz;s hyali.nua Cope was conapecitic 

with .H.o a.mblopso 

The genus Extrariue, former4' m.onotypic, acquired two species 

from Erim.ysta.x, namely Extrarius aestiva.lis and !,o h.yostomuso The 

genus was further enlarged by Hubbs and Ortenburger (1929a) after · 

inclusion of Extrarius sterletus (Cope, 1876), !,o marconis (Jordan 

and Gilbert, 1887), and the new species Eo australis Hubbs and 

Ortenburger, 1929ao 

The species Erimz!tax: meeki in Jordan and Everma.nn (l.896) failed 

to appear in Jerdan 1929; consequently, only two species of Erimystax, 

Eo di~Himilis and !o watauga were re<eognized thereino 

Nocomis kentuckinesis was not listed in Jordan (1929), whereas 
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both Noeomis biguttatus (Kirtland, 1841) and !o m:i.cropogon (Copej 1865) 

were listed under Noeomiso This was doubtless based on Hubbsa (1926) 

nomencla.tural revision of No., kentucldensis, wherein!• biguttatus, 

!,o m:i.cropogon» and the east coast relative,!• leptocephalus, were 

accorded full specific statuso Macrhybopeis, Platygobio9 and Couesius 

remained unchanged through 1929. 

In Jordan, Evermann, and Clark (1930) the speci~s of Hybopsis 

were still those of the Alburnops and Chriope groups, although 

Hybopsis gracilis, the type species of Hybopsis, was listed among themo 
., . ···: ,1·· .. ' r : 

Furthermore, Erinemus h;talinus; a junior synonym of !!o gracilis, was 

listed among the species of Erinemua recognized earlier by Jordan 

(1929). Unfortunately, no explanation was offered to clarify the 

mome:nclatural problem created by the two listings. According to 

J(l)rdu, Eve:rmamn, and Clark., the genus Maerhybopsis included Macrhy-

popeis gelida, J! .. aestivalia, !!o marconim, !o sterletus, ~ montana 

(Meek),3 and Ho hYostoma, most of which were taken out of Ex:trariuso4 

Arter loss o:f most :fer.ms, .~ra.rie again became monotypic with !• 

tetranemus the only species listedo The species Nocomis biguttatus 
.'· 

listed in Jordan (1929) was synonymized with N. kentuckiensis; however 

!o m:i.cropogon was still considered a distinct species. Couesius 

"In a footnote Hubbs and Orlen.burger (1929a) noted that Hybopsis. 
montana. Meek was a synonym of the barbelless Nortopis dorsalis E!'e,
tolepis. Perhaps this information was-not available to Jordan, 
Everma.nn, and Clark before their Check=list went to press. 

4 . 
Jordan, Everma:nn, and Clark (19.30) changed the spelling of 

Macrh.ybopsis ·f;ill~}9 !o monat~.1> and![. hyostoma from that in Jordan 
and Evermann 189· s~ that the specific names were of the same gender 
as Macrh.ybops1$o For the 21am.e rea60n 9 11imilar spelling changes were 
made in other genera. 
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acquired. additional fol"Jll8 .9 namely Q.,.. squamilent us (Cope, 1871a); Q. o 
. ' 

greeii Jordan., 1894; C" dissim:ilis (Girard, 1856); and Co adustus Wool-- -- . . 

:mail.9 1895, many of which ~re r~vived synonyms of Q. plmnbeuso Two 

additional species, Platygobio JLhysignathus (Cope, 1876) and l_. pallidus 
... 

Forbes, 1883_, we,re 1isted ~th Platygobio gracilis.. The genera Yuriria 

and Erime>:na.x,_represented by!•~ and !o mona.cus, respeetivel;y, re

mained m.0notypic as in Jordan (1924)0 The genus Erim.ystax:. remained as 

in Hubbs (1926) with !,o dissimilis and!" wa.tauga the onl;y species" 

A new genus Oregonichthys Hubbs, established for H:ybopsis cram.eri 

Snyder, 1907, appeared in Jordan, Ever.ma.rm, and Clark (19.30) accom

panied by a reference to a paper by c .. Lo Hubbs which was never 

published.. Schultz and Hubbs (1'961), in clarifying the nomenclatural 

problem, noted the genus had been mentioned earlier in Schultz (1929)., 
. -

and that. a diagnosis appeared in Schultz (1931)" @regoniehthys 

erameri was next listed without a diagnosis in Schultz and De Lacy 

(1935, fide Schultz and Hubbs, 1961), and., shortly thereafter, in 

Schultz (1936) .. T~e species Q.o c'Ulllingii (Gllllther, 1868) formerly 

Cerat.ichthzs cJm11!.ngii., listed in Jordan., Everma.nn, and Clark (1930) 

trom the type onl;y, was :not listed in Moore (1957) or mentioned by 

Schultz and Hubbs (1961) •. No reason., other than dubious locality 

data, has been given tor igmering this species. 

Except tor minor shifts and. groupings (eog.,, Notropis parperi 

Fowler changed to Erimystax: h~rperi5), the species composition of 

5Eringrstax: harper!, originally described as Notropis hatperi by 
Fowler (1941), was listed as Erpi,ystax ha.rperi by- Bangha.m (1941). · 
This listing was regarded as a :nomen n1ldum by Hubbs mi Crowe (1956). 
Marshall (1947) next listed !o harperi., but without nomen.clatural 
juetificationo 



Hybopsis 9 Eriystaxj Nocomis, Ex:trarius, Couesius, Platygobio, 

Oregonichthys, and Yuriria remained rather stable for the next 20 

years. Then, in. 1951, Bailey placed these separate genera in.to the 

single genus Hybopsis which he said~ 11 • oois properly to be treated 

as feminine o II Although skepticai of the merger, Hubbs and Crowe 

(1956) reviewed the suigenus Erimystax and described the species 

Hybopsis cahni, !! .. insignia, and!!, .. x-pllll.ctata. In the same paper, 

the spelling of Hybopsis monacha (formerly Erimona:x:: monacus) was 

discussed.. Thus., as recognized today (Moore, 1957), the genus 
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Hybopsis consists of the following species: fl. aestivalis, !!• amblops, 

!!• bellica9 !!• biguttata, !!• cahni, ~· cra.meri, !!• dissimilis, ff. 

gelida, !!• tracilis, !!• narperi, !!• hyPsiz!;ota, !!• insigp.is, fi. 
. ' I 

leptocephala, fi• meeki, ~. rltlcropogon, fi• plumbea, !!.• rubrifrons, 

!!• storeria:na, and!!, .. x-puiictata. 



CHAPTER V 

CEPHAUC LATERAL-LINE SYSTEM OF HYBOPSIS 

According to Dijkgraa.f' (1962), lateral-line canals presumably 

appeared when ancient benthic fishes evolved into free-swimming forms 

or when they invaded lotic environmentso Conceivably, these benthic 

fishes possessed skin neuromasts which functioned in detecting 

microcurrents; however, once their successors moved into lotic en

vironments or began to swim, the receptor function of the superficial 

neuromasts was probably interfered with by constant stimulation from 

currents passing over the body surfaces. By incorporating some of 

the exposed neuromasts into canals, sensory fatigue might be circum

vented, although knowledge of the external environment was undoubtedly 

modified slightly. 

Rauther (1925) first mused that most fishes with well developed 

lateral=line canals were fast or persistent swimmers, whereas forms 

with reduced or wanting canals were usually slow or intermittent 

swimmers, or bottom dwellers. Since 1925, other investigators have 

substantiated Rauther 1s generalizations. In particular, Dijkgraaf 

(1962) observed that the stream-dwelling cobitid Nemachilus barbatulus 

has cephalic and trunk canals, while its muddy-water cognate MisgtU"nus 

foasilis has only a few exposed neuromasts and no canals o He further 

indicated that the stream~welling Neoceratodus of Australia has 

closed head aui trunk canals, while its swamp-dwelling relative 
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Lepidosiren of Brazil possesses only scattered skin neuromastso 

Branson and Moore (1962) showed that reduced canals occurred in some 

less active centrarchids inhabiting quiet environmentso Reno (1966) 

observed that the lateral-line canals of the lotic species Notropis 

volucellus are well developed, whereas they a.re reduced in the slug

gish-water species !o buchananio Linder (1958) found that eggs of 

Etheostoma. speotabile and!• ra.diosum fertilized in vitro developed 

into individuals without moat or all of the lateral-line system, yet 

individuals from natural surroundings have normally developed canals. 

In ·the pirate perch Aphredoderus sayanus (Moore and Burris, 1956), 

the blind cave fish TphlichtbYs osbornii (Dijkgraaf, 1962), and 
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some sun.fishes of the genus Lepomis (Branson and Moore, 1962), hyperde

veloped parts of the lateral-line system suggest that environmental 

limitations on other sensory modalities have been compensated for by 

the lateral-line system. 

In general most investigators agree that reduction or simplifi

cation of the lateral=line system or hyperdevelopment or specific 

parts is secondary and, in many instances, indicative of environmental 

specializationo Gosline (1949), however, warned, 11 There is no way of 

knowing that the 'simplest' type of canal system may not be secondar

ily 'simple' rather than primitiveo And there is no reason why a 

relatively specialized fish might not retain a primitive sensory 

systemo 11 He, along with Illick (1956L also pointed out that 

differences in the lateral-line system per se do not necessarily 

represent phylogenetic lines and that a phylogeny should be founded 

on information from other systems as well, because significance of 

any one system in phylogeny depends, in part, on how well it agrees 
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with other systematic characters. 

In comparison with those of other taxa, the lateral-line systems 

of North American cyprinids are com.parativell' 11 simple 11 ; that is, the 

amount of secondary branching is minimal, some canals are commonll' 

incomplete, and, in some instances, canal reduction is maximal. Among 

the s~ecies of Hybopsis, the relative completeness of canalsJ the 

size., number, and position of canal pores and canaliculi; and the 

structure., size, and distribution of skin and canal neuromasts provide 

some insight into species ecology. These data, µi conjunction with 

studies on the brain patterns and concentration of taste buds (Davis 

and Miller, 1967), provided substantial foundation on which to base 

tentative phylogenies for some subgenera within the genus Hybopsis. 

The nomenclature used in describing the canals or the cephalic 

lateral-line system is that of Reno (1966)0 Unless otherwise 

stipulated, the canals on the left side of the head are described 

and, in general, the descriptions are applicable to the corresponding 

canals on the other sideo 

Subgenus Extrarius 

This subgenus consists o:f the single species Hybopsis aestivalis 

which is divisible into six subspecieso In agreement with Moore 

(1950), no discernible lateral-line differences were observed between 
•" 

subspecies; therefore, the lateral-line system illustrated and de-

scribed is considered representative of the species (Fi~. 3)o 

.In!:!• aestivalis the usual position of the infraorbital (IO) 

canal is alteredo The canal begins far forward on the snout, gentll' 

curves posterodorsad passing below the eye, and bends dorsom.esad to 

the level of the upper margin of the eyeo Since!!• aestivalis is a 
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Fig .. .3o Three views of Ity't ,psis aestivalls illustrating the canals ~ 
the cephali~ lateral-line systemo Abbreviations as in 
Figo 2o 



bottom-dweller, the tilting or the head axis slightly downward and. 

elongation or the snout account for the lengthening and angular ro-
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tation or the !0 cana.lo Posterodorsad to the eye, the IO canal turns 

sharply caudad, is now termed the "postoeular commissure" (POC), 

continues as a straight line bending dorsomesad prior to confluence 

with the supra.temporal (ST) canal and cephalic la.tera.lis (CL). The 

POC ~anal has been variously called ~he "lateral canal'' by Hubbs and 

Cannon (19.35) sad Moore (lC,50), 11temporal canal'' by Lekamer (1949)., - . 

"cephalic la.teralisu by Branam (1961)., and as pa.rt of the infra

orbital canal by Illiok (1956). The CL canal is a short, chevron

shaped tube directed posteroventrad. from the POC canal to the bodT 

la.teralle. 

The ST canal., usuall.1' conformi.Jlg to the intersect curvatur~ of 

the skull and. trunk., branches ett t.he POC-CL junction and ei:t~er 

partiall.1' or wholy traverses the posterior edge of the cranium. As 

in most cyprin.ids., the supra.orbital (SO) canal is incomplete; that is, 

it rarely- intersects the POC canalo The SO canal begins sli~tly 

mesad to the anterior border of the nostril, bends mesolaterad a.round 

the nostril, arches mesolaterad over the eye., and terminates approx-

ima.tely midway across the parietal bone dorsomesad to the POC canal. 

Called the operculomadibular canal by Moore (1950)., the preoperculo

mandibular (POM) canal is in.complete, at least no connection with the 

POC canal was observedo The POM canal, deeply embedded in the flesh 

of the jaw, starts slightly posterol.aterad to the mandibular sym.ph7sis, 

passes caudad across the anteroventral tip of the preopercle, turns 

dorsad. as a series of short arches along the posterior margin of the 

preoperele, and terminates near the top of the boneo 
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In!!• aestivalis the minute lateral-line pores open directly into 

the canals or are displaced to the terminal ends of tubular canaliculio 

Anteriorly, the canaliculi of the IO canal project downward and open 

along the dorsolateral margin of the upper lip. Beneath the nostril, 

canaliculi are usually.wanting, although pores are present (compare 

IO canals dorsal view, Fig. J.), and below and behind the eye the 

canaliculi are directed vent.rad and posteriad, respectively. Where 

the IO canal intersects the POC canal, a canaliculus projects dorso

mesad toward one from the SO canal. The other POC canaliculi are 

ventrally positioned., although the last, generally associated with 

the POC-CL junction.., is sometimes displaced dorsally as a member of 

the ST series or caudally as one of the q1, Other CL canaliculi are 

usually positioned after the .flexure and pointed cauda.cio The nasal 

porti.on of the SO canal la.eke canallcull, instead the pores open 

directly into the canal. Above and behind the eye, the series of 

laterally directed oanalicull gradually become longer caudally with 

the ultimate ca.naliculus almost reaching its · IO equivalent o The 

parietal portion of' the SO canal is considered a canaliculus for 

reasons to be discussed later o Canaliculi of the POM canal gradually 

become longer toward the posterior limits of the canal. Those on 

the mandible are short atrl directed posteromesad, while those on the 

preopercle are longer and oriented perpendicular to the exposed edge 

of the boneo 

H. aestivalis is morphologically the most plastic species of 

Hybopsis, perhaps because it occupies the widest variety of aquatic 

emviromnents. Davis and Miller (1967) showed that the brain patterns 

and taste bud concentrations in different forms of !i• aestivalis are 
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indeed 9 highly plastic and closely correlated with habitatso Fortun

ately 9 sufficient specimens were available for statistically testing 

the variability of pore$ in each lateral=line canalo Because pore 

counts in fishes from certain drainages were more variable than others 

and,the oversall number of pores in each canal small, the square root 

of each pore count was ta.ken so that the transformed data were approx

imately normally distributed and the means and variances independent 

and homogeneouso The null hypothesis of no difference in pore counts 

between drainages was proposed and tested with the appropriate npn 

value. All canals except the supratemporal, which i~ complete or 

incomplete within populations, were analyzed and only the infraorbital 

and preoperculomandibul.ar canals proved significantly different at 

the 0.01 and 0.05 confidence levels, respectively. 

Since the a.;nalyses provided little information as to which 

drainages contain statistically dirferent populations, the transformed 

mean pore counts from each drainage were ranked and analyzed accord

ing to Duncan's New Multiple-range Test (Steel and Torrie, 1960)0 

Once the differences were located~ the transformed means were squared 

and plotted (Tables I and II)o 

Obviously the rankings given in Tables I and II are not discrete, 

rather overlapping as anticipated., Several points, however, warrant 

further elaborationo 

That the rivers of the Great Plains are muddy through most months 

of the year and that light penetrates only the first few centimeters 

of the surfacej leaving the major portion of the river devoid of per

ceptible light, is well documented. In order to thrive and fulfill 

ba~ic biological requirements in such,, environments, some morphological 
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modifications are neoessa.ryo Some forms of!• aestivalis a.re adapted 

to such conditions, an:i., in fact., so well so as·to be the mst comm.on 

resident in certain loealitieso Seemingly., reduced visual acuity 

has been so successf'ully augmented by hyperdevelopment of cutaneous 

sense organs and barbels that individuals in muddy water detect the 

_ presence and palatability of food, propinquity of adversaries., and 

direction of currents without much difficulty. Conversely, some forms 

dwell. in semi.turbid md/or clear stream.so These forms, ustUi,ll;y 

possessing larger eyes, fewer gustatory organs, and smaller barbels, 

apparently rely more on sight in securing food and eluding enemies 

than the accessory sense organs used by their turbid-water cognates 

(Moore, 1,so; md Davis and Miller, 1967). 

Apparently wate:t" quality qua.ntitative:1.1' a.f:feeta the number of in-

fra~rbital canal pores, because mean pore counts from !!o aestiva.lis 

of muddy rivers (Arkansas, Ninnescah, etc.) are lew., higher in rivers 

of intermediate quality (Pecos), and still higher in semiclear or clear 

rivers (Pearl» Wabash, etco)o If this trend is real, the mean pore 

counts given for the Arkansas and Red Rivers indicate that !!• aes

tivalis in_these rivers are probably in the process of changing. Some 

populations of H. aestivalis :in. the Red River drainage exhibit high - . . . ' .... 

pore counts for no apparent reason unless dams constructed in the 

past have effectively altered turbidities so as to-stimulate develop-

ment of additional pores. Recent construction of dams along the 

Arkansas has effectively decreased turbidity levels, although in-

sufficient time has elapsed to perceive a;ny changes in mean pore oounts. 

Future .. investigations on !!o -aestivalie of the Arkanu.s may clarify the 

connections: between improved:. water quality and high pore counts. 
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According to Mo@re (1950)9 past turbidity levels in the Red ~x~ 

ceeded those for the Arkansas; therefore, if the mean pore count from 

the Red were corrected for peculiarities, that is, the abnormally high 

counts disregarded, the new mean would closely approximate that of' the 

Arkansaso Such mathematical manipulations suggestithat the Pecos River 

is an intermediate quality stream .. Indeed, Davis and Miller (1967) 

obiserved that the !!o a.estivalis inhabiting the Pecos are, .in some 

respects, intermediate between and., in others, dramaticall.¥ dif'ferenct 

from ferme of other drainageso 

Water quality effects a.re seemingly confounded by the data. pre

sented. in Table IL The drainage• which were neatly ordered in Table 

I are more or less randony dispersed without regard to turbidity 

levels. This chaotic arrangements is perhaps the result of H.• 

aestival.is being an epigeal epeoies groping about with barbels and f'ina 

tctuohing the aubetratea In silty ... wate:r forms the suspended particles 

homogeneously affect the entire lateral-line system, whereas in semi ... 

turbid or olear'-water forms microeddies created by the bar~els (?) and 

fins produce turbidities which, in limited areas, approximate those 

of muddy streamso Conceivabl.¥, this might inhibit the devlopment of 

ex:tra POM canal pores and explain the low variability in pore counts 

between drainageso 

Unfortunately9 the effects of turbidity on the lateral-line system 

were not clarified by quantitative estimates of canal arrl superficial 

neuromasts obtained from the few drainages sampled histologicallyo 

Subgenus Hybopsis 

At present, the subgenus Hybopsis includes the species !!o amblops, 
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!!o hyP:Sinota, !!o la.brosa., !!o ru.brinfrons, and !!o storeriana.. Moet 

manifest few modifications for specific habitat types, albeit large 

eyes., blunt snouts, and smala. barbels are characteristic of all but Ho 

labrosa which has long barbels., small eyes, and a terete body .. 

To date.little information is available on the ecology of the 

group.. !!_ .. amblops, an inhabitant of sma.11- or medium-size streams of 

low to moderate gradient, is us~lly found in pool~_or riffles_~th 

sand or fine gravel bottoms .. Apparently, J!o a.mplops is very suscep

tible to. silt, pollul.ants, and other sustanoes which adversely alter 

water quality (Trautman..? 1957) o !!o storeriana., found in many lakes 

and rivers of the Great Pla::lns, evidently prefers areas with sand . . . 

and/or gravel bottoms. Although dwelling in turbid streams, ~! 

etoreriana responds negatively to excessive siltation by moving into 

smaller streams or less turbid microenv.irons (Trautman, l957)o Infor

mation on the ecology of the 0ther species is la.eking; however, the 

superficial appearance of the .brains and cephalic lateral-line systems, 

and the quantity and distribution of cutaneous sense organs permit 

inferences about their ecological requirementeo 

To deveiop insight into the ecology 0£ the little lmown species, 

the cephalic lateral-line system of !!~ labrosa is dieouesed first o, 

For the most pa.rt, each lateral-line canal begins.? traverses, an:i 

terminates in approximately the sa:me areas as those in!• aestivalls 

(Figo 4)o However3 some pecularities are evident and require elabora-
; 

tion, ioeo, the ST eanal is :incomplete, generally terminating lateral 

to the occiput.? and the POM canal frequently interrupted betwee~ the 

.~ble and preo~rcleo In general the ca.nallculi are longer, pores 

larger, and mean pore counts per canal higher in H.. la.brosa than in · 
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Fig,. 4., · · Three viE;WS of HybC?J?aiiis la.brosa illustrating the canals of 
the cephalic lateral=1ine syetemo Abbreviations as in 
Fi~. 2o 
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!!_ .. aestivalis (Table III).. Unfortunately, onll' a few 11pecimeru11 of g .. 

labrosa were available for examjnation; consequently, some means given 

in Table III (e.,g .. , supraorl;>ital canal) are probably exaggerated and 

not repreiJentati ve or the species.. , Anterior 1y, J IO canaliculi open 

a.long the margin of the upper lip, 2 or 3 downward between the nostril 

and eye, and 3 or 4 below and 1 behind the qeo Unlike !!a aestivalis, 

most POC canaliculi project dorsomeead toward the SO canal, the first 

or second sometimes fusing with a so cognate (compare so canals dorsal 

view, Fig" 4) o The terminal POC canaliculus opens ventra~ from the 

POC=CL junction .instead o:f being variously placed around the junction .. 

The mandibular canaliculi of the POM canal project vent.rad and those on 

the preopercle a.re reduced in. size am concentrated at the bend of the 

preoperale., Cana.licular modifications in other canals are insignifi

cant .. 

Fide ]Branson and Moore (1962) and Reno (1966), the total number 

of sense organs in each canal may be estimated by counting canal pores, 

since a single neuromast is usually positioned between two consecutive 

pores .. However, this ~ch~me i~ often err~neous., because pores deleted 

by canal anomalies or obliterated by outside forces result in two or 

more organs between consecutive poreso Also., it is sometimes diffi

cult to distinguish between the canal proper and a canaliculus o These 

sources o:f error were circumvented by histological]y counting the 

organs in each canal., Disregarding canal variability and ~ra.neous 

modifications, the mean number of canal neuromasts (Table IV) in Ho 

labrosa and !!o aestivalis closeJ.t parallel the mean canal pore counts 

given in Table III.. Conver~ely, thE!i number and d.istrlbuti@n of super

ficial neuromasts seem indepenient of the canal ~stem (Table V)o 



TABLE III 

MEAN PORE COUNTS AND RANGES FOR EACH .CANAL OF THE LATERAL-UNE SYSTEM IN SPF.CI.ES OF HYBOPSIS 

Species Infraorbital. Postocular Cephalic Supra- Supra- Preoperculo-
Coilllllissure Lateralis orbital temporal mandibular 

Subgenus Eictrarius 
!!• aestivalis 14.2 (10-19) 2.5 (1-4) 1.9 (0-4) 7,6 (6-10) * 11.6 (10-14) 

Subgenus Hybopsis 
1.0 (0-2) !!• h;ypsinota ll.3 (10-13) J.6 (3-4) 7.2 (5-8) 2.3 (1-3) 3.9,6 (3,5-5, 7) 

H. rubrifrons 12.0 ( 9-15) 2.3 (0-3) 1.0 (0-2) 8.8 (7-10) 1.5 (1-3) 10.1 ( 8-12) 
H. labrosa 12.5 (10-13) 3.0 ( J) 2.0 (1-3) 8.7 (5-10) 2.0 ( 2) * g. amblops 13.2 ( 9-16) 2.8 (0-4) 1.2 (0-4) 8.9 (7-11) 2.5 (1-5) 10.8 ( 8-14) 
!!• storeriana 13.6 (10-16) 2.8 (0-5) 1.6 (0-5) 9.5 (6-12) 4.4 (2-7) 12.4 (10-15) 

Subgenus Erimystax 
H. cahni 9.3 ( 9-12) 2.8 (2-3) 0.8 (0-1) 7,8 (7-8 ) 3,0 (2-4) 7.8 ( 7-8) 
![. x-punctata 10.5 ( 8-12) 2.9 (1-,5) 2.6 (1-4) 9,3 (7-11) 5.0 (3-6) 8.1 ( 7-10) 
H, monacha 11.0 (10-l2) 2.9 (2-3) 2.3 (2-3) 8.o (7-9 ) 4.3 0-5) * g. harperi 11.9 (10-14) 3.1 (2-4) 2.1 (l-6) 7.9 (5-10) 1.9 (1-3) 10.1 ( 7-11) 
!!• insignia 11. 9 (11-13) 2,0 ( 2) 3.o ( 3 ) 9.6 (8-10) 5.2 (5-6) 7.9 ( 7-9) 
!!• dissimilis 12. 5 (11-14) 3 ,3 (2-4) 2,9 (2-4) 10.2 (8-11) 5.5 (3-7) 8.3 ( 8-10) 

Subgenus·~ 
( 9-13) 3,8 (2-4) 2.7 (2-3) 8,0 (6-9) 6.8 (3-7) 9.5 ( 9-11) H. bellica 11.1 

g. leptocephala n.4 (10-13) 4.6 (3-6) 2.6 (1-4) 8,9 (8~11) 6.8 (5-9) 9.0 ( 7-10) 
!!• (Nocomis) sp.2 11.5 (10-13) J .2 (2-4) 2.5 (2-4) 9.2 (8-11) 6,4 (5-9) 9.6 ( 9-10) 
!!• micropogon 1L8 ( 9-14) J.2 (2-5) 2.0 (0-J) 8.2 (6-10) 5.0 (4-7) 9.0 ( 7-10) 
!!• (Nocomis) sp.1 12. 9 (11-14) . 2.9 (2-4) 2.3 (2-J) 8.9 (7-11) 5.2 (4-7) 10.0 ( 9-12) 
!!, biguttata 13.5 (12-15) 4.6 (1-5) 2.2 (1-J) 10.J (9-12) 6.o CJ-7) 11.4 ( 9-12) 

Subgenus Macrhibopsis 
H. meeki 11. 7 ( 9-1.3) 4.4 (J-5) 1.7 (0-J) 7.0 (5-8 ) 2.3 (1-4) 10.2 ( 8-1.3) 
g. gelida 13. 0 (12-14) 4.0 CJ-5) 1.9 (0-.3) 8.9 (8-12) 4.1 (3-5) 10.1 ( 7-11) 

Subgenus Platygobio 
!!• gracilis 11,8 ( 9-15) 5.1 (4-6) 2.1 (1-3) 8.4 (6-10) 5,5 (4.;.9) 12.8 (11-16) 

Subgenus Couesius 
!!• plwnbea 12.8 (11-15) 3.6 (2-5) J.O (2-4) 8.5 (7-11) 2.4 (1-J) * 
Subgenus Oregonichthis 
!!·~ * * * * * * 

* Accurate pore counts were unobtainable, because the canal is complete, incomplete, and/or rudimentary 
within populations. 

Comma(,) denotes canal is incomplete. 



TABLE IV 

MEAN CANAL NEUROMAST COUNTS AND RANGES FOR.EACH CANAL OF THE IAT:mAL-UNE SYSTEM IN SPECIES OF HYBOPSIS 

Speci,ee Ini'raorbital Poetocular C~phallo Supra- Supra- Preoperculo-
Commieeure lateralie . orbital temporal mandibular 

Subgenus ·E>ct.rarius 
!:!• aestivalis 13,9 ( 8-15) 2,4 (1-3) 2.1 (1-4) 7,9 (6-9) * 11.2 ( 9-13) 

Subgenus Hybopsis 
2.0 (i-3) 2.6,3,3 (2,5-3,5) !!, hypsinota ·· 9.2 ( 8-12) 3,0 (2-4) 6.8 (6-8 ) 2.1 (1-3) 

H. labrosa 11.0 ( 9-12~ 2.7 (2-4) 3,0 (2-4) 6.5 (6-8 ) ', 2,3 (1-3) * ii. riibi=rrr'ons 11.2 ( 9-12 2~8 (1-3) 2.0 (1-3) 8,1 (7-9 l · 2,0 (1-3) . 9,4 ( 7-12) 
g. ainblops 11.5 ( 8-13) 2.0 (1-3) 3 .o ( 3 ) 8,2 (7-10) 2,0 (1-3) 10.0 ( 7~12) 
!!, storeriana 13 ,8 (11-15) 2,3 (1-4) 1,9 (1-3) 9,0 (7-12) 3,9 (1-7) 10.2 ( 8-12) 

Subgenus. Erintystax 
3,0 ( 3 ) H, cahni 8.0 ( 8 ) 1.5 (1-2) 7,5 (7-8 ) 2.5 (2-3) . 7,0 ( 7 ) 

!!• x-punctata 9,9 ( 8-11) 3,0 (2-4) 2.6 (1-3) 8.1 (6-11) 2.7 (2-5) 7,1 ( 6-9 ) 
H. monacha -g. harperi 11.0 ( 9-13) 2;0 (1-3) 1.9 (1-4) 7,0 (5-8 ) . 1.8 (1-3) 8.J ( 6-10) 
!!• insignis • 11.6 (10-13) 1,7 (1-2) 1.7 (1-2) 8.6 (7-,10) · 4,1 (3-6) 7,3 ( 5-9) 
!!• diseimilie 11,8 ( 8-13) 1.6 (1-4) 2.1 (1-4) 8,7 (7-10) 3,9 (2-6) 7,9 ( 6-9 ) 

Subgenus~ 
9,8 ( 7-11) 2.1 (2-3} ,' 1.8 (1-3) 6,9 (5-8) 4,4 (3~) 8.6 ( 7-10) H. bellica 

!!• (Nocomis) .ep, 1 10,9 ( 8-13) 2.1 (1-3) 7;0 (6-8) 8.8 ( 7-11) 
!!• micropogon. 11.0 (10-13) 3,1 (2-4) 1.9 (1-3) 7,2 (6-8) 4,1 (2-6) 8.8 ( 6-10) 
H, leptocephala 11.2 (10-12) 3,6 (2-4) 7,6 (5-9) 4,9 (4-6) 9,2 ( 6-11) 
!!, (Nocomie) sp.2 11;2 (10-13) 2,9 (2-5) 2.0 (1-3) 8,7 (7-9) 6.0 (5-7) 8,9 c .a-11> 
!!• biguttata 11.2 (10-13) 3,3 (1-4) 7,6 (5-9) 4,8 (4-5) 10.1 ( 8-11) 

Subgenus Macrhybopsie 
H. meeki 10 •. 6 ( 8-12) 
!!• gelida 

3,8 (3-5) 5,1 (4-6) 1.8 (1-3) 8.7 ( 6-10) 

Subgenus· Platy:gobio 
!!.• gracilis 9.8 ( 9-11) 4,0 ( 4 ) 7,3 (6-8) 4,8 (3-6) 12.5 (12-13) 

Subgenus Couesius 
!!• plumbea 11.1 (10-12) 3,0 (2-4) 2.0 ( 2) 7.5 (7-9) 2.0 (1-3) 8.7 ( 7-9) 

Subgenus Oregonicht!:!zs 
!!.-~ * * * * * * 

* Accurate canal neU1'0mast counts were unobtainable, because the canal is complete, incomplete, and/or 
rudimentary within ,populations. other symbols as in Table Ill, 



TABLE V 

MEAN SUPERFICIAL NEUROMAST COUNTS AND !WlGE.S FROM SDC HEAD RIDIONS IN SPECIES OF HYBOPSIS 

Species 

Subgenus Extrarius 
lJ.. aestivalis 

Subgenus Hybopsis 
lJ.. hYpsinota 
H. storeriana 
ii. labrosa 
ii. riibrifrons 
li• amblops 

Subgenus Erimystax 
H. cahni 
li• x-punctata 
lJ.. insignis 
H. dissimilis 
li• harperi 
ll.-~ 
Subgenus Nocomis 
lJ.. leptoc~ 
H. bellica 
ii. iiiicroo on 
E. ~ sp.2 
lJ.. biguttata 
lJ.. (Nocomis) sp. 1 

Subgenus Macrh:ybopsis 
lJ.. gelida 
lJ..~ 

Subgenus Platygobio 
ll.• gracilis 

Subgenus Couesius 
ll.• plumbea 

Subgenus Oregonichthys 
lJ..~ 

I 

6.8 ( 2..;.11 ) 

5 .• 0 ( 5 ) 
5.0 ( 1-9 ) 

10.0 ( 10 ) 
24.0 (21-27 ) 
73. 6 (25-154) 

· 6.o ( 6 ) 
7.8 ( 4-11) 
8.0 ( 3-12 ) 
9.3 ( 5-14 ) 

10.2 ( 8-12) 

6.5 ( 5-8 ) 
8.8 (. 0-15 ) 

10.0 ( 8-12) 
10.8 ( 9-13 ) 
14.8 ( 8-19) 
21.3 (17-25 ) 

5.5 ( 2-9 ) 
17 .5 ( 4-30 ) 

24.4 (12-40) 

11.8 ( 5-18 ) 

27.0 (24-29) 

II 

4.4 ( 1-9 

3.0 ( 3 
2.3 ( 0-9 
6.0 ( 6 ) 
8.5 ( 6-11) 

82.0 (20-140) 

3.0 ( 3 
1.5 ( 0-3 
2.0 ( 1-3 
3.5 ( 2-5 
6.4 ( 2-9 

2.3 ( 0-6 ) 
2.3 ( 0-5 ) 
1.3 ( 0-3 ) 
1.8 ( 0-3 ) 
5.2 ( 3-9 ) . 
1.3 ( 1-2 ) 

8.0 ( 6-10) 
22.8 ( 7-41 ) 

7.0 ( 2-18 ) 

7.7 ( 4-12 ) 

14.0 (12-16 ) 

III 

6.4 ( 2-12 

5.0 ( 5 
7.0 ( 6-8 
4.0 ( 4 ) 

17.0 (10-24) 
77.5 (28-139) 

3.0 ( 3 
3.0 ( 2-4 
3.2 ( 1-4 
7 .3 ( 6-8 ) 
7 .5 ( 3-13 ) 

2.0 ( 1-3 ) 
4.0 ( 0-8 ) 
5.0 ( 3-6 ) . 
2.3 ( 2-3 ) 
4.4 ( 2-8 ) 
2.7 ( 1-4 ) 

7.5 ( 5-10) 
23.3 (13-36 ) 

7 .6 .( 3-11 ) 

12.2 ( 2-13 ) 

20.5 (13-28) 

IV 

4.9 ( 0-9) 

7 .o ( 7 ) 
4.5 ( 3-6 ) 
1.0 ( 1 ) 

22.0 (12-32) · 
65.5 (31-94) 

5.1 { 4-6) 
2.1 ( 1-3 ) 
3.4 ( 1-5 ) 
5.3 ( 2-9) 
9.6 ( 7-14) 

2.3 ( 2-4) 
4.5 ( 0-11) 
4.0 ( 4 ) 
3.6 ( 2-6) 
6.9 ( 3-13) 
2.3 (1-4 ) 

2.5 ( 2-3 ) 
17.0 ( 5-40) 

6.6 ( 4-10~ 

8.4 ( 1-16) 

27 .o (15-39) 

V 

4.4 ~ 1-6 ) 

2.0 ( 2 ) 
1.2 ( 0-4 ) 

0 
22.0 (20-24) 
51.0 (27-81) 

1.0 ( 1 ) 
1.0 ( 0-2 ) · 
5.0 ( 1-6) 
8.0 ( 3-14) 

20. 7 (12-30) 

1.8 ( 0-4 ) 
7.0 ( 5-11) 
2.0 ( 1-3 ) 
2.0 ( 2 ) 
6.9 ( 5-9) 
5.0 ( 2-7 ) 

5.5 ( 4-7 ) 
19. 7 ( 3-70) 

7.6 ( 4-12) 

8.2 ( 1-18) 

42.0 (31-52) 

VI 

1.6 ( 1-3 ) 

0 
0 

5.0 ( 3-9 } 
10.5 (0-28) 

2.6 ( 1"'.'3 ) 
2. 7 ( 2..;.3 ) 
6.4 ( 3-9 ) 

0 
2.5 ( 2-3 ) 

0 

1.2 ( 0-3 ) 

1.0 ( 1 ) · 
7.8 ( 3-15) 

1.5 ( 1-2 ) 

4.8 ( 3-9) 

14. 5 ( 14-15) 

I= anterior nasal rosette; II= posterior nasal rosette; III= optic nerve head; IV =posterior sclera; V == pre
opercle bone; VI== junction of postocular commissure and supratemporal canal. f: 



In Ro aesti valis the small eyes 9 minute canal pores, large barbels, 

and shovel-like head are adaptio:m.s f'or a benthio existence in turbid-

water o:t moderate to f'ast f'lowo Similarly., the large barbels., larger 

eyes and canal pores., and general body appearance ot !lo la.brosa 

suggest that it., too, is a bottom-dweller., althoup living in. less 

turbid. waterso Th.e similarity of lateral-line systems and 1',rge 

number of' cutaneous taste buds in each species (Davia and Miller, 1967) 

further substantiate this supposition,. Moreover., the restricted. dis

tribution of superficial neuromasts ('l'abl.e V) and limited. geographical 

range indicate that the habitat of fi,. labrosa may be more narrow than 

previousq anticipatedo Perha.Ps only the head is in direct communi

cation with the ~vironm.ent. an:l the rest of the body sheltered bf any 

of several means,. With the head exposed, the presence and edibility 

of food, and proximity of social partners could be easily detected, 

yet the remainder of the body poised for response to adverse stimulio 

With respect to the other species of Hzbopsis, the lateral-line 

syste.rn.s are very similar 9 although ocmspicuous~ different from !!o 

labrosa (Figso 5....S)o Unlike Ho la.bresa, the anteriormost segment of 

the IO canal in the other llybopsis is rotated posteriad toward the 

a.nteroventral tip of the nostril and, from the edge of the upper lip, 

the canal mends posteriad toward the eye, eventual]y outlining the 

ventral and posterior margins of the orbito The POC canal arches 

caudad, straightening prior to confluence with the ST and CL canalso 

In !!o amblops am. J!o hypsinota (Figso 6 and 8), the CL canal is 
\. 

posteriorly angulate and in !o etor~riana and !o rubrifrons recti-

linear (Figso 5 and 7)o In all llybopsis except!!, .. labrosa, the SO 

canal, beginning anterom.esad to the nostril, extends straight 



4mm 
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Figo 5o Three viewa of H;ybopisis storeriana illustrating the canals 
of the cephalic lateiral=line systemo Abbreibiatione as 
in Fig. 2. 



2mm 

POM 

Fig. 6. Three views of Hybopsis· amblops illustrating the canals of 
the cephalic lateral-line system. Abbreviations as in 
Fig. 2. 
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Fig., 7., Three views of fu::Q.opa!Jis rubrifrons illustrating the canals 
of the cephalic lateral=line system .. Abbreviations as 
in Fig .. 2 .. 



2mm 

Figo 80 Three views of tlzbopsia hyp!:!inota illustrating the canals 
of the cephalic late~al=iine systemo Abbreviations as 
in Figo 2,o 



posterl';>IMBad ovl9lr the f:!ff8» bends sharply latera.d behind the eye:, and 

term.inateis about mid.way acro~e the pa.riatalo The ST canal1 complete 

in !!o storeriana.J) iw incompl~tei in the oth~rs » usually terminating 

paraocciputo The POM can.al ii! completa in all except !!o hzysinota, 

the inte:r:ruption being between the mandible and preoperoleo 
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De1pite dieeontintd:t7 in 1ome cia:ial1, tignificant lateraJ....liM 

differenc~1 e.xi.1t betweeiiu 1peci~eo In the main, lateral-line hetero

geneity is probabl;y the r~~ult of diff~rence8 in size, number, and 

arrangf!!maint of canal porisn5 and canalicu.1.io As pointed out earlier, 

inhabitants of silty ~trE1am.ei ueiually po~sess long oana.liculi» larger 

pores9 and» occasionally, incompl.ete canal.so In addition, species 

living in lentic= or lotic=like emriron:mm.ts exhibit lateral-line 

peculiarities indicative of one environm.ent or the other. With the 

habitat of!!• storeria~ variable and o.rt~n transitory» the ca.naliculi, 

a~ ~ected9 ar~ or interm.1$diate length and the oanal pores small 

(Fig. 5). Davi$ and MillBr (1967) tilltiggf.$Jted that [o am.blo_l2!, and 

perhaps !!• rubrif'roru1 and !!• h.YP®~9ta,9 avoid high=gradieiint streama 

11cowf#d fr1NJ iot $and am de·t,ritu~.11 b®li:l:a.U(!!l @f r~u.ced tl$ual acuity am 

poor ability to l.di©)at.e :food chE!!mically und~r such condition.so Since 

the pores a.r~ large and the canalliQ:u.li vaI"iou.:sly modified» being 

:small in !!• a.m.blo~ 9 r@du@ieid in !!o ~_!!~rifronai » and virtua~ absent in 

!o ~in@ta (Figs. 6=8)» it i~ highly improbable that thi$ lateral=line 

~tema in a:ny- ot the~e fi~hil:ll!!ll <:!ould .f'trmrtion nc»rmally in adttl.t$ra.ted 

enviro.mnents without ai©J@n. be::;1tom:in.g filled with debri8. Mare i!:!p~cifi= 

Gally, the larger por~~ and r@duced canali©ili. iof !!.o :rubri.fro:n.$ ~uggeat 

that itllll $treams may b~ ©f bsttel!" qt1Jality9 ~r more than likely.11 of 

lower gradi~nt than tho~ei G!!f' !fo ambl©Mo Con~®ivably.11 !!o rubrifrons 
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lives in stream. areas where the currents a.re not strong nor are the 

surroundings lentic-likeo Canal disruptions am canalicula.r loss 

indicate that !!o hypsinota may be a lentio-like species; that is., it 

perhaps lives in pools or mioroenvirons where currents a.re practioal.l¥ 

im.perceptibleo 

From!o storeria:na to !!o hypsinota.., the mean number of pores and 

canal neuromasts per canal grad:ua.l~ decrease (Table III-IV)e Despite 

higher numbers in some species (eogo, !!o aestivalis)., other factors 

t.han water quality may modify the structure of the lateral-line system. 

Structural simplification of the canals (ioeo, canal d.iscriptions., 

formation 0£ gutters., etc.) tends to :increase the number of super

ficial neuromasts., since the primary neuromasts remain in the skin 

rather than being seoon.da.rily ineorpdrated into connective tissue tubes. 

Itowever.11 superficial neuromasts are sparse in.!!• hypsinota., but exceed

ing~· abundant,_ in H,o amblops and H,o rubrifrons (Table V), thus indicat

ing that none of the above factors exhibit absolute controlo Perhaps 

some aspect of their behavior (schooling or spawning?) is facilitated 

by J..a,rge number8 of ventral and lateral skin neuromasts .. 

As noted above, the lateral-line syste.m. develops early during 

ontogeny and evidently most of the neuroma.stis are laid down at. tha. t 

timeo If the space between orgaruii incr6a.ees as an individual grows, 

the n:mnber of cutaneous neu:romasts viewed histologically at any point 

should diminish proportionally.. Ifowever.11 should euperficial neuro

:masts be added periodieal.l;r throughout life» the :n.wnber of sense 

organs 9 wh.Em. vi•ed. mieroseopica~ 9 would remain conta.nt or increase 

with growth., Indeed» superficial neuromast~ quantitatively decrease 

with reeJpect to length and.11 1m.like cutaneous ta.st bud.1S.9 (Davis and 



Miller., 1967)., few if any ar~ added secondarily (Figo 9)o 

Su.bgenus.Erin\Ystax 

The sugbenus Eri.J;yetax includes the nominal species Ho oahni, !!• 

dissimilis., !!• ha.rperi.., !lo insipis, !!• monacha, and !!• x-,ptmotata. 

With the exception of !!o ha.;ryeri, all Eril;yatax appear to be botton 

inhabitants adapted to riffle habitats in clear, fast-flowing streams 

(Davis and Miller., 1967)0 
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In general the lateral-line systems are similar in all Erim.ystax 

but !l,o harper~ and., because differences are minimal., it is difficult 

to select one species as a basis for comparison. The cephalic lateral-. , 

line system. of H .. monacha (Figo 10). l'lesem.bles that of H .. labrosa - - . 

(Fig .. 4) much more than do other species of Eri.Iz\Ystax. As in!!• 

labrosa., the IO canal of !!" mona.cha begint!i! far forward on the snout, 

graduall1' arches poeteroventra.d connecting·:, supralabial canalicull, 

passes posterod.orsad to intersect everal minute canalicull below the 

eyfiJ., and then turns dorsad. behind the f!Ye wher®i cana.liculi are few or 

lacking.., Since POC oana.liculi are absent, evidently this canal is not 

as intimate'.cy' aasociated with the SO canal as its homologue in. !lo 

labrcuia {compare SO canals in Figs .. 10 and 4).; The CL canal of H. 

monacha·is curved slightly posteroventrad (almost chevron-shaped) am 

the por1&e va.riously·placed a1ong its entirety. Unlike!!• labros,, 

the ST canal is complete and in both the SO canals similar, although 

in !!o monacha, where the canal bends behind the~' a single canali

culus projects posteronesa.d toward the :midline of the heado As in!!• 

labrosag the POH canal is often interrupted between the mandible and. 

preopercle; however, the preopercle canaliculi are more evenly spaced 
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Fig. 9. Quantitative comparison of superficial neuromasts between six 
head regions of H.ybopsis amblops. Measurements are standard 
length.. *Head reg:icma as~,,~g:o' ,.2..,<> ·• 
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Fig. 10. Three views of Hybopsis- mona.cha illustrating the canals of 
the cephalic lateral- line system. Abbreviations aa in 
Fig. 2. 
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along the margin ot the preopercle than in [o -labrosao Mean pore 

counts per canal for the two species are similar (Table III)o Mean 
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canal and akin nevomast co'UD.ts were not available for !!o monacha since 

specimens were not prepared histologicalJT. 

Since the lateral-line system of !• harpe:ri is unique., it will be 

discussed separately below .. Unlike H .. monacha.., the IO canal or the -. 
remajning species of Er:H5[!t&X begins slightly roetra.d to the nostril 

. . 
and passes ventrad tQWard. the lip where it intersects 2·canalicul1. 

These canaliculi are long and slender in !!o x-punotat.a., and!!• cabni 

(Figs. 11-12)., of medium length in !!o insignia (Fig. 13), and small and, 

in :part;., contiguou in!!• dissimilia (Fig. J.4). The third canaliculus 

of the series seen in!!• monacha is reduced in each an:l., in some., dis

placed posteriad. From the lip., the IO canal turns posterodorsad 

toward the eye, connecting several long canaliculi in!!• x-ptm.ctata 

(The,dorsal IO canaliculus pictured in Fig .. 11 lateral view is con

sidered a.na.ma.lous), several smaller canaliculi in !!,.-cabni and!!.• 

in.sign.is, and only ventrally placed pores in!!, .. dissimilis .. In the 

4 species tbe adorbital segment of the IO canal bears ni.edium to long 

ea.na.liculi., As in H. monacba., the POC canal of each species arches - . .• 

posteria.d and straightens meJQOposteria.d prior to joining the ST and CL 

canals. In!!• x-punctata and!!• dissimilis 2 (rarely l) eanaliculi 

project dorsad toward members of the SO canal, whereas in!!• insigaj.s 

and !!• eahni l (rarely 2) cana.liculUB pl'Q jects dorsa.d_. At the POC...CL 

jun.ction., only H .. oalmi has ventral.J.y directed ca.naliculi, in the 

other species, the canaliculi are directed posteriad. Unlike!!• 

mona.ena., the CL canal of each species is rectilinear, with the cana.li-
.. 

culi in!!• x-ptmctata and!!• insignia pointed posteromesad and in!!• 
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Figo lL Three vi~w of H.ybopsi! :?9:Ptm.ctata. illustrating the canals 
of the c®phalic latera1-=line systemo Abbreviations as 
in Fi~o 2o 
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ST POC 

Figo l2o Three views of Hybopsis- cahni illuatrating the canals of 
the cephalic lateral=line syatem.o Abbreviations as in 
Figo 2. 
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2mm 

POM 

Figo l3o Three view of Hybopsiff insignia illustrating the canals of 
t he cephalic lateral- line aystemo Abbreviations as in 
Figo 2o 



Figo 140 Three views of Iqbo;rn~is di-ssimilis illustrating the canals 
of th.e cephalic lateral=llne systemo Abbreviations as in 
Figo 2o 
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cahni and !!o disaimilis variou:cy- p]4ced and reduced in eizeo .Even 

' though the ST canal is c:omplete) all but !!o m.onacha, and to a lesser 

extent !!" cahni.9 have long.11 posteriorly directed canaliculi traversing 
> 

the skull=trunk intercept. In general the SO canal of the 4 species 

resembles that of!!• monacha; however, the ca.nalieuli gradually 

shorten in the fol,:J.o"Wing order: !:!o dissimilie, !!" x-punctata, !!• 

insignis.11 and!!" cahni., With the exception of occasional discontinuity 

in!!• monacha, the POM canal and canaliculi in the other species close

ly resemble those of' J!.., oonacha., 

Moat 8J)ecies of Erimystax: are probably bottom dwellers and live in 

clear, h:f6h .. gr~dia etreame... Sinoe most Erim.ystax posses11 large, up

ward projecting eyes, food is probably located by sight; however., 

Oavis and Miller (1967) showed that in some sight-feeding is supple

mented by cutaneous taste btriso Where species are sympatric (e .. go, 

Powejll Rivel) Tennessee)., comll)etition is probably reduced by dif.ferent 

food. requirements, feeding behaviors., amd/or po.sition within the 

limited space of riffleso More specifically, Trautman (1957) ob-

served !J. .. x~punctata and H .. d.issimilis living in close proximity 

( 11 000 within a few inches ...... 11 ) of each other, and noted that !lo 

X=ptm.etata wa$ usually found in riffles and !!o dissimilis at the base 

of riffles., He further suggested that !io tf:-punctata and !!,o dissimilis 

are apparently affected by $ilty conditions, since, in recent years., 

increasing liiltation in sane streams has modified their distribution., 

Earlier, however» Moore (1950) considered!!" x-punctata a. silty-water 

species and !!o dis.similiis a. clear=WRter form.. Mo@re a.Di Paden (1950) 

specified the h.abitat of![ .. x=:pnnctata as 11 .,.,., under flat rocks in 

shallow, fast water at the head of riffles.,n In such limited spaces., 
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turbidity levels could rltM't.9 perhaps the reeuJ.t of microeddy agitation 

o:t particles between and under rocke, and yet escape notice to the 

unaided h'WDBll qeo Morphelogical evidence presented by Davis and 

Miller (1967) eubstamtia.ted Moor11 and Paden's (1950) observations on 

!J. .. Hunctata, tor they wrote 11 .. o .. feeding 11 probably acoomplished.. 

by probing under :rocks and in crevices with its sensitive en0ut .... 11 

Latsral-line evidence (long canalioul.1 and minute canal pores), plus 

the concentration of superf'ioia.l neuroma.sts toward the snout, further 

imply that J!.. x-punotata. is a ''turbid...wa.teru species and that it seeks 

to~ as postulated by Davis and Miller (1967) .. Sh(i)rter oanaliculi 

and larger canal pores in FI .. diaeimilis (Fig .. 14) suggest that, al-

th0ugh it and !!o x-punctata. eccasiona.11.y live close together, their 

habitat requirements are very different .. Seemingly,!!" dissimilis 

:sh@uld seE!lk out quieter wa.tera (at the base of ri.ff'les?) where 

1JW3pended particles settle quickly and turbidity levels are lowo Also, 

the more er less even distribution of superficial neuromasts over the 

head ('Table V) indicat~s that IL dissimili$ lives (slightly above the - -~----
bottom?) where micrGcurr~ reception by the skin neuromasts is una-

bated and unmodified by surrounding obstacleso 

C~llections of H., cahni from the type locality in Tennessee (see 

Davis and Reoo 9 1966) revealed that!!• dissimilis and!!• insignia also 

occur at the same ~iteo Since the (i/jC@logy of !!• cahni and !!o inaignis 

is little known9 the en:vironmental and :morphological ~chanimrus which 

reduce competition between these species a.Di !!o dissi.nrl,lis is unknown. 

Perhaps the mi.nut® J)(l>l"iHS, 1.arger eyes (F'ig. 12), and fewest number 

of ta11te budi!.)) neuro:ma$tS.1> and cae.l por~s (Tables III=V) effectively 

isQlate :a .. cahni :into a ~e~~rlbed habitat (almost lentic-like?) where 



fo®d is :pNCured. visu.llyo Although pore and cutaneous sense organ 

counts are eouistently higher in Ho dissimilis (Table III-V; and 

Davis and Hiller, 1967), the skin taste buds are more concentrated 

on th~ snout, lip&, and enlarged gular region in Ho insignia (compare 

Figso lJ-ll+)o Furthermore, skin neuromasts are more lateral and 
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ventrally placed in the latter than in the former species.. It there-

fore seems.reasonable to assume that competition between!!• insipis 

and !o dissimilis is reduced by,! .. insignis groping about the riffle 

bottcm where, as stated by Davis and Miller (1967), it 11 " o" uses its 

lips :for toed detection or d.iscrimina.tio:non instead or relying more 

on visual acuit7 a.s does !o diesimilis,, Without eupplementa.ey 

histological evidence, it is ~aza.rd.oue to 1peculate on the ecological 

:requirements of !!o monaeha-.. 

The lateral-line system of !!o harper.i is more like those in the 

subgenus H;ybopsis than those in Erim.ystax (Figo 15)o In!! .. harperi 

the ST canal is incomplete, · the PGM canal shert, canal canaliculi 

reduced. or absent, a.nd pores l.argeo According to Marshall (1947) and 

Bailey, Wiml, and Smith (l«j54), !_ .. harperi lives irl springs, sma.11 

spring-fed creeks, limestone sinks, and eaves in northern Florida and 

a.djaeent parts or Ala.ba.mao In such environs., waters are clear and 

relatively free or suspended solids; consequently, as suggested by 

Davis and tiller (1967), !_ .. harperi is probably a sight~i"eed.er where 

conditions permito The possessi®n or numerous taste buds &l'ld. super

ficial neuromasts (Table V) and hyperdevelopment or certain canal 

pores (see snout and jaw: ~rtions of ro,.so, and POM ca.nals,Fig .. 15) 

indicate that sight perhape has been supplemented by other systems 

to permit location of food and avoid o.bstacles in crepuseular and 
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Figo 150 Three view of Ez_bopsia harperi illust:ra t ing t he canals of 
the cephlio lateral=line syBteDlo Abbreviati ons as in 
Figo 2o 
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Subgenus Nooomis 

As rec~gnized by Moore (1957), the subgenus Nocomis contains the 

nominal species !lo bellica, !!o biguttata, !!o leptocephala, and !!.o 

~cropogon., In this sttld.y two undesoribed Nooomis were also considered, 

i.'9.,., !!o (Noc~mis) ~ol and H. (Nooomis) sp .. 2o. The species !lo (Nocomis) 

sp .. 2 correspondlS t@ .f!., (Nocomis) ap., o! Davis and Hiller (1'967) .. These 

are currently being described byE. H .. Lachner and R .. E .. Jenkins .. 

Ba.si.cal.ly, the lateral-line systems of Nooomis are similar, as 

are the number of canal pores and neuroma.sts, and number and distri

bution o:r superficial neuromasts (Tables III-V).. In all Nocomis the 

IO canal, beginning anteroventrad to the nostril, projects ventrad to 

intersect 2 or 3 supralabial canaliouli., I.n !!o bellica, !!• (Nocomis) 

sp.1., and li• micropogon (Figs,, 16-18) the .3 supra.labial ca.na.liculi are 

evenly spaced and of equal length., whereas, in !!.o biguttata., g .. 

(Nocomi:s) IIPo;;p and !!o l~tooephala (Fi.gs., 19=21), 2 canaliculi oontaat 

the lip and the shorter third is rotated poste:riad away from the lipo 

In each species the IO canal slants posterodorsad toward the eye, 

eventually pa$Sing diagonally upward behind the eyeo In .3 species 

postorbital ca.na.liculi are reduc~d or lacking, otherwise the length 

ot the remaining IO canaliculi gradually decrease in_the foll.owing 

order: .tl, .. micropogon, !!o (Nocom.is) spo2, !!o (Nooomis) isp"l' !!o bellica, 

l[o biguttata, and !!o leptoaepha.lao The POC canal in all Nocomis 

arche.s mesol.aterad from the IO canal to the POC=CL junction and, in 

all except !!a :i,ie;utta.ta9 the first POC canaliculus iis directed doriiJad; 

the other cana.liculi, including the one at the POC:....CL junction, are 
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Fig 166 Three views of Ht,bopsis bellica illustrating the canals of 
the cephalic lateral-line system., Abbreviations as in 
Fig. 2 .. 
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· Fi.go l.7!>. Three views of Hyoops:is {Nocomis7 epa1 illustrating the 
· canals of th~ cephalic lateraL=line system.a Abbreviations 

as in Fi.go 2o 
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Fig., 18.. Three views or fllboP!iB :mtcfilpoe;on illustrating the can.a.ls 
. of the cephalic lateral.- · . e system.. Abbreviations as 

in Fig., 2o 
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Fig 19., Three vietnll ()f' Hzbopsi~J g_±guttata illustrating the eanal.s 
~f the cephalic la.t~ral=line $ystemo Abbreviationa as 
in Figo 2. 
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8mm 

Fig., 20. Three vi$WS of Hybopsis (Nocomis:} ap •. illustrating the 
canaufof the cephalic la.teral-line2system.. Abbreviations 
as in Fig., 2., 
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Figo 210 'l'hree vi.en of Byoopsis hpteicephal.a. illmitrating the canals 
of the cephalic la.t~ral...,.line sy~temo Abbreviations as in 
.Figo 2o . 
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ventrally placedo The CL canal is straight in all except !lo bellies. 

and !!o (Nocomis) sp .. 1 and., in general, the canaliculi a.re directed 

posterodorsad from the ca.nalo In all Nocomis the ST canal is complete 

with the canalicull. directed posteriad .. As in other Hybopsis, the SO 

canals of Nocomis begin at the nc,stril and pass mesolaterad around the 

eye, 1u1t.imatel.l' terminating far back on the parietal.. The SO ca.na.liculi 

1n most Nooomis are long. and laterally placed, with the last closely 

a.ppr0aehing the POC canal., In all Nooomis except B, .. biguttata, the 

SO canal regu.larl.l' intersected the POC canal, wherein the posteri0r 

segment of the SO canal was lacking (e.,g .. , compare SO canals dorsal 

view, Fig. J.6). The POM canals in all Nocomis are easential4' alike; 

that is, ditferenoes l1.n position, size, spacing., aJ'Jd number o:t 

cana.li.cul.1 are minimal between species. 

Mo:rpholcgical.17 qu!te aimile.r, the 1:peo:ie11 ot Nocomi1, .u:hibit 

few anatomical apecializa.tion1 for specific habitat typ.e1.. In most 

instances, identification of species :I.a depement upon the number and 

arrangement ot nuptial tubercles in males (Moore, l9S7)o However» 

during non'b:reed.ing 1eaaon1, tubercles are shed, thue making ident:Lfi ... 

cation of species and recognition of 1a: aceed.ingJ,1' dif'f'icult. Davis· 

and. !ill.er (1967) showed that brain patterns of all Nooomia are 1:1m:L

lar a.nd that, even though barbels are consp:Lcuoua, the paucity- of 

taste buds oaata doubt on the utility- o:t barbele in food location. 

f~ey suggested that food location is prinoipal4' due to visual re-

sponses .. 

In general all Nocomis inhabit relatively clear streams with sand 

or gravel bottons.. &>la species. (eog .. 9 !!o leptocephala and !!~fi.micro

pogon) inhabit medium- to large-size streams of m:>derate to high 
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gradient, while other (e.,g .. .ll !!, .. bigutta.ta) occur in small= to medium

size streams having mderate to sluggish currents (Iachner, 1950, 1952; 

and Trautman, 1957).. Unfortunately, the gross appearance of the 

lateral=line system.9 and number and distribution of associated sense 

organs o!:f'er little complementary information on these environmental 

generalizations .. 

Even though can.al pores of all Nocomis are large, the length of 

canal cana.liculi do not necessarily reflect environmental conditions. 

Instead., certain canaliculi are long to compensate for periodic 

changes in skin thickness which responds to seasonal fluctuations in 

hormonal levels. ·Numerous inveetiga.tors have observed that during the 

breeding season, the heads of Nocomis become greatJ.y robust and, in 

some instances, quite bizarre (see Fig. J.6 lateral view). If the 

canaliouli were not long, canal oomm'Ullieation with the exterior would 

be obliterated when the skin thickened. In areas where thickening is 

slight or nonexistent (e~.g., postorbital segment of IO canal), cana.li

cuJ.i are reduced or lacking with the pores opening directly into the 

canal., 

In certain localities some species of' Nocomis are sympatric; how

ever, the mechanisms of isolation are problematical., Lachner (1952) 

suggested interspecific competition is perhaps reduced by differences 

in habitat requirements of young and adults .. Competition may also be 

lessened by variance in eye position and degree of angular vision .. 

. The ability to see downward. increases in the following order: !!, .. 

leptocephala, H .. bellica, H .. micropogon 9 H .. (Nocomis) sp .. , H .. 
- - - - -- = l -

biguttata, and.'H .. (Noeomis} sp .. 2 .. Those forms Ul'lable to see downward 

may be botton inhabitants, locating food (Plant material?) by means 
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other than sightj whereas those with greater spherical viaion may 

swim up off the bottom, selecting food (plant and animal matter?) 

anywhere in the environment o According to Flemer am. Woolcott (1966), 

and Davis and Miller (1967), !:!o leptocephal.a and perhaps fl.o bellica 

are more herbivorows than carnivorous, and, according to Lachner (1950), 

!:!• mioropogon and !:!o biguttata ingest both plant and animal mattero 

Since., in some areas., li• micropogon is asympatrio with either li• 

leptocepha~ or!!• big~t,ata., the position of the 1111, plua alight 

differences in dietary requiremante may, in part., be reaponeible for 

reducing interepecific competition. 

Subgen11U1 Maorh,Ybopaie 

The aubgenua Macrh,ybopais conei1t1 of two nominal species., i.e • ., 

!!• 1elid& and li• meekio According to Moore (1950)., these .t'iahee 

inhabit the turbid waters of the Missouri and Missisaippi Rivera 

above southern Illinois and Missouri. Bailey and Allum (1962) noted 

both species dwell in swift waterj with !:io &!'lida usually over gravel 

bottons and!!• meeki over sandy areaso 

Moore (1950) observed that the lateral-line systems of fl.. gelida 

and!!• meeki are similar, although the ST canal is incomplete in !!o 

meeki (Fig. 22) and complete in!!• gelida (Fig. 2J). He further indi-

cated that in both species the SO canals are incomplete and that SO 

and POC canaliculi 11 000 often open in close proximityo 11 Since the 

other lateral-line canals of Macrhybopsis begin, traversej and termi

nate in approximately the same areas as those of H. aestivalis (Fig. 

3), the necessity of further verbal descri ption is eliminatedo In 

Macrhybopsis the canal canaliculi are the longest and the pores, in 
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Fig. 220 Three views of Hybopsis- meeki illWJtrating the canals of 
the cephalic lateral-line eyatemo Abbreviations as in 
Fig. 2. 
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Figo 230 Thr~~ vi~ of Hybopi,is- gelida illUBtratimg the canals of 
the cephalic lateral-line eystem.. Abbreviations as in 
Figo 2o 

75 
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part,j) the emalletSt of a.11 Hyoopsiso Despite some enlarged PO~ canal 

pores in !!o meeki and H .. gelida., morphological idiosyncrasies in both 
I 

cl.ose the pores and cana.liculi to prevent collection of detritus in 

the canal.eo Theoreticalzy"g in !!o meeki hydrostatic waves impinging 

upon the thin, rather fl.:i.m.sil.y constructed POM eanaliculi force each 

pore and canallculus shut., In !!o gelida the hyperdeveloped POM canal 

pores, situated in grooves behind the jaw, are closed and the eanali

culi pinched when the mouth is 11 olosed.11 and pharyngeal cavity relaxed .. 

Davis and Miller (1967) indicated that brain patterns of Ma.crhy

;eopsi! 11 000 are the most aberrant of any Hybopsis, approached only by 

t;urbid-t1t1ater forms o:t Ex:trariua o" Mean pore counts for Maorhybopsis 

closely correspond to those of fi .. aestival.is (Table III) .. Even though 

the I© canals are shorter and the POC canal longer in ~Q!h,YbOJ?Si! 

than in g .. !e!llltivali_!,g the summed IO and POC pore means for Maorhz

bopsis an.d Extrarius are very aimilaro However, pore count figures 

published by Illick (1956) are higher for Ex:trarius than Macrhybopsis .. 

Mean 5lu;perficial n~uromast crount~ f©r !!o g_el:ida and !!o ~stivalis are 

similar, yet dramatically different from g .. ~eki (Table V)o Since 

most of the !!o meeki prepared histologically were juvenile:s9 the means 

presented are probably exaggeratedo Undoubt~Jdlyjl with increased 

growth, the number of $kin neuromasts would diminish proportionally 

as in .ff .. amblop$ (Fig .. 9)o Therefore, considering the mnall figures 

more or les$ representative of adult H,, meek:ill counts .for Macrhybopsis 

and Extrarius are similaro 

M(j)rphological similarity of certain senlSo:ey modalities in !!o 

gelida9 !! .. nreeki,j) ap.d some!!,., as~stivalis may not represent close 

phylogenetic kinship., at!! much as convergent evolution in similar 
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environm.Elntso Evol:uti~nary reactioM to silty condititm~ hav® re= 

sulted in ohange@ in body form and contour, fin shape, and bra.in 

pattern.9 and a~o reduction of eye sizeJ and compensatory increase in 

cutan~OU$ .sisn$e organsio Hubbs (1940) and ]w@re (1950) 1:n,dicated that 

such changea have doubtle!Slely occurred countless times in responee to 

similar environmental conditions,, 

Subgenus ?latygobio 

The Jn.Qlntypie eubgl!inus Pl.a.tygobio contains the nominal species H,o 

gracilis 'With two subspecies !!o ,&o gracili~ and !!o &o gulonella 

(01,md and Croesj 1961). In this 11tud.y., however, subspecies were not 

considered,, 

g., gra.cili:s ranges acroe.s Canada,. from the Mackenzie River 

drainage ea~twa.rd to lake Winnipeg and in the United States ::in the 

Mi:eeiisaippi River and principal tributaries of the Great Plains. 

Strangely, however, except for the South Canadian River of Oklahoma, 

it is not f@und in the Arkan.ea$ and Red River basinso It is al$O 

found in the upper Rio Grande and Pecolil River$ of New Mexicoo Through

©>ut it~ range,!!" gracili!Sl inhabits both clear and turbid strea:m.s, 

being found over shifting sani botttilm.s or in murky pools with gravel 

or bedrock bases (Olund and Gross,j) 1961)0 Davis and Miller (1967) 

attributed the 5luceess of !lo gracilis t@ its ability to capitalize 

on changing conditiona ,j) since n© .;iingle senrsory system is hyperd~~ .. 

veloped nor degenerated to an extent that utility is seZoiously im= 

paired., SeemingJ.y, the abundance o.f' ta~te buds on the 8"1out, barbels, 

lip$9 am pectoral .f'in!lj con~titute an adequate ~chanism for food 

location when vision ie impairedo Obviously, the ability to use 
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either or both taste and sight in 8.1,l environment gives !lo gracil:is a 

decided advantage over other fieheswhicb must rel.1' on one system re

gardl&S$ of environmental conditionB (Davis and Miller, 1967)0 

Ba.sical4r, the lateral-line S7stem 0£ !!,o gracilis is like those 

of turbid-nter._.!J;rboRsis, although the IO canal is mt tilted downward 

as in certain epigea.n. species (Figo 24)o Typically cyprinid, the IO, 

POC, CL, and ST ca.nals a.re complete, and the SO and POM canals in

oompleteo In general the canal canaliculi are JDl)derate:..to long-length 

and the pores minute., The number of pores and neuromasts per canal, 

and the number and distribution ef skin neuromasts are larger than 

most tvbid...wa.ter Hybopllis (Tables III-V)o Thus, it is obvious that 

the lateral-line system of !o gra.cilis is quite conservative and yet 

in a way, perplexing. Why !!,.. gracilis should need larger numbers of 

skin neuromasts is difficult tc envii5iono Perhaps in silty-waters the 

skin neuremasts are 11:inoperative", but in clear-waters, they act as 

s~plements to canal organs which would otherwise communicate with 

the exterior via large poreso 

Subgenus Couesius 

The monotypie su.bgen'Wi eou9~iua is represented by the nominal 

species !o ;elum.beao Over much ©f their ranges, ll,o plumbea and. !!o 

gracilis are sympatrio, with !o plumbea in the clear headwaters and 

H., gracilis in the mre turbid areias downstream (Davis am Miller, 

1967)0 

In m.any- ways the lateral-~ s)'8tem. of !!o plumbea is indicative 

of a olea.r...water ex:istenceo The canal system is like that of !!o 

gracilis, except that the ST canal is incomplete, ea.naliculi shorter, 
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Fig.; 240 Three view of Hybepsi~ gracilis illutrat.ing the ca.nab of 
the cephalic lateral=line systemo Abbreviations as in 
Fi.go 2 .. 
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Figo 250 Three views of H.yoopsis- plumbea. illustrating the canals of 
the cephalic la.tera.l=line systemo Abbreviations as in 
Figo 2., 
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and p@res larger (Figo 25)o The number of porea and n.eur@ma~t!:l p~r 

canal, and number and di11trlbution of skin neuromasts in !:!,o plumbea, 

clo$ely correspond t4l» other cliear~water Hybopsisj excludingj of course, 

skin neuromast c®unts from J:!o rubrifrons and !!o amblops (Tables III=V) o 

I.atera.J.=line similarity between !!o plumbea and other Hybopsis is 

perhaps of Becondary con$iequenoeo Actually., !!,o plumbea is morpholog

ically quite disparate and rather dubiously related to Hybopsiso The 

possession 0f small scales am location of the barbels forward from 

the maxillary terminus.9 for example., indicate that !!o plumbea is 

pr~bably more closely related to Semotilus than to other subgroups 

w.itb.in Hybopsiso A similar view is held by Mr. Ro Eo Jenkins" 

Subgenus Oregonichtbys 

The monotypic ~ubgenue Oregonichthys contains the single species 

!!o cramerio This species., found in the Willa.tnette and Umpqua Rivers 

of Oregon., is the only West Coast representative of Hybopsis. 'Davis 

and Miller (l,67) summarized the characteristics of Jio erameri and 

concluded its habitat is probably 11 000 clearj slowly moving or stand

ing waters., possibly with abundant vegetation,, n 

Among Hybo:psis, the lateral=line system of!!" crameri is the lOOst 

unique (Fig,, 26). Relative completeness of the canal system varies 

from individual to individuals in fact so dramatically sometimeaij that 

its sensory eff'icancy is questionable. ObvioU5lyj if canal variability 

is c/Jlmmonplace in H. cramerl 9 (illustrations by Illlckj 1956, indicate 

that it is), quantitative tabulati~n of peres am canal neuro:ma.8ts 

would be futile and m.ea.mng~ssi, and proved to be SQ (Tabl~s III=IV). 

Illick (1956), howeverj did present pore counts for!:!• crameri,.b~ 



4mm 

Figo 260 Three views of Hybopsa crameri illustrating the canals of 
the cephalic lateral=line ~temo Abbreviations as in 
Figo 2o 
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conceded the wide range in ea.eh count "...... may- be correlated with in-

completeness of the canal .. "" In .fi. .. cram.en: as in other Hybopsis, large 

pores, reduced cana.liculi, and modified or reduced. canals are ind.iea-

tive of existence in clear, 1entic-like environments. Moreover, large 

concentrations of skin neuromasts over certain canals (Table V) suggest 

lateral-line tmctionalit7 has abated to such an extent that the 

cutaneous neuromasts are the prineipal lateral-line receptors. I.t the 

skin neurcmasts are the principal receptors, the utility- of canals 

prc,ba.b~ be~onies great:I.1' reduced..; Whatever the answer:. it seems that 

selective pressures on !'J_., erQeri are structurall;r 11pushi.ng" the 

canal system toward total deg~eration. 



CHAPTER VI 

HISTOU>GICAL OBSERVATIONS 

In Jtybopsis superficial neuromasts a.re variously shaped and 

either freely exposed apically or sunken into pits or crypts. Evident-

11'» the shape of skin neuromasts is influenced by epidermal thickness, 

for, in areas where the epidermis is thick, organs are more slender 

than wide and, in thinner areas, wider than high (Figs. 27-28, 

.respectively). In agreement with Reno. (1966) the more slender bllro

masts are characteristic Qf ventral head surfaces., whereas the other 

organs are indicative. of dorsal and lateral surfaces. The shape and 
. . . 

position of canal neuromasts are also variable, but, unlike centrar-

.chids (Branson and Moore, 1962);, their shapes are not species specific. 

Seeming1y., canal neurcmast shape and position are eeconcil.ari1y modified 

by development ot the bony canal during poetembryogeneei1, Normally, 

neuroma.st·a remain as originally invaginated., provided the bony canal 

rudiments (usually 2) develop at even increments around them and the 

connective tissue tubes •. However, when one rudiment grows faster, 

the organs are flexed and second.aril.1' rotated by the hyperactive 

element; hence the inconsistencies in neuromast shape and position 

within and between :inq.ividua.ls and speoieso · 

HistologicalJ.y and cyt;o1ogically6 neuromast structure in all 

HzbGp~is is like that .. of !o aestivalis (Fig. 1).. Basically, skin and 

canal neuromasts are mrphologi.cally s:ami4r, although their 
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Fig. 27.. A superficial neuromast from the lower jaw of Hybopsis 
.amb1ops. Abbre~ati9nt .as µi Fig. l •. 

SSC SH SC 

5QJJ . 

Fig., 28 ... A ~,iperficial neuromast fro~ the c~~um of HybopsiS . 
a.mblops .. Abbreviations as in Fig. 1 .. 
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qu.antitati ve and qualitative mea~uremen.ta differ dramatically" In 

general9 canal organs have largr&r diameters and greater numbers of 

sense and s~tentacu.la.r cell$ per organ (Tables VI-VII), whereas the 

smaller skin neuromaats pos!lllersa longer cellular constituents which 

together give the organs greater height (Tables VIII-DC)o In both 

types of organs the club=ahap~d sense cells are strongly polarized 

86 

and apically bear several (2 or more) sense hairs each. The nuclei, 

situated ba~ally, are large and round with several (2-7) dark

staining bodie$ (chromatin or nucleoli.) eacho Distally, the sense 

cell cytoplasm gradually increases in density and, at the tip, appears 

solido Despite repeated ~~.a.mi.nation of cell apices, blepharoplast

like granules or .sen:,e hair bases were n0t seen in Hybopsifto Un

.fortuna.tely,jl senee hair length in ~everal. :gybopsi_! was indiscernible, 

but for those $pecies 'With measureable ssnse hairs» the le~hs are 

summarized in Table@ VII and IX. Reno (1966)» noting sense hair 

length is dependent upon two factors 9 viz.» (1) cupula destruction 

during life or fixation. 9 and (2) @ectioning angle3 through neuromasta 9 

indicated that eithE!lr or both factor!$ tend to reduce sense hair 

length., Therefore,, the lengths given in Tables VII and IX are con= 

sidered conservative e~tim.ate§l of actual hair lengths. In both types 

of :neruroma~ts the attenuate sustentacular cells are elongated,jl extend

ing upward from the basement membrane to the apical surfaces of the 

organs. The ellip$oidal nuclei,, ~ituated ba~ally,, are homogeneous 

and, like the cytoplasmj) without iiw:::lusi())n~o Fortuitous en .face 

sections of canal organ~ in ~everal Hybop~is showed ea~h sen~e cell. 

independently coueh~d among th~ elongat~d $UStentacular cell~ 

(Fig., 29)o Curi©uiszy en();ughj) ll\11:l interc~llular bridg~s vreire seen 



TABIE VI 

COMPARISON OF MEAN MINIMUM AND MAXIMUM ORGAN HEIGHT, MAXIMUM ORGAN DIAMl!:l'ER, AND DIAMETm 
OF THE SENSORY AREA OF CANAL NEUROMASTS IN HYBOPSIS. PARENTHETICAL 

NUMBERS REPRESENT RANGES. SCAIE IN MICRONS 

Species Min. Height Max. Height ·Max. Dia. Dia. Sensory Area 

Subgenus Extrarius 
!!• aestivalis 7.6 ( 4.0-11.0) 17.4 (11.0-28~0) 74.7· ( 27 .6-112.8) . 47.5 (16.0-, 72.0) 

Subgenus Hybopsis 
!!• amblops 9.5 ( 7.0-11.0) 18.4 (14.6-24.0) 84.6 ( 66~0-100.4) 61.2 (39.0- 76.0) 
!!• hYpsinota 13.0 22.0 102.0 65.0 
H. labrosa 7 •. 5 ( 5.5- 9.8} 18.8 (14.2-27.0) 76.9 ( 71.0- 81.0) 58.4 (50.5- 67.0) H. rubrifrons 11.3 ( 9.0-14.0) 21.5 {16.6-33.5) lo6~8 ( 95.4-134.0) 73.9 (37.0- 94.0) 
!!• storeriana 12. 7 (10.6-1.3.2) 27 .4 (22.3-30.8) · 113.0 ( 98.3..;12s.o) 84.2 (68.0-100.0) 

Subgenus Erinl\rstax 
'2.5 ( 84.4-100.7) H. cahni 7,1 ( 5.5-10.7) 17. 7 (i5.3 .... w.o) 58.8 {41,9- 67~1) 

H. dissimilis 11,7 ( 9,4-18.0) 23.9 (22.0-29.0) 94.6 ( 76.5-108.0) 61.4 (43.0- 71.0) g. harperi 7 .8 ( .l.8-1.3 .4) 25.4 (16.0-32.5) 121.5 (·65.0-169.0) 92.1 (30.0~110.8) 
!!• insignia 9.8 ( 5.5-14.0) 23,3 (17.0-29.6) 101.0 ( 74~0-151.0) 64.1 (41.0-147,2) 

· !!• x-punctata 12.3 ( 7 ,3-16.2) 22.0 (18.6-.28.5) 82.9 (·70,0- 94,6) 50.0 (44.2 .. :61.0) . 

Subgenus Nocomis 
H. bellica 9.0 ( 4,8-15.1) 24,3 (17 .0-30.0) 94.6 ( 66.3-119,0) 65,3 (33,0-111.0) 
g. biguttata 17.4.(11.7~8.3) 25,8 (14,4-43,0) 86.4 ( 65.o..;118.0) 53.2 (34.0- 80.0) 
!!• leptocephala 18.9 (14,8-27.0) 31.0 (26.0-38,7) 104.3 ( 65.0-138.0) 69.3 (34.6-102.0) 
!!• micropogon 14.6 (10.5-22.0) J0.6 (22.3-43.0)· 99.7 ( 75.5-118.0) 62.J (34.0- 72.6} 
!!• (Nocomis) sp. 1 19,1 (11.0-26.0) 34.8 (3o.~.o) 124.3 (112.0-158~0) 74.9 (54,0-102.0) 
!!• (Nocomis) sp.2 10.1 ( 9,0-11.6) 24.5 (17.2-39,5) 95,9 ( 79,4-130.0) · 59.0 (34.0- 89.0) 

Subgenus Macr!Jlbopsis 
!!• ~ 12.1 ( 5,2-21.3) 21.3 (17.0-31~5) 66.3 (49.0-107.6) 42.8 {22.7- 72.0) 

Subgenus Platygobio 
!!• gracilis 15.2 ( 7,.3-26.0) 26.0 (15.2-37.0) 120.5 ( 65.0-158.0) 86.o (43.0-119.0) 

Subgenus Couesius 
117.9 ( 81.0-139.0) 80.7 (54.ci-103.6) !!• plumbea 20.2 (15.0-29.6) 36.4 (25.0,.47.0) 

Subgenus Oregonicht!Jl!! 
!!• crameri 24.6 (22.0-29.4} 28.3 (27 .0-30.0) 45.-0 ( 36.0- 61.0) 17.9 {12.0- 28.4) 

~ 
-.:J 



. TABLE VII-

COMPARISON OF THE MEAN Ntn.ffim OF SE2JSE (SC) ARD SUST!MACUI.AR (SSC) CELLS, HEAN DIAMET.mi AND IDGTH 
OF CELLULAR CONSTITUENTS, AND LmGTH OF SilJSE.IIAillS (SH) P.mi CANAL DUR0MAST IN 

HY:OOPSIS. PARENTHEl'ICAL NUMBmS REPRESl!2ff RANGES. SCAlE IN MICRONS 

Species Number SC Cell Dia. .Cell IBngth - Number SSC Cell Dia. - · · Cell 1.ength SH.Length. 

Subgenus .Extrarius 
!!• aestivalis 17.2 (11-33) 2~8 (1.8-5.0) 8.5 C -1.2-16.0) 25.5 (11-39) - 2.5 (1.5-3.8) 13.7 _ ( 5.3..25.6) 2/7 (1.s-4.0) ·· 

Subgenus Hybopsis 
1J~~2 ( 6~9-23~0) !!• amblops 18.0 (16-20) 3.4 (2.6-4.5) ·9.1 ( 6.0-15~4) -2:/~4 (21-29) 2 •. 8 (1~8-4~5) :·~ 

!!• hzysinota 21.0 2.1 (2.0-3.2) 12.0 (11.0-13.0) 32.0 2.8 (2.6-3.0) . 18.5 (15;5...22.0) 
H. labrosa 12 .• 8 (11-18) · 4.6 (2.9-5.3) 9.8 ( 6.0-14.5) . 23.6 (19-54) 3.7 (2.8-4~5) 15.3 ( 7.2-2.4..5) 
H. rubrifrons 25~5 (13-46) 3.8 (2.9-5 • .3) 10.1 ( 6.0-13.8) 34.6 (Z[.;.54} 2.9 (1.8-3.5) 16.2 (12.4-30.0) 2.4 (2.3-2.5} 
li• storeriana 24. 7 ( la-28) 3.5 (2.9-4.2) 11.8 ( 6.8-16.0) 37.6 (35-44) 2.7 (1.~-3.3) 16.9 (11.2-28.6) 

Subgenus Erintystax 
12.0 ( 6.4.;.15.0) H. cahni · 15.7 (14-20) 4.6 (2.7-6.6) 9.7 ( 6.5-13.7} 27.2 (21-33} . 4.2 (2.2-6 •. 6} 

H. dissimilis 21.7 (10-31) 4.2. (3.o-6.0) lJ.l ( 7.3-17.6} )2.0 (20-49} J.5 (2.8-5.0} 17.5 (11.8-30.2) 2.6 (2.4-2.7) fl, harperi 28.1 (11-39) 4.5 (3.0-6.2} 13.0 ( 4.8-20~2) · 35.6 (16-45) J.7 (2.3-5.1) 16.6 ( 5.6-30.0) 3,7 (3,5-5.3) 
!!, insignia 21.0 (13-32) · 4.6 (3.o-6~6) 12.6 ( 7.8-21.7) )2.8 (24-50) 3.4 (2.5-6.0) 17~3 ( 6.3-27.4) 2.3 (2.0-3.0) 
!!, x-punctata 21.4 (14-Z7) 3 ,B (2.4-5.0) .12.6 ( 8.6-22.0) 31.1 (22-41) 3.0 (1.7-4.2} 17.6 C 8.6-26.0) 1.3 (1.0-1.8) 

Subgenus Nocomis 
H. bellica 16.1 (10-19) 4.1 (3.0-5.4) 9 .• 8 ( 6.2-15.8) 26.0 (20-30) 3.5 (2.1-4.9) 16.1 ( 6.6..28.9). 2.6(1.5-4.1) g. biguttata 14,7 ( 9-27) 3.8 (2.o-6.J) _12.3 ( 7.J-28.3} 24-9 (20-43} · 3.0 (1.6-5.$} - 21.9 (10.5-43.0} 3.8 (2.0,;.4.4) 
!!• leptocephala 19~3 (14-26) · J.9 (2.4-5.0} 15.6 (11.0-22.0) 27.7 (19-38) 2.9 (2.5.;..3.3) 25.4 (18.0-38.7) 2.6 (2.J-3.0) 
H. micro o on 22.6 (18-29) J.6 (2.6-5.0} 15.2 (10-4-22.0) 31.3 (26-38) 2.7 (1.8-4.2) 23.6 (12.5-37.0) 2.4 (2.J-Z.5} · g. Nocomis sp. 1 22.0 (15-.30) 4.1 (2.4~5.0) 16~5 (12.0-27.0) 37.i (27-46) 3.2 (1.9-4.4) 29.9 (18.6.;.i.s.o) .... 
!!• (Nocomis) .sp.2 19.9 (14-27) J.5 (2.8-4.3) . 13.3 ( 8.4-22.0) 29.8 (26-42) 3.1 (2.8-3.4) . 18.6 (11.0-JJ.O) 

Subgenus Macrhfbopsis 
!!• ~ 15.3 ( 9-23) 4.1 (2.8-6.0) 11.4 ( 5.4-22.0) 2.3.4- (16-36) J.3 (1.8-4.8) · 15.9 ( 5.1-40.0) J.J (2.0-4.5) 

Subgenus Plat;u:obio 
!!• gracilis 28.2 (15-35) 3.6 {2.0'.""5.0) 14.8 ( 6~0-20.0) 36.5 (23-53) · 3.1 (2.()-4.$) 21.9 (10.1~38.0) 4.6 (2.3-5.4) . 

· Subgenus Couesius J.o (2.6-3.6} 25.4 (15.0-46.5} !!, plumbea 20.8 (16-.35) J.8 (J.J-5.0) 13.4 (11.4-29.0) J2. 7 (2.3-42) 2.9 

Subgenus Oregonichthfs 
J.9 {J.0-4.2) !!.• crameri 1.0 ( 6~) 19.9 (15.2-22.3) 14.0 (13-16) 3.2 (2.9-3.;6} .. 24.6 (20.6-27.0} J.O 

0) 
0) 



TABLE VIII 

C0MP.ARIS0N OF MEAN HElGHT AND DIAMEl'ER OF SUPERFICIAL 
NEUROMASTS IN HYBOPSIS. ·pAREN'fHEfICA1 NUMBERS 

REPRESENT RANGF&S. SCALE IN MICRONS 

Species 

Ext.raJ!>ius 
!o aestival.is 

H:ybopsis 
!1• amblops 
!!o h:vbsinota. 
H. la.broaa. 
iL rubrifrons 
!!• 8t~reriana 

Erimystax · 
H. calmi 
ii. dissimilis 
!. harperi 
1!• insisg.s 
lio x-pimcta.ta. 

Noco:inis 
H. · bellioa. 
lio biguttata 
!• le;etecephala 
H. micrgpogon 
If., (Noeomis) &Pol 
H• (Nooomis) IP•2 

Macrbzbopsis 
!• gelida 
!• meeki 

Pla.tygobio 
!!o gracilie 

Couesitl8 
H .. plumb~a 

Oregonichthz! 
!!• cra.meri 

Max. Height 

34o0 (22.,Ja:43 .,0) 
38.2 (36.0=40.,4) 
22.6 
35.7 (22 • .3--4.3.0) 
26.,6 (22 • .3-32.2) 

35 .. 6 (20.4-53.0) 

50.0 (35.8-80 .. 8) 
43 .. 0 ( 43.0 ) 
40.1 
57.9 (.32.0-78 .. 0) 
42.1 (30.0 .... 56 .. 0) 

.311>0 (26 .. 8-33 • .3) 
36.1 (28.0-58.0) 
38.5 (.30.0 .. 52.0) 
44.; (29.0.56.6) 
47.,; (41.4 ... ;4.8) 
J9 .. 8 (J0.4..J+S.O) 

33.,4 (26.l.-a56.0) 
48 .. 3 (27.0-78 .. 0) 
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TABLE IX 

COMPARISON OF THE MEAN NUMBm OF SBiSE (SC) AND SUSTE!IITACULAR (SSC) CELI.S, HEAN DIAMEI'm AND IniGTH 
. OF CELLULAR CONSTJTUmTS, AND U2roTII OF SENSE HAIRS (SH) Pm SUP:mFICIAL NEUROMAST IN 

HYOOPSIS. PARmrHETICAL HUMBmS REPRESmI' RANGES. SCAlE IN MICRONS. 

Species Number SC Cell Dia. Cell Length Number SSC Cell Dia.· · Cell Length. Sll Length 

Subgenus Ex:trarius 
!i• aestivalis 7,5 (5-11) 2.9 (2.0-4.0) 17.7 (14.0-23.6) 11.7 ( 9-15) 2.4 (1.6-4.0) 27,4 (22.0-38.0) 2.7 (1~8-3.3) 

Subgenus H:ybopsis 
!!, amblops 8.1 (4-11) 4.1 (3.0-6.0) 18.4 (10.4,-22.3} 13.8 ( 8-19) 3.5 (2.6-5.3) 30.1 (21.Q..43.0) J.2 (2~6-4,3) 
li• hyPsinota 7,5 (7- 8) 3.0 ( 3.0 ) 22.7 (21.0-23.1) 11.5 (11-13) 2.6 (2.3-2.8) 37.0 (35.0-40.0) 
H •. labrosa 6.0 ( 6 ) 4.8 (4.0-5.3) 15.2 . 13.0 ( 13 ) 3.3 (2.8-3.9} ·21.2 (26.0-28,3) 
H, rubrifrons · 8,0 ( 8 ) 3.2 (3.1-3.3) 16.5 (15.0-18.0} 17.5 (14-21) 2.8 (2.6-2.9) 28.3 (27.8-29.0) ·-
g. storeriana 5,5 (5- 6) 3.8 (3,5-4.0) 17.2 (17.0-17.4} 10.0 ( 10 } 3,6 (3,4-3.7) 28.0 (25~0-31.0)· 2,0 

Subgenus Eri&stax 
H. cahni 4~0 (3- 5) 3.6 (3.3-3.8) 16.5 (16.0-17.0} 9.0 ( 8-10) 3.8 (3.5-4.1) 26.7" (22.3-31.0) 
if. dissimilis 8.5 (6-11) 4.0 (2.4-5.0) 19.3 (16.0-22.0) -13.2 ( 8-15) - 2.9 (2.1-3.8) 31.2 (29.0-37 .4) _ 
g. harperi 7,7 (6-12) J.6 (2.9-4.4} 18.7 (13.0-22.8} 11.9 ( 9-19) 2.9 (2.3-3.2) 30.9 (22.3-38,4) 3,3 (2.6-3,6) 
li• insignia 7.2 (5~12) 4.1 (2.9-5,4) 20.9 (17.Q-24.8) 14 • .0 C 9-26) J.2 (2.8-3.4) 36.o (26.4-43.0) 
!!, x-p1mctata 7,0 ( 7 ) 3.0 18.0 10.0 ( 10) 2.5 34.0 2.1 

Subgenus Nocomis 
H. bellica 5,8 (5- 6) 4.4 (3.9-5.9) 15.5 (13.7-17.2) 8.8 ( 7-10) 3.6 (3.0-4.2) 27.5 (22.3-32,4) 
!!, bicyttata · 6.9 (5-11) _ 4.0 (3.0-5.0) 19.9 (12.2-27.0) 11.1 ( 6-21) 3.2 (2.6-4.c,} 36.6 (22.0-52.0) J.1 (2.5-4,0) 
li• leptocephala 7,7 (7- 9J J. 7 (J.Q-4.1) 21.8 (20.5-22.0) 11.8 (11-12) 2,7 (2,1-J.O) 39.2 (35.0-41.4) 2,9 (2,8-3,0) 
li• micropoe;on 7,6 (6- 8) 3,9 (3.2-4.6) 21.6 (20.0-22.0) 13,0 (11-16) 2.5 (2.4-2.8) 41.2 · (37 .Q...44.0) 2,7 {2,3-J,1) 
li• (~) BP,1 6.6 (5- 8) 4-4 (J.6-5.0) 23.1 (20.0-30.0) 10.0 ( 8-lJ) 3.3 (2.9-3.6) 47.5 "(42.0-56.0) 3,0 
li• (Nocomis) sp,2 6.4 (5- 7) 2.6 (2.0-3.6) 22.5 (21.0-26.0) 11.3 ( 9-14) 3.1 (2.0-3.0) 37.7 (31.0-47,0) 2,1 

Subgenus Macr~bopsis 
H, meeki 8.2 (5-13) 4.0 (1.2-6.J) 20.1 (13.0-29.2) 14,9 C 6-27) 3.6 (2.5-6.5) 30.0 (15.6-43,0) 3,5 (2,5-5,2) g. gelida 6.2 (3- 9) J.2 (1.3-4.6) 14.0 (10.1-17.1) 11.3 ( ~18) 3.2 · (2.1-5.0) 23.6 (18.6-34,9) 2.8 (1.5-4,1) 

Subgenus Plat:vl!:obio 
!!• gracilis 7 .1 (5-10) · 3.1 (2.0-5.0) 17.5 ( 7.0-29.0) 10.6 ( 7-13) 2.8 (2.0-3.6) 32.9 (16.0-59.0) 2.6 (2.0-3,1) 

Subgenus Couesius 
li• plumbea 8.2 (7-16) 4.1 (3.2-5.0) 23.4 (20.3-29.4) 14.0 ( 7-16) J.O (2.8-4.1) 36.1 (27.0-46.0) 3.0 

Subgenus Oregonicht!r£!! 
4,6 (4.0-6.8). 24,2 (14.0-JO.O) li• crameri 6.6 (5-10) 11.1 ( 8-13) 3.6 (2.9-4,8) 32.9 (26.0-43.0) 3,7 (2.6-4.0) 

'° 0 
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Figo .29., En._f~ce_rseci;.iq:n of an inf'ra.or'bital canal neuromast of 
H1~opsis harperi" MC, 11mesenchymal cord" o. · Other 
abb~eviations as in. Fig .. lo 
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• -----..,,,.... ~· .. 

Fi.go JO. · A superficial neuremast of ffyoopsis eramerio U, unidenti ... 
fied extraeeUw..ar strucrture o other abbreviations as 
in Fig<i lo 

91 



92 

binding supporting cells together; how~ver» according to Guy~r (1953).9 

Davenport (1960)j and Bloom and Fawcett (1962)j the demonstration of 

interce1lular bridge~ require$ ~lightly different histological tech= 

niques than used in this 1$tud.yo 

In agreement ~11.th B~ard (1884) 1 Denny (1937)., Van Bergeijk 

and Alexandeir (1962)» and Jakubow~ki (1965), the canal neuromasts of 

Hybop:sis appear segmentally arranged., for ''cords of mesenchyme11 were 

obf!llerved extending from the long axes of' organs sectioned en face 

(Figo 29)o Apparently» the cord.$ are very thin (J....2 cells thick) and., 

by virtue o! being thin., impos~ible to see in sa.gittal and cross 

sectional viewo Ham (1965) noted that mesenchymal and .fibroblast 

cells are amorphous, and that., without special techniques (tissue 

culture., silver impregnation, etco)$ cell shapes are difficult to 

demonstrate; conesquently j the oeill,ular nature of' the cords was in= 

diacemible:; but the shape; atruc:ture 9 and spa.oing of nuclei conformed 

to that described by Denny (19.37)., Van Bergeijk and Alexander (1962), 

and Ham (1965). Where the cords joined theneuroma.ets., the celle of 

both merged one into the other. Numerous i'i.beri;1 were seen inter

spersed throughout the cords, and, even though cord· n-q.clei ceased at 

the neuromast lim:lte, the fibers entered.9 dispersed., and eventually 

disappeared within neuromast110 Denny (19.37) and Van Bergeijk and 

Alexander (1962) indicated that the mesenchyme.l cord locally' d.i£

fe:rentia·be1 into canal organs and, thereafter, serves as a cell re-

servoir for neuromaets. The functional significance of the fibers is 

questionable and, since no similar structure~ have heretofore been 

observed,, any colil1ll@nt would bli pureily speculativeo Although not 

demonstrated,, the cordeJJ may contain some contractile elements which.I) 
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via the fibers, slightly alter neuromast shape and positiono 'l'o active-

ly alter shape and position would certain..ly be advantageous, particular-

1y when one consideres that impingim.g vibrations could be modified 

(amplified or damp!illd) and/or that annoying elements which frequent the 

canal be dissipatedo This latter facet of canal nstructure" will be 

more fuJJJ explored. latero 

It is interesting that in Hybopsis the size of canal neuromasts 

corroborates earlier suppositions concerning environmental and hormonal 

effects upon the lateral-line systemo In turbid-water species such as 

!!o a.estivalis., !o x-punctata, and !!o meeki, canal neuromasta are small 

and probably of liDtited use since e.xt:.erna.l vibrations are doubtlessly 

inhibited by the small canal pores and long camalieuli. Conversely, 

in clear-water,torma like !!o amblop1.J Ho ru.britron1., and li• harperi., 

carJ.&l o·rgan.11 are large am free to :l!"eaeive unmodified stimuli through 

the large pore.a and short canal:tculi. Those species inhabiting both 

turbid and clear waters' (eogo, H.01&:raoilis., !!• storeriana, ate.) also 

have la:rge .. cana,l orga:ne,11 but organ e.f.'f'ia.i.,ncy remains questionable emce 
I 

the cana.liouli and pores are of medium aizeo Conve:ree.ly, what can be 

deduced about clear-water forms like Nooomis which have .large canal 

neU'1"amaert1, long oanaliouli, and medium-1i1e pores, or !io crameri with 

a degenerate lateral-line system? In juvenile Nooomis the canals, 

cana.licull, and pores ·ar·a like other clear-wa.ter H:ybopsisll but, at 

maturity, the oa.nalioul1 lengthen in response to hormonal modification 

of' the integument o Doubtless, in juveniles the system functions as in 

other clear-water Hzbopeia, but. in adults reception is probably reduced 

to a more limited capacityo In !!o crameri canal degeneration is so 

acute that canal organs are no longer needed; instead their ftmetion has 
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be@Jn ise~@ndarily usurped by the large~ ~kin neuromast$ (c10mpare Tables 

VI and VIII).o 

In !!o crameri several (2=9) extracellular structures were observed 

between the sen$le cells of ea.ch skin neuroma.st., These protozoa-like 

structures were green colored regardless of stain, homogeneous through

out, and individually surrounded by a luctd layer (Fig., 3o)o Cha.ripper 

(l92S), Chezar (1930), Dawson (19.36), and Bedell (19.39) observed some 

bright ora.nge 9 granulated structures in the neuromasts of various am

phibian larvae, and, from !B, !i!2, studies.I) !Suggested that. the t 

granules were modified secretory or excretory products of the sense 

oellso Whether or not the extra.cellular structures in !!o crameri are 

homologous to those in amphibians is unknown, but heretofore no similar 

structures have been reported in fishes. Should someone have access to 

live material, Bl m! and ultraetruct\U"e studies could perhaps clarify 

the identity of these peculiar neu.romast structures in !!o cramerio 

In Hybopsis canal walls are composed of two layers., the inner being 

separated from the eut$r by the basement membrane (Fig. 1)., Bra.nscim 

" 
and Moe:re (1962) Sharma (1964), and Reno (1966) indicated that the inner 

canal layer of' various f'ishes is simple auboidal with peeud.ost:ratified 

ooltum:'1.8.r epithelium adjacen't, to neuromaat10 In ijY;bo;eeia., however., the 

inner layer ia 1tre.t,1tied squamous throughouto A similar epithelial 

lining is oharaoteristio of Dorosoma. (Stephens., 1967) and Erioymba (llll

published date)o Re-evaluation of Notropis, volucellus and Ji. .. buchanai 

revealed their canals to also be lines with :stratified squamous epthe-

lim. Since neuromasts originate in and invagina.te .from the epidermis, 

carrying part of the epithelium wlth them, and since adult tissues do not 
/ 

meta.tJ10rpho!'lle .=!-nto other specialized types (Balinsky, 1961; and Ham, 1965) 
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Figo .3lo Longitudinal s~ctfo:n through the i:nf'raorbi.tal canal and 
neuromast of H:ybop.d.s ~,o DI 9 diatoms, P,, protozoao 
Other abbreviations aa in Figo lo 

ib is not 1urp:ri1:l.ng that canals a.1"'e l:lned wi:t.h et:ra.tified equam.Qus tis-

.r&u.i~ U:nlikei eth~r a;r.10:rJ~nid~ 9 all J:ttbmi.J..! axo.ept J!o g:t:!Q_jJ.i.~ ha,rfl .f'ew :lf 

any gable'!.', celle in the canal eipithr$l:i.um, as a :.t"tHiult $) the cans.l.s are 

vi:r.~tua.lzy mu.ous ... :free. In lieu of m:uouei, the ca.na.le are fill.ad ·w:i th 

Indei~d9 proto!2loa (primarily o:i.lia.tes) and various motile a.'lga.e 

(diatoms and deism.ids) were observed in canals of all !Jzbopsis except 

!!• graciliffS (Fig • .31) o In Hybop~!! the oute!" canal layer is loo5ie 

areolar ccmnec:tive t,i$SU~o In gene1ral,l) beneath each canal neuromast 

is a bony fora.men through which thei late:goal=liw~ nerve and capil.6 

larie~ pass (Figi/3., l and .31) o Up!Jln peni®trating the .foramen 5• the 

urunodi.fied n@rv~ (without ganglia) suffuses through the lo@se areolar 
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tissue, even.telly piercing thf.11 ba~eiment membrane a.t the base of' the 

neuromast.. Whether individual neurons lose their m;yelin.ation before., 

while, or a.ft.er penetrating the ba.aieme:nt membrane was not determined., 

Like the lateral=line nerve, the capillaries suffuse through the loose 

areolar layer and, upon reaching the basement membrane, form a comp-

licated rete under the organ 8$ reported by' Van Bergeijk and Alexander 

(1962) in Fundulus heteroclitus and Jakubowski (1965, 1966) in 1:eli. 

~., ~ lucitts., and some Cob:1.tidae., 

Fundamentally., lateral-line bones originated from any of three 

sources., vimo, (l) tropic activities of neu:romasts., (2) combined 

actions of neuromasts and anaemestio forces, or (3) sources other 

than :neuromastso Allis (1889)., Pehrson (1922., 1944)., Westoll (19.37)., 

Lekander (1949)., and Branson and Moore (1962) showed in several un

related ta.xa. that, during ontogeny, specific skin neuromaste (primary 

neuromasts) invag:inate beneath the skin B\ll"face a.n.d become established. 

in connective tissue tubeso, Sometime thereatter., osteoblasts amass 

beneath the organs., farming a ee~i,e of bone primo:rdi&a At times., 

epeoifio invaginated neuroma,te are ~eeondarily lost o:r de1troyed; 

how-ever9 where p:rimo:rdia become establithed p~i~r to neuromast 

destruction., bones continue to develop~ but without can.ale or neuro

masts~ Furthermore., when neuromets .fail tQ :i.nvagina.te altogether., 
• /l 

bones do not develop., Stensic (1947) showed in p:rimit:l.ve vertebrates 

(fossil and extant) that each invaginated neuromast becomes enclosed 

by a bone primo:rdiumo The pri.mordia usually fuse into bony plates 

and secondarily acquire a.na.smestic componentli which,, he said9 are 

elements that 11 ., ., " IEiJnter into the formation of the exoskeleton of the 

headooo 11 Kapoor (1962) showed in .pPhirGephalus punct.a.tus-that lateN= 



sensory element:ei arisli from underlying bony plates (e.,go,i mmbranous 

frontal) and later fuse into bony tubes around the neu.romasts and 

oonm:iotive tissue can.also He oonelud.ed that neither membranoWil bon11s 

nor la.tero=sensol"Y elements originated .from morphogenetio activities 

of can.al neuromaats; instead neuroma.sts are limited to the evocations 

of bones in their i.mm.ediate neighborhoodso Reno (1966) observed in 

two N~tropis that bony tubes and sense organs are sometimes indepen

dent of their a.na.sm.e$tic assooiateso He concluded that neuromasts 
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are active in evooating bony cana.ls,i but passive in initiating 

ossicular development., Moodie (1922) 8howed in some .fishes and am

phibians that calcium salts deposited in the inactive connective 

tissue of canals eventually resulted in formation of bony tubeso He 

surmised that the connective tissue tubes rather than invagina.ted 

neu.roma.sts are responsibl~ f~r bone formation. Parrington (1949) 

postulated for some primitive vell'tebrates that dermal bone precursors 

are in position before lateral-line organs are established and capable 

of initiating any evocation. Apparently.I) the position of canals is 

influenced by dermal bones rather than dermal bones being determined 

by ca.na.ls and neuroms.sts., De Beer (1937) and Moy ... Thoma.s (1941) 

asserted that origin of dermal bone is not dependent upon neuroma.st 

activities, because, in higher vertebrates.P homologous bones develop 

without latera.1-li.ne tubei:eio Appa.:rently'9 in lower forms, neuromasts 

li!ie:rve only to looa.lize9 mt evooa.t@,9 the development of dermal bones. 

Wohlfahrt (1967) demo~~trated in Clu:eea p:i,lchard~s that some ·canal 

ne~st&\'d,evelop w:tthciut secondiril;:r. f0:rming bone primo:rdia. and 

Stephens (1967) observed in Dorosoma. E~tenense that certain bony 

elementJ9 supposedly evoated by neuromast activities,i formed without 
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In Hybopliilis the la.teral=line sy~tem is probably the last isystem to 

length lack fully far.med canals.I> and, in Nocomi$:; canals are wanting 

in inditlduals leiss than 36 mm standard lengtho In these and other 

Hybopsis:; however:; the lateral=line bones are almost always fully 

formed be:f'ore clo~ure of the canal.so The canals, although normally 

fueed with bones 3 are som~times fre~ly suspended in the overlying 

~ubcutaneous connectiv~ tissue. Thi~ occurrence is not unusual, since 

canal~, either bone or connective tissue:; commonly traverse bones via 
, 

grooves or depresrsions a~ seen in Am.eiurua (Moodie., 1922) j) ,Lepomis 

humi.lis (Curd, 1959), Centrarchidae (Branson and Mo®re,9 1962), 

.Q.l.Slieptus (Branson, 1962a),, and two Notro;e,i,! (Reno.11 1966)0 Canal 

neuromaste are normally enclosed by bone and solidly fused with 

lateral-line ossioles, but$ like canalep occasionally become indepen-

dent of bones. 

The mechanisms of neuroma$t invaginati©tA i.n HybopBi! are little 

understoodo Apparently,, n!Eiur0>mast1 arid part of the epidemiB are 

invaginated by latero=senBory elements (usually 2) growing outward 

from underlying bony plateBo As the elementa grow,, the akin covering 

ea.oh is pushed upward» while the tissues and sense organs between 

elementa3 are gradualzy "invaginated11 and later enclosed by themo 

Where neuromast® are displaced laterally9 the growing elements ~till 

effect invagination ~f the ~ense organs and epidermis» although the 

c@mponent~ of the canals (Figo 32)o Without neuromast~ 9 the tia~u~® 

between d~veloping ~lements do not invaginat~; consequently, bony 



99 

50p 

SM 

. Figo .32o Tran$vers~ $6ction through prtiioperc:ulomandibular canal of 
HyboJsis l@ptocephal.ao A,; angular Carter Harrington,> 
1955, CN, canal neuromast; DEN, dentary; U, ligament; 
SM, striated muscle; TB, taste bud; UP, usual position 
of POM canalo Other abbreviations as in Figo lo 

development of bony canals with neuromasta independent of lateral-line 

oones eiuggerst&iJ a second type of organ invagi:nation. and canal forma.tiono 

Evidently, some canals or portions of canals (eogo:i formation of the 

rudimentary d~rm.osphenotic bone at the junction of the IO and POC 

canals) invaginate without the as1e1i13tano:e o:f underlying la.taro-sensory 

elementsq Arter invagination9 the process of canal oseitication is 

different from that given above& vi~o 9 direct deposition of ostein 

:in the wall~ of the connective ti~sue tu.be.so Occasionally9 the bony 

tubes become a@ closely associated wi:bh lateral=line bones that 
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deposition of bone between the:in, results in fusiono When thi~ happens, 

it is impossible to ascertain which of the t"IIW mechanisms obtained in 

canal formationo 

Generally, among cyprinids the SO and POC canals are separate, 

with several groups am species manifesting closely apposed SO and 

POC eana.llculi (Lekander, 1949; and Illick, 1956)0 Lekander (1949) 

suggested that ancestral eyprinids probably possessed joined. $0 aJld 

POC canals and that, in succ_eeq.ing morphotypes, the connections be

tween can.ale grad.uall;v disappeared o As the disruptions became more 

permanent, the SO canals lengthened posteriad over parts of the frontal 

and parietal bones. Incipient neuromasts, derived from cranial pit 

lines, progressively invaded the elongated canal parts and, thereafter, 

acquired latero-aemsory elements which generally fueed with the under

lying membranous bones. In Ftybopei!, the SO and POC canals are 

eeparate9 but lin most species they are closely allied via oanalicull. 

In !!o labrosa, H,o bellioa, and others, connections between the SO and 

POC canals appear oemmonplace» While in still other species (e.go» !!o 

biguttata, H,o gracilia., H.• plmil.bea, etco), displaced or nonexistent 

POC oanaliculi permanentll' isolate the can.also Furtherimre., although 

not Hen, in Ji• g1lida., I• meeki, and other f'crma with long cana ... 

liouli, long life (comparatively epeak:Lng., of couree') and continued 

growth no doubt occasionally result in fusion of the two oanalso 

Following this line of reasoning, one might suggfllst that the 

immediate ancestors of H.ybopsi~ had connected SO and POC canals which, 

through time, eventually aepa:ratedo In Hybop~is those SO canal 

portiona,, elongated posteriad, are probably modified eanaliculi, since 

mo$t parts are eo1U1eetive tissue rather than boneo Seemingly, neuro-
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masts have secomarl~ immigrated into these tubes and.9 in mst instan-

ces, have become encased by bone a .However .9 bony tubes not only form 

around organs but also around pa.rt.s of the connective tissue canals 

as nllo Thus, in a.my- Hzbopfjifl, a series of bony tubes (="drain ... 

pipe" bones of Moodie, 1922) may form which may or may not secondaril.1' 

.amalgamate into a eo:i:atinuou tubea If :iaeuromasts are responsible 

for bone evocation, what evokes the bony elements between organs? 

Apparentl.1', sources other tha.m neuromasts initiate formation of these 

latero-sensory elements., and i.t this be true, there is reason to 

question the evooating powers of neuromastso On the basis of these 

and the other observations disousse~ earlier, it is doubtful whether 

neurcma1t1 · are p.irectq responeible for bone formation in H.y'bopeia • .. 
Perhapa, as suggested by Leka?Jd.er (1949) for higher teleosta, bones 

of Hzbopsis a.rise from sources (direct genetic evooa~ion?) other than 

neuromasts, and bony.tubes develop only to protect ·the organso 



CHAPrER VII 

PHYIOGENI.ES AND INTERGENERIC RELATIONSHIPS 

Since Hybopsia appears to be a heterogeneous assemblage of 

questica,a.bzy- related apeoies and groups, it is difficult, if not im

poi!:isible, to oO"nstruot a si.ngle phylogeny !'or the entire group; how

ever.9 it doe.s eeem. possible t0 erect phylogenies f'or some subgenerao 

Foll.owing Gosline (1949) a.:nd !llick (1956), the sequential phylogi,,nies 

for EY:bopsis and Er:µn.y;eta;, are not based solely on lateral-line evi

dence, but on several other factors as wello It is important that 

most authorities consider complete la.tera.l=line canals primitive and 

reduction of oana.J.s, ca.naliouli, a.nd/or canal neuromasts steps toward 

speoiali1ation (M;yers, 1958; Branson and Moore, 1962; and many others)o 

One factor sometimes used in establishing phy'logenies is distribution 

and ha.bitato According to Ross (1957) and Branson and Mo~re (1962), 

correlation between ecological and morphological characteristics 

frequently enhance elucidation of phylogenetic relatio~hips within 

a taxon or ta.xao 

Apparently the $ubgroups Hybop~:gs and Erimystax are more closely 

related to each other than to oth~r subgen~ra of H.ybop$iSo Both 

probably arose from the same free~ inhabitant of turbid, 

semi turbid, or intermittently turbid streams {Fig. 33) o This ~YPO= 

th~tical stSID.=type probably resembled !:!o labrt:>sa (Figo 4), but, unlike 

!!o labrosa, it perhaps had a complete ST canal, continuous POM canals, 
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..,.__. H. hypsinoto 
---H. cohni 

H. mono ch a -------..... 
H .. omblops -. I ... 

· H. lobrosQ--~ 
H. storeriono 

H. lobrjosa-like · 
. . 

... + . 

Figo 3:30 ~othetical dend.rcgra.ph for Hybopsia, subgenera Erµ,ystax 
and Hzbopsiso 

short barbels., and greater numbers of skin neuromastso Davis and 

ffl.ller (1967) suggested that., on the basis of greater numbers of 

· ekin taste buds., similarity in bra.in pattermi~ a.nd living in turbid-

. water environments., B, .. labrosa -~ H,o storeriana. are primari~ taat.e

feeders., whereas., with fewr skin taste buds., larger eyes., similar 

brain patterns and living in clear...wa.ter envirenments., !!,o amblops, !!o 

rubrif'ron1., and !!o hzysinota are sight-feeders ... However, they 

questioned the clo·se kinship of l!o labrosa to Ro storer;lana and other 

liybopeia, tor they wrote, "The marked di1tinctivene1a of Ro labrosa 

suggests that it has either diverged from the adaptive pattern 

established by other members of the subgenus Hzbopsis, or that it may · 

not aet'Uall.y be as closely rela.ted.,.phylogenetically., ae the present 

claesif'ieation indicates,. 11 Conseq1JS1ntly, !lo labroaa. is probably a 

specialized form (owing to long barbels9 incompleteness in so.me 

canals, few skin neuro~st~, and limited distribution) which diverged 

i? . . )-; .. ~· ... 
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.from the ma.in line of H.y'bopeis evolution o 

A complete ST canal, medium-size ca.naliculi, and a few other 

lat~ral-1.ine peroularities., coupled with a wide distribution and _life 

in turbid environments, make H,o storeriana. (Figo 5) the most logical 

candidate for position nearest the hypothetical stem-type for the 

Hz_bo:psis group0 .. Over much of its range, !i~ atoreriana is sympatrio 

with E,o amblops~ although the former generally dwells in more turbid 

waters and the latter :in clear water, (Moore and Pad.en, 1950; and 

Trautman., 1957)0 In !!o a.niblops (Figo 6) reduction of ea.nalioulus 

length, expansion of canal pores, incompleteness of the ST canal, 

increased numbers of skin neuromasts, and fewer numbers of skin taste 

buds suggest that it descended directly from H .. storerianao Moore 

(1957) indicated that Ho a.mblops is trans-Mississippi River in distri

bution, ranging as far east as Alabama and Georgia., where its range 

is a.11.opa.tric nth !!o rubrif:rons and.., to a lesser extent, with ,!i .. 

hypsinota .. Since the lateral-line systems of !!o rubrifrons an.d Ho 

bypsinota are similar to fl.o amblopa {compare Figao 6=8), although the 

POM canal of Ho hnsinota is interrupted, perhaps !!o amblops once 

ext.ended eastward from its present range into the Santee drain.age of 

the Garolinaso later, it retreated westward, leaving behind the 

specialized form J.! .. hyps:inota .. Li.kewiseH., rubrifrons differentiated 

in the Alta.ma.ha and Savannah drainage of Georgia and South Carolina .. 

My data Sll.ggE!l$lt that !!o ambl.CJiJ}S gave rise to !!o hypsinota b~£ore !!,o 

rubritrons and that continued isolation over a longer period of time 

has resulted in greater ph7logenetic divergence between !!o amblops and 

!J. .. hypsinota. .. Conversely, the later appearance of !!o rubrifrons and 

rather recent isolation :fr\:>m !!o am.blops (?) is responsible for the 
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According to Hubbrs and Crowe (1956) am Mo@re (1957), !f. amblops, 

g. h,:peinota$ and!!• ha.:rperi ~®metim~s lack barbels. Comparison of 

tha brain patterns (Davi~ and Mill~r» 1967)» lateral-line systems, 

and ether :roorpho.metric date. {"I'ableffil III-IX) o.f these species with 

those of' !!~ ~ (Figso 6...-.8 and 14.) reveals a s't,riking similar

ity between them, even though !!.• harperi is presently oons.idered a 

member o:f' !t:metax~ Conversely 1, makin.g the same comparison between 

members o:t: ~in5YS!f.!a£ and fl> h!,rper.,~ (Figs., 10-14) reveals a striking 

diHimila:rity betweein ·the:mo Moreover, Moore (1957) gave the range 

of!!, .. h!rperi ae being in " .... northern Florida and adjacent pa:rte of 

Georgia and Alaba:ma. 11 which is eome distance south of the nearest 

Er:i.mystax (H., monac_)la) in'the Tennease River system. Therefore, it 
.- ---.-· - -·s.-- . . ..... 

erta.x., Perhaps H., ainbloi:»:ei once ranged southward. into Florida, giving - - ------
rise at that time to the closeily related but highly specialized form 

Divergence of !!o 1abro~a from Hybo~~i:s perhap6 signifie~ that it 

is mor® closely relateid to Erintystax than currEmtly recognized 

taxonomically" I:ndeied.ll similarity :in brain patterns, lat;,eral=line 

l'3tax ~volved directly f:rom the :more primitive !!o labrosa=lik@ an= 

castor described earlier rather than from !!o labro5a per se (Fig. 33)o 

Erimystax app~ars to be phylog~n~tically divi$ible into two group~j 

the firl:llt being r®pre~~nted by !!o 100nacha and the second by!!• cahni,i 

Evidentlyj Ho monacha, - . 
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lik~ !!,o labrosa,, diverged from the main line of Erilnystax ev~lution9 

since it independently acquir~d many of the lateral=line character

istic$ found in !!" labr©!SlJ! ( c©!IIl.pa.re Figs" 4 and 10)" Members of the 

$ec~nd group probably emerged when the anterior portion of the primi

tive IO canal rotated p~steria.d ( compare Fig$" 4, 10-JJ)" This par

ticular character i$J one of the major differences separating members 

of the second group .from !!.• labrcHa ,and !!o monacha., Within the second 

group9 phylogenetic r~la.tionships are enig:ma.tic 9 particularly when it 

is considered that most apecies a.re aympatric and m.orphologieally very 

simila.ro However, on the basis of rareness (Davis and Reno, 1966), 

limited distribution (Mo~re9 1957), am slight differences in lateral-

1:ins $ystems, Ho eahni may be somewhat more removed phylogenetically 

.from the other three species. 

While the phylogenies presented are tenetative9 it j.,s certain 

that !!o harperi and J!o ,lab:rO:sa manifest some peoularities which 

euggeet that. thei:r pre1en:t. ta:x:onomio po1.ition1 are inappropriateo The 

poersibility of relocati.ng g. ha.~ri in H_yboped..!, and !!• la.bros~ in . 

. E:d.mystax: as suggested in Figure 33 shou.ld. definitely be considered 

by future students of these group!Slo 

BiologisttS generally agree that taxonomic categories above the 

~pecies level arie more or le15>s :subjecti"ve. Accordingly, taxonomic 

categories recognized by one $cientist :may not necessarily correapond 

with those of an())ther tiiloientist. A~ defined by Mayr9 Linsley9 and 

Usi:nger (1953), a genus is 11 00.,a syst'1iilmatic category including one 

$pee1ieis or a ~up of species of presum,a,bly co:rmoon phylogenetic origin.I) 

which is separated from other similar units by a decided gap., 11 Ordi= 

narily9 species within a genus individually occupy more or less well-
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defined ecological niches with a greater or lesser degree of ov~rlap; 

thus, the genus is a group of closely related species (ioeo, derived 

from a common ance$tor) adapted for a particular mode of life (Ma.yr, 

Limsley, and tl\dnger, 195.3)0 While this definition is loosely worded, 

and indeed necessarily ao for obvious reasons, it provided a method 

for categorizing related species into natural groups and conveys 

standard conceptions about generic compositiono The genus :mq, how

ever, become a confused and meaningless unit if inappropriate charac

ter5 a.re utilb;ed to delln.eate such grou.ps o 

The lumping of nine nominal gen.era into Hzbopsis illustrates this 

point .. Apparent4", the possession of barbels is the single universal 

character these fishes have in coiDDQn (Moore, 1957), .even though each 

group is morphologically dist.inot o Perhaps the most easily recognized 

eiubgenus included in Hybo,12!!!, is Nocomiso Characteristically.11 all 

Nocomirs exhibit seasonal changes in color and tubercu.lation, build 

elab0rate nests (Raney, l9lt.7), are large (300 mm; Moore, .1957), arui 

inhabit clear streams., Likewiee.s, their lateral-line systems are 

unique: In juveniles, canals a.re similar to other clear-water Hybopsis, 

but in adults they an dramatically modified to compensate for 

seasonal changes.in facial integum~nts (Figso 16-21)0 

The subgenus Coues1u~9 characterized by barbels forward from the 

:ma.xillary terminus and small scales, is unique because no other Hybop,= 

,!!! has facial features a:rd/or lateral-line systems similar to !,o 

(Coue.sius) plum.be& (Figo 25)o If Couesiua is actua~ be~ considered 

a B'Ybopsis 9 then it seems logical to also include Semotilus and per

haps even Rhiniehthyil! in Hybop$iS 9 since both also have barbeleo At 

the present time 9 Couesius is being considered for separation from 



Hybopsis and alliancH~ 'With Semotilus.9 ~, Cb.roeomul5.9 and Pho:.d.nu$ 

(qorrespcm.denee between Dr:s .. Ro Mo Bailey arid R., J,, Miller )o 
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The subgenu8 pr~goniehthye is geographically isolated from other 

!Jlbopeiso Its limited range, deep and compr$SSed body, inconspicuous 

barbele1 and unique lateral-J.:tn.e system (Figs" 26 and 29) cast serious 

doubt on any phylogenetic affinitias with other subgroups of Hybopsiso 

While the la.t~ral-line system of !!o {Pla.tzgobio) graoilis (Figo 

24) i$ similar to ~(;)DJ.e Hybopeiis 9 the prell!lence of' large numbers o:f 

canal gobl~t cells r1ro.gge~t~ considerable uniqueness, particularly wl).en 

it is con8id<ered that other H.vbopm.ii have few if an;;y such cells in 

their canalii!., 

Davis and Miller (1'967) noted that Ex.trarius is perhaps the most 

plastic, widely distributed, and locally differentiated subgenus with

in Hybopsi$o According to Mayr (1963).5) in every 'frlde spread, actively 

evolving genus or speci~~, there are geographic populations which have 

differentiated little from each other, others that are as different 

as subspecies, others that have alnwst rt'!lach~d species level,> and 

finally still other$ that are full specieso Sometimes these remain 

allopatric in other cases the most distinct ones secondarily overlap 

the ranges of their close relativeao Extra.rius appears to be actively 

evolving new forms.ll for the brain patterns, numb~r of barbels (usually 

1 or 2.11 rarely 3 or more pairs per :individualL and number of pores. 

per 1.ateral=llne canal va:ry slightly in S©l~ localities and dramati= 

ca~ elaewhereo 

Even though Macrhyoop~is and Eril;Y!tax rea~ble Ex:trarius (compare 

Figso 3Jl 10=14, and 22=2.3).I) mrphou»gica.l t:llimi.larity i:lil probably a 

reflection of envir0Jrm1.&ntal ~:lmila.rityj) rath@r than close kinshipo 
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Finally~ the ~ubgmu~ Hybopsis i@ unique, it~ lateral=li:ne aiy:ste:ms 

being primarily adapted to clear=water envirornnentSJ (Figso 5=8j and 15)o 

The frequent absence of barbel~ in $Om~ $peci~e of the subgenus Hybop

~is and th~ir appearanc1$1 in Notr\<Jp.i~ amnit'!l Hubbs and Greene suggest 

that Hz~.!.~S and same Notrop~:s. are closely related; more so, in fact, 

than Hybo,E_rsis is to eom~ of i.ts congeneric subgenera.,, Hubbs (1951) 

wrote~ ''The minnow that Notropis amnil:J perhaps most closely resembles 
' ' 

in superficial appearance i@J !Jzbo12si:s amblQ:Q! (Rafinesque).,,o Were 

it not for the Yery peculiar mouth structure of !• amnis, which !!• 

!E!?clo_;e:s hardly share:!'il.9 one might even postulate that anmis was de= 

rived from amblops by loss of the rs:mall maxillary bar·bel. That 

possibility is not wholy excluded» for!!•.!" winchelli occasionally 

lacks the barbel on one or even both sides and the mouth structure 

some1what approaches that of No amni~o 11 

Gill (1876) once rre:marked, nrt cerrtainly cannot be in conformity 

wi~h nature to place genera at almost extremes of the family simply 

only tags of' skin pro<HJeding from th~ integument of the :ma.:rlllary 

bones, have v~ry little systematic value compared with the barbel~, 

and esp~eially the maxillary barbe~ of th~ Siluroidso 11 Perhaps, if 

Gill were alive today» he wOJuld modify hiiQl statement to include, aB 

into ;gyb~p5i$ 9 $Olllel v.rorkers have viewed the merger with skepticism. 

F'or ~x.ample 9 Hubb~ aoo Crowe (1956) indi1;:ated that 3 11 For several 

II 
0 0 0 Moor~ (1957) found it difficult to characterize th~ genuB 
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'f:I;tpop,\'l\;i_~,j) berca:u:Be subgroup morphologies a:t'e markedly di.f'!@r®nt and 

habi.tat 1."'eiquiriil!ment®J ex.caedingly diver!Sieo Davis and Miller (1967) 

said that the pol;ytypiie gent!.$ Hybopisifa) ,j) as recogni~ed today:. 11 " "a 

probably const-itute(:s) and unnatural grouping., 11 Rect:int ccn•r<SJ~pondl.~nt:61 

b~twe~n Dl"'ii:to Go Ao Moore and Eo A. Iachner have que~tioneid the autherL= 

tic:i:ty of re:cognizi.ng cer»tain subgroups of HlE,0.12.s~s ae r1rubgemn•a 

rathar than full genera. Lateral-line ~vidence presented here also 

t®nd.~ to question the subgeneric status of some of these group8lu On 

theJ bai,d.s of fil(ij)Jrphological evideniee presented by Davis and :Miller 

(1967) and m~, and the skeptici3m voiced by the above ~ci~nti~tB 9 I 

f1llu.ggie,:5t th.a. t the subgem.era now included in Hybopsis be l"<B$'tlt'rect~d 

to .full ge:n.~ric statuso 
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