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PREFACE

Use of ths cephalic lateral-line system as an index to habitats
and eccloglieal reguirements of fishes haz long been known., This
lateral-line study of Hybopsis was conducted to; (1) corrslate lateral-
iine structure with species ecologies:; (2) predict probable ecologiss
of littls=known species of Hybopsis: (3] investigate the neuromast-
bone relationships in Hybopsis; and (L) erect tenmbative phylogenies
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CHAPTER I
INTRODUCTION

For over a cenbury, the Eat&ral;lins system of cold bloodsd agua~
tiec vertebrates has been of special interest %5 zoologiste, because
structural and funetlonal specializations in the system offer intersst-
ing problems in adsptive radiation. Allis (1936), Romer (1945),
Stensio (1947}, and may others observed that lateral-line systems in
many primitive {fossil and exbtant) vertsbrates were well developed and
frequently complex, as seen, for example, in Amia {(Allis, 1889),
lepisosteus (Collinge, 1893), and Dipmoi in general (Goodrich, 1930).
Apparently, from the more primitive fishes with complex 1aﬁeraléline
systems to higher teleosis, thers has been a gradual reduction and
simgiifiéaﬁian of ths 1atera1§line system. The cephalic canals are com-
plex with much secomlary ramification in the Clupeidae (Tretyakov, 1938:
Dijkgraaf, 1962; and Stephens, 1962); less complicated in the Gatas;
tomidae (Branson, 1962a); simpler in the Cyprinidae (Lekander, 1949:
and I1lick, 1956); and still simpler in the Poeciliidae (Gosline, 1949;
snd Rosen and Memdelson, 1960), Centrarchidae {Branson and Moore, 1962),
and Percidae (Hubbs and Cannon, 1935).

Quantitative and gqualitative changes in lateral-line systems
vary from taxen to taxen, and, in some groups, Laxonomic signifi-
cane has been attribubed to cansl structure (Hubbs and Cannon, 1935:

Goslin, 1949; Bailey, 1951; Tlliick, 1956; Moore, 1957; and Branson

B



and Mocrs, 1962). Major medifications in the system have generally
resulted in loss or near loss of side branches, Lrunk canals, dis-
ruption of previesly existing canals, or total disappearance of
canals, lsaving cnly pit lines to suggest thelr previous existence
{Hubbs and Cannon, 1935: Lekandsr, 1949:; Branson and Moore, 1962;
Dijkgrasf, 1962; and Henc, 1966). Among modern cold blooded aguatic
vertebratss, pit lines are present in the Agnatha (Wright, 1951),
Elassoma {Branson and Moore, 1962), Gymnarchus {Pshrson, 1945),
many specializad telsosts (Goedrich, 1930}, and larval and certain
adult amphibians (Wright, 1951; and Holmgren and Pehrson, 1949).
iekander {1949} indicazted that in more primitive fishes, bones
agsociated with lateral-lines form in conmection wiith neuromasts,
These bones, usually tubs-liks, are secondarily transformed into
Tlamellar bone': that iz, dermal bone iz added secondarily to the
latero-gengory slements. In higher telsosts bone continues to form
around lateral-line canals, bubt undernesath, ssparates membranous
components appear which may or may not fuze with the overlying
lateral-line bones. In fishes lacking canals the lsteral-line bones
are geperally wanting or grsatly reduced in sizs (Branson and Moore,

1962): however, the dermal slements ususlly persist as normal bones

{Lekander, 19.97. Not all investigators agree with thess phylow

19443, and Branson and Moors {1942} asserbtsd neuromasts ave directly

responsible for hone formation, while Walther {(1882), Moodie {1922},

"

De Beer {1%3%7), Moy-Thomas (1941}, Parpington {1949}, and Stephens

My



gtructurs and funciion is

Adbhougn 1itsrature
comparatively 1ittle is known aboul the system in the

ek, 19561, Sagemehl {1891)

gzame system in Tinca., Allils

canal systems in (arassivs and Mexostoma,

iled acoount of the latersli-line system

08 lasvis, and Devillers (1944, 1947) discussed the

uf

Vore recently. Lekander {(1949)

line ontogeny in ons cobliid and four cyprinids,

i.8,, Phoxinus vhoxinus, Isuciscus rutilus, Alburnus alburpus, and

Tinca tinga. Illick {1956) researched the cephalic canals in ...
eighty-three forms including subspecies, representing thirty-eight
genera.” Rence (1966) analyzed the cephalic latersaleline gystem of

Notropis volucellus and N, buchanani. ILskander (1949) and Illick

{1956) pointed cubt that in some respects the lateral~line system
of cyprinids is unigque among fishes, Unlike most f{ishes, Lhe sup-
raorbital canal is incomplete; that ls, connsction with the poElow

cular commissure iz lacking. Similarly, ths preoperculomasndibular

canal oot borbital canel, When thess
it h snnt variand ity {T114a]
Wiiail &8 5 ir=w;m8;$é,n’s¢l;b§ i*m%gﬂﬁ

1956+ and Reno, 19667, it is evidermt that oyprinids in gsneral affor

51



excellent material for lateral-line studies {lekander, 1949). Among
the diversified groups of minnows, the genus Hybopsis Agassiz is
arusually unigue and well suited for lateral-line stwlles, because
its members are morphologically quite diverse and occupy a wide
variety of aguatic environments (Moore, 1957).

Prior to the present time, studies on Hybopsis have been

principally bshavicoral or ecological (Reighard, 1943; Marshall, 1947;

Ransy, 1947: and lachner, 1950, 1932), although the barbels, cutaneocus

sense organg, breeding tubsrcles, rugosities, and olfactory apparatus

of some have been investigated (Moore, 1950; and Branson, 1962b,
1963, 1966). Davis and Miller {1967 critically analyzed the gusia-
tory apparatus and brain patterns of most speciss of Hybopsis in an
affort to correlate structure and function with speciss' ecology.

The aims of this study are twofold: {1) to provide additional infor-
mation on phylogeny and ecological reguirements of little-known
species of Hybopsis; and (2) to investigate the nsuromast.bone re-

lationshins in these fishes,




CHAPTER I1
1ATERAL-LINE STRUCTURE AND FUNCTION

Fundamentally, lateral lines develop from the aseusticaéiateralig
portion of the suditory placode. During ontogeny, most of the placode
sinks hensath the skin to bscome the auditory labyrinth, while the
lateral-line component persists superficailly, graduslly giving riss
to the primery neuromast or piﬁ.iiaa of the head and body (Allis,
1889: landacre, 1910: Pehrson, 1922, 1940, 194L; Stone, 1928, 1933,
19%7: StensiB, 1947; Holmgren and Pehrson, 1949; lLekander, 1949;
Wright, 1951; 9atd, 1956; Branson and Moors, 1962; Hama, 1965; and
Stephens, 1967). Lekander {1949) suggested that pit lines develop
by any of thras ﬁaénsﬁ i.e., {1} direct maturation from the lateral-
line portion of the auditory placode; {2) "budding” of primary neurce
masts: or {3) spontansous appearance independent of placodes or
primary neuromasts., Stome (1933, 1935,1937), Bailey (1937), Wright
(19513, and Stephens {(1967) reached similar conclusions from works
ol wéégless Funé,uj_us; anurans, and Dorosoma, respectively. Stone
{1928, 1933) further demonstrated that the primary neuromast lines
é?@ polarized, the cephalic lines preceding development of trunk
lines. According to Stone (1933, 1935, 1937), Speidel (1948},
and Lekander (1949}, soms &f the primary neuromasts secondarily bud
or divide into smaller superficial neurcmasts which generally psrsist

28 fres sense organs in the skin, As fres sensse organs, they may be



sunken inte pits or crypte {pit organs}, eleveted on sensory hillocks,
or remain exposed as naked neurcmasts (Stensis, 1947;lekander, 1949;
i955b, 1956; Branson, 1961; Branson and Moore, 1962;
Dijkgraaf, 1962; Reno, 1966: and Stephena, 1967}, Neurcmast division
ceages after the primery ssnse organs sink below the skin and beconme
entrenched in connective tiasue tubes (Bamford, 1941). Bone primor-
dia develop arcind the enclosed neuromasits and eventually form chains

of embryonic lateraleline bones which may or may not fuse with the

membranous components developing underneath (Stensid, 1947; Lekander,

o

1962: and many others)

Histologically, canal and superficisl neuromasts are similar:

Y

that is, sach i3 construcied of sense (recepitor) and sushenbtacular
supporbing) cells {Wright, 1951; Satd, 1955b; Moore, 1956; Branson,
1961y Branson and Moore, 1962; and Reno, 1966). In an intact neurc-
mast {Fig. 1), the centrally placed sustentacular cells extend from
the bassment membrane to or near the free surface of the organ, in-
stead of terminating at the basal ends of the ssnse cells as zoms
authors have reporied, The more periphsral supporting cells freé-
gquently extend above the organ forming a cavity (tremognostic chamber)
into which the sense hairs of the sense cells project (Branson and
Moores, 1962; and Bsno, 1966), Distally, sach sustentacular slement
lg dnbricetely bound to its neighbor by & complex system of inter.

LR
Similar

ot
b

ama, 1965; and Iwai, in press

structures {intercellular bridges; were seen by Moore {1956) in




=l

Trangverss ssction bthrough infraorbital camel neuromast and
superficial nsuromast of Hybopsis asstivalis. BM, basement
membrang:; BY, blood vessel; C, conpective tissue; D, dermis;
DE, deteitusy L, lachrymal; LAC, lcose arsolar connechive
tigsus: LU, lumen of infraorbital canal; ¥, latsralwlins
nerve; 50, ssnse cells; BH, sense halr: 3QE, stratified
squemens epitbalium: 330, sustentacular cell:; T, tremog-



(1962a), Hama (1965}, and Iwai {in press) revealed the ultrastructurs
to be granulsr with some supranuclear mitochondria and Golgl apparatus,
and paranuclear lamination and membrane folding, Flock and Wersill

1962a) farther illustrated tiny mierovilll {(epparently nonfunctional)

oy

on the apical ends of these cells, The nuclel, ellipsoidal in shape,
are basally placed and generally homogensous throughout (Branson,
1961; Branson and Moors, 1962; and Reno, 1966).

tnlike the sustentacsular cells, the sense cells are club-shaped
and fewer in number. The large ovate nucledl are basally placed and
generally conbain numercus dark-staining bodies {(chromatin or nucle-
oil). ‘The suypranuclear cytoplasm is highly grenulated and apically
each cell bears one to several sense hairs {Wright, 1951; Sat®, 1955a;
Moore, 19563 Moors and Burris, 1956; Branson, 1961; Branson and Moors,
19625 Diskgraaf, 1962; Van Bergeijk and Alexander, 1962; and Reno,
19663, Ultrastructurs studies by Trufille-Cendz (1959), Fleck and
Wersill {1962a, 1942b), lowenstein and Osborne (1964), Hama (19657,
and Twal {in press) disclosed that each sense cell actually bears a
tuft of sense hairs (eilia}; sach tuft being compozed of a long kinow
cilium and numerous {25-50) shorter stersocilia. Moreover, 48 re
ported by Flock and Wersdll {(1962a) and substantiated by Iwai {in
press ), the kinceilia are alternstely arranged on opposiite sides of
succegsive cilisry tufts, instead of belng btopographically polarized
on the game side of consscubtlive tufis as In the labyrinth cristae
{lowenstein and Wers#ll, 1959: Trujillo-Cendz, 1961; and Flock and
Wersill, 1962b), A% the bass of esch sense halr iz a smell axial
filament which has rocts in the dark staining cuticular plate

immediately balow the senss hair bases (Flock and Wersall, 1962s:
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{probably glycogen), and varying numbsrs of vesicles,

That the sense halrs of a neuromast project into the base of the
cupulia and that the cupuls-sense cells system functions as a micro-
current receptor is well documsnied. The cupulae, possibly origi-

ting Trom apocrine activities of the supporting cells (Dijkgraaf,

19623 and Twal, in press), zenerally persist as skin structures or

are secondarily incorporated into the subdermal canals noted earlier

{Dijkgraaf, 1962: Cahn and Shaw, 1962; Branscn and Moore, 1962; and

93

o o - ey g % g Fnopns oo ™2
Iwai, 1965}, Denny {1937), Cahn and Shaw {1962}, Dijkgraaf (196

}

3\.)

=
z

and others cbserved the cupulae to be easily destroyed by mechanical
abragion or chemical fixation., Apparently, however, once mechanically
destroyed, new cupulas are not regesnerated. Renc {1966) further ob-
served that the sense halrs of pretected neurcmasts {principslly pit
organs) remsined separate and intact despite cupular destruction and

that cupular shrinkage during fixation caussd the sense halrs of

canal organg Lo be drawn inio cones.

terale-line cansl

separated from

ing to Branson
P

lagsr is principally

seudostratifisd columar

sense organs. GCenerally, goblet



celiz are found scattered throughout the spithelium {Branson and Moore,
1962; Van Bergeijk and Alexander, 1962; and Reno, 1966), However,

Sharma {1964} indicated that the poreless canals of Nobtopterus chitala

4

lacked mucous cells. The ouber layer is loose arsclar connectives
nsrve fibers, and mast cells

cre, 19623 and Reno, 19663, Denny {19%7) and Van

Bergelijk and Alexandsr {1962}, working on Fundulus heteroclitus,

and supposed

the mdifferentiated tissue was a ", ,..remnant of the embryonic lateral.
niags. . .;7 since the cells of the cord merged with and changed
into the supporting cells of the neuromasts, Jakubowski {1965} ob-

served similar cords in Lota lota and Esox luclus. However, he

strongly questioned the term "mesenchymsl cord,” for he said, "This
1% supposed Lo be a remnant of the embryonic anlage of lateral-line

Beard (1884}

:.“.1
ok
i
i
(1
ot
43
ke
§
j
fuba
s
o]
]
s
]
[& 7
i

reported that the canal neurcmasts of Salmo faric are segmentally
arranged and connscted by a cord of embryonic cells, Tn most ia¥
stances, esach neuromast, generally situated betwsen two consecubive
canal pores, is closely associated with 2 bone foramen through which

l=1line nerves and blood vessels (Branson and Moore,

1962; Van Bergeijk and Alexander, 1962; and Reno, 1966). The vessels,

according to Van Bergeljk and Alexandsr (1962), form extensive cap-

£ 2
s
£
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]
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&
b
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iliary beds under eac
The functions ascribed to the laterai-line system were extensively

reviewed by Dijkgraaf [1962) &ﬁd Branson and Moore (1962). Dijkgraaf
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They ssrve to detect aml locate moving animals
{prev, snemies, scclal partners) at short range
on the baslis of current=like water disturbances.
Their use in obsiacls avoidancs &aﬁ rhaeotactic
orisntation is of relatively minor importances,
They are not sngagsd in the é@ﬂ@uﬁlﬁﬁ of propie
gated sonle or infrasonic scund waves, nor are
they used as Ltemperaiurs F@ﬁ%pé TH.

Functionally, the principal difference belwsen superficisl and
canal neuromasts is that the former are dirsctly exposed Lo sxternal
currents, whsrsas the latier are effected by local currents more or
legs impinging vertically op the Iatersal lines. At such angles, s
certain amount of water is forced through one or mors cansl pores,
thas vibrating the canal finld and nsuremast cupulss (Dijkgraaf, 1962).
Soms guestlion has besn raised as to how much ldguid zetually pene-
trates a canal pore, especially if the pore is swall and partislly
pooluded by mucus. Under these circumstances, some intrinsic canal

modifications, such as @sen by Moore {19%56) and Curd {19%9) in Lepomis

humilis and by me in Ericymba buccata {unpublished data)}, may serve

to amplifly or modily the loplnging vibreabtionsz; thus, the inlst function
PaLLY 3 s
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of the pores is clrcumvented (Dijkgraaf, 1962},

According to Flock and Wers8ll {1962k}, the senss cells of laterale
line organs are stimulated by bidirecitlonal displacement of the cupue
lze, while unidirectional diszplacement effects the sense cells of the
labyrinth cristas, This means that in neurcmasis, anterc-postsrior
movenent of the cupulas affscts equal numbers of kinoecilia, whersas
the kinecilia of crisias respons to ons-way deformation only
{lowenstein and Wersill, 1959; Trujillo-Uendz, 1961; Dijkgraaf, 1962;
Flock and Wers8ll, 1962b; and Iwal, in press). Each time the cupulae

are flexsd, the senze halre sre deformed and impulses initieted within



sach sense cell, How the inciplent impulses are conveyed from the
sense halirs to the synapitic junctions is guestionable, although the
axial filaments, cubtlicular pists, and striated organelle of sach cell
undoubtedly effect impulse transmission (lowenstein and Osborne,
1964y Hama, 1965; and Iwal, in press}. The functional significance
of the synaptic bers and multivesicular bodies is obscure, but their
clese association with the stristed organslle and synaplic membranes
suggest bhat they relsy impulses scross the synapbic junctions to the
end organs of the innervating rnerve (lowenstein and Osborne, 1964;
and Hama, 1965)., Once across the synapse, impulses may be conducted

through a neuromaste-associaied ganglion (Reno, 1966} or directly to

the brain via the lateral-line nsrves {Branson and Moore, 1962

o w

3

Dijkgraaf, 1962: and other),
Several authers, notably Olmsted (1920}, Parker and Pain {1934},
and Bailey {1937}, have indicated that trophic activities of lateral-

dine nerves ars responsible for maintaining neuromsst integrity.

St

Harriscn {1924}, Stons (1937), Bedsell (1939), and cthers disagreed,
and argusd that Isteral.line organs were maintained indefinitely
despite denervation. Speidel {19%4a, 19kb, 1947, 1948), and VWright
{1951}, working independently on anurans, sstablished that lateral-

iline perves definitely influence neuromast integrity, although the

effect ofdensrvation {(atrophy) is not immediate,
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in this study 450 specimens from 22 species of the genus Hybopsis
were examined., Fach speclies, except H. alta which was unavailable,
was prepresented by btwo or more sSpecimens.,  Two undescribed forme of
the subgenus Nocomls were alsce studisd, Specimens were obitained from
collections at Cornell University (CU), Kansas University (KU},
niversity of Michigan {UMMZ}, Oklahoma State University (CAM), Tulane
University (TU), University of Richmeond {UR), and University of Texzas
(UT) with the loecality data below, Parenthetical numbers represent
the number of gpecimens examined from each collection and hyphsnated
numbers indicate The range of standard length in millimetsrs,

Hybopsis aestivalis [Girard}, spesckled chub: {13), 15:X1:1963,

Arkansas R.,¥ell Co., Ark., 31.5239.0; (2), 6:XIT1:1960, KU 7266

]

Wabash R., Clark Co,., 111,, 29.5-48.0; (7}, 3:1X:1963, Wabash R.,
Vigo Co., Ind,, 32.5=37.0; (7}, 23:111:1965, North Fork of Ninnescah

R., Sedgewick Co., Kan., 47.0-51.0: (5}, 7:1X:196,, Missiesippi B.,

Scott Oo.,, Mo,, 24.0-25.0; (5), 16:11:1952, Pearl R., Marion Co,,
Miss,, 35.0-39,.5; {3}, 23:1V:1964, KU 8064, Peccs R., Chaves Co.,

N, Mex,, 28,0-30,0; {6}, 13:IV:1963, KU #3635, Pecos R., Chaves Co.,

H, Mex., 18.5-27.5; {11}, 17:VII:1965, Horth Fork of Red E., Tillman

g

Co,, Okla,, 28.0=47.0; (13}, 8:VI1:1965, Elm Fork of Red R,, (Creer

Ce., Dkla., 35.0- (3}, 3:VIII: 1950, UT 293, San Marcos H.,

L
E%11
o
W
s



Gonzales Co., Tex.; 44.0-51,0; {(12),1:1V:1961, KU 5976, Elanco H.,
Hays~Caldwell Co., Tex., 44.0=51,0,

Hybcpsis asblops (Rafinsesque), bigeye chub: (1), 9:IX:1964, Piny

Cr., lmard Co., Ark., 61.0; (7}, 9:1X:1964, Indian Cr., Marion Co.,
Ark., g?gé;ﬁggi; (5), 19:IX:1963, Sugar Cr., Parke Co., Tnd., 39.0-
56.5; {3), 1:V:1965, Pearl R., Marion Co., Miss,, L5, 0=i77.03 (77,
6:1X:1964, Zast Fork of Pigeon R., Sevier Co., Temn., 33.5-48.0; (7),
20:V:1959, South Indian Cr., Temn., 47.0-83.5; (&), 31:VIIT:1964,
Powell B., Claiborne Co., Tenn,, 29.0«57.0,

Hybopeis bsllics [Girard)}, scuthern chub: (1), 8:1X:1964,

Buttahatchie R., Mardon Co., Ala., 56.0; (5), 29:VIII: 1964, Ogeechee
H., Warren-Hancock lo., Ga., 42.0-107,0; (1), 7:VIII:1962, TU 29449,
Toxaway R., Transylvania Co., N. C,, 154.0,

Hybcpsis bigubtate (Kirtland), hornyhead chub: (3), 9:IX:1964,

Kings R., Carrell Co., Ark., 57.0-93.0; (2}, 2:V:1959, OAM 5722,
Barren Fork Cr,, Cherokee Co., Okla., 14L0,5-150.5; (3), 23:VII:1950,
GAM 4506, Bidding Springs COr., Cherokee Co., Okla., 51.0-65.5; {4),
10:X:1965, Barren Fork Cr., Cherckee Cc,, Okla., 24.0-116.0.

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

OAM 6126, Powell R., Claibornme Co., Tenn,, 35.8«46.5,

Hybopsis crameri Sayder, Oregon chub: (5), 10:VI: 1963, Willamette

E¢§] Eﬁ:ﬁ% {:{}@ﬁ fges Eﬁagﬁ'j%g?a{}c

dybopsis dissimilis (Kirtland), streamline chub: {3), L:IV:1964,

e
<

8000, Buffalo K., Marion Co., Ark., 60,0-91,0; (5), 9:IX:1949,

Current B, Shamnon Co., Mo., 83,0=94.0; {3}, 31:VIII:1964, Powell

B., Claiborne Co., Tenn., 53.0=563.0.
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Hississippi H., Jackson Co., 113., 30.0-38.8; (2}, 24:VIIT:1938,

Mississippl R., Jackson Co., T11., 30.0-33.0; {6), 12:VII:1952, KU

Richardson), flathead chub: (1), 1:IX: 1941,

OAM 5997, Mississippi R., Jackson Go., 111., 41.0; (2}, 24:X:1951,

Douglas Co., Kan,, 114,0-147,0; (4}, 10:1X:2931,

. _ o - 7 s
Hissouri R,, Lafayette Co., Mo., 53,0-81.5; (8), 23:VI1:19%5, 1@$l@w@

K., HcCone Co,, Mont., 63.0-83,0; {3}}é§:¥§i:i§§lg UMMZ 92256, Platte
R., Dawson Co,, Web,, Ll.Owhb.0; (13, 22:VITI:1959, KU 4961, Bag
R., Haakon Co,, S, Dak., 61.0,

Hybopsls harperi (Fowler), redeye chub: {1 53, 30:V:1951, TU 2370,

Russ Cr., Jackson Co,, Fla., 37.0-46.0; (12),11:1V:1955, TU 97756,
Llehetuchnee Spring, Columbis Go., Fla., 44.0=5,.0,

. A

Hybopsls hypsinota (Cope), highback chub: (6

Springs,Meriwether Co., Ca., A?Q»m 1.0,

Hybopsis insionis Hubbs and Urowe, blotched chub: (8), 31:v1717:

1964, Powell R., Claiborne Co., Tenn,, 48.0-54.0,

dybopels labrosa (Cope), thicklip chub: (L), 24:1171:195L, CU




Cr., Botetourt Co., Va,, 97.0-154.0,

Hybopais meeki Jordan and Bvermamn S£8k$§;iﬁ ehub: {5}, 1:VIIZ
v 5 P

3

1941, OAM 285, Mississippi R., Jackson Jo., 111, 215§m26¢@; (1), 10:1X:
931, Missouri H., Jackson Co., Mo., 45.0; (9), 9:IX:1940, UMMZ 152574,
Wissourdl H., Jackson Co., Mo., L1,0=53.0.

Hybopsia Micropogon {Cope), river chub: (2), 6:IX:196L, Chattooga

R., Jackson Co., N. 0., BO.0-88,0; (15, 17:VII:1961, OAM 5990, Webb Cr.,
Sevier (o., Tenmn., 49,0-134.0; (6}, 31:VIII:196L, Powell B., Claiborne

Go., Term., L7.0-49.5; {61, 2:VII:1963, UR 1755, North Fork of Holston

Hybopsis Monacha {Cope, Spotfin Chub: (33, 23:IX:1947, UMMZ 157561,

South Fork Holston R.. Jullivan Co., Tem., 44.5-51.0,

o

o {12}, 5:VI

[
]
o
wid
WAt
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Hvbepsis {(Nocomis) sp. 127, Wolf Cr.,

E

E&Jﬁﬁﬁ U\y?g Ef%qg Dgnv @s{}ssuir

Hybopsis (Nocomis) $p.., bull chub: {15}, 5:VIL:1961, OAM 5991,

Blackwater R., Franklin Co., Va., 50.0-121.0.

Sybhonsis plumbes {Agassiz), northern chub: (1}, 1£:V:1964,Bluewater

Cr., Carbon Co., Monb., 76.0; (7}, 28:VIII1:1965, Cliff lake, Madison Co.,

HMonba, 47.0-76.0; {3}, 22:VI:1951, KU 6972, Bighorn R., Bighorn Co.,

Hybepsis rubrifrons {Jordan), redface chub: (16), 29:VIL:1964,

Ogeschee R,, Warrsn-Hancock Co., Ga., 47.0-65.0; (7], 23:VI1:1962, TU
29593, Tonaway R.,Pilskens.Oconee Co., 3. 0., 55.0-59.0.

Hybopsis storarians (Kirtland), silver chub: (7], 8:111:196
b L 73 2 E

15:1V: 1949, CAN 2950,
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comrissure, acrossg Lhe posterior edge of the crapnium to th

i

Juncticn on

coupbed Trom ths same
eoiput.. Canal systems of smaller species were 1llustrated with a
camera lucida mounted on a binocular dissecting microscope and those of

largsr species plcturss from proporiional measwements and freehand
Specimens preparsd for histological or cytological examination were
fixed in 104 Tormalin or Bouin's fluid, decapliiated, and the heads de-

2 or 4% acid alsohol. After thorough dscaleification,

heads selected for histological study were graduslily dehydrsted in 2.

propanol, clearsd in acetone or xyiene, and infiltrated in vacuo with

jude
i
o

ce tiszsues tendsd Lo harden excesssively after prolongsd periscds
acetone. To enhance dehydration and infilirabion, the heads of larger
specimens wers split logitudinalily, After infiltration, heads were em~

bedded In Tissuemat, oul serially wiih a rolary micretome at 10 u thicke
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ness, mounted on slidss, stalnsd wit

3

sads selacted for oyto-

]

clegred in xylene, and mounbted in Plccoliyte,
logical study wers embedded in celloidin according to Wall's {1932)
method; cut with a rotary microtoms at 5 or 10 p thickness; gradually
hematoxylin and srosin,
Mallory's triply connsciive tissue stain, or Heidenhain's hematoxylin
and phloxine; cleared in terpinscl; and mountsd in Plccolyte.

Six arbiirary head regions were salected for making quantitative
and gualitative msaswrsements of superficial and canal nsuromasts. Ths

1

regions werse: {1} antericr nssal roseitte = that part of the spout which



contained the antsriormest olfachory lamellae; {I1} posterior nasal
resetie = that part of the sncut which contained the posteriormost

olfactory lamellas; (II11) opbic nerve head = that point in the eye

[

where the optic nerve fully penetrated the retina; {IV) posterior
sclers = that pesterior point in the sye where the choroidal pigment
vanished from the sectiong; (V) preocpercle bons = that point where the
preoperculomsndibular canal began Lo bsnd dorsad to outline the
vosterior margin of the bone; {VI) junction of the postocular commis-

surs and supratemporal canal = that point where the two canals

}
§
!
;

Fig. 2. B8iz head reglons arbltrarily selected for making guantitative
and qualitative messuwemsnts of supsrficial and canal
neuromaste, I, anberlor nasal roseite; II, posterior nasal
rogette; III, optic nerve head; IV, posterior sclerse; V,
praopercls bone; VI, Juncilon of the pestocular commissure
and supratemporal canal. (L, cephalic lsteralis; IO, ine
Fraorbitel canal; 11, lateralis: POC, postocular commigsurs;
POM, preoperculomandibular canal; 50, supracrbital canal;
8T, supratemporsl canal.
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coslesced inbo the cephalic Isteralis, It must be realiged that Lths
distances between thess six reglons were size~dependent, varying within
and betwesn species. Horeover, the sectioning angles wers not always
perpendicular to the leng axis of the head, thus topegraphical fsatures
included in any region varied freguently. Therefors, the slope and
spacing of the region lines in Figure 2 are only hypothetical.

The number of integumental and canal neurcomasts was calculabed
for each of the =ix reglons by counting the number of neuromasts in
every ihird section until 13 sections had besn examined. In addition,
neurcmasts in Reglons I and I were measured and their position in the
canals and skin noted. For sach canal organ, the maximum diameter,
maximum and minimum height (that distance from the bssement membrane

to the organ's exposed surfzce), and meximum diameter of the sensory

ares was recorded, Meximel and minimal lengths and diameters were
recorded for the sensory and sustentacular components of sach cansl
organ. Whenever possible, the numbsr of sense hairs per sense cell
and their lengths were tabulated. Similar measurements and counts
wars made for swerficial neuromasts and thelr cellular constitusnis.
Neuromasts examined cybtologically were of Regions I and II., A1l
microscople measurements wers made with & Filar micromster mounted on
a compound, trinecular microscope. Drawings of histological materials
wers made from photomicregraphs taken with a 35-mm camera mounted on

the same microscops., The photomicrographs wers later traced and re-

produced as line drawings,
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In 1896, Jordan and Evermann consclidatsd the genera Hybopsis,

Bocomis, Cerstichthys, Erinemus, and Erimystax into the nominal genus

Hyoopsis, After comsolidation, they divided Hybopsis into four sube
genera and noted "...& greater number of subordinate groups could be

recognized.” The genera Hybopsis, Nocomis, and Erimystax were thus

given subgeneric status along with the newly created Yuriria Jordan

and Evermann, erected specifically for H, (Yuriris) altus (Jordan,

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

accidentally omitied, for they listed Ceratichthys hyalinus Cope, 1868,

under the newly ackmowledged Hybopsis amblops (Rafinesqus, 1820}92

This species, described as Ruiilus amblops Rafinesque, is the ityps

species for Hybopsis; consequently, Erinemus hyalinus (Cope) is a

Junior synonym., Other speciss placed in the subgenus Hybopsis by
Jordan and Evermann (1896) were H. labrosus (Cope, 1871b), H.
hypsinotus (Cope, 1871b), H. ruprifroms (Jordan, 1876b), and H.
-storerianus (Kirtland, 1842).

Jordan and Evermann (1896) listed Hvbopsis kentuckiensis

{Rafinssque) as the only specles in the subgenus Necomisz (§F nsbra-

scensie was preceded by the senior synonym luxilus kentuckiensis

Rafinssque, 1820). They noted Semotilus biguttatus Kirtland, 1841;

Nocomis bellicus Girard, 1856; Ceratichthys lepiocephalus Girard,

18563 Ceratichthys lephocephalus Girard, 1856; and Ceratichihvs

micropogon Cope, 1865, were synonymous with Hybopsis kentuckiensis.

The subgenus Erimystax acguired several species of questionabls

relationship, in particular, Hybopsis itetranemus Gilbert, 1887;

zﬂz%epsis amblops {(Rafinesque) (=H, gracilis Agassiz, 1854).
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H. aestivalis (Girard, 1856); H. hyostomus {Gilbert, 188%); H. gslidus
{(Girard, 1856); H. meeki Jordan and Evermann, 1896; H, mopacus (Cope,
1868); H. dissimilis (Kirtland, 1841}; and H. watauga Jordan and Ever-

mann (In: Jordan, 1888). Coussius and Platygcbio wers also changed

because Couesius milneri {Jordan, 1878} became Couesius plumbeus by

virtue of description of Goblo plumbeus by Agassiz, 1850; and Platy-

gzoblo communis because Plabygobio graciiis when it was recognized as a

junior symonym of Cyprinus gracilis Richardson, 1836,

Tn their lepidological study of seme cyprinids, Cockerell and

Allisen {1909) plsced Hybopsis gelidus {Girard, 1856) in their new sub-

genus Macrhybopsis. Machrhybopsis remained a subgenus untlil Jordan

{1920)1isted it as a full genus with Macrhybopsis gelidus {Girard) the

type speciss., dJorden (1918) formed the monotyplc genus Extrarius for

Hybopsis tetranemus Gilbert, 1887. Iater Jordan (1924) reviewed the

genus Hybopsis, recognizing Ixtrarius, Macrhvbopsis, Erimvstax, Erine-

mus, Yuriria, and Nocomis as full geners, and also erecting the new

nonetypic genus Erimensx for Csratichthys monacus Cope, 1868, previous-

1y listed as Hybopsis monacus (Cope, 1868) by Jordan and Evermann

(1896), In the same review Jordan said, "The name Hybopsis, in my

judgement, should be restorsd to the Alburmops growp (of Notropis), in

which the name gracilis has priority over blennius, straminsus, delic=-

1osus, missuriensis and other recognized synonyms.! Hubbs {1926) con=-

cnrred with Jordan's generic revision of Hybopsis and further noted
Erimystax contained two species, . dissimilis and E. watauga, Hubbs

alse recognized Eripemus hyalinue and stated, "This is the species

uswally but apparently wrongly callsd Hybopsls amblops.”

Jordan's decision toc changs the species composition of Hybopsis
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must have been partly influenced by others, because, in his analysis of
Hybopsis (Jordan, 1929}, he commented, "The analysis of the species of

Hybopsis, Hydrephlox, and Cyprinelis found within cur limite is mainly

furnished by Carl lesviit Hubbs. These gensra, with Luxilus and
Lythrurus, ¥Mr, Hubbs prefersz to unite with Notropis, the oldest name
applisd to any of these amall minnmows.” Those species formerly of

Hybopsis, i.e., H. amblops, H. labrosug, H. rubrifrons, H. hypsinotus,

and H., storerianus wers placed in the newly resurrscied genus Erinemus.
nfertunately, the transposition resulied in some confusion, since
Jordan (1929) listed Erinemus as containing only E. hyalinus, E.

iabrosus, B. hypsinotus, and E. storsrianus. Why E. hyalinus was

listed in favor of Hybopsis amblops is problsmatical. The problem

was further confounded when Hubbs and Ortenburger {1929b) listed

Bvboosis ambleps as part of Oklshoms’s plscifauna, Moreover, they

noted that a color sketch by Agassiz of Hybopsis gracilis (=amblops)

made virtually certain that Ceratichthys hyalinus Cope was conspecific

with H. amblops.
The genus Bxtrarius, formerly monotyple, acquired two species

rom Erimystax, namely Extrarius aestivalis and E. hyostomus. The

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

inclusion of Extrarius sterlstus {Cope, 1876}, E. marconis (Jordan

and Gilbert, 1887), and the nsw specles E, sustralis Hubbs and
Ortenburger, 192%a.

The species Erimystax meeki in Jordan and Evermann {1896} failed

to oappear in Jordan 1929 conseguently, only two species of Zrimystax,
E. diseimilis and E. watanga were recognizsd thersin.

Hocomis kentuckinssiz was not listed in Jordan {1929), whereas




26

both Nocomis biguttstus (Kirtland, 1841) and N. micropogon (Cope, 1865)

were listed under Nocomis, This was doubtless based on Hubbs' {1926)

nomenclatural revision of N. kentuckiensis, whereln N. biguttatus,

N, micropogon, and the east coast relative, K. lsphocephalus, wers

sccordad full specific status., Macrhybopsis, Platygobic, and Couegius

remained unchanged through 1929.
In Jordan, Evermann, and Clark (1930) the specigs of Hybopsis
wers still those of the Alburnops and Chriope groups, although

Hybopsis gracilis, the iype species of Hybopsis, was listed among them.

Furthermore, Brinemus hyalinus, a2 junior synonym of H. gracilis, was

listed among the spscies of Erinemus recognized earlier by Jordan
(1929). Unfortunately, no explanstion was offered teo clarify the
nomenclatural problem created by the two listings. According to

Jordan, Evermann, and Clark, the genus Macrhybopsis included Macrhy-

bopsis gelida, M. aestivalls, M. marconis, M. sterlestus, M, montans

{E@gKEBB and M. hyostoms, most of which were taken out of Extrariuvs,”

After loss of most forms, Extrarivs again became momotypic with E.

tetranemus the only species listed, The specles Nocomis biguttatus

listed in Jordan (1929) was synonymized with N. kentuckliensis: however

¥, micropegon was still consldersd & distinet species. (ouesius-

Bin a footnots Hubbs and Ortenburgsr (19292} noted that Hybopsis
montana Mesk was a synonym of the barbelless Nortopls dorsalis pipe
tolepis. Perhaps this informatlon was not avallabls to Jordan,
Evermarm, and Clark before their Check-1ist went to press.

ééordang Bvermann, and Clark {1930) changed the spelling of
Macrhybopsis gelida, M, monatsna, and M. hyostoms from that in Jordan
and Evermann {1806 so that the specific nsmes were of the same gender
a8 Macrhybopsis, For the same rsason, similar spelling changss wers
made in obher geners,
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acquirsd additional forms, namely G, squamilentus (Cope, 187l1a); C.

greeni Jordan, 189; C. dissimilis {Girard, 1856); and C. adustus Wool-
man, 1895, many of which wsre revived synonyms of (. plumbeus. Twe

additional species, Platygobio physignathus {(Cope, 1876) and P. pallidus

Forbes, 1883, wers listed with Platygoblo gracilis. The genera Yuriris
and Erimopax, represented by Y. alta and E. monacus, respectively, re;

mained monotypic as in Jordan (1924). The genus Erimystax remained as

in Hubbs (1926) with E. dissimilis and E. watauga the only species.

A new genus Oregonichthys Hubbs, established for Hybopsis cramerdi

Snyder, 1907, appeared in Jordan, Evermann, and Clark (1930) accom-
panied by a referance to a paper by €. L. Hubbs which was never
published, Schultz and Hubbs {1961}, in clarifying the nomenclatural
problem, noted the genus had been mentioned sarlier in 3chultz (1929},

and that a diagnesis appearsed in Schultz {1931). Oregenichthys

crameri was next listed without a diagnosis in Schultz and De lacy
{1935, fide Schuliz and Hubbs, 1961), and, shortly thereafter, in
Schultz (1936). The species Q. cumingii (Gunther, 1868) formerly

Ceratichihys cumingii, listed in Jordan, Evermann, and Clark {1930)

from the type only, was not listed in Moore (1957) or mentioned by
Schultz and Hubbs (1961). No reason, other than dubious locality
dats, has besn given for ignering this species.

Except for minor shifts and groupings (e.g., Notropis harperi

Fowler changed to Brimystax haryeri§}s the species composition of

5Erimyat&x harperi, originally described asz Notropis harperl by
FPowler (1941), was listed as Erimystax harperi by Bangham (1941},
This listing was regarded as s nomen nudum by Hubbs and Crowe (1956).
Harshall (1947) next listed E. harperi, but without nomenclatural
Justification.
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Hybopzis, Erimystax, Nocomis, HExtrarius, Couesius, Platygebio,

Oregonichthys, and Yuriria remeined rather stable for the next 20

years., Then, in 1951, Bailey placed these separate gensra into the
gingle genus Hybopsis which he $aid, "...ls properly to be itreated
28 feminine,® Although skeptical of the merger, Hubbs and Crowe
{1956} reviewed the subgenus Erimystax and described the spscies

Hybopsis cahni, H. insignis, and H. x-punctata. In the same paper,

the spelling of Hybopsis monacha (formerly Erimonax monacus)} was

discussed. Thus, as recognized today (Moors 1957), the genus

Hybopsis consists of the following species: H. aestivalis, H. amblops,

Ho bellica, H. biguttata, H. cahni, H. crameri, H. dissimilis, H.

gelida, H. gracilis, H. harperi, H. hypsinota, H. insignis, H.

leptocephala, H. meekl, H. micropcgon, H. plumbea, H. rubrifrons,

H. storeriana, and H, x-punchata.



CHAPTER V
CEPHALIC LATERAL-LINE SYSTEM OF HYBOPSIS

According to Dijkgraaf (1962), lateral-line canals presumably
appeared when ancient benthic fishes evolved into free-swimming forms
or when they invaded lotic environments. Conceivably, these benthic
fishes possessed skin neurcmasts which functioned in detecting
microcurrents; however, once their successors moved inte 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 incorperating some of
the exposed neuromasts into canals, sensory fatigue might be circume
vented, although knowledge of the external environmeni was undoubtedly
modified siightly.

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 of intermittent
swinmers, or bottom dwellers. Since 1925, other investigators have
substantiated Rauther's generalizations. In particular, Dijkgraafl

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

has cephalic and trunk canals, while its muddy-water cognate Misgurnus
fossilis has only a few exposed neurcmasts and no canals. He further

indicated that the stream-dwelling Neoceratodus of Australia has

closed head ampd trunk canals, while its swamp-dwelling relative

<9



Lepidosiren of Brazmil possesses only scattered skin neuromasts.
Branson and Moore [1962) showed that reduced canals cccurred in some
less active centrarchids inhabiting gulet enviromments. Reno {1966}
observed that the Jateral-line canals of the lotic species Nolropis
volucellus are well developed, wherseas they are reduced in the slug-
gish~water species N. buchenani., linder {1958) found that eggs of

Ethecstoma gpectablle and E, radiosum fertilized in vitre developed

into individuals without most or all of the lasteral=line system, veb
individuals from natural surrcundings have normally developed canals,

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

3

the blind cave fish Typnlichithys csbornii (Dijkgraaf, 1962}, and

o

some sunfishes of the genus lLepomis (Branson and Moore, 1962}, hyperde-

valoped parts of the lasteral-line sysiem suggest that envirommental

imitationg on otheyr sensory modalitles have been compsnsated for by

f.,‘..‘.s

the lateralw-line system.

In general most investigators agres that reduction or simplifi-
cation of the latersli-line sysiem or hyperdevelopment of specific
parts 1s sscondary and, in many instances, Iindicative of envirormmental
specialization. OGosline {1949}, however, warned, "There is no way of
knowing that the ‘simplest’ type of canal system may not be sscondare

there is no reason why a

b

ily ‘simple’ rather than primitive. An
relatively specialized fish might not retain a primitive sensory
system.” He, along with Illick (1956}, also pointed out that
differences in The lateral-line system per se do nwot necessarily
represent phylegenetic lines and that a phylogeny should be founded

e Anforpation from othey systens as well, because significance of

any ong sysienm in phylogeny depends, In part, on how well 1t agrses
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with obher systemalic characters.

In comparison with those of obher faxa, the lateral-line sysiems
of North American cyprinids are comparetively "simple": that is, the
smount of sscondary branching is minimal, some canals are commonly
incomplete, and, in some instances, canal reduction is maximal., Among
the specles of Hybopsis, the relatlive completensss of canals: the
sige, number, and pesition of canal pores and canaliculi; and the
structure, size, and distribution of skin and canal neuromasts provide
gsome insight into speclies eccology. These dsta, in conjunction with
studiss on the brain patterns and concentration of taste buds (Davis
and Miller, 1967}, provided substantial foundation on which to base
tentatlve phylogenies for some subgenera within the genus Hybopsis.

The nomenclature used in describing the canals of the cephalic
lateral~line system is that of Reno (1966). Unless otherwise

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

g,...vr

ang, in general, the descripilons are applicable Lo the corresponding
canals on the other side,
Subgenus Hxlrarius

This subgenus consists of the szingle spscies Hybopsis aestivalis

wnich is divisible into six subspecies. In agreement with Moore
{1950}, no discernible lateral-line differences were observed between
subspecies; therelore, the lateral-Iine system illusirated and de-
geribed is considered representative of the specises {?iga 3).

the infraorbital (10}

foiy

In H, sestivalis the usuwal position o
canal 1% altered. The canal begins far forward on the snout, gently

curves posbercdorsad pessing belov the aye, and bends dorsomesad bo

L

the level of the upper margin of the eys. Since H, asstivalis is a

o



Fige 3&

Three views of
. the cephalic
Fig. 2.

Hybopsis aestivalis illustrating the canals

lateral-line system. Abbreviations as in

32
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bottom~dweller, the tilting of the head axis slightly downward and
elongation of the snout account for the lengthening and angular ro-
tation of the 10 canal, Posterodorsad to the eye, the JO canal turns
sharply caudad, is now termsd the "postocular commissure” (POC),
continues as a straight line bending dorsomesad prior to confluence
with the supratemporal (ST} canzl and cephalic lateralis {CL). The
POC canal has been variously calied the "lateral canal” by Hubbs and
Cannon (1935) and Moore (1950), "temporal canal" by Lekarder (1949),
"cephalic lateralis" by Branson (1961), and as part of the infra-
orbital canal by Illick (1956). The CL canal is a short, chevrone
shaped tube directed pesteroventrad from the POC canal te the bedy
lateraiis.

The 3T canal, usually conforming to the intersect curvature of
the skull and trunk, branches off the POC-CL junction and either
partially or wholy traverses the posterior edge of the cranium. As
in most cyprinids, the supraorbital {50} canal is incomplste; that is,
it rarely intersects the POC canal, The SO canal begins slightly
mesad tc the anterior border of the nostril, bends mesolaterad around
the nostril, arches mesolaterad over the sye, and terminates approx-
imately midway across the parietal bone dorsomesad to the POC canal,
Called the operculomadibular camal by Moore (1950}, the preoperculo-
mendibular {POM) cansl is incomplste, at least no connection with the
POC canal was cbserved. The POM canal, deeply smbedded in the flssh
of the jaw, starts slightly posterclaterad to the mandibular symphysis,
passes caudad across the anteroventral tip of the precpercle, turns
dorsad as a series of short arches along the posterior margin of the

precpercle, and terminates near the top of the bons,
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In H. aestivalis the minute lateral-line pores open directly into
the canals or are displaced to the ferminal ends of tubular canaliculi.
Anteriorly, the canaliculi of the I0 canal project downward and open
along the dorsolateral margin of the upper lip. Beneath the nostril,
canaliculi are usualily wanting, although pores are present {(compare
I0 canals dorsal view, Fig, 3}, and bslow and behind the eye the
canalicull are directed venirad and poesteriad, respectively. Whers
the I0 canal intersecis the POC canal, a canaliculus projects dorsc-
mesad toward cne from the 3C canal. The other POC canslicull are
ventrally positioned, although the last, generally associated with
the POCCL junction, is sometimes displaced dorsally as a member of
the 5T series or caudally as ome of the 0L, Other CL canalicull are
usually positioned after the flexure and peinted caudad. The nasal
portion of the SO canal lacks canaliculi, instead the pores open
directly into the canal, Above and bshind the eye, the seriss of
laterally directed canaliculd gradually become longer caudally with
the uitimate canaliculus almost reaching its I0 eqguivalent. The
parietal portion of the SO canal is considered a canaliculus for
resasons to be discussed later, Canaliculi of the POM canal gradually
become longer toward the posterior limits of the canal. Those on
the mandible are short and directed posteromesad, while those on the
precpercle are longer and oriented perpendicular to the sxposed edge
of the bone,

H. aestivalis is morpholegically the most plastic species of
Hybopsis, perhaps because it cccuples the widest varisty of aquatic
éﬁyirmnm@ﬁtss Davis and Miller {1967} showed that the brain patierms

and taste bud concentrations in different forms of H. aestivalis are
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indeed, highly plastic and closely correlated with habitats, Fartan;
ately, sufficient specimens were available for statistically testing
the variability of pores in sach lstersl-line camal. Because pore
counts in fishes from certaln drainages were more variable than othsrs
and the oversall number of porss in sach canal small, the sguare roct
of each pore count was taken so that ths transformed data were approx-
imately normally distribubsd and the means and variances independent
and homogenecus. The null hypothesis of no difference in pors counts
between drainages was proposed and tested with the appropriate "F"
value. All canals except the supratemporal, which is complete or
incomplste within populations, were analyzed and only the infraorbital
and precperculomandibular canals proved significantly different at

the 0,01 and 0.05 confidence levels, respectively.

Since the analyses provided litile information as to which
drainages contain statistiesally different populations, the transformed
mean pore ccounts from each dralnage were ranked and analyzed accorde
ing to Duncan's New Multiple-range Test (Steel and Torrie, 1960).

Once the differences were located, the transformed means were squared
and plotted {Tables I and II).

Obviously the rankings given in Tables I and II are not discrete,
ragther overlapping as anticipated. Several points, however, warrant
further elaberation.

That the rivers of ths Great Plains ars muddy through most monbths
of tbé vear and that light penetrates only the first few centimelbers
of the surface, lsaving the msjor poriion of the river develd of per-
ceptible light, is well documented. In order to thrive and fulfill

basic biclogical reguirements in such environmenis, some morphological
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TABLE I

FROM EIGHT RIVER DRAINAGES RANKED BY DUNCAN'S

MEAN INFRAORBITAL CANAL PCRE COUNTS FOR HYBOPSIS AESTIVALIS

NEW MULTIPLE-RANGE TEST
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modifications are nscessary. Some forms of H. asstivalis are adapled
to such conditions, amd, in faclt, 30 well 20 a3 to be the mest common
resident in certain localities. Seemingly, reduced visual acuity

has been so succsssfully augmerded by hyperdevelopment of cubanecus
sense organs and barbals that Iindividuvals in muddy water detect the
presence and palatability of food, propinguity of adversaries, and
direction of currents without much difficulty. Conversely, some forms
dwell in semiturbid and/or clear streams, These forms, usually
pessessing largesr eyes, fewer gustatory organs, and smallesr barbels,
apparently rely more on sight in securing food and eluding snemies
than the accessory senss organs used by their turbid-water cognates
{(Moore, 1950; and Davis and Miller, 1967).

Apparently wabter guality guantitatively affects the number of ine-

raorbital canal pores, because mean pore counts from H. asstivalis

of muddy wivers {Arksnsas, Ninnescah, etc.) are low, higher in rivers
of intermediaste quality {Pecos}, and still higher in semiclear or clear
rivers {(Pearl, Wabash, ebte.). If this trend is real, the mean pore
counbs given for the Arkansas and Hed Rivers indicate thalt H. ses-
tivalis in these rivers are probebly im the process of changing, Some
populations of H. aestivalis in the Red River drainage exhibit high
pore counts for no apparent resson unless dams constructed in the
past have effechtively altered turbidities so as to stimulate devslop-
ment of additional pores, Rscent comstruction of dams along the
rkansas has effectively decreassd burbidity lsvels, alithough in-
sufficlent tims has elapsed to perceive any changes in mean pore gsounts.
Future investigations on H., asstivalis of the Arkansas may clarify the

connectionsg belween improved waler guality and high pore counts,



hecording to Meore {1950), past turbidity levels in the Red ﬁx;
ceeded those for the Arkansas; therefore, if the msan pore count from
the Red were corrected for peculiaritiss, that is, the abnormally high
counts disregarded. the new mean would clesely approximate that of the
Arkansas. Such mathematical manipulations suggestthat the Pecos River
ig an intermediate guality stream. Indeed, Davis and Miller {1967}
observed that the H. aestivalis inhabiting the Pecos are, in some
respects, intermediste betwsen and, in others,; dramatically differenct
from forms of other drainages.

Waber quality effects are seemingly confounded by ths dats pre:
senbed in Table IT. Ths drainages which were neatly ordersd in Tabls
I are more or lessg reapdony dispsrsed without regard teo turbidity
levels, This chaotic arrangements is perhaps the result of H.
aestivaliz being an epigeal apecies groping aboub with barbsls and fins
touching the substrate. In silty;water forms the suspendsed particles
homogeneously affect the entire lateral;line system, whereas in semi;
turbid or cl&a?;water forms microeddiss created by the barbsls (?) and
fins produce burbidities which, in limited areas, approximate these
of muddy strsams. Conceivably, this might inhibii the devlicopment of
axtra POM canal pores and explsin the low variability in pore counts
between drainages.

Unfortunately, the effecte of turbidity on the lateral-line system
were not clarified by quantitative estimates of canal ard superficisl

neuromasts obtained from the few drainages sawpled histolegically.

Subgenus Hybopsis

At present,; the subgenus Hybopsils includes the species H. amblops,
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H. hypsinota, H. labroga, H. rubrinfrons, and H. storeriana. Host

manifest few modifications for spescific habitat types, albseit large
eyes, blunt snouts, and smala barbels are characteristic of all but H.
labrosa which has long barbels; small eyes, and a terste body.

To date little information is available on the ecology of the
group, H. amblops, an inhablitant of small- or medium-size streams of
low to moderate gradient, iz usually found in pools or riffles with
sand or fine gravel bottoms. Apparently, H. smblops is very suscep-
tible to silt, poliulants, and other sustances which adversely alter
water gquality (Traubman, 1957). H. storeriana, found in many lakes
and rivers of the Grsat Plains, evidently prefers areas with sand
and/or gravel bottoms. Although dwelling in turbid sireams, H.
storeriana responds negatively to excessive siltation by moving into
smaller streams or lsss turbid micrcenvirons (Trautman, 1957). Infor-
mation on the ecology of the other spscies is lacking; however, the
superficial appearance of the brains and cephalic lateral-line systems,
and the guantity and distribution of cutaneous sense organs permit
inferences about thelr ecological reguirements.

To develop insight into the scology of the little known species,
the cephalic lateral-iine system of H. labrosa is discussed first,

For the most part, each 1atsra1§1in@ canal begins, traverses, and
terminates in approximstely the same arsas as those in H. aestivalis
{Fig. 4). However, scme pecularities are svident and require elabora-
tion, i.8., the ST canal is incomplste, gemerally terminating lateral
to the gecipub, and the POM canal fresqusntly interrupted belween the
mandible and precpercle, In general the canaliculi are longer, pores

larger, and mean pore counts per canal higher in H. labrosa than in



Fig. 4. Thres views of Hybopsis labrosa illustrating the canals of
the cephalic lateral-line system. Abbreviations as in
Fig. 2.
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He asstivalis (Table I177), Unfortunately, only a few specimens of H,
dabrosa were available for examination; scnsequently, some means given
in Table IIT (e.2., supraorbital canal) are probably exaggerated and
not representative of the specles. Anterdorly, 3 I0 canalicull open
along the margin of the wpper 1ip, 2 or 3 dewnward between the nostril
and eye, and 3 or 4 below amd 1 behind the gys. Unlike H. gestivalis,
most POC canaliculi project dorscomesad toward the S0 canal, the first
or zecowd sometimes fusing with a 30 cognate {compare 80 canals dorsal
view, Fig. 4)}). The terminal POC camaliculus opens ventrally from the
POC-CL junction instead of being variously placed arcund the junction.

The mandibular canaliculi of the POM canal project ventrad and those on

the preopercle ars reducsd in size amd concentrated at the bend of the

preopercle. Canaliculsy modifications in other canals are insignifi.
cant.,

Fide Branson and Moors (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 tuwo consecutive
Doras, Hewevars this scheme iz often 8rrenecus, because porss deleted
by canal anomslies or cbliterated by outside forces result in two or
fore organs between consecutive pores. Also, it is sometimes diffi-
cult to distinguish betwesn the canal proper and a canaliculus, These
sources of error wers clrcumvented by hi&telogiaally counting the
organs in sach canal, Disregarding canal variability and extransous
modifications, the mean number of canal nsuromasts (Table IV} in H,
labrosa and H, gestivalis ¢losely parallel the mean canal pore counts
glven in Table TI17, Conversely, the number and distributien of super-

Ticial neuromasts seem independent of the canal gystem (Table V),




TABLE III

HEAN PORE COUNTS AND RANGES FOR EACH CANAL OF THE LATERAL.LINE SYSTEM IN SPECIES OF HYBOPSIS

3pecies Infraorbital  Postocular Cephalic Supra- Supra- Preoperculo.
Commissure Iateralis orbital temporal mandibular

Subgenus Exirarius
H. aestivalis 4.2 (10-19) 2.5 (1-4) 1.9 (0-4) 7.6 {6-10) # 11.6 {10-14)
Subgenus Hybopsis .
H. hypginota 183 {10-13) 3.6 (3-4) 1.0 (0-2) 7.2 (58 ) 2.3 (13)  3.9,6 (3,5.5,7)
H. rubrifrons 12,0 { 9-15) 2.3 (0-3} 1.0 {02} 8.8 {7-10) 1,5 {1.3} 10.1 ¢ #.12)
H. labrosa 12.5 {10.13}) 3,0({3) 2.0 {1.3) 8.7 {5-10) z2.0{2) #
d. amplops 13.2 ( 5-16) 2.8 {0~4) 1.2 (0-4) 8.9 {711} 2.5 {1~5} 10,8 ( Bulk)
H. storeriana 13.6 {10-16} 2.8 {05} 1.6 {05} 9.5 (812} 4.4 (27) izl {10-15)
Subgenus Erimystax
H. cahni 9.3 { 9-12) 2.8 (23) 0.8 {0-1) 7.8 {7-8 1 3,0 (2.4) 7.8 { 7-8 )
H. x~punctata 10.5 ( 8.12) 2.9 {1.5) 2.8 {1.4) .3 {7-11} 5,0 {34} 8.1 ( 7-10)
H. monacha 11,0 (10-12) 2.9 (2-3) 2.3 (2-3) 2.0 (7-9 ) 5.3 {3-5) #
H. harperi 11,9 (10-14) 3,1 (24,) 2,1 (1-6) 7.9 (5-10) 1.9 {1.3) 10,1 ( Tall}
H. insignis 1.9 013-13) 200(2} 3.0{(3) 94 {8-10) 5.2 (5.6) 7.9 { 79 }
H. disgimilis 12,5 (11-4) 3.3 {2} 2.9 (2.4 10,2 {8-11) 5.5 {(3-7) 8.3 { 8.10}
Subgenus Nocomis
H. beliiea 13,1 ( 9-13) 3.8 (2-4) 2.7 (2-3) 8.0 (6=9 ) 6.8 (3-7) 9.5 ( 9.11)
H. leptocephala 1.4 {10-13} 4.6 (3-6) 2.6 {1-4) 8.9 {8.11}) 4.8 {5.9) 9.0 { 7103
H. fNocc}mis;‘sp.z 11,5 {10-13) 3.2 (a4} 2.5 {24 } 9.2 (8211} 6.4 (5-9) 9.6 { 9.10}
H. micropogon 11.8 ( 9-14) 3.2 (2-58) 2.0 (0-3) g.2 (6-10} 5.0 (47} 9.0 ( Feil)
H. {Bocomis) 5P.q 12,9 (11-14} 2,9 {2.,) 2.3 (2.3} 8.9 {7-11) 5.2 {67} 10,0 ( 912
H. biputiata 13.5 {12415} 4.6 (1-5) 2.2 (1-3)  10.3 (9-12) &.o (3-7)  1l.& { 9-12)
Subgenus Macrhybopsis
H. meski 10,7 ( 9-13)  huh {3-5) 1.7 (0u3) 7.0 (58 3 2.3 {1-4) 10,2 ( 8-13)
H. gelide 3.0 {12-14) 4.0 (3-5) 1.9 {0-3) 8,9 {8-12) 4.1 (3.5} 10.1 { 7-11)
Subgenus Platygobio
H. gracilis e { 9=15) 5.1 (4-6) 2.1 (13) 8.4 {6-10) 5.5 (4-9) 12,8 {11-16}
Subgenus Coussiug .
H. plumbea 12.8 {11-15) 3.6 (2-5) 3.0 (2-4) 8.5 (7-11) 2.4 (1.3) #
Subgemus Greg onichthys

* * * #* k3 3%

H. crameri

* Accurate pore coumts were unobtainable,

within populations,

Comma {,) denotes canal is incomplete.

because the canal is complete,

incomplete, and/or rudimentary
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MEAR CANAL NEURDMAST COUNTS AND RANGES FOR EACH CAMAL OF THE LATFRAL-IINE SYSTEM IN SPECIES OF HYBOPETS

Spacies Infraorbital  postocular Cephalic Suprae- BUpTra-—- Presperouio.
Compissure lateralis  orbital temporal mandibuiay

Subgenus Bxgbrarius
H. asstivalls 12.9 0 8-15) 2.4 (3-3) 2.1 {14} 7.9 (6.5 3 » 1.2 { 9-13)

Jubgenus Hybopsis
hypsinota
iabross
rubrifrons
amblops
starerisng

£l
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Subgenus Necomia
H. bellica

He {Hooo

H. micropogon
H. lsptogechals
H, {locomis ) Bp.p
H. biputiata
Subgenus Haerhybousis

H. meaki 10.6 { 8u12) 3.8 {3 5
H. gelida —

Subgenus Flatyeobio
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Subgenus Tousaius
H. plumbes 1.1 (30-12) 3.0 (24) 2.0 {2 ) 7.5 {7-9) 2.0 {33} 2,7 { 7-9 )

ubgsnus Oregonichthys
o ] E? # # E3 #*

b

#* Avcurate canal neurcmast counts were uncbtainable, because the capal is complete, incomplete, and/for
rudimentary within populations, Othsr symbelis a3 in Tahle ITX,
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In H. zestivalis the small eyes, minuts canal pores, large barbels,
and shovel-llke hsad are adaptions for & benthic existence in turbid.
water of moderate to fast fleow., Similarly, ths large barbsls, larger
ayes and canal pores; and general body appearance of H. labrosa
suggest that it, too, i a h@ttmm;dweilerg albhough living in less
turbid waters. The similarity of lateral.line systems and largs
number of cutaneous taste buds in each species (Davis and Miller, 1967)
further substantiate this supposition. Moreover, the restricted dis-
tribution of superficial neuromasts {Table V) and limited geographical
range indlicate that the habitat of H. lsbrosa msy be more narrow than
previcusly anticipated. Perhaps only the head is in direct communi-
cation with the environment sand the rest of the body sheliered by any
of several meang. With the head @xposed, the presencs and edibilily
o food, and proximiiy of social partners could be easily detected,
yet the remaindsr of the bedy polsed for response to adverse stimuli.

With respect tc the other species of Hybopsis, the lateral-line
gystems are very similar, although conspicuously different from H.
labreza {Figs. S;SL Unlike H. labresa, the anteriormost segmeni of
the I0 canal in the other Hybopsis is rotated posterdiad toward the
anteﬁeveaﬁral.tip of the nostril and, from the edgs of the upper lip,
the canal extends posteriad toward the eye, eventually outlining the
ventral and posterlor marging of the orbit, The POC canal archss
caupdad, stralghtening prior to confluspce with thse 8T and CL canals.
In H. amblops and H. hypsinota (Figs., 6 and 8), the CL canal is
p@%@ari@r@y‘&ng&i&ts and in H. stererians and H, rubrifrons recti-
linear (Figs. 5 and 7). In all Hybopsis except H. lsbrosa, the S0

sanal, veglnning anteromessd to ths nostril, extends straight
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Fig. 6.

Three views of Hybopsis amblops illustrating the canals of

the cephalic lsteral-line system. Abbrevistions as in
Fig. 2,
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posteromsssd over the eve, bends sharply laterad behind the sys, and
terminates about midway ascross the parietal. The ST canal, complete
in H. storeriana, is incomplete in the others, usually terminating
paraocciput. The POM canal is complete in all except H. hypsincta,
the interruption being between the manditle and preopsrcls.

Despite discontinulty in some canals, significant lateralmllna
differences exist between species, In the main, lateral-line heterc-
geneity is probably the rssult of differences in size, number, and
arrangement of canal porss and caralicull., Ag pointed out sardier,
inhsbitants of siliy strsams usvally posssss long cammliculd, larger
porea, snd, occasionally., incomplets canals. In addition, species
Living in zaniic; or loble=like snvironments exhibilt lateral-line
peculiarities indicative of one spvirenment or the cother., With the
hnabltal of H. storerians varisble and often transitory, the canaliculi,
as expected, ars of dntermsdiaie length and the canal pores small

{Fig. 5)}. Davis and Miller {1967) suggsested that H. amblops, and

perhaps H, rubrifrons and H. hypeipota. aveld highegradierd sirsame

seoured free of sand snd detriius, because of reduced visusl aculty and
noor abllity to lcecate focod chemicslly under such conditions. Since

the pores are large and the canalicull variously modified, being

smalil In H, amblops, reduced in H. rubrifrons. and virtually asbsent in
H, winota {(Figs, 6L8§5 it is highly improbable that the laterali.line

syztems in any of thsse fishes could function normslly in adulisrated
environments without soon becoming fillsd with debris, More specifi-
cally, the largsr porss and reduced capalicull of H. rubrifrons suggest

that its streams may be of beiber guality, or more than likely, of

lower gradient than those of H. amblops. Conceivably, H. rubrifrons



lives in strsam aress where tha currents ars not abtrong nor arse the
surroundings lentle-liks. Canal disruptions and canalicular loss
indicate that H. hypsinota may be a lentic-liike speciss; that is, it
psrpaps lives in pools or microsnvirons where currents are practically
imparceptibls,

From H. gtorsrisns to H.

P

hvpsinots, the mean number of porss and
canal neuromasts psr canal gradually decrease {Table III-IV). Despite
higher nusbers in scme species {e.g., H. asstivalis), other factors
than water guality may modify the siructurs of the lateral-lins system.
tructural simplification of the canals {i.e,, csnsl discriptions,
formation of gutters, ebc.) tends to increasse the number of svpsr;
ficizal nevrcmasts, since ths primary neuwromssts remain in the skin
rabher than belng secondarily incorpdrated into connective tissue tubes,
ypsin

However, superficial neuromsasts are sparse in H. Iy ota, but exceed-

ingly abundant in H. amblops and H. rubrifrons (Table V), thus indicai-
ing that nons of the above factors sxhibit absclute control. Perhaps
some aspech of their behavior {schooling or spawning?) is facilitated
by larges numbers of ventral and Jlateral skin neuromssts,

A noted abovs, the lateral-line sysiem develops sarly during
cotogeny and evidently most of the neuromasts are lald down ab that
time, If the space bsbwesn organs increasss as an individual grows,
the mumbser of cubansous neuromasts viewsd histologically at any peoint
ghould diminish proportionaliy. However, should superficial neuro-
za8te be sdded perdodically throsghout 1ifs. the number of senss
organs, when viewsd microscopically, would remain contant or increase
with growbth. Indssd, superficiel neuromasts guantitatively decrease

with respect to length and, unlike cutaneous tast buds, {Davis and
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Miller, 1967}, few if any are added secondarily (Fig. 9).
Subgenus Erimystax

Sqpn

The sugbenus Erimystax includes the nominal species H. cahni, H,

dissimiiis, H. harperi, H. insignis, H. monacha, and H. x-punctata.

With the exception of H. harperi, all FErimysiax asppear to be botton
inhabitants adapled to riffle habitats in clear, fast-flowing stireams
{Davis and Miller, 1967).

In general the lateral-line systems are similar in all Erimystax
but H. harpsri and, because differences are minimal, it is difficult
Lo select one speciss as a basis for comparison. The cephalic 1ateral:
iine system of H, monacha (Fig. 10) resembles that of H. labrosa

(Fig. 4) much more than do other species of Erimysta Ag in H.

labrosa, the I0 canal of H. monacha begins far forward con ths snout,
gradually arches posteroventrad connecting 3 supralabial canaliculi,
pazses posterodorsad to intersect everal minute canaliculi below the
eys, and then furns dorsad behind the eye whers canmaliculi are few or
lacking. 8ince POC camaliculil are abssnt, evidently this canal is not
as intimately associated with the SO canal as its homologue in.H.
labrosa {compars SO canals in Figs. 10 and 4). The CL canal of K.
monacha is curved slightly postercventrad (almost chevroﬂlshaped} axgd
the pores variously placed along its entirety. Unlike H. labross,
the 5T canal is complste and in both the 30 canals similar, although
in H. menacha, whers the canal bends behind the eys, a single canaii:
culug projects postercnesad towsrd the midline of the head, As in H.
dabregs, the POM canal is often interrupted betwsen the mandible and

precperclie; however; the preopercle canaliculi are more evenly spaced
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iilustrating the canals of
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along the o n of the prscgpsrcie than in H, labrosga. Mean por

courhs per canal for the two specles are similsr {Tabis 11T}, Mean

specimens wers not preparsd histolegleoally.
Since the lateral-line system of H. harperi is unigque, it will be

lew, Unlike H. monacha, the IO canal of the

cannd

rs, 31-12Y, of medium lemgth in H, insiznis (Fig. 13}, and small and,
k; el okt - 2

T

14}, The third canaliculus

woad dn each argd, in zome, dise
From the lip, the 10 canal turns posterodersad
canaliculi in H. x-punctats

Fig. 11 lateral view 1s cone

oL segment of the I0 canal bears mecium to long

cangl sach species arches




e
L™

—

j=3
o

tions

3
L

s

Abbrav;

n Fig.






e
LN

e

9oy




59




Ty
in

lesser
raing
tipud
Jive

-

=X 41

Tave
Nk

gradual

I
iscon

A2 A

o]

1 d
lore

e

.

and
slicuy
53

coasions

DULL

Bn&L O

14

Led can

&

Cang
G 01 0

hea

H

“

the 50 ¢

£

oo

-

e probably boltom dwel

ar

EEnSTa
e axcept

however,

L

In
?’3"3‘”
and cana

&

wo ..m
t
[
o
f

LG8 4
qzﬁl

Fit

1
ki

=
i
¥

L8

&

H. monagc

el
fits

ahnl

E
=

%

.h.i.
o £
o

e

e
+,

e

A imiis

Pt

541

)

gﬁ.

it
anambles

b

kS

large, up=-

GEERLE

s

¥

lear

-
fen

ater

T

Ty
he Dase
e

oximl
&

L)
RS

howaever,
ERIRY

T

TLOES Wl

f=c1

:ohata

e

d by

in

and not
[ )

tocate
%

v
A )

VI

157
14

H.

L

.

4

=Ntk

o3

n riffies
]

H

k4

und

T

iy

%

-z

-

ata
s

A

s %
e
e

ENEE

Hit

*

mehana wWas

o

54

w




of wicrosddy sgitation

scaps notice Lo the

by probing under rocks and din crevices with itz sensilive snout..

Lateral~line ev liculi and minute canal pores), plus

the concentration of superficial neuromasts toward the snoul, furthsr

imply that H. x-punchaba is a "burbidewater! species and thal 1L seeks

H ¥ oLnian s
ediiid od ¥ H L homidials

ood az postulated by Davis and Miller (1967). Shorter canalisuli

the mors or less even distribution of supsriicial neuwrcmasts over Lhe

g . o L H £
4 4 o [T s s

seclogy of H, calmi and H, inwixﬁi,

iis is unknown.

nimher




in taste buds are morse concenbrabed

W

lipz, ard enlarged gular region in H. ingignis (compare

Figs. Furthermores, skhin nsuromashts are more latersl and
ventrally placed in the latter than in the former species. I there-

fors sesms reasonable Lo assume that competition betwesn H, insignis

and H. dissindlis is reduced by H. : groping about the riffis

y =

tipe for food detection or discriminaiion.' instead of relying more

H, dizaimilis. Without supplsmenitary

on visual acullty as does

histologiceal evidencse, it is hazardous to spsculate on Lhe ecolegical

reguirenents of H. monache.

reduced or absent, and pores large. According to Marshall {1947) and
T o . T3 1o za: Ao % iy ; R N 2 " =T
Bodiley, Winn, and Smith (1954}, H. harperd lives in springs, smali

adiscent parts of Alabama. In such environs, waters are clsar and

relatively free of suspended solids: conseguantly, as suggesied by

Davis and Miller {1967}, H. harpsri is probably a sight-fesder whers

The possession of numercus taste buds and supsre
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ventrally placed, The CL canal is straight in all except H. bellies

. in general, the canalicull are directed
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posterodorsad from the canal. In all Nocomis the 5T cansl is complete
with the canalicull direcited posteriad. As in other Hybopsis, the 50
canals of Socomis begin st the neostril and pass mesclaterad around the
sva, ultimetely terminating far back on the parietal, The S0 canaliculd
in most Hocomis are long and laterally placed, with the last closely

37,

sooreaching the POC canal. In all Nocomis syecapt H, blguttaba,. the
& bkl i HERUEho U

regularly interszscted the PCU canal, whereln the posterior

L
o
T
i
b
e
B
y

segment of Lhe S0 canal was lacking {e.z., compars 50 canals dorsal
view, Fig, 16). The POM canals in all Nocomis are essentially alike;
that is, dilferences in position, size, spacing, and numbsr of

canalicull ars minimal between specles.

guite sinilar. the species of Nosomis exhibit

e 2

ializations for specific habitab types. In most

Ha

Tew anslomicel epsc

instances, identification of spscies is dspendent upon the number and

arrangement of nuptial bubercles in males (Moore, 1957). However,

E

3 g

during nonbresding ssasons, Luberclse are shed, thus meking identifl-

catdon of specises and rscognition of sex exceedingly difficuli. Davis
a5¥l showed that brain patisrns of all Nocomls are si

ngpicuous, the paucity of
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the nominal species 0.

o subspecies H. g. grecilis and H. z. zulonells

.
ol

Olund and Cress, 1961). » this study, however, subspeciss were not

found in the upper Rio Grands ang Pecos Hivers of New Mexwico. Through-
out. Ite range, H. gracilis inhabits both clear and turbid stresnms,

being found over shifting sarnd boltioms or in murky pools with gravel

- ol Y 1 e 0479 % Pas
or bedrock basse {(Olund and Cross, 1961)., Davis
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for, in areas where the spidermis is thick, organs ars mors slendsr

han wide and, in thinner areas, wider than high {Figs, 27-28,
more slender Heuroe

5k hesd surfaces, whereas the other

surfaces. The shaps and
also variable, but, uniike centrar-

their shapes are nol spsciss specific,

= I

and pozition are secondarily modifisd
by development of the bony canal during postembryogenesis., Hormally,
neuromaste remain zs originally dovaginated, providesd the bony canal

rudiments {usually 2) devalon al even increments around them and the

vhologically, neurcomast structure din all

gkin and

canal neurcmests are morphological
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pinding supporting cells
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wr s however, according to Guysr
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Davenport {1960), and Bloom and Fawcett (1962}, the demonstration of
interceilular bridges requires slightly different histological teche-
niques than used in this sbooy.

In agrsement with Beard (1884}, Denny (1937), Van Bergeijk
and Alexander {1962), and Jakubowski {1965}, the cansl peurcmasts of
Hybopsis appsar segmentally arranged, for "cords of mesenchyme' were

obhserved extending from the long axes of organs sectioned en face

(Fig. 29). Apperently, the cords are very thin (1-2 cells thick) and,

[

e virtus of belng thin, impossibles to sse in sspittal and cross
& 2 ¢ o]

sechisnal view, Ham (1965} noted that mesenchymal and fibroblast

o

Lechiigues {(tissue
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culture, allver impregrnation. slo.}, cell shapes are difficull to

the cellolar nature of the cords Wasg in-

disesrmible, but the shepe, struciure, and spacing of nuclel conformed
4o that described by Denny (1937), Van Bergeijik and Alexander (1562},
and Ham {1945), Where ths cords joinsed the neurcmasis, the cells of
4+

both merged one inte the othsr, Numercus fibers were seen inter-

an though cord nuclel ceaped at

5
&,
W

[51
<
b

the neurcmast limits, the fivers entsrsd, dispersed, and eventually

disappesared within neurcmasts. Denny (1937) and Van Rergeljk and

indicated that the mesenchymal cord locally dif-

s and, thersalter, serves 2s a cell ra-

i
i

ey

he functional significance of the fibers is

ereatciors hesn

e Although not

Atk

ords may conbain some contractile slements which,
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neurgmast. These protozcawlike

disss of staln, homogensous through-

wally surrounded by a lucid layer (Fig. 30). Charipper

ell {1939) observed some
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bright orange, granulated siructures in Lhe neurcmasis of varicus ame-

larvas, and, from in vive studies, suggeshed thal the
granules wers modified secrstory or exersbory products of the sense

ther or not the extracellular structur crameri are

L 7y S
Flg. L1}, Hranson

4 that the inner

m.mw
b
§.,..f
3
53‘}
by

and Moore {19621 Sharma (1964}, and Reno {1966

anal o various fizhes 1o simple cuboddal with psendostratified

columnar epithellum adjacent to nsuromasts. In Hybopsis, howsver, ithe
throughout, A similar
2 (Slephens,

voluce il
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ralination oelore,

not determined.

Pundamentally, lateral-line bones criginated from any of thrs
sources, viz,, (1) troplc activities of neuromasts, {2) combined
neurcmashs and enasmestic forces, or (3} sources other

ssta. Allis {1889}, Pehrson

Lekander (1949}, amd Branson and Moore
related btaxa thab, during ontog

neurcmastes) invaginste beneath th

in connsctive tisaus tubes. Sometime tharsafi

Y 2 FREVY . " o 4 e N PR X Ak F S
neneath Lhe organd., IDrung a s8lries ol hone PIimOoraid., AL TLIEeE,

T

gpecific dnvaglineted neuromssts are secondarily lost or dssiroyed;
howsver, whare primordis bescome estsblished prior to neuromast
destruction, bonss continue to develop, bub without canals or neuro-~
masts, TFurthermore, when neurcomasts fall Lo invaginate aliogether,

showed in primitive vertebrates

{fossil and extant) that sach dnveginatsd nsuromest bescomss enclossed

P e e - 2n s o - E P
glamente that 7... snter ation of the sxoskelston of the

head, .. EKapoor {1962} showed in [gphicephalus punctatus that
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SeN88 Organs.

In Hybopsis the lateral-line system is probably the last system to
form, For example, in H., asstivalis. specimens under 19 mm standard
length lack fully formed canpals, and, in Nocoumis, canals are wanbing
in individuals less than 36 mm standard length. In these and other
Hybopsis, however, the lateral-line bones are almost always fully
forwed before clesure of the canals. The canals, although normally
fussad with bonses, are scmetimess Iresly suspended in the overlying
gubcyutanecus conpective tissue. This occourrence 15 not unusual, since
canals, either bone or connective tissue, commenly traverse bones via
grooves or depressions as seen in Amelurus (Moodie, 1922), lepomis
humilis {(Curd, 1959), Centrarchidas (Branson and Moors, 1962),
Gzciegtus {Branson, 19622}, and two Notropis (Remo, 1966). Canal
neuronasts are pormally enclessd by bone and solidly fused with
Ratsral;lin& osgicles, but, liks canals, occasionally become indepen-
dant of bonss,

The mechanisms of neurcmast invagination in Hybopsiz are little
understood. Apparently, neuromasts and part of the epidermis are
invaginated by 1aters;sensery elements {usually 2) growing outward
Irom underlying bony plstes, As the slements grow, the skin cevering
sach is pushed upward, while the tissues and senss organs between
slements are gradially "invaginated” and later enclosed by them,
Wherse neurcmasts are displscsd laterally, the growing slements still
effect invagination of the sense organs and epidermis, salthough the
incipient tubss with neuromasts bscome established outside the bony
components of the cansls (Fig., 32)., Without neurcmasis, the tissues

between developing elsments do not invaginate; consequently, bony
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masts have secondarily immigrated into these tubss and, in most Insiane
ces, have become encassd by bons, Howsver, bony tubes nol enly form

the cornmective Lissus canalis

of bony tubes (=Vdrain.

W

as well, Thus, in any Hybopsis. a serl
pipe" bones of Moodie, 1922) may form which may or may not secondarily
amalgamaie inte a continucus tube. If neuromasts are responsible

for bone svocatlon, whal svokes the bony elements belween organs?
Apparently, sources other than neuromasts initiate formatlon of Lhese

thare is reagson Lo

On the basis of thess

and the other obssrvations discussed sarlisr, it is doubbful whether

rmation in Hybopsis,

elaoghts, hones

o
[kje]
jona
4]
£
w‘

of Hybopsis arise from sources {direct genetle evocation?} other than

neuremaats, and bony tubes develop oniy to protect the organs.
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PHYIOGENTIES AND INTERGENERIC RELATIONSHIPS
ce Hybopsls appears to be a heterogensous agssmblags of

-

westionably related apscies and groups, it is difficult, if not ime

possible, to construct a single phylogeny for the entire group; howWe

i

does meem possible to erect phylogenies for some subgsnera.

5

FPellowing Gosline {1949) and Illick (1956}, the ssquential phylogenies

Y

for Hybopsalis and Erimystax are not based solely on laterai-line evi-

dence, bub on several other factors as well, It Is dmportant that
most authorities consider complete lateral-line canals primitive and
reduc b?ﬁ&w“ﬁmmgﬁﬁ%ﬁﬁﬁiﬁwﬁﬁmcmmlﬁ&mmm%sgﬁwst%mﬁ
specialization (Myers, 1958; Branson and Moore, 1962; and many sthers).
Une factor scmetimes used in establishing phylogenies is distribution
and habitat. According to Ross (1957) and Branson and Moore (1962},
correlation bebwsen ecological and morphological characteristics
frequently enhance elucidation of phylogenetic relationships within
a taxon or baxa.
hpparently the subgroups Hybopsis and FErimysbax are more closely

related Lo each obther than Lo obher subgenera of Hybopsis, Both
probably arose from the same fras-swimming iﬁbabi%aﬁt of turbid,

semiturbid, or intermitiently turbid stresams (Fig, 33). This hypo=-
thetical stem=type probably resembled H. labrosa (Fig. 4}, but, unlike

H. Jabrosa, it perhaps had a compiets ST canal, sontinuous POM canals,



H. ingignis H. harperi M. rubrifrons

£
H. dissimilis ———p—— H x-puncioio
-H. hypsinotc

M gf}sﬁ@gﬁ

H monocha
H. storeriong

H. igbrosc~like

d@ﬁdf graph for Hybopsis, subgenera Erimystax

E
A

M

Friooms sy s " T ok - ] o . B e
967} suggested that, on the basls of greaber numbsrs ¢

hynsinota are sight-Teeders, Howsver, they
M 3 £

g kinship of H. labrosa to H. storeriana and other

b




from the main line of Hybopsis evolublon.
& complete ST canal, medism-size canalicull, and a few other

teraleline percularities, coupled with a wide disiribution and life

g}.;z

in turbid snvironments, make H. storsrisna {Fig. 5} the most logical
candidate for pesition nsarest the hypothetical stem-type for the
Hybopsls group, frver much of its range, H. storerians is sympatric
with H. amblops, although the former generally dwells in more turbid
waters and the latter in clear waters {Moore and Paden, 1950; and
Traubman, 1957). In H. amblops (Fig. £) reduction of canaliculus
length, axpansion of canal porss, incompleteness of the 5T canal,
ingreased numbsrs of skin nsuromssie, and fewer nupbers of skin taste

buds suggest that it descended -i?%ﬁiiﬁ‘ffﬁm H. storeriana. Moors

{1957} indicated that M, amblops is trans-Missiesippl River in disiri-
bubion, ranging as far east as Alabama and Georgla, where 1ts range

ig allopabric with H. rubrifrons and, to a lssser extent, with H.
hypsincta. Since the lateral-line systems of H. yrubrifrons and H.
hypsinots are similar to ¥, amblops (compars Figs. by, albhough *

POM canal of H. hypsinota is interrupted, perhaps H. amblops once

extended sastward Trom its preseni range inte the Sanbes drainags of
the Carelinas, Ilater, it retreated westward, leaving behind The

Likewise H, rubrifrons differentiated

in the Altamaha and Savannah drainage of Georgis and South Carolina.
My data suggest that H. amblops geve rise to H. hypsinota before H.
rubrifrons and that combtinued isclationm over a longsr period of time
nas resulbed in greaber phylogenstic divergsnce bebwesn H. zmblops and

izter appearsnce of H, rubrifrons and

amblops (7) is responsible for the
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ard Moore (1957), H. amblops,

bels., Comparison of

eragl-ling sysbams,

and other morphomebric

]

those of H. rubrifrons (Figs. 6.8 and 14) reveals a striking similar-

£

ity betwesn them, even though H. harperi is presently considered &

mepber of Erimvstex. Conversely, making the same comparison belwesan

members of Brimystax and H. harperi (Figs. ;ﬁmlki reveals a striking

Y

ssimilarity between them., Morsover, Moore (1957) gave the range

a

-

5f H. harperi as being in "...northern Florida and adjacent parts of

Gecrgia and Alsbams,” which is some distance south of the nearest

BYBLEem.
i-m.; é?% DoTE
B Ml bt

stax, Psrhaps H. amblops once ranged southward into Florida, giving

rise ab that time to the closely relsated bub highly specialized form
H. herperi.

. N 2 a - 3%

Divergence of 4. labrosa from Hybopsis perhsps signifies that it

is more closely relsbed to Erimystax than currently recognize
similarity in brain patterns, lateral-line

i obher morphometric

o,

ata subshtantiaies a

cestor described earlier rather than from Y. labross per se (Fig. 33).

Evidently, H. monacha,




main ling of Brimystax evolutlion,

since it independently acquirsd many of the latersli-line character-

labrose (compare Figs. 4 and 10). Members of the
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line systems, H. cahnl may be somevwhal more removed phylogenetically

Wnile the ohyloganiss presented are tenetabive, 1L Is certain
that H, harperi and H. labrosa manifest some pscularitles which
s e T e LR pm e

suggest that their present taxonomic positions are inappropriste. The

»

ralecating H. harperi in Hybopsi

oy fubure sbu

sgree that tazoncmic categories above ithe

species level ars mors or less subjective. Accordingly, taxonomic

F correspond




defined scological niches with a2 greatsr or lssser degree of overlap:
thus, the genus ie a group of clossly related species (i.e., derived
from a common ancesior) adapted for a particular mode of life {ﬁa*r}
Iinsley, and Usinger, 195331, While thiz definltion is loossly worded,
and indssd necsssarily so for obvious reasons, 1t provided a meihod
for categorizing related species inlto natural groups and conveys

standard conceplblions about gensric composition. The genus may, how-

ever, become a confused and meaninglsss unii if insppropriate charace
delineate such groups.
nine nominal gsnera Into Hybopsis illustrates this

the pozsession of barbsls is the single universal
character these fishes have in commen (Moore, 1997), even though sach

group 18 morphelogically distinet, Perhaps the most essily recognized

[

subgenus includsd in Hypopeie is Hocomis, Chs

e

acterlagtically, all

Nosomis exhibit seasonal changes in color and tuberculation, bulld

slsborate nests {(Reaney, 1947}, are larsgs (300 mm: Moors, 1957}, and
inhabit claar stresms. Iikewlse, thelr lateral-lins svsbtams ars

unique: In juveniles, canals are similar to other clear-waber Hybopsis,
bub in adulis they are drametically medifisd to compensats for
sessonal changss in faciasl integumsnts {Figs., 16.21).

The subgenus Coussius, characierized by barbels forward from the

maxillary termipus and small scales, 1s unigue because no obher Hybop-
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resence of large numbers of

dersble uniguensss, particularly when

gle have few 1f any such cells in

evolving genus or speciss, there are geographic populations which have

othar, obthers that are as dllferent

o

the ranges of their close relatives. Ibrarius appsars to be actively
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gvolving nsw fovms  of barbels {usually
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or BOre pairs
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unigus, its latersl-line sysionms

- 3 ra & -
snvirenments {(Figs. 58, and 15

The fregquent absence of barbels in scome speciss of the subgenus Hybop-

3.5 and bheir sppesrance in Nebropls amnds Hubbs and Gresne suggest

and some Notropis are clossly related; more so, in fact,

f ite congeneric subgeners,.. Hubbs {1951

is amnis perhaps most closely resembles

v

Hybopelisz amblops (Rafinssque)... Were

shructure of H. amnis, which H.

P}

amblops hardly shares, one might even postulate that amnis wes de-
(BT s s E X
rived from amblopa by loss of the small maxillary barbel. That

possibility is not wholy sxeluded, for H. a. winchelld occasionally

lacks thse barbael on one or aven both sidss and the moubh sbtructure
aomewhat approachss thal of Y. amnis.”

Gill (1876) once remarked, "It certainly cannot be in conformity

with nature to place genera at almost exbremes of the family simply
on account of the presence or ahbsence of barbsls... The barbsls, being
only bags of skin procesding from the integument of the maxiliary

bones, have very little systematic value compared with the barbels,

separals

%t £ - S g = E)
fo..dn conformity with nature....® the
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DECBUSE BUDEITOUD morphclogl

reguirsments exceedingly diverse.

d today, "ees

genus Hybopsls, as recognizs

and unnatural grouping.? Recent correspondsncs

n Dre, G, A, Yoors and E. A, lachner have guestloned the sulhen-

" recognizing certain subgroups of Hybopsis as subgenera

rather than full genera, Laberal-lins evidence presented here also

ity

tends to guestion the subgeneric status of some of thess groups. On

pressnted by Davis and Mlllier

tictsm veiced by the sbove sclentists, I

subgenera now included in Hybopsis be resurrected




i

4h thess of

!

teral-line

the la

of

Lopment

s 1

P
3

oones

5]

%,

3

snouh

the

2

k

sensory Lines,

+
&

of

i

SN

Ls

the latero-

S B0

ALY

nobes,

Laxs

S

DOWLT

RE T4

Frerey |
g

sl

iF




® s
o ol
3
©! &
%_M 1 =
g A5
. e &
1 St 30 i
& ik

Find
iy

i

Ba

4

atum

iy

25

Sadond

S G



arsi

E’%

e

3
1nE .

el

rti
i

G
&

nd A
5

of Tisnss ma
sw Mexwico, &
7 Wheelsy®

¥
g
1

%
Wy

nred
2

o ks

B

e

gaale

o B
. F

in minnows




i

£ ey

i} o2

_ﬂ-w. % q«..sm Mm..n
oge G
L a0 o
i Ll ,i.db
] ooal
By & ol W\
it & oo
o £ o S

o
ST

o
6

fit:

P

Ay

£
@y e 5]
g opd ot 2]
IS & SR
2 i 3® g 8
! “ = e
5 0 o £ e (% o
[ wpd B o
o G ad 2 3] =
e ik e o peo
L1 Ao 3
o 3 S (el e
£ Mw & IR
ol [V e W
i s o LA e] aed
by b o 8 o
& % < vy
a@ o i ©
o i R
£ o =
ey i
® ﬁw
e 4
L n_i [
L e
gt
Ling Eugyus
% ek
o
it}
A
i
M
s
o
)
s
[
£33
e




FLOnVH

¥

taked 8

=t
St Tt

Leoosraniom
wihhomn ann

oF

ersus

the develop~

4

hecall in

sheat

tov

suroblas

N

1924,

i

ke o

fug
o
@
fs

g and

1
by
k-

EN A

e

I3
e

o
e

nehes and ana

oriad

st




1164

Twai, F. 1965, HNotes on the cupulae of free neuromast 5 in larvas of
- E P i R W TaT,
*ﬁﬁgm@ﬁ%ﬁ_;bﬁm@g%ﬁﬁ}&;%

. Inpress, The structurs of naked neurcmasis in larvas of
the cyprinodoniid fish, Opyziss latipes {Temminch and Sehlegell,

i. $6%, Cutansous senss organs of

gtrochurs of ;a?&%aaﬁi$ﬁ$ srgaus in the burb
and pike (Esox lucius L..3. Acta Biopl. Cracov,

1066, Cubanecus sense organs of fishes. Part 111, The

AR AL R G e @ - ks .
iaterai.line organs in scme Cobltidas. Acta Biol. Cracov.
9:71

. 1878a. A manusl of the vertebrate animals of the
ad States. 1st, ed. A. O, Clury, Chicago, 111,

. 1876b. A partial synopsis of fishes of upper Gsorgls.
E High W, £$ 112307377,

L . 1B77. Notes on Cottidas, Btheostomatidae, Percidae,
Centrarchidae, Aphododeridae, Dorysomatidas and Cypﬁmm&s} with
revisions of the genera and descriptions of new or little known
speciss. Bull, U. 8. Natur, Mus, 10:1-68.

i%ﬁﬁ of fishes made by Dr.
. 4 Montans during the sessonsg
*aydeﬁf% @%éic Surv. Territ. 4:777-799.

ia lake, Mexico, by Frof, A.
Fighes of Ohis. Repbt., Gscl., Jurv,

fourtsen speciss of fresh.wabter fishes
fseicn in the Bummer of 1888. Proc.

1294, Desceription of & new spscies of cyprincid fish
us grseni) from the headwaters of Frazer River in Britdsh
ymiia ., U, 8, Natur, Mus, 16:313-314.

Proc, Acsd,. Nat, Phila,







T Ll

ine sysbtem on

minnows

g

-t

ne cyutaneous sense organs of barbled

ns region

£

“
£

£ the Greal P

o

sunfisles

@
B
O
i

mn, Neuro

A R

it

the lateral~

T

ription o
Saar

TS .

T

E Ba

a3
LA

hred

L

in

iver

|5

inois b

3

A1

ne

e
G
&
[53]
&

Lrkn

¥

S08

i

e

nerve 4ds

g3
T

g1




o oy
] a4 i
et £ e oy @
o ol &) &
) Cont W e
i U L oe U o e
vk ﬁ ; B0 - Mm & @w o
s o 3 Pl
e i - £y wﬁw w ot 3 0y 73
) i & B v ¥ iy oo =
- o [ [ mu,m £ wRAC e i Fxg
el sm.w ot AT W = ik
o3 ot e U ey oy § ] &
e 3 = a . Lee el £
i e By o s o) ] o O ol £
g @ » o g . ,
@ i o Ei b @ <&t
K o £ g ik Tl g
e 3] o o B @ @ et
et B ot s mw ,,,,, e
4 oy ] o v @
e £ - o > = P
[ v G e Mvo 4 b
i 3L oo by 0 -
i o orrd i @ ot Gg By
o g o - £ &
o o [ ] i ST R
s boery i 0w ooy
& et g - e
] foi un s F wv.J o
i [ RN g A
£ 4 iy . oy
i o i o
a8 [ I wpek 4]
3 Yzm % ]
Gy ¢ ¢ T
mm £
: 3
- B
il M‘ﬁm
vpd
[ate] "
< £
i [
O s
fn 5 ks
WA ’
-4t Tn.m
£ -
- g
%
F
] GW i)
e o £
54} nif
I
P

e




“
]
=

4 Ler

MEICHS

[$%8

"
;
i
|

i mﬂw
o i
A 3 T
R Fs
e §-F
Ly we
& Ty g,
b S
By ot e
Le € ot
Oy oo W
PP o
g oed
et
g
Fagry
ed i
oo bk
oy g 4R
[ JUPE ]
]
ﬁ g
A4 e e
£ e
[o e SR
[ B w i
£t e
o ]
g st
[ iE s vt
[t B
Gt
[
fon b
i
LS W
et e gy
WL B
[ F e
=t [
o B
R
« o )
BYOdE e
Ay

o
H
S oa

G

fach

eIas

+

etor

-

e

d

fog=?

on the

i
)
oion

r

Lo

P

DEDETLImSn




18
iy
4
=

[ s A 4 “f
ok Mm vy :
o < «m et
- el e :
Qe b} g o e o ot
fi | Fe b R L
[ ] &
¥ e Y E
@& L i o o
w4 S O
[ il et e =
& {0 o =y

+
3
La

AL

@ & o
S u o
s o
it
o

i
=

eA R o
e e t
30
Sl

o



e
o
s
&
&

bruary 13, 1939,

Trom

Socisty
gty of
lists,

ar

b

roc&@ Oakland, Califor
ience degrae
received Bochelor
ience degres,

te ux%vg?51tw

1963,









