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ABSTRACT 

Intra - and interspecific variation of species of the subgenus 

Erimystax , genus Hybopsis , are analyzed using multivariate s tatis tica l 

techniques . Diagnos es , descriptions , figures , supporting tables , and 

distribution maps are provided to faci li tate identi fication of the 

subgenus and component species . Results of multivariate analyses 

support the elevation of the Ozark subspecies of Hybops is dissimi lis 

to specific s tanding as Hybops is harryi . Two subspecies of Hybops is 

insignis are recognized wi th Hybopsis �· ins ignis dis tributed in the 

lower Tenness ee and Cumber land river drainages and �· insignis 

eris tigma found in eastern tributaries of the upper Tennessee River 

drainage . Populations interpreted as intergrades occur in the Clinch , 

Powell , and Hols ton rivers . Two subspeci es of Hybopsis x-punctata are 

recognized wi th �· �· x-punctata occurring in the upper Miss iss ippi , 

Missouri , Neosho , and Ouachita river drainages and �· x-punctata 

trautmani inhabi ting the Ohio , Thames , and Whi te ( Arkansas and 

Missouri ) river drainages . Missouri River drainage populations are 

possible intergrades , pending further ana lysis . Two species groups 

are recognized wi thin Erimystax . These are the diss imi lis species 

group, composed of Hybopsis dissimilis , H. harryi , and �· ins ignis , 

and the x-punctata species group, compos ed of H .  x-punctata and H .  

cahni . 

Phylogenetic comparisons among the subgenus Erimys tax , Hybopsis 

monacha , and subgenus Cyprinella of Notropis reveal �· monacha is an 

enigmati c  species sharing characters wi th both subgenera . The exact 
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phylogenetic placement of Hybopsis monacha is  not known , but it is  not 

considered a member of Erimys tax .  

Life history studies o f  Hybopsis x-punctata , �· harryi , �· 

diss imi lis , and �· ins ignis were conducted and the findings are pre ­

s ented . Dietary analyses show �· harryi feeds primari ly on periphytic 

detri tal aggrega te ( PDA ) and algae , whereas , the other species are 

more omnivorous and feed on relatively equal amounts of benthic inver­

tebrates and PDA . Hybops is harryi is  the only Erimys tax wi th a coi led 

gut configuration . The remaining species have a s imple s -shape gut .  

All species spawn over clean ,  gravel subs trate during a three to 

four week period in  April or May . Spawning may be ini tiated by a 

combination of rising water temperature and increased stream dis ­

charge . Males grow fas ter during the first 12 months of life but 

females are larger by the end of the second year . Females reach a 

larger maximum size  and generally have higher surviva l rates than 

males . Maximum age recorded for each species is : Hybops is harryi --42 

months ; �· x-punctata--32 months ; �· insignis -- 30  months ; and H. 

dissimi lis --approximately 30  months . 



TABLE OF CONTENTS 

CHAPTER 

I .  INTRODUCTION 

I I .  SYSTEMATICS AND DISTRIBUTION OF FISHES CURRENTLY 
ALLOCATED TO Erirnys tax ( JORDAN ) , A SUBGENUS OF 
Hybopsis  ( CYPRINIDAE ) • • • • • • • • • • •  

1 • 

2 .  
3 .  

Introduction 
Methods • • • •  

Results • • • • 

A .  
B .  

Subgenus Erirnys tax Jordan , 1 882  • • • • • • • • • • 

Hybopsis  diss irni lis ( Kirtland , 1 84 1 ) • • • •  

c. Hybopsis  harryi Hubbs and Crowe , 1 956  • • • • • 

III . 

D .  
E .  
F .  
G .  
H. 

Hybopsis insignis Hubbs and Crowe , 1 9 56 • • • •  

Hybopsis insignis ins ignis Hubbs and Crowe , 1 9 56 
Hybopsis insignis eris tgrna Hubbs and Crowe , 1 956  
Hybopsis x-punctata Hubbs and Crowe , 1 9 56 • 

Hybopsis x-punctata x-punctata Hubbs and 
Crowe , 1 956 • • • • . • • • • • • • • • • • • 

I .  

J .  
K .  

Hybopsis x-punctata trautmani Hubbs 
and Crowe , 1 956  • • • • • • • • • • •  

Hybopsis cahni Hubbs and Crowe , 1 956  
Interspecific Rela tionships of  Erirnystax 

L .  Phylogenetic Relationships of Erimys tax • 

4 .  Material Examined • • • • • • • • • •  

A .  Meris tic and Morphometric Specimens • 

B .  Radiograph Material • • • • •  

BIOLOGY OF THE GRAVEL CHUB , Hybops is x-punctata 
( CYPRINIDAE ) ,  IN THE OUACHITA RIVER SYSTEM ,  ARKANSAS 

1 • 

2 .  
Introduction 
Published Data 

3 .  S tudy Area . . . . 
4 .  Methods • • •  

5 .  Results • • •  

6 .  Discussion 

. . 

IV . BIOLOGY OF THE OZARK CHUB , Hybopsis harryi ( CYPRINIDAE ) ,  
IN THE WHITE RIVER SYSTEM , ARKANSAS AND COMPARISON WITH 
ASPECTS OF THE BIOLOGY OF THE SPOTTED CHUB , Hybops is 
dissirni lis 

1 .  Introduction • • • • •  

2 .  Study Area • • • • • • • •  

3 .  Published Data • • • •  

4 .  Methods • • • • •  

vi 

. . 

PAGE 

3 
3 
4 

1 9  
1 9  
2 0  
6 1  
7 1  

1 03 
1 04 
1 OS 

1 4 1 

1 43 
1 44 
1 56 
1 66 
1 78 
1 79 
1 95 

1 98 
1 98 
1 98 
202  
203  
207 
229 

237  
2 3 7  
238  
239  
24 1  



CHAPTER 

IV . ( Continued ) 

v.  

VI . 

5 .  
A .  
B .  

6 .  

Results 
Hybops is harryi -- Ozark Chub 
Hybopsis diss imi lis -- Spotted Chub 

Discuss ion 

BIOLOGY OF THE BLOTCHED CHUB , Hybops is insignis 
( CYPRINIDAE ) ,  IN THE UPPER TENNESSEE RIVER SYSTEM 

1 • Introduction 
2 .  S tudy Area 
3 .  Published Data 
4 .  Methods 
5 .  Results 
6 .  Discussion 

SUMMARY 
1 • 

2 .  
Taxonomy 
Life His tory 

LITERATURE CITED 

VITA 

vi i 

PAGE 

245 
245 
266 
274 

280 
280 
280 
28 1 
283  
286 
30 1  

307 
307 
309 

3 1 2  

335  



LIST OF TABLES 

TABLE PAGE 

II- 1 . Morphometric and Meris tic Variables 6 

I I-2 . Populations of Erimys tax Analyzed 1 0  

II- 3 .  Correlations Between Canonical variates and Morphometric 
+ Meristic Variables of Hybopsis dissimi lis • • • • • • 2 1  

I I-4 . 

II-5 . 

Correlations Between Canonical Variates and 
Morphological Variables of Hybopsis diss imi lis 

Loading of Morphometric Variables on Principal 
Components of Hybopsis diss imilis • • • • 

II-6 . Population Means for Variables of Hybopsis diss imilis 
Highly  Correlated wi th Canonical Variates or Principal 
Components • • • • • • • • • • • • • • • • • 

II-7 . Gabriel Multiple-Comparison of Population Means 

II-B .  Range , Mean , and S tandard Deviation of Morphometric and 
Meris tic variables of Hybopsis dissimi lis and H .  
harryi • • • • • • • • . . . . . . . . . . . . 

2 3  

33  

36 

37 

41  

II-9 . Frequency Dis tribution of Meristic variable of Hybops is 
dissimi lis and � harryi • • • • • • • • • • • • • • • • 42 

II- 1 0 .  Frequency Distribution of Number of Vertebrae 
of Erimys tax Species • • • • •  44 

II- 1 1 .  Sexually Dimorphic variables of Hybops is dissimilis • • 54 

II- 1 2 .  Sexually Dimorphic Variables of Hybopsis harryi 65 

II- 1 3 .  Correlations Between Canonical Variates and Morphometric 
+ Meristic Variables of Hybopsis ins ignis • • • • 7 2  

II- 1 4 .  Loadings of Morphometric variables on Principa l  
Components of Hybops is insignis • • • • •  

II- 1 5 .  Population Means for Morphologica l and Meri s tic 
Variables of Hybops is insignis with High Loadings 
in Multivariate Analyses • • • • • • • • • • • • •  

II- 1 6 .  Gabriel Multiple-Comparison o f  Hybops is insignis 
Population Means • • •  

viii 

78 

80  

8 1  



TABLE 

II- 1 7 .  Genera li zed Dis tances Among Powel l ,  Clinch , and 
Hols ton Populations of Hybops is insignis • 

ix 

PAGE 

85  

II- 1 8 .  Variable Means and Standard Deviations for Hybops is �· 
insignis , Intergrades , and Hybops is insignis eris tigma • 88 

II- 1 9 .  Range , Mean , and Standard Deviation of variables of 
Hybopsis insignis • • • • • , • • • 

II-20 . Frequency Dis tribution of Meristic variables of 
Hybopsis insignis 

96 

97 

II-2 1 . Sexually Dimorphic Variables of Hybopsis  ins igni s 98 

II-22 . Correlations Between Canonical  variates and Morphometric 
+ Meristic Variables of Hybopsis  x-punctata • • • • 1 06 

II-23 . Loadings of Morphometric variables on Principal  
Components of Hybopsis x-punctata • • • • • • •  

II-24 . Populations Means for Variables of Hybopsis x-punctata 

1 1  2 

with High Correlations in Multivariate Analys es • • • •  1 1 5 

II-25 . Gabriel Multiple-Comparison of Hybops is x-punctata 
Population Means • • • • • • • • • • • • • • • • • • 1 1 6  

II-26 . Range , Mean,  and S tandard Deviation of variables of 
Hybops is �· x-punctata and �· x-punctata trautmani • 1 22 

II-27 . Frequency Dis tribution of Sca le Variables for Hybops is 
�· x-punctata and �· x-punctata trautmani 

II-28 . 

II-29 . 

II-30 . 

II- 3 1 ,  

II-32 . 

Range , Mean,  and Standard Deviation of variables of 
Hybops is x-punctata • • • • • • • • • •  

Frequency Distribution of Meris tic variables of 
Hybopsis x-punctata • • • •  

Sexually Dimorphi c Variables of Hybopsis x-punctata 

Discriminant Function ( DF )  and Principal  Components ( PC )  
Correlations with variables o f  Hybopsis cahni • • • • •  

Range , Mean , and Standard Deviation of variables of the 
Clinch , Powell , and Total Populations of Hybopsis 
cahni • • • • • • • • • • • • • • 

II- 3 3 .  Frequency Dis tribution of Meristic variables of 
Hybops is cahni • • • • • • • • • • • • • • • 

1 23 

1 35 

1 36 

1 37  

1 47 

1 48 

1 49 



X 

TABLE PAGE 

II-34 . Sexually Dimorphic Variables of Hybopsis cahni • • •  , • 1 54 

II-35 . Correlations Between Canonical  Variates and Variables of 
Erimystax Species for Meristic + Morphometric and 
Morphometric Data Sets • • • • •  1 58 

II-36 .  Gabriel Multiple-Comparison of Erimys tax species means • 1 6 1 

I I-37 . Results of Geisser Classifi cation Procedure of Erimys tax 
Species Using Morphometric + Meristic variables • •  , • 1 62 

II-38 . Results of Geisser Class ification Procedure of Erimys tax 
Species Using MorphometriC Variables • • • • • • • •  , • 1 62 

II-39 . Generalized Distances Among Erimys tax Species Bas ed on 
Morphometric and Meristic variables • • • • • • • • • • 1 65 

I I-40 . Genera lized Dis tances among Erimys tax Species Based on 
Morphometric Variables • • • • • • • • • 1 65 

II-4 1 . Characters Used to Evaluate Phylogenetic Relationships 
Among Erimys tax ,  Hybops is monacha , and Cyprinella 1 7 3 

I I I- 1 . Per Cent Food Biomass from Monthly Samples of Hybops is 
x-puncta ta • • 

III-2 . Number of Food Items from Monthly Samples of Hybopsis 
x-puncta ta • • 

III-3 . Mean Standard Length Based on Monthly Samples of Each 
Age Group of Male , Fema l e ,  and Total Hybops is 
x-puncta ta • 

III-4 . Sex Ratios of Hybopsis x-punctata for Each Age Group 

208 

2 09 

2 2 1  

and the Total Sample • • • • • • • • 227  

II I-5 . Relative Surviva l of Year Classes of Ma le , Female ,  and 
Total Hybops is x-punctata Expressed as Proportions 
of Age Class 1 ( 1 x  1) and Age Class 2 ( 1 x  2) • • • • 227  

I II-6 . Per Cent Relative Abundance of Selected Cyprinid Species 
from Sites on the Caddo and Ouachita Rivers . . . . 2 30  

IV- 1 . Per Cent Food Biomass from Monthly Samples of Hybops is 
harryi . . . . . . . . . . . . . . . . 248 

IV-2 . Number of Food Items from Monthly Samples of Hybopsis 
harryi 249 



xi 

TABLE PAGE 

IV- 3 .  Mean S tandard Length Based on Monthly Samples of Each 
Age Group of Male , Female ,  and Total Hybops is harryi • • 258 

IV-4 . Relative Survival  of Year Class es of Mal e ,  Female ,  and 
Total Hybopsis harryi Expressed as Proportions of Age 
Class 1 ( 1 xl ) ,  Age Class 2 ( 1 x2 ) ,  and Age Class 3 
( 1 x3 ) • • • • • • • • • • • • • 265 

IV-5 . Sex Ratios for Each Age Group and the Total Sample of 
Hybops is harryi • • • • • • • • • • • • • • • • • 265 

IV-6 . Per Cent Food Biomass from Monthly Samples of Hybopsis 
dissimi lis • •  

IV-7 . Number of Food I tems from Monthly Samples of Hybopsis 
dissimi lis • •  

V- 1 . Per Cent Food Biomass from Monthly Samples of Hybopsis 
ins ignis 

V-2 .  Number of Food Items from Monthly Samples of Hybopsis 
ins ignis . . . . . . . . . . . . . . . 

V- 3 .  Mean S tandard Length Bas ed on Monthly Samples of Each 
Age Group of Male , Female , and Total Hybops is ins ignis 

267 

268 

289 

. 290 

. 299 



LIST OF FIGURES 

FIGURE 

II- 1 . Morphological Coordinates Used to As sign Per Cent 
Ventral Sca lation ( PBS ) Values of Erimys tax Species 

I I-2 . Populations of Erimys tax Examined . . . . . . . . . . . 

I I-3 . Population Centroids and variable vectors of Hybops is 
dissimi lis in Canonical Space Determined from the 

PAGE 

7 

1 4  

Morphometric + Meristic Data Set • • • • • • • • 24 

I I-4 . Population Centroids wi th 95%  Confidence Circles for 
Hybopsis dissimilis in Canonica l Space Determined from 
the Morphometric + Meristic Data Set • • • • • • • • • • 26 

II-5 . Population Centroids and Variable Vectors of Hybops is 
dis s imi lis in Canonical Space Determined from the 
Morphometric Data Set • • • • • • • • • • • 28 

II-6 . Population Centroids and 95% Confidence Circles of 
Hybops is dissimilis in Canoni cal  Space Determined from 
the Morphometric Data Set • • • • • • • • • • • • • • • 30  

I I-7 . Population Polygons of Hybops is dissimi lis on Principal  
Component Axes Determined from the Morphometric Data 
Set • • • • • • • • • • • • . • • • • • • • • . • • 34  

I I-8 . Distribution of Hybopsis dissimi lis ( ci rcles ) and H .  

II-9 . 

harryi ( squares ) • • • • • • • • • • • • • • 40 

Photographs of Hybopsis diss imilis and H .  harryi 5 2  

II- 1 0 .  Population Centroids and Variable Vectors o f  Hybopsis 
insignis in  Canonica l  Space Determined from the 
Morphometric + Meri s tic Data Set • • • • • • • • • 7 3  

II- 1 1 .  Population Centroids and 9 5 %  Confidence Circles of 
Hybopsis insignis in Canonical Space Determined from 
the Morphometric + Meris tic Data Set • • • • • • • • 7 6  

II- 1 2 .  Population Polygons of Hybops is ins ignis o n  Principa l  
Component Axes Determined from the Morphometric Data 

II- 1 3 .  

II- 1 4 .  

Set • • • • . • • • • • . • • • • • • 79 

Dis tribution of Hybops is insignis 84 

Photographs of Hybops is ins ignis 90  

xii 



xiii 

FIGURE PAGE 

II- 1 5 .  Population Centroids and variable Vectors of Hybops is 
x-punctata in Canonical Space Determined from the 
Morphometric + Meristic Data Set • • • • • • • • • 1 08 

II- 1 6 .  Population Centroids and 95%  Confidence Circles of 
Hybops is x-punctata in Canonical Space Determined from 
the Morphometric + Meristic Data Set • • • • • • • • • •  1 1 0  

II- 1 7 .  Population Polygons of Hybopsis x-punctata on Principal 
Component Axes determined from the Morphometric Data 
Set • • • • • • • • • • • • • • • • 1 1 3 

I I- 1 8 .  Dis tribution of Hybopsis x-punctata 1 24 

II- 1 9 .  Photographs of Hybopsis x-punctata • 1 3 3 

II-20 . Population Polygons of Hybopsis cahni on Principal 
Component Axes Determined from the Morphometric Data 

I I-2 1 . 

II-22 . 

Set • • • • • • • • • • • • • . • 1 46 

Distribution of Hybopsis cahni 1 50 

Photograph of Hybopsis cahni • 1 52 

II-23 . Species Centroids , 95%  Confidence Circles , and Variable 
Vectors of Erimys tax Species in Canoni ca l Space 

II-24 . 

III- 1 . 

Determined from the Morphometric + Meris tic Data Set • • 1 59 

Species Centroids , 95%  Confidence Circles , and Variable 
Vectors of Erimys tax Species in Canonica l Space 
Determined from the Morphometric Data Set 

Reproductive Parameters of Hybops is x-punctata • 

1 64 

2 1 3  

I I I-2 . Linear Regression of S tandard Length ( SL) Versus 
Fecundi ty ( F )  for Hybopsis x-punctata • • • • • 2 1 8 

III-3 . Length-Frequency His togram for Hybops is x-punctata • 220 

I II-4 . Non-Linear Regression of Age Versus S tandard Length for 
Male and Female Hybops is x-puncta ta • • • • • 22  3 

III-5 . Age Versus Mean Standard Length Plotted as a Moving 
Average of Three for Hybopsis x-punctata • • • • 224 

III-6 . Linear Regression of Age ( A )  Versus Mean Adj us ted Body 
Weight ( W ) for Hybops is x-punctata • • • • • • • • • • • 225 



xiv 

FIGURE PAGE 

IV- 1 . Gut Morphology of Hybopsis harryi and �· dissimi lis 247 

IV-2 . Reproductive Parameters for Hybops is harryi 25 1 

IV-3 . Linear Regression of S tandard Length ( SL )  Versus 
Fecundity ( F )  for Hybopsis x-punctata • • • • • 255  

IV-4 . Length-Frequency His togram for Hybopsis harryi 257  

IV-5 . Linear Regression of Age (A )  Versus S tandard Length ( SL )  
for Male and Female Hybopsis harryi • • • • • • • • • • 26 1 

IV-6 . Age versus Standard Length Plotted as a Moving Average 
of Three for Hybopsis harryi • • • • • 262 

IV-7 . Linear Regression of Age (A )  Versus Mean Adj us ted Body 

IV-8 . 

IV-9 . 

V- 1 .  

V-2 . 

V-3 .  

Weight ( W )  for Hybopsis harryi • • • • • • • 263  

Reproductive Parameters for Hybopsis diss imilis . . . . 2 7 0  

Linear Regression of S tandard Length ( SL )  Versus 
Fecundity ( F )  for Hybops is diss imilis . . . . . . . . . 2 7 3  

Reproductive Parameters for Hybopsis ins ignis 29 1 

Linear Regression of S tandard Length ( SL )  Versus 
Fecundi ty ( F )  for Hybopsis ins ignis . . . . . . 294 

Diameter Frequency of Ova from Three Female Hybopsis 
ins ignis . . . . . . . . . . . . . . . 295 

V-4 .  Age Versus S tandard Length Plotted as a Moving Average 
of Three for Hybops is ins ignis • • • • • • • • • • • • • 300 



CHAPTER I 

INTRODUCTION 

The taxonomic his tory of the North American cyprinid genus 

Hybops is has been complex and confusing ( Jenkins and Lachne r ,  1 97 1 ; 

Reno , 1 969a ) due , in part , to the lack of critical  intra - and inter­

specific analys es of variation . Prior to 1 96 0 ,  taxonomic treatment of 

Hybopsis was res tricted to origina l  descriptions of species and super­

ficial keys for their identification . Olund and Cross ( 1 9 6 1 ) 

performed the first intraspecific variation s tudy in  Hybops is when 

they analyzed Hybops is graci lis throughout its range . Jenkins and 

Lachner ( 1 9 7 1 ) laid the framework for definition of the genus Hybops is 

and its subgenera . Clemmer ( 1 97 1 )  defined and summarized variation in 

the subgenus Hybopsis , which led to a clearer unders tanding of the 

polyphyletic nature of genus Hybopsis as currently recogni zed . 

Hubbs and Crowe ( 1 956 ) redefined the subgenus Erimys tax of 

Hybops is and des cribed three new species and six new subspecies in a 

scant eight-page paper . Thes e  descriptions appeared wi thout 

synonomi es , figures of species , distribution maps , or analys es of 

intraspecific variation . The purpos e of this s tudy is to define 

characteristics of and species wi thin the subgenus Erimys tax ,  analyze 

intra- and interspecific variation , redes cribe the component taxa , and 

pres ent a complete taxonomic treatment for each species with synonomy , 

figure ,  and distribution map . 
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Defini tive li fe his tory studies have not been performed on 

species of Hybops is wi th the exception ( Kinney,  1 9 5 4 )  of Hybopsis 

storeriana . Jenkins and Burkhead ( 1 984 ) summarized the data on 

biology of Hybopsis monacha based on the rela tively few specimens 

avai lable . Likewi s e ,  Jenkins ( 1 97 5 )  and Burkhead and Jenkins ( 1 98 2 ) 

provided information on the biology of Hybopsis cahni bas ed on a 

relatively small sample of the endangered species . Information on the 

remaining species of Hybopsis is generally limited to field observa­

tions and examination a few specimens from single collections . 

It has become increasingly apparent that behavioral or biological 

characteris tics of species or genera can be important in deciphering 

phylogenetic relationships . Jenkins and Lachner ( 1 97 1 ) uti lized 

behavioral characters in their assessment of Hybopsis and elevation of 

Nocomis to generic s tanding . Page ( 1 98 1 , 1 98 3 )  and others used 

breeding behavior as a primary character for defini tion of the sub­

genus catonotus of Etheos toma ( Percidae) . With this in mind , life  

his tory analyses were performed for four species of Erimys tax . The 

purpose was 1 )  to provide basic  life his tory information on the poorly 

known biology of thes e species and 2 )  to attempt to uncover life 

history variables whi ch might provide phylogenetic information for 

deciphering rela tionships . 

Detai led accounts of obj ectives and methods are given in each of 

Chapters I I-V . These chapters are intended as individual papers to be 

published at a la ter date . Chapter VI is a brief summary of the maj or 

findings of this s tudy . 



CHAPTER I I  

SYSTEMATICS AND DI STRIBUTION O F  FISHES CURRENTLY 

ALLOCATED TO Erimys tax ( JORDAN ) , A SUBGENUS 

OF Hybops is ( CYPRINIDAE ) 

1 • INTRODUCTION 

Jordan ( 1 882 ) described the taxon Erimys tax as a monotypic genus 

wi th E .  diss imi lis ( Kirtland ) as the type . Since the origina l  

des cription , Erimys tax has been rea ligned and redefined numerous times 

wi th the mos t recent whole taxon trea tment that of Hubbs and Crowe 

( 1 9 56 ) .  In their pre liminary analys is of Erimys tax,  Hubbs and Crowe 

described three species and six subspecies as new, a l l  in a scant 

eight pages , wi thout synonomies , tables , figures , or dis tribution 

maps . The subgenus Erimys tax of Hubbs and Crowe contained Hybops is 

cahni Hubbs and Crowe , �· dissimi lis ( Ki rtland ) ,  H .  harperi ( Fowler ) ,  

�· ins ignis Hubbs and Crowe , �· monacha ( Cope ) ,  and H .  x-punctata 

Hubbs and Crowe . Hubbs and Crowe left intact Bai ley ' s  ( 1 95 6 )  re lega­

tion of Erimys tax to subgeneric s tatus intact ,  but s tated that this 

interpretation "res ts on an uns teady bas is . "  

One change in the component species of Erimys tax is pertinent to 

the scope of this s tudy . Gi lbert and Bai ley ( 1 9 7 2 )  reass igned 

Hybopsis harperi ( Fowler ) to the genus Notropis . This has been 

accepted by the maj ority of ichthyologis ts ( Robins et al . ,  1980 ;  

Gilbert, l980c ) . 

3 
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Hybops is monacha has been the subj ect of intense and prolonged 

inves tigation by R .  E .  Jenkins and N .  M .  Burkhead which culminated in 

a recent publication covering description , biology, and dis tribution 

of this dis tinctive species ( Jenkins and Burkhead,  1984 ) . At the 

inception of this research , evidence indi cated that H .  monacha was 

more closely aligned with the subgenus Cyprinella of Notropis and 

consequently,  �· monacha was omitted from further consideration . Sub ­

sequently , the work o f  Jenkins and Burkhead ( 1 984 )  and Mayden ( 1 985b ) 

has agai n ,  at leas t partially,  aligned �· monacha wi th Erimys tax . 

Phylogeneti c relationships wi ll  be discussed later in  this chapter .  

The purpose of this s tudy was threefold : 1 )  redescribe Erimys tax 

and component taxa ( species and subspecies ) ;  2 ) describe interspecific 

geographic variation and pres ent hypothetica l causa l  relationships , 

and 3) map the dis tribution of each taxon . 

2 .  METHODS 

Inves tigations pertaining to inter- and intraspecific morpholog­

ica l  variation in North American freshwater fishes are abundant in the 

recent i chthyological li terature . Since 197 0 ,  a plethora of variation 

studi es at the generi c ,  subgeneric ,  andjor species group level have 

appeared . These include treatments of Ammocrypta ( Williams , 1975 ) ; 

Fundulus (Wiley, 1977 ) ;  Hybopsis ( Clemmer , 197 1 ) ;  Hydrophlox ( Swif t ,  

1970 ) ; Hypentelium , Lagochila , and Moxostoma ( Jenkins , 1 97 0 ) ; 

Lythrurus ( Snelson, 197 2 ) ; Lythrurus ( Snelson , 1 97 0 ) , Microperca 

( Burr , 1978 ) ; Nocomis ( Lachner and Jenkins, 197 1 ) ;  and Nothonotus 

( Zorach , 1972 ) .  The sys tematic methodology common to thes e works 
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generally consis ted of measurements ( morphometries) and counts ( meri s ­

tics) o f  characters from individuals o f  a population subsample which 

represents the range of character variation for the popula tion . The 

characters of population samples from different geographic locales 

were then compared qualitative ly andjor quantitatively to determine if 

inter-populational variation was significant . If  significant , a 

decis ion concerning level of taxonomic recogni tion was made . 

variables 

For sys tematic analys is of the subgenus Erimys tax,  1 4  meris tic 

and 2 0  morphometric variables were analyzed ( Table I I- 1 ) . Measure­

ments were made to the neares t 0 . 05 mm using needle point Helios dial 

calipers . Methods of variable counts and measurements follow Hubbs 

and Lagler ( 1 964) wi th the following clarifications andjor modifica ­

tions . Pos t dorsal length was the distance from the point o f  the 

origin of the dorsa l  fin to the bas e  of the cauda l fin . Orbi t width 

was measured across the fleshy orbita l  rim but interorbital  width was 

determined by measuring the least dis tance across the frontal  bones . 

Is thmus width was the distance between the ventra l connections of the 

opercular membranes to the breas t .  Upper lip width was measured at 

the wides t anterior expansion of the lip . Body width was measured 

across  the ventral surface at the anterior pectoral fin insertions . 

The left pelvi c and left pectoral fins were measured to obtain  paired 

fin lengths . Per cent ventral s calation was es timated using the 

morphological  reference points as illus trated in Figure II- 1 . 

Embedded s cales were revealed wi th a probe and are included in ventral 



Table I I- 1 . Morphometric and Meris tic variables . 

variables 

Morphometries 

1 )  Standard length 
2 )  Predorsal length 
3 )  Pos tdorsal length 
4 )  Caudal peduncle length 
5 )  Caudal peduncle depth 
6 )  Body depth 
7 )  Body width 
8 )  Head length 
9 )  Snout length 

1 0 ) Upper lip length 
1 1 )  Upper lip width 
1 2 )  Gape width 
1 3 ) Interorbi tal width 
1 4 ) Orbital  width 
1 5 )  Isthmus width 
1 6 ) Pos t orbital length 
1 7 )  Dorsal  fin length 
1 8 ) Anal fin length 
1 9 )  Pectoral fin length 
2 0 )  Pelvi c fin length 

Mer is  tics 

1 )  Latera l-line s ca les 
2 )  Scales above lateral -line 
3) Scales below lateral-line 
4 )  Circurnbody s cales 
5 )  Circumpeduncle s cales 
6) Predorsal s ca les 
7 )  Per cent ventral sca la tion 
8 )  Lef t  pectoral rays 
9 )  Right pectoral rays 

1 0 ) Lef t  pelvi c rays 
1 1 )  Right pelvic rays 
1 2 )  Anal rays 
1 3 ) Latera l Blotches 
1 4 ) Dorsal Blotches 

Abbreviation 

STL 
PRL 
PDL 
CPL 
CPD 
BDD 
BWP 
HDL 
SNL 
ULL 
ULW 
GPW 
row 
ORW 
ISW 
POL 
DFL 
AFL 
P 1 L 
P2L 

LLS 
ALL 
BLL 
CRS 
CPS 
PDS 
PBS 
LP 1 
RP 1 
LP2 
RP2 
ANR 
LTB 
DBL 

6 
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Figure II-1. �lorphological coordinates used to assign per cent 

ventral scalation (PBS) values for Erirnystax species. 
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scalation estimates. Gill raker counts were made on the outer portion 

of the first right arch and include even the most rudimentary rakers. 

Vertebral counts were made from x-rays following the method of Jenkins 

and Lachner (1971) with Weberian vertebrae counted as four. Gut 

length was determined by the method of Snelson (1971) . 

Counts and measurements were taken only from adult specimens 

(i.e. reproductively mature individuals as determined by gross exami­

nation of gonads) in an attempt to reduce allometric and ontogenetic 

variances. Life history studies (Harris, msB, msC, msD) revealed that 

Hybopsis cahni, H. insignis, and�· x-punctata were sexually mature at 

greater than 45 mm standard length ( = SL), while�· dissimilis was 

generally mature at greater than 55 mm. No smaller individuals were 

utilized unless gonadal development or secondary sexual characters 

indicated they were reproductively mature. 

Populations 

When available, at least 25  specimens were analyzed for 

each population of each species. Populations were defined by major 

drainage systems, hence each individual river population and several 

large creek populations (e.g., Shoal Creek, AL) were analyzed 

separately at the outset. If no significant inter- or intra-drainage 

variation between smaller tributaries and the next larger system was 

evident, then these were pooled. Statistical analyses were conducted 

for two populations of Hybopsis cahni, 3 3  populations of�· 

dissimilis, 2 3  populations of H. insignis, and 27 populations of H. 



x-punctata. The boundaries of all Erimystax populations analyzed in 

this study are defined in Table II-2 and outlined in Figure II- 2. 

Statistics 

9 

Common practice for data manipulation in taxonomic studies has 

been the transformation of morphometric measurements to ratios in an 

attempt to eliminate the body size component of variation (Atchley, et 

al., 1976; Corrucini, 1975; Hubbs and Lagler, 1964; Mayr, et al., 

1953). Most recent descriptive works andjor variation studies 

(geographic and sexual) utilized this scaling of ratios in their 

analyses (Burr, 1978; Clemmer, 1971; Lachner and Jenkins, 1971; 

Snelson, 1972; and Swift, 1970 to name but a few). 

Recent controversy has surfaced regarding bivariate ratios and 

proportions, especially when used as the raw variables in multivariate 

statistical analyses (Albrecht, 1978; Atchley, 1978, Atchley and 

Anderson, 1978; Atchley, et al., 1976; Corrucini, 1977). Atchley, et 

al. (1976) advised against the use of ratios as raw data in multi­

variate analyses because most proportional data are strongly skewed to 

the right and leptokurtic and, when used in a covariance or correla­

tion matrix, produce spurious results. 

In this study ratios of morphometric variables were expressed as 

thousandths of standard length(= TSL). They were used for descrip­

tive purposes and in comparison of inter-population variation of 

individual variables that were significant contributors to multi­

variate analyses. Procedure PROC MEAN in SAS (1985) was used to 

calculate mean (x), standard deviation (SD) and range for each 
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Table I I-2. Populations of Erimystax Analyzed. 

Population (Abbreviation) 

Allegheny River (ALG) 

Elk River (EWV) 

Muskingum River ( MUS) 

Scioto River ( SCO) 

Miami River ( MIA) 

White River (WRI) 

Wabash River (WAB) 

Green River (GRK) 

Rolling Fork (SRK) 
River 

Kentucky River (KRK) 

Big Sandy River ( BSR) 

Rock River ( RCK) 

Root River ( ROT) 

Upper Iowa River ( UIO) 

Turkey River ( TUR) 

Wapsipini con ( WAP) 
River 

Cedar River ( CED) 

Des Moines River ( DES) 

Salt River (SRM) 

Definition 

Allegheny R.  and tributaries, PA and NY 

Kanawha , Elk Rs . and tribs . ,  WV 

Muskingum, Walhonding , Tus carawas , 
Mohican Rs. and tribs . ,  OH 

Scioto R .  and tribs . ,  OH 

Great Miami , Little Miami , Whi tewater 
Rs . and tribs . ,  OH and IN 

White R .  and tribs., IN 

Wabash, Tippecanoe, Eel, Vermillion, 
Embarras, Little Wabash Rs. and tribs., 
OH and IL 

Green, Pond, Nolin, Barren Rs . and 
tribs., KY and TN 

Salt, Rolling Fork Rs. and tribs., KY 

Kentucky, Dix Rs. and tribs., KY 

Big Sandy R.  and tribs., KY, WV, and VA 

Rock , Sugar Rs . and tribs . ,  IL and WI  

Root R .  and tribs . ,  MN 

Upper Iowa R .  and tribs . ,  IO and MN 

Turkey , Volga Rs. and tribs . ,  IO 

Wapsipini con R .  and tribs . ,  IO 

Iowa, Cedar Rs. and tribs., IO and MN 

Des Moines, Racoon Rs. and tribs., IO 
and MN 

Salt R. and tribs., MO 



Table II-1 • (Continued) 

Population (Abbreviation) 

Osage River (OSG) 

Gasconade River (GAS) 

Meramec River (MER) 

Neosho River (NEO) 

Illinois River (ILO) 

White River (WRA) 

Buffalo River (BRA) 

Little Red River (LRR) 

Strawberry River (STR) 

Spring River (SPR) 

Eleven Point (ELP) 
River 

Current River (CUR) 

Black River (BLK) 

St. Francis River (STF) 

Ouachita River (OUA) 

Caddo River (CAD) 

Little Missouri (LMR) 
River 

Saline River (SAL) 

Red River (RRK) 

Harpeth River (HAR) 

1 1 

Definition 

Osage, Maries, Niangua, Pomme de Terre, 
Sac, Marais des Cygnes, South Grand Rs. 
and tribs., MO and KA 

Gasconade, Big Piney Rs. and tribs., MO 

Meramec, Bourbeuse Rs. and tribs., MO 

Neosho, Cottonwood, Spring Rs. and 
tribs., OK, KA, and MO 

Illinois R. and tribs., OK and AR 

White, James, Kings Rs. and tribs., AR 
and MO 

Buffalo R. and tribs., AR 

Little Red R. and tribs., AR 

Strawberry R. and tribs., AR 

Spring R. and tribs., AR and MO 

Eleven Point R. and tribs., AR and MO 

Current R. and tribs., AR and MO 

Black R. and tribs., MO 

St. Francis R. and tribs., MO 

Ouachita R. and tribs., AR 

Caddo R. and tribs., AR 

Little Missouri R. and tribs., AR 

Saline R. and tribs., AR 

Red R. and tribs., KY and TN 

Harpeth R. and tribs., TN 



Table II-2 . ( Continued ) 

Population ( Abbreviation ) 

Stones River ( STN ) 

Caney Fork River ( CFR ) 

Roaring River ( RRG ) 

CUmberland River ( CRC ) 

Little South Fork ( LS F )  
CUmberland River 

Duck River ( DUK ) 

Buffa lo River ( BRT ) 

Shoal Creek ( SHL )  

Elk River ( ELK ) 

Flint River ( FLN ) 

Paint Rock River ( PTR ) 

Sequatchie River ( SEQ)  

Hiwassee River ( HIW ) 

Little Tennessee ( LTN ) 

Little River ( LIT )  

Little Pigeon ( LPG)  
River 

Pigeon River ( PIG )  

Upper French ( UFB ) 
Broad River 

1 2  

Definition 

S tones R. and tribs . ,  TN 

Caney Fork R .  and tribs . ,  TN 

Roaring , Wolf ,  Obey Rs. and tribs . ,  TN 
and KY 

CUmberland R .  at Crocus Creek and 
tribs . ,  KY 

Little South Fork CUmberland R .  and 
tribs . ,  KY and TN 

Duck , Piney Rs . and tribs . ,  TN 

Buffalo R .  and tribs . ,  TN 

Shoal Cr . and tribs . ,  TN and AL 

Elk R .  and tribs . ,  TN and AL 

Flint R .  and tribs . ,  TN and AL 

Paint Rock R .  and tribs . ,  TN and AL 

Sequatchie and Little Sequatchie Rs . 
and tribs • , TN 

Hiwass ee ,  Toccoa , Nottely, Ocoee Rs . 
and tribs . ,  TN , GA , and NC 

Little Tennessee , Tellico Rs . and 
tribs . ,  TN and NC 

Li ttle R .  and tribs . ,  TN 

Little Pigeon R .  and tribs . ,  TN 

Pigeon R .  and tribs . ,  TN and NC 

French Broad ( above confluence with 
Pigeon ) ,  Mi lls , Davidson , Little Rs . 
and tribs . ,  TN and NC 



Table II-2. (Continued) 

Population (Abbreviation) 

Nolichucky River (NOL) 

Holston River (HOL) 

Clinch River (CLN) 

Powell River (PWL) 

Definition 

Nolichucky R. and tribs., TN and NC 

Holston, Watauga, Doe Rs. and tribs., 
TN, NC, and VA 

Clinch R. and tribs., TN and VA 

Powell R. and tribs., TN and VA 

1 3 
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Figure I I-2 . Populations of Erimystax examined . 
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meris tic and morphometric variable . Tes ts of significant difference 

among population means for individual variables were performed using 

the Gabriel multiple-comparison procedure ( SAS , 1 985 ; Sokal and Rohlf , 

1 98 1 ) . Attempts to quantify intra- and inter-population variation 

were made using two multivariate s tatis tical  techniques . 

Multigroup dis criminant function analys is ( MDA ) was performed 

using program DISANAL developed by R .  A .  Pimentel ( 1 979 ) . As employed 

in this s tudy , MDA was composed of four s tatis�ical  procedures which 

include multivariate analysis of variance ( MANOVA ) ,  Geiss er classifi­

cation analys is ,  generalized dis tance analys is , and canoni cal  analys is 

of discriminance . MANOVA provided the basic  s ta tis tics for each 

population and tested the equality of population centroids using the 

multivariate F-tes t .  Results of the MANOVA and contras ts among group 

centroids mus t  be considered approximate because the equality of group 

dispers ions and multivariate normality of the data were not tes ted . 

Howeve r ,  these multivariate techniques may be relatively ins ens i tive 

to violation of thes e  assumptions when large samples are used 

( Sullivan , 1 985 ; Pimentel , 1 979 ; Neff and Marcus , 1 980 ) . 

Geisser class ification probabi li ties classify individuals into 

the a priori poulations whi ch they mos t res emble . Geisser classifi ­

cation was used to evaluate the relationships ( i . e . ,  simi lari ty ) of 

population group members to other population group members . 

Generalized dis tances between group centroids quantified differences 

between populations in discriminant space . Canonical analysis of dis­

criminance ( = canonical variates analysis ) was used for ordina tion . 

Canonical  analys is maximized wi thin-group variation by rotation of the 
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data, rescaled the data to standardize the within-group variation, and 

then maximized between-group variation by rotation (Albrecht, 1980) . 

Pimentel (1979) stated that canonical analysis provides the best 

reduced dimension model to simply but effectively indicate measured 

differences among groups. Canonical graphs were utilized to viusalize 

the relationships among populations in canonical space. 

MDA was applied because 1 )  the design of MDA utilizes subsamples 

from defined populations which coincides with the goals of this study, 

definition of intra- and interspecific variation, and 2) the design of 

discriminant analysis leads to more comprehensive results (Pimentel, 

1979) . Conclusions were reached concerning taxonomic status of each 

population by melding statistical results with geographic distribu­

tions and biological species concepts. 

The second multivariate technique employed was principal 

component analysis (PCA) using SAS procedure PRINCOMP. Humphries, et 

al. (1981) criticized discriminant functions because: 1) the method 

requires a priori assignment of individuals to groups, and 2) informa­

tion is lost about correlations among variables because eigenvalues 

are derived by maximizing a function of the ratio of the among-group 

to within-group covariance matrices. PCA does not presume multiple 

groups which allows for their discovery and PCA coefficients are more 

easily interpretable (Humphries, et al., 1981) . For these reasons, 

both MDA and PCA were employed and results of the two methodologies 

compared and contrasted. Initial runs of MDA and PCA were performed 

to analyze intraspecific variation in the four species of Erimystax. 

MDA analysis was performed on untransformed variables for 19 
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morphometric and 1 0  meris tic variables . Standard length , dorsal and 

lateral blotches , right pectora l rays , and right pelvic rays were 

excluded from multivariate analyses . Ini tial PCA runs were performed 

on log transformed variables in a correlation matrix us ing morpho­

metric variables , meris tic variables , and morphometric + meris tic 

variables . If  two or more clus ters were apparent from preliminary PCA 

analysis ( Humphries , et al . ,  1 98 1 : 300) , "sheared PCA" was employed ( on 

morphometric variables only,  using the covariance matri x )  to reduce 

the s ize  effect and gain a clear view of size-free variation . 

Humphries , et a l .  ( 1 98 1 ) , S trauss and Books tein ( 1 982) , Bookstei n ,  et 

al . ( 1 985) , and S trauss ( 1 985) warned of the problems ass ociated with 

allometric variation , especia lly in fishes . They recommend use of the 

"sheared PCA" technique that produces a size component and a shape 

component whi ch has size regressed from i ts s cores so that it bears 

all the discrimina tory information of the firs t two principal  

components ( Humphries , et al . ,  1 98 1 ) . Sheared PCA analys is was 

attempted for the entire data s et ( i . e . ,  all putative species com­

bined ) and the data set composed of putative Hybopsis diss imilis 

populations . 

Results of s tatis tical analyses are pres ented for each 

species and for the subgenus Erimys tax .  An account is presented for 

each species which includes dis cussion of geographic variation , i llus ­

tra tion , synonomy , redes cription , and map of dis tribution . Materials 

examined are presented for each species at the end of the chapter . 
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3 .  RESULTS 

A .  Subgenus Erimys tax Jordan ,  1882. 

19 

Diagnos is . Combination of the following characters serves to 

differentiate members of Erimys tax from congeners currently recognized 

as Hybops is . Pharyngeal teeth are 4-4 and anal rays number s even . A 

s ingle small to large , terminal labial barbe l is pres ent on each s ide 

of the mouth , often with enlarged s ensory papi llae . The mouth is 

inferior and subtermina l  and the upper lip is expanded anteriad . The 

relatively large dorsolateral eyes are di rected s lightly pos teriad . 

Lateral-line s cales number 3 6-53 .  The lachrymal groove is well 

developed . Dark pigment is present on the snout pos terior to the 

lachrymal groove and anterior to the eye . The pectora l fin has 

sensory papi llae between the firs t two rays . A maxi llary flap is 

present , often bearing sensory papillae . Nuptial males deve lop a 

nuptial  pad and the sexes are wi thout nuptial coloration . 

Species within Erimys tax are Hybopsis cahni , �· diss imi lis , H .  

harryi , �· insignis , and �· x-punctata . Phylogenetic rela tionships 

are discussed more fully later in this chapter . 

Etymo logy . Erimys tax ,  eri = intens ifying prefix,  mustax 

mous tache , referring to the barbel ( Jordan , 188 2). 



Analys is 

B. Hybopsis dissimi lis ( Kirtland , 184 1 ) 

Spotted chub 

2 0  

Thi rty one populations referrable to Hybops is diss imilis , sensu 

Hubbs and Crowe ( 1 956 ) ,  were examined . Twenty three of the popula­

tions were located eas t  of the Miss iss ippi Rive r ,  and thus repres ent 

the nominal  form�· �· diss imi lis , whi le the remaining eight popula­

tions examined res ide in the Arkansas and Missouri ozarks wes t of the 

Miss iss ippi and represent�· diss imi lis harryi ( Hubbs and Crowe , 

1 95 6 ) .  Data were obtained from a total  of 6 1 5  specimens . 

Tes ts of overa ll dis crimination ( = equali ty of group centroids ) 

using MDA MANOVA for meristic + morphometric variables revealed group 

centroids were s ignificantly different ( F  = 5 . 5 6 ;  P< 0 .0 0 1 ) .  

Canoni cal  variate ( CV )  1 described 54.5% of the total variation 

and the firs t  three canonical variates combined accounted for 69% of 

the variation among the�· dissimilis populations . Correlations 

between meris tic and morphometric variables and the first three 

canonical variates are pres ented in Table II-3. CV1 loaded s trongly 

for per cent ventral scalation wi th considerably smaller loadings for 

the variables upper lip width and is thmus width . CV2 had rela tive ly 

high correlations with caudal peduncle length and anal fin length and 

somewhat lower correlations with predorsal  length and pelvic fin 

length . Significant correlations of individual variables with CV3 

were not readi ly discernible . 
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Table I I- 3 .  Correlations between Canonica l Variates and Morphometric 
+ Meris tic variables of Hybops is diss imi lis . 

Canonical Canoni ca l Canonical 
variable variate 1 Variate 2 Variate 3 

PRL 0 . 04 1 -0 . 1 49 -0 . 47 4  
PDL 0 . 060 -0 . 322*  -0 . 4 1 8  
CPL 0 . 045 -0 . 458* -0 . 4 1 6 
HDL -0 . 004 -0 . 1 6 1 -0 . 5 0 1  
SNL 0 . 027  -0 . 2 2 3  -0 . 46 3  
ULL -0 . 0 5 3  -0 . 1 80 -0 . 4 1 0 
GPW -0 . 07 4  -0 . 1 35 -0 . 363  
row -0 . 0 1 6 -0 . 1 44 -0 . 3 3 3  
ORW -0 . 022  -0 . 280 -0 . 387 
BDD 0 . 054  -0 . 1 28 -0 . 2 6 1  
CPD 0 . 1 3 2 -0 . 1 42  -0 . 469 
ISW 0 . 2 1 9 * a -0 . 07 4  - 0 . 39 3  
DFL 0 . 03 1 -0 . 289 -0 . 369 
AFL 0 . 028 -0 . 456* -0 . 358 
P 1 L  0 . 05 1 -0 . 27 5  -0 . 369 
P2L 0 . 084 -0 . 3 32*  -0 . 355 
POL 0 . 006 -0 . 07 4  -0 . 494 
ULW 0 . 2 2 1 *  -0 . 086 - 0 . 29 3  
BWP 0 . 04 2  -0 . 1 3 1 -0 . 333  
LLS 0 . 1 37 -0 . 262 0 . 047 
ALL 0 . 003  0 . 1 04 0 . 020 
BLL 0 . 003  0 . 079 -0 . 0 1 7 
CRS -0 . 003  0 .  1 1  0 0 . 0 1 8 
CPS 0 . 0 1 9 0 . 07 2  0 . 046 
PDS 0 . 04 3  0 . 1 26 -0 . 229 
PBS 0 . 5 34 *  -0 . 086 0 . 284 
LP 1 -0 . 09 2  0 . 00 1  0 . 05 3  
LP2 0 . 008 -0 . 05 1 0 . 093  
ANR 0 . 0 1 4 -0 . 04 7  -0 . 063  

a The * indicates highly correlated variables . 
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MDA MANOVA using only morphological variables indicated popula­

tion centroids were significantly different ( F  = 6. 76; P<0. 001) . The 

first three canonical variates described 49%, 11%, and 8% of total 

variation, respectively. variable correlations with these three 

canonical variates (Table II-4) indicated CV1 described variation in 

isthmus and upper lip width while CV2 reflected the contribution of 

caudal peduncle length and anal fin length to total discrimination. 

Twenty eight populations were visually compared by plotting group 

centroids on canonical axes. Centroids obtained from the all vari-

ables data set were plotted on canonical axes 1 versus 2, 2 versus 3 ,  

and 1 versus 3 .  The plot of group centroids on canonical axes 1 

versus 2 gave the best discrimination in canonical space ( Figure II-

3 ). Vectors of the seven variables PDL, CPL, A FL, P2L, ISW, ULW, 

and PBS were drawn from the grand centroid and show relative 

contributions for both raw and z-score variables. Figure II-4 illus­

trates the group centroids with 95% confidence circles supplied 

showing complete discrimination between populations east of the 

Mississippi River and the ozarkian populations. 

Plots of the population group centroids in canonical space 

(Figures II-5 and II-6) based on morphological variables only, showed 

a similar alignment. However, the Little Red River population 

centroid appeared intermediate between the two large groups. This 

indicates morphological intermediacy of this population between the 

eastern and ozarkian phenotypes. 

PCA analysis of morphological variables described >90% of total 

variation on the first three principal components with PC1, PC2, and 
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Table II-4 . Correlations between Canoni ca l Variates and Morphological 
Variables of Hybopsis diss imilis . 

Canoni cal Canonical Canoni cal 
variable Variate Variate 2 Variate 3 

PRL 0 . 07 6  0 . 2 06 -0 . 308 
PDL 0 . 097 0 . 377  -0 . 3 1 9  
CPL 0 . 075 0 .5 2 2 *  -0 . 334  
HDL 0 . 02 2  0 . 22 2  -0 . 427  
SNL 0 . 059 0 . 2 8 1  -0 . 354  
ULL -0 . 046 0 . 227  -0 . 346 
GPW -0 . 07 5  0 . 1 77 -0 . 25 7  
row o.ooo 0 . 1 82 -0 . 2 3 1  
ORW -0 . 005 0 . 3 28 -0 . 282  
BDD 0 . 088 0 . 1 55 -0 . 1 5 3 
CPD 0 . 309*a 0 . 1 22 -0 . 1 32 
DFL 0 . 058 0 . 37 7  -0 . 272  
AFL 0 . 056 0 . 5 02* -0 . 1 80 
P 1 L  0 . 092 0 . 3 1 4  -0 . 1 56 
P2L 0 . 1 27 0 . 37 4  -0 . 1 9 2 
POL 0 . 035 0 . 1 3 3 -0 . 448 
ULW 0 . 305 * 0 .  1 1  2 -0 . 0 39 
BWP 0 . 077 0 . 1 7  3 -0 . 202 

�he * indi cates highly correlated variables . 



Figure II-3. Population centroids and variable vectors of 
Hybopsis dissimilis in canonical space determined from the meristic 
and morphometric data set . 
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Figure I I-4. Population centroids with 95% confidence c ircles 
for Hybopsis dissimilis in canonical space determined from the mer istic 
and morphometric data set .  
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Figure  I I-5 . Population centroids and variable vectors of 
Hybopsis dissimil is in canonical space determined from the mor ­
phometr ic data set. 
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F igure I I - 6 . Population centroids  and 95% confidence circles of 
Hybops i s  diss imilis in canonical space determined from the morphometr ic 
data set . 
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PC3 contributing 84% , 4% , and 3 % ,  respectively . PC1 was a general 

size  component whi le PC2 loaded heavily on the variables is thmus width 

and upper lip width ( Table II-5 ) . PC3 contras ted a high pos i tive 

loading for gape width wi th negative loadings for fin lengths and 

caudal peduncle lengths . Figure I I-7  depicts individuals plotted on 

PC axes wi th lines j oining population members . The Ozarkian and 

eastern groups were discriminated but with cons iderable overlap , 

particularly by the Allegheny, S t .  Francis , and Little Red River 

populations . Sheared PCA and PCA of meristi c  variables offered little 

additional discrimination and , therefore , are not dis cussed . 

Mean values are presented for the seven variables j udged signifi­

cant contributors to the multivariate analyses ( Table I I -6 ) . The 

Gabriel multiple-comparison procedure was performed on variable means 

to determine populations which are significantly different from each 

other . Results for the variables per cent ventra l sca lation , is thmus 

width , gape width , and upper lip width are pres ented in Table II-7 . 

Geiss er c las s ification probabilities based on all variables 

correctly classified 72% of the specimens ( 440 of 608 ) to thei r  a 

priori des ignated populations . The dis tincti veness of eas tern and 

Ozarkian populations was indicated by the class ifica tion of 98% of 

( 1 68 of 1 7 1 ) ozarkian specimens to wes t  of the Miss issippi populations 

and 99 . 5 %  ( 435 of 437 ) of eas tern specimens to eas t of the Mississ ippi 

populations . Similar results were obtained from Geisser classifi ca­

tion based on  morphological variables wi th 98 . 8% ( 1 69 of  1 7 1 )  of 

Ozarkian specimens class ified to Ozark populations and 98 .9%  ( 432 of 
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Table II-5 . Loadings of Morphological Variables on Principal  
Components of Hybops is dissimilis . 

Principal Principal  Principal  
Variable Component Component 2 Component 3 

PRL 0 . 244 -0 . 040 0 . 1 06 
PDL 0 . 243  -0 . 036 -0 . 1 26 
CPL 0 . 22 6  -0 . 1 1 2  -0 . 286 
HDL 0 . 24 3  -0 . 1 45 0 . 1 45 
SNL 0 . 244 -0 . 037 0 . 095 
ULL 0 . 227  -0 . 2 1 3 0 . 2 46 
GPW 0 . 222  -0 . 2 1 2  0 . 342*  
row 0 . 2 2 3  -0 . 1 4 1  0 . 2 36 
ORW 0 . 228 -0 . 1 9  3 -0 . 055  
BDD 0 . 2 35 0 . 06 1 0 . 082 
CPD 0 . 237  0 . 1 58 0 . 030  
ISW 0 . 1 97 0 .5 38*a 0 . 005 
DFL 0 . 2 39 -0 . 077  -0 . 25 0  
AFL 0 . 230  -0 . 0 38 -0 . 4 2 3* 
P 1 L  0 . 229 0 . 059  -0 . 320  
P2L 0 . 2 3 3  0 . 09 3  -0 . 365 
POL 0 . 232  -0 . 1 24 0 . 254  
ULW 0 .  1 7 1 0 . 679* 0 . 256 
BWP 0 . 242 0 . 025 0 . 1 00 

aThe * indica tes highly correla ted variables . 



Figure I I -7 . Population polygons of Hybopsis dissimil is on 
princ ipal component axes determined from the morphometric data 
set . Only outlier populations are plotted and dashed l ines represent 
Ozark populations , sol id l ines represent eastern populations . 
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Table II-6 . Population Meansfl for variables of Hybops is dissirni lis 
Highly Correlated with Canonical Variates or Principal 
Components . 

Variable 

Population ISW ULW PBS PDL CPL AFL P2L GPW 

ALG 54 1 0 63  497 2 1 8  1 49 1 30 5 2  
MUS 49 1 1  5 6  492 2 1 2  1 59 1 40 5 5  
sco 55  1 0  5 3  494 2 1 5  1 66 1 4 1 49 
EWV 44 9 5 2  488 225  1 45 1 24 5 0  
BSR 5 3  1 0  5 0  489 2 2 1  1 56 1 34 5 0  
KRK 48 1 0  5 2  5 09 2 1 0  1 46 1 24 5 2  
BAR 5 0  1 1  5 1  494 2 1 5 1 50 1 28 55  
WRI 55  1 3  49 5 0 1  207 1 58 1 36 5 2  
WAB 46 1 1  49 493 2 09 1 5 3 1 35 5 3  
RDR 5 1  1 0  5 3  488 226 1 56 1 29 5 2  
HAR 44 9 5 2  484 2 3 1  1 57 1 32 5 2  
STN 5 1  1 1  5 7  490 227 1 59 1 34 55  
RRG 5 1  1 1  5 3  497 2 1 9  1 56 1 32 5 7  
LSF 5 4  1 0  5 3  487 225 1 60 1 35 5 5  
DUK 5 0  1 0  5 0  489 228 1 46 1 24 52  
BRT 5 7  1 1  55  499 2 1 6  1 5 1  1 32 5 5  
S HL  5 0  9 5 0  478 232  1 59 1 32  48 
ELK 58  1 1  5 0  5 0 2  2 1 9  1 59 1 3 1  58 
FLN 4 3  1 0  55  486 232  1 55 1 33 5 1  
PTR 49 1 1  5 2  5 0 1  2 1 7 1 62 1 40 5 3  
HOL 5 5  1 0  5 3  5 06 206 1 5 1  1 3 3 54  
CLN 5 7  1 0  56  49 2 229 1 5 7 1 34 55  
PWL 5 4  1 1  5 2  487 225 1 60 1 36 5 0  
SRK 5 4  1 4  5 1  49 1 209 1 65 1 36 57  

STF*b 58 1 3  7 1  479 229 1 56 1 34 46 
LRR* 5 5  1 2  85 5 5 0  2 3 0  1 59 1 39 45 
SPR* 62 1 3  77 503  2 1 0 1 5 3  1 37 45  
ELP* 78 1 4  66 490 207 1 5 2 1 37 47 
CUR* 65 1 3  79 497 2 1 9 1 59 1 4 3 46 
BLK* 6 3  1 2  84 483 227 1 54 1 38 47 
BRA* 66 1 4  75 496 2 1 7  1 44 1 32 45  
WRA* 66 1 2  7 1  495 2 1 4  1 4 1 1 29 48 

aMeans in thousandths of s tandard length . 

�he * indicates Ozark populations . 
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Table I I-7 . Gabriel Multiple-Comparison of Population Meansa . 

Variable PBS ISW GPW ULW 
F-value 49 . 5  1 6 . 4  1 4 . 7 1 3 .  1 

Low Value WAB c HAR *SPR _.. HAR 
WRI EWV *BRA S HL  
S HL  WAB *STF EWV 
ELK KRK *CUR KRK 
BSR MUS *LRR RDR 
DUK PTR *BLK ALG 
BAR DUK *ELF DUK T SRK S HL  *WRA sco 
KRK BAR SHL BSR 

p FJi/V RDR sco HOL 
0 PTR STN EWV LSF 
p HAR RRG POW CLN 
u POW BSR BSR BRT 
L sco POW HAR POW 
A RRG ALG ALG BAR 
T LSF LSF WRI ELK 
I HOL SRK RDR STN 
0 RDR sco DUK WAB 
N BRT WRI KRK PTR 
s CLN *LRR PTR RRG 

l MUS HOL WAB MUS 
STN CLN HOL *BLK 
ALG BRT MUS *LRR 

b *ELP ELK BRT *WRA 
* STF *STF CLN WRI 
*WRA *SPR BAR *CUR 
*BRA *BLK STN *STF 
*SPR *CUR LSF *SPR 
*CUR *WRA RRG SRK 
*BLK *BRA SRM *ELF 

High value *LRR *ELF ELK * BRA 

aMeans in thousandths of s tandard length . 

�he * indicates Ozark populations . 

CLines connect homogenous subs ets . 



437 ) of eastern specimens relegated to eas t of the Miss iss ippi 

populations . 
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Clinal  variation appeared insignificant among the populations 

examined . General distribution of the Hybops is dissimi lis populations 

was from southwest to northeast .  Populations were arranged in east to 

wes t ,  north to south , and soutwest to northeas t allignments and vari ­

able means compared for clina l  tendencies . Lateral line s ca les showed 

a weak clinal tendency for increase in size ( i . e . ,  reduction in 

counts ) from southwes t to northeast . Head and snout length also 

showed tendencies for increase in a southwes t to northeas t di rection . 

Other variables did not reveal clina l  tendencies . 

Discuss ion 

Hubbs and Crowe ( 1 956 ) dis tinguished thei r  subspecies of Hybopsis 

dissimilis on the bas is of lip width ,  lateral  blotches , head length , 

snout length , and caudal peduncle depth . They found the Ozark form, 

H. dissimilis harryi , to poss ess  a shield shaped upper lip expanded 

near the mid-line ; small , intense latera l blotches usually numbering 

more than 1 0 ; head length 4 . 0-4 . 5  in SL;  snout length 2 . 5-2 . 7  in SL;  

and caudal peduncle depth 2 . 7-3 . 2  in SL . The eas tern subspecies , �· 
�· dissimi lis , was des cribed as having a hors eshoe-shaped upper lip 

that was narrow throughout ;  lateral blotches usually larger ,  less 

intense ,  and less numerous ( < 1 0 ) ;  head length 3 . 8-4 .2  in SL;  s nout 

length 2 .8-3 . 0  into SL;  and caudal peduncle depth 3 .0-3 .6 in SL . 

Ozarkian population samples ( =  Hybops is harryi ) were combined as 

were all eastern population samples ( = H. dissimi lis ) and the range , 
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mean , and s tandard deviation for all variables pres ented i n  Table 

II-8 . Dis tributions of meristic variables for H. harryi and H. 

dissimi lis are presented in Table II-9 . Based on t-test results , 

Hybopsis dissimilis is signi ficantly larger ( P < 0 . 00 1 ) than � harryi 

in head length , gape width , and orbi t width . On the other hand , H .  

harryi poss esses a significantly wider is thmus and upper lip, as well  

as  more breas t  scalation and lateral blotches . Vertebra l counts are 

presented for all Erimys tax species in Table I I- 1 0 .  There is consid­

erable di fferentiation in vertebral numbers between diss imilis and 

harryi . 

As s tated by Hubbs and Crowe ( 1 956 ) , there are notable pigmenta­

tion differences in the latera l band and lateral blotches between the 

Ozarkian and eas tern forms . Ozarkian populations usually have 9- 1 5  

latera l blotches that are more intensely pigmented and small , wi th 

diameter generally less than pupi l of the eye . Eas tern populations 

have 6- 1 2  blotches that are more diffusely pigmented and with diameter 

greater than or equal to the pupi l of the eye . Some popula tions tend 

toward loss of lateral spots . It is not unusua l for more than half 

the specimens from Clinch River samples to lack lateral spotting whi le 

the Little Red River population from the Ozarks has los t lateral 

spotting completely . However , all populations have maintained mid ­

dorsal spotting to some degree . 

His torical dis tribution of the two forms is shown in Figure II-8 . 

They are broadly dis j unct wi th a distance of some 250  linear kilo ­

meters between neares t populations , and cons iderably longer distance 

in stream ki lometers . The Mississ ippi River lowlands seem to present 
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Table II-8 . Range , Mean, and S tandard Deviation of Morphometrica and 
Meris tic Variables of Hybops is diss imilis and H .  harryi . 

Hybopsis diss imilis Hybopsis harryi 

Variable Range Mean ( SD )  Range Mean ( SD )  

Morphometries 

PRL 428-533  494  ( 1 6 )  46 1 -5 3 1  490 ( 1 5 )  
PDL 4 28-584 5 2 7  ( 1 5 )  499-577 5 34 ( 1 4 )  
CPL 1 72-324 2 1 9  ( 1 5 )  1 82-248 220 ( 1 3 )  
HDL 2 1 7-272  245 ( 9 )  2 1 2-306 2 3 3  ( 9 )  
SNL 7 3- 1 1 5  9 2  ( 5 )  75- 1 04 90 ( 5 )  
ULL 24-75 58 ( 4 )  45-62 5 3  ( 3 )  
GPW 42-73  5 3  ( 5 )  36-60 47  ( 4 )  
row 3 3-57 45  ( 3 )  3 1 -67 43 ( 7 )  
ORW 58-88 7 1  ( 4 )  44-85 67 ( 5 )  
BDD 1 38-220 1 79 ( 1 3 )  1 5 3-203 1 80 ( 1 1  ) 
CPD 6 2-85 74 ( 4 )  7 1 -88 79 ( 3 )  
ISW 2 0- 1 22 5 2  ( 8 )  40-87 6 3  ( 9 )  
DFL 1 60-238 1 94 ( 1 1  ) 1 66-2 1 7  1 9 1  ( 1 1 )  
AFL 1 1  9- 1 9 1  1 5 4 ( 1 2 )  1 1 9- 1 78 1 5 1  ( 1 1  ) 
P 1 L  1 35-229 1 82 ( 1 5 )  1 50-2 2 1  1 82 ( 1 6 )  
P2L 87- 1 96 1 32 ( 1 0 )  1 09- 1 59 1 35 ( 9 )  
POL 75- 1 1 2  94  ( 6 )  75- 1 40 90  ( 6 )  
ULW 5- 1 9  1 0  ( 2 )  7-2 1 1 3 ( 2 )  
BWP 1 05- 1 64 1 37 ( 1 0 )  1 1 8- 1 56 1 36 ( 8 )  

Meris tics 

LLS 38-5 3 46 . 3  ( 1 • 8 )  4 3-52  47 . 7  ( 1 • 7 )  
ALL 6-9 7 . 2 ( 0 . 4 )  6-8 7 . 2 ( 0 . 5 ) 
BLL 5-8 6 . 4  ( 0 . 5 )  5-8 6 . 4 ( 0 . 5 )  
CRS 28-38 32 . 0  ( 1 . 4 )  28-36 31  . 9  ( 1 • 5 )  
CPS 1 2-20 1 5 . 9 ( 0 . 5 )  1 4- 1 8  1 5 . 9  ( 0 . 4 )  
PDS 1 3-24 20 . 0  ( 1 • 3 )  1 8-24 20 . 3  ( 1 • 3 )  
PBS 1 0-80 53 . 0  ( 6 . 8 )  5 0-95 75 . 9 ( 1 1 . 1 )  
LP 1 1 4- 2 1  1 7 . 4 ( 0 . 9 )  1 3- 1 9  1 6 . 9  ( 0 . 9 ) 
LP2 7-9 8 .  1 ( 0 . 4 )  7-9 8 . 1  ( 0 . 3 )  
ANR 6-7 7 . 0 ( 0 . 1  ) 6-7 7 . 0 ( 0 .  1 ) 
LTB 1 - 1 4  8 . 7  ( 1 • 8 )  8- 1 7  1 1  • 9 ( 2 .  1 ) 
DBL 3- 1 2  7 . 9 ( 1 . 2 ) 2- 1 1  7 . 4 ( 1 • 6 )  

<Range , mean , and s tandard deviation of morphometri c variables 
are in thousandths of standard length . 



Table I I - 9 .  

Spec i e s  

d i s s imi l i s  
harryi 

d i s s imil i s  
harryi 

d i s s imil i s  
harry i  

d i s s imil i s  
harryi 

d i s s imi1 i s  
harryi 

Frequency Distr ibution o f  Meri s t ic Var iables o f  Hybops i s  d i s s im i l i s  and H .  harryi . 

Freguency D i s tr ibu tion 

Lateral Line Scale s 

38 3 9  4 0  4 1  4 2  4 3  4 4  4 5  4 6  4 7  4 8  4 9  s o  51 52 
1 1 0 2 4 1 0  4 0  1 0 0  1 18 1 0 2  6 1  2 2  1 3  5 0 

2 1 1 6  3 2  3 5  4 1  3 8  1 5  8 

Circumbody Scales 

2 8  2 9  3 0  3 1  3 2  3 3  3 4  3 5  3 6  3 7  3 8  
2 6 5 5  1 1 1  1 4 4  9 4  4 2  1 8  6 0 1 
1 5 3 3  3 7  5 3  3 8  1 3  6 3 

Circumpedunc le Scales 

12 1 3  14 15 16 1 7  18 1 9  2 0  
4 2 1 3 1  4 3 2  8 1 0 1 

1 1 5  1 68 3 2 

Predor sal Scal e s  

1 3  1 4  1 5  1 6  1 7  18 1 9  2 0  2 1  2 2  2 3  2 4  
1 0 2 1 7 2 9  1 2 8  1 6 3  9 6  3 8  1 1  3 

1 2  4 7  5 6  3 8  2 8  7 1 

Per Cent Ventral Scalat ion 

4 0  4 5  5 0  5 5  6 0  65 7 0  7 5  8 0  8 5  9 0  9 5  
3 1 3  3 1 0  3 6  8 2  4 1 0  3 8 

3 5 2 3  1 2  2 9  2 1  4 3  7 4 2  2 

5 3  
1 

""" 
N 



Table I I- 9 . ( Continued ) 

Spe c i e s  - - �-- -- _ ____ __ _Frequency D i s tr ibution 

d i s s imil i s  
harryi 

d i s s imil i s  
harryi 

4 5 
4 5 

1 3  

1 

6 7 
1 9  5 5  

1 4  1 5  
1 5 
0 8 

8 9 
8 4  96 

2 1 1  

Left Pec toral F i n  Rays 

16 1 7  18 1 9  
4 7  2 0 2  1 8 5  3 7  
5 0  8 3  4 2  5 

Lateral Blothches 

1 0  1 1  1 2  1 3  1 4  
5 5  3 2  1 5  5 2 
1 3  1 5  2 0  1 0  6 

2 0  2 1  
2 1 

1 5  1 6  

1 2  3 

1 7 

1 

""" 
w 



Table I I- 1 0 .  Frequency Dis tribution of Vertebrae of Species of 
Erirnys tax . 

Species 

cahni 
dissirnilis 
harryi 
i .  insignis 
i .  eris tigrna 
x .  x-punctata 
x .  trautrnani 

cahni 
dis simi lis 
harryi 
i .  ins i gnis 
i .  eris tigrna 
x .  x-punctata 
x .  trautrnani 

cahni 
diss irnilis 
harryi 
i .  ins ignis 
i .  eristigrna 
x .  x-punctata 
x .  trautrnani 

36 37 

2 
1 
4 

Frequency Dis tribution 

Total vertebrae 

38 39 40 4 1  4 2  

9 4 
1 6  1 5  

8 1 5  
1 1  36 5 
1 4  1 1 
1 2 25  
24  2 

Precauda l Vertebrae 

1 9  20 2 1  2 2  2 3  

1 0  2 
2 1  9 

6 20  2 
1 9  32  
22  6 

8 27 4 
1 2  1 8  

Caudal Vertebrae 

1 7  1 8  1 9  20  2 1  

1 8 4 
2 2 0  9 

5 1 6  7 
4 3 2  1 6  
3 1 7  7 

1 1 0  26  2 
2 1 6  1 2  

44 

43 
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a formidable barrier to dispersal between the Ozark and eas tern 

populations . 
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During life history investigations of Ozarkian and eas tern 

Hybops is dissimi lis populations ( Harris , msC ) , significant variation 

was encountered in gut configuration and length . Seven populations , 

three ozarkian and four eas tern , were analyzed for gut length wi th 

means and ranges presented as portion of SL :  Ozarkian populations ; 

Buffalo River x = 2 . 25 ( 1 . 49-2 . 7 3 ,  n = 5 4 ) , Little Red River x = 2 . 1 6  

( 1 . 74-2 . 67 ,  n 1 0 ) ,  St . Francis River x 1 • 7 0 ( 1 • 44-2 . 0 1  , n 1 0 )  

and eas tern populations ; Allegheny River x = 1 . 05 ( 0 . 86- 1 . 1 9 ,  n = 2 0 ) , 

Hols ton River x = 0 . 84 ( 0 . 79-0 . 86 ,  n = 1 0 ) ,  Duck-Buffalo River x = 

0 . 94 ( 0 . 7 7- 1 . 1 1 ,  n = 38 ) , Green River x = 0 . 9 1  ( 0 . 75- 1 . 02 ,  n = 1 0 ) .  

The St . Francis River population was somewhat intermediate 

between other populations of the Ozarkian and eas tern forms . Inter ­

mediacy was expressed in gut length and body pigmentation . Other 

Ozark population had average gut length two times s tandard length . 

Gut length mean for the S t .  Francis population was 1 . 7 times standard 

length , but s ti ll cons iderably longer than eas tern population gut 

length means or upper extremes . Some S t .  Francis specimens had 

latera l pigmentation that was more simi lar to eastern populations in 

that the spots were diffuse and as wide as pupil diameter . The Little 

Red River population was c loser to eas tern populations in is thmus 

width and overall morphology as indicated in Figure II-5  ( p .  28 ) . 

Jenkins and Lachner ( 1 97 1 )  sugges ted that the differences between 

subspecies of Hybopsis dissimi lis appeared subs tantial enough to 

warrant specific recognition . Based on canonical variates analysis , 
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differences in gut morphology , differences in l i f e  his tory parameters , 

and disj unct dis tribution , Hybopsis i· dissimi lis and �· dissimi lis 

harryi s hould be elevated to species s tanding as Hybops is dissimi lis 

and Hybops is harryi . 

Common Name and Types 

Kirtland ( 184 1 ) des cribed and figured the spotted chub as Luxi lus 

dissimilis from two specimens , apparently caught in the Mahoning 

Rive r ,  OH and supplied by " an experi enced fisherman" .  Addi tionally, 

Kirtland s ta ted , "I have since found s everal dead specimens upon the 

shore of Lake Erie near Cleveland " . Kirtland ( 1850 )  later realized 

tha t  he was mis taken concerning the Lake Erie occurrence and revis ed 

the dis tribution of the species by s ta ting only tha t  " i t  inhabits the 

Mahoning Rive r ,  near Youngs town" ( Trautman , 1957 , 198 1 ) .  The types 

are apparently not extant but ,  bas ed on Kirtland ( 184 1 , 1850 ) ,  the 

type locality is hereby restri cted to the Mahoning River near 

Youngs town , Mahoning County , OH . 

Kirtland ( 184 1 ) gave Luxi lus diss imilis the common name spotted 

s hiner in the origina l des cription . Publications following Henshall 

( 1 888 ) ,  Fowler ( 1 9 1 9 ) ,  and Hubbs ( 1 926 ) , referred to Hybops is 

dissimilis and i ts congeners as chubs and this species was called the 

spotted chub . Without explanation , Hubbs and Crowe ( 1956 ) changed the 

common name to s treamline chub and this  designation was followed in 

the inaugural edi tion of Common and Scientific Names of Fishes 

( Bailey, et al . ,  1960 ) . I sugges t the original  common name "spotted " 

chub be retained in honor of Kirtland ' s  original des cription and 



because it describes the dis tinctive mid-lateral and mid-dorsal 

spotting of the species . 

Synonomy 
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Luxi lus diss imilis Kirtland , 184 1 : 34 1 -34 2 ;  Pla te IV Figure 2 

[original des cription , type locali ty as Mahoning R . , OH and Lake Erie . 

Trautman ( 1957  and 1981 ) s tates Lake Erie locality in error based on 

Kirtland ( 1 85 0 )  and lack of specimens or his toric records from Lake 

Erie drainage . ] ;  DeKay, 1842 : 2 1 4  ( description ; extralimital  to NY ) ; 

Jordan ,  1920 : 4 1 9  ( type of Erimystax ) .  

Leucis cus diss imilis Kirtland , 1 85 0 : 1 89 ( des cription ; line 

drawi ng ; habi tat ;  Mahoning R . , O H ) . 

Ceratichthys dissimilis . Cope , 1868 : 226  ( comparison with c .  

hyalinus ) ;  Gunther ,  1 868 : 1 77 ( des cription ; dis tribution ) ;  Cope , 

1869 : 367- 368 , Plate XII Figure 1 ( des cription ; dis tribution ; pharyn­

geal arch figured ; specimen figured ) ;  Jordan , 1875 : 23 ,  37 ( key to 

genera in IN ) ;  Jordan and Gilbert , 1883 : 2 1 5-2 1 6  ( des cription ; dis tri ­

bution; synonomy ) ;  Cope , 1 883 : 1 43 ( des cription ; dis tribution ) .  

Nocomis diss imilis . Jordan , 1 87 6 : 377  ( in part , Whi te R . , IN ) ;  

Jordan,  1877 : 45 (White R . ,  IN ) ; Cope , 188 1 : 98 ( description ; 

distribution ) .  

Erimys tax dissimilis . Jordan ,  1882 : 858-859 ( description ; habi ­

tat;  synonomy ) ;  Jordan , 1929 : 75 ( description ; dis tribution ) ;  Jordan ,  

et al . ,  1930 : 1 38 ( dis tribution ) ;  Blatchley, 1938 : 5 3-54 ( des cription ; 

dis tribution IN ) ; Fowler,  1 94 0 : 1 4  ( dis tribution PA ) ;  Eddy and Surbe r ,  

1943 : 1 5 1  ( des cription ; dis tribution ) ;  Gerking , 1 945 : 5 0 ( dis tribution 



IN ) ; Drive r ,  1942 : 279 ( in key ) ; Patriarche and Campbel l ,  1 958 : 256 

( Black R. and Clearwater L . ,  MO ) .  
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Hybopsis watauga . Jordan ,  1889 : 355-356 ( origina l  des cription by 

Jordan and Evermann ; comparison with �· diss imilis ; dis tribution ) ;  

Woolman,  1892 : 258 , 269 ( Barren R .  and Drake Cr . ,  KY; Powell  R . , TN ;  

s cale counts to s eparate dissimilis and watauga ) ;  Kirs ch , 189 3 :  264 

( Obey R . ,  TN ) ; Eigenmann and Beeson , 1 894 : 9 1 ( dis tribution IN ) ;  

Ki rsch,  1 895 : 37 ( Eel  R . , IN ) ; Jordan and Evermann , 1 896 : 3 1 5 ,  3 1 9  ( in 

key ; description ; dis tribution ) ;  Jordan and Evermann , 1 9 0 0 : 1 37 Plate 

LIII  ( figure ) ;  Large , 1903 : 1 9  ( in key; brief des cription ) ;  Smi th , 

1907 : 1 02 ( extralimital NC ) ;  Meek , 1908 : 1 5 1  ( dis tribution ) ;  Evermann , 

1 9 1 8 : 3 1 8-3 1 9 ,  32 1 , 322 , 324 , 326 , 329 , 345 , 365 , 367 ( li terature 

summary and lis t for KY and TN ;  dis tribution ) ;  Jordan 1929 : 75 

( descripti on ;  distribution ) ;  Jordan , Evermann and Clark , 1930 : 1 38 

( dis tribution ) ;  Blatchley,  1938 : 54 ( description ; dis tribution ) ;  Kuhne , 

1 939 : 49 ( li s ted TN ) . 

Hybopsis dissimilis . Henshall ,  1888 : 79 ( Li ttle Miami R .  and 

O ' Bannon C r . , OH ) ; Meek , 189 1 : 248 ( dis tribution ) ;  Eigenmann and 

Beeson , 1 894 : 90 (White R . ,  IN ) ;  Osburn , 1 90 1 : 6 2 ( in key ; des cription ; 

dis tribution OH ) ; Smi th , 1 907 : 1 02- 1 03 ( in key ;  des cription ; dis tribu­

tion ; partial synonomy NC ) ;  Meek , 1908 : 1 5 1  ( dis tribution ) ;  Evermann 

and Hildebrand , 1 9 1 6 : 445 ( dis tribution E TN ) ; Fowler , 19 1 9 : 62 

( Monongahela and Youghiogheny R . ,  PA ) ; Fowler ,  1922 : 24 ( Paint Rock R . ,  

AL ) ; Gerking , 1955 : 69 ( in key , IN ) ;  Hubbs and Crowe , 1956 : 4 ,  6 ( in 

key ; description ; distribution ) ;  Moore , 1957 : 68 ,  69-70 ( in key ;  dis ­

tribution ) ;  Becker , 196 1 : 247 ( s ta tus ) ;  Ross and Cari co , 1963 : 1 6 , 2 1  ( N  
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and Middle Forks Hols ton R . ,  VA ) ;  Reno , 1969b ( des cription , figures 

and discussion of cephalic lateral-line system ) ; Smi th-Vaniz , 1968 : 4 1 , 

Figure 64 ( dis tribution AL; figure ) ;  TVA , l97 0 : Tables 5-7 ( Powell R . , 

TN ;  frequency occurrence ; relative abundance ) ;  Comiskey and Etnier , 

1972 : 1 4 1 ,  1 44 ( li s ted Little s .  Fork Cumberland R . , KY; zoogeography ; 

habita t ) ; TVA , 1 97 3 : Tables 5-7 ( Buffalo R . ,  TN ;  frequency occurrence ; 

relative abundance ) ;  Menhinnick , et a l . , 1974 : 30 ( extralimital  NC ) ;  

Branson and Batch , 1 974 : 20 ( Red R . , KY) ; Clay , 1975 : 1 38 ,  1 4 1 - 1 42 ( in 

key; description ; dis tribution KY ; habitat ;  fish associates ) ;  

Denoncourt, et al . ,  1 975 : 1 1 8 (WVA checklist ) ; TVA , 1 97 5 : Tables 5-7 

( Duck R . , TN ;  frequency occurrence ; rela tive abundance ) ;  Hendricks , et 

al . ,  1 979 : Table 2 ( checklist Youghiogheny R . , PA ) ; Hocutt , et al . ,  

1979 : 65 ( expected occurrence Gauley R . , WVA) ; Burr ,  1980 : 64 ( dis tribu­

tion KY ) ; Harris , 1980a : 1 84 ( distribution ; habitat ;  biology ) ; Werne r ,  

198 0 : 1 7 ,  1 0 1 ( in key; dis tribution by drainage , NY ) ; Branson and 

S chuster , 1982 : 63 ,  64 ( distribution and relative abundance Little s .  

Fork Cumberland R . ,  KY) ; Branson and Batch , 1983 : 9  ( dis tribution s .  

Fork KY R . , KY ) ; Cooper ,  1983 : 9 1 , 92 ( in key; figure ; dis tribution PA ) ;  

Dixon , et al . ,  1 98 3 : 1 1 3 ( s tream order correlation Kentucky and 

Cumberland Rivers , KY ) ;  Hendricks , et a l ,  1 983 : 1 48 ,  1 50 ,  1 5 7 

( Youghiogheny Rive r ,  PA , WV , MD ) .  

Erimys tax ( Hybopsis ) diss imi lis . Osburn , et al . ,  1930 : 1 7 2 

( listed OH ) . 

Erimys tax diss imilis diss imilis . Fowler ,  1945 : 1 1 0  ( synonomy ) .  

Hybopsis dissimilis diss imilis . Hubbs and Crowe , 1956 : 4 ,  6 ( in 

key ; distribution ) ;  Ross , 1959 : 1 2 , 25 ( in key ; checklis t New R . ,  VA ) ; 



Jenkins , et al . ,  1972 : 49 ,  9 3  ( di s tribution and zoogeography southern 

Appalachians ) ;  Trautman , 1981 : 93 ,  282-284 ( in key ; description; dis ­

tribution OH ; habi tat ;  biology ; his tory in OH) ; S tauffe r ,  et al . ,  

1982 : 30-3 1  ( checklis t Central and Northern Appalachian drainages ) .  
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Hybops is ( Erimys tax )  diss imilis . Davis and Mi ller , 1967 : 5  ( brain 

morphology ; habitat ; dis tribution ; feeding habits ) .  

Hybopsis ( Erimys tax )  diss imilis dissimilis . Jenkins and Lachne r ,  

197 1 : 4 , 6 - 7  ( s cale lepidology; vertebral counts ) .  

Diagnos is 

A member of the subgenus Erimys tax which differs from Hybopsis x­

punctata and �· cahni by poss ess ing well defined mid-latera l spots 

and/or mid-dorsal spots . I t  differs from �· ins ignis by having round 

mid-lateral spots and smaller s ca les , usually 43-50 in the lateral­

line , whereas �· insignis has quadrate mid-lateral blotches and 

usually 37-46 lateral-line s ca les . Hybops is diss imilis is 

differentiated from �· harryi by the simple s -shaped gut ,  longer head 

length ( x  

breast ( x  

245 TSL ) , narrowly conj oined opercular membranes a t  the 

5 2  TSL ) , a lower percentage of ventral  s calation ( x  

5 3% ) , less numerous ( 6- 1 2 )  mid-lateral spots wi th diameter usually 

larger than pupi l of the eye , and fewer total vertebrae ( 40-4 1 ) .  

Hybopsis harryi poss esses a double looped gut ,  shorter head ( x  233  

TSL ) , more broadly conj oined opercular membranes ( x  = 63  TSL ) , more 

ventral s calation ( x  = 76% ) , 9- 1 5  mid-lateral  spots smaller than pupi l 

diameter , and more total vertebrae ( 4 1 -43 ) . 



Description 

The body is elongate , anteriorly cylindrica l ,  tapers gradually 

from the pelvics pos teriad to the caudal ,  and is s lightly compressed 

laterally pos terior to the dorsal . The snout is bluntly rounded and 

s lightly overhangs the subtermina l ,  ventral mouth . The eyes are 

medium size ,  located dorsola terally and directed somewhat pos teriad . 

5 1  

A terminal labial barbel ,  minute to well developed , i s  present and the 

upper lip is  not noticeably expanded anteriad . The lower j aw is 

s lightly included . Pharyngeal teeth are 4-4 . Scales are moderate in 

size with 44-50  in the lateral-line . The mid -lateral band has 4- 1 5  

distinctive , oval to s lightly oblong,  spots ( occasionally absent ) that  

are larger than the diameter of the pupil . The mid-dorsal line has 3-

1 0  darkened dashes . Dorsolatera l spots appear as x- or comma -shaped 

melanophores on the scale periphery . No interradial fin pigment is 

pres ent . The dorsal profi le from the do rsal fin insert to the snout 

is s traight to s lightly curved . 

Externa l morphology . Morphometry:  Fin shape and placement as 

well as general body physiognomy are i llus tra ted in Figure II-9 . 

Proportional data for measured characters are given in Table II-8 ( p .  

4 1 ) and characters s howing significant sexual dimorphism are pres ented 

in Table I I - 1 1 .  

Meristics : Table II-8  ( p .  4 1 ) summarizes data on countable 

characters giving range , mean , and s tandard deviation for each . Table 

II-9 ( p .  42 ) gives the dis tribution of meris tic variables . No sexual 

dimorphism was evident for meristic characters . 



F igure I I- 9 .  Photographs o f  Hybopsis dissimilis and H .  harryi . 

Figure II-9  A .  Hybopsis dissimil is - Spotted chub . AL , Jackson 
Co . Paint Rock River . 6 6mm SL.  

Figure I I-9 B .  Hybopsis harryi - Ozark chub . MO , Ripley Co . 
Current River . 58 . 2mm SL . (Lateral aspect) 

Figure I I-9  C .  Hybopsis  harryi - Oz ark chub . MO , Ripley Co . 
Current River . 58 . 2mm SL . (Dorsal aspect )  

Figure II-9  D .  Hybopsis harryi - Ozark chub . AR, Van Buren 
Co . Little Red River . 75 . 9mm SL female . 

5 2  
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Table I I - 1 1 .  Sexually Dimorphic Variables of Hybopsis dissimi lis . 

variable 

CPL 

ORW 

CPO 

DFL 

AFL 

P1 L 

P2L 

BWP 

Sex ( N ) 

M ( 2 2 1 ) 
F ( 200 ) 

M (  22 1 ) 
F ( 200 ) 

M ( 2 2 1 ) 
F ( 200 ) 

M ( 2 2 1 ) 
F ( 200 ) 

M ( 220 ) 
F ( 200 ) 

M ( 2 2 1 ) 
F ( 200 ) 

M (  2 2 1 ) 
F ( 200 ) 

M ( 2 1 9 )  
F (  1 9 2 

Range , mean , 
standard length . 

Range Mean 

1 8 1 -324 222 . 1  
1 89-250 2 1 9 . 2: 

58-88 7 1 . 6  
58-82 70 . 3  

62-85 7 4 . 4  
63-8 3 73 . 6  

1 67-238 1 9 6 . 7  
1 60-223 1 9 2 .  1 

1 25- 1 86 1 56 . 0  
1 1  9-1  9 1  1 52 . 2 

1 35-229 1 89 . 1  
1 36-208 1 72 . 6 

87- 1 5 1  1 32 . 4  
1 03- 1 90 1 30 . 4  

1 1 5- 1 64 1 38 . 9  
1 1 1 - 1 63 1 36 . 7  

and s tandard deviation are 

so t-value p 

1 4 . 39 2 . 1 460  < . 05 
1 3 . 09 

4 . 1 3  3 .  1 1 87 < . 005 
4 . 04 

3 . 74 2 . 2 1 05 < . 05 
3 . 78 

1 0 . 6 1  4 . 3035 < . 00 1  
1 1  • 08 

1 1 . 48 3 . 3223  < .  00 1  
1 2 . 03 

1 2 . 63 1 3 . 666 1 < .  00 1  
1 2 . 08 

9 . 1 5  2 . 0855 < . 05 
1 0 .  1 6 

9 . 0 1  2 .  3770  < . 05 
9 . 83 

in thousandths of 
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Nuptial tuberculation : A compos ite des cription is given of ma le 

nuptial  tuberculation . The description was obtained from examination 

of 55 specimens , 57 . 0- 1 00 . 5  mm SL, in highly tuberculate condi tion . 

Cephalic tubercles are small  and grainy and often difficult to 

dis cern from s ensory papilla e .  Cephalic tubercles are concentrated in 

the supraorbi tal  region and dorsally above the pos tocular commissure . 

The mid-occipital region pos terior to the orbi ts has few tubercles . A 

moderate number of tubercles are present between the orbi ts . The 

preorbi tal ,  pos torbi tal ,  and opercular regions are generally devoid of 

or with scant tuberculation . Snout tubercles are moderate in number 

and very tiny . The infraorbi tal and ventral surfaces are usually 

devoid of tubercles . 

Body tuberculation on the nape and dorsolateral s ca les anterior 

to the dorsal insert is bes t developed wi th 6- 1 0  small tubercles 

dis tributed on the scale periphery and 2-3 grainy tubercles in the 

scale centrum . Mid-latera l scales from the head to below the dorsal 

insert are usually wi thout tubercles . T1iliercles on the pos terior 

dorsal and pos terior dorsolatera l scales are not as large as those on 

anterior scales and usually poss ess 4- 1 0  tubercles on the scale peri ­

phery . Breas t s cales occasionally have 1 - 2 larger tubercles on each 

scale edge . The belly and pos terior ventral s cales lack tubercles . 

Fin tuberculation : The pectoral  fins have sma ll ,  pos teriorly 

directed tubercles on the dorsal  surface of rays 2 through 8, 9, 1 0 , 

or 1 1 ,  more strongly developed on rays 2-6 . Each branch of rays 2-6 

has unis erial rows of tubercles extending nearly to the end of the ray 

wi th one tubercle per ray segment . Rays 7-1 1 generally poss ess 
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tubercles res tricted to the basa l  portion of the ray ( i . e . ,  proximal 

to branching ) .  Tubercles appear to originate from the pos terior side 

of the ray when ray proj ected at 90 from the body . Tubercles are 

rarely on the ventral surface and then are res tricted to the basal 

portion of the ray . Pelvic fin tubercles are on rays 2 through 4 ,  5 ,  

or 6 ,  are very tiny, and generally res tri cted to dista l  branches . 

Dis tribution is one tubercle per s egment and tubercles are vis ible 

only under intense light in the mos t highly tuberculate specimens . 

The ana l  fin has tiny tubercles on rays 2 through 5 or 6 ,  usually on 

the dista l  branches but occasionally on the basal portion of rays 2-3 . 

These tubercles are tiny but larger than pelvic tubercles and dis ­

tributed one per ray segment . The dorsal fin has tubercles on rays 2 

through 5 or 6 dis tally, although occasionally on the basal portion of 

the ray . Dis tribution is one tubercle per ray segment and s ize is 

comparable to pelvic tubercles . 

A nuptial  pad ( s ensu Branson , 1962 ) was pres ent on all mature 

males examined whi ch were captured from mid-Apri l through early June . 

Location and appearance of the pad is as des cribed by Branson ( 1 962 ) 

for Hybops is x-punctata and by Jenkins and Burkhead ( 1 984 ) for H .  

monacha . In �· dissimilis , the pad may extend to the ventral  surface , 

covering the branchios tegals and is thmus region wi th dis crete patches . 

The nuptial cheek pad apparently does not develop in fema les . 

Sensory and trophic anatomy . Davis and Mi ller ( 1 967 ) figured the 

dorsal  surface of the brain for Hybops is diss imilis and provided 

measurements of ea ch brain region . Additiona lly, external  and 

internal cephalic tas te buds were counted and proximal width and 
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length measured . Tas te buds on barbels were also counted and length 

and wid th measured . The presence or absence of compound tas te buds on 

the pectoral fin was noted . Specimens of H. dissimilis examined 

during this s tudy invariably had compound tas te buds on both the 

dorsal  and ventral surfaces of the firs t interradial  membrane of the 

pectoral fin with those on the dorsal surface s lightly larger than the 

ventral counterparts . Addi tionally, I obs erved compound tas te buds in 

the membranes between rays 1 -2 ,  2-3 , and 3-4 of the pelvi c  fin but 

mos t commonly on the interradial between 1 -2 on the dorsal  surface . 

Tas te buds were also observed on interradials 1 -2 and 2-3 of the anal  

fin . The cephalic lateral-line sys tem of Hybopsis dis similis was 

figured in Reno ( 1 969b ) and mean pore counts for canals presented as 

follows : infraorbital  canal 1 2 . 5  ( 1 1 - 1 4 ) ; pos tocular commissure 3 . 3  

( 2-4 ) ; cephalic lateralis 2 . 9 ( 2- 4 ) ; supraorbital  canal 1 0 . 2 ( 8- 1 1 ) ; 

supratemporal canal 5 .5 ( 3-7 ) , and preoperculomandibular canal 8 . 3 ( 8-

1 0 ) . These counts were made from �· diss imi lis and �· harryi speci ­

mens . Davis and Mi ller ( 1 967 ) presented a figure of the brain of 

Hybops is diss imilis compiled from specimens of both �· dissimi lis and 

�· harryi . Mean facial and optic lobe widths as per cent of total 

brain length were given as 1 3 . 0 and 28 . 1 , respectively . Mean external 

and internal tas te bud numbers for five cephalic regions were as 

follows : tip of snout 1 4 . 8/ 0 . 0 ;  anterior nasal  rosette 1 7 . 0/ 2 . 4 ;  

posterior nasal rosette 7 . 0/4 . 2 ;  posterior of retina 6 . 9/ 1 3 . 6 ;  and 

anterior of cerebellum 5 . 0/22 . 2 . 

The mouth is inferior wi th lips of moderate thickness whi ch lack 

s triae . Barbels range from a small , almos t rectangular s tub to a well 
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developed , tapered , druse-like extension of the lip symphys is . 

Secondary papillae on the barbel range from a few poorly developed 

buds to many well developed , elongate papillae . The s ensory bris tles 

of Branson ( 1 962 ) , located in the sulcus between upper lip and head , 

are usually absent but occasionally appear as small buds . Tas te buds 

located ventrally on the lips and is thmus are numerous but small . 

Gi ll rakers : 4 ( 1 ) ,  5 ( 3 ) , 6 ( 6 ) , 7 ( 1 0 ) ,  8 ( 1 3 ) ,  9 ( 4 ) , 1 0 ( 1 ) ,  1 1 ( 1 ) ,  

1 2 ( 1 ) ;  dorsal rakers ( usually 3-4 ) s hort to medium in length and 

acutely pointed ; ventral rakers rudimentary, blunt or knobby . Etnier  

and S tarnes ( ms ) gave counts of  5 - 1 0  gill  rakers which were bes t  

developed dorsad . 

Pharyngeal teeth were figured by Cope ( 1 868 ) . All specimens 

examined ( n  = 3 1 ) during this s tudy were 4-4 . Apparently all  tee th 

are hooked during early life s tages but may be worn to a flat grinding 

surface by the firs t  spawning s eason . The two posterior dorsal  teeth 

of each arch are especially susceptible to wear  and become acutely 

tipped with a smooth , flat grinding surface basad . 

The intes tinal tract is s hort to moderate in length and usually 

uncoiled . Occas ionally, an accessory loop protrudes at the anterior­

mos t segment of the las t  des cending portion of the intes tine . Total 

intestinal length in 38 specimens ( 64 . 2- 1 1 2 . 7 mm SL;  x = 85 . 6 )  ranged 

from 77%  to 1 1 0% ( x  = 94% ) of s tandard length . The inner surface of 

the intes tine is ridged in the herringbone pattern described for 

Hybopsis monacha by Jenkins and Burkhead ( 1 98 4 ) . The peri toneal 

lining is brownish or black wi th s ca ttered melanophores and sometimes 

a silver to white background coloration . 



Other interna l structures . The gas bladder is large and two 

chambered with mean total length 29 . 7% ( 22 . 9%-32 . 7 % ;  n = 1 5 )  of SL . 

Average length of the anterior chamber is 1 0 . 9% ( 8 . 3%- 1 3 . 4% )  of SL 

whi le the pos terior chamber averages 1 8 . 8% ( 1 4 . 6%-22 . 3 % )  of SL . 
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Vertebra l counts are  summarized in Table II- 1 0  (p .  44 ) and 

include some specimens radiographed and counted by Jenkins and Lachner 

( 1 97 1 ) .  Specimens from USNM 1 1 6420,  whi ch were part of the Jenkins 

and Lachner Hybopsis  dissimilis counts , were redetermined to be 

Pimephales notatus ( Rafinesque ) .  This explains the abs ence of speci ­

mens wi th total vertebral counts of 39 from Table I I- 1 0 ( p .  44 ) ,  as 

the five 39 ' s  of Jenkins and Lachner wen� all from P .  nota tus . Total 

vertebrae counts : 4 0 ( 1 6 ) , 4 1 ( 1 5 ) ; precaudal vertebrae : 20 ( 1 ) , 2 1 ( 2 1 ) ,  

22 ( 9 ) ; caudal vertebrae : 1 8 ( 2 ) , 1 9 ( 20 ) , 2 0 ( 9 ) .  

Coloration . Freshly captured adults and j uveni les are usually 

olive to khaki green above the latera l band . A charcoal to bluish 

black mid-latera l band with darkened ova l  to s lightly oblong spots is 

usually present and conspicuous . The mid -dorsal  line is broken wi th 

dark dashes interrupted by paler areas whi ch sparkle like gold when 

observed under water . The lateral band extends from the pos terior 

terminus , a small  to medium caudal spot located at the caudal bas e ,  

along the body through the opercle and eye to the anterior terminus at 

the lachrymal groove . The lateral band encompasses the lateral-line 

and 1 / 2 scale row above and below . It  is genera lly wides t di rectly 

below the dorsal insert and narrower posterior to the caudal peduncle . 

Diffuse lateral pigmentation on the s cale periphery may extend three 

rows diagonally below the lateral-line . The venter is creamy to white 



and virtually unpigmented with the exception of occas iona l melano­

phores along the anal bas e and the mid-ventra l line pos terior to the 

anal fin . 
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A dis tinctly paler region extends from about 1 1 / 2  scale rows 

above the lateral  band for about 3 s cale rows and is caused by 

reduction in background pigment . Further dorsolaterally,  pigmentation 

returns to the darker coloration and s cales appear cross -hatched due 

to increased coloration on the s cale periphery.  Dorsolaterally, w­

and x-shaped spots occur randomly and are found most often posterior 

to the dorsal  insert and above the la teral pale  zone . 

Cephalic pigmentation generally is an olive to charcoal 

background coloration compos ed of tiny , uniform melanophores . Pre ­

and pos torbi tal regions are distinctly �1 ler whi le the internareal  

region is darker due to the underlying nasal ros ette . Below the orbi t 

and on the ventra l cephalic surface , melanophores are usua lly abs ent , 

the region immaculate . 

Fin pigmentation : The dorsal  fin has no interradial pigment and 

all rays are outlined wi th melanophores , including the branches of 

each maj or ray . Anal fin rays 1 or 2 through 5 ,  6 ,  or 7 are pigmented 

on the basal  hal f  of each ray and sometimes to the dista l  margin in 

highly pigmented individuals . Ray 7 ,  when pigmented , never has 

melanophores in the posterior branch of t.he ray . The pelvi c fins are 

not s trongly pigmented as rays 1 or 2 through 4 have only a sprinkling 

of melanophores on the media l portion of the ray . Occasionally ray 5 

and/or 6 is pigmented while rays 7 and 8 are virtually always unpig­

mented . Pectoral  fin  rays 1 through 9 are  usually strongly pigmented , 
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and rays 1 0 , 1 1 ,  and ra rely 1 2  ma y be weakly outli ned . During peak 

nupti a l  deve lopment , ma les have much dens e r ,  darker concentrati ons of 

melanophores on the pos terior s ide of each pi gmented ray . Thi s  s exua l  

dimorphism i s  w e l l  enough deve loped tha t  the s e xes can be d i s ti n ­

guis hed during underwater obs erva tions using this chara cter . A s  i n  

a l l  o ther f i ns , no i nterradial pigment is present . 

c. Hybopsis harryi Hubbs and Crowe , 1956 

ozark chub 

Common Name and Types 

Hubbs and Crowe ( 1 956 ) described Hybops is dis s im i l i s  ha rryi f rom 

s treams draining the Ozark Mountai n  rangE! in Arkansas and Mi s s our i . 

The holotype i s  an 8 1 . 5  mm SL ma l e  ( UMMZ 1 67 083 ) collected f rom the 

Whi te R .  3 . 0  mi l es SE of Mana , Ba rry Co . ,  MO on 7 Augus t 1 940 w i th a 

7 3  rnrn s tandard length para topotype ( UMMZ 1 5 1 368 ) . No common name has 

previ ous l y  been appli ed to this form, the refore , the name Ozark chub , 

referring to the restricted geographic region of the species , is 

sugges ted . 

Synonomy 

Hybops i s  diss imi lis ( Ki r t la nd ) .  Jordan a nd Gi lbe r t ,  1 886 : 4  

( Whi te R . , AR ) ;  Meek , 1894 : 248 ( di s tribu tion AR; partial synonomy ) ;  

Meek , 1 895 : 78 ,  90 ,  92  ( d i s tribution AR ;  Whi te R . , AR ) ;  Jordan and 

Evermann , 1 89 6 : 3 1 5 ,  3 1 8-3 1 9  ( i n par t , in key; des c ription ; dis tribu­

tion ) ; Meek , 1908 : 1 5 1  ( in pa r t ,  dis tri bution ) ;  Ma rtin and Campbe l l , 

1953 : 46 ,  48 , 5 1 , 5 3  ( abundance and habi tat , Black R . , MO ) ;  Pfliege r ,  
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1 9 68 : 4  ( MO checkli s t ;  i n  key ) ; Moore , 1 9 68 : 6 8 ,  69- 7 0  ( i n par t , in key ; 

dis tribution ) ;  Eddy,  1 9 69 : 1 0 2 ( in pa r t ;  i n  ke y ;  dis tribution ) ;  Reno , 

l9 69a ( i n  pa r t , nomencla torial revi ew ) ;  Reno , 1 9 69b ( i n par t , des crip­

tion , d i s cuss i on , and fi gures cepha lic l a tera l -line s ys tem ) ;  Pflieger , 

1 9 7 1 : 26 2 ,  333- 334 ( partial synonomy ; dis tribution ; habi tat ;  zoogeogra ­

phy ) ; Buchanan , 1 97 3a : 28 ( AR  checklist ) ; Buchanan , 1973b : 3 ,  3 3 ,  map 4 1  

( in key ; dis tribution AR) ; Green and Beadles , 1974 : 23 ( checkl i s t  

Current R . , AR ; habi tat ) ;  Clay , 1 9 7 5 : 1 4 1 -- 1 4 2 ( i n pa r t ,  dis tribution ) ;  

Pfliege r , 1 9 7 5 : 1 0 4 ,  1 3 7 - 1 3 7  ( descripti on ; dis tribu tion MO ; habi tat ; 

biology ; f i gu red and in key ) ; Bounds , et a l . ,  1 9 7 7 : 2 2 - 2 3  ( Randolph 

Co . ,  AR ) ;  Cas hner and Brown , 1 9 7 7 : 4 0 ( di s tribution Buf f a lo R . , AR ) ; 

Fraz i e r  and Bead l es , 1 9 7 7 : 39 ( Sylamore Cr . ,  AR ) ; Johnson and Beadles , 

1 9 7 7 : 59 ( d i s tribution Eleven Poi n t  R . ,  AR ) ;  Eddy and Unde rhi l l ,  

1 978 : 7 2-73 ( in pa r t ,  i n  key ; dis tribu ti on ) ;  Bos chun g ,  e t  a l . ,  

1 9 83 : Fig . 1 64 ,  42 1 -422 ( in part , descript.ion ; dis tribution ; related 

species ; habitat ;  biology; color photo ) ;  Cooper ,  1 983 : 92 ( in part , 

dis tribution ) ;  Mayden ,  1 985a : 2 05 ( in part ,  zoogeography ) .  

Hybops i s  watauga Jordan and Evermann . Jordan , 1 889 : 3 5 5 - 3 5 6  ( in 

part , original des cription ; compa r i s on wi th H .  di s s imi li s ; dis tribu­

tion ) ; Meek , 1 89 4 ; 2 4 9  ( in pa r t ,  d i s tribution AR ; pa r tia l s ynonomy ) ;  

Meek , 1895 : 8 2 ,  9 0 ,  9 2  ( descrip ti on ; s .  Fo rk Li t t le Red R . ,  AR ; dis tri ­

bution AR ) ;  Jordan and Evermann , 1 89 6 : 3 1 5 ,  3 1 9  ( i n pa rt , in key ; 

des cription ; dis tribution ) ;  Meek , 1 9 08 : 1 5 1  ( i n par t , dis tribution ) .  

Erimys tax watauga . Jordan , et a l . ,  1 9 30 : 1 38 ( i n pa r t ,  dis tribu­

tion ) . 
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Erimystax diss imi lis . Jordan , et a l . ,  1930 : 1 38 ( in part,  dis tri ­

bution ) ,  Eddy and Surber ,  1 947 : 1 5 1  ( in part , des cription and dis tribu­

tion ) ; Patriarche and Campbel l ,  1958 : 256  ( Clearwater Lake , MO ) . 

Hybops is dissimilis harryi . Hubbs and Crowe , 1956 : 2 ,  4 ,  6 

(original subspecies des cription , Holotype UMMZ 1 67 08 3 ;  in key ; 

distribution ) ;  Harris , l980a : 1 84 ( systema tics , distribution ) .  

Hybopsis ( Erimyxtax ) dissimilis . Davis and Miller , 1967 ( in 

part , brain morphology ; habi tat ;  dis tribution ; feeding habi ts ) .  

Hybopsis  ( Erimystax ) dissimilis harryi . Jenkins and Lachner , 

197 1 : 6 ,  7 ,  1 2  ( vertebral counts ; differences subspecies o f  H .  

dissimi lis ) .  

Diagnosis 

Hybopsis harryi is dis tinguished from other members of Erimys tax 

by its elongate , double looped gut .  It  differs from H. cahni and H. 

x-punctata by the presence of mid -lateral andjor mid-dorsal dark 

spots . Hybopsis harryi differs from �· insignis by having ova l  mid­

lateral spots and smaller sca les ( usually 45-5 1 in lateral -line ) .  

Hybopsis ins ignis has quadrate mid-lateral blotches and usually 37-47 

lateral line s cales . Hybopsis harryi is s imi lar to H .  dissimilis but 

distinguis hed by its shorter head (x = 233  TSL ) , broader connection of 

the opercular membranes ( x  63 TSL ) , greater ventral s calation ( x  

76% ) , more numerous ( 9- 1 6 )  and smaller ( < pupi l diameter ) lateral 

spots , and higher total vertebrae counts ( 4 1 -4 3 ) . Hybopsis dissimi lis 

has mean head length of 245 TSL ,  mean is thmus width of 52 TSL, mean 
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ventral sca lation of 5 3 % ,  6- 1 2  mid-latera l blotches usually equal to 

or larger than pupil diameter , and total vertebral counts of 40 or 4 1 . 

Description 

The body is elonga te ,  s lightly compress ed la terally,  and tapered 

gradually from the pelvics pos teriad to the cauda l fin .  The snout is 

bluntly rounded and overhangs the subterminal ,  ventral mouth . The 

eyes are medium in  size , located laterally and directed somewhat 

dorsally. A terminal labial barbel , small to medium in siz e ,  is 

present . The upper lip is expanded anteriad and the lower j aw 

included . Pharyngeal teeth are 4-4 . Scales in the la tera l-line range 

4 3-5 2 .  The mid-lateral band has 4- 1 6  distinct ova l  spots ( occasional­

ly  absent ) ,  genera lly smaller than pupil diameter . The mid-dorsal 

line has 3- 1 0  darkened dashes . Dorso lateral pigment spots are present 

on the periphery of dorsolatera l s cales and usually occur as one or 

two horizontal  rows beginning at approximately the dorsal ins ertion 

and extending pos teriad to peduncle . No interradial fin pigment is 

present . The dorsa l  profi le from the dorsal fin insertion to the 

snout is gently curved . 

External morphology . Morphometry :  Fin s hape and placement and 

body form are i llustrated in Figure I I-8 ( p .  40 ) . Proportiona l data 

for measured variables and means for meristic variables are presented 

in Table I I -8 ( p .  40 ) . Sexually dimorphic variables are pres ented in 

Table I I- 1 2 .  

Meri s tics : Range , mean , and s tandard deviation for meris tic 

variables are given in  Table I I-8 ( p .  4 1 ) and distribution is 
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Table II- 1 2 .  Sexua lly Dimorphic Variables of Hybopsis harryi . 

Variable Sex ( N )  Range a MeanrJ SDa t-value p 

PRL M ( 67 ) 46 1 -5 3 1  484 . 5  1 3 . 6 2  2 . 66 2 2  < . 0 1 
F ( 9 3 )  466-524  490 . 4  1 4 . 0 1  

PDL M ( 67 )  506-577 540 . 0  1 3 . 5 6  3 .49 3 1  < . 00 1 
F ( 9 3 )  502-599 532 . 8  1 2 . 28 

CPL M ( 67 ) 1 95-248 223 . 9  1 1  . s o  2 . 0090 < . 05 
F (  9 3 ) 1 84-2 4 1  220 . 1  1 1  • 87 

BDD M ( 67 )  1 56- 1 96 1 8 1  . 5  8 . 94  2 . 648 1 < . 0 1  
F (  9 3 )  1 56-203 1 77 . 1  1 1  • 00 

DFL M ( 67 ) 1 67-2 1 6  1 94 . 6 1 0 . 84 4 . 5 1 49 < . 00 1 
F ( 92 )  1 66-2 1 0  1 86 . 9  1 0 . 32 

AFL M ( 67 ) 1 1 9- 1 78 1 54 . 0  1 2 . 0 1  3 . 05 34 < . 005 
F ( 92 ) 1 24- 1 72 1 48 . 5  1 0 . 82 

P 1 L  M ( 67 ) 1 52-2 1 3 1 9 1  • 1 1 3 .  1 7 1 1 . 7 3 1 3 < . 0 0 1  
F (  9 3 )  1 50- 1 97 1 70 . 5 9 .  1 3 

P2L M ( 67 ) 1 1 4- 1 58 1 36 .5 9 . 34 2 . 46 4 1  < . 05 
F (  9 3 )  1 09- 1 59 1 33 . 0 8 . 44 

"Range , mean,  and s tandard devia tion are i n  thousandths o f  
s tandard length . 
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presented in Table I I-9 ( p .  4 2 ) . Meris t:ic variables show no signi f i ­

cant sexual dimorphis m .  

Nuptial tubercula tion : Twenty-four male specimens captured from 

1 0  Apri l  through the last of May were examined for nuptial tubercula­

tion and a compos ite description is presented . Specimens ranged from 

63 . 8-8 1 . 6  mm SL and were taken from throughout the range of the 

species . 

Cephalic  nuptial tuberculation , size , and dis tribution are gener­

ally the same as for Hybopsis  dissimi lis . Tubercles are , perhaps , 

somewhat sma ller in �· harryi during peak development . 

Fin tuberculation : Pectoral fin tubercles are pres ent dorsally 

on rays 2 through 1 0  or 1 1  with occasional deve lopment on rays 1 and 

1 2- 1 5 .  Tubercles are mos t s trongly deve loped anteriorly with each 

branched ray 2 through 6 supporting tubercles to the distal margin . 

Rays 7 through 1 1 ,  1 2 , 1 3 , 1 4 ,  or 1 5  have reduced distal  tubercles and 

coverage is res tricted primarily to the basal portion of each ray 

(media l  to branching ) .  Dis tribution is as in other Erimystax with one 

tubercle per ray s egment . Basal ray tubercles are on the pos terior 

portion of the ray ( with fin extended 90 from body ) and are directed 

pos teriad . Tubercles occasionally are present on the ventra l surface 

of rays 2 through 6 but are small and poorly deve loped . Pelvic fin 

tubercles are usua lly small  and located on the dorsal surface of rays 

2 through 5 and occas iona lly on 1 ,  6 ,  and 7 . Tubercles are bes t 

deve loped on the dis tal 1 / 2  of each ray and extend media lly to the 

middle of the basal ray portion . Tubercles are dis tributed one per 
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segment and occasiona lly occur on the ventral surface of rays 2 

through 5 or 6 but are smaller than the dorsal counterparts . Dorsal 

fin tubercles are always present on rays 2 through 5 and , occasional­

ly,  rays 1 and 6 through 8 .  Tubercles are tiny and usua lly restri cted 

to the dis tal  1 / 2  of the ray . Anal rays 2 through 6 or 7 possess small  

tubercles on the dis tal 1 / 2  of rays and the distribution is one tuber­

cle per segment . 

A nuptial  pad is pres ent in all mature , nuptial males examined . 

Location and appearance are as described for Hybopsis dissimi lis . 

Females do not develop the nuptial pad and only occasi ona lly are 

nuptial tubercles obs erved on the body and fins . When present in 

females , tubercles are tiny , irregular in dis tribution , and poorly 

developed . 

Sensory and trophic anatomy . Davis and Miller ( 1 967 ) used 

specimens of Hybopsis dissimilis and �· harryi in preparing the 

figured brain morphology of �· dis s imilis . The composite nature of 

the �· dissimilis brain figure was dis cuss ed in the account of that 

species . Compound tas te buds on the pectoral fin of �· harryi are 

found on both dorsal and ventral surfaces of the interradial membrane 

1 -2 and are usually qui te small . Approximately 50% of specimens 

examined also exhibi t small compound tas tebuds on the ventral surface 

of all interradial membranes through ray 1 2 . Pelvic fins have tas te 

buds on both dorsal and ventral surfaces between rays 1 and 2 and they 

are usually present on the dorsal surface between the distal branches 

of ray 2 .  Anal and dorsal fin tas te buds are very sma ll and limited 

to the interradial membrane between rays 1 and 2 .  
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Reno ' s  ( 1 969b ) work on the cephalic la tera l-line sys tem was 

discussed in the Hybops is diss imi lis account . As in Davis and Mi ller 

( 1 967 ) ,  Reno used a combination of H .  harryi and H .  dissimi lis in his 

analys is . 

The mouth is inferior wi th lips of moderate thicknes s ,  the upper 

noticeably expanded at the anterior midline and described as " shield 

shaped " by Hubbs and Crowe ( 1956 ) . Lips la ck defini te s triae but 

poss ess  many small  to medium s ize tas te buds . Barbels range from 

small  s tubs to long , slende r ,  acutely pointed s tructures wi th a few 

poor ly to well  developed sensory papi llae . Sensory bris tles ( Branson , 

196 2 ) in the lip sulcus are usually abs ent .  Tas te buds in the center 

of the is thmus often appea r as well  developed papi l lae . 

Gill  rakers : 8 ( 4 ) , 9 ( 1 1 ) ,  1 0 ( 5 ) wi th the dorsal rakers medium in 

length and acutely pointed and the ventral rakers reduced to knobs . 

All pharyngea l arches examined ( n  = 28 ) were 4-4 . The teeth are 

hooked but apparently well worn at an ear ly age so they appear acutely 

tipped wi th a smooth , fla t to s lightly concave grinding surface . 

Teeth from specimens of H .  ha rryi are dis tinctly more worn than those 

from comparable s ize H. diss imi lis , perhaps owing to the predomina tely 

herbivorous diet of �· harryi ( Harris , msC ) .  

The intes tina l tract is usually long wi th at least  two loops 

extending from s ide to side across the ventral surface of the anterior 

gut .  Intes tina l leng th in 6 6  specimens ( 7 1 . 7- 1 02 . 8 mm SL ,  x = 87 . 2 )  

ranges from 1 49% to 282%  ( x  = 2 25% ) of s tandard length . The inner 

intes tinal surface has a ridged , herri ngbone pa ttern and the 
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peritoneal lining is  a uniform, finely pigmented , dark brown to black 

color wi th occasional streaks of si lver background coloration . 

Other internal structures . The gas bladder is two chambered and 

large , averaging 3 1 . 2% ( 27 . 9%-33 . 4 % ;  n = 1 0 )  of S L .  The anterior 

chamber average length is 1 1 . 0% ( 9 . 0%- 1 3 . 1 % )  whi le the pos terior 

chamber averages 2 0 . 2 %  ( 1 6 . 5%-22 . 0% ) . Vertebra l counts are : Pre-

caudal 2 1 ( 6 ) , 2 2 ( 2 0 ) , 2 3 ( 2 ) ; Caudal 1 9 ( 5 ) ,  2 0 ( 1 6 ) , 2 1 ( 7 ) ;  Total 4 1 ( 8 ) , 

42 ( 1 5 ) , 4 3 ( 5 ) . Thes e counts include all  materials examined by Jenkins 

and Lachner ( 1 97 1 ) .  

Coloration . Live or freshly preserved specimens are yellow-

green , tan , or gray dorsally. A prominent bluish black to charcoal 

lateral band extends from the lachrymal groove pos teriad to the caudal 

peduncle and may extend onto the caudal fin in the form of 3 - 4  darkly 

outlined central caudal rays . Darker lateral  spots occur in the 

lateral band and number from 4- 1 6 . They are usually round to slightly 

oblong in shape and equal to , or smaller than the pupi l in s ize . 

Anteriad , the lateral band encompasses the lateral-line plus one s cale 

row above and below and appears wides t at mid -body . Pos teriad , the 

band tends to narrow and at the peduncle is res tricted to the lateral-

line . A paler pigmented area composed of the two s ca le rows immedi -

ately above the latera l band occurs on the dorsolateral surface . 

Above the paler band and extending to the dorsal mid-line , a darker 

background coloration of charcoal to yellow green occurs . The mid-

dorsal stripe is not well  developed except for the 4-5 predorsal and 

3-7 pos tdorsal spots or dashes . Two horizontal rows of spots occur on 

each dorsolateral  surface and are composed of pigment concentrations 
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on the pos terior edge of each s cale i n  the row . Although variable in 

both occurrence and length , these rows of spots are usually located on 

the third and fourth scale rows above the lateral-line and immediately 

above the dorsolatera l  pale area . The more ventral row originates 

below the dorsal insertion while the more dorsal  generally begins 

about halfway between the head and dorsal fin . ventrolateral  body 

pigmentation extends through s cale rows 2-4 below the latera l-line 

wi th the more ventral scales lightly peppered on the periphery wi th 

tiny melanophores . The anal ins ert is sometimes outlined wi th melano­

phores that extend posteriad along the mid -ventra l line . The remain­

der of the ventral surface is creamy to white .  

Cephalic background coloration is a rather uniform charcoal gray 

composed of tiny melanophores except in the lighter pre- and pos t­

orbital areas . A thin line of pigment generally occurs below the 

orbit and the ventrolateral and ventral cephalic regions were creamy 

or white and devoid of pigmentation . 

Fin pigmentation : The dorsal fin has no interradial pigment and 

all rays are outlined with melanophores , usua lly to the distal margin . 

Anal rays 1 or 2 through 5 ,  6 ,  or the anterior half of 7 are outlined 

on the basal 2/ 3 .  Usually rays 1 through 6 are pigmented . Pelvi c 

rays 1 or 2 through 5 are weakly to moderately outlined on the medial 

portion of the ray . Pectoral rays 1 through 8, 9 , or 1 0  are moderate ­

ly to s trongly outlined . Interradial pigment occurs between rays 

and 2 in approximately 5 0% of specimens examined . Ma les develop 

concentrations of melanophores on the pos terior side of pigmented rays 



during spawning s eason and are easily differentiated from females 

using this character . 

Analysis 

D .  Hybopsis insignis Hubbs and Crowe , 1 956  

Blotched chub 

71  

Specimens of Hybopsis insignis Hubbs and Crowe ( 1 956 ) totaling 

577  individuals from 23  pcpulations were examined during this study . 

Of thes e ,  complete data s ets of 29 meristic and morphometric variables 

were obtained from 5 1 0  individuals and subj ected to multigroup dis ­

criminant analys is . Canonical analys is of discriminance indicated 

group centroids are unequal ( F  7 . 2 0 ;  P< 0 . 00 1 ) .  CV1 des cribed 52%  of 

total variation whi le variates 2 and 3 accounted for 1 0% and 8%,  

respectively . Correlations between meris tic and morphometric vari ­

ables and the firs t  three canonical variates are presented in Table 

II- 1 3 .  CV1 had a relatively high negative correlation with upper lip 

width and somewhat lower correlations with lateral-line s ca les , 

circumbody scales , and upper lip length . CV2 had high negative 

correlations with is thmus width and orbi t width . CV3 had the highes t 

positive correlation with lateral-line s cales and caudal peduncle 

length and a high negative correlation wi th predorsal s cales . 

Two dimensional canonical graphs based on all variables were 

prepared for the 23 population centroids by plotting canonical  axes 

versus 2 ,  2 versus 3 ,  and 1 versus 3 .  The bes t discrimination in 

canoni cal space was provided by canoni cal axes 1 versus 2 ( Figure II-

1 0 ) .  vectors for the variables ULW , ULL , LLS , CRS , ISW ,  and ORW were 
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Table II- 1 3 .  Correlations between Canonical Variates and Morphometric 
+ Meris tic variables of Hybopsis insignis . 

Canonical Canonica l Canonical 
Variable variate 1 Variate 2 Variate 3 

PRL -0 . 05 4  -0 . 067 -0 . 1  23  
PDL 0 . 033  -0 . 1 27 0 . 1  2 1  
CPL 0 . 038 -0 . 1 1 5 0 . 2 1 0* 
HDL -0 . 049 -0 . 079  -0 . 084 
SNL -0 . 046 -0 . 034 -0 . 032 
ULL -0 . 222*a -0 . 00 1  -0 . 090  
GPW -0 . 1 82 0 . 033  -0 . 082 
row -0 . 008 0 . 05 0  0 . 058 
ORW 0 . 02 3  -0 . 244* -0 . 1 50 
BDD -0 . 1 1 8  -0 . 1 40 0 . 043 
CPD -0 . 1 90 -0 . 1 60 0 . 040 
ISW -0 . 2 1 3  -0 . 292*  -0 . 09 1  
DFL -0 . 029 -0 . 1 54 0 . 1 4 1 
AFL -0 . 1 1 3  - 0 . 038 -0 . 005 
P 1 L  -0 . 1 40 -0 . 030  -0 . 048 
P2L -0 . 1 33 -0 . 07 7  -0 .06 1 
POL -0 . 1 25 -0 . 025 0 . 026 
ULW -0 . 493*  -0 . 05 7  -0 . 09 6  
BWP -0 . 095  -0 . 05 0  0 . 0 1 1 
LLS 0 . 286* 0 . 08 1  0 . 252*  
ALL 0 . 064 -0 . 085 0 . 0 1 2 
BLL 0 . 059 0 . 0 1 6 -0 . 064 
CRS 0 . 236* 0 . 047 -0 . 1 44 
CPS -0 . 0 2 1  -0 . 09 0  -0 . 040 
PDS 0 . 02 1 0 . 086 -0 . 243*  
PBS -0 . 029 0 . 00 1  0 . 1 64 
LP 1 0 . 0 1 6 -0 . 030 0 . 035 
LP2 -0 . 002 0 . 039 0 . 032 
ANR 0 . 024 0 . 024 0 . 039 

BThe * indi cates highly correlated variables . 



F igure I I-1 0 .  Popu lation centroid s and var iabl e vector s o f  
Hybops i s  i n s i g n i s  in c anonical space d etermined from t h e  mer i s t i c  
a n d  morphometric data set . Vectors show contr ibu tions o f  r aw data 
( � ) and z - scores (--+-) . 
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drawn f rom the grand centroid and i l lus tra ted the rela tive contri bu­

ti ons for bo th raw and z -s core va riables . Population centroids wi th 

95% confidence c i r c les i nd i c a te pa t terns of intera c t i ve va riabi l i ty 

among popula ti ons ( Figure I I - 1 1 ) .  

7 5  

Principa l components ana lys is ( PCA ) o f  morphome tri c va riables 

re vea led PC 1 , PC2 , and PC3 a c count for 7 7 . 6 % ,  7 . 1 % , and 3 . 5 %  of total 

morphome tri c va r i a t ion,  respectively . Loadi ngs of va ri ables on the 

f i rs t three principa l  components a re summa rized in Table I I - 1 4 .  PC 1 

was a general s iz e  component whi le PC2 r e f lec ted va ria tion in upper 

lip wi d th and PC3 a c counted for va r i a tion in ana l and pe lvi c f i n  

leng ths . P lo ts of a l l  pos s i ble configura tions of the f i rs t  three 

principa l  componen ts were compa red and PC 1 versus PC2 appeared to 

provide the bes t d i s c rimi na tion among popula tions ( Fi gure I I - 1 2 ) . PCA 

us ing a l l  va riables added no add i tiona l  dis crimi na tion . 

Popula tion means for the ten va r i ables wi th high loadi ngs in the 

mu ltiva ri a te ana l ys es are pres ented in Table I I - 1 5 .  Compa ris ons among 

population means for the eight va riables us ing the Gabr i e l  mul tiple ­

compa r i s on procedure are pres ented i n  Table I I - 1 6 . 

Dis cus s i on 

Hubbs and Crowe ( 1 9 56 ) des cribed two subspecies of the blotched 

chub : Hybops is � · i ns i gnis and �· i ns i gnis eris ti gma . Thi r teen o f  

the populati ons ana l yzed were H .  i .  i ns i gnis s e nsu Hubbs and C rowe and 

i ncluded the Red , Ha rpe th , S tones , Roa ring , Caney Fork , Li ttle Sou th 

Fork , Cumbe r land , Duck , Buf f a lo , Shoa l Creek , Elk , Paint Rock , and 

Sequa ti chi e popula tions . Eight populations were H .  i ns i gnis e ris ti gma 



F igure I I-11 . Population centroids and 9 5 %  confidence c ircles 
o f  Hybops i s  insignis in c anonical space determined from the mer i s t ic 
+ morphometr ic data set . Only confidence c ir c l e s  of outl ier popula­
t ions are plotted . 

7 6  
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Table I I- 1 4 .  Loadings of Morphometric variables on Principal 
Components of Hybops is insignis . 

Principal Principal  Principal  
Variable Component Component  2 Component 3 

PRL 0 . 249 -0 . 080 0 .  1 1 1  
PDL 0 . 2 3 1  -0 . 3 1 8  0 . 03 3  
CPL 0 . 2 1 5  -0 . 344 0 . 089 
HDL 0 . 25 1 -0 . 1 0 1  0 . 058 
SNL 0 . 243 -0 . 054 0 . 069 
ULL 0 . 230 0 . 277  -0 . 02 0  
GPW 0 . 230 0 . 2 34 0 . 096 
row 0 . 200 -0 . 229 0 . 345 
ORW 0 . 228 -0 . 226 0 . 002 
BDD 0 . 238 0 . 042 0 . 237  
CPD 0 . 245 0 .  1 1 8 0 . 1 02 
ISW 0 . 2 1 0  0 . 256  0 . 249 
DFL 0 . 237  -0 . 209 -0 . 2 1 9  
AFL 0 . 226 0 . 025 -0 . 5 3 3* 
P 1 L  0 . 237  0 . 06 1  -0 . 362 
P2L 0 . 2 3 1  0 . 055 -0 .47 1 * 
POL 0 . 232  0 . 022  0 . 058 
ULW 0 . 1 58 0 . 627* a 0 . 075 
BWP 0 . 246 0 . 022  0 . 1 42 

�he * indicates highly correla ted variables . 
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F igure I I-12 . Populat ion pol ygons o f  Hybops i s  ins igni s  on 
principal component axes determined from the morphometric data set . 
Onl y  outl ier populations are p lotted and heavy sol id l ines represent 
H. insignis er i s tigma , l ight sol id l ines r epresent H. i .  ins ign i s , 
�nd d as hed l ines represent intergrad e s . 

7 9  
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Table I I- 1 5 .  Population Means for Morphologica la and Meris tic 
Variables of Hybops is insignis wi th High Loadings in 
Multivariate Analyses . 

Population ULW ULL LLS CRS PDS ISW ORW CPL AFL P2L 

RDR 1 2  58 42 . 4  3 1  • 3 1 7 . 4 75 73 2 1 6  1 84 1 5 3 
HAR 1 5  6 2  4 1  .9  3 1  .4  1 7 . 8 82  83  2 1 7  1 7 0 1 48 
STN 1 3 58 42 . 1  3 1  . 5  1 8 . 2 8 1  8 1  2 1 5  1 68 1 40 
CFR 1 5  6 1  4 1  . 3  3 1  • 2 1 7 . 6 7 2  79 206 1 86 1 57 
RNG 1 2  60  4 1  . o  3 1  . 8  1 8 .  1 76 79 2 07 1 72 1 50 
CRC 1 3 6 3  42 . 2  3 1  • 3 1 7 . 0 82  80 225  1 68 1 47 
LSF 1 2  60  4 1 . 0  30 . 5  1 7 . 8 75 87  2 1 2  1 72 1 52 
BRT 1 3 5 9  43 .7  3 1  . 3  1 7 . 9 60 80 230 1 70 1 48 
DUK 1 5  6 2  42 . 5  3 1  . o  1 7 . 1  76  75  222  1 62 1 36 
SHL 1 1  57  43 . 3  3 0 . 4  1 7 .4 67 74 2 29 1 75 1 48 
ELK 1 5  6 1  42 . 0  30 . 2  1 7 . 0 70  75 2 1 5  1 65 1 4 1 
PTR 1 3 6 1  4 3 . 2  30 . 2  1 7 .6 66 77 220 1 85 1 5 3 
SEQ 1 4  62  43 . 1 30 . 3  1 7 . 2 68 78 220 1 83 1 5 1  
PWL 1 8  64 4 1  . o  28 . 8  1 6 . 2 87  82 233 1 77 1 5 3  
CLN 2 1  69 40 . 0  29 . 1  1 6 . 9 93  78 2 1 4  1 80 1 54 
HOL 20 69 40 . 9  29 . 7  1 7 .  1 84 76  2 2 1  1 86 1 58 
HIW 22  77 39 . 6  28 . 8  1 7 . 5 88 76 2 1 5  1 92 1 65 
LTN 2 1  74  39 . 6  29 . 1  1 6 . 9  7 3  8 0  207 1 92 1 62 
LIT 2 3  7 3  40 . 2  29 . 5  1 7 . 0 86 76 2 3 1  1 88 1 6 1 
LPG 2 1  69 40 . 5  29 . 3  1 7 . 3 8 1  76 2 1 7  1 8 3 1 5 3 
PIG 2 1  7 3  39 . 0  29 . 0  1 8 . 0  85 83 2 2 1  2 1 8  1 86 
UFB 23  7 2  39 . 3  29 . 2  1 7 . 8 95  78 206 1 9 1  1 67 
NOL 22  7 1  40 .6 29 . 6  1 8 . 0  1 02 75 2 1 6  1 83 1 52 

aMorphometric means are in  thousandths of s tandard length . 



Table I I- 1 6 .  Gabriel Multiple-Comparison of Hybopsis insignis 
Population Means . 

variable 
F-value 

Low Value 

t 
p 
0 
p 
u 
L 
A 
T 
I 
0 
N 
s 

' 

ULWa 
74 . 7  

SHL 
RDR 
RRG 
LSF 
STN 
PTR 
BRT 
CRC 
SEQ 
ELK 
CFR 
HAR 
DUK 
PWL 
HOL 
CLN 
LPG 
LTN 
NOL 
HIW 
LIT 
UFB 

b 

l 

ULLa 
47 . 4  

SHL 
STN 
RDR 
RNG 
LSF 
BRT 
PTR 
CFR 
ELK 
SEQ 
HAR 
DUK 
CRC 
PWL 
CLN 
LPG 
HOL 
NOL 
UFB 
LIT 
LTN 
HIW 

Iswa 
29 . 4  

BRT 
PTR 
SHL 
SEQ 
ELK 
CFR 
LTN 
LSF 
RDR 
DUK 
RRG 
STN 
LPG 
CRC 
HAR 
HOL 
LIT 
PWL 
HIW 
CLN 
UFB 
NOL 

LLSa 
1 9 . 9 

UFB 
HIW 
LTN 
CLN 
LIT 
LPG 
NOL 
HOL 
PWL 
LSF 
RRG 
CFR 
HAR 
ELK 
STN 
CRC 
RDR 
DUK 
SEQ 
PTR 
SHL 
BRT 

aMorphometric means in  thousandths of s tandard length . 

�ines connect homogenous subs ets . 

8 1  
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sensu Hubbs and Crowe and included the Hiwass ee ,  Little Tennessee , 

Little Pigeon , upper French Broad , Nolichucky, and Holston . The 

Clinch and Powel l  populations were considered by Hubbs and Crowe to be 

intergrades between the two subspecies . 

The canonica l graph of Figure I I- 1 0 ( p .  7 3 )  s howed two distinct 

clus ters composed of populations HIW , LTN , LIT,  LPG , UFB , and NOL on 

the negative side of canonical axis 1 and populations RDR ,  HAR ,  STN ,  

CFR, RNG , LSF ,  CUM , DUK, BRT, SHL ,  ELK , PTR,  and SEQ to the pos itive 

side of canonical axis  1 .  Three populations , HOL ,  CLN , and PWL , 

formed a transformation s eries between the two large clus ters . The 

negative clus ter was formed by popula tions repres enting Hybopsis 

insignis eristigma sensu Hubbs and Crowe whi le the pos itive cluster 

populations were �· �· ins ignis . Populations HOL , CLN , and PWL corre­

spond to poss ible intergrades between the two subspecific taxa . 

Based on PCA of morphological  variables , populations assort into 

two groups ( Figure II- 1 2 ) . Populations from the wes tern and northern 

part of the species range comprised one group and included RDR ,  HAR , 

STN ,  CFR, RNG , CRC , LSF, BRT, DUK, SHL ,  ELK , PTR ,  and SEQ whi le 

eastern populations form group two and included HIW , LTN , LIT, LPG , 

PIG , UFB , NOL , HOL , and CLN . The Powell River population was interme­

diate in  form between the two groups . 

Additional evidence of the intermediacy of the Powell  population 

was indicated by results of the Gabriel multiple-comparison tes t 

( Table I I - 1 6 ) . Two groups were defined by multiple comparison of 

upper lip width and upper lip length means . Based on upper lip 

length , the Powell popula tion assorted wi th Hybopsis ins ignis 
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eristigma popula tions but bas ed on upper lip length , the Powell popu­

lation assor ted wi th H. �· insignis populations . 

Two hypothes es are ava i lable to explain the observed variation 

between the groups of populations . The firs t  hypothesis  recognizes 

the presence of a s ingle polytypic species wi th subspecies repres ented 

by the eastern and western groups and a zone of intergradation in the 

Powell ,  Clinch , and Hols ton drainages . The other hypothesis recog­

nizes the eastern and wes tern groups as discrete evolutionary species 

with the Powell-Clinch-Hols ton popula tions repres enting a zone of 

hybridization . The polytypi c species hypothes is is mos t  acceptable 

based on two factors . Firs t ,  if two species are invo lved , hybrid 

populations are expected to poss ess  members expressing both parental 

phenotypes as well  as the intermediate hybrid phenotype . Examination 

of the Powell-Clinch-Hols ton populations by canoni cal graphs and 

comparison of variables among individuals show the pres ence of inter­

mediate forms onl y .  Second , hybrid zones are usua lly quite narrow 

(Wiley, 1 98 1 ) ,  whereas , zones of intergradation are geographically 

broader .  The Powell-Clinch-Holston populations occupy a relatively 

broad portion of the geographic range of this taxon . The his torical  

range of the species and subspecies is shown in Figure I I - 1 3 .  

There is reason to argue the classification of the Holston popu­

lation as intergrades due to the morphological s imilarity to eristigma 

populations ( Figures II- 1 0 ,  p .  7 3 ;  I I - 1 1 ,  p .  7 6 ;  and I I - 1 2 ) . Compari ­

son of generalized distances between group centroids ( Table I I - 1 7 )  

showed the Holston population mos t s imilar to the Little Pigeon ( an 

eris tigma ) and Clinch ( intergrade ) populations . Hols ton was also more 



F i gure I I - 1 3 . D i s tribu t ion o f  Hybop s i s  i n s i gn i s . Squares 
represent �- l· insign i s , triangl e s  r epresent �- ins ignis er i s t igma , 
and c ir c l e s  repr e sent intergrades . 
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Table I I- 1 7 .  Generalized Dis tances among Powell , Clinch , and 
Hols ton Populations of Hybops is insignis . 

Generalized Dis tance 

Population PWL CLN HOL 

RDR 5 .  7 08 5 . 794 5 .802 
HAR 5 . 35 3  5 . 45 3  6 . 49 1  
STN 6 . 1 48 5 . 809 6 . 496 
CFR 5 .8 1 1 5 . 489 5 . 5 1 9  
RNG 6 . 1 55 6 .063  6 . 306 
CRC 5 . 464 6 . 543  6 . 254 
LSF 5 . 5 2 1  5 .866 6 .5 39 
BRT 5 . 997 6 .  7 3 1  6 . 486 
DUK 5 . 884 6 .265 6 . 1 06 
SHL 5 . 1 40 6 . 042 5 . 7 1 5  
ELK 5 . 36 1 5 . 768 6 . 037 
PTR 5 .  775  6 . 263 6 . 1 74 
SEQ 5 . 3 28 5 . 8 3 1  6 . 0 1 8  
PWL o . ooo 3 . 35 1 4 . 0 1 2  
CLN 3 . 3 5 1  o . ooo 2 . 7 8 1  
HOL 4 . 0 1 2  2 . 7 8 1  o . ooo 
HIW 5 . 685 3 . 974  3 . 7 32 
LTN 6 . 1 62 5 . 043 4 . 9 1 6  
LIT 4 . 9 35 4 . 1 80 3 . 40 1  
LPG 4 . 840 3 . 600 2 . 7 69 
UFB 5 . 622  3 . 628 3 . 885 
NOL 7 . 426 5 . 49 1  4 . 788 
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simi lar to the Hiwassee , Li ttle , and upper French Broad ( all 

eristigma ) populations than the Powell intergrade population . Alter­

natively , the Powell  population , considered the mos t  intermediate in 

form between insignis and eris tigma , was more simi lar to the Clinch 

and Holston than any other populations and Clinch shared closer s imi ­

larity with the Powell  and Hols ton than other populations . 

Geisser classification was performed to analyze affini ti es of 

individuals and populations . Geisser classifcation probabi lities 

correctly placed 83% of individuals ( 42 1  of 5 1 0 )  in their a priori 

des ignated population . All insignis specimens (n = 226 ) were class i ­

fied within the 1 3  insignis populations . Only one o f  2 1 8  specimens 

was classified outside the s even a priori eris tigma populations . For 

the 80 specimens of the three putative intergrade populations , 65 were 

class i fi ed to the correct population , s even others classified within 

Clinch-Powell-Hols ton , six to eris tigma populations , and two to 

insignis populations . Interes tingly, two Hols ton specimens assorted 

with the Powell population but none wi th Clinch . Four Hols ton speci ­

mens and one each from Powell and Clinch fell wi thin eris tigma popula ­

tions . Single specimens from the Powell and Clinch populations were 

mos t s imilar  to ins ignis populations . 

Phenotype of a speci es is  genetically res tricted to a range of 

form but expression of this form is influenced by environmenta l  and 

ecological factors ( Barlow, 1 9 6 1 ; Endler , 1 982 ; Snelson , 1 97 2 ;  and 

others ) .  Whether the two forms of Hybops is insignis are ecophenotypic 

variants or geneti c variants is impossible to dis cern wi th absolute 



certainty . My opinion leans toward genetic variants based on the 

nature of the key character for discrimination , upper lip width . 

8 7  

Table I I- 1 8 summarizes morphometric means for the combined popu­

lations of H .  i .  insignis , the intergrade populations , and H. insignis 

eristigma . The intergrades were more s imilar to the nominate subspe ­

cies in variables of leng th such as PRL , PDL , CPL, and HDL, but favor 

�· �· eristigma in descriptors of body robustness such as BDD , CPD , 

and ISW . Intergrades were more like eris tigma in the width of the 

upper lip , a key character in distinguishing the subspeci es . Inter­

grades were intermediate between the subspeci es in the characters ULL , 

GPW , AFL,  P 1 L , P2L,  and BWP . 

Hubbs and Crowe ( 1 956 ) differentiated the two subspecific taxa 

bas ed on the characters upper lip width and j aw length . They 

described insignis as having the upper lip scarcely expanded on the 

mid-line and j aw length whi ch usually was 3 . 7-4 . 0  in head length . On 

the o ther hand , eristigma poss essed an upper lip notably expanded on 

the midline and a larger mouth in which the upper lip was usually 3 . 2-

3 . 4  in head length . 

Results of this analys is indicate that upper lip width was , 

perhaps , the best discriminator of the subspecific taxa ( Tables I I- 1 6 , 

p .  8 1 ; and I I - 1 8 ) . Hybopsis insignis eris tigma had a much thicke'ned 

upper lip that averaged > 20 TSL for all populations while the insignis 

populations had a thin upper lip averaging < 1 6  TSL .  Upper lip length 

was also  a good discriminator as insignis averaged < 6 3  TSL/population 

and eris tigma populations averaged >68  TSL .  Addi tionally, eristigma 

was a more robust form wi th a deeper caudal peduncle , greater body 
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Table I I- 1 8 .  variable Means and S tandard Deviations for Hybopsis i .  
insignis , Intergrades , and H. ins ignis eris tigma . 

i ns ignis Intergrades eristigma 

variable Mean ( SD )  Mean ( SD )  Mean ( SD )  

Morphometries 

PRL 494 ( 1 7 )  506 ( 1 5 )  5 1 4  ( 1 4 )  
PDL 5 3 1  ( 1 5 )  528  ( 1 5 )  5 1 9  ( 2 2 )  
CPL 2 1 9  ( 1 3 )  2 1 6  ( 1 5 )  2 1 4  ( 1 3 )  
HDL 254  ( 9 )  263 ( 1 0 )  263  ( 8 )  
SNL 1 00 ( 6 )  1 04 ( 6 )  1 04 ( 7 )  
ULL 60 ( 4 )  7 0  ( 6 )  7 3  ( 5 )  
GPW 5 2  ( 5 )  59 ( 6 )  63  ( 5 )  
row 46 ( 5 )  44 ( 5 )  46 ( 5 )  
ORW 78 ( 5 )  77  ( 4 )  77  ( 4 )  
BDD 1 86 ( 1 1  ) 205 ( 1 1  ) 203  ( 1 5 )  
CPD 77  ( 4 )  89 ( 4 )  87  ( 5 )  
ISW 7 3  ( 1 0 )  92  ( 1 2 )  87  ( 1 1  ) 
DFL 206 ( 1 3 )  2 1 1 ( 1 1  ) 2 1 0 ( 1 1  ) 
AFL 1 7 3 ( 1 3 )  1 82 ( 1 2 )  1 9 0 ( 1 7 )  
P 1 L  203  ( 1 3 )  2 1 5  ( 1 4 )  227  ( 1 8 )  
P2L 1 47 ( 1 0 )  1 54 ( 9 )  1 63 ( 1 5 )  
POL 89 ( 6 )  99 ( 9 )  9 8  ( 6 )  
ULW 1 3  ( 2 )  2 1  ( 3 )  2 2  ( 3 )  
BWP 1 45 ( 9 )  1 54 ( 1 3 )  1 57 ( 1 1  ) 

Meristics 

LLS 42 . 5  ( 1 • 8 )  40 . 4  ( 1 • 5 )  39 . 7  ( 1 • 5 )  
ALL 6 . 9  ( 0 . 4 )  6 . 9  ( 0 . 4 )  6 . 7  ( 0 . 5 )  
BLL 6 . 2  ( 0 .  5 )  6 .  1 ( 0 . 5 )  6 . 0  ( 0 . 5 )  
CRS 30 . 9  ( 1 • 4 )  29 . 4  ( 1 • 3 )  29 . 1  ( 1 • 3 )  
CPS 1 5 . 7 ( 0 . 7 )  1 5 . 9  ( 0 . 4 )  1 5 . 8 ( 0 . 5 )  
PDS 1 7 . 5 ( 1 . 1 )  1 7 . 3  ( 1 . 0 )  1 7 . 4  ( 1 . 0 )  
PBS 75 . 1 ( 1 2 . 9 )  76 . 0 ( 1 3 . 9 )  75 . 6 ( 1 2 . 4 )  
LP 1 1 6 . 1  ( 0 . 8 )  1 6 .  1 ( 0 . 8 )  1 6 . 0  ( 0 . 8 )  
LP2 8 . 0  ( 0 .  3 )  7 . 9 ( o .  5 )  7 . 9 ( 0 . 3 ) 
ANR 7 . 0 ( 0 . 1  ) 7 . 0 ( 0 .  1 ) 7 . 0  ( 0 . 1 ) 
LTB 7 . 5  ( 1 • 0 )  8 . 4  ( 1 • 3 )  7 . 6  ( 1 . 1 )  
DBL 7 . 7  ( 1 • 0 )  7 . 7 ( 1 • 2 )  7 . 5 ( 1 • 2 )  
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depth ( BDD ) and a wider body at  the pelvic fins than ins ignis . Als o ,  

eris tigrna possessed longer pectoral ,  pelvic , and ana l fins than 

insignis , especially in males . Males of the Nolichucky and upper 

French Broad populations possessed exaggerated anal fins that were 

sickle shaped and often had a lower lobe of the caudal fin that was 

much longer than the upper lobe ( Figure II- 1 4 ) . Hybopsis �· insignis 

tended to be shorter predorsally and longer postdorsally than 

eri s tigma giving them a somewhat humped appearance ( Figure II- 1 4 ) . 

In summary, multivariate analyses revealed two morphotypes wi thin 

Hybopsis insignis . These morphotypes are accorded subspecific s ta tus 

as H. i .  insignis and H. ins ignis eris tigma bas ed on intermediacy of 

the Powell , Clinch , and Hols ton River populations . Figure I I- 1 3  shows 

distribution of these taxa . 

Zoogeographic evidence appears to support thes e conclusions . 

Several taxa appear endemic or virtually endemi c to headwaters of the 

Tennessee River in the Blue Ridge physiographic province ( Starnes and 

Etnier , 1 986 ) . These taxa include Hybopsis insignis eris tigma , 

Phenacobius crass i labrum, Etheostoma chlorobranchium, E .  swannanoa , E .  

blennioides gutselli , and Phoxinus oreas , among o thers . Bogan and 

Parmalee ( 1 98 3 )  found a simi lar distribution in the unionid mussel 

Epioblasma torulosa wi th �· torulosa gubernaculum inhabi ting the head­

waters of the Tenness ee River and E .  t .  torulosa found in the lower 

reaches of the Tenness ee Rive r .  The gubernaculum form graded into the 

torulosa form at about Knoxvi lle ( Ortmann , 1 92 0  and 1 925 ) . 

Starnes and Etnier ( 1 98 6 )  hypothes ize that thes e cold-adapted 

taxa differentiated during glacial maxima , then in pos tglacial times , 



F igure I I-14 . Photographs of Hybopsis insignis .  

F igur e  I I-14 A .  Hybopsi s  insignis insignis - Blotched chub . 
TN , Perry Co . Buffalo River . 7 3 . 3mrn SL . 

F igure  I I-14 B .  Hybopsis insignis eristigma - Blotc hed chub . 
Tn ,  Blount Co . Little River . Upper : 60 . 2mrn SL male . Lower : 54 . 5  
mrn SL female . 

F igure I I-14 C .  Hybopsis insignis eristigma - Blotched chub . 
NC , Henderson Co . 64mrn SL . 

90 



9.1 



9 2  

retreated ups tream following preferred temperatures to higher alti­

tudes . Wi th respect to Hybopsis ins ignis , the insignis form may have 

evolved in the lower Tennessee River sys tem whi le the eris tigma form 

evolved in the upper Tenness ee River . During postglacial warming , the 

insignis form may have dispersed ups tream via the main  river before 

encountering the remnant populations of eri s tigma in the Powell­

Clinch-Holston region . Subsequent climatic andjor eco logical changes 

apparently eliminated this species and many others from the mains tream 

and western tributaries of the upper Tennessee River . The Powell­

Clinch-Hols ton apparently has maintained ecological condi tions similar 

to those during the time of s econdary contact . The upper Clinch and 

upper Powell  rivers are a well known refugia for rare unionid mussels 

such as Quadrula intermedia , £• sparsa , Lexingtonia dollabelloides , 

Lemiox rimosus , Fusconaia cuneolus , �· �' and several species of 

Epioblasma . Addi tionally , the Powell-Clinch-Hols ton sys tem is the 

known his torical range of Hybops is cahni . 

Synonomy 

Hybops is dissimilis ( Kirtland ) .  Jordan , 1 889 : 355-356 ( comparison 

with �· watauga ) ;  Jordan and Evermann , 1 89 6 : 3 1 5 ,  3 1 8  ( in key ; descrip­

tion ; range ) ;  Smi th , 1 907 : 1 02- 1 0 3 ( des cription ; dis tribution NC ) ;  

Evermann and Hildebrand , 1 9 1 6 : 445 ( dis tribution E .  TN ) ; Evermann , 

1 9 1 8 : 3 1 8 , 3 1 9 ,  3 26 ,  347 , 367 ( dis tribution TN and KY; literature 

review ) ; Fowler , 1 922 : 24 ( Paint Rock R . , AL ) . 



Hybops is watauga Jordan and Evermann . Kirsch , 1 89 3 : 262  { Caney 

Fork R . , TN ) ; Smi th , 1 9 07 : 1 02 ( possible occurrence in NC ) ;  Evermann , 

1 9 1 8 : 3 29 , 347 , 367 { li tera ture review ) . 
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Hybopsis ins ignis Hubbs and Crowe , 1 9 56 . Origina l des cription , 

subspecies , dis tribution , in key ; Moore , 1 968 : 69-70 { in key , dis tribu­

tion ) ; Smi th-Vaniz ,  1 968 : 29 ,  4 1 , 1 30 ,  1 60 { dis tribution AL ; partia l 

synonomy; figure ) ;  Reno , 1 969a : 68 { nomencla torial  his tory ) ;  Reno , 

1 969b : 739 , 746-753 , 762 , 765-766 , 7 7 0  { cephalic lateral-line sys tem ; 

biology ; figure ) ;  Dahlberg and Scott , 1 9 7 1 : 1 6 ,  59 { checklis t GA ; 

annotated lis t ) ;  Comiskey and Etnier , 1 972 : 1 4 1 ,  1 44 { dis tribution Big 

s .  Fork Cumberland R . , TN and KY , zoogeography ) ;  TVA , 1 9 7 3 : Table 5 

( dis tribution , s tanding crop, frequency occurrence , Buffa lo R . ,  TN ) ;  

Hitch and Etnier , 1 9 7 4 : 8 3  ( dis tribution Nottely Rive r ,  GA ) ;  

Menhinnick , et  al . ,  1 974 : 3 0 ( dis tribution and s ta tus NC ) ;  TVA, 

1 975 : Tables 5-7 ( dis tribution , s tanding crop , frequency occurrence 

Duck R .  sys tem, TN ) ;  Rams ey, 1 976 : 54 ,  60 ( dis tribution and s ta tus AL ) ; 

Burr , 1 98 0 : 64 ( dis tribution KY ) ; Harris , 1 980b : 1 88 ( s ys tema tics ; dis ­

tribution ; habi tat ;  biology ) ;  Branson , et  a l . ,  1 98 1 : 8 1 { dis tribution 

and s ta tus KY ) ; Branson and Schus ter ,  1 982 : 6 1 , 6 3 ,  64 { dis tribution 

Little s .  Fork Cumberland R . , KY) ; S tarnes and S tarnes , 1 985 : 3 3 3  

{ associated wi th Noturus eleutherus ) .  

Hybops is ins ignis ins ignis . Hubbs and Crowe , 1 9 56 : 2-5 , 7-8 

(original des cription ; in key; dis tribution ) ;  Jenkins and Lachner , 

1 9 7 1 : 4 ,  6-7 ( s cale radi i ;  vertebra l counts ) ;  Jenkins , et al . ,  1 97 2 : 49 

( habi tat ;  dis tribution ; zoogeography ) ;  S tauffer ,  et  a l . ,  1 98 2 : 30 

( checklist central and northern Appa lachian Mts . ) .  
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Hybopsis insignis eristigma . Hubbs and Crowe , 1 956 : 2-5 , 7-8 

(original description ; in key; dis tribution ) ;  Jenkins and Lachne r ,  

1 97 1 : 6-7 ( s cale radii ; vertebral counts ) ;  Jenkins , e t  al . ,  1 972 : 49 ,  9 7  

( habi tat ;  dis tribution ; zoogeography ) ;  S tauffer , e t  al . ,  1 982 : 30 

( checklist central and northern Appalachian Mts ) .  

Hybopsis ( Erimys tax )  ins ignis . Davis and Miller , 1 967 ( distribu­

tion ; brain morphology; sensory s tructures ; biology ) .  

Diagnosis 

Hybopsis ins ignis differs from H. cahni and �· x-punctata in 

having mid-lateral and mid-dorsal  dark blotches . I t  differs from H .  

dissimilis and �· harryi in having quadrate mid-lateral blotches , 

larger s ca les ( usually 37-46 in  lateral line ) ,  and fewer total verte­

brae ( 37-40 ) . Hybopsis disssimi lis and �· harryi poss ess  oval mid­

lateral blotches , usually 43-5 1 lateral-line s cales , and 40-43 tota l 

vertebrae . 

Description 

The body is elongate , loaf-shaped in anterior cross section , and 

tapered from the pelvi cs pos teriad to the caudal .  It is slightly 

compress ed laterally,  pos terior of the dorsal fin . The snout is 

rounded and moderately overhangs the subtermina l ,  ventral mouth . The 

eyes are medium s ize , located dorsolaterally, and directed somewhat 

posteriad . The terminal labial barbels are moderately to well  

developed . Pharyngeal teeth are 4-4 . Wi thin the mid-lateral band , 5-

1 2  distinctive quadrate , columnar to square mid -lateral blotches are 

pres ent . The mid-dorsal line has 3- 1 1 darkened dashes . Randomly 
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distributed dorsolateral spots appear as x- or comma -shaped melano­

phores on the s cale periphery . No interradial  fin pigment is pres ent . 

The dorsal profi le from the dorsal  insert to the snout is s lightly to 

moderately curved . 

External morphology . Morphometry : Fin shape and placement as 

well  as general body phys iognamy are illustrated in Figure I I- 1 4 .  

Proportional data for morphometric variables are presented i n  Table 

II- 1 9 .  

Meris tics : Table II- 1 9  summarizes countable characters wi th 

mean , range , and s tandard deviation , and Table II-20  gives meris tic 

dis tributions . 

Sexual dimorphism:  Results of the t-tes t to summarize s exually 

dimorphic variables are presented in Table I I - 2 1 . variables with 

levels of probablility P< O . OS are cons idered s ignificantly different . 

Females are shorter predorsally but males have longer pos t  dorsal and 

caudal peduncle lengths . Females possess significantly longer head 

and snout lengths and larger mouths . Dorsal ,  ana l ,  and pelvic fins 

are s ignificantly longer in  males . 

Nuptial tuberculation : The following is a compos ite drawn from 

examination of 7 2  mature males from throughout the range of the spe ­

cies . Cephalic tubercles generally are spars e or abs ent pre - and 

postorbita lly and dorsally near the mid-occipi ta l .  Heavi est tubercle 

concentrations occur above the eyes and in the opercular region . 

Medium, evenly spaced tubercles occur on sides of the head from the 

opercles anteriad to the maxi llary sulcus extending onto the snout . 
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Table I I - 1 9 .  Range , Mean , and s tandard Deviation of Variables 
of Hybopsis insignis . 

Variable N Rangea MearF ( so )<3-

Morphometries 

STL 5 7 7  4 1 . 30-86 .00  59 . 28 ( 7 . 67 ) 
PRL 5 7 7  450-550 5 02 ( 1 8 . 7 )  
POL 5 7 7  305-57 1 528  ( 1 8  . 8 )  
CPL 5 7 7  1 52-27 1 2 1 8  ( 1 4 . 1 ) 
HDL 5 7 7  228-296 258 ( 9 . 9 )  
SNL 5 7 7  6 7- 1 20 1 02 ( 6 . 5 )  
ULL 5 7 7  47-88 66 ( 7 . 5 )  
GPW 5 7 7  36-77 57 ( 6 . 9 )  
row 5 7 7  30-60 45 ( 5 . 0 )  
ORW 5 7 7  66-96 78 ( 4 . 8 )  
BOD 5 7 7  1 5 3-242 1 94 ( 1 5 . 4 )  
CPO 5 7 7  65-99 8 2  ( 6 . 6 )  
I SW 5 1 7  5 2 - 1 1 9  8 1  ( 1 3 . 3 )  
DFL 576 1 7 1 -2 38 208 ( 1 1 . 1 ) 
AFL 5 7 6  1 23-288 1 80 ( 1 5 . 8 )  
P 1 L  5 7 7  1 45-295 2 1 3 ( 1 8 . 3 ) 
P2L 5 7 6  1 06-240 1 5 3 ( 1 3 . s ) 
POL 577  68- 1 26 94 ( 8 . 0 )  
ULW 550  6-36 1 8  ( 5 .  1 ) 
BWP 529  1 20- 1 84 1 5 1  ( 1 1 . 5 )  

Mer is tics 

LLS 5 7 6  36-47 41 . 2  2 . 1 ) 
ALL 576  S-8 6 . 9 0 . 4 )  
BLL 5 7 6  5-7 6 .  1 0 . 5 )  
CRS 576 26-36 30 . 0  1 • 6 )  
CPS 5 7 7  1 2- 1 7 1 5 . 8 0 . 6 )  
PDS 575  1 4-2 1 1 7 . 4 1 • 1 ) 
PBS 5 7 6  50-99 7 5 . 8  ( 1 3 .  1 ) 
LP 1 5 7 7  1 3- 1 9  1 6 .  1 ( 0 . 8 )  
LP2 576  5-9 8 . 0  ( 0 . 3 )  
ANR 576  6-8 7 . 0 ( 0 .  1 ) 
LTB 566 5- 1 2  7 . 7 ( 1 • 1 ) 
DBL 558 3- 1 1 7 . 6 ( 1 • 1 ) 

a Range , mean , and s tandard deviation of morphometric variables 
( except s tandard length ) are in  thousandths of  s tandard length . 
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Table II-20 . Frequency Distribution of Meris tic Variables of Hybopsis 
insignis . 

Frequency Distribution 

Lateral Line Scales 

36 37 38 39 40 4 1  4 2  4 3  4 4  45 46 47 

2 1 1  37 75  9 1  1 02 1 08 74  39  1 9  1 1 7 

Scales Above Lateral Line Scales Below Lateral Line 

5 6 7 8 5 6 7 

95  468 1 2  35 443  98  

Circumbody Scales 

26 27 28 29 30 3 1  3 2  3 3  34 35 36 

8 2 1  67 1 1 2 1 68 87  8 2  2 1  8 

Circumpeduncle Scales 

1 2  1 3 1 4  1 5  1 6  1 7  

7 1 9  75  47 2 3 

Predorsal Scales 

1 4  1 5  1 6  1 7  1 8  1 9  20 2 1  

2 0  89 2 1 1 1 66 74  1 1 3 

Per Cent Ventral Scalation 

40 45 s o  5 5  6 0  6 5  7 0  75  80  85  9 0  9 5  1 00 

2 6 29 7 8 1  1 1  7 6  39 1 5 3 22  1 27 2 1  
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Table II-2 1 . Sexually Dimorphic variables of Hybopsis ins ignis . 

Variable Sex ( N )  

PRLa 

PDL 

CPL 

HDL 

SNL 

ULL 

GPW 

BDD 

DFL 

AFL 

P 1 L 

CPS 

are 

M ( 200 ) 
F ( 1 8 1 ) 

M ( 200 ) 
F (  1 8 1 ) 

M ( 200 ) 
F ( 1 8 1 ) 

M ( 200 ) 
F ( 1 8 1 ) 

M ( 200 ) 
F ( 1 8 1 ) 

M ( 200 ) 
F (  1 8 1 ) 

M (  200 ) 
F ( 1 8 1 ) 

M ( 200 ) 
F ( 1 8 1 ) 

M ( 200 ) 
F (  1 8 1 ) 

M ( 200 ) 
F (  1 8 1 ) 

M ( 200 ) 
F (  1 8 1 ) 

M ( 200 ) 
F ( 1 8 1 ) 

aRange , mean , 
in thousandths 

Range Mean 

45 0-533  492 .4  
459-550  499 . 2  

49 1 -5 7 1  5 35 . 7  
305-568 524 . 8  

1 95-26 1 2 2 2 . 9  
1 68-27 1 2 1 6 . 4 

228-283 254 . 5  
2 3 2-282 257 . 2  

8 1 - 1 1 6  1 0 1 .s  
8 2- 1 20 1 03 . 6 

47-8 1 6 4 . 6  
5 1 -88 67 . 6  

36-74 55 . 7  
4 1 -77 58 . 1  

1 59-224 1 90 . 1  
1 60-242 1 96 . 5  

1 80-238 2 1 0 . 6 
1 7 1 -2 36 206 . 3  

1 39-244 1 82 . 0 
1 2 3-242 1 78 . 7  

1 69-264 2 1 7 . 2 
1 45-277 2 05 . 3  

1 2- 1 7  1 5 . 7 
1 3- 1 7  1 5 . 8 

and s tandard deviation 
of s tandard length . 

( SD )  t-value p 

( 1 7  . 09 ) 3 . 5865 < . 00 1  
( 1 9 . 95 ) 

( 1 4 . 6 1 ) s . s os s  < . 00 1 
( 23 . 5 0 )  

( 1 2 . 65 ) 4 . 7 1 38 < . 00 1  
( 1 4 . 2 2 ) 

( 9 . 6 4 )  2 .6 1 7 1  < . 0 1  
( 1 0 .  07 ) 

6 . 1 4 ) 3 .4042 < . 00 1 
6 . 2 0 )  

7 . 66 ) 3 . 8724 < . 00 1  
7 . 6 3 )  

6 . 95 ) 3 . 4 388 < . 00 1  
7 • 1 1  ) 

( 1 3 . 67 ) 3 . 8033  < .  00 1 
( 1 8 . 69 ) 

( 1 0 . 88 ) 3 . 7288 < . 00 1 
( 1 1 . 49 )  

( 1 5 . 1 0 ) 2 . 05 2 1  < . OS  
( 1 5 . 7 6 )  

( 1 7 . 4 7 ) 6 . 6283  < .  00 1 
( 1 7 . 3 1 ) 

( 0 . 7 2 )  2 . 2 345  < . OS  
( 0 . 5 4 )  

o f  morphometric variables 
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The snout tip has poor tubercle development . Ventral cephalic tuber­

cles are generally poorly developed . 

The anterior dorsal  and dorsolateral regions are tubercled with 

three to eight medium tubercles located peripherally on each s cale and 

one to two tubercles on the s ca le centrum. Anterior ventral sca les 

( below the lateral-line ) normally are devoid of tubercles , except in  

the mid-pectoral region . Here , prominent single tubercles are 

displayed on the central periphery of each s cale . Pos terior dorsal  

and dorsolateral tubercles are  fewer and smaller than the on  anterior 

regions while ventrally, pos terior to the pelvi c fins , tubercles are 

more prominent in size and number .  

Pectoral rays 1 through 9 ,  1 0 , 1 1 ,  or 1 2  have tubercles on the 

dorsal surface . Tubercles on the first ray are genera lly sma ller and 

appear randomly dis tributed on the pos terior field of the ray . Rays 2 

through 6 ,  7 ,  or 8 have one tubercle per segment on each branch of the 

primary ray meaning four rows are present dis tally on each ray . The 

remaining tubercled rays are res tri cted to the primary ray before 

branching . The ventral surface sometimes has poorly developed tuber­

cles on rays 2 through 8, usually res tricted to the primary ray . 

Pelvi c  fins are tubercled dorsally on rays 1 or 2 through 4 or 5 .  

Tubercles are sma ll , distributed one per ray s egment , and are bes t 

developed dis tally . Occasionally,  tubercles occur ventrally on rays 

2-4 but appear randomly dis tributed and do not form rows . 

Anal fin tubercles are found on rays 1 or 2 through 4 ,  5 ,  6 ,  or 7 

and are bes t developed distally . Tubercles are small ,  usually one per 



segment ( occas ionally two ) and absent from the primary ray before 

branching . 
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Dorsal fin tubercles appear on rays 1 or 2 through 5,  6 ,  7 ,  or 8 

and are usually very sma ll . Tubercles are dis tributed one per segment 

on the primary ray and secondary branches but do not extend to the 

dis tal margin of the ray . 

The nuptial cheek pad was pres ent on all mature males examined 

from early April until early July . Loca tion and appearance are as 

described previously for Hybops is diss imilis and by Branson ( 1 962 ) and 

Jenkins and Burkhead ( 1 984 ) . 

Sensory and trophic ana tomy . Ranges and mean pore counts for 

each canal of the lateral-line sys tem are taken from Reno , 1 969b . 

From eight specimens of Hybops is ins ignis , the following counts were 

obtained : infraorbital canal 1 1 - 1 3 ( 1 1  . 9 ) ; pos tocular commissure 2 

( 2 . 0 ) ; cephalic lateralis 3 ( 3 . 0 ) ; supraorbi tal canal 8- 1 0  ( 9 . 6 ) ; 

supratemporal canal 5-6 ( 5 . 2 ) ; preoperculomandibular canal 7-9 ( 7 . 9 ) . 

Numbers of external and internal tas te buds for five cephalic 

regions determined from serial sections are presented from the work of 

Davis and Miller ( 1 967 ) :  tip of snout ( 1 4 . 1 / 0 . 0 ) ; anterior nasal 

ros ette ( 29 . 6/ 3 . 3 ) ; pos terior nasal rosette ( 1 2 . 8/5 . 4 ) ; pos terior of 

retina ( 5 . 8/ 2 3 . 7 ) ; and anterior of cerebe llum ( 5 . 7/ 27 . 9 ) . Also ,  

compound tas te buds are  present on  the interradial membranes of  the 

pectora l fins . Mean facial and optic lobe widths expressed as a per 

cent of tota l brain length are 1 7 . 0 and 27 . 4 ,  respectively, for 

Hybopsis ins ignis ( Davis and Mi ller , 1 967 ) . 
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Gill rakers : 4 ( 2 ) , 5 ( 1 1 ) ,  6 ( 1 0 ) , 7 ( 1 1 ) , 8 ( 3 ) ; dorsal  rakers ( 3-4 ) 

short and acutely pointed ; ventral rakers rudimentary,  blunt or 

knobby . Etnier and S tarnes ( ms ) give counts of 5-9 . 

Pharyngeal teeth are 4-4 in 36 specimens examined . 

The intes tina l tract is s -shaped and short to medium in length . 

Occasionally,  an accessory loop protrudes from the anteriormost seg­

ment of the descending gut following the s econd 1 80 bend . Total 

intestinal length in 9 3  blotched chubs ( SL 40 . 85-79 . 65 mm ) ranges from 

0 . 88 to 1 . 3 2  X SL ( x  = 1 . 0 3 ) ( Harris , rnsD ) .  

Other i nternal structures . The gas bladder is  two chambered and 

sma ller in size than in other species of Erimys tax .  Average total 

length of both chambers is 2 1 . 3 %  ( 1 9 . 0%-24 . 7 % ; n = 1 5 )  of  SL . The 

anterior chamber mean length is 8 . 5 %  ( 6 . 9%-9 . 5 % )  of  SL and the pos te­

rior chamber averages 1 2 . 8% ( 1 1 . 2%- 1 5 . 2 % )  of SL . 

Vertebral counts are summarized in Table I I- 1 0  ( p .  44 ) and 

include all specimens of Lachner and Jenkins ( 1 97 1 ) .  Total vertebrae : 

37 ( 2 ) ,  38 ( 25 ) , 39 ( 47 ) , 40 ( 5 ) ; precaudal vertebrae :  1 9 ( 4 1 ) ,  20 ( 38 ) , 

2 1 ( 1 ) ;  caudal vertebra e :  1 8 ( 7 ) , 1 9 ( 49 ) , 2 0 ( 2 3 ) . 

Coloration . Freshly captured specimens are olive to dark grey 

dorsally. A lateral band three s ca le rows wide is  present with 5- 1 2  

conspicuous black blotches ranging from columnar to square to s lightly 

rounded . The mid -lateral band extends from a small , inconspicuous 

basicaudal spot anteriad through the opercle and eye to termi nus j ust  

pos terior to the lachrymal groove . A dis tinctly paler region 1 1 / 2 

scale rows wide occurs above the lateral band and is due to reduced 

background pigment . Darker background pigmentation resumes dorsally 
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and s cale edges are  lined wi th small melanophores giving a cross­

hatched appearance . The mid -dorsa l line has 3- 1 1  conspicuous spots . 

Addi tional small spots and x-shaped markings occur on the dorsal and 

lateral surfaces , often manifes ted as four or five rows of spots a long 

the lateral band . A dark bar is pres ent on mos t  individuals at the 

dorsal surface of the pectoral insert . Pigmentation rarely extends 

more than three rows below the latera l-line and the venter is creamy 

to whi te . 

Cephalic background color is charcoa l to tan . Dis tinct pale 

regions occur pre - and pos torbitally . Dark bars due to the nasal 

ros ettes occur between the nares . Some popula tions have dark 

speckling on the dorsum of the head . Be low the orbi ts and the 

lachrymal groove , the head is immaculate . 

Fin pigmentation : Pectoral rays 1 through 8 ,  9 ,  1 0 , or 1 1  are 

pigmented but no interradial pigment is pres ent . During spawning 

season , males have denser , darker concentrations of melanophores on 

the pos terior side of each pigmented ray . Pelvic rays 1 or 2 through 

3 ,  4 ,  5 ,  or 6 usually are weakly pigmented medially . Ana l  rays 1 or 2 

through 5 or 6 are weakly pigmented , wi th melanophores usually 

res tricted to the basal ha lf of the ray . Dorsa l  rays 1 - 7 and the 

firs t half of branched ray 8 are moderately to s trongly pigmented but 

no interradial pigment is present . 
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E .  Hybops is ins ignis insignis Hubbs and Crowe , 1 956 

The holotype ( UMMZ 1 57702 ) is a 59 mm s tandard length adult taken 

22 October 1 942 from the Tennessee River at the head of Blood River 

Island , Calloway County, KY.  

Diagnos is 

Hybopsis i .  insignis is differentiated from �· insignis eris tigma 

by its narrower ( x  = 1 3  TSL ) and shorter upper lip (x = 60 TSL ) . 

Additionally , �· insignis has a longer postdorsal length ( x  = 5 3 1  

TSL ) , and shorter f i n  lengths for the ana l ( x  = 1 7 3 TSL ) , pectoral ( x  

= 2 0 3  TSL ) , and pelvic ( x  = 1 47 TSL ) fins . In �· ins i gnis eristigma , 

the upper lip is expanded on anterior midline ( x  = 22  TSL )  and is 

longer (x = 7 3  TSL ) . Also , pos tdorsal length is shorter (x = 5 1 9  

TSL ) , and lengths for the anal ( x  = 1 90 TSL ) , pectoral  x = 227  TSL ) , 

and pelvic ( x  = 1 6 3 TSL ) fins are longer than in H .  i .  insignis . 

Description 

The description is generally as for Hybopsis insignis wi th the 

following additions or exceptions . Morphometric and meristic varia­

bles are summarized in  Tables II- 1 8  and I I-20 . Fin pla cement and 

general body morphology are shown in  Figure I I- 1 4 ( p .  9 0 ) . Mid­

lateral blotches in �· �· insignis tend to be taller than wide giving 

the blotches a columnar appearance . Als o ,  dorsola tera l spotting is  

reduced whi ch lends to the subspecies appearing paler than i ts Blue 

Ridge counterpart . The two lobes of the caudal fin are virtually 

equal in length in all populations . The dorsal profile from snout tip 
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to dorsal insert of many individuals appears relatively sharply angled 

due to the shorter predorsal dis tance . 

F .  Hybops is ins ignis eris tigma Hubbs and Crowe , 1 956 

The holotype of �· insignis eristigma is a 62  mm SL adult ,  UMMZ 

1 29320  that was collected wi th two paratopotypes ( UMMZ 1 7 7 282 ) on 3 1  

August 1 9 37 from the Wes t Prong o f  the Little Pigeon River at the TN 

Hwy 7 1  crossing 2 . 0  miles west of Pigeon Forge . 

Diagnosis 

See the diagnosis of Hybopsis i .  insignis for comparison of the 

subspecies . 

Description . 

The description is genera lly as for Hybopsis ins ignis wi th the 

following additions or exceptions . Summations of morphometric and 

meristic variables are presented in Tables I I- 1 8  ( p .  88 ) and II-20 ( p .  

9 7 ) . Fin placement and morphology can be seen i n  Figure I I- 1 4  ( p .  9 0 ) . 

Mid-lateral blotches tend to be relatively square in mos t  speci ­

mens or with a s lightly rounded appearance , especially pos teriad , in  

some . Background pigmentation , dorsolateral spotting , and ventro­

lateral spotting are more dense and more numerous giving the subspe­

cies a darker appearance than �· l• ins ignis . Many populations poss ess  

dark punctations on  the dorsum of the head . The anal fin and lower 

lobe of the caudal fin are much elongated in some males of H. insignis 

eristigma ( Figure II- 1 4 , p . 9 0 ) , especially in the upper French Broad 

population . Fina lly,  the dorsal profile is more gently s loped from 



snou t tip to dorsal insert owing to rela tive ly longer predorsal 

length . 

Ana lys is 

G .  Hybopsis x-puncta ta Hubbs and Crowe , 1 95 6  

Gravel chub 

1 0 5  

Six  hundred forty four Hybopsis x-punctata from 29  populations 

were examined during the cours e of this s tudy . Complete da ta for 29 

meris tic and morphometric variables were obtained for 598 specimens 

from 27 populations and these were subj ected to MDA . Tes ts of overall 

dis crimination ( = equa li ty of group centroids ) by MDA MANOVA indi cated 

population centroids were not equal ( F  = 7 . 28 ; P< 0 . 00 1 ) .  

The firs t five canonica l  varia tes from the meristic and morpho­

metri c da ta s e t  accounted for 78 . 6% of total va ria tion wi th varia tes 

and 2 explaining 5 0% and 1 1 % ,  respectively . Corre lations between 

variables and the firs t three canonical va ria tes are pres ented in 

Table I I-22 . CV1 was an express ion of circumpeduncle s cales primari ly 

with lesser loadings for the variables ci rcumferential sca les , sca les 

below lateral-line , and caudal peduncle depth . CV2 again had a high 

loading for circumpeduncle s ca les and had lower correla tions wi th 

predorsal scales , upper lip width , orbi t width , and cauda l peduncle 

length . CV3 had high nega tive correla tion wi th va riables cauda l 

peduncle length and pos t dorsal length . 

From the total da ta set , two dimens ional canonical graphs for 27  

population centroids were cons tucted for canoni ca l axes 1 versus 2 ,  2 

versus 3 ,  and 1 versus 3 .  The bes t  dis crimina tion in canoni ca l space 



Table I I-22 . 

Variable 

PRL 
PDL 
CPL 
HDL 
SNL 
ULL 
GPW 
row 
ORW 
BDD 
CPD 
ISW 
DFL 
AFL 
P 1 L  
P2L 
POL 
ULW 
BWP 
LLS 
ALL 
BLL 
CRS 
CPS 
PDS 
PBS 
LP 1 
LP2 
ANR 

Correlations between canonical variates and 
morphmometric + meris tic variables 
x-punctata . 

Canonical 
variate 1 

0 . 097 
0 . 1 8 1  
0 . 1  7 1  
0 . 084 
0 .039 
0 . 085 
0 . 1 02 
0 . 1 7 1 

-0 . 0 1 4  
0 . 2 1 9  
0 . 25 6  
0 . 08 1  
0 . 2 1 8  
0 . 203  
0 . 1 29 
0 . 1 77 
0 . 1 7 1  
0 . 080 
0 . 1 1 7  
0 . 1 00 
0 . 208 
0 . 242 
0 . 3 1 9*a 

0 . 5 35 *  
0 . 1 22 
0 . 094 
0 . 034 
0 . 003  
0 . 026 

Canoni cal 
variate 

0 . 1 56 
0 . 1 5 6 
0 .  2 1 1 
0 . 077 
0 . 065  
0 . 1 78 
0 . 1 67 

-0 . 0 1 9 
0 .204  
0 . 06 2  
0 . 029 
0 .  1 2 1  
0 . 0 3 3  

-0 .02 1 
0 . 087 
0 . 029 
0 . 07 6  
0 . 23 1  
0 . 09 7  
0 . 1 43 

-0 . 0 3 1  
0 . 1 42 
0 . 059  
0 . 426*  
0 . 245*  
0 .  1 0 1  

-0 . 1 1 9  
-0 . 069 
-0 . 0 1 6 

2 

of Hybops is 

�he * indicates highly correlated variables . 

10 6 

Canonical  
Variate 3 

-0 . 3 39 
-0 . 479*  
-0 . 6 05 *  
-0 . 3 1 1 
-0 . 324 
-0 . 32 1  
-0 . 245 
-0 . 35 4  
-0 . 3 3 1  
-0 . 304 
-0 . 35 7  
-0 . 1 98 
-0 . 36 4  
-0 . 4 3 1  
-0 . 326 
-0 . 393  
-0 . 3 1 7  
-0 . 092 
-0 . 3 1 1 
-0 . 265 

0 . 2 1 8  
0 . 048 
0 . 3 2 3  
0 . 304 

-0 . 035 
-0 . 067 
-0 . 1 1 2 
-0 . 06 1  

0 . 009 
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is supplied by canonical axes 1 versus 2 ( Figure I I - 1 5 ) . Vectors for 

the variables CPS , PDS , CRS , LLS , and BLL were cons tructed wi th origin 

at the grand centroid and show rela tive contributions of raw and z ­

score variables to canonical discrimination .  Group centroids wi th 9 5 %  

confidence ci rcles are i llus trated i n  Figure I I - 1 6 .  

The firs t  three canonical va riates based on morphological va ria­

bles explained 7 3 %  of total variation . CV1 expressed caudal peduncle 

depth whi le CV2 loaded heavi ly for caudal peduncle length and predor­

sal length . 

Results of PCA using morphometric and meris tic variables yielded 

essentia lly the same results as canoni cal ana lys is wi th high loadings 

on scale variables . 

PCA of morphological variables showed PC 1 - 3  account for 84 . 0% ,  

4 . 0% , and 2 . 3% ,  respectively, for a total of 9 0% . Table I I - 2 3  gives 

the loadings of variables on PC 1 - 3 .  PC 1 was a genera l s ize component , 

PC2 had a high pos itive loading for upper lip width , and PC 3 con­

tras ted the high nega tive loading of orbi t width wi th a s imilar pos i ­

tive loading for upper lip width . Plots of individuals on PC 1 versus 

PC2 are pres ented as popula tion polygons in Figure I I - 1 7 .  Shearing of 

principal  components added li ttle to discrimination . 

Population means for va riables wi th high correla tions or loadings 

in the multivariate trea tments are lis ted in Table I I - 24 . Results of 

the Gabriel multiple -comparison tes t of popula tion means for signifi­

cant variables are presented in Table I I - 25 . 



F igure II-1 5 . Population centroid s and variable vectors of 
Hybopsis x-punctata in canonical space determined from the mer istic 
+ morphometric data set . 
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F igur e  II-1 6 .  Population c entroids and 95% con f id enc e c ir c l e s  o f  
Hybopsis x-punctata in c anonical space d etermined from the mer i s t i c  
+ morphometric data set . 
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Table II-23 . Loadings of Morphometric variables on Principa l  
Components of Hybops is x-punctata . 

Principal Principal Principal 
Variable Component Component 2 Component 3 

PRL 0 . 242 0 . 060  -0 . 244 
PDL 0 . 24 1 -0 . 1 2 3 -0 . 0 3 1  
CPL 0 . 225  -0 . 1 35 -0 . 043  
HDL 0 . 243  0 .08 1 -0 . 229  
SNL 0 . 236  0 . 1 83 -0 . 2 1 3 
ULL 0 . 230  0 . 1 7 1  -0 . 1 1 3  
GPW 0 . 230  0 . 1 96 0 . 0 1 2 
r ow 0 . 2 2 3  -0 . 2 1 3  -0 .003 
ORW 0 . 2 1 9  0 . 2 1 8  -0 . 560* 
BDD 0 . 236  -0 . 065 0 . 1 59 
CPD 0 . 2 35 -0 . 1 63 0 . 2 1 4  
ISW 0 .2 1 3 0 . 2 2 1  0 . 05 1 
DFL 0 . 2 35 -0 . 269 0 .  1 5 1  
AFL 0 . 225  -0 . 342 0 . 1 99 
P 1 L  0 . 2 3 1  -0 . 1 32 0 . 084 
P2L 0 . 235 -0 . 2 35 0 . 1 22 
POL 0 . 236  -0 . 020 -0 . 032 
ULW 0 . 1 74 0 . 64 1 *a 0 . 595*  
BWP 0 . 24 1 0 . 098 0 . 022  

aThe * indi cates highly correlated variables . 



F igure II-17 . Population polygons of Hybopsis x-punctata on 
principal component axes determined from the morphometric + meristic 
data set . 
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Table II-24 . Population Means for Variables of Hybops is x-punctata 
with High Correlations in Multivariate Analys es . 

Population CPS CRS POS CPLa CPO POL ORW ULW 

ALG 1 3 . 6  30 . 6  1 6 . 5 2 1 8  84 5 3 0  76 1 0  
MUS 1 2 . 6 29 . 6  1 5 . 8 20 1  8 4  5 2 2  79  1 2  
sco 1 2 . 7 29 .6  1 5  .8  200 89 5 1 6  80 1 3  
MIA 1 2 . 0 30 . 3  1 7 . 0 200 89 5 1 6  7 6  1 1 
GRK 1 2 . 0 28 . 0  1 5 . 0 1 86 92  5 1 0  7 3  
WAB 1 3 . o  29 .8  1 6 . 1  1 98 85 5 1 0  78  1 1 
THM 1 2 .8 29 . 4  1 6 . 1  207 87 5 1 8  7 2  1 2  
ROT 1 6 . 0 29 . 9  1 6 .6 2 0 1  9 1  5 3 3  7 1  1 2  
UIO 1 5 .6 29 . 9  1 6 .9 2 2 3  89 5 4 3  7 0  1 2  
WAP 1 6 . 2  3 1 . 2  1 7  . o  209 85 524 78 1 1  
RCK 1 5 . 6 30 . 1  1 6 .  1 200 88 5 2 7  7 1  1 3  
CED 1 5 . 9 30 .8  1 6 .8 227  9 0  5 49 7 1  1 2  
OSM 1 5 . 8 30 . 0  1 5 . 6 1 97 1 02 5 2 2  75 1 2  
SRM 1 5 . 6 30 . 5  1 5 .9 1 98 95  5 2 2  7 7  1 2 
GAS 1 5 . 9 30 . 4  1 7 . 2 203  87 524 73 1 1  
OSG 1 5 . 7 30 .8 1 6 . 7  205 90 5 29 75  1 2  
MER 1 5 .8 30 . 6  1 6 . 9 206 86 527  74  1 2  
WRA 1 2 . 7  28 . 2  1 6 . 2  206 79  522  8 1  1 2  
STR 1 2 . 9 27 . 7  1 7 . 3  207 8 1  5 1 6  8 1  1 3  
SPR 1 3 . 0  28 . 2  1 5 . 7 202  80 509 8 3  1 3 
CUR 1 3 . 2  28 . 2  1 6 .6 202 82 508 85 1 4  
ILO 1 5 . 7 32 . 5  1 7 . 4 209 9 2  5 38 7 0  1 3 
NEO 1 5 . 8 32 . 8  1 7 . 0 204 95 534 7 1  1 3 
OUA 1 5 . 9 3 1 . 9  1 7 . 4 2 1 1 85 522  77  1 4 
LMR 1 6 . 0 32 .5  1 7 .8 209 87 5 1 3 80 1 5  
CAD 1 5 . 9 32 . 3  1 7 .4 2 1 0  8 4  5 2 6  77  1 5  
SAL 1 6 . 0  29 . 8  1 6 .5 1 89 86 5 1 3  74  1 2  
WRI 1 2 . 6 29 . 4  1 5 .9 205 80 524 7 6  1 3 
TRI 1 6 . 0 30 . 8  1 6 . 3 2 1 7 86 5 4 1  68 1 4  

a Morphometric means are in thousandths of s tandard length . 



Table I I-25 . Gabriel Multiple-Comparison of Hybops is x-punctata 
Population Means . 

variable CPS 
F-value 62 . 5  

Low value MIA 
WRI 
MUS 
sco 
WRA 

f 
p 
0 
p 
u 
L 
A 
T 
I 
0 
N 
s 

l 

THM 
STR 
WAB 
SPR 
CUR 
ALG 
UIO 
RCK 
SRM 
OSG 
ILO 
MER 
NEO 
CAD 
OUA 
GAS 
CEO 
LMR 
ROT 
WAP 

a 

ULW 
3 1  . 8  

UIO 
ILO 
CEO 
ROT 
NEO 
RCK 
THM 
GAS 
MER 
OSG 
WRI 
MIA 
ALG 
OUA 
SRM 
CAD 
WAP 
WAB 
MUS 
sco 
LMR 
STR 
WRA 
SPR 
CUR 

CPD 
3 1  . 5  

WRA 
WRI 
SPR 
STR 
CUR 
ALG 
CAD 
MUS 
WAP 
WAB 
OUA 
MER 
THM 
LMR 
GAS 
RCK 
sco 
UIO 
OSG 
CEO 
ROT 
ILO 
NEO 
SRM 
DSM 

aThe lines connect homogenous subs ets . 

I 

CRS 
27 . 8  

STR 
SPR 
CUR 
WRA 
WRI 
THM 
MUS 
sco 
WAB 
ROT 
UIO 
RCK 
MIA 
GAS 
SRM 
ALG 
MER 
CEO 
OSG 
WAP 
OUA 
CAD 
ILO 
LMR 
NEO 
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Dis cussion 

Hubbs and Crowe ( 1 95 6 )  described Hybopsis x-punctata as a poly­

typic species composed of the nominal subspecies and �· x-punctata 

trautmani . Hybops is �· x-punctata was differentiated as having a 

blunt , s traight , short snout and deeper caudal peduncle wi th dis tribu­

tion defined as northwes tern Arkansas , northeas tern Oklahoma , south ­

eas tern Kansas , southern Missouri and s cattered populations in the 

Mississippi drainage of Illinois , Wisconsin ,  Iowa , and southeastern 

Minnesota . Hybopsis  x-puncta ta trautmani was described as having a 

pointed , down-curved , long snout and s lender caudal peduncle and 

occurring in the Ohio River basin of Illinois , Indiana , Ohio , New 

York,  Pennsylvania ,  and Kentucky with isolated populations in the 

Thames River , Ontario and the Lake Erie drainage of northern Ohio . 

Examination of the canonical graphs ( Figures I I- 1 5 ,  p .  1 08 ;  I I-

1 6 ,  p .  1 1 0 )  indi cated division of the 27 populations into two groups 

differentiated , primarily,  on the basis of caudal peduncle scales , 

scales above and below the lateral-line , and lateral-line s ca les . The 

two groups roughly correspond in geographic dis tribution to the sub ­

species o f  Hubbs and Crowe with the group o n  the negative side o f  

canonical axis 

canoni cal axis 

repres enting �· x-punctata trautmani and the posi tive 

group repres enting H. �· x-punctata . Examination of 

Table II-24 shows Ohio River and Whi te River ( AR and MO ) drainage 

populations wi th modal caudal peduncle scale counts of 1 2  or 1 3 . 

Hereafte r ,  the Current , Strawberry,  Spring , and main channel Whi te 

River populations ( AR and MO ) will  be referred to as the Ozarkian 

populations ( after Thornbury ,  1 965 ) to avoid confusion wi th the White 
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Rive r ,  IN population . ouachi ta Rive r ,  Neosho River , Missouri River 

and upper Mississippi River drainage populations possess 1 5  or 1 6  

scales around the peduncle . Other variables are less defini tive in 

separating the taxa . Certain trends are observable , such as the 

tendency of Ohio and Ozarkian populations to poss ess  a more s lender 

caudal peduncle , shorter pos tdorsal length , and larger eye ( Table II-

24) but certainly do not withs tand rigorous population by population 

statis tica l  analysis . 

Geisser classifica tion probabi li ties using morphometric and 

meristic variables correctly assigned 77%  of individuals ( 463  of 598 ) 

to their a priori populations . Of the 227  specimens from the Ozark , 

Ohio ,  and Thames populations , 76% ( 1 72  of 227 ) were classified to the 

correct a priori popula tion and 97% ( 2 1 9  of 2 2 7 ) classified wi thin  one 

of thes e  1 1  populations . Eight specimens were placed wi thin putative 

�· x-punctata populations and included two to the ouachita and 

Osage Rivers and one each to the Meramec , Gas conade , Sal t ,  and Rock 

rivers . 

There were 1 6  putative �· x-punctata populations from which 37 1 

specimens were analyzed .  Geisser classifica tion correctly placed 78% 

( 29 1  of  37 1 )  to a priori populations and all but two specimens to one 

of the 1 6  x .  x-punctata populations . The two misclassified specimens 

were assigned to the Thames and White River , AR populations of x .  

trautmani . Clearly,  the placement of 97%  and 99 . 5 %  of specimens 

withi n  the correct populations indicates two dis tinct taxa bas ed on 

all variables analyzed . Geisser classification probabi lities were 

recalcula ted using only �orphometric variables to determine the 
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contribution of body morphology (wi thout scale counts ) to discrimina­

tion of the taxa . Seventy-two per cent of trautmani specimens were 

class ified to the correct a priori popula tion and 9 2 %  were classified 

within a trautmani population . Of the 1 8  specimens placed in x­

punctata populations , seven went to the Merame c ,  five to the osage , 

three to the Caddo and one each to the Salt and Rock populations . 

Ninety-seven percent of x-punctata specimens classified wi thin x­

punctata populations . Ten specimens were placed in trautmani 

populations including four to the Wabash , three to the Scioto ,  two to 

the Allegheny, and one to the Whi te Rive r ,  IN . 

Particularly interes ting among results from the morphology based 

Geisser analysis is the contribution of the Missouri River tributa­

ries , the Osage , Gas conade , and Meramec rivers . Of the 1 8  puta tive 

trautmani specimens classified to x-punctata popula tions , 12 res embled 

Osage or Meramec populations whi le four res embled Ouachita River 

tributaries and one each to the Rock and Salt rivers . Ten putative x­

puncta ta specimens were classified to trautmani populations including 

seven from the Osage-Gas conade-Meramec triumvi ra te and three from 

Ouachi ta River tributaries . This sugges ts cons iderable morphologi ca l 

over lap between the Missouri River tributary populations and the 

trautmani phenotype wi th somewhat lesser morphologi ca l congruence 

between the Ouachita River popula tions and the trautmani phenotype . 

These data lead one to suspect the Osage-Gas conade-Meramec as a region 

of intergrada tion wi th Ohio drainage trau tmani and perhaps the 

Ouachi ta drainage as a zone of intergradation wi th Ozark drainage 

trautmani . 



1 2 0  

Inter- and intra -population variation in  key variables is such 

that morphological definition of taxa and zones of intergradation or 

hybridization is difficult wi th the data at hand . The key character 

of caudal peduncle sca les clearly s eparates Hybops is x-punctata popu­

lations into two taxonomic groups . A conservative s tance is taken in 

recognizing the two taxa as  subspecies . Overall  morphological inter­

mediacy as discerned from MDA analysis and Geisser classification 

sugges ts populations from the Missouri River tributa ries , ( Osage , 

Gasconade , and Meramec rivers ) ,  are intergrades between the two sub ­

species . Additiona l morphologica l evidence suggests a simi lar status 

for Ouachi ta River populations . However ,  unti l addi tiona l  detai led 

analysis of individual populations is complete , these populations are 

recognized as  Hybopsis x-puncta ta x-punctata based on caudal peduncle 

scale counts . Therefor e ,  the populations comprising � � x-puncta ta 

include the Caddo , Saline , Little Missouri and mainstem of the 

ouachita River ; the Neosho ( Grand ) drainage of Oklahoma , Arkansas , 

Kansas , and Missouri ; the osage , Gasconade , and Meramec rivers of the 

Missouri River drainage ; and the Salt , Des Moines , Cedar , 

Wapsipini con , Iowa , Root ,  and Rock rivers of the upper Mis s issippi 

River drainage . Hybops is x-punctata trautmani populations occur in 

the Current , Spring , Strawberry, and White rivers in the Arkansas and 

Missouri Ozarks ; the Ohio River tributaries whi ch include the Wabash , 

Miami , Scioto , Muskingum , and Allegheny rivers and tributaries ; and 

finally the Thames River , Onta rio , Canada . 

Data in  Table I I-24 ( p .  1 1 5 )  and visual information provided in 

Figures I I- 1 5  ( p .  1 08 )  and I I- 1 6  ( p .  1 1 0 )  indi cate a degree of 
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morphological differentiation between the Ozark and upper Ohio-Thames 

populations of Hybops is x-punctata trautmani . This is recognized as 

differentiation on the racial level that is expressed by the Ozarkian 

race having a more s lender caudal peduncle and larger eye than the 

Ohio-Thames race . 

Summary of morphological variable means and meris tic variable 

distributions are presented for the two subspecific taxa in Tables II-

26 and I I-27 , respectively . Hybopsis �· x-punctata is  a more robust 

form with deeper body and caudal peduncle depths . Hybopsis x-punctata 

trautmani has a longer head and snout and larger eye . Hybops is �· x­

punctata is proportionally shorter predorsally and longer postdorsally 

whi le H. x. trautmani tends to be more equal in pre- and pos tdorsal 

lengths . Linear s cale counts such as lateral-line and predorsal 

s cales show little differentiation between the taxa . Circumferential 

s cale counts reveal that trautmani has either larger sca les or smaller 

body dimensions to house sca les because thes e counts ( caudal peduncle , 

circumferentia l ,  above lateral-line , and below lateral-line ) are lower 

than those for x-punctata . 

The dis tributions of the subspecies , as herein defined ( Figure 

II- 1 8 ) , are not firmly supported by current regional zoogeographic 

hypotheses or dis tributions of other species . Alterna tive hypotheses 

are presented to explain the distribution of Hybopsis x-punctata 

subspecies . 

Es tablis hment of the two morphotypes probably occurred by 

division of the prototypic form into an eastern population in the 

preglacial Teays sys tem and a wes tern population in the preglacial 
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Table I I-26 . Range , Mean , and S tandard Deviation of Variables of 
Hybops is x .  x-puncta ta and H. x-punctata trautmani . 

x-punctata trautmani 

Variable Range Mean ( SD )  Range Mean ( SD ) 

Morphometri es a 

PRL 437-5 33  499  ( 1 5 )  467-547 5 1 0  ( 1 5 )  
POL 493-474 5 3 1  ( 1 5 )  476-566 5 1 6  ( 1 5 )  
CPL 1 60-249 208 ( 1 5 )  1 67-236 203 ( 1 3 )  
HDL 229-276 255 ( 9 )  1 94-29 3 265 ( 1 2 )  
SNL 8 2 - 1 1 9  1 02 ( 6 )  9 1 - 1 30 1 09 ( 7 )  
ULL 49- 7 3  6 0  ( 5 )  50-75 62 ( 5 )  
GPW 39-65 5 2  ( 5 )  38-6 3 52  ( 5 )  
row 35-57 44 ( 4 )  3 3-62  43  ( 4 )  
ORW 6 2-87 7 3  ( 5 )  66-9 0 80 ( 5 )  
BOD 1 7 3-248 203 ( 1 2 )  1 60-227 1 9 1  ( 1 2 )  
CPO 77- 1 05 89 ( 5 )  7 0-97 84 ( 5 )  
ISW 3 1 -97 72  ( 9 )  49- 1 04 72  ( 9 )  
DFL 1 74-253 2 1 5  ( 1 3 )  1 8 1 -246 208 ( 1 2 ) 
AFL 1 37-2 1 2  1 74 ( 1 4 )  1 40-209 1 7 1  ( 1 4 )  
P 1 L  1 55-244 203 ( 1 5 )  1 64-250 204 ( 1 5 )  
P2L 1 20-288 1 5 2  ( 1 1  ) 1 24- 1 76 1 50 ( 1 0 )  
POL 8 1 - 1 1 3  95  ( 6 )  75- 1 1 0  92  ( 6 )  
ULW 5-20 1 3 ( 3 )  7- 1 9  1 2  ( 2 )  
BWP 1 1 5- 1 7 3 1 47 ( 1 0 )  1 1 8- 1 70 1 47 ( 1 1 ) 

Mer is ti cs 

LLS 37-47 40 . 9  ( 1 . 6 )  36-45 40 . 2  ( 1 . 5 ) 
ALL 6-8 7 . 0  ( 0 . 4 )  5-8 6 . 5 ( 0 . 5 )  
BLL 5-7 6 . 1  ( 0 . 4 )  5-7 s . s ( 0 . 5 ) 
CRS 27-36 3 1  • 3 ( 1 • 6 )  26-34 29 . 3  ( 1 • 6 )  
CPS 1 3- 1 7  1 5 . 8 ( 0 . 6 )  1 1 - 1 6  1 2 . 9 ( 1 • 2 )  
PDS 1 4-20 1 6 . 9 ( 1 . 1 )  1 3- 1 9  1 6 .  1 ( 1 . 1 )  
PBS 40-90 5 3 . 1  ( 6 . 9 ) 40-80 5 0 . 2  ( 6 . 6 )  
LP 1 1 4- 1 8  1 6 .  1 ( 0 . 8 )  1 3- 1 9  1 6 . 1  ( 0 . 9 )  
LP2 7-9 8 . 0  ( 0 . 3 )  7-9 8 . 0  ( 0 . 3 )  
ANR 6-7 7 . 0 ( 0 .  1 ) 6-7 7 . 0 ( 0 .  1 ) 

a Morphometric means and s tandard deviations are in thousandths of 
s tandard length . 
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Table  I I-27 . Frequency Distribution o f  Scale Variables of Hybops is x .  
x-punctata and H. x-punctata trautmani . 

Species Frequency Dis tribution 

Latera l-Line Sca les 

36  37  38  39  40 4 1  42 43 44 45 46 47 

x-punctata 0 3 22  46  9 3  7 2  7 1  4 0  9 7 0 1 
trautmani 8 2 2  48 66 5 2  28 1 1  3 0 0 

Scales Above Lateral Line 

5 6 7 8 

x-punctata 0 30  3 1 1 2 3  
trautmani 1 1  2 1 24 3 

Scales Below Lateral Line 

5 6 7 

x-punctata 1 1  300 53 
trautmani 1 1  2 1 24 3 

Circumbody Sca les 

26 27  28 29 30 3 1  3 2  3 3  34 35 36 

x-puncta ta 0 2 1 1  2 4  8 6  8 6  77  47  24  6 1 
trautmani 4 27 56 42  62  27 20  0 2 0 0 

Circumpeduncle Sca les 

1 1  1 2 1 3  1 4  1 5  1 6  1 7  

x-puncta ta 0 0 6 6 50 297 5 
trautmani 1 26 50  27  26  1 0  0 

Predorsal Scales 

1 3  1 4  1 5  1 6  1 7  1 8  1 9  20  

x-puncta ta 0 2 34  86 1 33 80 26  3 
trautmani 2 1 2  56  8 1  65 2 1  3 0 
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upper Mississ ippi , Iowa , andjor Grand River sys tems ( Pfliege r ,  1 9 7 1 ; 

Mayden , 1 985a ) due to vicariance of unknown provenance .  This eas t­

wes t dis tribution or "highland track" ( Mayden , 1 985a ) is generally 

supported by the distributions of many o ther species , species pairs , 

and subspecies of amphibians and fishes ( Dowling , 1 956 ; Etnier ,  1 97 6 ;  

Lachner and Jenkins , 1 97 1 ; Mayden ,  1 985a ; Page , 1 97 4 ,  1 98 3 ;  and 

others ) .  

The dispersal  of Hybopsis x-punctata trautmani into Thames River 

of the Lake Erie drainage probably occurred via the Maumee outlet 

connecting the Wabash drainage wi th periglacial  Lake Maumee ( 1 4 , 000 

years before pres ent ) or early Lake Erie ( 1 2 , 000 ybp ) ( Bailey and 

Smith , 1 98 1 ) .  The presence of �· x-punctata trautmani in the Ozark 

Highlands west of the present Mississippi River is somewhat enigmatic 

because �· �· x-punctata occurs to the south in  the ouachita Highland 

drainage , wes t  in the Neosho drainage , and north in the Missouri and 

upper Mississ ippi drainages . Dispersal from the Ohio River drainage 

into the lower Mississ ippi may have occurred during glacial maxima 

when the Mis s iss ippi was cooler , less turbid , and less s luggish than 

at pres ent ( Gilbert , 1 964 ) . Connections between the Ohio and 

Mississippi probably existed in several locations as channels cut 

through Crowley ' s  Ridge during high water levels ( Robison ,  1 986 ) . 

Pflieger ( 1 9 7 1 ) sugges ted that  small direct tributari es of the 

Mississ ippi and Ohio in the Mississippi Embayment provided habitats 

typica l of small clear s treams lining the eas tern border of the Ozarks 

today . He visualized " tributary hopping " as a means of dispersing in 

stepwise fashion from tributary to tributary us ing the main channel  
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Mississ ippi . Subsequent dispersal occurred into the White River and 

tributaries . 

The upper Mis s issippi River populations of Hybopsis �· x-punctata 

may have endured glacial advances in  the driftless area of Wisconsin  

and , perhaps , unglaciated portions of the Grand River  drainage ( as 

depicted by Mayden ,  1 985a ) .  The absence of Hybopsis  �· x-punctata 

from the ozarks and i ts presence in the Ouachita and Neosho drainages 

sugges ts that mains tream dispersal  down the Mississippi River is not a 

viable explanation for present dis tribution . Pflieger ( 1 97 1 )  noted 

shared dis tributions between the upper Arkansas ( Neosho ) and middle 

Missouri ( Osage ) sys tems for Notropis spi lopterus , �· heterolepis , 

Noturus flavus , Percina phoxocephala , P .  copelandi , Etheos toma nigrum , 

and �· microperca . He speculated upon a stream capture between the 

Osage and Spring river sys tems whi le noting there was little geolog­

ical evidence ( Bretz , 1 965 ) for such an event . Recent analysis of the 

zoogeography of ouachita Highland fishes ( Mayden , 1 985a ) suggested the 

following alternative hypothesis . During pre -Wis consinan glacial 

advances , part of the Grand River headwaters may have been diverted 

southward into the Plains S tream ( Metcalf , 1 966 ;  Mayden , 1 985a ) 

providing �· �· x-punctata with access to the pres ent day Neosho 

drainage . Subs equent s tream capture by the ouachi ta of a Plains 

S tream tributary ( perhaps the Kiamichi River ) prior to entrenchment of 

the Arkansas River introduced H .  x .  x-punctata into the Ouachita 

drainage . Geological  corroboration for thes e hypothes es is currently 

lacking . 



Synonorny 

Ceratichthys diss irnilis ( Kirtland ) .  Jordan ,  1 87 5 : 37 ( genera , 

species IN ) ; Nelson ,  1 876 : 45 ( dis tribution IL ) ; Jordan , 1 878 : 62 

( distribution IL ) .  

Semotilus dissrni lis Kirtland . Forbes , 1 884 : 7 4 ( Rock , I llinois 

and Ohi o ,  Rivers I L ) . 
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Nocornis dissirnilis ( Kirtland ) .  Jordan ,  1 877 : 377  ( White R . , IN ) . 

Hybopsis dissirnilis ( Kirtland ) .  Jordan and Gilbert , 1 886 : 1 1  

(Washita ( =Ouachita ) and Saline Rivers , AR ) ; Jordan ,  1 889 : 355-356 

( comparison wi th �· watauga ; distribution ) ;  Henshall , 1 88 8 : 79 ( Li ttle 

Miami R . , OH) ; Meek , 1 89 1 : 1 22 , 1 38 ( Gasconade , Little Piney Rivers , MO ; 

ouachi ta R . , AR ) ; Meek , 1 892 : 2 34 ,  2 39 ,  242  ( Cedar , Shellrock , 

Wapsipinicon , and Turkey Rivers , IO ) ; Woolman , 1 89 2 : 25 1 , 258 , 287 

( Rolling Fork Sal t  R . , KY; comparison wi th �· watauga ; dis tribution 

KY) . ;  Eigenmann and Beeson , 1 89 4  ( distribution IN ) ; Meek , 1 895 : 78 ,  9 0-

92 ( dis tribution AR ) ; Evermann and Cox , 1 896 : 4 1 0 ,  427  ( distribution 

Missouri R. basin ) ;  Jordan and Evermann , 1 896 : 3 1 5 ,  3 1 8-3 1 9  ( in key; 

description and dis tribution , bas ed in part on �· diss imilis ) ;  Osburn , 

1 90 1 : 62 ( description ; distribution OH , based in part on �· 

dissirnilis ) ;  Evermann , 1 902 : 9 6 ( speci es lis t ,  Great Lakes drainage ) ;  

Large , 1 9 03 : 1 9  ( in key ; dis tribution I L ) ; Forbes and Richardson , 

1 9 08 : c ,  cv, cxi , 1 64- 1 65 ( description ; dis tribution IL;  biology; 

figure ) ;  Meek and Hildebrand , 1 9 1 0 : 277-278 ( in key; des cription ; 

distribution ; figure ) ;  Evermann , 1 9 1 8 : 367 ( Salt  R .  basi n ,  KY) . 
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Hybopsis diss imilis ( Gi rard ) .  Meek , 1 892 : 1 09 ( Cedar R .  basin , 

IO ) . 

Erimys tax diss imilis ( Ki rtland ) .  Hubbs and Greene , 1 928 : 388 

( species list Great Lakes drainage ) ;  Jordan , et al . ,  1 9 30 : 1 38 ( dis tri ­

bution ; synonomy, based in part on �· dissimilis ) ;  Osburn , et a l . , 

1 9 3 0 : 1 7 2 ( species lis t OH ) ; Greene , 1 9 35 : 77  ( range ; distribution WI ) ;  

O ' Donnell , 1 9 35 : 48 1  ( dis tribution IL ) ; Aitken , 1 9 36 : 32 ( species lis t  

IO ) ; Blatchley , 1 938 : 5 3-54 ( des cription ; distribution I N ,  based i n  

part on �· dissimilis ) ;  Hubbs and Lagler , 1 9 39 : 1 7  ( key to species of 

Great Lakes drainage ) ;  Eddy and Surber ,  1 947 : 1 5 1 ( des cription ; dis tri ­

bution , bas ed in part on H .  dissimilis ) ;  Moore and Paden , 1 95 0 : 8 3  

( Illinois R . , AR and OK ; habi tat ;  relationship to H .  dissimilis ) ;  

Scott , 1 958 : 1 6  ( checklist Alaska and Canada ) ;  Dickinson , 1 960 : 30- 3 1  

(key to WI fishes ; line drawing ) .  

Hybopsis watauga Jordan and Evermann . Eigenmann and Beeson , 

1 89 4 : 9 1  ( distribution IN ) ;  Meek , 1 89 4 : 249 (Whi te R .  at Eureka Springs , 

AR) ; Kirsch , 1 895 : 37 ( Eel  R . , IN ) ; Meek , 1 908 : 1 5 1  ( distribution , IO ) .  

Bla tchley, 1 9 38 : 54 ( description ; dis tribution IN , based in part on H .  

dissimi lis . 

Erimys tax new species Hubbs and Crowe . Gerking , 1 945 : 50 ( di s tri ­

bution IN ) .  

Erimys tax sp . S tarrett , 1 95 1 : 1 7  ( abundance Des Moines R . , IO ) .  

Hybops is s p .  Harlan and Speaker , 1 95 1 : 7 6 ( des cription , habi tat ) ;  

Cleary , 1 95 3 : 6 3 1  ( abundance ; dis tribution Iowa -Cedar R .  drainage , IO ) ; 

Gerking , 1 955 : 69 ( key to IN fishes ) ;  Bai ley , 1 95 6 : 357 ( key to IO 

fishes ) .  
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Hybopsis x-punctata Hubbs and Crowe , 1 956 : 2 ,  4 ,  7 ( original 

des cription ; subspecies ; dis tribution ; in key ) ; Becker , 1 96 1 : 242 

( range reduction ; turbidity ) ;  Deacon , 1 96 1 : 380 ( relative abundance 

Neosho R . ,  KA ) ; Nordlie , et al . ,  1 96 1 : 255  ( corrected dis tribution , 

MN ) ; Branson , 1 9 62 : 5 3 2 ,  5 36-538 ( tuberculation ; sensory s tructures ; 

sys tema ti cs ; figure ) ;  Eddy, et al . ,  1 963 : 1 1 5 ( dis tribution Mississ ippi 

drainage , MN ) ;  Smith , 1 965 : 7  ( dis tribution and abundance , IL ) ;  Cross , 

1 967 : 89-90 ( partial synonomy ; description ; dis tribution KA; biology ; 

figure ) ;  Branson , 1 967 : 1 33 ( Neosho R . ; Illinois R . ;  habitat ) ;  Davis 

and Mi lle r ,  1 967 : 6 , 8-9 , 1 3- 1 5 ,  24-27 , 32-36 ( range ; brain morphology ; 

sensory s tructures ; biology ) ;  Phi llips and Underhi l l ,  1 967 : 1 7 7- 1 78  

( dis tribution MN ) ;  Moore , 1 968 : 68 ,  7 0  ( in key ; range ) ;  Pflieger , 

1 968 : 4 ,  3 3  ( checklist MO ; in  key) ; Branson , et al . ,  1 9 69 : 437  ( distri ­

bution Spring R .  drainage , OK , KA ,  MO ) ; Reno , 1 9 69a : 68 ( nomenclature ) ;  

Reno , 1 969b : 7 39 ,  7 46-753 , 762 , 765-766,  770 ( cephalic lateral -line 

system ; biology ; figure ) ;  Johnson and Becker , 1 9 7 0 : 276  ( s tatus ; 

distribution W I ) ;  Wi ley and Collette , 1 97 0 : 1 68 ( nuptial tubercles , 

cites Branson , 1 962 ) ; Pflieger ,  1 97 1 : 334-335 ( partial synonomy ; habi ­

tat ;  dis tribution MO ; zoogeography ) ;  Smi th , 1 97 1 : 8-9 ( dis tribution IL; 

range reduction due to siltation ) ;  Smi th , et al . ,  1 97 1 : 7 , 1 4  ( dis tri ­

bution upper Miss is sippi R . ) ; Mi ller , 1 972 : 242  ( s ta tus W I ) ;  Buchanan , 

1 97 3a : 28 ( checklis t  AR ) ;  Buchanan , 1 97 3b : 4 ,  33 , map 44 ( checklis t ;  

distribution AR; i n  key ) ; Miller and Robison , 1 97 3 : 62 ,  67-68 ( in key , 

figure , des cription ; dis tribution ; habi tat ;  biology ) ;  Moore , 1 97 3 : 2 ,  

1 9  ( history in OK ) ;  Scott and Crossman , 1 97 3 : 380 ,  423-424 ( in key ;  

des cription ; dis tribution ; biology ; partial synonomy ; figure ) ;  Green 
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and Beadles , 1 97 4 : 2 3 ( relative abundance ; biology ; Current R . , AR ) ; 

Ba lon , 1 975 : 834  ( reproductive guild as a non-guarding phyto ­

li thophi l ) ;  Clay , 1 97 5 : 1 38 ,  1 45 ( in key; figure ; des cription ; range ; 

dis tribution KY; subspecies ) ;  Cross and Collins , 1 975 : 52 ( description , 

distribution KA, habi tat ,  biology , s tatus KA ) ; Denoncourt , et al . ,  

1 975 : 1 1 8  ( checklist WVA ) ; Geishler , et al . ,  1 975 : 37 ( checklist 

Illinois R . ,  AR ) ;  Pflieger , 1 975 : 1 04 ,  1 37- 1 38 ( in key;  figure ; 

description ; etymology; habita t ;  biology; distribution MO ) ;  Whitaker 

and Wallace , 1 975 : 456  ( Wabash R .  drainage , Vigo Co . ,  IN ) ; Hubbs and 

Pigg , 1 97 6 : 1 1 6 ( s tatus OK ) ;  Bounds , et al . ,  1 977 : 2 2-23  ( checklist 

Randolph Co . ,  AR ) ;  Johnson and Beadles , 1 9 7 7 : 59 ( Eleven Point R . , AR ) ;  

Dewey and Moen , 1 9 78 : 40 ( dis tribution Caddo R . , AR ) ;  Harris and 

Douglas , 1 978 : 56 ( habi tat ;  dis tribution upper Ouachi ta R . , AR ) ;  Mills , 

et al . ,  1 978 : 30 ( distribution Big Rive r ,  MO ) ;  Smith , 1 979 : 75 ,  83-84 

( in key ; partial synonomy ; figure ; des cription ; habi tat ;  dis tribution 

IL; sys tematics ) ;  Burr , 1 980 : 64 ( distribution KY) ; Gilbert ,  1 980b : 1 96 

( figure ; range ; sys tematics ; habi tat ;  biology ) ;  Bailey and Smith , 

1 98 1 : 1 55 0  ( distribution Great Lakes drainage ) ;  Brenner , 1 98 1 : 302 

( Mercer Co . ,  PA ) ;  Branson , et al . ,  1 98 1 : 8 1 ( s tatus KY) ; Phillips , et 

al . ,  1 982 : 1 1 8 ( etymo logy; description ; dis tribution ) ;  Fago , 1 982 : 1 0-

1 9 ,  2 4 ,  map 1 6  ( figure ; dis tribution WI ; abundance ; habi tat ;  s tatus 

W I ) ; Eaton , et al . ,  1 982 : 1 9 1 , 1 9 3 ( dis tribution Allegheny R . , NY and 

PA ) ;  Friets che , 1 982 : 29 ( Li ttle Missouri R . , AR ) ;  S tauffe r ,  et al . ,  

1 982 : 30- 3 1  ( checklist central and northern Appalachian Mountains ) ;  

Becker , 1 983 : 489-49 1 ( figure , gut configuration , des cription , dis tri ­

bution WI , biology , s tatus ) ;  Cooper , 1 983 : 9 1 , 9 3  ( in key; figure ; 



range ; distribution PA; biology ) ;  Brown and Arms trong , 1 985 : 8  

( relative abundance Illinois R . , AR ) ;  Mayden ,  1 985a : 200 , 2 05-206 

( zoogeography Ouachi ta and Ozark highlands ) .  
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Hybopsis x-punctata x-punctata Hubbs and Crowe , 1 956 : 2 , 4 ,  7 ( in 

par t ,  original description ; range ; in key ) ; Eddy and Underhi ll ,  

1 959 : 342  ( corrected dis tribution , MN ) ;  Hubbs and Lagler , 1 96 4 : figure 

1 25 ;  Jenkins and Lachner , 1 97 1 : 4-7 ( s cale radii ; vertebra l counts ) .  

Hybopsis x-punctata trautmani Hubbs and Crowe , 1 956 : 2 ,  4 ,  7 ( in 

part ,  original description ; range ; in key ) ; Hubbs and Lagler ,  1 957 : 3  

( checklist  Great Lakes drainage ) ;  Hubbs and Lagler , 1 964 : 70 ,  79 ( i n  

key , range ) ;  Jenkins and Lachner ,  1 97 1 : 6-8 ( vertebral counts ) ;  

Trautman , 1 95 7 : 307-309 ( figur e ;  description ; distribution OH; habita t ;  

ecology ) ;  Trautman , 1 98 1 : 9 3 ,  285-287 ( in key , figure ; des cription ; 

distribution OH; habitat ;  ecology ; s ta tus OH) . 

Diagnos is 

Hybopsis x-punctata differs from �· dissimilis , H .  harryi , and �· 

insignis by lacking mid-lateral and mid-dorsal  spots or blotches . I t  

i s  discerned from �· cahni b y  the pres ence of dis tinctive dorsolateral 

and lateral punctations and x-shaped markings . 

Description 

The body is elongate , loaf-shaped in predorsal cross s ection , 

quadrate in postdorsal cross section , and tapered from the pelvics 

pos teriad to the caudal fin . I t  is s lightly compressed latera lly 

posterior to the dorsal fin . The snout is rounded and overhangs a 

subterminal ,  ventral mouth . The eyes are medium s ize , located 
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dorsolaterally, and directed dorsally to somewhat pos teriad . The 

terminal labial barbels are moderately to well  developed , occas ional­

ly , with two per side . Pharyngeal teeth are 4-4 . Scales are 

moderately large with 36-47 ( 38-44 ) in the lateral-line . A lateral 

band is present ranging from dusky to indis tinct . The mid-dorsal 

stripe is weak and the dorsal  and lateral regions covered with 

numerous x- or comma-shaped melanophores at s cale j unctions . No 

interradial fin pigment is  present . The dorsal profile from dorsal  

insert to  snout is s lightly to moderately curved . 

External morphology . Morphometry :  Fin shape and placement as 

well as genera l body physiognamy are i llus trated in Figure I I - 1 9 .  

Proportional data for morphometric variables are in Table I I-28 . 

Meristics : Tables I I-28 and I I-29 summarize countable variables 

with mean , range , s tandard deviation , and dis tribution . 

Sexual Dimorphism.  Morphometries : Sexual dimorphism in morpho­

metric characters is summarized in Table II-30 wi th results of t­

tes ts . Males are longer postdorsally and in the caudal peduncle and 

broader in body width , interorbi tal width , and is thmus width . Dorsa l 

and pectoral fin lengths are s ignifcantly longer in males . Females 

are longer predorsally and in the head region wi th longer snout 

length , lip length , and gape width . 

Nuptial tuberculation : Tubercle dis tribution is a compos ite 

obtained from observations of 85 mature males from throughout the 

range of the species . The head has reduced tuberculation in the mid­

occipita l ,  pos torbita l ,  and anteronarial regions . Tubercles are 



Figure II-1 9 .  Photographs o f  Hybopsis x-punc tata . 
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Figure I I-19 A .  Hybopsis �· x-punctata . (Lateral aspect ) . IO , 
Winnishiek Co . Upper Iowa River at A-34 crossing . 7 0 . 9mm SL female . 

Figure I I-19 B .  Hybopsis �· x-punctata . ( Dorsal aspect ) .  MO , 
Miller Co . Tavern Creek at MO Hwy . 133  crossing . 56 . 7mm SL 

Figure  II-19 C .  Hybopsis x-punctata trautmani .  
a spect ) . AR, Lawrence Co . Spring River at Ravenden . 
female .  

(Lateral 
67 . 3mm SL 
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Table II-28 . Range , Mean , and S tandard Deviation of Variables of 
Hybopsis x-punctata . 

Variable N Range Mean ( SD )  

Morphometries a 

STL 644 40 . 25-9 1 . 1 5  59 .84  ( 9 . 39 )  
PRL 644 437-547 503  ( 1 6 . 2 )  
PDL 644 47 1 -574 525  ( 1 6 . 7 )  
CPL 644 1 60-249 206 ( 1 4 . 0 )  
HDL 644 1 94-29 3 259 ( 1 1  • 3 )  
SNL 644 8 2- 1 3 1  1 OS ( 7 .  1 ) 
ULL 644 49-75 6 1  ( 4 . 6 )  
GPW 644 38-70 5 2  ( 4 . 8 )  
r ow 644 33-62 44 ( 3 . 7 )  
ORW 644 62-90 76 ( 5 . 6 )  
BDD 644 1 59-248 1 99 ( 1 4 . 0 )  
CPD 644 7 0- 1 05 87 ( 6 . 0 ) 
ISW 6 24 3 1 - 1 04 72  ( 8 . 7 )  
DFL 644 1 74-265 2 1 2  ( 1 3 .  7 )  
AFL 644 1 37-2 1 6  1 7 3 ( 1 4  . 0 )  
P 1 L  64 1 1 55-250 203  ( 1 4 . 8 )  
P2L 6 4 1  1 20- 1 88 1 5 1  ( 1 0 .  3 )  
POL 644 75- 1 1 4  94 ( 6 . 2 )  
ULW 6 4 1  4-20 1 2  ( 2 . 6 )  
BWP 6 38 1 1  5- 1 7 3 1 47 ( 1 0 . 4 )  

Meris tics 

LLS 644 36-47 40 . 6  ( 1 . 6 )  
ALL 644 5-8 6 . 8 ( 0 . s )  
BLL 644 S-7 5 . 9 ( 0 . 5 ) 
CRS 644 26-36 30 . 4  ( 1 • 8 )  
CPS 644 1 1 - 1 7  1 4 . 6 ( 1 .  7 )  
PDS 644 1 3-20 1 6 . 6 ( 1 • 2 )  
LP1 6 4 1  1 3- 1 9  1 6 . 1  ( 0 . 8 )  
LP2 644 7-9 8 . 0 ( 0 .  3 )  
ANR 644 6-7 7 . 0 ( 0 . 1  ) 

�orphometric means and s tandard deviations ( except s tandard 
length ) are in thousandths of s tandard length . 
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Table II-29 . Frequency Dis tribution of Meris tic Variables of Hybopsis 
x-puncta ta . 

Frequency Dis tribution 

Lateral Line Scales 

36 37 38 39 40 4 1  42  43  44 45 46 47 

1 3  46 1 03 1 7 1  1 3 1  1 05 5 1  1 3 9 0 

Scales Above Lateral Line Scales Below Lateral Line 

5 6 7 8 5 6 7 

1 55 462 26 1 3 1  455  58 

Circumbody Scales 

26 27 28 29 30 3 1  3 2  3 3  34 35 36 

4 30  70  7 4  1 6 1 1 22 1 03 47 26 6 

Circumpeduncle Scales 

1 1  1 2  1 3 1 4  1 5  1 6  1 7  

1 38 57  35 84 324  5 

Predorsal Scales 

1 3 1 4  1 5  1 6  1 7  1 8  1 9  2 0  

2 1 5  1 02 1 84 208 1 0 1  29 3 

Per Cent Ventral Scalation 

40 45 5 0  55 60 65 7 0  7 5  8 0  85 90 

36 55 360 75 80 8 1 3 3 8 0 

Left Pectoral Rays Left Pelvic Rays Anal Rays 

1 3  1 4  1 5  1 6 1 7  1 8  1 9  7 8 9 6 7 

2 1 0  1 3 1  3 1 9  1 54 2 3  2 1 7  592  36  6 638 
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Table I I-30 . Sexually Dimorphic Variables of Hybopsis x-punctata . 

Variable Sex ( N )  Range Mean ( SD )  t-value p 

PRLa M ( 203 ) 456-5 35 492 . 2  ( 1 5 . 9 1 ) 4 . 3098 < .  00 1 
F ( 203 ) 465-547 502 . 2  ( 1 6 . 6 2 )  

PDL M ( 203 ) 484-574 5 3 3 . 0  ( 1 6 . 1 8 )  4 . 9 337 < .  0 0 1  
F ( 203 ) 48 1 -563 524 . 8  ( 1 7 . 06 )  

CPL M ( 20 3 )  1 60-249 209 . 6  ( 1 4 . 9 0 )  2 . 2044 < . OS 
F ( 20 3 )  1 7 1 -242 206 . 4  ( 1 4 . 46 )  

HDL M ( 203 ) 225-277 255 . 1  ( 1 0 . 39 ) 4 . 25 00 < .  0 0 1  
F ( 203 ) 238-289 259 . 4  ( 1 0 . 1 8 ) 

SNL M ( 203 ) 87- 1 1 8  1 03 . 8  6 . 6 3 )  3 . 4 3 1 9 < . 0 0 1  
F ( 203 ) 90- 1 22 1 06 . 0  6 . 09 )  

ULL M ( 203 ) 50-72 59 . 4  4 . 5 3 )  6 . 09 1 6  < . 00 1  
F ( 203 ) 52-75 62 . 0  4 . 28 )  

GPW M ( 203 ) 38-70 5 2 . 1  5 . 08 )  2 . 8483 < . OS 
F ( 203 ) 43-64 5 3 . 4  4 . 49 ) 

IOW M ( 20 3 ) 35-55 44 . 0  3 . 6 2 )  2 . 65 1 5  < . OS 
F ( 20 3 )  35-62 43 . 1  3 . 5 6 )  

I SW M ( 2 0 1 ) 49- 1 00 7 3 . 9  9 0 4 1  ) 3 . 1 609 < . 005 
F ( 200 ) 3 1 - 1 04 7 1  . 1  7 . 79 )  

DFL M ( 20 3 )  1 83-265 2 1 3 . 0  ( 1 3 . 2 0 )  3 . 2 1 65 < . 005 
F ( 203 ) 1 74-253 208 . 7  ( 1 3 . 64 )  

P 1 L  M ( 203 ) 1 55-250 205 . 7  ( 1 3 . 5 8 ) 8 . 0547 < . 0 0 1  
F ( 200 )  1 64-228 1 95 . 2  ( 1 2 . 5 0 )  

BWP M ( 202 ) 1 24- 1 7 3 1 49 . 8  9 . 97 )  2 . 0779 < . OS 
F ( 200 ) 1 1  8- 1 72  1 47 . 8  9 . 68 )  

a Means and standard deviations are in thousandths of s tandard 
length . 



numerous , but small  and grainy in the supraorbita l ,  opercular ,  and 

interorbita l  areas . 
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Body tubercles are bes t developed anterior to the dorsal  fin 

above the lateral band and s cales have 1 4-25 grainy tubercles 

dis tributed over  the entire s cale . Some specimens have a preponder­

ance of tubercles on the s cale periphery . Dorsolateral s cales 

pos terior to the dorsal fin have tubercles usually res tricted to the 

s cale margin .  Ventral s ca les anterior to the pelvic ins ertion have 1 -

3 enlarged tubercles at the center of the sca le margin .  Pos terior 

ventral s cales poss ess  small  tubercles on the s cale margin .  

Pectoral rays 1 or 2 through 9 ,  1 0 , or 1 1  have tubercles that are 

bes t developed on rays 2 through 6, 7 ,  or 8. Tubercles are unis erial 

with one per ray segment on the primary ray and each branch . Tuber­

cles , if  present on ray one , usually are smaller . TUbercles on rays 

9- 1 1 usually are res tricted to the primary ray before branching . 

Tubercles are uniserial on pelvic rays 2 through 4 ,  5 ,  6 ,  or 7 

and usually are abs ent from the proximal portion of each ray . They 

begin j us t  before the firs t  branching and are bes t developed on the 

dis tal portions of each ray . 

Anal rays have small , unis erial tubercles usually on rays 2 

through 6 or 7 distal  to the primary ray . 

Dorsal  rays 1 or 2 through 6 ,  7 ,  or 8 have tubercles on medial  

and dis ta l  portions distributed one or  two per ray segment . They 

usually are very small and late developing . 
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A nuptial pad is pres ent on all mature males examined from late 

March through late June . Location and appearance are as des cribed by 

Branson ( 1 962 ) and Jenkins and Burkhead ( 1 984 ) . 

Sensory and trophic anatomy . Twenty-five specimens of Hybopsis 

x.  x-punctata from the ouachita and Neosho drainages were analyzed by 

Reno ( 1 969b ) for pores in the lateral -line sys tem . Ranges and�eans 

obtained were : infraorbital  canal 8- 1 1  ( 9 . 9 ) ; pos tocular commissure 

2-4 ( 3 . 0 ) ; cephalic lateralis 1 -3 ( 2 . 6 ) ; supraorbi tal canal 6- 1 1  

( 8 . 1 ) ;  supratemporal canal 2-5 ( 2 . 7 ) ; and preoperculomandibular canal 

6-9 ( 7 .  1 ) • 

Mean number of external and internal tas te buds for five cephalic 

regions were analyzed by Davis and Mi ller ( 1 9 67 ) from eight Neosho 

drainage specimens and one Whi te Rive r ,  AR specimen . Numbers obtained 

wer e :  tip of snout ( 3 1 . 5/ 0 . 2 ) ; anterior nasal ros ette ( 33 . 4/6 . 2 ) ; 

pos terior nasal rosette ( 1 4 . 6/5 . 5 ) ; pos terior of retina ( 7 . 8/ 1 7 . 8 ) ; 

and anterior of cerebellum ( 5 . 3/ 34 . 6 ) . Mean facial and optic lobe 

width expressed as per cent of total brain length were 1 4 . 5  and 27 . 4 ,  

respectively ( Davis and Mi ller , 1 967 ) .  

Compound tas te buds are present between the firs t  and s econd 

pectoral and pelvic rays on both dorsal and ventral surfaces . Smaller 

tas te buds are located dis tally on the dorsal surface interradially 

between branches . Mos t  specimens have well  developed s ensory bris tles 

on the lachrymal flap between the upper lip and snout . 

Gill  rakers : 3 ( 2 ) ,  4 ( 9 ) ,  5 ( 1 2 ) ,  6 ( 1 5 ) ,  7 ( 9 ) ,  8 ( 5 ) ; dorsal rakers 

are short ,  acutely pointed or blunt ; ventral rakers are very short and 

blunt or rudimentary . 
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The intes tinal  tract ranges from s imple s -s hape to a modified s ­

shape wi th accessory loop ranging i n  length from a short protuberance 

to as long as the ascending portion of the gut . Total gut length of 

71 Ouachita River drainage specimens is 0 . 75- 1 . 30 X SL ( x  = 1 . 04 ) 

( Harris , msB ) . 

Other internal s tructures . The gas bladder is  large , two 

chambered , and averages 26 . 1 %  ( 24 . 8%-32 . 8% ,  n = 1 5 )  of SL.  The 

anterior chamber averages 1 0 . 5% ( 8 . 4%- 1 2 . 0% )  of SL and the pos terior 

chamber averages 1 7 . 5 %  ( 1 5 . 3%-2 1 . 1 % ) of SL. Vertebral counts are 

summarized in Table I I- 1 0  and include all specimens from Jenkins and 

Lachner ( 1 9 7 1 ) .  Total vertebrae : 37 ( 5 ) ,  38 ( 36 ) , 39 ( 27 ) ,  40 ( 1 ) ;  

precaudal vertebrae : 1 9 ( 20 ) , 2 0 ( 45 ) , 2 1 ( 4 ) ; caudal vertebrae : 1 7 ( 3 ) ,  

1 8 ( 26 ) , 1 9 ( 38 ) , 2 0 ( 2 ) . 

Coloration . Freshly captured specimens are olive to dark gray 

dorsally and whi te to cream ventrally . A dusky to bold latera l band 

is present from the lachrymal groove pos terior to the caudal fin , mos t  

s trongly pigmented from the pos terior dorsal fin bas e  pos teriad to the 

caudal base .  Anteriorly, the band is primarily res tricted to lateral­

line s ca les and 1 - 1 1 / 4 s ca le rows above . Pos terior to the anal fin , 

the band constricts to the lateral-line s cale row . The mid -dorsal 

band is  thin and poorly to moderately pigmented . 

Dorsolateral background pigment immediately above the lateral 

band is  diffuse producing a pale zone 1 1 / 2 scale rows wide . Dorsal­

ly, background pigmentation is more concentrated . From one s cale row 

below the lateral-line dorsad , x- and comma-shaped melanophores are 
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randomly distributed . Thes e markings occur between s cales rather than 

in the centrum of a s cale . 

Across the head , the band is relatively diffuse in the opercular 

region and through the eye . The band is generally quite distinct 

anterior to the eye before terminating at the lachrymal groove . 

Cephalic pigment is dark with pale zones in the pre - and postorbital 

regions . A thin line of pigment j us t  below the eye extends to the 

snout , with the area ventral to this immaculate . Nares and the inter­

narial  area are darkened due to nasal  ros ettes . 

Fin pigmentation : Pectoral rays 1 through 6 ,  7 ,  8 ,  9 ,  or 1 0  are 

outlined wi th melanophores . During spawning , males have denser , 

darker concentrations on the pos terior of each pigmented ray . Some 

populations have concentrations which appear as spotting when viewed 

from above . Pelvi c  rays 1 or 2 through 3 ,  4 ,  or 5 are very sparsely 

outlined , usually on the medial  portion of the ray . Anal rays 1 or 2 

through 4 ,  5 ,  6 ,  or 7 have melanophores usually res tricted to the 

basal half of the ray . Dorsal  rays 1 through 7 and the first branch 

of ray 8 are moderately to s trongly outlined . The caudal fin of some 

populations has pigment spots forming one or two v-shaped rows with 

apex at the caudal bas e . Procurrent caudal rays are more heavi ly 

outlined than other rays , causing the outer edges of the caudal fin to 

be darker .  Interradial pigment is absent on all fins . 

H .  Hybopsis x-punctata x-punctata Hubbs and Crowe , 1 956  

The holotype of the species and subspecies , UMMZ 1 5 2359 , is a 

67 . 7  mm SL adult collected from the Gasconade River at Starks Ford , 



8 . 0  miles south of Richland , Pulaski County , MO on 28 Augus t 1 940 . 

Pflieger ( 1 9 7 1 ) corrected the locality data whi ch Hubbs and Crowe 

( 1 95 6 )  erroneously listed as " S tarks Fork of Gasconade River " .  

Diagnosis 
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Hybopsis �· x-punctata differs from �· x-punctata trautmani by 

having a modal count of 1 6  circumpeduncle s ca les to 1 2  for trautmani . 

Hybops is x .  x-punctata is shorter in predorsal length ( x  = 499 TSL ) , 

head length ( x  = 255  TSL ) , and snout length ( x  = 1 02 TSL )  but longer 

postdorsally ( x  = 5 3 1  TSL ) than trautmani . Hybops is x .  x-punctata is 

also more robus t in body depth ( x  = 203 TSL ) and caudal peduncle depth 

(x = 89 TSL ) . 

Means in thousandths of SL for Hybopsis x-punctata trautmani 

variables are : predorsal length = 5 1 0 ,  pos tdorsa l length = 5 1 6 ,  head 

length = 265 , snout length = 1 09 ,  body depth = 1 9 1 , and caudal pedun­

cle depth = 84 . 

Des cription 

The description is genera lly as given for Hybopsis  x-punctata . 

Many specimens of H .  x .  x-punctata are darker dorsally and seem to 

have more dis tinctive x-shaped markings than i ts eas tern counterpart . 

These observations may be due , in part , to the clear waters from whi ch 

mos t H .  x .  x-punctata were taken . This s eems to heighten the 

expression of melanis tic characters . Hubbs and Crowe ( 1 956 ) referred 

to the short , s traight muzz le of this  subspecies as a means of 

differentiating the two forms . 
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I .  Hybops is x-punctata trautmani Hubbs and Crowe , 1 956  

The holotype for �· x-punctata trautmani , UMMZ 1 77278 ,  is a 70  mm 

SL adult collected in the Waldoning [ sic  = Walhonding ] Rive r ,  

Newcastle Township, Coshocton County , OH with s i x  paratopotypes 

catalogued as UMMZ 1 77279 ( Hubbs and Crowe , 1 956 ) . They were 

collected 20 October 1 9 39 by M .  B .  Trautman and E .  L .  Wickliff . 

Diagnosis 

See diagnos is for Hybopsis x.  x-punctata . 

Description 

The des cription is generally as for Hybopsis �· x-punctata . 

Hubbs and Crowe ( 1 95 6 )  des cribed the snout in �· x-punctata trautmani 

as relatively poi nted and downcurved . The downcurve occurs anterior 

to the nares which makes the bulbous snout tip appear to sag . Many 

trautmani specimens appear pale and wi thout prominent markings , 

however ,  this  may be a function of time in preservative and/or water 

clarity at the time of capture ( see �· �· x-punctata des cription ) .  

Tubercule size in male Hybopsis x-punctata trautmani appears 

smaller at peak development than in �· �· x-punctata , although this 

was not quantified . Reduced tuberculation is also noted in the ver­

tical fins of trautmani with no tubercles observed on the anal rays of 

any individuals . 
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J. Hybopsis cahni Hubbs and Crowe , 1 956  

S lender chub 
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Hybopsis cahni is known his torically from the Powell , Clinch , and 

Hols ton rivers of the upper Tennes ee River sys tem . A total of 5 3  

specimens was examined , 1 9  from the Powell River and 3 4  from the 

Clinch River . The Hols ton population is known from but a single 

specimen taken during a preimpoundment survey for Cherokee Reservoir 

( Etnier , S tarnes , and Baue r ,  1 979 ) .  Discriminant function ana lyses 

( DFA ) bas ed on all variables and morphological variables only for 1 7  

Powell  and 1 9  Clinch specimens indicated population centroids were 

significantly different . MDA MANOVA for all variables yielded F 

7 . 06 with P< 0 . 00 1  and for morphological variables F = 9 . 65 with 

P< 0 . 00 1 . Bas ed on correlations between variables and the dis criminant 

functions for the two data sets , no single variable showed high 

discriminatory power . Because of the small sample s ize and inequality 

of group dispers ions , results of MDA analysis for this species mus t be 

considered suspect . Geisser classification probabi li ties placed all  

individuals in the correct a priori population . 

Principle components of morphologi cal variables described >90% of 

total variation on the firs t three components wi th PC 1 -3 accounting 

for 77% , 1 0% ,  and 4% ,  respectively . PC 1 is primarily a size component 

while PC2 contrasts relatively high pos itive loadings for pos tdorsal 

and caudal peduncle length wi th the negative loading for upper lip 

width . PC3 des cribes the variation contributed by interorbital width 
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and is thmus width . Individuals are graphed using the axes PC 1 versus 

PC2 ( Figure I I - 2 0 )  and show good discrimination but wi th considerable 

overlap of populations when outliers are connected to s how population 

distribution . Variable loadings for the firs t three principal  com­

ponents as well  as the dis criminant functions for all variables and 

morphologi cal variables are presented in Table II-3 1 . 

Ranges , means , and s tandard deviations are summarized for morpho­

logical variables for each population and populations combined in 

Table II-32 . Dis tribution of meris ti c  variables is presented in Table 

II-33 . Morphometric means indicated the Clinch population was con­

siderably longer in predorsal length , head length , and snout length . 

Clinch specimens also poss essed a larger eye and had greater bcdy 

width . The Powell  population was longer postdorsally and had a longer 

caudal peduncle length . These differences were substantial but in 

view of results of the PCA ( Figure II-20 ) they are considered racial 

differences that do not warrant taxonomic recognition . Distribution 

of the speci es is presented in Figure I I - 2 1 . 

Diagnosis 

Hybopsis cahni differs from all other Erimystax by lacking mid­

lateral and mid-dorsal blotches or spots and by lacking dorsolateral 

x-shaped or punctate markings . I t  is mos t  simi lar to Hybopsis x­

punctata trautmani but differs by having a longer , narrower caudal 

peduncle and more narrowly conj oined is thmus , in addi tion to the 

pigmentation differences s tated above . 
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Table II-3 1 . Dis criminant Function ( DF )  and Principal Components ( PC )  
Correlations wi th Variables of Hybops is cahni . 

Variable DF1 a DF1 b PC1 PC2 PC3 
(all ) ( morph ) 

PRL -0 . 1 7 2 -0 . 298 0 . 250 -0 . 095 -0 . 079 
POL -0 . 035 - 0 . 060  0 . 200 0 . 435 -.tC 0 . 05 0  
CPL -0 . 006 -0 . 0 1 1 0 . 1 6 3 0 . 5 1 0* 0 .  05 1 
HDL - 0 . 1 72 -0 . 296  0 . 256 - 0 . 09 3  0 . 00 2  
SNL -0 . 1 74 -0 . 299 0 . 247 -0 . 1 74 0 . 02 3  
ULL - 0 . 1 79 -0 . 309 0 . 2 3 2  - 0 . 2 1 7  -0 . 1 6 1  
GPW -0 . 1 49 -0 . 256 0 . 247 -0 . 1 02 -0 . 045 
row - 0 . 038 -0 . 066  0 . 1 90 0 . 284 0 .5 5 5 *  
ORW -0 . 1 69 -0 . 29 2  0 . 245 -0 . 1 45 -0 . 1 00 
BOD - 0 . 1 1 8  -0 . 2 04 0 . 2 48 -0 . 033 0 . 052  
CPD -0 . 087 -0 . 1 50 0 . 247 0 . 027 0 . 046 
ISW -0 .082  -0 . 1 42 0 . 2 08 -0 . 1 88 0 . 5 1 2 *  
DFL -0 . 1 1 4  -0 . 1 96 0 . 2 37 0 . 1 65 -0 . 1 64 
AFL -0 . 044 -0 .076  0 . 2 1 8  0 . 2 6 1  -0 . 2 2 1  
P 1 L  -0 . 1 1 6  -0 . 200 0 . 240 0 . 047 -0 . 292  
P2L - 0 . 076  -0 . 1 32 0 . 226  0 . 1 7  0 -0 . 356  
POL -0 . 1 30 -0 . 2 25 0 . 2 39 -0 . 1 1  7 0 . 27 1  
ULW -0 . 1 28 -0 . 220  0 . 1 85 -0  . 39 3* -0 . 08 4  
BWP -0 . 1 4 1 -0 . 2 24 0 . 25 3  -0 . 1 06 0 . 079 
LLS 0 . 045 
ALL -0 . 072 
BLL -0 . 004  
CRS -0 . 060  
CPS - 0 . 04 1  
PDS -0 . 086 
PBS - 0 . 00 1  
LP 1 -0 . 049 
LP2 -0 . 00 2  
ANR -0 . 0 3 1  

9:>F 1  ( all ) is discriminant function for meris ti c  + morphometric 
variables . 

�F 1  ( morph ) is  discriminant function for morphometric variables . 

CThe * indi cates highly correlated variables . 
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Table II-32 . Range , Mean , and S tandard Deviation of variables of the 
Clinch , Powell , and Total Popula tions of Hybops is cahni . 

Clinch Powell Total 

Variable Range Mean ( SD )  Range Mean ( SD )  Range Mean ( SD )  

Morphometricsa 

PRL 487-5 5 3  526  ( 1 4 ) 45 3-5 3 2  494 ( 2 1  ) 45 3-5 5 3  5 1 4  ( 2 3 ) 
POL 467- 5 3 1  5 00 ( 1 9 )  486-554  5 29 ( 1 8 )  467-554 5 1 1 ( 23 )  
CPL 1 86-242 2 1 2  ( 1 6 )  203-243 224 ( 1 1  ) 1 86-243 2 1 6  ( 1 6 )  
HDL 249-286 270 ( 8 )  244-275  254 ( 9 )  244-286 265 ( 1 1  ) 
SNL 1 04- 1 26 1 1  5 ( 6 )  98- 1 1 9  1 05 ( 6 )  98- 1 26 1 1  1 ( 8 )  
ULL 5 0-78 63 ( 6 )  5 1 -66 56 ( 4 )  50-66 60 ( 7 )  
GPW 43-66 55 ( 5 )  42-53 48 ( 3 )  42-66 5 3  ( 6 )  
r ow 39-59 45 ( 5 )  40-50 45 ( 3 )  39-59 45 ( 4 )  
ORW 7 2-9 1 8 1  ( 4 )  69-85 74 ( 5 )  69-9 1 79 ( 5 )  
BDD 1 58-2 1 2 1 8 1  ( 1 4 )  1 66- 1 90 1 75 ( 6 )  1 58-2 1 2 1 79 ( 1 2 )  
CPD 66-79 74 ( 3 )  67-82 74 ( 4 )  66-82 74 ( 4 )  
ISW 5 1 -8 1  63 ( 1 0 ) 49-78 60 ( 7 )  49-8 1 6 1  ( 9 )  
DFL 1 80-2 34 1 98 ( 1 2 )  1 88-2 1 6  20 1  ( 7 )  1 80-234  1 99 ( 1 0 )  
AFL 1 54- 1 84 1 68 ( 8 )  1 6 1 - 1 98 1 78 ( 1 0 )  1 54- 1 98 1 7 1  ( 1 0 )  
P 1 L  1 85-222  202 ( 1 0 )  1 7 2-222 1 98 ( 1 3 )  1 72-222  200 ( 1 1  ) 
P2L 1 27- 1 60 1 42 ( 8 )  1 39- 1 63 1 49 ( 7 )  1 27- 1 63 1 45 ( 8 )  
POL 79- 1 04 90 ( 6 )  76-99 87 ( 5 )  76- 1 04 89 ( 6 )  
ULW 5- 1 6  1 3 ( 3 )  8- 1 5  1 0  ( 2 )  5- 1 6  1 2  ( 3 )  
BWP 1 28-1 69 1 49 ( 1 4 )  1 24- 1 55 1 35 ( 8 )  1 24- 1 69 1 4 3 ( 1 3 )  

Mer i s  tics 

LLS 39-47 42 . 2  ( 1 • 8 )  39-45 42 . 1  ( 1 . 8 )  39-47 42 . 2  ( 1 . 8 )  
ALL 6-7 6 . 7  ( 0 . 5 )  6-7 6 . 3  ( 0 . 5 )  6-7 6 . 6 ( 0 . 5 )  
BLL 5-7 5 . 8 ( 0 . 6 )  5-6 5 . 7 ( 0 . 5 ) 5-7 5 .8 ( 0 . s ) 
CRS 26-32 29 . 7  ( 1 • 3 )  26-32 28 . 6  ( 1 • 6 )  26-32 29 . 3  ( 1 • 5 )  
CPS 1 2- 1 4  1 2 . 2 ( 0 .5 ) 1 2- 1 3 1 2 . 1 ( 0 . 3 )  1 2- 1 4  1 2 . 2  ( 0 . 5 ) 
PDS 1 5- 1 9  1 7 . 4 ( 0 . 8 )  1 5- 1 8  1 6 . 6 ( 0 . 7 )  1 5- 1 9  1 7 .  1 ( 0 . 9 )  
PBS 40-60 46 . 7  ( 5 .4 )  40-60 48 . 2  ( 4 . 8 )  40-60 47 . 2  ( 5 . 2 )  
LP 1 1 4- 1 7  1 5 . 5 ( 0 . 7 )  1 4- 1 6  1 5 . 2 ( 0 . 8 )  1 4- 1 7  1 5 . 4 ( 0 .  7 )  
LP2 7-9 8 . 0 ( 0 . 4 )  8-9 8 . 1  ( 0 . 2 )  7-9 8 . 0 ( 0 . 3 )  
ANR 6-8 7 . 0  ( 0 . 2 )  7 7 . 0 ( 0 . 0 )  6-8 7 . 0 ( 0 . 2 )  

a Morphometri c means and s tandard deviati ons are in thousandths of 
s tandard length . 
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Table I I-33 . Frequency Distribution of Meris tic Variables of Hybopsis 
cahni . 

Population 

Clinch 
Powell 
Total 

Clinch 
Powell 
Total 

Clinch 
Powell 
Total 

Clinch 
Powell 
Total 

Clinch 
Powell 
Total 

Frequency Distribution 

Lateral-Line Scales 

39 40 4 1  42  43  44 45 

1 4 9 7 6 4 1 
3 1 3 3 5 1 3 
4 5 1 2  1 0  1 1  5 4 

Above Lateral-Line Below Lateral-Line 

6 7 5 6 7 

1 0  24 1 0  2 1  3 
1 3 6 5 1 4  0 
2 3  3 0  1 5  35 3 

Circumbody Sca les 

26 27 28 29 30  

1 0 7 3 1 3  
2 2 7 3 2 
3 2 1 4  6 1 5  

Predorsal Scales Per Cent 

1 5  1 6  1 7  1 8  1 9  40 45 

3 1 3 1 6  1 9 8 
1 7 1 0  0 3 3 
2 1 0  2 3  1 7  1 2  1 1 

Pectoral  Fin Rays Pelvic Fin Rays 

1 4  1 5  1 6  1 7  7 8 9 

1 1 9  1 1 3 2 28 3 
4 8 7 0 0 1 8  1 
5 27  1 8  3 2 46 4 

46 47 

1 
0 0 

Circumpeduncle 

1 2  1 3 1 4  

28 4 2 
1 7  2 0 
45 6 2 

3 1  32  

9 
2 1 

1 1  2 

Ventral S ca lation 

so  55 60 

1 4  0 2 
1 2 0 1 
26  0 3 

Ana l Rays 

6 7 8 

1 32  1 
0 1 9  0 

5 1  
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Description 

The holotype ( UMMZ 1 57708 ) is a 62 . 3  mm s tandard length male 

collected 8 September 1 9 39 from the Powell River 3 . 0  mi les southeast 

of Harrogate at u .  s .  Highway 25E,  Claiborne County , Tennessee . Four 

paratopotypes 49 to 5 1  mm s tandard length are catalogued as UMMZ 

1 57709 . 

The body is elongate , oval in anterior cross section , tapers 

from the pelvics posterior to the caudal fin,  and is slightly com­

pressed laterally pos terior to the dorsal fin . The snout is rounded 

and overhangs the inferior mouth . The eyes are medium in size , supra -

lateral ,  and directed somewhat pos teriad . The terminal labial  barbels 

at end of each lip are small  to moderate in s ize . Pharyngeal teeth 

are 4-4 . Gill rakers were 3 ( 3 ) , 4 ( 2 ) , 5 ( 3 ) , 6 ( 2 )  in 1 0  specimens 

examined . Scales are moderately large wi th 39-45 i n  the lateral-line . 

The gut is s -s haped and 0 . 7 1 -0 . 9 1  of s tandard length ( x  

1 0 ) .  

0 . 82 ,  n 

Morphometry : Fin shape and placement and general body physiog­

namy are illus trated in Figure II-22 . Proportional data for morpho ­

metric variables are summarized in Table II-32 . 

Meris tics : Table II-32 and II-33  summarize countable characters . 

Coloration : Freshly collected specimens are yellowish tan , 

olive , or brown dorsally and white to cream ventrally . The lateral 

band is  prominent pos terior to the dorsal fin and lacks enlarged spots 

or blotches . It encompasses the lateral-line plus one s cale row above 

and below, becomes narrower on the peduncle , being res tricted to the 

lateral-line , and then widens before reaching the weak to moderately 



Figure II-2 2 . Photograph of Hybopsis cahni. 
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dark basicaudal spot . Reduction of melanophores at s cale j unctions 

produces an alternating pattern of pale and dark v-shaped chevrons on 

the pos terior lateral band . Anterior to the dorsal fin ,  the lateral 

band is diffuse through the eye onto the snout before termination at 

the lachrymal groove . A paler band occurs 1 - 1 1 / 2 s cale rows above 

the lateral band due to smaller , less concentrated melanophores . 

Above the pale band , melanophores are more dense and evenly dis ­

tributed producing a darker tan or gray color . The mid-dorsal s tripe 

is moderately developed anterior to and poorly developed or absent 

pos terior to the dorsal fin . Laterally,  scattered melanophores occur 

on two or three s cale rows below the lateral-line . 

Cephalic pigmentation is a yellowish brown or gray wi th pale 

regions anterior and posterior to the orbits . Two dark crescents 

occur between the nares due to the internal nasal ros ettes . Snout 

pigmentation is uniform . 

fins ; 

fins ; 

Melanophores outline rays 1 through 8 ,  9 ,  or 1 0  of the pectoral  

through 3 ,  4 ,  or  5 medially and very sparsely on  the pelvic 

through 5 ,  6 ,  or 7 basally on the ana l fin ;  and 1 through 7 

plus the anterior branch of ray 8 on the dorsal fin . Interradial 

pigment is  absent from all . The caudal fin is  darkly pigmented from 

the basicaudal spot diffusing through middle rays 2 through 4 ,  the 

next 2-3 rays on either s ide lack dark pigment , and the outer 4 rays 

on each side are outlined with dark pigment . 

Sexual Dimorphis m :  The slender chub is sexually dimorphic i n  

three characters based o n  results o f  Students t-test ( Table II-34 ) . 
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Table I I- 34 . Sexually Dimorphic Variables of Hybopsis cahni . 

Variable Sex ( N )  Range Mean SD t-va lue p 

DFLa M ( 9 )  1 94-2 1 6  204 . 2  6 . 89 2 . 3247  < . 05 
F ( 7 )  1 88-204 1 96 . 7 5 . 7 1  

P 1 L M ( 9 )  1 90-2 1 3  202 . 0  6 . 9 1  4 . 9237  < .  00 1  
F (  7 )  1 72 - 1 9 1  1 84 . 7 7 . 04 

PDS M ( 9 )  1 6- 1 8  1 7 . 1 0 . 60  2 . 3620  < . 05 
F ( 7 )  1 6- 1 7  1 6 . 4 0 . 5 3  

aMorphometric means and s tandard deviations in thousandths of 
s tandard length . 



Males have significantly longer dorsal  and pectora l fins and more 

predorsal s cales than females . 
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Tubercula tion : The following is a composite compi led from the 

descriptions of Etnier and Starnes ( ms ) ,  Jenkins ( 1 97 5 ) ,  and Jenkins , 

Burkhead , and Haxo ( ms ) and six nuptial males collected 1 8  Apri l 1 978 

from Clinch River ( NLU 39505 ) .  Cephalic tubercles are moderate in 

size and densi ty in the supraorbi tal and opercular regions . Tubercles 

are sparse to absent pre- and postorbitally,  in the midoccipital 

region , and on the snout tip . Pectoral fins have tubercles on rays 2 

through 8 ,  9 ,  or 1 0  and they are well developed on rays 2 through 6 .  

Dis tribution i s  uniserial wi th one per segment on each ray branch . 

Rays 7 through 1 0  have tubercles usually res tricted to the primary ray 

before branching . The pelvic fin has small tubercles on rays 2 

through 4 ,  5 ,  or 6 .  Anal rays 2 through 4 have very tiny tubercles on 

the distal  half and dorsal  rays 2 through 5 or 6 have small , dis tally 

restricted tubercles . Body tubercles are more widely spaced than 

cephalic tube rcles . 

Synonomy 

Hybopsis monaca ( Cope ) .  Evermann and Hildebrand , 1 9 1 6 : 445 

( Clinch R . , TN ) . 

Hybops is cahni Hubbs and Crowe , 1 956 : 2- 3 ,  6 ( in key ; original  

description ; range ) ;  Davis and Reno , 1 966 : 307 ( figure ; des cription and 

morphometries ; Clinch R . ; TN specimens ) ;  Davis and Mi ller , 1 9 67 : 5 ,  7-

9 ,  1 4- 1 5 ,  24- 26 ,  32-37 ( range ; tas te buds ; brain morphology ; biology ) ;  

Moore , 1 968 : 68-69 ( in key ; des cription ; range ) ;  Eddy , 1 969 : 1 05 
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( description ; range ) ;  Reno , 1 969a : 68 ( nomenclature ) ;  Reno , 1 969b : 7 39 ,  

746-75 3 ,  762 , 7 65-766,  7 7 0  ( cephalic lateral-line sys tem ; biology ; 

figure lateralis sys tem ) ; Jenkins and Lachner , 1 97 1 : 4 , 6-8 ( scale 

radii ;  vertebral counts ) ;  Jenkins , et al . ,  1 97 2 : 48 ,  9 7  ( range ; 

zoogeography ) ;  Eddy and Underhill , 1 978 : 75 ( in key; range ) ;  Deacon et 

al . ,  1 979 : 34 ( figure ; s ta tus ) ;  Etnier , et al . ,  1 979 : no pagination 

( Holston R . , TN ) ; Jenkins , et al . ,  1 980 : 1 82 ( figure ; range ; 

sys temati cs ; habi tat ;  biology ) ;  Parker and Dixon , 1 980 : 44-45 ( figure ; 

description ; range ; habitat ;  biology ; s tatus ) ;  Starnes and Etnier , 

1 98 0 : B5-B6 ( figure ; des cription ; range ; habi tat ;  biology; s tatus ) ;  

Whi te , 1 982 : 74-75 ( figure ; description ; range ; biology ; s tatus ) ;  

Stauffer , et al . ,  1 982 : 30- 3 1  ( checklist central and northern 

Appalachian Mountains ) ;  Ono , et al . ,  1 983 : 235  ( s ta tus ) .  

Analysis 

K .  Interspecific Relationships wi thin Erimystax 

Analysi s  of intraspecific variation in four recognized species 

of Erimystax revealed the presence of a s ibling species wi thin 

Hybopsis dis s imilis . Interes t now turns to asses sing the inter­

specific rela tionships of the five species in this s tudy . MDA was 

performed us ing the five species as individual populations . From the 

pool of 1 75 1  specimens , population s izes are cahni = 36 ,  dissimilis = 

4 37 ,  harryi = 1 7 1 , ins ignis = 5 1 0 , and x-punctata = 597 . Results of 

MDA with meristi c  and morphometric variables indicated the group 

centroids were signifcantly different ( F= 1 27 . 6 2 ; P< 0 . 00 1 ) .  
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Canonical variates 1 and 2 based on meris ti c  plus morphomtri c 

variables described 52% and 32%  of total variation , respectively . 

Correlations among variables and the firs t two canonical variates are 

presented in Table II-35 . CV1 described variation in lateral -line and 

predorsal s ca les . CV2 was a des criptor of variation in per cent 

ventral s calation and s cales below the lateral-line . Centroids were 

graphed in canonical space using canonical axis one versus canonical 

axis two to visualize the relationships among species ( Figure I I-23 ) .  

Vectors for high discrimination variables were plotted from the grand 

centroid . Group means for these variables were compared using the 

Gabriel procedure ( Table II-36 ) . 

Results of Geisser classification ( Table II-37 ) showed the 

procedure performed well , placing 97%  of individuals within the 

correct a priori population . Two Hybopsis cahni specimens were 

classified with �· x-punctata indicating , simi lari ty between thos e 

species . Strikingly, only one H .  dissimilis specimen was placed with 

�· harryi whi ch reinforces the recognition of the taxa as separate 

species . Hybopsis insignis was perhaps the mos t intermediate of the 

Erimystax as indicated by classification of some insignis to each 

species . 

Canonical analysis using morphological variables des cribed 97%  of 

total variation on the first three canoni cal variates . CV1 accounted 

for 59% of total variation and had highes t correlation wi th the varia ­

bles caudal peduncle length and postdorsal length . CV2 des cribed 22% 

of total variation and compared the high posi tive loading of upper lip 

width wi th the negative loading for caudal peduncle depth . Graphing 
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Table II-35 . Correlations between Canonical Variates and Variables of 
Erimys tax Species for Meris tic + Morphometric and 
Morphometri c Data Sets . 

All Data a Morphological Datab 

Canonical Canoni ca l  Canoni cal Canoni cal 
variable variate variate 2 variate 1 variate 2 

PRL 0 . 25 6  -0 . 028 0 .  35 1 -0 . 1 23 
PDL 0 .2 7 6  -0 . 0 1 8  0 . 376*  - 0 . 1 24  
CPL 0 . 3 05 0 . 0 1 2 0 . 4 1 6* -0 . 043 
HDL 0 . 208 -0 . 037 0 . 289 - 0 . 1  00 
SNl 0 . 1 1 6  -0 . 03 2  0 . 1 59 -0 . 099 
ULL 0 . 1 1 4  0 .038 0 . 2 0 1  0 . 1 05 
GPW 0 . 1 78 0 . 022 0 . 250  0 . 086 
row 0 .2 39 - 0 . 0 1 9 0 . 3 3 1  - 0 . 058 
ORW 0 . 1 87 -0 . 004 0 . 260 -0 . 0 1 3 
BDD 0 . 1 47 -0 . 029 0 . 1 99 -0 . 1 28 
CPD 0 . 1 24 -0 . 039 0 .  1 6 1 -0 . 2 1 1 *  
ISW -0 . 0 6 1  0 . 1 34 -0 . 1 07 0 . 1 46 
DFL 0 . 1 9 3 -0 . 040 0 . 264 -0 . 1 38 
AFL 0 . 1 29 0 . 028 0 . 1 75 0 . 026 
P 1 L  0 . 1  27 0 . 036 0 . 1 69 0 . 025 
P2L 0 . 1  23  0 . 0 1 8  0 . 1 62 -0 . 043 
POL 0 . 249 -0 . 040 0 . 345 -0 . 1 25 
ULW -0 . 0 1 1 0 . 235  -0 . 039 0 . 39 1 * 
BWP 0 . 1 54 0 . 002 0 . 209 -0 . 043 
LLS 0 . 577* C 0 . 0 1 3 
ALL 0 . 26 1  0 . 1 86 
BLL 0 . 39 3 0 .427*  
CRS 0 . 1 7 7 -0 . 08 1  
CPS 0 . 1 22 0 . 1 05 
PDS 0 . 472*  0 . 05 2  
PBS -0 . 027 0 . 5 1 4* 
LP 1 0 . 27 3  -0 . 059 
LP2 -o . 1 62 -0 . 3 6 1  
ANR 0 . 042 0 . 1 04 

9oerived from the meris tic + morphometric data set . 

Iterived from the morphometric data set . 

Grhe * indicates highly correlated variables . 



F igure I I-23 . Spec ies centroids , 9 5 %  confidence circles , and 
variable vectors of Erimystax spec ies in  canonical space determined 
from the meristic + morphometric variable set . 
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Table I I-36 . Gabriel Multiple -Comparison of Erimys tax Spe cies Means . 

Variable LLs a PDS PBS 
F-va lue 1 1 22 . 3 7 7 1  .8  7 1 1 . 2  

High ha rryi ha rryi 
I

b ha rryi I dissirnilis dissirnilis ins i gnis 
cahni ins ignis I dissimilis I ins i gnis cahni x-punc tata 

Low x-punc ta ta x-punctata cahni 

Va riable BLL CPD ULW 
F-value 79 . 7  4 3 1  . 8  327 . 1  

High harryi I x-puncta ta ins ignis 
di s s imi lis ins ignis harryi I i ns i9:nis harryi x-punctata 
x-punctata I diss irni lis I cahni 

Low cahni cahni diss irni lis 

Variable CPL POL 
F-value 85 . 0  20 . 1  

High harryi I x-punc ta ta I diss imi li s  diss imi lis 
ins ignis ins ignis 
cahni ha rryi I ---

Low x-punc tata cahni 

�11 species are s igni f i cantly different for this va riable . 

hLines connec t  homogenous s ubsets . 



1 62 

Table I I - 37 . Results of Geis s er Class i fi ca ti on Procedure of Erimys tax 
Species Using Mer i s ti c  + Morphometr i c  Variables . 

cahnia diss imilis  i ns ignis x-punctata harryi 

cahnib 3 4  0 0 2 0 
diss imilis  1 4 3 0  0 5 1 
i ns i gnis  1 5 478  22  4 
x-punctata 4 0 4 589  0 
harryi 3 3 2 0 1 63 

acolumns represent taxa and number o f  specimens a s  interpreted by 
Geisser classifica tion . 

�ows repres ent taxa and number of specimens a s  interpreted by  
taxonomic comparison . 

Table I I-38 . Results of Gei s s er Classifica ti on Procedure of Erimys tax 
Species Using Morphometric Variables . 

cahni a diss imi lis  i ns i gnis x-punctata harryi 

cahni b 2 8  0 5 3 0 
dissimi lis 0 4 2 1  5 7 4 
i ns i gnis 4 6 458  4 1  1 
x-punctata 3 29  5 6 2  2 
harryi 0 5 6 3 1 57 

a columns represent taxa and number of specimens as inte rpreted by  
Geis s er c la s s i fi ca tion . 

b Rows repres ent taxa and number of specimens as i nterpreted by 
taxonomic comparison . 
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group centroids on canoni cal axes 1 versus 2 a l lowed vis uali zati on of 

species relati onships in canon i ca l  s pa ce ( Fi gure I I-24 ) .  Variables 

with high correlations to canoni cal variates were plo tted from the 

grand centroid and the group means for these variables compa red by the 

Gabri el procedure ( Table I I- 36 ) . Hybops is ins ignis appears more 

closely rela ted to �· cahni and �· x-pun ctata based on Figure II-24 . 

Gei s s e r  clas s i f cati on bas ed on morpho logi cal va riables c las s i fied 

93% of individuals to the correct a priori popula tion ( Table I I - 38 ) . 

The morphologi cal s imi la r i ty between �· ins ignis and �· x-punctata was 

reflected by the mis c la s s i f i ca ti on o f  4 1  ( 8% of tota l ) ins ignis to 

x-punctata and 29 ( 5% of tota l ) x-punctata to i ns i gni s . 

Generali zed dis tances among species of Erimys tax generated from 

all va riables and morpho logi ca l va riables are presented in Table I I -

3 9  and I I-40 . Generalized dis tances and visua l a s s es s ment o f  canon ­

ical variates ( Figure I I-2 3 )  indi cate Erimys tax species are assignable 

to two speci es groups . The x -puncta ta species group i s  compos ed o f �· 

x -punctata and H .  cahni . Key defini tive chara cters for the x-punctata 

group are lack of latera l and dors a l  blotches and longer s nout length . 

When H .  x-puncta ta trautmani i s  compared with H .  cahni ( Tabl es I I- 2 6 ,  

p .  1 22 ;  I I-27 , p .  1 2 3 ;  and I I -3 1 , p .  1 47 ;  I I- 3 2 , p .  1 48 ) , addi tional 

s imi la r i ti es include cauda l peduncle s ca l es ( 1 2 ) , longe r snout length 

( means 1 09 and 1 1 1 ,  respectively ) ,  longer head length ( 265 ) , large 

orbi t width ( 80 and 7 9 ,  respectively ) ,  shorter pos tdorsal length ( 5 1 6  

and 5 1 1 ,  respectively ) ,  and la rger s ca les as reflected by s ca les above 

and below lateral -line . 



- 3 . 0  

2.0 

1 . 5 

1 . 0 

(/) 
0 
6 a:: . 5  1-z 
w 
(.) 

C\J 
0 

(/) 
X 
<t 

_J 
<t - . 5  (.) 
z 0 z <t 
(.) 

- 1 . 0  

- 1 .5 

-2.0 

- 2 .0 - 1 . 5 

CANO NI CA L  AX IS I ( VECTORS )  

- 2 . 0  - 1 .0 0 1 . 0  2 .0 

H .  INS IG NIS G 

H .  X - PU NCTATA 

8 

- 1 .0 - 0. 5  0 
C A NO N  I CAL A X IS 

H.  

H .  H A RRY ! 

0 

0.5 1 . 0 
(CENTRO I DS )  

1 64 

3.0 

3. 0 

I 2 .0 

(") 
l> z 

1 . 0  � 
(") 
l> 
r 

DI SS I M I LIS l> 8 0 �  
(J) 

1\) 

< 
- 1 .0 I'TI 

(") -1 0 ;;c (J) 
-2.0 

-3. 0 

- 4 .0 

1 . 5 2.0 
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Table II-39 . Genera lized Dis tances among Erimys tax Spe c i e s  Bas ed o n  
Morphome tri c and Mer i s ti c  Va riables .  

cahni diss imi lis ins ignis x-punctata ha rryi 

cahni o . ooo 5 . 884 5 . 508 3 . 872 7 . 229 
di s s imi lis 5 . 884 o . ooo 5 . 832 5 . 679 5 . 023 
ins i gnis 5 . 5 08 5 .832  o . ooo 4 . 302 5 .  6 1 1 
x-12unctata 3 . 872  5 .679 4 . 302 o . ooo 6 .474 
harryi 7 . 229 5 . 023  5 . 6 1 1 6 . 474  o . ooo 

Table I I-40 . Genera lized Dis tances among Erimys tax Spe c i es Bas ed on 
Morphometric Variables . 

cahni dis s imilis ins ignis x-pun c ta ta ha rryi 

cahni o . ooo 4 .445 3 . 480 3 . 389 5 .245 
dis s imi lis 4 .445 o . ooo 4 . 357 4 . 656 3 .872  
ins ignis 3 .480  4 . 357 o . ooo 2 .923  4 . 365  
x-puncta ta 3 . 389 4 . 656  2 .923  o . ooo 4 . 402 
harryi 5 . 245 3 . 872 4 . 365 4 . 402 o . ooo 
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The d i s s imi lis species group is composed of Hybops i s  dissimi li s , 

�· harryi , and �· ins igni s . The primary characters linking thes e  

species a r e  the pres ence o f  la tera l and dor s a l  b lo tches and modal 

counts o f  1 6  s ca l es around the cauda l peduncle . Other mer i s ti c  and 

morphomet ri c  characters form no pa ttern to dis tinguish the diss imi lis 

group . Thei r cohes i veness as a group is based on overa l l  s imila r i ty 

as depi c ted by genera lized di s tances ( Table I I - 39 ) . 

L .  Phylogeneti c Re la ti onships of Erimys tax 

The chub genus Hybops i s  pos s es es one of the mos t chaoti c and 

tumultuous taxonomi c hi s tories of any North Ameri can f i s h  taxon . Thi s 

nomenclatura l roller coas ter has been reviewed in detail by Reno 

( 1 9 69 ) ,  Clemmer ( 1 9 7 1 ) ,  and Jenkins and Lachner ( 1 9 7 1 ) .  Current 

forma l taxonomi c a lignment o f  Hybopis follows Jenkins and Lachner 

( 1 9 7 1 ) wi th minor exceptions as noted below . 

Subgenus Hybops is is composed of �· amblops , H .  rubr i f rons , H .  

hyps inotus , �· li neapunctata ( s ee C lemmer and Suttkus , 1 9 7 1 ) ,  �· 

labrosa ,  �· zanema ( s ee Jenkins and La chner , 1 9 8 0a , 1 9 8 0b ) ,  �· sp . 

" thin lips " chub , and �· s toreriana . Clemmer ( 1 9 7 1 ) concluded the 

Hybops i s  amblops complex ( i . e . ,  amblops , rubri frons , li neapunctata and 

two members of Notropis ) were clos ely rela ted to Notropis but de fe rred 

nomencla tura l change due to the ins tabi l i ty tha t would result . 

Alignment of the amblops complex wi th Notropis would remove the type 

of Hybops i s  and requi re generi c regrouping of the r emaining Hybops i s . 

Subgenus Erimys tax is sanctuary for �· d i s s imi li s , �· x-pun c ta ta , 

H .  ins i gni s , H .  cahni , H .  mona cha , and as mentioned in thi s  s tudy , H .  
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ha rryi . Notropis harperi was placed in Erimys tax by Hubbs and Crowe 

( 1 9 5 6 )  and Jenkins and La chner ( 1 9 7 1 ) before reas s i gnment to Notropis 

by Gi lber t  and Bai ley ( 1 9 7 2 ) . 

The species Hybops is gelida and H .  meeki are members of the 

subgenus Macrhybops i s  whi le the monotypic subgenera Pla tygobio and 

Ext ra ri us house H .  gra cilis and �· aes tiva li s , respective l y .  The 

nomen Oregoni ch tys has been va rious ly used at the gener i c  ( Hubbs et 

al . ,  1 9 7 4 ;  Bond , 1 9 7 4 )  and subgene r i c  ( Long , 1 9 8 0 )  leve l  for �· 

crameri . Subgenus Yuriria for H .  a l ta was elevated to gene ric s ta tus 

by Smi th , et a l . ( 1 9 7 5 ) . 

Jenkins and Lachner ( 1 9 7 1 ) i ndi ca ted tha t the s ubgenera 

Platygobio ,  Mac rhybops i s , and Erimys tax were mor e  c losely a l lied to 

the genus Phenacobius than Hybops i s  s ensu s ti c to ( the amblops group ) . 

They also sugges ted tha t Hybops i s  s . s .  was more c losely r e la ted to the 

genus Notropis than Hybops i s  s ensu lata . Fur thermore , Jenkins and 

Lachner predi c ted the dis membe rment of Hybops i s  s . l • •  

A wave o f  prima ri ly os teo logi ca l s tudies o f  cyprinid genera wi th 

cladi s ti c  ana lyses have s pawned addi tiona l theories concerning 

relati onships wi thin Hybops i s  and among o ther cypri nid genera . Thes e 

inc lude doctora l d i s s erta ti ons by Coad ( 1 9 7 5 ) ,  Coburn ( 1 9 82 ) , and 

Mayden ( 1 9 8 5b ) . At pr esent , genera l communi cation of the results o f  

thes e  s tudi es i s  limi ted t o  ora l pres entations , abs tra cts , and 

manus cripts in prepa ration ( Coburn , 1 9 83 ; Mayden , 1 9 8 3 ;  Coburn and 

Cavender ,  1 9 85 ; Cavende r and Coburn , 1 9 85 ) . At thi s  point , i t  s eems 

prudent to summarize the recent works of Coburn ( 1 9 82 ) and Mayden 

( 1 9 85b ) as they pertain to Erimys tax and relatives . 
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Coburn 1 982 . Coburn pioneered c ladi s ti c  ana l ys i s  in deciphering 

higher rela tionships of North America n  cypri nids . His primary goa l  

was t o  define o f  the subgenus Notropis and i ts component species and 

determine i ts rela tionship to o ther subgenera wi thi n  Notropi s . 

Although the primary thrus t was i n  Notropi s ,  i t  was necessary to 

ana l yze addi tiona l genera and species of North Ame r i can cyprinids as 

outgroups ( s e e  Watrous and Wheeler , 1 98 1 ) to pola rize character s ta tes 

wi thin Notropis . 

Coburn did l i ttle i n  rea ligning species wi thi n  s ubgenera of 

Hybops i s  but pres e nted s evera l hypothes es of subgene ri c relationships . 

Bas ed on s i x  s ynapomorphic cha ra cters , Coburn linked Phenacobius wi th 

the subgenera Extrarius and Erimys tax .  Thes e are 1 )  transverse 

process on 4 th Weberian rib heavy , 2 )  dentary wi th s ho r t ,  downwardly 

deflected gna thi c  ramus and high coronoid proces s ,  3 )  metapterygoi d  

wi th s ingle a r ticular pro cess wi th hyomandibula , 4 )  as cendi ng arm of 

preopercle reduced and horizontal a rm long , 5 )  median por ti on of 

supratemporal canal cros s es occipi ta l , and 6 )  mes ial ma rgin of third 

pharyngobranchia l  d eeply concave . 

Five s ynapomo rphies further uni te Phenacobius and Extra rius . 

These are 1 )  s hort triangular bas i hya l ,  2 )  s tubby blunt anterior 

process es on urohya l ,  3 )  dors a l  process of anterior cera tohyal 

proj e c ts over upper hypohya l ,  4 )  efferent ps eudobranchial ar tery is 

enclo s ed in as cending wings of parasphenoi d ,  and 5 )  dorsopos teri or 

prong on the metapterygoid . 

Hybops is s . s . ,  long cons idered closer to members of Notropis than 

Hybops i s  s . l . ,  was found to share three synapomo rphi es wi th members of 
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the Notropis heterolepis group . Thes e characters include 1 )  elongate 

rod-shaped kinethmoid , 2 ) deep cleft in anteri or e thmoid block , and 3 )  

a deep maxi lla . More recent work by Coburn and Cavender ( 1 9 8 5 )  found 

synapomorphi es of the j aws , pharyngeal pad , pharyngeal arch , di la tor 

fossa , metapterygoi d ,  and bas i hya l tha t uni te the subgenus 

Macrhybops i s  ( Hybops is gelida and �· meeki ) wi th Hybops i s  s toreri ana 

and the subgenus Extrarius . Thes e four s pecies we re found to share 

synapomorphies of the i nfraorbitals wi th Erimys tax . Addi tiona l da ta 

appa rently led to a llignment of Phenacobius wi th Exoglossum ( Cavender 

and Coburn , 1 9 85 ) . 

Mayden 1 9 85b . Mayden analyzed phylogenetics of the s ubgenus 

Cyprine lla of Notropis and in de termining character polari ti es by 

outgroup analys i s  added conside rable informa ti on to the founda tion 

provided by Coburn . Three s ynapomorphi es uni te Agos ia , Hybognathus , 

Exoglos sum , Nocomi s ,  Campos toma , Dionda , Pla tygobio , Phenacobius , and 

the s ubgenera Ma crhybops i s  ( including Hybopsi s  s toreriana ) ,  Extra rius , 

and Erimystax ( i ncluding �· monacha ) .  Mayden refers to thi s  group as 

the " c hub clade " . The three derived cha rac ters include 1 }  an 

elonga te , s traight , anteriorly directed pa la ti ne , 2 )  a pre-e thmoid 

groove , and 3 )  a smoo th , ova l urohya l .  

Wi thin the chub clade , three charac ters are s hared by Pla tygobi o ,  

Macrhybops i s , Extrarius , Erimys ta x ,  and Phenacobius . The s ynapo ­

morphies are 1 )  a nuptia l  pad on the inter- and preoperc les , 2 )  a 

s hort tri angular bas i hyal , and 3 )  a s ingle arti cular surface for the 

hyomandibular on the metapterygoi d .  Macrhybops i s  and Platygobio s hare 

chara c ters of pigmentation of the cauda l fin and a thin , lamel late , 
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ventra l horizonta l plate o f  the urohya l . Extrarius , Phenacobius , and 

Erimys tax are monophyleti c ,  sharing the synapomorphies given by 

Coburn . Mayden defines an Erimys tax-Phenacobius c lade bas ed on five 

derived cha racters :  1 )  a narrow caudal skeleton , 2 )  lachryma l skin 

flap wi th tas te bud s , 3 ) a ventrally def lected pos ttemporal cepha l i c  

cana l ,  4 )  broad pla te-like s e cond infraorbi ta l bon e , and 5 )  reduced 

dorsal cephali c tuberculation . 

Erimystax is defined by the following s ynapomorphies : 1 )  a unique 

" s tellate barbe l " , and 2 )  e longa te bas ihyal . Wi thin Erimys tax ,  he 

envi s i ons a tri chotomy wi th E. monacha , !• x-punctata , and the c lade 

composed of E .  d i s s imili s ,  E .  ins igni s , and E .  cahni . The dissimilis ­

ins ignis -cahni c lade is bas ed on a na r rowly developed maxi l lary 

process of the pa latine . 

Comments . Hypothes es of Mayde n  and Coburn concerning higher 

rela tionships of Erimystax are generally congruent except for Coburn ' s  

pla cement of Pla tygobio outside the open myodome c lade . This decis i on 

was bas ed on the fus ed pos terior myodome opening whi ch Mayden con tends 

is derived in Pla tygobio bas ed on an open pos terior myodome in 

j uveni les . This decision is j us ti f ied by addi ti ona l s ynapomorphies 

dis cus s ed earlier . Coburn did no t exami ne Hybops is gelida or H. meeki 

so no rela tionships of Macrhybops i s  were propo s ed . 

Cavender and Coburn ( 1 9 8 5 ) interpret c los e relati onship in 

Erimys tax-Extrarius -Macrhybops i s  whi l e  Mayden ( 1 9 85b ) prefers an 

Erimys tax-Phena cobius -Extrarius clade . Coburn feels Erimys tax and 

Extra rius are s is ter groups but Mayden i nterprets Phenacobius and 

Erimys tax as more closely rela ted . I would not pre tend to pas s  
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j udgement on thei r interpreta tions . Howeve r ,  I would sugges t the 

dif ferences i n  interpreta tion are due to a s e ve ra l  fa ctors . Fi rs t ,  

cyprinid os teologi ca l  s tudy for North Ameri can taxa i s  i n  i ts infancy . 

Many of the charac ters whi ch s e em promis ing for defini ng c lades wi ll , 

with further s tudy and analys i s  of addi tional specimens , be found not 

so informative . Secondly , these os teo logical s tudi es have been 

performed wi th rela tively few specimens from each species so that 

variation wi thin a pa rti cular taxon cannot be adequa tely evaluated . 

Therefore , characters that are rela tive i n  na ture , such as thicknes s , 

width , or minor departures in angula tion , are not as cons e rvative as 

pres enc e -abs ence characters ( i . e . , the pos terior myodome opening ) .  I 

am sure as methodology advances , mor e  techni cal means of compa ring 

ind i vidua l  bones or bone s tructures wi l l  be devi s ed . Computer bas ed 

graphi ca l compa risons would s eem to offer an excel lent means of 

compa ring os teologi ca l chara cters . Bas ing taxonomic deci s i ons on 

relative cha racters should awa i t  va riati ona l s tudi es of thes e cha ra c ­

ters over the range o f  a taxon . 

The Phenacobius-Erimys tax c lade of Mayden ( 1 9 85b ) is bas ed on 

five s ynapomo rphi es whi ch includ e  lachrymal skin f lap wi th tas te buds 

and reduced dors a l  cepha li c tuberculation . These chara cters are s ub ­

j ec t  t o  the range of variation di s cuss ed previous ly . In the s tudy of 

Erimys tax ,  I regularly examined the lachryma l region for tas te buds 

( i . e . ,  pappilae ) .  They ranged in deve lopment from a lmos t as large as 

maxi l lary barbels in Hybops is x -punctata to non -exi s tent in va rious H .  

dis s imi l i s , H .  harryi , and H .  insignis popula tions . Regarding head 

tube rculation , Hybops is mona cha has much larger tuberc les than other 
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members of Erimys tax and Phenacobius . Many of thes e chara cters need 

further s ubs tantiation before they can be fi rmly a ccepted as synapo­

morphies uni ting these groups . 

The s ame ques tions are rai s ed wi th the s ynapomorphi es uni ting 

speci es of Erimys tax ( Mayden , 1 9 85b ) . A unique " s tellate ba rbe l "  

certainly expres s es i ts elf in some popula tions o f  Hybops i s  x-punctata 

but can be vi r tua lly absent in o ther Erimys tax popula tions . 

Pronouncement of the " s tellate ba rbel " uniting Erimys tax s hould awa i t  

his to logi ca l  exami nation to a s s e s s  s tructure . 

Jenkins and Burkhead ( 1 9 8 4 )  present cons iderable e vidence 

relating Hybops i s  monacha wi th the subgenus Cyprine lla of Notropi s . 

Thes e ,  as wel l  as cha racters sugges ted by Coburn ( 1 9 82 ) , Mayden 

1 9 85b ) ,  and thi s  s tudy ,  are summarized in Table I I - 4 1  comparing 

Erimys tax ,  �· monacha , and Cyprine lla . This information was cons o l ­

i da ted form the work of Burkhead , et a l .  ( 1 98 5 ) ,  Pfli e ger ( 1 9 7 5 ) ,  

Coburn ( 1 9 8 2 ) , Howe l l  and Wi l liams ( 1 9 7 1 ) ,  Jenki ns and Burkhead 

( 1 984 ) , Wa llace and Rams ey ( 1 9 8 1 ) ,  Outten ( 1 9 5 8 ) , Gibbs ( 1 9 6 3 ) ,  Gibbs 

( 1 9 5 7 ) ,  Gibbs ( 1 9 6 1 ) ,  Jenkins , et a l . ( ms ) ,  Etni e r  and S ta rnes ( ms ) ,  

and Lee , e t  a l .  ( 1 980 ) . Outgroups used to polarize character s ta tes 

for thes e  taxa were taken from wi thin the open pos terior myodome c lade 

of Mayden ( 1 985b ) .  

The following references to character numbers refer to Table I I -

4 1 . Characters are referrable to three groups : 1 )  meri s ti c ,  2 )  

s ensor y ,  and 3 )  reproductive . Meri s ti c  group character 1 ,  pharyngeal 

denti tion , is interpreted as a s ynapomorphy uniting Erimys tax wi th H .  

monacha . Coburn ( 1 9 82 ) has inte rpreted loss of teeth from the minor 
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Table I I -4 1 . Cha racters Used to Evaluate Phylogeneti c Re lati onships 
among Erimys tax , Hybops is mona cha , and Cypri ne l la . 

Cha ra cter 

1 )  Pharyngeal tee th 

2 )  Ana l rays 

3 )  Latera l -line 
s cales 

4 )  Peduncle s ca les 

5 )  P redorsa l ­
pos tdorsal length 

6 )  Eye diameter 

7 )  Labia l  barbels 

8 )  Pectora l 
s ensory s tructures 

9 )  Upper lip 
expanded 

1 0 )  Interradi a l  dors a l  
f i n  pigment 

1 1 )  Head tube rcles 

1 2 ) Pec tora l 
tubercles ray 1 

1 3 ) Breeding co lors 

1 4 ) Nupti a l  pad 

1 5 )  Ovum di ameter 

1 6 ) Spawning 

1 7 )  Known hybrids 

Erimys tax 

4-4 

7 

3 8 - 5 0  

1 2- 1 6  

Pos t > 

6 7 - 7 9  

Yes 

Yes 

Yes 

No 

Sma l l  
Random 

No 

No 

Always 

> 1 . 5  

open subs tra te 

Erimys tax 

H .  monacha 

4-4 

8 

5 3-6 1 

1 5 - 1 9  

Pre > 

49- 5 1  

Yes 

Yes 

Yes 

Yes 

Large 
Rows 

Yes 

Yes 

Some 

1 . 0- 1  . 3  

crevi ce 

Cyprine l la 

Cyprine lla 

1 , 4-4 , 1 

8- 1 1  

3 2- 4 3  

1 4- 1 6  

P re > 

60-80 

No 

No 

No 

Yes 

Large 
Rows 

Yes 

Yes 

Never 

0 . 8- 1 . 4  

crevi ce 

H .  monacha 
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row as the derived s tate bas ed o n  the work o f  Nelson ( 1 969 ) and Chu 

( 1 9 35 ) . No clear po la ri za ti on of chara cter 2 was obtained from out­

groups wi thin the open myodome ass emblage , as both s even and eight ray 

s tates wer e  common . Looking outs id e  the open myodome clade , eigh t  or 

more anal rays is the rule . Reduc tion of ana l ray numbers is tenta ­

tively interpreted as apomorphi c wi th the se ven ray condi tion a 

synapomorphy uni ting Erimystax speci es . 

S ca l e  numbers are subj ect to e copheno typi c va riation and thus 

hard to divide into dis c rete " groupings " for po la rization . Outgroup 

members of the chub and Cyprine lla ass emblages genera lly have rela ­

tive ly low s ca l e  counts ( i . e . ,  larger s ca les ) .  using the count 

groupings for cha ra cters 3 and 4 ,  Erimystax and Cyprine lla counts are 

ples iomo rphi c and �· monacha counts repres ent the derived s ta te . 

Aga i n ,  thes e pola ri z a ti ons are cons idered tenta tive due to the general 

uncertainty of cypri nid relati onships and problems associated wi th 

outgroups used for compari s ons . Donoghue and Cantino ( 1 984 ) have 

dis cus sed the logi c and limi tati ons of outgroup me thodo logy when 

rela tions hips are uncer tai n .  Polarizati on using outgroups that are 

relatively apomorphic wi thin a li neage can caus e s e rious misinterpre­

tations of in-group relations hips . For example , i f  the Erimys tax-� .  

monacha-Cyprinella in-group were polari zed us i ng only members o f  the 

clade lacking the pos terior myodome openi ng , chara cter polariz ati ons 

for meris tics would be oppos i te of those pres ented above . 

Character five can no t be pola rized due to insuffi ci ent informa ­

tion on outgroups . Erimys tax species are cons iderably longer pos t ­

dorsally than predorsally ( or equal in Hybops i s  cahni ) whereas H .  
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monacha and Cypri nella spec i es ( for which da ta we re avai lable ) are 

much longer predorsally. This may be a result o f  dor s a l  fin place­

men t ,  dors a l  prof i le , or differences in rela tive numbers of precaudal 

and caudal vertebrae ( s ee Jenkins and La chne r , 1 97 1 ) .  Eye diameter 

was no t po la ri zed due to insuffici ent data for outgroups . Hybops i s  

monacha has a cons iderably sma ller eye than Erimys tax . Als o ,  i ts 

di re ction is more lateral than the dorsolatera l ,  s l ightly pos terior 

direction of the eyes in Erimys tax .  Character 7 ,  labi a l  barbels , has 

been dis cus s ed previous l y .  Suffice to say tha t the heteromorphi c 

ass emblage known as Hybops i s  has been defined based on the presence of 

a maxi l lary barbel which i s  a "variable and labi le character • • •  whi ch 

may have a r i s en independently s evera l times " ( Jenki ns and La chner , 

1 97 1 ) .  

Compound tas te buds on the pectoral fins ( and o ther fins in s ome 

species ) is a derived condi tion found in Hybops i s  s . l .  ( Davis and 

Mi ller , 1 967 ) . Jenkins and Burkhead ( 1 98 4 )  make no mention of thes e  

s tuctures i n  H .  mona cha . Thi s character may a l s o  have a ri s en indepen­

dently s evera l times in the Hybops i s  li neage . 

Chara cter 9 ,  the anteri omedi al upper lip expans ion ( Jenkins and 

Burkhead , 1 984 ) , is interpre ted as a s ynapomorphy linking Eri mys ta x 

and Hybops i s  monacha . Pigmentation between pos terior dorsa l  fin rays 

( character 1 0 )  is interpre ted as a s ynapomorphy linking H. monacha 

with Cypri nella . 

Characters 1 1 - 1 7  are cons idered the reproductive group . Chara c ­

ters 1 1 - 1 3  are s ynapomorphies linking Hybops i s  monacha wi th 

Cypri ne lla . The nuptial pad ( cha racter 1 4 ) is cons ide red unique to 
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the Phenacobius -Erimys tax-Macrhybops i s -Extrarius c lade . I t  is qui te 

variable in i ts express ion among thes e taxa . I have never obs erved i t  

miss i ng i n  mature Erimystax ( less � ·  monacha ) and Phenacobius spe c i es . 

I also have obs erved many Extrarius ma les that appeared i n  peak r epro­

ducti ve cond i ti on but have yet to obs erve a nuptial j aw pad . Jenki ns 

and Burkhead ( 1 9 8 4 ) have obs erved the cha racter in but two adult ma les 

o f  Hybops i s  mona cha . It is certainly a character tha t expres s es 

phylogene t i c  information whos e full content has yet to be revealed . 

Dionda has a nuptial pad in breeding ma les whi ch is s imi lar but 

cons idered conve rgent due to "di f ferent loca tion and morphologi ca l 

di s s imiliari ti es " ( Mayden , 1 985b ) . This charac ter may be more 

primi tive than currently r ecognized and differentially expres s ed b y  

des cendant taxa . P erhaps some lineages have retained the charac te r  

fully whi le o thers expres s the s tate o n l y  occa s i onally in i ndi viduals 

tha t have inheri ted the primi tive genotype . At present it is con ­

s idered a synapomorphy linking �· monacha wi th Erimys tax . 

Coburn ( 1 9 82 ) has opened the interes ting pos s ibi l i ty of using 

ovum diameter as a phylogeneti c charac te r . Da ta from his s tudy revea l 

Cyprine l la species ova diameters are gene rally in the 1 . 0 mm range 

( except Notropis pyrrhomelas = 1 . 4 mm )  and Jenkins and Burkhead ( 1 98 4 )  

give a range o f  1 . 0- 1 . 3  mm for Hybops i s  monacha . Ana lys es of 

Erimys tax species reveal mean ovum diameters in the 1 . 5 mm range . 

Coburn ( 1 9 82 ) has concluded tha t sma l l  ovum diameter is ples iomorphi c 

but s t i l l  the problem of s eparating ranges into d i s tinct groups exi s ts 

(as in s ca le count groups ) .  Large ovum s ize is tentatively considered 
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a s ynapomorphy li nking species o f  Erimsytax . Ana lys i s  of morphology 

of fertilized ova may prove us e ful as a phylogeneti c chara c ter . 

Recent i nformation pres ented by Burkhead , e t  a l . ( 1 9 8 5 ) links 

Hybops i s  monacha wi th Cyprinella in spawning behavior ( chara c ter 1 6 ) .  

Thes e obs e rva tions s ugges t clas s i f i ca ti on of both as crevice spawne rs . 

My obs ervati ons of Erimystax spawning behavior indi cate tha t thes e 

species are open s ubs trate spawners . Crevi ce s pawning is cons ide red a 

s ynapomorphy uni ting �· monacha and Cyprinella . 

Character 1 7  can not be polari zed but is cons idered indi ca ­

tive of c los e rela tionshi p . Hybrids are known be tween Hybops i s  

monacha and Notropis ( Cyprinel la ) ga lacturus ( Burkhead and Bauer , 

1 98 3 ) . Trautman ( 1 9 5 7 ) hypothesi zed hybridiza tion between H .  

( Erimys tax )  diss imilis and �· ( Erimys tax )  x-puncta ta and I have 

observed puta tive hybrids between H .  ( Erimys ta x )  d i s s imilis and H .  

( Erimys tax ) i ns igni s . 

Mayde n  ( 1 9 85b ) aligned Hybops i s  s . s .  with species current ly in 

Notropis and recommended e le va tion of the subgenera of Hybops i s  s . l .  

to generi c rank . Should the s e  recommendations be formalized , I would 

recommend the resurre ction of Erimonax ( Jordan , 1 9 2 4 )  to at leas t the 

s ubgeneri c level ( after Jenkins and Burkhead , 1 9 84 ) for H. monacha 

unti l relationships are resolved . Biochemi ca l s tudi es may s hed 

addi ti onal li gh t on the re lations hips of thi s complex a s s emblage . 
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The following univers i ties , mus eums , ins t i tuti ons , and indi ­

viduals ( abbreviations in parenthes es ) provided ma terials used i n  the 

multivariate ana l ys es : Academy of Na tura l sciences of Phi ladelphi a 

( ANSP ) ,  Appala chian Environmental Laboratory ( AEL ) , Arkansas Sta te 

Univers i ty ( ASUMZ ) ,  Auburn Uni ve rs i ty ( AU ) , Cornell Uni ve rs i ty ( CU ) , 

Eas tern Kentucky Univers i ty ( EKU ) , Fi e ld Mus eum of Na tura l His tory 

( FMNH ) ,  Florida S tate Mus eum ( FSM ) , I l linois Na tura l  His tory Survey 

( INHS ) , Iowa S tate Unive ri s ty ( ISU ) , Robert E .  Jenkins ( REJ) , 

Mi s s i s s ippi S tate Univers ity ( MSU ) , Na tiona l  Mus eum of Na tural His tory 

( USNM ) , North Carolina S tate Museum ( NCSM ) , Northeas t Loui s iana 

Unive rs i ty ( NLU ) , Ohio S tate Uni ve rs i ty ( OSUMZ ) , Oklahoma S tate 

Univers i ty ( OAM ) , Pennsylvania State Uni versi ty ( PSU ) , Henry w .  

Robison ( HWR ) , Royal Ontario Mus eum ( ROM ) , Southern I llinois 

Uni ve rs i ty ( S IUC ) ,  S tanford Univer s i ty ( SU ) , Wayne c .  S ta rnes (WCS ) ,  

Tulane Uni ve rs i ty ( TU ) ,  Uni vers i ty of Alabama ( UA IC ) , Uni ver s i ty o f  

Georgia ( UGA ) , Univers i ty of Kans as ( KU ) , Uni vers i ty of Loui sville 

( UL ) , Unive rs i ty of Michigan ( UMMZ ) ,  Univers i ty o f  Minnes ota ( UM ) , 

Unive rs i ty of Northern Iowa ( UN I ) ,  Univers i ty of Oklahoma ( UOMZ ) ,  

Uni vers ity of North Carolina -Charlotte ( UNCC ) ,  and Uni ve rs i ty of 

Tennes s ee ( UT ) . Coll ection abbreviati ons fol lowed by a ques tion mark 

indi cate the museum d es ti nation for uncatalogued material or co llec­

tions pres ently a t  a mus eum awai ting curation . 



A .  Meri s t i c  and Morphometri c Specimens 

Hybops i s  diss imi l i s  ( Ki rtland ) -- Spotted chub 

Allegheny � Drainage . NY: Cattaraugus Co . :  NLU 3 1 0 1 7 ,  
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Allegheny R .  0 . 7mi W Portvi lle ( 3 ) ;  C U  62479 , Allegheny R .  at Rt . 2 1 9  

( 2 ) ; TU 4 3 3 4 ,  Allegheny R .  a t  Allegheny ( 1 0 ) ; C U  6 2 7 3 3 ,  Allegheny R .  

at Vandalia ( 5 ) ; PA : Fores t Co . :  C U  67 1 3 , Allegheny R .  1 . 0 mi N 

Tiones ta ( 2 ) ;  Wa rren Co . :  CU 9 4 09 , Allegheny R .  8 . 0  mi NE Ti dioute 

( 7 ) ; PSU 6 3 7 , Allegheny R .  near Warren ( 5 ) ; Venango Co . :  USNM 1 6 1 9 0 3 , 

French Cr . a t  Rt 1 9  ( 2 ) .  

Muskingum � Drainage . O H :  Coshocton Co . :  OSUMZ 1 1 9 9 5 ,  

Walhondi ng R .  ( 3 ) ; OSUMZ 9 6 3 ,  Walhondi ng R .  1 . 0 mi above Six Mi le Dam 

( 1 ) ;  OSUMZ 1 2 7 5 7 , Wa lhonding R .  1 . 0 mi above Six Mi le Dam ( 1 ) ;  OSUMZ 

1 69 2 0 ,  Wa lhondi ng R .  at Warsaw ( 1 ) ;  OSUMZ 99 8 ,  Walhonding R .  at 

Walhonding ( 2 ) ;  ROM 1 7 3 78 , Walhonding R .  Newcas tle Towns hip ( 1 ) ;  

Ashland Co . :  OSUMZ 5 1 1 ,  C lear Fork Mohi can R .  Hanover Township ( 2 ) ;  

Muskingum Co . :  OSUMZ 9 2 4 , Muskingum R .  a t  Ellis Dam ( 1 ) .  

Scioto R .  Drai nage . OH:  Pickaway Co . :  OSUMZ 1 89 5 0 ,  S cioto R .  

S E  Jackson Township ( 2 ) ; OSUMZ 1 35 7 4 ,  Scioto R .  Jackson Township ( 1 ) ;  

KU 1 1 35 3 ,  Big Darby C r . a t  Rt . 1 04 ( 1 ) ; OSUMZ 8 3 89 , Big Darby Cr . 1 . 0 

mi S Fox ( 5 ) ; CU 4 6 8 3 8 ,  Big Darby Cr . 1 . 0  mi S Fox ( 1 ) .  

Elk � Drainage . WVA : Braxton Co . :  CU 3 2 5 04 , Elk R .  below 

Gas s oway ( 1 0 ) ; CU 3 2 2 8 4 ,  Elk R .  above Hyer ( 1 ) ;  CU 32404 , Elk R .  2 . 0  

mi above Frame town ( 7 ) ; Kanawha Co . :  AEL 288 , Kanawha R .  be low London 

Locks ( 2 ) ; Webs ter Co . :  AEL 6 2 7 , Elk R .  at Co Rd 7 ( 3 ) . 
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B i g  Sandy � Drainage . KY: Floyd Co . :  UL 66 5 4 , Levisa Fork 5 . 0  

rni SE Allen ( 1 0 ) ;  Pike Co . :  UT 44 . 1 7 5 4 ,  Rus s e l l  Fork a t  US Hwy 80 ( 5 ) ; 

UL 6 6 3 7 , Levis a  Fork at confl Rus s ell Fork near Mi lland ( 4 ) . 

Kentucky � Drainage . KY: Les l i e  co . :  UL 7 1 6 3 ,  Greas y  Cr . 9 . 0  

mi S Hyden ( 4 ) ; UL 1 05 48 ,  Middle Fork KY R .  ( 6 ) ; OWs ley Co . :  UMMZ 

1 7 7 82 1 , Redbird Cr . at confl Sexton Cr . 8 . 0  mi N Oneida ( 3 ) ;  UMMZ 

1 68879 , Redbird Cr . at confl Sexton Cr . ( 3 ) ;  Perry Co . :  UL 1 1 7 7 4 ,  

Mi ddle Fork K Y  R .  a t  Buckhorn ( 1 0 ) ; USNM 206 4 7 4 ,  Middle Fork KY R .  

( 7 ) . 

Green � Dra i nage . KY: Allen Co . :  UL 1 1 9 4 4 ,  Ba rren R .  1 . 5 mi W 

Allen-Monroe Co . line ( 3 ) ; Barren Co . :  UMMZ 1 5 4687 , Peters Cr . 1 0 . 0  rni 

NE S cotts vi lle ( 3 ) ; Green Co . :  UMMZ 1 65 2 8 1 , Green R. at Greensburg 

( 1 ) ;  UL 1 1 9 1 6 ,  Green R. 1 5  mi ups tream Greensburg ( 5 ) ; UL 1 1 9 1 0 , Gree n  

R .  6 . 0  m i  downs tream confl Pi tman Cr . ( 8 ) ; Ha r t  Co . :  EKU 84 , Green R .  

a t  KY Hwy 3 1 W  ( 7 ) ; Monroe Co . :  USNM 206478 , Salt Lick Cr . 1 . 0  mi E 

Ake rsvi lle ( 1 0 ) ; Wa rren Co . :  su 3 2 28 , Barren R .  a t  Bowling Green ( 3 ) ;  

USNM 6 38 3 8 ,  Barren R .  at Bowling Green ( 3 ) .  

Whi te � Draina ge . I N :  County Unknown : USNM 2 0 1 45 ,  White R .  

( 1 ) ;  USNM 2 3 448 , Whi te R .  ( 2 ) ; Johnson Co . :  INHS 7 38 1 0 , Cres s Cr . 4 . 0  

mi E Franklin ( 1 ) .  

Wabash � Drainage . IN : Cass Co . :  USNM 2 0 6 5 1 1 ,  Eel R .  ( 1 ) ;  

Fulton Co . :  USNM 69077 , Tippecanoe R .  at Marshland ( 2 ) ; USNM 6689 2 ,  

Tippecanoe R .  a t  Marshland ( 7 ) ; USNM 6689 1 , Tippecanoe R .  a t  Ma rsh land 

( 2 ) ; USNM 407 39 , Tippecanoe R .  at Marshland ( 1 ) ;  Pulaski Co . :  UGA 

2 1 4 ,  Tippecanoe R .  ( 3 ) ;  S tarke Co . :  USNM 69209 , Bass Lake ( 1 ) .  
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Red � Drainage . KY: Logan Co . :  S IUC ? ,  Red R .  at Dot ( 1 ) ;  TN :  

Rober tson Co . :  CU 2 2 1 8 1 , Red R .  at Rt 4 1  ( 1 ) ;  CU 2 2 1 6 2 ,  Sulphur Fork 

Cr . 5 . 0  mi s Adams ( 1 ) ;  CU 2 3 1 3 6 ,  Sulphur Fork Cr . at Hi lls Mill , Rt 

76 ( 2 ) ; CU 2 3 1 3 4 ,  Sulphur Fork cr . at Hills Mill , Rt 76 ( 1 ) .  

Harpeth � Drainage . TN :  Cheatham Co . :  UT 4 4 . 1 1 09 ,  Harpeth R .  

1 . 5 mi N US Hwy 7 0  ( 1 ) ;  C U  499 5 2 ,  Harpeth R .  at US Hwy 7 0  ( 1 3 ) ; 

Unca t . , TUrnbull Cr . ( 2 ) . 

S tones � Drainage . TN :  Rutherford Co . :  TU 1 9 49 3 ,  E .  Fork 

Stones R .  at Hwy 2 3 1  ( 1 0 ) ; CU 5 2868 , E .  Fork Stones R .  at Hwy 2 3 1 ( 3 ) . 

Obey � Drainage . TN :  Jackson Co . :  CU 5 1 6 3 2 , Blackburn Fork 

Roaring R .  at Rt 1 35 ( 1 ) ;  UMMZ 1 68200 , Cumberland R .  6 . 5  mi NE of 

Gaines boro ( 1 ) ;  Overton Co . :  KU 1 4 1 89 ,  w .  Fork Obey R .  5 . 0  mi W Alpine 

( 1 ) ;  UT 4 4 . ? , W .  Fork Obey R .  near Alpine ( 3 ) ;  Pickett Co . :  UMMZ 

1 2 1 7 3 2 , Obey R .  a t  Pryor Bend ( 1 ) ;  UT 44 . 2 09 5 , Wolf  R .  at confl Town 

Branch Cr . 1 . 0  mi NE Byrds town ( 2 ) ; Unknown Co . :  USNM , Obey R .  at 

Olympus ( 1 ) .  

Little � Fork Cumberland � Drainage . KY: McCreary-Wayne Co . :  

UT 4 4 . 4 3 6 ,  Li ttle S .  Fork Cumberland R .  at Hwy 9 2  ( 1 ) ;  SIUC 2282 , 

Little s .  Fork CUmberland R .  at Hwy 9 2  ( 2 ) ; S IUC 7 2 8 4 , Little s .  Fork 

Cumberland R .  at Ritner Ford ( 9 ) ;  Uncat . ,  Little s .  Fork Cumberland R .  

a t  Ritner Ford ( 3 ) ; Wayne Co . :  UT 4 4 . 4 3 6 ,  Little s .  Fork Cumberland 

R .  0 . 5  mi upstream confl S tone Dry Branch ( 3 ) ; TU 7 45 7 0 ,  Little s .  

Fork CUmberland R .  a t  Parmleysvi lle ( 1 ) .  

Duck � Drainage . TN :  Bedford Co . :  UT 44 . 1 569 , Duck R .  2 . 0  mi 

NW Elbethel ( 1 0 ) ; Lewis Co . :  NLU 47 6 1 6 ,  Buffalo R .  at confl Grinder ' s  

Creek ( 1 0 ) ; NLU 4 3 1 1 5 ,  Buffalo R.  at confl Grinder ' s  Creek ( 4 ) ;  
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Marshall Co . :  NLU 5 2963 , Duck R .  at RM 1 7 3 . 1  1 . 0 mi above Hardison 

Mill ( 8 ) ; NLU 50385 , Duck R .  at confl Caney Cr . ,  RM 1 76 . 9  ( 6 ) ; Perry 

Co . :  TU 1 0 1 802 , Buffalo R. at RM 54 ( 1 ) ;  NLU 286 3 1 , Buffalo R. at 

Beardstown ( 7 ) ; Wayne Co . :  NLU 2880 1 , Buffalo R. at Hwy 1 3  ( 1 ) .  

Shoal Cr . Drainage . AL :  Lauderdale Co . :  MSU 609 7 ,  Shoal Cr . at 

Hwy 8 ( 1 ) ;  UAIC 7 1 78 . 0 1 , Shoal Cr . at RM 1 3 . 9- 1 5 .9 ( 4 ) ; UAIC 7 1 77 . 0 1 , 

Shoal Cr . a t  Co . Rd 94 ( 5 ) ; TN :  Lawrence Co . :  MSU 6 1 1 7 ,  Shoal Cr . at 

Iron City ( 3 ) ; UAIC 4769 . 0 3 ,  Shoal Cr . ( 4 ) . 

Elk � Drainage . AL :  Madison Co . :  Uncat . ,  Flint R .  at RM 24 . 6-

26 . 3  ( 2 ) ; TN :  Lincoln Co . :  UT 44 . 1 556 ,  Elk R .  at Hwy 2 3 1 /43 1 ( 5 ) ; TU 

30256 , Elk R .  at Fayettevi lle ( 1 0 ) . 

Paint Rock � Drainage . AL : Jackson Co . :  UT 44 . 1 6 1 9 ,  Paint 

Rock R. at Co . Rd 4 ( 2 ) ;  UT 44 . ? , Paint Rock R. along Co . Rd 9 S 

Es tillfork ( 1 0 ) ;  USNM 2 48 1 84 ,  Paint Rock R .  a t  confl Estill Fork and 

Hurricane Cr . ( 6 ) ; UAIC 7 1 7 6 . 0 1 , Paint Rock R .  at RM 3 0 . 7  ( 2 ) ;  UAIC 

7 1 7 2 . 0 1 , Paint Rock R .  at RM 1 7 . 3  ( 1 ) ;  Unknown Co . :  ANSP 84360,  Paint 

Rock R. ( 8 ) . 

Hols ton � Drainage TN :  Sullivan Co . :  UT 44 . 27 1 , N .  Fork 

Hols ton R. at Hwy 2 3  ( 1 0 ) ; Carter Co . :  UMMZ 1 3082 3 ,  watauga R .  at Hwy 

37  ( 1 ) ;  USNM 40468 , Watauga R .  at Elizabethton ( 2 ) ; VA : Scott Co . :  

Uncat . ,  N .  Fork Holston R .  at Rt 778 ( 6 ) ; Smyth Co . :  UMMZ 96883 , N .  

Fork Hols ton R .  above Saltvi lle ( 3 ) ;  VPI 892 ,  Middle Fork Hols ton R .  

above Chilhowie ( 1 0 ) .  

Clinch-Powell R .  Drainage . TN: Claiborne Co . :  UT 44 . 1 488,  

Powell R.  at US Hwy 25E ( 5 ) ; FSM 1 7 1 67 ,  Powell R.  at US Hwy 25E ( 7 ) ;  

NLU 50205 , Powell R .  at Buchanan Ford , RM 99 . 2  ( 1 0 ) ; UT 44 . 5 1 8 ,  Powell 
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R .  3 . 5  mi SW US Hwy 25E ( 3 ) ;  Hancock Co . :  UT 44 . 1 63 1 , Clinch R .  at 

Frost Ford , 3 . 7  mi NE Sneedvi lle ( 1 5 ) ; NLU 39507 , Clinch R .  at Frost 

Ford ( 1 0 ) ; TU 96244 , Clinch R .  at Fros t Ford ( 4 ) ;  VA : Lee Co . :  UMMZ 

96928 ,  Indian Cr . ( 1 ) ;  Scott Co . :  TU 7 0439 , Copper Cr . 0 . 4  mi 

ups tream confl Clinch R .  ( 5 ) . 

Salt � Drainage . KY: Marion Co . :  Unca t . ,  Rolling Fork Salt R .  

2 . 0  km N E  Jessietown ( 1 0 ) . 

Hybopsis harryi Hubbs and Crowe -- Ozark chub 

Little Red � Drainage . AR : Van Buren Co . :  NLU 4789 1 , Archey ' s  

Fork Little Red R .  at Hwy 65 { 1 ) ;  WCS ? ,  Archey ' s  Fork Little Red R .  

a t  Hwy 65  ( 1 ) ;  NLU ? ,  Archey ' s  Fork Little Red River downs tream u . s . 

Hwy 65 xing ( 26 ) ; Unknown Co . :  FMNH 859 , Middle Fork Little Red R .  at 

Kinderhook ( 1 ) .  

S t .  Francis � Drainage . MO : Madison Co . :  S t .  Francis R. at Rt 

C ( 1 ) ;  NLU 5 3585 , S t .  Francis R. at Hwy 34 ( 25 ) .  

Spring � Drainage . AR :  Fulton Co . :  NLU 4 1 045 , s .  Fork Spring 

R. 1 . 0 mi W Saddle ( 3 ) ; NLU 4 1 0 3 3 ,  s .  Fork Spring R. 1 . 0 mi N Moko 

( 2 ) ;  NLU 4229 5 ,  English Cr . at Hwy 289 ( 1 ) ; ASUMZ 587 3 ,  Myatt Cr . at 

Hwy 9 ( 3 ) ;  ASUMZ 6286,  Myatt Cr . at Hwy 289 ( 2 ) ; ASUMZ 5802 , Myatt Cr . 

( 1 ) ;  ASUMZ 5825 , Myatt Cr . ( 1 ) ; ASUMZ 5767 , Myatt Cr . ( 2 ) ; NLU ? , 

Myatt C r .  at Hwy 289 ( 2 ) . 

Eleven Point R .  Drainage . AR :  Randolph Co . :  ASUMZ 7 279 , Eleven 

Point R .  at confl Diles Cr . ( 1 0 ) . 

Current � Drainage . AR : Randolph Co . :  TU 66785 , Current R .  

4 . 5  m i  NW Success ( 1 0 ) ; ASUMZ 247 4 ,  Current R .  ( 4 ) ;  MO : Shannon Co . :  



Uncat . ,  Jacks Fork Current R .  ( 1 ) ;  KU 764 1 , Current R .  at Round 

Springs State Park ( 3 ) ;  KU 3 3 1 1 ,  Jacks Fork current R .  at Alley 

Springs State Park ( 3 ) ;  UMMZ 1 57 698 ,  Current R. at confl  Big Spring 

Branch ( 3 ) PARATYPES . 
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Black � Drainage . MO : Reynolds Co . :  KU 1 65 7 2 , w .  Fork Black 

R. at Rt 2 1  ( 1 0 ) ; Wayne Co . :  NLU 5 3583 , Black R. at Hwy 49 ( 4 ) ;  

Unknown Co . :  OAM 7 2 25 , Upper Black R .  ( 5 ) . 

Upper Whi te � Drainage . AR : Independence Co . :  NLU 2 0074 , 

White R .  at Lock and Dam 3 ,  1 5 . 0  mi NW Batesville ( 1 0 ) ; Izard Co . :  

NLU 1 3754 , White R .  0 . 5  mi NW Guion ( 1 0 ) ; Marion Co . :  NLU 26937 , 

Buf falo R .  at Hwy 1 4  ( 5 ) ; Newton Co . :  NLU 26 1 5 2 , Big Cr . 0 . 2  mi SE 

Carver ( 6 ) ; Searcy Co . :  NLU 25272 , Buffalo R .  at Hwy 65 ( 8 ) ;  Stone 

Co . :  NLU 1 39 1 4 , Whi te R .  at Lock and Dam 3 ( 20 ) ; MO : Barry Co . :  UMMZ 

1 5 1 344 , Whi te R .  3 . 0  mi S Shell Knob ( 2 )  PARATYPES ; UMMZ 1 67 08 3 ,  White 

R .  3 . 0  mi SE Mano ( 1 )  HOLOTYPE ;  Chris tian Co . :  KU 1 0840 , James R. at  

confl Wilson Cr . ( 1 ) ;  Taney Co . :  KU 1 09 1 9 ,  Beaver Cr . at  Kissee Mills 

( 2 ) . 

Hybopsis  insignis Hubbs and Crowe -- Blotched chub 

Red � Drainage . TN :  Montgomery Co . :  CU 2 3 2 5 7 ,  Yellow Cr . at 

Rt . 1 3  ( 2 ) ; CU 5 0300 , Confl Sulphur Fork Cr . and Red R .  at Port Royal 

( 2 ) ; KY : Logan Co . :  SIUC ? , Red R. at Dot ( 1 5 ) ; S IUC ? , Red R .  NE 

Smith Grove Church ( 1 ) .  

Lower Tennes see R.  Drainage . KY: Calloway Co . :  UMMZ 1 57702 , 

Tennessee R .  at Blood Island ( 1 )  HOLOTYPE ;  UMMZ 1 5 7703 , Tennessee R .  

at  Blood Island ( 1 )  PARATYPE .  
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Harpeth � Drainage . TN :  Cheatham Co . :  CU 499 5 3 ,  Harpeth R .  at 

Hwy 7 0  { 1 0 ) ; UT 44 . 1 225 , Harpeth R .  2 . 0  mi N Hwy 7 0  { 1 0 ) ; UMMZ 1 74467 , 

Turnbull Cr . 1 . 0 mi W Kingston { 5 ) ; UT 44 . 2569 , Turnbull Cr . 0 . 6  mi E 

Craggie Hope { 2 ) . 

Stones � Drainage . TN :  Rutherford Co . :  CU 5 2869 , E .  Fork 

Stones R. at Hwy 2 3 1  ( 9 ) ; UT 44 . 5 6 0 ,  E .  Fork Stones R .  at Hwy 2 3 1  

( 1 0 ) ; TU 3 3 1 95 ,  Stones R. at Walterhi ll , Hwy 2 3 1  ( 6 ) . 

Caney Fork � Drainage . TN :  Smith Co . :  UMMZ 8629 4 ,  Caney Fork 

R .  at Lancas ter { 1 )  PARATYPE;  NLU 2565 3 ,  Smith Fork at Hwy 1 4 1 ( 3 ) ;  SU 

5 1 52 ,  Smith Fork at Lancas ter { 5 ) . 

Roaring � Drainage . TN :  Jackson Co . :  UMMZ 1 68248 , Roaring R .  

2 . 0  mi upstream con£1 Cumberland R .  { 6 ) PARATYPES ; KU 1 1 5 40 , Roaring 

R .  at Rt 1 35 { 3 ) ; UMMZ 1 25 082 , Blackman ' s  Fork E of Gainesboro { 1 )  

PARATYPE .  

Crocus Cr . Drainage . KY: Cumberland Co . :  C U  5 1 58 2 ,  Crocus Cr . 

at Rt 704 ( 9 ) ; UMMZ 1 77970 ,  Crocus Cr . at Rt 704 ( 3 ) ;  UL 8038 , Crocus 

Cr . ( 3 ) .  

Little � Fork Cumberland � Drainage . KY: Wayne-McCreary Co . :  

UT 4 4 . 289 , Little S .  Fork at Ritner Ford ( 5 ) ; SIUC 7285 , Little S .  

Fork at Ritner Ford { 5 ) ;  Uncat . ,  Li ttle s .  Fork at Ritner Ford ( 4 ) ;  

Uncat . ,  Little s .  Fork at Ritner Ford { 5 ) . 

Duck � Drainage . TN :  Bedford Co . :  UT 4 4 . 1 57 0 ,  Duck R .  5 . 7  mi 

NW Shelbyville ( 7 ) ; Maury Co . :  UT 44 . 5 7 0 ,  Duck R .  at Kettle Mills { 3 ) ; 

Hickman Co . :  UT 44 . 1 597 , Duck R .  8 . 0  mi E Centervi lle ( 1 0 ) ; UT 44 . ? ,  

Piney R .  6 . 6  mi NW Centerville ( 1 ) ;  Humphreys Co . :  UT 44 . 1 738 , Duck 

R .  1 . 0 mi upstream confl Hurri cane Cr . ( 1 0 ) ; UT 44 . 77 5 ,  Buffalo R. 1 . 3 
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mi ups tream of mouth ( 1 9 ) ;  Lewis Co . :  UT 44 . 5 02 , Buf falo R .  at confl 

Grinders Cr . ( 4 ) .  

Shoal Cr . Drainage . AL : Lauderdale Co . :  USNM 36662 , Shoal Cr . 

at Florence ( 1 ) ;  AU 29 1 6 , Big Butler Cr . at Pruitton ( 2 ) ; UAIC 

7 1 78 . 02 ,  Shoal Cr . at confl Butler Cr . ( 6 ) ;  UAIC 7 1 77 . 02 ,  Shoal Cr . at 

Co . rd 94 NE of Florence ( 1 1 ) ;  TN :  Lawrence Co . :  MSU 6 1 1 7 ,  Shoal Cr . 

at Iron City ( 5 ) ; UAIC 477 1 . 03 ,  Factory Cr . ( 1 ) .  

Elk � Drainage . TN :  Giles Co . :  UT 44 . 2 1 6 3 ,  Elk R .  0 . 75 mi 

ups tream Co . Rd 6234  ( 20 ) ; UT 44 . 2 34 3 ,  Richland Cr . at Co . Rd 4209 

( 1 0 ) . 

Paint Rock � Drainage . AL : Jackson Co . :  UT 44 . 23 5 2 ,  Paint 

Rock R. at Co . Rd 9 ( 3 ) ; UAIC 634 1 . 0 4 ,  Paint Rock R .  1 . 3 mi S 

Princeton ( 1 ) ;  UAIC 6354 . 03 ,  Paint Rock R .  1 2 . 0  mi NE Paint Rock ( 4 ) ;  

UAIC 6 345 . 03 ,  Paint Rock R .  0 . 6  mi S Swain ( 2 ) ; UAIC 6347 . 03 ,  Paint 

Rock R.  at confl Estille Fork and Hurricane Cr . ( 1 ) ;  UAIC 7 1 7 6 . 02 ,  

Paint Rock R .  a t  RM 3 0 . 7  ( 5 ) ; Madison Co . :  UAIC 7 1 74 . 0 1 , Paint Rock 

R .  at RM 1 9 . 1 ( 8 ) ; Unknown Co . :  ANSP 84360 , Paint Rock R .  ( 3 ) .  

Sequatchie R .  Drainage . TN :  Marion Co . :  Uncat . ,  Sequatchie R .  

0 . 5  mi ups tream confl Little Sequatchie R .  ( 1 0 ) ; Uncat . ,  Sequatchie R .  

a t  RM 1 7 , Ketner ' s  Mill ( 8 ) ; Sequatchie Co . :  UF 1 55 3 1 , Sequatchie R .  

1 . 5 mi NNE o f  Marion-Sequatchie Co . line ( 6 ) ;  UMMZ 1 68 1 3 8 ,  Sequatchie 

R .  8 . 0  mi SSW Dunlop ( 1 ) ;  TU 3 3463 , Sequatchie R .  at Hwy 1 27 ( 1 ) .  

Hiwassee � Drainage . GA : Union Co . :  UAIC 2556 , Nottely R .  at 

GA Hwy 1 80 ( 1 ) ;  CU 62998 ,  Toccoa R. at GA Hwy 60  ( 6 ) ;  TU 38288 , Toccoa 

R. at GA Hwy 60 ( 1 ) ;  TU 374 1 2 ,  Toccoa R. 1 . 0 mi E GA Hwy 60 ( 6 ) ;  TU 

40757 , Toccoa R .  along GA Hwy 60 1 9 . 4 mi SE Morgantown ( 5 ) ; UG 759 , 
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suches Cr . ( 1 ) ;  UG 742 ,  Town Cr . ( 1 ) ;  UT 44 . 5 7 7 , Coosa Cr . at GA Hwy 

76 ( 2 ) ; UMMZ 94592 , Arkaqua Cr . ( 1 ) ;  NC : Clay Co . :  UMMZ 1 56368 , 

Brass town Cr . ( 4 ) PARATYPES ; Cherokee Co . :  NCSM 48 1 4 ,  Valley R .  at Co . 

Rd 1 5 1 5  ( 1 0 ) ; TO 25647 , Val ley R .  4 . 6  mi SW Marble ( 5 ) . 

Little Tennessee R .  Drainage . TN :  Monroe co . :  USNM 7 0587 , -

Tellico R .  a t  Tellico Plains ( 1 ) ; UT 44 . ? ' Citico Cr . 0 . 6  mi 

upstream confl Little Tennessee R. ( 7 )  ; UT 44 . 22 1 9 ,  Citi co Cr . 3 . 8  

upstream confl Little Tennes s ee R .  ( 2 )  ; UT 44 . ? ' Citi co Cr . ( 3 )  ; 

44 . ? , Citico Cr . ( 3 ) . 

Little R .  Drainage . TN :  Blount Co . :  Unca t . ,  Little R .  at US 

Hwy 4 1 1 ( 1 0 ) ; UT 44 . 426 , Little R .  at US Hwy 4 1 1 ( 1 0 ) ; USNM 2 3 1 228 , 

Little R .  at US Hwy 4 1 1 ( 5 ) . 

Little Pigeon � Drainage . TN :  Sevier Co . :  UT 44 . 9 3 ,  Little 

mi 

UT 

Pigeon R .  at Seviervi lle ( 1 0 ) ; USNM 1 29 320 ,  w .  Prong Little Pigeon R .  

( 1 )  HOLOTYPE ; NLU , 1 9062 , W .  Prong Little Pigeon R .  at Hwy 44 1 , Pigeon 

Forge ( 6 ) ;  NLU 6 1 42 ,  w. Prong Little Pigeon R .  at Pine Grove ( 6 ) ; USNM 

? , Walden Cr . ( 4 ) . 

Pigeon � Drainage . TN :  Cocke Co . :  UMMZ 1 3 1 49 4 ,  Cosby Cr . at 

Padgett Mill ( 1 )  PARATYPE . 

French Broad � Drainage . NC : Buncombe Co . :  UMMZ 1 38558 ,  

French Broad R.  2 . 0 mi  SW Skyland ( 1 )  PARATYPE ;  CO 1 005 2 ,  French Broad 

R. 2 . 0  mi SW Skyland ( 3 ) ;  USNM 406 1 3 ,  Swannanoa R. at Black Mountain 

( 1 ) ;  UMMZ 1 56039 , Cane Cr . 5 . 25 mi NE Fletcher ( 1 )  PARATYPE;  UT 

44 . 1 894 , Cane Cr . at Co . Rd 3 1 38 ,  4 . 0  mi SE Skyland ( 7 ) ; CU 6342 3 , 

Cane Cr . at Co . Rd 3 1 1 6 ,  3 . 0 mi E .  Fletcher ( 6 ) ; UMMZ 1 56067 , Cane Cr . 

0 . 25 mi N Henderson-Buncombe Co . line ( 9 ) ; Henderson Co . :  UMMZ 1 56004 , 
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Mills R. 1 . 5 mi W Mills River ( 2 ) ; UMMZ 1 5602 1 , s .  Fork R. 3 . 0  mi SW 

Mills River ( 1 0 )  PARATYPES ; UT 44 . 1 89 2 ,  Mills R. at NC Hwy 280/ 1 9 1  

( 1 0 ) ; CU 6335 0 ,  s .  and N .  Fork Mills R .  a t  Co . Rd 1 34 2  ( 7 ) ; CU 6 3 1 3 4 ,  

s .  Fork Mi lls R .  4 . 0  mi S W  Mi lls River ( 5 ) ;  Madison Co . :  CU 22876 ,  

Ivy Cr . 6 . 5  mi SW Mars Hill ( 1 ) ;  USNM 40606 , Spring Cr . at Hot Springs 

( 2 ) PARATYPES ; SU 1 025 , Spring Cr . at Hot Springs ( 1 ) .  

Nolichucky � Drainage . NC : Yancey Co . :  UNCC 77-9 3 ,  Cane R .  

2 . 0  mi E Sioux ( 1 0 ) ; TN : Greene Co . :  UT 44 . 1 68 1 , Nolichucky R .  at RM 

1 9 . 7  ( 1 0 ) ; UT 44 . ? , Noli chucky R .  a t  RM 44 ( ? ) , Unicoi Co . :  UT 

44 . 1 682 , N .  Indian Cr . at conf l  Nolichucky R .  ( 2 ) . 

Holston � Drainage . TN :  Carter Co . :  UMMZ 1 574 1 5 ,  Elk R .  2 . 5 

mi S Butler ( 1 )  PARATYPE ; Johnson Co . :  UMMZ 1 57 4 3 3 ,  Roan Cr . 1 . 4 mi 

upstream conf l  Little Doe Cr . ( 5 ) ;  Sullivan Co . :  UMMZ 1 57763 , s .  Fork 

Hols ton R .  1 . 0 mi S TN-VA line ( 4 ) ; UMMZ 1 5756 3 ,  s .  Fork Hols ton R .  

0 . 5  mi ups tream damsite ( 1 )  PARATYPE ; UMMZ 1 575 1 1 ,  s .  Fork Holston R .  

a t  confl Jacob Cr . ( 1 ) ;  UMMZ 1 57535 , s .  Fork Hols ton R .  a t  confl Fish 

Dam Cr . ( 1 ) ;  VA : Washington Co . :  TU 3458 1 , s .  Fork Holston R .  at Hwy 

9 1  ( 1 ) ;  REJ ,  s .  Fork Hols ton R .  at Co . Rd 7 1 1 ( 4 ) . 

Clinch � Drainage . VA : Russ ell Co . :  NLU 203 1 3 ,  Little River 

above Duncan Branch ( 1 0 ) ; Scott Co . :  CU 641 0 6 ,  Copper Cr . 0 . 25 mi 

upstream confl  Clinch R. ( 1 0 ) ; CU 62828 , Copper Cr . 2 . 5  mi upstream 

confl Clinch R .  ( 1 0 ) ;  TU 69245 , Copper Cr . 2 . 5  mi NE Speers Ferry 

( 1 0 ) . 

Powell � Drainage . TN : Claiborne Co . :  REJ , Powell R .  0 . 8  mi 

NW Hoop , RM 1 5 3 . 5  ( 1 ) ;  NLU 50859 , Powell R .  at Buchanan Ford , RM 99 . 2  

( 1 ) ;  NLU 5058 1 , Powell R .  a t  Buchanan Ford , RM 99 . 2  ( 5 ) ;  UMMZ 1 1 2994 ,  
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Indian Cr . ( 1 ) ;  NLU 50635 , Powell  R .  at McDowell Ford , CO . Rd 2592 

( 2 ) ;  VA : Lee Co . :  UMMZ 1 03438 and 1 03439 , Powell R.  at confl S tation 

Cr . ( 6 ) ; NLU 5 0325 , Powell  R. 1 . 9 mi ups tream TN-VA line ( 5 ) ; NLU 

5062 1 , Powell R .  1 . 9  mi upstream TN-VA line ( 3 ) ;  NLU 50497 , Powell R .  

2 . 5  mi upstream TN-VA line ( 2 ) . 

Hybopsis x-punctata Hubbs and Crowe -- Gravel chub 

Allegheny � Drainage . PA: Venango Co . :  UMMZ 1 08 1 2 1 , Allegheny 

R .  ( 1 ) ;  Warren Co . :  CU 674 1 , Allegheny R. 2 . 0  mi S Tidioute ( 1 ) ;  PSU 

32 ,  Allegheny R. at Kinzua Dam ( 1 0 ) ; NY: Cattaraugus Co . :  UMMZ 1 8096 3 , 

Allegheny R .  at confl Pierce Run ( 1 ) ;  CU 627 34 ,  Allegheny R .  at 

Vandalia ( 1 ) ; CU 6249 9 ,  Allegheny R. 1 . 0 mi downs tream Rt 2 1 9  ( 3 ) ; TU 

7902 , Allegheny R .  at Allegany ( 7 ) ; CU 446 1 9 ,  Allegheny R .  at s .  

Carrolton ( 1 ) .  

Muskingum � Drainage . OH:  Coshocton Co . :  UMMZ 1 77 2 7 8 ,  

Walhonding R .  Newcas tle Township ( 1 )  HOLOTYPE ; UMMZ 1 77 2 7 9 ,  Walhonding 

R .  Newcastle Township ( 5 )  PARATOPOTYPES ; OSUMZ 1 2307 , Walhonding R .  

( 4 ) ; OSUMZ 1 2 1 7 1 , Walhonding R .  ( 3 ) ; OSUMZ 1 237 , Tuscarawas R .  

Lafayette Township ( 5 ) ; Muskingum Co . :  UMMZ 860 1 8 ,  Muskingum R .  ( 2 )  

PARATYPES ; washington Co . :  UMMZ 87782 , Muskingum R .  wes t-central 

Muskingum Township ( 1 ) ;  UMMZ 1 07290 , Muskingum R .  wes t-central 

Muskingum Township ( 6 ) ; UMMZ 87761 , Muskingum R .  at Lowell ( 2 ) .  

Scioto � Drainage . OH: Athens Co . :  OSUMZ 9-27 0 ,  Hocking R .  

Troy Township ( 1 ) ;  Lawrence Co . :  OSUMZ 580,  Ohio R .  a t  Dam 2 9  ( 1 ) ;  

Pike Co . :  OSUMZ 2 1 226 ,  Camp Cr . ( 1 0 ) ;  UMMZ 87744 , Scioto R .  SW S cioto 

Township ( 1 )  PARATYPE;  OSUMZ 1 5774 ,  Scioto R.  Newton-Camp Townships 
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( 1 0 ) ;  OSUMZ 1 33 35 , Scioto R .  S Waverly ( 1 ) ;  Ross Co . :  OSUMZ 1 1 28 4 ,  

Scioto R .  Jefferson Township ( 2 ) ; UMMZ 878 1 2 ,  Scioto R .  Springfield 

Township ( 1 )  PARATYPE ;  Scioto Co . :  OSUMZ 1 75 3 1 , Scioto R .  Rush Valley 

Township ( 4 ) ; OSUMZ 1 5 365 , Scioto R. Clay-Washington Townships ( 6 ) . 

Whi tewater � Drainage . IN : Franklin Co . :  OSUMZ 2 8 1 65 ,  

Whitewa ter R .  Highland Township ( 1 ) ;  OH: Clermont Co . :  UMMZ 1 07775 , 

Little Miami R .  a t  Milford ( 1 ) ;  Hami lton Co . :  OSUMZ 1 1 285 , Whitewater 

R. ( 1 ) .  

Green � Drainage . KY: Green Co . :  USNM 63836 ,  Green R .  at 

Greensburg ( 1 ) .  

Wabash � Drainage . IN : Cass Co . :  USNM 1 25 1 3 0 ,  Eel R .  at 

Logansport ( 1 ) ;  Jackson Co . :  OSUMZ 277 27 , E .  Fork Whi te R .  Jackson 

Township ( 1 ) ;  Knox Co . :  USNM 6689 0 ,  Wabash R .  at Vincennes ( 1 ) ; USNM 

40837 , Wabash R .  at Vincennes ( 2 ) ; USNM 4086 3 ,  Wabash R .  at Vincennes 

( 4 ) ; USNM 4088 1 , Wabash R .  at Vincennes ( 2 ) ;  Marion co . :  USNM 36746 , 

White R .  at Indianapolis ( 1 ) ;  Martin Co . :  OSUMZ 28824 , E .  Fork White 

R .  Halbert Township ( 1 ) ;  OWen Co . :  USNM 1 75003 , White R .  at Gosport 

( 2 ) ; USNM 3649 7 ,  White R .  at Gosport ( 7 ) ; Parke Co . :  INHS 7 397 1 , 

Racoon Cr . at Coxville ( 1 ) ;  Posey Co . :  USNM 689 5 2 , Wabash R .  at New 

Harmony ( 1 ) ;  UMMZ 8 1 328 ,  Wabash R. at New Harmony ( 1 0 )  PARATYPES ; 

Putnam Co . :  OSUMZ 27 384 , Big Walnut Cr . ( 1 ) ;  Unknown Co . :  USNM 

1 1 7 359 , Whi te R .  ( 1 ) ;  UMMZ 1 0085 1 , Salamonie R .  near Monument Ci ty 

( 6 ) ;  vermillion Co . :  OSUMZ 272 1 9 ,  Brouillette ' s  Cr . Clinton Township 

( 2 ) ; UMMZ 27026 ,  Big vermi llion R .  Vermillion Township ( 7 ) ; Vigo Co . :  

ISU 363 , Brouillette ' s  Cr . at Shepardsville ( 1 ) ;  ISU 362 , Wabash R .  

8 . 0  mi N Terre Haute ( 1 ) ;  warren Co . :  OSUMZ 2889 6 ,  Wabash R .  Liberty 
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Township ( 2 ) ; INHS 77 1 68 ,  Big Pine Cr . 2 . 5 mi N Williamsport ( 4 ) ; ISU 

361 , Pine Cr . 5 . 0 mi W Attica ( 2 ) ;  IL : Clark Co . :  UT 44 . 1 683 , Wabash 

R .  ( 1 ) ;  Lawrence Co . :  UMMZ 1 67084,  Wabash R .  at St.  Francisville ( 1 )  

PARATYPE; INHS 1 2036 ,  Vermi llion R .  4 . 0  mi E Wes tvi lle ( 1 ) .  

Thames R .  Drainage . Canada : Ontario : UMMZ 60436 , Thames R .  at 

Munsey Indian Reserve ( 4 ) ; ROM 841 7 ,  Thames R. ( 1 ) ;  ROM 200 1 8 ,  Thames 

R .  ( 4 ) .  

Root � Drainage . MN : Fillmore Co . :  UMMZ 1 57 3 3 0 ,  Root R .  ( 2 )  

PARATYPES ; UM 1 48 4 1 , Root R .  at  Rus hford ( 1 ) ;  Olms ted Co . :  UM 1 9696 , 

N .  Fork Root R .  ( 5 ) . 

Upper Iowa � Drainage . IO:  Winnis hiek Co . :  NLU 5 35 8 7 ,  Upper 

Iowa R .  at Hwy A 34 ( 25 ) . 

Turkey � Drainage . IO:  Clayton Co . :  UNI D63- 1 6 ,  Volga R .  at 

Osborn ( 2 ) ; UNI D68- 3 ,  TUrkey R .  at Os terdock . 

Wapsipini con � Drainage . IO : Buchanan Co . :  UMMZ 1 628 1 7 , 

Waps ipinicon R .  Sumner Township ( 5 ) . 

Rock � Drainage . IL : Ogle Co . :  INHS 22347 , Kyte R .  2 . 0  mi SE  

Chana ( 1 ) ;  FMNH 84850 ,  Rock R .  5 . 0  mi  S Oregon ( 1 ) ;  INHS 223 1 2 , Rock 

R .  2 . 5  mi NE Byron ( 9 ) ; INHS 22270 , Rock R .  1 . 0 mi S Oregon ( 5 ) ;  

Winnebago Co . :  INHS 3588 , Rock R .  6 . 0  mi S Rockford ( 1 ) ;  Whi teside 

Co . :  INHS 22994 , Elkhorn Cr . 1 . 0 mi NW Galt ( 3 ) ;  WI : Rock Co . :  UMMZ 

200688 , TUrtle Cr . ( 3 ) ;  MPM 1 5480,  Rock R .  ( 3 ) . 

Cedar � Drainage . IO:  Bremer Co . :  UMMZ 1 77 45 2 ,  Cedar R .  at 

Waverly ( 1 ) ;  SU 459 8 ,  Cedar R .  at Waverly ( 1 ) ;  UMMZ 1 6378 1 , Shellrock 

R .  Washington Township ( 1 ) ;  Butler Co . :  UMMZ 1 6 3782 , Shellrock R .  



Dayton Township ( 2 ) ; Floyd Co . :  NLU 5 3586 ,  Cedar R .  at US Hwy 2 1 8  

( 25 ) .  
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Salt � Drainage . MO : Pike Co . :  UF 1 45 9 0 ,  Salt R .  8 . 0  mi NW 

Louisiana ( 1 ) ;  UMMZ 1 4856 3 ,  Salt R .  8 . 0  mi NW Louisiana ( 2 ) ; Ralls 

Co . :  UMMZ 1 49 379 , Salt R .  6 . 0  mi N Center ( 1 0 ) ; FMNH 8358 1 , Salt R .  

6 . 0  mi N Center ( 7 ) . 

Gasconade � Drainage . MO : Maries Co . :  TU 5 4 1 2 6 ,  Gasconade R .  

6 . 9  mi SE Vienna ( 1 ) ;  Osage Co . :  KU 5 1 67 ,  Gas conade R .  at Rt 89 ( 1 ) ;  

Phelps Co . :  TU 54 1 4 1 , Gas conade R .  at  Jerome ( 3 ) ;  Pulaski Co . :  KU 

1 1 04 0 ,  Big Piney R .  ( 7 ) ; UT 44 . 90 2 ,  Roubidoux R .  at MO Hwy 1 7  ( 4 ) ; 

UMMZ 1 52 359 , S tarks Fork Gas conade R .  8 . 0  mi S Ri chland ( 1 )  HOLOTYPE ;  

UMMZ 1 52382 , Gas conade R .  6 . 0  mi NE Hazelgreen ( 6 ) ;  Wright Co . :  UMMZ 

1 52 1 54 ,  Gasconade R .  2 . 0  mi W Manes ( 8 ) ; Texas Co . :  KU 1 1 05 2 ,  Big 

Piney R. 2 . 5  mi N Houston ( 2 ) . 

Osage � Drainage . MO: Cedar Co . :  FMNH 8725 5 ,  Sac R .  ( 4 ) ; UMMZ 

1 50 1 1 5 ,  Sac R .  1 . 5 mi E Stockton ( 5 ) ; Cole Co . :  KU 1 1 08 7 ,  Osage R .  

3 . 5  mi N St . Thomas ( 5 ) ; KU 1 1 279 , Osage R .  3 . 5  mi N St . Thomas ( 1 0 ) ; 

Dade Co . :  UMMZ 1 5 1 7 29 , TUrnback Cr . 4 . 0  mi E Greenfield ( 2 ) 

PARATYPES ; UMMZ 1 5 1 75 1 , Sac R .  2 . 0 mi S Dadesvi lle ( 1 ) ;  Dallas Co . :  

UMMZ 1 50435 , Niangua R .  5 . 0  mi SE Buffalo ( 3 ) ; TU 54224 , Niangua R .  at 

Hwy 7 ( 1 ) ;  Hickory Co . :  KU 7546 , Pomme de Terre R. at Hermi tage ( 1 ) ;  

Miller Co . :  UT 44 . 1 88 7 ,  Tavern Cr . at Hwy 52  ( 1 0 ) ;  UMMZ 1 527 1 6 , Osage 

R .  at TUscumbia ( 5 ) ;  Osage Co . :  UMMZ 1 88 320 , Big Maries R .  at Hwy 63  

( 1 ) ;  Polk Co . :  UMMZ 1 5008 6 ,  Little Sac  R .  at Hwy 1 23 ( 4 )  PARATYPES . 

Meramec R .  Drainage . MO : Crawford Co . :  KU 1 1 1 70 ,  Huzzah Cr . E 

Steelville ( 2 ) ; KU 1 06 3 1 , Meramec R .  2 . 0  mi N Steelville ( 5 ) ; Franklin 
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Co . :  UMMZ 1 49648 , Bourbouse R.  3 . 0  mi NW Strain ( 3 ) ;  UMMZ 1 4967 1 , 

Meramec R .  4 . 0  mi E Sullivan ( 5 ) ; Jefferson Co . :  KU 1 0083 ,  Big R .  at 

Morse Hill ( 2 ) ; NLU 3 1 979 , Big R .  at Morse Hill  ( 1 0 ) ; UMMZ 1 42 1 79 ,  

Meramec R .  1 . 0 mi S Pacific ( 2 ) ; St . Francois Co . :  KU 1 0099 , Big R .  

3 . 0  mi E Bonne Terre ( 4 ) . 

Upper White � Drainage . AR : Carroll Co . :  USNM 1 1 7 35 6 ,  White 

R. at Eureka Springs ( 1 ) ;  Independence Co . :  USNM 5 9 2 1 1 ,  White R .  at 

Batesville ( 3 ) PARATYPES ; NLU 1 383 1 , Whi te R .  at  Batesville ( 5 ) ;  KU 

8744 , White R .  at Batesville ( 1 ) ;  TU 43226 ,  White R .  at Batesville 

( 4 ) ; TU 49 240 , White R.  at Batesvi lle ( 5 ) ; TU 499 37 , Whi te R .  at 

Batesville ( 7 ) . 

S trawberry � Drainage . AR : Lawrence Co . :  HWR 76-79 , 

Strawberry R .  at Hwy 1 1 5 ( 2 ) ; HWR 77-46,  Strawberry R .  at Hwy 1 1 5 ( 4 ) . 

Spring � Drainage . AR : Lawrence Co . :  NLU 4 1 756 , Spring R .  at 

Ravenden ( 5 ) ; NLU 405 3 3 ,  Spring R. at Ravenden ( 5 ) ; Sharp Co . :  NLU 

42066 , Spring R .  at Williford ( 20 ) . 

Current � Drainage . AR :  Randolph Co . :  ASUMZ 2 27 3 ,  Current R .  

( 7 ) ; ASUMZ 2 3 3 7 , Current R .  ( 1 ) ;  TU 66786 , Current R .  4 .5 m i  NW 

Success ( 1 0 ) . 

Illinois � Drainage . AR :  Washington Co . :  WCS ? , Illinois R .  

a t  Hwy 1 6  ( 4 ) ; UT 44 . 1 843 , Illinois R .  ( 1 ) ;  OK : Adair  Co . :  USNM 

203423 , Barren Fork Cr . 1 . 0 mi E Baron ( 1 ) ;  EKU 3 ,  Barren Fork Cr . 1 . 0 

mi E Baron ( 1 ) ;  TU 2263 ,  Illinois R .  at Hwy 59 ( 4 )  PARATYPES ; TU 

38248 , Illinois R .  9 . 0  mi E Chewey ( 1 ) ;  Cherokee Co . :  UOMZ 36394 , 

I llinois R .  0 . 5 mi NE Tahlequah Bridge ( 4 ) ; UOMZ 267 1 7 ,  Caney Cr . 

( 1 0 ) ; KU 2 1 4 1 , Illinois R .  ( 3 ) ;  UM 1 47 7 3 , Illinois R .  ( 2 ) . 



1 9 4  

Neosho � Drainage . KA: Chase Co . :  KU 27 1 0 , Cottonwood R .  

( 1 0 ) ;  s .  Fork Cottonwood R .  a t  Cottonwood ( 2 ) ;  Cherokee Co . :  KU 3584 ,  

Shoal cr . at  Hwy 2 6  ( 4 ) ;  UMMZ 1 60378 ,  Shoal Cr . 2 . 0  mi S Galens ( 1 )  

PARATYPE ;  KU 1 5 1 88 ,  Shoal Cr . ( 2 ) ; KU 3607 , Spring R .  at Hwy 96 ( 5 ) ; 

Coffey Co . :  KU 1 4438 ,  Neosho R .  ( 1 ) ; Labette Co . :  KU 2907 , Neosho R .  

( 1 0 ) ;  KU 1 4667 , Neosho R .  E Chetopa ( 4 ) ; Neosho Co . :  UMMZ 97 1 23 ,  

Neosho R .  1 2 . 0  mi NE Parsons ( 1 0 ) ;  Woodson Co . :  KU 2 597 , Neosho R .  at 

Neosho Falls ( 2 ) ; OK : Mayes Co . :  UMMZ 1 0309 7 , Grand R .  4 . 0  mi E 

Choteau ( 1 0 )  PARATYPES . 

Ouachita � Drainage . AR : Clark Co . NLU 1 8374 ,  Caddo R .  at I-

30  ( 5 ) ; NLU 1 8598 , Caddo R .  at I-30  ( 8 ) ;  Hot Spring Co . :  NLU 3 1 876 ,  

Ouachita R .  ( 1 0 ) ; Montgomery Co . :  NLU 3 1 24 1 , s .  Fork Caddo R .  0 . 5 mi 

S Hopper ( 5 ) ; NLU 38583 , Ouachita R. at Hwy 2 7 0  ( 5 ) ; ouachita Co . :  

NLU 25 3 1 1 ,  Little Missouri R .  1 0 . 0  mi NE Chides ter ( 1 0 ) ; Pike Co . :  UT 

44 . 9 0 0 ,  Caddo R .  at  Hwy 7 0  ( 7 ) ; Saline Co . :  USNM 36462 , Saline R .  at 

Benton ( 4 ) . 

Hybopsis cahni Hubbs and Crowe -- Slender chub 

Clinch � Drainage . TN :  Anderson Co . :  UMMZ 1 03462 , Clinch R .  

below Norris Dam ( 1 )  PARATYPE ;  UMMZ 1 0346 3 ,  Clinch R .  below Norris Dam 

( 3 ) PARATYPES ; Hancock Co . :  UT 44 . 367 , Clinch R .  0 . 3  mi downstream of 

Hwy 3 3 ,  Kyle ' s  Ford ( 1 )  UT 44 . ? , Clinch R .  0 . 3  mi downstream of Hwy 

3 3 ,  Kyle ' s  Ford ( 3 ) ;  TU 7 1 69 4 ,  Clinch R .  3 . 7  mi NE Sneedvi lle , Fros t 

Ford ( 1 ) ;  NLU 39505 , Clinch R .  3 . 7 mi NE Sneedville , Fros t Ford ( 1 0 ) ; 

UT 44 . 1 6 3 0 ,  Clinch R .  at Fros t Ford ( 1 0 ) ; UT 44 . ? , Clinch R .  at 
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Fros t Ford ( 1 ) ;  Union Co . :  USNM 7 0580 ,  Clinch R .  at Walker ' s  Ford 

( 4 )  • 

Powell � Drainage . TN :  Claiborne Co . :  UMMZ 1 57 7 09 ,  Powell R .  

3 . 0  mi S E  Harrogate ( 4 )  PARATYPES ; UMMZ 1 57 7 08 ,  Powell R .  3 . 0 mi SE 

Harrogate ( 1 )  HOLOTYPE;  USNM 2 3 1 229 , Powell R .  at Hwy 25E ( 4 ) ;  FSM 

1 7 1 66 ,  Powell R .  at US Hwy 25E ( 1 0 ) . 

B .  Radiograph Material 

The following materia l  was x-rayed for determination of vertebral 

counts . This includes material used by Jenkins and Lachner ( 1 97 1 ) .  

Hybops is dissimilis Hubbs and Crowe -- Spotted chub 

( 4 ) . 

( 6 )  • 

Allegheny � Drainage . PA : Mercer Co . :  USNM 1 6 1 9 03 , French Cr . 

Wabas h � Drainage . IN : Marshall Co : USNM 6689 2 ,  Tippecanoe R .  

Buffalo � Drainage . TN :  Wayne Co . :  USNM 247794 , Buffalo R .  

( 5 ) ; USNM 247864,  Buffalo R .  ( 7 ) . 

Hols ton � Drainage . VA: Smyth Co . :  USNM 1 9583 2 ,  N .  Fork 

Holston R .  ( 8 ) . 

Hybopsis harryi Hubbs and Crowe -- ozark chub 

Current � Drainage . MO : Ripley Co . :  CU 32874,  Current R .  ( 2 ) . 

White � Drainage . AR : Stone Co . :  NLU 1 39 1 4 , Whi te R .  ( 20 ) ; MO : 

Barry Co . :  CU 2424 2 ,  Whi te R.  ( 5 ) ; Stone Co : Indian Cr . ( 1 ) .  
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Hybops is i .  insignis Hubbs and Crowe 

Cumberland � Drainage . TN :  Montgomery Co . :  CU 5 0300,  

Cumberland R .  ( 3 ) . 

( 7 )  • 

Elk � Drainage . TN :  Lincoln Co . :  CU 2467 6 ,  Elk R .  ( 3 ) .  

Harpeth � Drainage . TN :  Cheatham Co . :  CU 499 5 3 ,  Harpeth R .  

Red � Drainage . TN :  Roberts on Co . :  CU 2 2 1 77 ,  Sulphur Fork Red 

R. ( 2 ) .  

( 1 ) • 

( 36 ) . 

Shoal Cr . Drainage . AL : Lauderdale Co . :  USNM 36662 , Shoal Cr . 

S tones � Drainage . TN :  Rutherford Co . :  TU 1 9492 , S tones R .  

Hybopsis insignis eristi gma Hubbs and Crowe 

( 6 ) . 

Little � Drainage . TN :  Blount Co . :  CU 4 1 380 , Li ttle R .  ( 1 ) .  

Little Pigeon � Drainage . TN :  Sevier Co . :  Little Pigeon R .  

Little Tennessee � Drainage . TN :  Monroe Co . :  Tel li co R .  ( 1 ) .  

Upper French Broad � Drainage . NC : Buncombe Co . :  CU 1 005 2 ,  

French Broad R .  ( 3 ) ; Henderson Co . :  UT 44 . 1 89 2 ,  Mi lls R .  ( 1 5 ) . 

Hybops is � x-punctata Hubbs and Crowe . 

( 3 ) . 

Allegheny � Drainage . PA : warren Co . :  CU 674 1 , Allegheny R .  
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Des Moines � Drainage . IO:  Wapello Co . :  USNM 35837 , DesMoines 

R .  ( 1 ) • 

Gas conade � Drainage . MO : Texas Co . :  CU 3 2902 , Big Piney R .  

( 3 ) ; USNM 63222 , Big Piney R . ?  ( 3 ) ;  USNM 42832 , Little Piney R . ?  ( 2 ) .  

ouachi ta R .  Drainage . AR :  Clark Co . :  USNM 3642 8 ,  ouachita R .  

( 7 ) ; ouachita Co . :  NLU 25 3 1 1 ,  Little Missouri R .  ( 1 5 ) ; Saline Co . :  

Saline R .  ( 7 ) . 

Hybopsis x-punctata trautrnani Hubbs and Crowe 

Green � Drainage . KY: Green Co . :  USNM 63386 ,  Green R .  ( 1 ) .  

Spring � Drainage . AR : Sharp Co . :  NLU 42066 , Spring R .  ( 20 ) . 

Wabash � Drainage . IN : Knox Co . :  USNM 40837 , Wabas h  R .  ( 2 ) ;  

USNM 4086 3 ,  Wabash R .  ( 4 ) ; USNM 4088 1 , Wabash R .  ( 2 ) ; USNM 66890 ,  

Wabash R .  ( 1 ) ;  Posey Co . :  USNM 6895 2 ,  Wabash R .  ( 1 ) .  

White � Drainage . AR : Independence Co . :  USNM 592 1 1 ,  White R .  

( 5 ) ; Carroll Co . :  USNM 1 1 7 35 6 ,  Whi te R .  ( 1 ) .  

White � Drainage . IN : Marion Co . :  USNM 6746 , White R .  ( 1 ) ;  

Unknown Co . :  USNM 1 1 7 359 , White R .  ( 1 ) .  

Hybopsis cahni Hubbs and Crowe -- Slender chub 

Clinch � Drainage . TN :  Anderson Co . :  UMMZ 1 03462-6 3 ,  Clinch 

R .  ( 4 ) ; USNM 7 0580 ,  Clinch R. ( 5 ) . 

( 4 ) . 

Powell � Drainage . TN :  Claiborne Co . :  UMMZ 1 57709 , Powell R .  



CHAPTER I I I  

BIOLOGY OF THE GRAVEL CHUB , Hybopsis x-punctata 

( CYPRINIDAE ) ,  IN THE OUACHITA RIVER 

SYSTEM ,  ARKANSAS 

1 .  INTRODUCTION 

The subgenus Erimystax ( Cyprinidae : Hybopsis ) ,  as currently 

recognized ,  is compos ed of five species : �· cahni , H. dissimi lis , H .  

harryi , H .  insignis , and �· x-punctata . Little is known of the 

biology of thes e speci es with the exception of H.  cahni whi ch is being 

s tudied by R .  E .  Jenkins and N .  M .  Burkhead ( Jenkins , 1 975 ; Burkhead 

and Jenkins , 1 982 ) . Life his tory inves tigations for the remaining 

four species were initiated for the purpose of 1 )  fi lling the void in 

knowledge concerning biologica l parameters such as age-growth , popula­

tion dynamics , food habi ts , and reproduction ; and , 2 )  comparing bio­

logical and ecological parameters among the Erimys tax species for use 

in sys tematic decisions at the species level and issuing phylogenetic 

cons tructs . 

2 . PUBLISHED DATA 

Many published accounts describing the habitat andjor mi cro­

habitat of the gravel chub have appeared in the li tera ture . Perhaps 

the earlies t observations were those of Forbes and Ri chardson ( 1 908 ) 

who s tated that the wes tern gravel chub ( Hybopsis �· x-punctata ) in 

northern Illinois was taken in swif t  water over sand subs trate . Moore 

1 98 
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and Paden ( 1 95 0 : 8 3 )  provided the following obs ervations of the wes tern 

gravel chub from the I llinois Rive r ,  OK and AR : 

Specimens were mos t frequently taken from under flat 
rocks in sha llow, fas t water at the head of riffles . 
When dis turbed [�. x-punctata ] was observed 
to dart swif tly away to hide under the rocks . The 
retreat chosen was often too small  to accomodate the 
entire body,  but as soon as the head was hidden the 
fish became motionless . The crepuscular habi t ex­
plains the usual abs ence of the species in ordinary 
seine hauls . 

The writings of Trautman ( 1 98 1 : 28 7 )  on habi tat of the eastern 

gravel chub ( Hybopsis x-punctata trautmani ) in Ohio are also worthy of 

quotation : 

The gravel chub chiefly inhabi ted the large sand 
and gravel riffles and bars of moderate- or large ­
sized s treams , where the current had depos ited 
coars e sands and gravels and had kept these 
comparatively free of clayey silts and other 
inj urious pollutants , and where the water depth 
was between 1 ' -4 '  ( 0 . 3- 1 . 2  m )  in summer and 2 ' -6 '  
( 0 . 6- 1  . 8  m )  in winter . Whereever s i lt was lacking 
the gravel chub was pres ent in the larges t numbers 
in the s lower-flowing , deeper waters , but where 
si lting was rapid the species was forced to 
abandon this and could then be found in shallower 
and swifter water which s till  contained a sui table 
sand and/or gravel habita t .  When this latter 
habi tat became silt  covered , the relict popula tion 
was forced into swifter waters where the bottoms 
consis ted of large gravel and boulders , or the 
species disappeared entirely from that s ection . 
It avoided rooted aquatics and the larger species 
of algae and aquatic moss es ; in fact little vegeta­
tion grew among the sand and gravel habi tats 
frequented by the gravel chub . 

Regarding the wes tern gravel chub , Pflieger ( 1 9 7 1 , 1 9 75 ) added 

that it inhabits clear to moderately turbid s treams with s light to 

moderate current , permanent flow and well  defined , silt free gravel or 

rubble bottom riffles . Pflieger contended that ,  in the Ozarks , the 
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grave l chub was mos t abundant in  the downs tream s ections of larger 

streams where gradient was less and water was warmer and more turbid 

than in the headwa ters . Fago ( 1 98 2 )  summarized the habitat of the 

wes tern gravel chub in Wis consin as s treams 6-90 m wide , s tream depth 

0 . 5  m ,  water veloci ty o . s  ftjsec to 1 . 5 ftjsec with s light to modera te 

turbidi ty ( secchi disk visibility at depths to 1 . 0 foot ) .  Other 

published habitat observations , which basically recapitulate some part 

of the above , include Cross , 1967 ;  Cross and Collins , 1975 ; Deacon , 

196 1 ; Gilbert ,  1980b ; Green and Beadles , 1 97 4 ;  Harlan and Speaker , 

195 1 ; Harris , 1978 ; Johnson and Beadles , 1977 ; Mi ller and Robison , 

197 3 ;  Scott and Crossman 197 3 ;  and Smith , 1 979 . 

Becker ( 1983 )  reported the only subs tantive information on food 

habi ts . He apparently examined the diges tive tract of a s ingle 

Meramec R . , MO gravel  chub and found an abundance of desmids and 

diatoms of many species , as well as plant material and sand grains , 

but no animal matter . Davis and Miller ( 1 967 ) suggested �· x-punctata 

feeds by probing under rocks and in crevices wi th its sensitive snout . 

A diet of small  invertebrates was hypothesized for the gravel chub by 

Mi ller and Robison ( 1 97 3 )  whi le Scott and Crossman ( 1 9 7 3 ) sugges ted 

food probably cons ists of aquatic insect larvae . 

Reproductive season and behavior are essentially unknown for 

Hybopsis x-punctata although Branson ( 1 962 ) speculated that it spawned 

in the gravel of rapidly flowing riffles , often under gravel and 

rocks . He also supposed that males use their ventral fins and nuptial 

j aw thickening ( = nuptial j aw pad ) for maintaining contact with the 

females during spawning . Cross ( 1 967 ) observed captured Neosho R . , KA 
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gravel chubs freely extruding eggs or milt on 9 April 195 3 . Thes e 

specimens were taken adj acent to a gravel bar in water 2-3 feet deep 

where the current was swif tes t and the water temperature 60
° 

F .  Cross 

presumed spawning was limited to a short period in early spring . 

Branson , et al . ( 1 9 69 ) s tated that gravel chub spawning reached its 

peak between late April and mid-May ( in the Spring River of KA ,  OK and 

MO ) a lthough it  continued into June in the I llinois Rive r ,  OK . 

In mos t written accounts , age and growth data for the gravel chub 

has been limi ted to adult s ize  range and maximum s ize . Trautman 

( 1 9 57 , 1 98 1 ) gave lengths for October young of year eas tern gravel 

chubs as 1 . 1 -2 . 4  inches ( 2 . 8-6 . 1  em ) ,  one year olds 1 . 7-2 . 8  in ( 4 . 3-

7 . 1  em ) ,  breeding adults 2 . 5-3 . 8  in ( 6 . 4-9 . 7  em ) and larges t specimen 

3 . 9  in ( 9 .9 em ) . Becker ( 1 983 ) calculated total length at annulus 

formation for five Age Class I and four Age Class II grave l  chubs 

captured in MO ( Louis CO . ) .  The average (weighted ) total length at 

formation of the first annulus was 54 . 7  mm and at annulus I I ,  8 1 . 4  mm . 

Gilbert ( 1 9 80b ) reported adult s ize  as 64-89 mm SL . 

Gravel chub population s tructure and abundance have generally not 

been addressed . Branson , et al . ( 1 969 ) believed the gravel chub more 

abundant in the Arkansas River basin than previous ly reported because 

the species is not easily collected by seine due to its habi t of 

diving into the gravel when s tartled . They s tated that in localities 

where a seine might produce 5- 1 0  specimens , electrofishing usually 

yields tens to hundreds . Other s tudies have reported tota l numbers of 

gravel chubs collected from specific localities to reflect relative 



abundance ( Branson , et al . ,  1969 ; Fago , 1982 ; Fruge , 197 1 ; Harris , 

1978 ; Myers , 1977 ; Raymond , 1975 ; and Reynolds , 197 1 ) .  

3 .  STUDY AREA 
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The Caddo River at Caddo Valley , Clark County, Arkansas was the 

primary life his tory study s i te for the gravel chub , Hybopsis 

x-puncta ta . The s tream was selected for its easy access , good water 

clarity for underwater obs ervations , and the availabi lity of large 

numbers of specimens collected on an a lmost  monthly basis  during an 

earlier ichthyofaunal survey of the Caddo River ( Fruge , 1 97 1 ) .  The 

Caddo River is a fifth order tributary of the Ouachi ta River and 

drains a total area of 1 2 35 square kms ( Yanchosek and Hines , 1 979 ) . 

The primary s tudy site was 2 .0 km above the mouth with an ups tream 

drainage area of 1 2 1 7  square kms . At the study site , river morphology 

cons is ted of sha llow riffles a lternating wi th deeper runs . Lentic 

habi tat was res tricted to small  backwaters on the inside of bends in 

the rive r .  The subs trate was predominatly small  to medium gravel wi th 

lesser amounts of sand and cobble . 

The Caddo River was impounded in 1 969 by the u . s . Army Corps of 

Engineers to form the 5643 hectare ( ha )  DeGray Lake and the 202 ha 

regulating pool . DeGray Lake was contructed for flood control and 

power generating capabilities and des igned for hypolimnetic releas e 

below the spi llway . In 1 98 3  the spillway release was modi fied and 

hypolimnetic release discontinued . 

Collections from sites in the Li ttle Missouri and Ouachita Rivers 

were utilized to supplement monthly data from the Caddo River in the 
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analysis of  popula tion s tructure and agejgrowth . Locality information 

and mus eum numbers for specimens used in this s tudy can be obtained 

from the author . 

4 .  METHODS 

This life his tory s tudy used a combination of personal collec­

tions and field obs erva tions augmented by museum specimens . Ana lysis 

of 1 2  monthly samples was attempted but winter high water precluded 

collections for December . Samples were taken at one or two week 

intervals from Apri l through June to more precisely determine spawning 

period . No dis tinction was made between collections from different 

years or rivers in ana lys is of results , so this s tudy reflects the 

"genera lized life his tory " of the gravel chub . 

Collections were made usi ng 2 . 4-m X 3 . 0-m and 2 . 4-m X 6 . 1 -m 

seines with 0 .6-cm mesh . Seining downs tream wi th the current proved a 

successful means of obtaining gravel chubs , especially using the 6 . 1 -m 

seine . From Apri l through June , specimens were checked in the field 

for spawning condition by gently pressing the abdomen to extrude ova 

or mi lt . All specimens were pres erved in 1 0% formalin and s tored in 

45% isopropanol .  

Preserved specimens were s exed by examination of the gonads and 

then measured to the neares t 0 . 05 mm s tandard length ( SL )  us ing Helios 

dial calipers . This was followed by removal of gonads , diges tive 

tract , live r ,  kidneys , gas bladder , and fat accumulations . Gonads 

were s tripped of connective tissues and fat,  blotted dry, and weighed 

to the neares t 0 . 00 1  g using a Mettler AE 1 60 digital electronic 
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balance . Specimens were blotted dry externa lly and ins ide the body 

cavi ty and weighed to the neares t 0 . 00 1 g to yield the adj us ted body 

weight . Gonadosomatic index ( GSI ) was ca lcula ted as gonad weight X 

1 00/adj usted body weight . Ten of the larges t ova were removed from 

each female and measured to the neares t 0 .0 1  mm using an ocular 

micrometer . 

The terminology of Heins ( 1 985 ) was utilized in the gross 

ass essment of female reproductive condition . Individual fema les were 

classified into the following s tages bas ed on ovarian condi tion: ( 1 )  

Latent ( LA ) --ovari es very sma l l ,  thin ,  transparent to s lightly 

trans lucent . Larger deve loping ova , if  present , yolkless or vi tello­

genic but wi th nuclei visible . ( 2 ) Early maturing ( EM ) --ovaries small 

to moderate in siz e ,  trans lucent to whi te in color . Larger eggs 

relatively small wi th nuclei obscured by yolk depos ition ,  often 

numerous and becoming whi te in color . ( 3 ) Late maturing ( LM ) --ovaries 

modera te in s ize to greatly enlarged and fi lling a large portion of 

the body cavity , whi te to cream in color . Larger maturing ova often 

numerous , sometimes as large as mature ova but not easily differen­

tiated from sma ller maturing ova , and whi te to yellow in color . ( 4 ) 

Mature ( MA ) --ovari es greatly enlarged , filling a maj or portion of the 

body cavity and usually dis tending the abdomen , and cream to yellow . 

Mature or ripe ova present , easi ly differentiated from maturing ova on 

the bas is of size and color , and relatively numerous . Mature ova 

opaque , cream to yellow in color , becoming trans lucent with small oil 

globules vis ible . Ripe ova transparent yellow or amber wi th large oi l 

globules , often wi th vi telline membranes elevated . ( 5 )  Partially 
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spent ( PS ) --ovaries noticeably sma ller than mature ovari es ; relative ly 

small  number of mature ripe ova pres ent . ( 6 )  Spent ( SP ) --ovari es a 

compact white mass  wi thout mature ripe ova . Unspent mature ova are 

shriveled and brown or red and apparently being resorbed into the 

ovarian matrix .  This category is added to 1 -5 pres ented by Heins 

( 1 985 ) . Females that were MA or PS were considered sexually mature . 

In addi tion to the gonadosomatic index, reproductive condi tion in 

males was determined by gross examination of the tes tes , as well as 

secondary s exual characteristics , such as tuberculation , pectoral fin 

coloration , and development of the nuptual pad . Reproductively mature 

( MA )  males had swollen, opaque white tes tes while latent ( LA )  males 

had small , trans lucent to white testes . Males wi th swollen testes and 

well  developed secondary sexual characters were considered mature . 

Monthly food habits were evaluated by removing gut contents 

anterior to the firs t bend in the diges tive tract for a minimum of 1 0  

specimens ( when available ) and identifying food items to the lowes t 

possible taxon . Lowest taxon was often family or order due to pharyn­

geal mas ti cation of the food items . Taxa were enumerated , lumped by 

order , and placed in vials of 70% isopropanol . Non- animal  remains 

were placed in two groups : 1 )  plant material whi ch included fi lamen­

tous alga e ,  roots , leaves , and bark; 2 )  periphytic detrital aggrega te 

( PDA ) ( Bowen , 1 98 1 ) which is a complex aggregation of detritus , 

diatomaceous algae , and bacteria . PDA is apparently equivalent or 

very s imi lar to complexes defined by the terms scum flora ( Lodge , et 

al . ,  1 985 ) , aufwuchs ( Colinvaux , 1 97 3 ,  Burkhead , 1 980 )  or periphyton 

( Colinvaux , 1 97 3 ) . Plant material and PDA were teased apa rt in a 
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dissection dish using needle and forceps and removed to their respec­

tive vials using a suction dropper . This a llowed s eparation of the 

two components and high recovery of total gut contents . Biomass of 

food items was determined by drying food group samples to constant 

weight in individua l  preweighed dishes us ing a convection oven at 1 00
° 

c. Dishes were cooled to room temperature and weighed to the neares t 

0 . 00 1  g .  In conj unction wi th food habi t analys is , gut length was 

measured to the neares t 0 . 05 mm using dial calipers following the 

method of Snelson ( 1 9 7 1 ) .  

Age and population s tructure were examined using length frequency 

his tograms of large series of specimens . Age of population group 

members was verified by s ca le ana lysis  following methods of Tesch 

( 1 97 1 ) ,  Weatherley ( 1 972 ) , and Bagenal ( 1 97 1 ) .  Ten s ca les were 

removed from the predorsal lateral region of each specimen examined , 

stained wi th a lizarin in 2% KOH, and proj ected to the screen of a 

Bausch and Lomb s ca le reader . Total sca le length and annular lengths 

were measured to the neares t 0 . 05 mm with ca lipers . Growth in terms 

of biomass was es timated by weighing a sample of each age class from 

each monthly sample . 

Reproductive and feeding behavior were obs erved in the field by 

snorkeling when water clarity permitted . Approximately 30 hours were 

spent underwater observing gravel chub behavior . Eighteen visits were 

made to the Caddo River between 1 98 1 - 1 985 during the months April­

Augus t .  

Data for water temperature and discharge were obtained from u . s . 

Geological Survey records ( 1 970- 1 983a ) . These records are for the 
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Ouachita River at the u . s . Hwy 67 s tation ,  Hot Spring County , AR and 

are considered indicative of s tream conditions for life history s tudy 

locations . Temperature and dis charge data are pres ented as monthly 

averages in this paper . 

Summary s tatis tics and Model I linear regression were performed 

us ing programs found in Brower and Zar ( 1 984 ) . Model I I  regression 

was performed using the geometric mean regress ion method ( Ricker , 

1 97 3 ;  Sokal and Rohlf ,  1 98 1 ) when both x and y variables were measured 

with error . Non-linear regress ion was performed using S tatistica l  

Ana lysis Sys tem ( SAS ) vers ion s .  

Food and Feeding Habits 

5 .  RESULTS 

Food . S tomach contents from 1 47 specimens of Hybops is x-punctata 

were examined to determine diet compos ition .  Thes e repres ent samples 

of at leas t 1 0  specimens for the months January-November . No December 

col lected specimens were available for examination . Tables I I I - 1  and 

III-2 summarize the dietary ana lys es for biomass  and numbers of food 

i terns . 

The annual or total food biomass es timate for each food item is 

presented as : tota l biomass for each food item/ total biomass for all 

food items X 1 00 whi ch = % annua l biomass for each food item . This is 

column TOT of Table I I I - 1 .  Per cent annual biomass is also pres ented 

by summing the monthly percentages of each food item and dividing by 

the number of months ana lyzed ( = column CORR of Table I I I - 1 ) . 

Corrected biomass es timates ( Table I I I - 1 )  show PDA made up almos t half 



T ab l e  I I I - 1  P e r  Cent Food B ioma s s  f rom Monthly Samp l e s  o f  Hybops i s  x-punc tata . 

Food I tem Month To tals 

Jan F eb Mar Apr May Jun Jul Aug Sep Oct Nov Tot a Corrb 

Nematoda 0 . 7  0 . 1  0 . 1  
Ol igochaeta 1 . 3  0 . 1  0 . 1  
Hydrac arina 0 . 1  
Ephemeroptera 1 . 8  2 . 4  9 . 4  2 6 . 2  3 . 1  2 . 4  1 . 4  2 2 . 8  4 6 . 4  1 0 . 4  1 0 . 5  
Odonata 7 . 5  0 . 2  0 . 7  
Pl ecoptera 1 . 9  5 . 6  2 . 1  0 . 8  0 . 9  
Heteroptera 0 . 1  
Mega loptera l 3 . 2 6 . 5  1 . 5  1 . 8  
T r i c hoptera 2 4 . 9  37 . 4  3 . 8 8 . 2  1 0 . 1  3 3 . 8  5 . 6  2 6 . 9  3 . 5  14 . 4  1 4 . 0  
Coleoptera l . l  1 . 6  0 . 6  0 . 4  0 . 3  
D iptera 1 6 . 7  2 . 6 1 0 . 0  3 . 1 2 . 3 1 . 3  2 . 6 4 . 5  3 . 9  4 . 2  4 . 3 
Lepidoptera 1 . 6  4 . 7  8 . 0  0 . 2  l . O  2 . 8 5 . 3  2 . 0  1 . 9  2 . 3  
F i sh Ova 0 . 9  0 . 1  0 . 1  
Plant 1 . 8 4 . 0  7 1 . 3  4 0 . 7  1 . 4  1 5 . 1  2 . 1  1 6 . 8  14 . 6  1 4 . 0  
PDA 5 5 . 2  51 . 2  7 2 . 1  4 7 . 9  1 0 . 5  2 7 . 6  2 3 . 9  2 6 . 2  6 . 2  6 5 . 8  9 2 . 6  4 5 . 3  4 3 . 6  
Mollusca 1 4 . 4  1 5 . 5  2 9 . 1  3 . 7  2 . 7  1 7 . 4  5 . 8  7 . 5  

# Examined 1 2  1 2  1 2  1 9  2 2  17 15 1 0  l l  1 5  1 2  1 5 7  
# Empty 0 0 0 3 l 2 3 0 0 4 0 l 3  

aAnnua l  t o t a l  d e r ived from sum o f  mon thly bioma s s . 
bAnnua l  total der ived from sum of per c ent monthly b ioma s s . 

� 
0 
CXl 



Table I I I - 2 . Number o f  Food I tems from Monthly Samp l e s  o f  Hybop s i s  x-punc tata . 

Food I tem Month 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct 

Nematoda 1 1 1 5 
Ol igochaeta 3 
Hydracar ina 2 6 2 
Ephemeroptera 3 3 1 1 

Bae t idae 
Baetis 10 2 2 2  3 6  

Heptageniidae 
Stenonema 1 3 4 3 5 1 9  

Ol i goneur idae 
I sonychia l l 9 

Odonata-Zygop tera l 
Pl ecoptera 3 3 

Chloroperl idae 
Has taperla l 2 

P er l idae 
Acroneuria l l 

Perlesta l 

He teroptera 
Corixidae l 

Megaloptera 
Corydal idae 1 1 

T r i c hoptera l l l 

H e l i copsychidae l 2 

Hydropsychidae l 3  3 3  2 2 0  3 2 3 

Hydroptil idae 7 l l l 9 2 2 

Leptocer idae 2 

Philopotamidae 4 2 2 7 3  

Nov Tot a 

8 
3 

1 0  
8 

7 0  

3 5  

l l  
l 
6 

3 

2 
l 

1 

2 
l 4 

3 
7 6  
2 3  

2 
8 1  

Totals 

% Tot 

0 . 7  
0 . 3  
0 . 9  
0 . 7  

6 . 4  

3 . 2  

l . O  
0 . 1  
0 . 6  

0 . 3  

0 . 2  
0 . 1  

0 . 1  

0 . 2  
0 . 4  
0 . 3  
7 . 0  
2 . 0  
0 . 2  
7 . 4  N 

0 
\.0 



Table I I I - 2 . ( Continued ) 

Food I tem 

Jan Feb Mar Apr May 

Coleoptera 1 1 
Diptera 

Chironomidae 3 7 4  7 3  6 7  3 6  2 0  
S imu l i idae 1 2 8  
Tipu l idae 

Lepidoptera 
Pyr a l id a e  1 1 2 

Gastropoda 
Pelecypoda 

Cyren idae 
Corbicula 2 

F i sh Ova 1 4 

Tota l 4 0 1  1 1 0  7 7  6 7  5 4  
--

a sum o f  monthly total s .  

Month 

Jun Jul Aug Sep 

1 1 

5 5  2 6  8 
1 4 2 1 

1 

3 3 3 2 
1 1 1 

1 

1 0 2  1 7  7 5  1 7 0  

Oc t Nov To t a 

4 

1 0  6 6 9  
3 7  

1 

1 5  
4 7 

3 
5 

4 14 1 088 

Total s 

% Tot 

0 . 4  

6 1 . 5  
3 . 4  
0 . 1  

1 . 4  
0 . 6  

0 . 3  
0 . 5  

N 
I-' 
0 
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( 43 . 6% ) of the annual diet of the gravel chub while three additional 

food i tems , Trichoptera ( 1 4% ) ,  plant material ( 1 4% ) ,  and Ephemeroptera 

( 1 0 . 3 % ) contributed 38 . 3% of the diet . Gas tropoda ( 7 . 5% ) ,  Diptera 

( 4 . 3% ) , Lepidoptera ( 2 . 3% ) ,  and Megaloptera ( 1  . 8% )  rounded out the 

food i tems contributing more than 1 %  to the annual die tary biomass 

taken by Hybopsis x-punctata . 

PDA was the larges t contributor to diet biomass in nine of 1 1  

months analyzed ( Table I I I - 1 ) .  I t  comprised > 50% of s tomach contents 

in the coldwater months of October-March but apparently was of reduced 

importance during late spring-summer when other food items may be more 

abundant . Plant material s howed a large increas e  in May ( 7 1 . 3% )  and 

June ( 40 . 7 % ) and this was attributed to blooms of filamentous 

Chlorophyta . Ephemeroptera ( 8  of 1 1  months ) ,  Tri choptera ( 9  of 1 1 ) 

and Diptera ( 9  of 1 1 )  were cons istent and often significant parts of 

the monthly diet samples . Notable exceptions were the May sample in 

which Ephemeroptera and Trichoptera were absent and Diptera were 

pres ent in small numbers , and the October sample in which all three 

orders were absent . 

Feeding behavior . Gravel chubs were obs erved feeding 

in moderate current over gravel or small  rock sus trates wi th 

patchy , attached , nonemergent vegetation ( mostly Podostemon ) .  Most 

feeding time was spent grazing or gleaning over the rock/gravel 

subs trate apparently sucking up PDA and anything wi thin the aggregate . 

Gravel chub feeding behavior was simi lar to that of s toneroller 

minnows and they were of ten obs erved feeding over the same habitat in 

mixed ass emb lages . 
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Gravel chubs were als o obs erved grazing on the extremi ties of the 

vegetation but were never seen rooting into the vegeta tion as would be 

expected i f  they were s eeking invertebrate prey . Occas ionally, 

individuals would dart into the water column, apparently to take drift 

items , but they were never observed more than 8- 1 0  em above the s tream 

bottom . On two occasions I wi tness ed chubs vigorous ly s earching 

gas tropod and Corbicula s hells for food . Gravel chubs probably take 

advantage of natural mollusk mortality ra ther than actively preying on 

the living . 

Although feeding behavior was not quanti fied , I es timate tha t 90% 

of feeding time cons isted of gleaning or vacuuming food from rock or 

gravel subs trates or vegetation . The remainder of feeding time was 

spent probing easi ly access ible rock crevices for food i tems or taking 

drif t  from the water column . 

Gut length for Ouachita River drainage gravel chubs ranged from 

0 . 75-1 . 30 X s tandard length ( SL )  wi th a mean of 1 . 04 ( n=7 1 ) .  Gut 

morphology was modified from the simple s -shaped arrangement by an 

extra loop at the s econd 1 80 ° bend in the gut and ranged from a well 

developed accessory gut loop (as figured in Becker ,  1 983 : 489 ) to a 

small s emi -loop ( Becker ,  1 98 3 : 558 ) . 

Reproduction 

Male . Tes ticular and ovarian development appeared rela tively 

synchronous wi th peak GSI values for tes tes occurring from March to 

early May ( Figure III- 1 ) .  This sugges ts males were primed for 

spawning slightly before females and remain capable of spawning well  



Figure I II-1 . Reproductive parameters o f  Hybopsis  x-punctata . 
A .  Mean water temperature (OC ) and d ischarge ( c f s )  o f  the Caddo 
River , AR for 1970-1983 . B .  Male �- x-punctata mean gonadosomatic 
index (GSI )  with standard deviation . C .  Female �· x-punc tata mean 
GSI ( solid c ircle s )  and mean ovum diameter (squar e s )  . Open c ircles 
represent individual female GSI values .  
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pas t  the female peak for reproduction . All tes tes from July-October 

were class ified LA . A s low increase in tes ticular size began in 

November  and continued through February, followed by rapid swelling to 

achieve maximum development that was maintained late March-May . 

Tes tes examined in June-July were much decreas ed in size  indicating 

cessation of reproductive activi ty . Mean GSI values ranged from lows 

of 0 . 1 6  for July and 0 . 1 2  for Augus t to highs of 0 . 8 1 , 0 . 7 8 ,  and 0 . 77  

for  March , Apri l ,  and May , respectively . 

January specimens did not exhibi t the male s econdary sexual 

characters of tuberculation , nuptial j aw pad , or pectoral fin pigmen­

tation . Some individuals collected February 1 9  had tiny pectora l fin 

and dorsolateral body tubercles , a thin and poorly developed nuptial 

j aw pad , and a s light increase in size and intens ity of interradial 

pectoral fin pigmentation . By mid-March , pectoral fin tubercles were 

moderate in s ize  and tiny tubercles were pres ent on the dorsal ,  ana l ,  

and pelvi c fins . Dorsolateral  body tubercles were more prominent and 

now occurred over the entire s cale surface . Tubercles were also 

present dorsally and ventrally on body s cales pos terior to the dorsal 

fin . Cephalic tubercles were present as tiny granules . Pectoral fin 

pigmentation was much more pronounced and males were readi ly distin­

guished from females . Nuptial pads were present on all s exually 

mature males but were still  thin and patchy . By mid- to late Apri l ,  

body and fin tubercula tion were fully developed , interradial pectoral 

fin pigment was dens e ,  and the nuptial j aw pad completely covered the 

region pos terior and ventral to mouth corners and extended ventrad to 

the anterior branchios tegals . Secondary characters were s tati c  
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through May but b y  mid -June the nuptia l  j aw pad was thinning , pectoral  

tubercles were patchy, mos t  dorsola teral body tubercles had s loughed , 

but cephalic tubercles were s till  present . Pectora l  pigmentation was 

still  concentrated in males so  that they were readi ly dis tinguished 

from females . July specimens had los t all  s econdary sexual 

characters . 

Female . Bas ed on GSI values and mean ovum diameter ( Figure III-

1 ) ,  the peak reproductive period in female Hybops is x-punctata las ted 

from early April unti l early May . Ovaries in January ( n= 1 1 )  and 

February ( n= 1 0 )  were LA or EM wi th GSI means of 4 . 28 , 4 . 99 and mean 

ovum diameters of 0 . 70  mm , 0 . 8 1  mm , respectively ( Figure I I I - 1 ) .  A 

rapid increase in ovum diameter and ovarian weight occurred in March 

as all  ovaries examined ( n= 1 0 )  were LM with a GSI of 1 3 . 6 2  and mean 

ovum diamter of 1 . 2 5  mm .  April collections contained specimens that 

were LM , MA, and PS . Specimens obtained 4 Apri l  1 97 1  were LM and MA 

with GSI values ranging 4 . 47-28 . 7 2  and mean ovum diameter of 1 . 43  mm .  

Mature ova were generally > 1  . S O  mm with a maximum s ize o f  2 . 00 mm . 

Five specimens obtained 30 Apri l 1 9 76 contained MA and PS individuals 

with GSI values ranging from 2 . 39- 1 7 . 06 . Specimens from 20 May 1 984 

(n = 1 0 )  included two MA individuals and eight PS individuals . Mean 

ovum diameter was 1 . 1 7  mm and included ova from PS individuals which 

were apparently being resorbed into the ovarian matri x .  Average GSI 

for May specimens was 8 . 24 . All specimens examined from 1 7  June 1 984 

were SP or LA wi th mean ovum diameter of 0 .44 mm and GSI of 1 .95 . 

Ovaries for July-October were LA wi th mean ovum diameters of 0 . 28 , 

0 . 2 3 ,  0 . 25 , and 0 . 30 ; and GSI values of 0 . 95 , 0 . 77 , 0 . 7 2 ,  and 1 . 48 , 
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respectively . In November samples both LA and EM ovaries appeared as 

indicated by average GSI of 3 . 2 0  and mean ovum diameter of 0 . 60 . 

Fecundity .  Ova counts were made for 1 2  adult females ranging in 

size from 49 . 9-79 . 3  mm SL captured 1 7  March 1 97 1 , 4 April 1 97 1 , 4 

April 1 976 , and 1 2  Apri l 1 97 0  ( Figure III-2 ) . There was a high corre-

lation ( r  0 .9 4 )  between fecundity ( F )  and S L  with the rela tionship 

express ed by the Model II linear regression equation F = 1 2 . 7 1 ( SL )  -

482 . 6 0 .  Bagenal ( 1 9 7 1 ) s tated the importance of log-log transforma-

tions for s tabi lizing variation and aiding prediction . The 

logari thmic equation for thes e data is log F = 2 . 55 ( log SL ) - 2 . 1 0  
1 0  1 0  

with a correlation coefficient of r = 0 . 94 . I t  appears either model 

adequately describes the fecundi ty-s tandard length relationship . 

Spawning . Thirteen attempts to observe spawning behavior were 

made on the following dates between 1 982  and 1 985 : April 7 ,  1 1 ,  1 3 , 

1 8 ;  May 1 6 ,  20 , 2 3 , 25 , 2 9 ;  June 5 ,  1 7 ;  and July 22 . Twenty hours 

were spent attempting to obs erve spawning behavior . Presumed spawning 

was observed on 1 3  and 1 8  Apri l 1985 between 1 300- 1 600 hours CST with 

water tempera ture 6 2-66 ° F .  Both s exes were massed at the riffle 

heads in 40-60 em of water over clean , small to medium gravel 

subs trate . Numerous females wi th greatly dis tended abdomens were 

observed lying motionless on the substrate , usually in a s light 

depress ion or crevice created by larger grave l .  Little feeding 

activity was s een from these females except for an occasional foray 

into the water column to take a dri f t  i tem . Males grazed busily in 

close proximi ty to the resting females . Five presumed spawnings were 

obs erved on these two days . Three of these events began wi th males 
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fecundity (F ) for Hybopsis x-punctata . 
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assuming pos ition on  the subs trate bes ide the female or  in the water 

column s lightly above the female but not in phys ical contact in either 

cas e .  The females appeared to respond wi th a s low undula ting body 

movement after which the male would move into contact wi th the female 

by firs t touching cheeks and then placing the body para llel to the 

female . This was followed by rapid body vibrations in unison during 

which gametes were assumed to be deposi ted . The presumed spawning act 

las ted less than two seconds and was followed by the pai r  rising into 

the water column and disengaging . S light variations were observed 

during two other presumed spawns . During thes e acts , single females 

were swimming laz ily j ust  above the subs trate when approached by a 

single male in one ins tance and two males in another .  The females 

undulated s lowly in both cases which was followed by male-female cheek 

touching and a dive into the subs trate . Rapid body vibration ensued 

followed by disengagement . In the event with two males , both males 

appeared to take part in the spawning event . 

The smalles t reproductively mature female examined measured 49 . 9  

mm SL while the smalles t male was 56 . 4  mm SL . Mos t ,  i f  not a l l ,  

individuals spawn at age 2 when they are >50 mm SL . 

Age and Growth 

Collections of Hybopsis x-punctata are generally small wi th the 

maj ority repres ented by < 5 0  specimens . Large s eries of individuals 

were available for the months February , June , September ,  and October 

and analyses by length-frequency his tograms are pres ented in Figure 

III-3 . Table I I I-3 summarizes age and growth data for males , fema les , 
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F igure I I I- 3 . Length-frequency histogram for Hybopsis x-punctata . 
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Table I I I- 3 .  Mean S tandard Length Based on Monthly Samples of Each 
Age Group of Male , Female ,  and Tota l Hybops is 
x-punctata . 

Females Males Tota l 
Age 
Group Month X n X n X n 

April 1 
May 2 
June 3 
July 4 28 . 07 ( 1 6 )  
Augus t 5 47 . 7 4  ( 20 )  50 . 22 ( 22 )  49 .75  ( 42 )  
September 6 5 0 . 5 1  ( 1 62 )  5 3 . 34 ( 1 36 )  5 1  • 73 { 298 ) 
October 7 5 2 . 5 1  { 1 20 )  55 . 20 ( 1 05 ) 5 3 . 77 { 22 5 ) 
November 8 54 . 89 ( 1 2 )  59 . 08 { 1 2 )  56 . 99 { 24 )  
December 9 
January 1 0  60 . 28 ( 24 )  60 .95  { 22 )  60 . 60 ( 46 )  
February 1 1  59 . 25 ( 75 )  6 1  • 4 1  ( 64 )  60 . 24 ( 1 39 )  
March 1 2 59 . 77 ( 32 )  62 . 24 ( 1 3 )  60 . 48 ( 45 )  

April 1 3 5 6 . 34 ( 1 1  ) 60 . 5 4  ( 1 1  ) 58 .44 ( 22 )  
May 1 4  59 . 8 7  ( 25 )  64 . 08 ( 1 8 ) 6 1  . 6 3  ( 4 3 )  
June 1 5 6 1  • 1 2 ( 1 6 1  ) 62 . 02 ( 1 58 )  6 1  . 56  ( 3 1 9 )  
July  1 6  63 . 34 { 2 1  ) 58 .97  ( 5 )  62 . 5 0  ( 26 )  
Augus t 1 7  66 . 1 8  { 1 5 )  66 . 5 3  ( 1 3 ) 66 . 34 { 28 )  

2 September 1 8  67 . 1 5  { 1 3 )  67 . 5 4  { 9 )  67 . 3 1  { 22 )  
October 1 9  68 . 75 { 2 1  ) 69 . 36 { 1 6 )  69 . 0 1  { 37 )  
November 2 0  67 . 67 { 28 )  67 . 26 ( 1 5 )  67 . 5 2  ( 43 )  
December 2 1  
January 2 2  74 . 9 7  { 3 )  75 . 9 5  { 1 ) 75 . 2 1  ( 4 )  
February 23 71 . 9 0  { 1 7 )  69 . 43 { 7 )  7 1  • 1 8  { 24 )  
March 24  7 3 . 1 5  ( 4 )  68 . 35 ( 3 )  7 1  . 09 ( 7 )  

April  25  70 . 35 ( 3 )  7 3 . 57 ( 3 )  7 1  .96 ( 6 )  
May 26 78 .80  ( 1 0 )  75 . 48 ( 2 )  78 . 24 ( 1 2 )  
June 2 7  78 . 47 ( 1 2 2 )  77 . 05 ( 2 )  78 . 45 ( 1 24 )  
July 28 80 . 5 6  ( 1 4 ) 75 . 45 ( 3 )  79 . 66 ( 1 7 )  

3 Augus t 29 
September 30 8 0 . 5 0  ( 1 ) 80 .50  ( 1 ) 
October 3 1  
November 32  80 . 38 ( 4 )  75 . 7 0  ( 1 ) 79 . 44 ( 5 )  
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and the s exes combined . Non-linear growth equations for s tandard 

length did not differ s ignificantly between the sexes ( Figure III-4 ) . 

The rela tionship of age versus s tandard length in males is described 

by L = 45 . 58 + 1 . 45A - 0 . 0 1 A  ( r  = 0 . 9 0 )  and for fema les by L = 4 1 . 9 6  + 

1 . 5 2A - 0 . 0 1 A  ( r  = 0 . 96 ) . Age in months versus s tandard length for 

the entire sample is plotted in Figure II I-5 using a moving average of 

threes and assuming no decrease in s tandard length (after Mayden and 

Burr , 1 98 1 ) .  Age versus body weight for sexes combined is pres ented 

in Figure III-6  and is described by the linear equation W = 0 . 559 + 

0 . 1 79A ( r  = 0 . 94 ) . 

As April s eemed to be the month of peak spawning , i t  was des ig­

nated as month 1 for ageing purposes with May assigned as month 2 .  I 

have followed the sugges tion of Everhart and Youngs ( 1 98 1 : 68-69 ) by 

reporting annuli in Roman numerals and age groups in Arabi c numerals 

where specimens 0 to 1 2  months old are in group 1 ,  specimens 1 3  to 24 

months old are in group 2 and so  on . 

Young of year ( yay ) specimens were collected in early July ( 2 2-33  

rnrn SL,  x = 28 . 1 ) .  Rapid growth occurred during the summer so that ,  by 

mid-September ,  sexes combined yay had a mean SL of 5 1 . 7  mm . A bimodal 

distribution can be s een in September specimens wi th Age 1 and 2 

individuals dominant . A single 42-month-old Age 3 individual ( veri­

fied by s cale analys is ) was also present . The October population 

exhibited a s imilar bimodal grouping of Age 1 and 2 specimens . The 

February dis tribution was unimodal but June Age 2 and 3 groupings were 

dis tinctly vis ible . The mos t  dis tinctive aspect of the June 

population data ( Figure I I I- 3 )  was the vi rtua l absence of Age 3 ma les 
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whi ch may indicate pos t spawning mortali ty or perhaps habi tat 

segregation . 
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Growth trends in  Table III-3  suggest that males were cons is tently 

larger than females unti l approximately month 20 ,  when female s tandard 

length surpassed and dominated until the end of the growth table . The 

largest specimen examined during this s tudy was an 89 . 2  mm SL female 

(month 26 ) whi le the largest male was 79 . 2  rnrn SL ( a lso  month 26 ) . 

Regression analys is of s cale length-sca le radius relationships 

from 43 specimens ( Age 2 = 2 4 ,  Age 3 = 1 9 )  collected 29 June yielded 

the regression line described by Y ( 0 . 9 2 ) X  + 30 . 77 ( Y  = SL;  X = 

proj ected scale radius in mm at 1 20x ) with r 0 . 89 .  Back ca lculation 

of s tandard lengths at annulus formation resulted in an average SL of 

6 1 . 80 mm at annulus I and 7 1 . 2 7 rnrn at annulus I I . Assuming annulus 

deposition occurs in ear ly spring , the back ca lculated average SLs are 

in close agreement with measured averages ( s exes combined , Table III-

3 )  of  6 1 . 4  rnrn for May Age 2 and 75 . 2  rnrn for May Age 3 .  

Population Dynamics 

Sex rati o .  An overall  sex ratio of 3 females to 2 males was 

observed for all collections combined ( n  1 559 ) . Sex ratios for each 

age group are displayed in Table I I I-4 and relative surviva l  of the 

sexes of each year class are presented in Table III-5 . There were no 

collections in whi ch females were outnumbered by males . Age groups 1 

and 2 are more balanced ( Table III-4 )  wi th fema les contributing 54 . 7% 

and 54 . 4% ,  respectively . Age group 3 shows a great disparity between 

the s exes as 93%  ( 1 5 4  of 1 65 specimens ) examined were female . Pos t 
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Table II I-4 . S e x  Ratios of Hybops is x-punctata for Each Age Group and 
the Total Sample . 

Age Group Age Group 2 Age Group 3 Total Sample 

Females 0 .5 4  0 . 55  0 . 9 3  0 . 59 

Males 0 .46 0 . 45 0 . 07 0 . 4 1  

Table I II -5 . Relative Surviva l of Year Class es of Male , Female , and 
Tota l Hybops is x-punctata Express ed as Proportions of 
Age Class 1 ( 1 X I) and Age Class 2 ( 1 x 2 ) .  

Sample Age Group # Individuals survival 
1 x l 1 x  2 

Males 374 1 . ooo 

2 256 0 . 684 1 . ooo 

3 1 1  0 . 029 0 . 043 

Females 445 1 . 000 

2 3 1 9  0 . 7 1 7  1 . ooo 

3 1 54 0 . 346 0 .483 

Total 8 1 9  1 . ooo 

2 575 0 . 702 1 . ooo 

3 1 65 0 . 2 0 1  0 . 287 



spawning collections from June and July of Age 3 specimens were 

heavi ly skewed towards females with ratios of 6 1 : 1  and 5 : 1  

respectively . 
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Survivorship . Survivorship calcula tions ( Table III-5 ) show the 

drastic decline in survivorship from age 2 to age 3 in males . 

Relative abundance . No quantitative samples were taken during 

this s tudy to determine the densityjunit area of gravel chubs at the 

Ouachita River sys tem s tudy sites . However , information on the rela­

tive abundance of the gravel chub in optimum habitat was obtained from 

data amass ed during ichthyofaunal surveys of the Caddo ( Fruge , 1 97 1 ) ,  

Little Missouri ( Myers , 1 977 ) , and middle ouachita ( Raymond , 1 975 ) 

rivers . Data reported represent collections from the single site 

whi ch yielded the mos t specimens of Hybopsis x-punctata during the 

respective river surveys . Generally,  cyprinids were collected using 

9-m X 3-m and 1 2-m X 3-m seines and the maj ority of specimens captured 

were preserved for laboratory identification ( Douglas , pers . comm . ) .  

Although thes e collecting methods were not des igned for accurate 

quantification , a reasonable indication of relative abundance was 

obtained . 

The s i te on the Caddo River is the same as the primary site for 

this s tudy , the Interstate Highway 30 crossing near Caddo Valley, AR .  

Data reported repres ent 1 3  collections made between July 1 97 0  and 

April 1 97 1 . Myers ( 1 977 ) and Raymond ( 1 975 ) both collected the Li ttle 

Missouri River at its confluence with the ouachi ta River at Tate ' s  

Bluf f ,  Ouachi ta County, AR .  Myers reported nine collections between 

Augus t 1972  and Apri l 1 974 whi le Raymond added three addi tional 
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collections in March , June , and July 1 975 . Data from Raymond and 

Fruge are summarized in Table I II-6 . 

Both the Caddo and Ouachita s i tes support a diverse cyprinid 

ass emblage with 1 5  and 1 9  species , respectively . At both s ites , the 

bigeye shine r ,  Notropis hoops and the s teelcolor shiner , �· whipplei 

were the mos t abundant cyprinids . The gravel chub was thi rd in rela ­

tive abundance at the Ouachi ta-Little Mis souri confluence ( 1 1 . 4 % )  and 

fifth in the Caddo River ( 6 . 2% ) . 

DISCUSSION 

Miller and Robison ( 1 9 7 3 )  and S cott and Crossman ( 1 97 3 )  

speculated that food of the gravel chub consis ted of small  inverte­

bra tes . While present in specimens examined , invertebrates comprised 

only 43%  of the es timated annual food biomass ( Table III- 1 ) .  Fifty 

eight per cent of the annual food budget is a combina tion plant 

material ( 1 4 . 0% )  and a periphytic detrita l  aggregate ( 43 . 6% ) . 

Severa l species of North Ameri can cyprinids are known or 

suspected to be " herbivorous " or "detri tivorous " including Campos toma 

species ( Burkhead , 1 98 0 ;  Kraa tz , 1 92 3 ;  Schmulbach ,  1 957 ) ,  Hybogna thus 

species ( Copes , 1 97 5 ;  Forbes and Richardson , 1 92 0 ;  Cross , 1 95 0 ;  

Gilbert , 1 980a ;  Lee , 1 98 0 ;  Bur r ,  1 98 0 ;  Pfliege r ,  1 980 ) , Notemigonus 

crysoleucas ( Carlander , 1 979 ;  Snelson , 1 97 5 ) , Notropis mekis tocholas 

( Snelson , 1 97 1 , 1 98 0 ) , Notropis nubi lus ( Smi th ,  1 97 9 ;  Pfliege r ,  1 97 5 ) , 

Phoxinus cumberlandensis ( S tarnes and S tarnes , 1 98 1 ) and P .  

erythrogas ter ( Phi llips , 1 96 9 ;  Settles and Hoyt , 1 97 6 ) . All but 

Notemigonus have elongate ,  coi led guts which are associated wi th 
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Table I I I-6 . Per Cent Relative Abundance of Selected Cyprinid Species 
from Sites on the Caddo and Ouachita Rivers . 

Species Caddo River Ouachita River 

Campos toma anomalum 1 2 . 6% 3 . 2% 

Hybopsis x-punctata 6 . 2 %  1 1  • 4% 

Notropis atherinoides 0 .5 %  4 . 5%  

N.  boops 3 1  .0%  49 . 3% 

N .  whipplei 34 .6%  1 7 . 1 %  

Pimephales notatus 9 . 3 %  4 . 7% 

Others 5 .8% 9 . 8% 
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herbivoryjdetritivory . Campos toma probably has the mos t elongate gut 

of any North American cyprinid ( Burkhead , 1 980 ) with a maximum gut 

length 7 . 94 times its total length ( TL )  ( Kraatz , 1 92 4 ) . Becker ( 1 98 3 ) 

reported gut lengths for the following species : Campos toma oligo lepis 

3 . 3-5 . 2  X TL ; Cyprinus carpio 1 . 6 X TL ; Hybognathus hankinsoni 3 . 8-

4 . 1  X TL ; Hybognathus nuchalis 5 . 4-5 . 8  X TL ; Notropis nubi lus 1 . 9-2 . 4  

X TL . The gut length for Notropis mekis tocholas i s  reported to be 

1 . 4-2 . 4  X SL ( Snelson , 1 97 1 ) .  

The congeners Hybopsis aes tiva lis and H .  s toreriana are 

repor ted to be primarily insectivorous ( Becker , 1 98 3 ;  Kinney,  1 95 4 ;  

Starrett , 1 95 0 )  wi th gut lengths 0 . 5-0 . 7  X TL ( Becker , 1 98 3 ) . 

Hybops is monacha was cons idered phyletically linked to Erimys tax and 

the subgenus Cyprinella of Notropis ( Jenkins and Burkhead,  1 984) . The 

gut of �· monacha was s hort and s -s haped , averaging 68 . 4% SL in eight 

adults examined ( Jenkins and Burkhead ,  1 984 ) . H. monacha was con­

sidered an ins e ctivore by Jenkins and Burkhead although algae and 

detritus were found in five specimens taken during November .  Hybopsis 

x-puncta ta gut length for Ouachita River drainage specimens was inter­

mediate ( 0 . 75- 1  . 3 0  X SL , x = 1 . 04 ,  n = 7 1 ) between species classif ied 

as ins ectivores and detritivores . 

Bowen ( 1 979 , 1 98 1 ) ,  ( Burkhead ( 1 980 ) , Starnes and S tarnes ( 1 98 1 ) 

and Prej s ( 1 984 ) provided useful summaries and thoughtful ins ight into 

the behaviour , biochemis try , and mechani cs of herbivorous -detri tivo­

rous feeding in freshwater fishes . Bowen ( 1 979 ) has shown that 

Tilapia mossambica can diges t and ass imilate periphytic detri tal 

aggregate ( PDA ) . Numerous workers have concluded that detritus is 
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ei ther indiges tible or of li ttle food value and that detri tivores mus t  

depend upon detri tal microorganisms to meet nutri tional requirements 

( Bowen , 1 979 ) .  Bowen s tated that mos t authors have reached this 

conclusion by micros copic examination of food and feces which shows no 

change in detrital  form , and so they assumed i t  was not diges ted . 

Bowen disagreed and ci ted Gordon ( 1 97 0 )  who reported 30-60% of organi c 

carbon in detritus ( from s eawater ) was hydrolyzed . Ri ley ( 1 97 0 )  

sugges ted the problem with detri tus a s  a food source was lack of 

protein and that diges tion of detritus would supply the consumer only 

with energy . Protein mus t  be obtained by diges tion of protein-rich 

organisms such as bacteria or invertebrates . Bowen sugges ted three 

adaptive s trategies for detri tivores to obtain sufficient dietary 

protein : 1 )  Selective feeding on protein-rich detrita l  aggregate ; 2 )  

Selective inges tion of protein-rich elements of detri tal aggregate or 

3 )  Complementing the detrital  diet with protein-rich anima l  foods . 

The quali ty of the PDA inges ted by Hybops is x-punctata 

is unknown . Based on the quantities of various food i tems found in 

the gut ( Table I I I - 1 ) ,  it  s eems likely that the grave l chub utilizes 

strategy 3 ( above ) to obtain necessary dietary protein especia lly 

during the period of peak growth . During May-Augus t ,  the per cent 

contribution of PDA to the diet ranged from 6 . 2- 27 . 6  whi le inverte­

brates contributed 2 1 . 0-9 1 . 1 % . By itself , PDA may be sufficient as a 

source of energy to sus tain body function during cold water periods of 

no growth . Per cent dietary PDA for October , November ,  and January 

was 65 . 8 ,  92 . 6 ,  and 55 . 2 ,  respectively . 
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Food selection under natural conditions is expected to be a 

compromis e  between preference and avai labi li ty andjor the cos t  of 

ingestion of a food type versus the benefit derived from it ( Prej s ,  

1 984 ) . Optimal foraging models predict that organisms will consume 

with minimal  energy cos t to obtain maximum benefits ( Schoener , 1 97 1 ; 

Werner and Hall , 1 974 ) . 

Food data for the gravel chub ( Tables I I I - 1 , p .  208 and III- 2 ,  

p .  2 09 ) sugges t that it is a n  opportunis tic omnivore whi ch on an 

annual bas is consumed rela tively equal amounts of periphytic detrital 

aggregate and macrobenthic invertebrates . No quanti tative data were 

avai lable for invertebrate taxa or periphytic detri tal  aggregate but , 

bas ed on visual observation , PDA appeared to be more abundant during 

the summer and early fall . Whether the increas ed percentage of 

macroinvertebrate biomass in s tomach contents from May through 

September was due to selective feeding or simply greater density of 

invertebrates residing in the PDA matrix cannot be ascertained unti l 

quantitative s tudies are undertaken . An interes ting relationship may 

exist  between increased growth and increased invertebrate dietary 

intake in the gravel chub . 

Observations of feeding behavior subs tantiated the classifica tion 

of Hyboposis x-punctata as an opportunis tic feeder . Very little 

probing or subs trate picking was observed but , rather ,  an almos t 

continuous gleaning of the subs trate seemed to be the primary mode of 

feeding . When chubs encountered dead gas tropods or as iatic clams , 

they would proceed to peck and probe until the shells housing the 

animals were cleaned . I concur with Davis and Mi ller ' s  ( 1 9 67 ) 
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hypothes is that x-punctata is primarily a cutaneous tas te feede r ,  but 

obs erva tions of chubs darting up into the water column to take drift 

indicate sight plays a role in feeding strategy . 

Although Balon ( 1 975 ) , when defining reproductive gui lds in 

fishes , listed Hybopsis x-puncta ta as a non-guarding phyto-lithophil ,  

I believe the gravel chub is a li thophi lic spawner . All spawning 

observa tions I have made indica te the gravel chub spawns over clean 

swept rock or gravel subs trate . My observations and those of Cross 

( 1 967 ) indicate gravel chubs spawn at water temperatures > 1 7  C ( above 

60 F ) . I was not able to observe spawning from mid Apri l through mid 

May , usually due to high water condi tions and associated poor vis i ­

bi lity .  From Figure I I I - 1  ( p .  2 1 3 ) , it  is apparent that peak spawning 

for H .  x-punctata coincides with the annual peak in discharge for 

ouachita River s treams . This would explain why ,  in over 50  underwater 

hours attempting to observe spawning behavior for Erimys tax species , I 

have observed spawning on only three different occasions . A reproduc­

tive peak during high flows would be advantageous to these open sub ­

strate spawners wi th non-adhesive eggs a s  poor visibi lity would hinder 

predators . This would also explain the utility of the nuptial j aw pad 

in species recogni tion during spawning under conditions of high f low 

and poor visibi lity . 

Ini tiation of spawning by increased water discharge in con­

j unction with rising water temperature has been noted in several 

groups of larger riverine fishes including Polyodon ( Purkett , 1 96 1 ; 

Hubert , et al . ,  1 984 ) , Catostomus ( Barton , 1 98 0 ;  Edwards , 1 98 3b ) ,  and 

Ictiobus ( Edwards and Twomey , 1 98 2 ;  Edwards , 1 983a ) .  This is the 
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firs t impli ca tion of a small  cyprinid wi th discharge ini tiated 

spawning and may indicate evolution of the ancestra l Erimys tax s tock 

in large riverine environs . 

Mature egg diameter of 1 . 5-2 . 0  mm was somewhat larger than 

reported ovum diameters for mos t  other North American cyprinids 

( Becker , 1 98 3 ;  Campbell and MacCrimmon , 1 9 7 0 ;  Heins and Clemmer , 1 97 6 ;  

Settles and Hoyt , 1 976 ; Starnes and Starnes , 1 98 1 ) .  I n  comparison 

with other North American cyprinids , the gravel chub s eems to have 

traded high numbers of ova for larger s ize ova and theoretica lly 

larger ,  better developed larvae at hatching . If  spawning occurs 

during high water spates , the firs t  few days in the life of the larval 

chub are probably spent in turbid backwaters with a better chance for 

predator avoidance and rapid growth ensuring a better chance of 

surviva l .  

Rapid growth from hatching through the first fall is  common for 

small , short-lived cyprinids . Table I I I-3 ( p .  2 2 1 ) and Figure III-4 

( p .  22 3 )  indicated that yoy gravel chubs continued growth in s tandard 

length through December before undergoing cessation that continues 

until June ( pos t-spawning ) the following year . Another growth spurt 

occurred for thes e now age 1 individua ls from June through October , 

followed again by winter s low growth . That males grew more rapidly 

than females during the first year ( Table III-3 ,  p. 2 2 1 ) was not 

surprising due to the energy females invest in ova production . Mos t 

females spawn during their first spring after birth and up to 20% of 

their adj usted body weight may be ova . Males also  spawn during their 

first spring but only 1 %  of adj usted body weight is invested in 
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tes tes . The energy required for male secondary character development 

such as tubercles and nuptial j aw pads is unknown , but mus t surely be 

less than the total female inves tment in ova . The energy expended by 

males during spawning must be greater than that for females due to the 

fema le "res ting position" prior to the spawn . Females eventually 

overtook males in s tandard length following spawning in year 2, and 

this may be attributed to ovarian atres ia observed in virtually all 

pos t-spawning females that probably gave a protein boos t for rapid 

growth . Females attained larger maximum size than males as indicated 

by maxima of 89 . 2  mm SL and 79 . 2  mm SL, respectively . 

The maximum age recorded for gravel chubs during this s tudy was 

42 months , although few probably live beyond thi rty months ( Table  III-

3 ,  p .  2 2 1 ) .  My  data ( Tables I I I- 3 ,  p .  22 1  and I I I-5 , p .  227 ) indi ­

cated male population numbers declined rapidly following the second 

winter of life and relatively few individuals lived to spawn a second 

time . 



CHAPTER IV 

BIOLOGY OF THE OZARK CHUB , Hybopsis harryi ( CYPRINIDAE ) ,  

IN THE WHITE RIVER SYSTEM , ARKANSAS AND COMPARISON 

WITH ASPECTS OF THE BIOLOGY OF THE SPOTTED 

CHUB , Hybopsis  dissimilis 

1 .  INTRODUCTION 

The subgenus Erimystax is composed of five species and until 

recently the biology of these species was virtually unknown . Jenkins 

( 1 975 ) and Burkhead and Jenkins ( 1 982 ) published the available 

information on the s lender chub , Hybopsis cahni , a threatened species 

of the upper Tennessee River drainage . Harris ( msB ) s tudied the 

biology of �· x-punctata , the gravel chub , in the firs t of three life 

his tory papers involving species of Erimystax . As s tated previous ly 

( Harris , msB ) ,  the purpose of these s tudies is 1 )  to fi ll the void in 

knowledge concerning age and growth , population dynamics , food habits , 

and reproduction and 2 )  to compare biological and ecologica l 

parameters among Erimystax species for use in s ys tematic decisions at 

the species level and for issuing phylogenetic cons tructs . 

Until recently ( Harris , msA ) , the Ozark and spotted chubs were 

considered subspeci es of Hybopsis diss imi lis . This s tudy was pivotal 

in the decision to eleva te the two taxa to species s tanding . 
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2 .  STUDY AREA 
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The primary s tudy area for the Ozark chub was Buffalo River at 

the AR Hwy 1 4  crossing, Marion County, AR. Buffa lo River  is a fourth 

order tributary to the Whi te River with a s tream length of approxi ­

mately 2 1 6  ki lometers and total drainage area of 3582 square ki lo ­

meters ( Cashner and Brown , 1977 ) .  Drainage area above the Hwy 1 4  

bridge is 2776 km ( Sullavan , 1 974 ) . In 1 97 2 ,  the Buffalo River was 

des ignated as this  country ' s  firs t National Scenic River . I t  general­

ly has not been significantly impacted by damming or channel modifica­

tion and is flanked for much of its length by Buffalo River National 

Park lands . 

At the s tudy si te , the river cons is ted of long s tretches of 

medium depth runs interrupted by sha llow riffles and narrow raceways . 

Subs trate was predomina tely gravel-cobble wi th some patchy bedrock and 

sand . Water quality was very good and water c larity was excellent for 

underwater obs erva tion during late spring , summer ,  and fall . 

Supplementary data , primari ly used in population dynamics s tudy 

and age-growth analysis ,  were gathered from addi tional locali ties in 

the Buffalo and White rive rs . Localities and mus eum numbers for 

materials used in this s tudy can be obtained upon reques t from the 

author . 

Data for the spotted chub comes from specimens collected in the 

Duck and Buffa lo Rivers , Tennessee River drainage , of wes t-centra l 

Tennessee . Duck River specimens were taken from Marshall  and 

Humphreys counties . Tota l drainage area for Duck River at Hurricane 
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Mills , Humphreys County ( ca 2 . 0 km above the mouth ) was 6623  krn • 

( USGS , 1 970- 1 983b ) . Habitat cons is ted of long rifflejruns grading 

into deeper runs over gravel and sand subs trate . Buffalo River speci­

mens were taken in Lewis County a t  the confluence with Grinder ' s  

Creek . The river  consisted o f  alternating riffles and runs with 

grave l ,  cobble , and bedrock subs trate . Drainage area a t  this locality 

is < 1 1 7 0 sq . krns . ( USGS , 1 9 70- 1 983b ) . 

3 .  PUBLISHED DATA 

Very little publis hed information is available for Hybops is 

harryi . In their s tudy of small fishes of the Black River and 

Clearwater Lake , MO , Martin and Campbell ( 1 95 3 )  found �· harryi 

composed 0 . 7 %  of the small  fishes collected from the Black River in 

1947 . Martin and Campbell obs erved that �· harryi was a bottom 

dwelling species found in riffle channels wi th moderate to fast 

current . They noted it  was " the mos t common bottom-feeding species " 

in the riffles and occurred in pools . 

Davis and Miller ( 1 967 ) and Reno ( 1 969b ) based their hypothes es 

concerning �· diss imi lis on examination of both �· harryi and H.  

diss imilis . Davis and Mi ller considered that "H.  diss imi lis " evolved 

as a sight feeding inhabitant of clear s treams bas ed on brain 

morphology and tas te bud dis tribution/morphology . Reno noted the even 

distribution of superficial neuromas ts in the head region and 

sugges ted "�· dissimilis " may live s lightly above s tream bottom where 

microcurrent reception by skin neurommasts is unabated and unmodi fied 

by surrounding obs tacles . 
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Pflieger ( 1 97 1 ) des cribed the habi tat of �· harryi as  moderately 

large , clear streams wi th continuous , s trong flow and clean gravelly 

or rocky bottoms wi th preferred habitat below ri ffles or in pools wi th 

noticeable current . In 1 975 , Pflieger repeated this habi tat des crip­

tion , gave a maximum length of 4 . 5 inches ( = in ) for the species , and 

noted the coiled configuration of the diges tive tract , Brief mention 

was made of dis tribution and habi tat in Sylamore Creek ( Frazier and 

Beadles , 1 97 7 )  and the Eleven Point Rive r ,  AR ( Johnson and Beadles , 

1 97 7 ) . No other published information was available . 

Slightly more information was avai lable for the spotted chub , 

Hybopsis diss imilis . Trautman ( 1 95 7 ,  1 98 1 ) gave the following age­

length ranges for Ohio specimens : young of year 1 . 3-2 . 4  in ( 3 . 3-6 . 1  

em ) in October ;  around year 1 ,  2 . 0-2 . 8  in ( 5 . 1 -7 . 1  em) ; breeding 

adults usually 2 . 5-4 . 0  in ( 6 . 4- 1 0 . 0  em ) ;  larges t specimen 4 . 2 in ( 1 1  . 0  

em ) long . Clay ( 1 975 ) gave total  length a s  2 . 5-4 . 0  in . Jenkins , et 

al . ( ms )  s tated that the species matures in one year and obtains a 

maximum age of two years and a few months . Eight yoy specimens from 

Tennesee taken 29 June averaged 35 mm SL . S ixty-one age 1 and 2 males 

ranged in s ize from 6 3-95 mm SL ( x  = 76  mm SL ) whi le 43  age 1 and 2 

females were 57- 1 03 mm SL ( x  = 76 . 3  mm SL ) .  Jenkins , et a l .  found 

the larges t Virginia specimen to be a 1 1 4 mm SL female . 

The firs t habi tat obs erva tion published for the spotted chub was 

that of Kirtland ( 1 85 0 )  s tating " i t  is usually found in deep water at 

the foot of riffles . "  Clay ( 1 975 ) gave preferred habi tat as riffles 

with bottoms of clean sand and gravel in streams of moderate s ize , and 

described repres entative habitat of the species as the South Fork 
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Kentucky River near Boonevi lle , KY . Als o ,  Clay gave phys ical charac-

ters of this s tream and listed some of the speci es associates of the 

spotted chub . 

Trautman ( 1 98 1 : 284 )  provided a detai led des cription of habi tat :  

The spotted chub inhabited riffles and bars i n  
s treams o f  moderate siz e ,  1 ' -4 ' deep , where favorable 
current depos ited coars e sands and gravels and kept 
them free of silt . The larges t numbers were usually 
found in deeper waters at the foot of riffles and in 
deeper gravel bottom pools pres ent in the main por­
tions of riffles . The species seemed to avoid 
aquatic vegetation and disappeared from a riffle 
when the gravel was coated with s i lt or other 
pollutants . 

Trautman ( 1 95 7 ,  1 98 1 ) noted a s imilarity in the habi tat of grave l and 

spotted chubs and supposed competition occurs between the two . 

Cooper ( 1 983 ) sugges ted the spotted chub spawned in the spring by 

broadcas ting eggs over gravel riffles . Duck Rive r ,  TN chubs were 

reported to spawn from mid-May through mid-June wi th an average 

fecundi ty of 400 ( Harris , 1 980a ) . Jenkins , et al . ( ms )  defined the 

spawning period as late Apri l to late May in Virginia . 

4 .  METHODS 

The life his tory s tudy of Hybops is harryi used a combina tion of 

personal collections and field obs ervations augmented by museum speci-

mens . Analys is of 1 2  monthly samples was attempted but winter high 

water precluded collections for December ,  January, and March . Samples 

were taken at weekly or bimonthly intervals from Apri l through June to 

more precis ely determine spawning period . No dis tinction was made 

be tween collections from different years or rivers in analys is of 
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results , so this s tudy reflects the "genera lized life his tory" o f  the 

Ozark chub . 

Only museum specimens were used to gain biological information on 

the spotted chub , Hybops is dissimi lis . Specimens were avai lable for 

Apri l ,  May ,  June , Augus t ,  and November .  

Collections were made using 2 . 4-m X 3 . 0-m and 2 . 4-m X 6 . 1 -m 

seines with 0 . 6-cm mesh . Seining downs tream wi th the current proved a 

successful means of obtaining Ozark chubs , especially using the 6 . 1 -m 

seine . From April-June , specimens were checked in the field for 

spawning condition by gently press ing the abdomen to extrude ova or 

mi lt . All specimens were preserved in 1 0% formalin and s tored in 45% 

isopropanol .  

Detai led methodology for examina tion of reproductive , feeding , 

and age-growth characteris tics was presented in Harris , msB .  For 

pres erved specimens , reproductive condi tion was determined by calcu­

lating the gonadosomatic index ( GS I )  expressed as gonadal 

weight/adj usted body weight . Ova diameters were measured to the 

neares t 0 . 0 1  mm using a dissecting s cope and ocular micrometer . Live 

specimens were checked in the field by gently squeezing the abdomen to 

see if ova or mi lt were readily extruded . 

The terminology of Heins ( 1 985 ) is used to assess both female and 

male reproductive condi tion . Fema le ovarian condition descriptors 

include : 1 )  latent ( LA ) ; 2 )  early maturing ( EM ) ; 3 )  late maturing 

( LM ) ; mature ( MA ) ; and partially spent ( PS ) . One additional category 

is added to thos e of Heins . The ca tegory is spent ( SP )  and is recog­

nized by ovaries appearing as a compact white or yellow mass with 
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reddish or dark brown mature ova that are shriveled and apparently 

being resorbed into the ovarian matrix .  Male tes tes are described as 

mature ( MA )  or latent ( LA )  ( Heins , 1 985 ) . 

Gut contents from anterior to the firs t  1 80° bend were removed 

from a minimum of 1 0  specimens ( when avai lable ) from each monthly 

sample . Animal i tems were identified to the lowes t taxon and non­

animal gut contents were class ified as plant , including filamentous 

algae , roots , leaves , or bark , or PDA ( Bowen , 1 98 1 ) .  Dry weight 

biomass of animal items ( grouped by order ) ,  plant , and PDA was deter­

mined to the neares t 0 . 00 1  g us ing a Mettler AE 1 60 electroni c 

balance . In conj unction wi th food habit analys is , gut length was 

measured to the neares t o . os mm using dial calipers following the 

method of Snelson ( 1 9 7 1 ) .  

In addition to the gonadosomatic index,  reproductive condi tion in 

males was determined by gross examination of the testes as well as 

s econdary s exual characteris tics such as tuberculation , pectoral fin 

coloration , and deve lopment of the nuptual cheek pad . Reproductively 

mature ( MA )  males had swollen , opaque white tes tes ; whi le latent ( LA )  

ma les had sma l l ,  translucent to whi te tes tes . Ma les with swollen 

tes tes and well developed secondary sexual characters were cons idered 

mature . 

Age and population s tructure were examined us ing length frequency 

his tograms of large series of specimens . Age of population group 

members was verified by s ca le analysis following methods of Tesch 

( 1 97 1 ) ,  Weatherley ( 1 972 ) ,  and Bagenal ( 1 97 1 ) .  Ten s ca les were 

removed from the predorsal  lateral region of each specimen examined , 
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s tained with alizarin in 2% KOH, and proj ected to the screen of a 

Bausch and Lomb s cale reader .  Total s cale length and annular lengths 

were measured to the neares t 0 . 05 mm wi th calipers . Growth in terms 

of biomass was es timated by obtaining adj us ted body weight of speci ­

mens of each age class from each monthly sample . 

Reproductive and feeding behavior were observed in the field by 

snorkeling when water clarity permitted . Approximately 1 0  hours were 

spent underwater observing Ozark chub behavior . Four vis i ts were made 

to the Buffalo River between 1 982- 1 983  during the months May, June , 

July ,  and September .  

Data for water temperature and dis charge were obtained from u . s . 

Geological Survey records ( 1 970- 1 983a , 1 970- 1 983b ) . Data for the 

Buffalo Rive r ,  AR were obtained from the u . s . Highway 65 s tation ,  

Searcy County , AR and are considered indi cative o f  s tream condi tions 

for life his tory s tudy locations . Data for the Duck-Buffalo Rive r ,  TN 

were obtained form the gauging s tation at Flat woods on the Buffalo 

Rive r ,  Perry County , TN .  Temperature and dis charge data are pres ented 

as monthly averages in this paper . Summary s tatistics and Model I 

linear regress ion were performed using programs found in Brower and 

Zar ( 1 98 4 ) . Model I I  regress ion was used when both x and y variables 

were measured wi th error as in the cas e  of standard length versus 

fecundity ( Ricke r ,  1 97 3 ;  Soka l and Rohlf , 1 98 1 ) .  
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A .  Hybops is harryi -- Ozark chub 

Habitat and Associates 
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Habi tat .  Hybops is harryi was obs erved a t  one time or  another in 

virtually every microhabi tat at the Hwy 1 4  s tudy area . This species 

was most often obs erved in runs or riffle habitat over gravel sub­

strate in water approxima tely 45-60 em deep . I t  was not obs erved 

often or in large numbers in side channel lentic habitat or in the 

torrential raceways wi th bedrock and boulder subs tra te . 

There appears to be microhabi ta t  s egregation between young of the 

year and adults chubs . Young were obs erved in backwa ters and shore­

line or sidechannel habitat where current veloci ty was s low . Adults 

were s eldom obs erved in this habi tat and appeared trans ient when they 

were s een there .  There may be some microhabitat partitioning of the 

sexes during the period immediately prior to spawning as evidenced by 

collections dominated by one or the other sex from March and Apri l .  

Species Associates . Species mos t  often collected or observed wi th 

H .  harryi included Campos toma anomalum, Notropis greenei , �· 

telescopus , �· pilsbryi , �· galacturus , �· nubi la , Micropterus 

dolomieui , Moxos toma spp . ,  Hypentelium nigricans , Etheos toma euzonum , 

�· blennioides , Percina caprodes and �· evides . Hybops is harryi was 

qui te numerous in i ts preferred habi tat and was subj ectively deter­

mined to be second in numerical  abundance to Campos toma anomalum . 

Ordinarily,  this would not be reflected in capture data due to 

successful net avoidance capabi li ties of this elusive species . 
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Food and Feeding Habi ts 

Food . S tomach contents from 1 1 8 adult and six young of year 

( yoy ) specimens of Hybops is harryi were examined . Summaries of 

biomass and countable food i tems are pres ented in Tables IV- 1 and IV-

2 ,  respectively . In Table IV- 1 , the tota l biomass es timate is pre ­

sented as : sum of monthly es timates for each i ternjsurn of biomass for 

all food i tems ( = grand sum biomass )  X 1 00 whi ch = per cent annual 

biomass for each food i tem ( column TOT in Table IV- 1 ) .  Annual biomass 

is also  presented as the sum of monthly percentages of each food i tem 

divided by the total number of months for which specimens were 

examined ( column CORR in Table IV- 1 ) ,  and is referred to as corrected 

annual biomass .  

Feeding behavior . Ozark chubs were obs erved feeding in moderate 

current over gravel ,  rock , or bedrock subs trates . They were mos t 

often in the runs between the base of a riffle and the head of the 

next in water 40- 1 00 ern deep . My obs erva tions indica te they feed by 

grazing on the tops of rocks and between larger inters ti tial spaces . 

Numerous individuals were seen grabbing drift  from the water column 

although they never ventured more than 1 0  ern from the s tream bottom . 

Gut morphology . Gut length was determined for 54 � harryi ( SL 

7 1 . 9- 1 20 . 1  rnrn ) . Length of the diges tive tract ranged from 1 . 49-2 . 7 3  

times s tandard length with x 2 . 25 SL . Gut morphology differs from 

the s imple s -shape by having two or more accessory loops as in Figure 

IV- 1 . 
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H .  h a r r y i  

H .  d i s s i m i l i s  

Figure IV-1 . Gut morphology of Hybopsis harryi and H .  dissimil i s .  



T abl e IV- 1 . Per Cent Food Bioma s s  from Monthly S amp l e s  o f  Hybop s i s  harry i . 

Food I tem Month To tals 

Feb Mar Apr May Jun Jul Aug Sep Oc t Nov Tot a Corrb 

Ephemeroptera 0 . 5  2 . 4  5 . 7  1 . 8  0 . 9  0 . 2  1 . 0  1 . 3  

Odonata 0 . 6  0 . 1  0 . 1  

P 1 ecoptera 0 . 2  0 . 4  1 . 3  0 . 2  0 . 2  

Mega1optera 3 . 2  0 . 1  0 . 4  

Tr ichoptera 0 . 4  7 . 8 1 0 . 5  6 . 8  8 . 9  2 . 7  4 . 0  4 . 1  

D iptera 1 . 0  0 . 8  4 . 2  1 . 5  2 . 6  0 . 4  0 . 1  1 . 3  1 . 2  

Lepidoptera 0 . 7  2 . 4  6 . 0  2 . 9  1 . 0  2 . 7  0 . 2  1 . 8 1 . 9  2 . 0  

P l ant 0 . 8  2 4 . 2  1 9 . 7  4 5 . 4  5 9 . 8  4 . 6  7 2 . 6  1 . 2  18 . 2  2 5 . 4  

PDA 97 . 7  97 . 7  6 0 . 3  5 9 . 8  3 6 . 5  2 6 . 0  8 8 . 3  2 0 . 9  96 . 7  7 2 . 9  64 . 9  

Ga � tropoda 0 . 2  0 . 4  3 . 0  0 . 2  0 . 4  

S c a l e s  0 . 2  

U nknown 1 . 1  0 . 1  0 . 1  

# Examined 11 1 3  1 0  1 3  14 1 5  1 0  1 2  2 0  118 

# Empty 1 2 0 0 2 0 0 1 2 

aAnnua l  total derived from sum of monthly bioma s s . 

bAnnual total der ived from sum of per cent monthly b iomas s .  

N 
"" 
(X) 



Table IV-2 . Number o f  Food Items from Monthly Samples o f  �bop s i s  harry i . 

Food I tem Month Tota l s  

Feb Apr May Jun Jul Aug Sep Oct Nov Tot a % Tot 

Nematoda 1 1 0 . 2  
Hydracar ina 1 1 0 . 2  
Ephemeroptera 1 1 2 3 3 2 2 1 1 5  3 . 5  

Bae t idae 1 1 2 0 . 5  
Heptageniidae 1 1 2 0 . 5  

Odonata-Zygoptera 1 1 0 . 2  
Plecoptera 1 1 2 0 . 5  
Tric hoptera 1 4 1 6 1 . 4  

Hel icopsychidae 2 2 0 . 5  
Hydropsychidae 5 1 3  1 2 2 2 3  5 . 4  
Hydrop t i l idae 2 5 3 1  1 7  8 1 5  1 7 9  18 . 7  
Leptoceridae 8 1 9 2 . 1  

Coleoptera 1 1 0 . 2  
D iptera 

Chironomidae 2 4  2 6  7 9  2 7  3 0  3 14 8 2 1 1  4 9 . 9  
Simu l i idae 1 6 7 1 . 7  
Tipu l idae 1 1 0 . 2  

Lepidoptera 
Pyra l idae 1 7 2 4  2 4 4 1 2 4 5  1 0 . 6  

Ga stropoda 1 1 1 1 4 0 . 9  
F i sh S c a l e s  7 1 8 1 . 0  

Unknown 1 1 0 . 2  

Total 3 3  2 9  114 101 62 28 3 8  6 1 2  4 2 3  

a sum o f  Monthly tota l s . 
N 
.1'> 
\.0 
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Reproduction 

Male . Gonadosomatic index values ( Figure IV- 2 )  indicated male 

peak reproductive development occurred in late Apri l to early May . 

Lack of specimens from December ,  January, and March made i t  difficult 

to determine when increase in gonadal size and weight bega n .  Rapid 

increase in mean GSI occurred from mid-February ( mean GSI = 0 . 39 ) 

until a peak in mid-April ( mean GSI = 1 . 1 9 )  followed by rapid decline 

through May ( 0 . 36 ) , June ( 0 . 42 ) , and July ( 0 . 1 2 )  before bottoming in 

Augus t ( 0 . 08 ) . Males captured 1 9  Apri l  1 983  readi ly released mi lt 

when the abdomens were gently squeezed . Only one of nine specimens 

captured 1 3  June 1 982 was s till running mi lt . 

Secondary s exual characteristics were express ed beginning in late 

winter or early spring . Males captured in early February were gener­

ally without fin tubercles but minute tubercles were present on the 

periphery of dorsola teral body scales . The pectoral fins also lacked 

concentrated interradial pigmentation at this time . A single indi ­

vidual ( of six  examined ) showed early development of the nuptial j aw 

pad . Specimens captured on 1 9  April had well deve loped pectoral fin 

tubercles on the dorsal surface while the dors a l ,  ana l ,  and pelvic 

fins poss essed typically minute tubercles res tricted to the dis tal  one 

half of rays . Nuptial j aw pads were well developed and pectora l fin 

interradial pigmentation was concentrated so that males were eas i ly 

separated from females . Anterior dorso-lateral s cales had 8- 1 0  tuber­

cles on the periphery of each s ca le wi th perhaps 5-6 tubercles located 

centrally .  Pos terior of the dorsal  fin,  tubercles were res tricted to 

the periphery of each s cale . 



F igure IV-2 . Reproductive parameters of Hybopsis  harryi . 
A .  Mean water temperature (c ircles ) and discharge ( squares ) of 
the Buffalo River , AR for 197 0-198 3 . B .  Male Hybopsis harryi mean 
gonadosomatic index (GSI ) . C .  Female �· harryi mean GSI ( square s )  
and mean ovum d iameter (circles)  with standard deviation . 
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Specimens from May and June were general ly as  des cribed for 

Apri l .  July specimens were wi thout fin and body tubercles or , if 

present on the pectoral fin,  they appeared in uneven rows as if being 

s loughed from the surface . Nuptial j aw pads , if  present , appeared 

thin and patchy . By Augus t ,  none of the males examined showed signs 

of s econdary sexual characters . 

Female . GSI values ( Figure IV-2 ) sugges t that females were in or 

near  spawning condi tion by mid to late Apri l .  Nine reproductively 

mature females captured 1 9  April 1 984 had an average GSI of 1 2 . 23 with 

individual values ranging 3 . 76-29 .97 . All individuals were MA wi th 

respect to ovarian development . Two immature fema les ( 55 .85  and 54 . 5 0  

mm SL ) possessed EM ovaries and were not expected to participate in 

spawning that year . Mean ovum diameter for ma ture Apri l  specimens was 

1 . 4 3  mm with a maximum obs erved size of 2 . 00 mm . Ova ready for 

spawning were > 1 . 5 0  mm whi le the maj ority were in the 1 . 75- 1 . 85 mm 

range . When checked for spawning condi tion in the field by gently 

squeezing the belly,  only one of the nine specimens extruded ova . 

Fifteen females captured 1 9  May 1 984 were examined and two 

specimens were j udged MA, while 1 3  were PS . When examined at  capture ,  

only one individual would extrude ova when pressured . Average GSI for 

nine weighed specimens was 8 . 92 wi th a range of 4 . 04- 1 8 . 95 . Addi ­

tionally , nine yoy females were j udged LA or EM and not participating 

in that years reproductive effort . Of eight females captured 3 1  May 

1 982 , three were classified as PS and five as SP . Four yoy specimens 

63 . 35-72 . 90 mm SL did not have mature ova and did not spawn . Average 

ovum diameter for May specimens was 1 . 03  mm . Size of ripe ova was the 
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same as for April specimens but the May average was lowered by the SP 

ovari es with ova ranging 0 . 2-0 . 4  mm in diame ter . Four of the five 

females captured 1 3  June were SP while the other was PS . 

July-September females remained LA as indicated by the low GSI 

and ovum diameter values in Figure IV-2 . October and November indi -

viduals showed signs of slow, s teady ovarian gain wi th average GS I of 

1 . 07 and 2 . 25 , respectively, and average ovum diameters of 0 . 4 1  and 

0 . 5 7 . 

Fecundi ty . Number of ova showed a high correla tion with s tandard 

length ( r  0 . 97 ) and is described by the Model I I  regress ion F = 

32 . 34 ( SL )  - 2 3 34 . 08 as shown in Figure IV-3 . When log transformed ( as 

recommended by Bagena l ,  1 97 1 ) ,  the relationship is described by the 

linear equation log F = 4 . 2 0 ( log SL )  - 5 . 46  ( r  = 0 . 95 ) . 
1 0  1 0  

Spawning . Seven attempts to obs erve spawning behavior were made 

on the following dates from 1 982 through 1 984 : 1 9  Apri l ,  1 9  May , 30  

May ,  3 1  May ,  2 June , 1 3  June , and 24 June . Approximately 1 3  total 

hours were spent in underwater obs ervation . On 30  May 1 98 3 ,  a rather 

large congregation of Ozark chubs was observed in water 40-60 em deep 

at the head of a riffle and immediately downs tream for a dis tance of 

1 0  m. Although actual spawning was not observed , behavior s imi lar to 

that of prespawning gravel ( Hybopsis x-punctata ) and blotched (�. 

insignis ) chubs was observed . Three mature chubs which appeared to be 

females were nes tled on the subs trate in shallow depressions or 

crevi ces between rocks . Presumed ma les approached the females on 

several occasions but nei ther made contact nor elici ted any respons e 

from the reposed females . On 2 June 1 98 3 ,  two fema les were observed 
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in the same behavior . One female , observed for 30  minutes , spent 

mos t of the time res ting passively in subs trate depress ions . She was 

dis turbed on several  occasions by passing centrarchids ( Lepomis and 

Micropterus dolomieui ) but each time resettled to a bottom depression . 

During the observation time , the specimen remained wi thin a one meter 

radius of where originally observed . One interaction with a presumed 

male was observed when the male entered the s hallow depress ion, lay 

side to side with the female for five seconds , and then exited . Water 

level had dropped considerably since the earlier vis i t  and Ozark chubs 

were dispersed throughout lentic habitat except for the shallowes t 

riffles ( < 1 0  em deep ) and torrential raceways . 

The smalles t  female specimen observed with mature ova was an 

individual 63 . 35 mm SL . The smalles t male wi th s econdary reproductive 

charac ters and mature tes tes measured 76 .90  mm SL . Five of 22 ( 22 . 7 % ) 

yoy females examined from April ,  May , and June samples possessed 

mature ova and may have taken part in spawning activities . Only two 

of 2 1  yoy males ( 9 . 5% ) examined were j udged capable of participating 

in reproductive efforts . 

Age and Growth 

Collections of Hybops is harryi are small , generally numbering 

fewer than 50 mature individuals . Figure IV-4 pres ents a combina tion 

of two collections ( 209 individuals ) from late July and early August 

to illustrate population s tructure of the Ozark chub . Table IV-3 

summarizes available data on age ( in months ) and growth ( SL )  for 

males , females , and the combined sexes . Linear equations for age 
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Table IV- 3 .  Mean S tandard Length Bas ed on Monthly Samples of Each Age 
Group of Male , Female , and Tota l Hybops is harryi . 

Males Females Total 
Age 
Group Month 

... 
X n x n X n 

May 1 
June 2 3 0 . 65 ( 5 )  
July 3 38 . 37 ( 27 )  
August 4 42 . 9 1  ( 9 )  43 . 85 ( 1 5 )  43 . 5 0  ( 24 )  
S eptember 5 5 1  . 5 5  ( 3 3 )  5 1  . 48 ( 2 1  ) 5 1  . 5 2  ( 54 )  
October 6 5 4 . 9 5  ( 24 )  56 . 37 ( 1 8 )  55 . 5 2  ( 43 )  
November 7 5 0 . 7 1  ( 64 )  48 . 25 ( 67 )  49 . 45 ( 1 3 1  ) 
December 8 
January 9 
February 1 0  59 . 5 8  ( 1 0 )  50 . 99 ( 5 )  56 . 7 2  ( 1 5 )  
March 1 1  49 .80  ( 1 3 )  5 1  . 30 ( 1 4 ) 50 . 44 ( 28 )  
Apri l  1 2 62 . 1 0  ( 1 ) 58 . 0 3  ( 3 )  59 . 05 ( 4 )  

May 1 3 6 3 . 89 ( 1 7 )  62 . 78 ( 1 4 )  63 . 39 ( 3 1  ) 
June 1 4  
July 1 5  66 .88  ( 1 03 )  66 . 29 ( 83 )  66 .62  ( 1 86 ) 
Augus t 1 6  72 . 1 1  ( 1 2 )  72 .94  ( 2 0 )  72 .63  ( 3 2 ) 
September 1 7  8 1  • 7 2  ( 5 )  83 . 5 0  ( 3 )  82 . 39 ( 8 )  

2 October 1 8  85 . 0 3  ( 8 )  83 . 09 ( 4 )  84 . 38 ( 1 2 )  
November 1 9  79 . 68 ( 3 )  77 . 5 5  ( 1 ) 79 . 1 5  ( 4 )  
December 20 
January 2 1  
February 22  86 . 60 ( 2 )  89 . 4 2  ( 3 )  88 . 29 ( 5 )  
March 23  
April 24 8 7 .60  ( 7 )  89 . 88 ( 6 )  88 . 65 ( 1 3 )  

May 25  86 . 5 5  ( 1 ) 90 . 1 8  ( 1 9 )  9 0 . 00 ( 20 )  
June 26 9 1 . 64 ( 8 )  9 1  • 1 1  ( 4 )  9 1  . 4 7  ( 1 2 )  
July 27 94 . 48 ( 2 )  1 0 1  • 45 ( 1 ) 96 .80  ( 3 )  
Augus t 28 88 . 9 0  ( 4 )  94 . 90 ( 7 )  92 . 7 1  ( 1 1  ) 
September 29 9 1  . 40  ( 1 ) 1 03 . 5 0  ( 1 ) 97 . 45 ( 2 )  

3 October 30 93 . 45 ( 3 )  94 . 1 0  ( 2 )  93 . 7 1  ( 5 )  
November 3 1  
December 32 
January 33  
February 34 
March 35  
April 36 1 06 . 05 ( 2 )  1 06 . 05 ( 2 )  

May 37 
June 38 1 1 4 . 1 5  ( 1 )  1 1 4 . 1 5  ( 1 ) 

4 July 39 
Augus t 40 1 1 1  • 30  ( 1 ) 1 1 1 . 4 2  ( 2 1  ) 1 1 1  . 4 1  ( 22 )  
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Table IV-3 . ( Continued ) 

Males Females Total 
Age X n x n x n 
Group Month 

September 4 1  
October 42  1 1 1  • 70 ( 1 ) 1 1 1  • 70  ( 1 ) 
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versus s tandard length did not vary s ignificantly between the sexes 

( Fs = 0 • 1 3 < < F [ 1 , 4 3 ]  4 . 08 ) . These equations are expressed as SL 

40 . 8 3  + 1 . 87A (r = 0 . 9 6 )  for males and SL = 40 . 00 + 1 . 9 3A ( r  = 0 . 9 7 )  

for fema les and are shown i n  Figure IV-5 . Age versus s tandard length 

for the combined sexes is plotted in Figure IV-6 using a moving 

average of threes and assuming no decrease in SL ( af ter Mayden and 

Burr , 1 98 1 ) .  Age versus body weight for the combined sexes is 

presented in Figure IV-7 and is described by the linear equation W 

0 . 355A - 0 . 7 3 2  ( r  = 0 . 98 ) . 

As noted previously, late Apri l through May is the time of peak 

reproduction . Therefore , I have des ignated May as month 1 for aging 

purposes with June as month 2 ,  etc . As sugges ted by Everhart and 

Youngs ( 1 98 1 : 68-69 ) ,  annuli are reported in Roman numerals and age 

groups in Arabic numerals where specimens between zero and 1 2  months 

are Age Group 1 ,  specimens 1 3  to 24 months are in Age Group 2 ,  and so 

on . 

Young of year specimens were repres ented in June collections by 

five specimens ranging 25 . 75 - 33 . 65 mm SL, x = 30 . 65 . Rapid growth 

continued until the onset of winter coldwater in November when growth 

s lowed until the cessation of spawning activities in June ( Figure IV-

6 ) . November yoy specimens were usually between 50-60 mm SL . As 

noted for Hybops is x-punctata ( Harris , msB ) ,  rapid growth appeared to 

coincide wi th warm water temperatures and assumed increase in the 

primary di etary cons ti tuent , periphytic detrital aggregate . July age 

2 specimens averaged 66 . 6  mm SL ( n  = 1 86 )  which increased to 72 . 6  mm 

SL for Augus t ( n  = 3 2 )  and 82 . 4  mm SL for September ( n  = 8 ) . Data for 



::1: 1-(l) z ILl 

1 1 0  

100 

90 

..J 80 
0 a: 
< 
0 z � 70 
(/) 

60 

5 0  

0 

0 

0 
0 

/ 

0 

/ 
/ 

/ 

/ 
/ 

MALE SL = 40.83+1 .87 ( A) r = 0. 96 

/ 
/ 

/ 

FE MALE S L =  40.00+ 1 .93 (A )  r :  0. 97 

2 61 

0 

40�---------------------------------------------------------------
o 5 10 15 20 25 

AGE I N  MONTHS 
30 35 40 

Figure IV-5 . L inear regre s s ion o f  age (A) ver su s s tandard l ength 
( S L )  for mal e ( so l id l ine ) and femal e  (da shed l ine ) Hybops i s  harry i .  

M�an monthly standard length for males ( clo sed c i r c l e s )  and femal e s  
( open c ircles ) are plotted . 



120 

1 1 0  

100 

90 

:I: t; 80 
z UJ ..J 
0 a: � 70 
z 
< 1-en 

60 

50 

40 

30 I 
I 

I 

I 

I 

/ /// 

I f 

/ 
I 

I 

2 6 2  

/r 

---/iL O L-----�--------------��----�------�------�----��----� 
5 10 15  20 25  30 35 40 

AGE IN MONTHS 

Figure IV- 6 .  Age versus mean s tandard length plotted as a moving 
average of thre e  for Hybops i s  harryi . Bar s r epresent + one standard 
deviation . 



14 .0 

• I 

1 3 .0 

12 .0 

1 1 .0 

10.0 
--
ell 
E 0 � 9 . 0  

._, 

.... • 

:I: 
!:2 8 . 0  
IJJ 
� 
>- 7 . 0  0 
0 CD 
0 6 .0 IJJ 
.... (/) 
::> 
...., 5 . 0  0 
<t 

4 . 0 

3 .0 

2.0 
• 

W= - 0 . 7 32 + 0 . 355{ A ) 
r = o .  98 

1 .0 

0 5 10 15 20 25 30 35 40 45 

AGE IN MONT H S  

Figure IV-7 . Regr e s s ion o f  age (A)  ver sus mean ad j u s ted body 

we ight (W) for Hybops i s  harry i .  

263  



264 

age 3 and 4 growth was confus ing and inconclusive due primari ly to the 

low numbers of individuals available for s tudy .  

Overall growth trends for the s exes ( Figure IV-5 ) indicated males 

were larger than females until approximately age 20 months . The 

largest individual examined during this s tudy was a 40-month-old 

female measuring 1 20 . 1  mm SL whi le the larges t male was also 40 months 

old and 1 1 1 . 3 mm S L .  

Linear regress ion was performed o n  scale length-s cale radius data 

from 48 specimens ( Age 2 = 1 8 ,  Age 3 = 27 , Age 4 = 3 )  collected 1 9  

Apri l ,  3 1  May , 1 3  June , and 24 June . The data yielded the line 

described by the regress ion equation Y = ( 0 . 92 ) X  + 44 . 99 ( r  = 0 . 6 3 )  

where Y = SL and X = proj ected scale radius in mm a t  1 20x . Back 

calculation of SL at annulus formation resulted in the averages 74 . 6  

mm at age 2 ,  85 . 8  mm at age 3 ,  and 1 02 . 2 mm at age 4 .  

Population Dynamics 

survivorship . Survivorship tables are presented in Table IV-4 . 

Survivorship was high for age 2 specimens and was s imilar for the 

sexes . Both sexes showed signifi cantly increased mortality by age 3 ,  

the males moreso than females . Age 4 males were rare wi thin the 

cohort and surviving females represented approximately 8% of all 

females . The oldes t specimen in this s tudy was a 42 month-old-female 

whereas only one age 4 male , a 40-month-old individua l ,  was found . 

Sex Ratio . The male to female ratio obs erved in 667 specimens 

was 1 : 1 ( Table IV-5 ) .  Males s lightly outnumbered females in Age 1 and 
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Table IV-4 . Relative Surviva l  of Year Classes of Male , Female,  and 
Total Hybopsis harryi Expressed as Proportions of Age 
Class 1 ( 1 xi ) ,  Age Class 2 ( 1 x2 ) ,  and Age Class 3 ( 1 x3 ) .  

Surviva l 

Sample Age Group # Individuals 1 x1 1 x2 1 x3 

Males 1 1 54 1 . ooo 
2 1 57 1 . 0 1 9 1 . ooo 
3 1 9  0 . 1 23 0 .  1 2 1 1 . ooo 
4 0 .006 0 . 006  0 . 05 3  

Females 1 1 43 1 .000 
2 1 34 0 .937  1 . 000 
3 36  0 .2 5 2  0 . 269 1 . 000 
4 2 3  0 . 1 6 1 0 . 1 72 0 .6 39 

Total 1 297 1 . ooo 
2 2 9 1  0 .980 1 . ooo 
3 55 0 . 1 85 0 . 1 89 1 . 000 
4 24  0 . 080 0 . 08 2  0 . 436 

Table IV-5 . Sex Ratios for Each Age Group and the Total Sample of 
Hybopsis harryi . 

Age Group Age Group 2 Age Group 3 Age Group 4 Total 

Males 0 . 5 2  0 . 5 4  0 . 35  0 . 04 0 . 5 0  

Females 0 .48 0 .46  0 .65 0 . 96 0 . 5 0  
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2 samples representing 5 2 %  and 54% of the respective age groups . 

Females dominated Age 3 by almos t 3 . 5 : 1 and Age 4 by greater than 9 : 1 .  

B .  Hybopsis dissimi lis -- Spotted chub 

Food Habi ts 

Gut contents of 43  adult spotted chubs were examined and results 

are presented as biomass ( Table IV- 6 )  and countable food items ( Table 

IV-7 ) .  As discus s ed for the Ozark chub , biomass is summarized as a 

per cent of tota l  biomass ( TOT ) and as a mean of the monthly per cent 

biomass for each food i tem ( CORR ) . 

Gut morphology . Gut length of 38 H.  diss imi lis ( SL 63 . 4- 1 1 2 . 7  

mm )  ranged 0 . 7 7 - 1 . 1 1  times SL with x = 0 . 94 SL . Gut morphology was 

bas i cally s -shaped with varying lengths of an accessory loop ( Becker ,  

1 98 3 )  a t  the second 1 80 bend in the gut . This  form is contrasted 

with that of the Ozark chub illustrated in Figure IV- 1 ( p .  2 47 ) . 

Reproduction 

Although material was available from only five months of the 

year , the data collected allowed valuable observations concerning 

reproduction of this species . Gonadosoma tic index va lues are 

presented in Figure IV-8 for males and females . Data for dis charge 

and water tempera ture are also  plotted in Figure IV-8 . 

Although March specimens were not avai lable for ei ther sex, it 

would appear that Apri l was the peak reproductive month for the 

spotted chub based on condition of the females . Of seven females 

examined from three collections ( 1 1 ,  1 6 , and 27 Apri l )  four were MA ,  



Tab l e  IV- 6 .  Per Cent Food B iomas s  from Monthly Samp l e s  o f  Ilybop s i s  d i s s im i l i s . 

Food I t em Month Tota l s  

Apr May Jun Aug Nov Tot a Corrb 

Ol igochaeta 7 . 0  0 . 1  3 1 . 5  2 . 4  7 . 7  

Ephemeroptera 7 . 6  28 . 4  1 1 . 9  2 . 7  3 . 1  6 . 9  1 0 . 7  

P l ecoptera 0 . 4  2 . 6  1 . 0  1 . 1  0 . 8  

Megaloptera 1 . 3  0 . 6  0 . 6  0 . 4  

T r i c hoptera 4 5 . 8  9 . 5  3 9 . 3  1 4 . 7  2 4 . 3  2 1 . 9  

Col eoptera 1 0 . 6  0 . 8  2 . 2  2 . 3  

D iptera 3 . 5  1 . 4  0 . 9  0 . 3  0 . 6  1 . 1  1 . 3  

Lepidoptera 4 . 2  0 . 8  0 . 8  

Gastropoda 1 . 2  4 . 7  1 . 2  0 . 2  0 . 9  1 . 5  

Plant 8 . 4  1 2 . 4  58 . 0  14 . 8  3 3 . 9  18 . 7  

PDA 2 9 . 6  4 7 . 6  1 9 . 7  2 2 . 5  5 0 . 0  2 5 . 9  3 3 . 9  

# Examined 1 2  6 8 1 2  5 4 3  

# Empty 1 0 2 0 1 4 

aAnnual total der ived from sum o f  monthly b ioma s s . 

bAnnual total der ived from sum o f  per cent monthly biomas s .  

rv 
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Tab l e  IV-7 . Number o f  Food I tems from Monthly S amp l e s  o f  �ybops i s  �i s s imil i s . 

Food I tem Month Tota l s  

Apr May Jun Aug Nov Tot a % Tot 

Ol igochaeta 1 1 1 3 1 . 2  
Hyd racar i na 1 1 0 . 4  
Ephemeroptera 2 1 2 2 7 2 . 7  

Bae t idae 2 2 0 . 8  
Ephemerel l idae 2 2 0 . 8  
Heptageni idae 2 1 4 3 1 0  4 . 1  
Leptoph l eb i idae 1 3 1 4 9 3 . 7 
Ol igoneur idae 

I sonyc h i a  1 1 0 . 4  

P le coptera 1 1 1 3 1 . 2  

Perl idae 
Acroneuria 1 1 0 . 4  

Perlesta 1 0 . 4  
-

Megaloptera 
Corydal idae 1 1 0 . 4  

Trichoptera 1 1 0 . 4  

Hydrop s yc h idae 4 1 1 3  1 1 9  7 . 0  

Hydropt i l idae 8 3 9 2 0  8 . 2  

Leptoceridae 12 1 7 6 5  84 3 4 . 8  

P syc homy i idae 2 0  2 0  8 . 2  

Col eoptera 1 1 0 . 4  

P sphenidae 1 1 0 . 4  

Diptera 
Chironomidae 14 8 1 3  1 0  3 48 1 9 . 7  

S imul i idae 1 1 0 . 4  

Lepidoptera 1 1 0 . 4  

tv 
()I 
OJ 



Table IV- 7 . (Continued ) 

Food I tem Month 

Apr May Jun 

Gastropoda 2 1 1 

Totals 50 38 49 

a sum o f  monthly s amples . 

Aug Nov 

1 

100 7 

Tot a 

5 

244 

Total s 

% Tot 

2 . 0  

N 
(j) 
1.0 
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Figure IV-8 . Reproductive parameters of Hybopsis  dissimilis . 
A .  Mean water temperature ( square s )  and mean discharge (c ircles ) 
of the Buffalo River , TN from 1 970-198 3 . B .  Male Hybopsis  dissimilis 
mean gonadosomatic index (GS I )  . Bars represent + one standard devia­
tion . C .  Female H .  dissimilis  mean GSI (closed c ircle s )  and mean 
ovum diameter ( squares ) .  Bars represent + one standard deviation and 
open c ircles are individual GSI values .  
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two were LM , and one was PS . GSI values for Apri l females were 

simi lar to those of Apri l female Ozark chubs . Six females collected 5 

May were equally divided between the PS and SP condi tion . All females 

(n = 5 )  from a 1 3  June s ample were SP . 

No May males were available , but May GSI was expected to be 

similar to or slightly below the April value as witnessed by the 

gradual decrease i n  GSI between April and June ( Figure IV-8 ) . A 

precipitous drop in GSI occurs after June as has been shown in other 

Erimys tax species . 

Male secondary sexual characteris tics were fully displayed in the 

five April specimens examined . Pectoral tubercles and interradial 

pigment were well developed and nuptial  j aw pads were thick and highly 

vis ible . Dorsal , ana l ,  and pelvic tubercles were present but poorly 

express ed .  Cepahalic tubercles were small but dense and body tubercu-

lation , especially antero-dorsolaterally, was well developed . These 

covered the periphery and centrum of each s cale above the latera l band 

anterior to the dorsal fin insertion . June specimens s howed signs of 

los ing secondary characters as pectoral tubercles were patchy and many 

had los t the spiny tubercle caps . Nuptial j aw pads were thin and 

patchy . August males showed no signs of secondary sexual characters . 

Fecundi ty . Number of ova showed a high correlation wi th s tandard 

length ( r  =0 . 9 6 )  for the individuals analyzed . Avai lable reproductive 

material was restricted to very small and very large individuals . The 

Model I I  linear regress ion was described by F = 23 . 04 ( SL )  - 1 1 98 . 30 as 

shown in Figure IV-9 . Log transformation yields the equation log F 
1 0  
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2 . 9 2 ( log SL ) - 2 . 80  (r  = 0 . 9 0 ) . The maximum ovum diameter measured 
1 0  

was 1 . 7 5  mm and mature ova were 1 . 30- 1 . 7 5 .  

6 .  DISCUSSION 

Previous to this s tudy ,  virtually nothing was known of the food 

and feeding habits of the Ozark and spotted chubs . Harris ( 1 980a ) ,  

based on examination of five specimens from the Duck Rive r ,  TN ,  gave 

the diet of spotted chubs as snai ls and a wide variety of aquatic 

insect larvae with occasional terres trial insects included . Observa -

tions on feeding behavior suggested picking the upper surface of 

s tones as the primary means of obtaining food ( Harris , 1 980a ;  Jenkins 

and Burkhead , 1 984 ) . 

Data for the Ozark chub ( Tables IV- 1 , p .  2 48 and IV- 2 ,  p .  249 ) 

sugges t that it  is  primari ly a benthic herbivorejdetritivore wi th 

plant material ( predomina tely fi lamentous alga e ) and periphytic detri -

tal aggregate ( PDA ) comprising s lightly more than 9 0% of the annual 

diet . PDA was virtually the only food item inges ted during the cold 

water months November , February,  and Apri l  and was 97-98% of food 

biomass . Wi th the onset of warmer water and greater algal productiv-

ity, the plant component increased in dietary importance to maxima of 

45% and 60% for July and August .  In no month did the combined plant-

PDA component fall  below 80% of total dietary intake . Intake of 

immature aquatic insects appears to be opportunis tic as no taxon 

comprised more than 1 1 %  of a monthly food biomass sample . More than 

likely, mos t  aquatic invertebra tes are accidently taken with the PDA 

or algal matrix rather than deliberately searched for and consumed . 
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Observa tions o n  feeding behavior showed Ozark chubs fed primari ly 

by grazing over the surface of rocks and gravel . This behavior encom­

passed approximately 90% of obs erva tion time whi le searching inter ­

stitial spaces or entering the water column to take drift items made 

up the remaining 1 0% .  This type of feeding s trategy appears energy 

conservative from the acquis i tion s tand point as PDA is ubiquitious 

throughout the riverine sys tem . The nutritional value of PDA and 

alga e ,  especially in terms of supplying protein requirements , remains 

conj ectura l .  

The PDA-plant component contributed slightly more than half  ( 52 % )  

o f  the corrected total  biomass  from the abbreviated sample of Hybopsis 

dissimi lis . The largest contribution of PDA-plant for months ana lyzed 

was the 80% for August .  Of special  interest was the relative simi ­

larity of the plant component in both the Ozark and spotted chubs 

( Tables IV- 1 , p .  248 and IV-6 , p .  267 ) . Both data sets showed a 

modes t plant contribution to the Apri l diet , followed by rising 

amounts to the Augus t  peak ( almos t 60% for both ) before decreasing to 

lowered November levels . Amounts of PDA in the spotted chub diet were 

lower for all months than those measured for the Ozark chub . Whether 

this  reflects lesser amounts of PDA in the Duck-Buffalo sys tem or 

selective feeding which elimina tes quantities of PDA is unknown . 

Aquatic insect larva e ,  especially Tri choptera and Ephemeroptera , were 

significant contributors to the spotted chub diet , averaging 2 1 . 9 %  and 

1 0 . 7% of the total diet . Invertebrates as a whole were quite abundant 

during the spring months , making up 80% and 78% of the Apri l and June 

samples . 
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Harris ( ms B )  discuss ed "herbivorous " and "detritivorous " 

components of the North American freshwater ichthyofauna and the 

apparent rela tionship between herbivores jdetritivores and elongation 

of the digestive tract . The gut length of �· harryi ( 1 . 5-2 . 7 X SL;  x 

= 2 . 25 )  is quite s imilar to other species considered herbivorous ; 

detri tivorous . On the other hand , the gut of H .  diss imilis is 

considerably shorter , ranging 0 . 8- 1 . 1  X SL with x = 0 . 94 and , as wi th 

�· x-punctata ( Harris , msB ) ,  is intermediate between species class i ­

fied a s  insectivores and detritivores jherbivores . 

Bowen ( 1 979 , 1 98 1 ) ,  Burkhead ( 1 980 ) , S tarnes and S tarnes ( 1 98 1 ) ,  

and Prej s ( 1 9 8 4 )  provide summaries of available li terature and insight 

into herbivorous jdetritivorous feeding in freshwater fishes . Bowen 

( 1 979 ) ,  citing ( Riley, 1 97 0 ) , sugges ts PDA is a suitable source for 

carbohydrates to fulfill energy requirements of aquatic species but 

may lack necessary protein for growth . Bowen ( 1 979 ) sugges ted three 

adaptive s trategies for detritivores to obtain sufficient dietary 

protein:  1 )  Selective feeding on protein rich detri tal aggregate ; 2 )  

selective ingestion of protein rich elements o f  detri tal aggregate or 

3 )  complementing the detrital diet with protein rich animal foods . 

Harris ( ms B )  has suggested that the gravel chub , Hybopsis � 

puncta ta ,  uti lizes s trategy 3 to supply suffi cient dietary protein for 

growth . Invertebrate contribution to gravel chub dietary biomass 

during months of peak growth ranged from a low of 3 1 % for June to a 

peak of 9 1 . 8% in September . The Ozark chub also increased the per­

centage of  invertebrate dietary biomass during growth months but to a 

much lesser degree than the gravel chub . Peak invertebrate food 
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intake for the Ozark chub occurred in  June ( 20 . 4% )  and fell  through 

the summer to 7 . 1 %  in September . This may indicate that 1 )  low inver -

tebrate intake ( 7 . 1 -20 . 4 % )  provides sufficent protein for growth or 2 )  

PDA-plant components supply enough protein for sus taining growth . 

Harris ( 1 980a ) s tated peak reproduction in the Duck-Buffalo River 

system occurred from mid-May through mid-June with average fecundi ty 

of 400 . Reanalys is of Duck-Buffalo River specimens shows peak 

spawning probably occurs from mid-April to late May in that sys tem 

with only sparse ,  scattered activity extending into June . This 

corresponds nicely with information gathered on Virginia populations 

( Jenkins , et al . ,  ms ) .  

Reproductive behavior of the ozark chub appeared to be similar to 

that o f  Hybopsis x-punctata , the gravel chub ( Harris , msB )  and 

Hybopsis  ins ignis , the blotched chub ( Harris , msD ) . Although actual 

spawning of the Ozark chub was not wi tnessed , the location and pre -

spawning behaviour were the same as in the other two species . Us ing 

the reproductive gui lds of Balon ( 1 975 ) , the ozark chub should be 

classified a non-guarding li thophilic spawner ,  as should the other 

members of the subgenus Erimystax . 

Spawning for both the Ozark and spotted chubs occurs from early 

or mid-April to late May and appears to be ini tiated by high water 

levels and warming temperature . As s hown in Figures IV-2 ( p .  2 5 1 ) and 

0 
IV-8 ( p .  27 0 ) , spawning occurs when water temperatures reach > 1 5  C 

0 ( >60  F )  and river discharges are at or near their maximum . The same 

correlation occurs in Hybops is x-punctata ( Harris , msB )  and in several  

genera of big river fishes such as Polyodon ( Purkett , 1 96 1 ; Hubert ,  et  
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al . ,  1 9 84 ) , Catos tomus ( Barton , 1 980 ;  Edwards , 1 9 83b ) ,  and Ictiobus 

( Edwards and Twomey,  1 982 ; Edwards , 1 983a ) .  This leads to speculation 

that the ancestral Erimystax s tock may have evolved in a big river 

environment . 

Diameter of mature ova for the two species , 1 . 5 0- 2 . 00 mm for the 

Ozark chub and 1 . 30- 1 . 7 5  mm for the spotted chub , was somewhat larger 

than reported values for other North American cyprinid species adapted 

to lotic habitats ( Becker , 1 98 3 ;  Heins and Clemmer , 1 97 6 ) . I suspect 

newly hatched Erimsytax drif t  with the current until depos ited to 

spend their first few weeks in food-rich slack water areas feeding 

upon microcrus taceans , midge larvae , and PDA unti l s trong enough to 

sustain the rigors of their preferred riffle habitat . This has been 

somewhat substantiated by obervations and collections of very young 

Hybopsis  insignis from these shallow lentic habitats . Addi tiona lly , 

many hours of observation in adult habitat of the Ozark chub immedi -

ately after peak spawning found no yoy present . A s tart as relatively 

large larvae would be an advantage allowing them to leave the paten-

tia lly predator-fi lled nursery areas as soon as possible . 

The coefficients for regress ion equations of SL versus fecundity 

of Hybopsis harryi and H .  dissimi lis were subj ected to the F-tes t for 

significance . Results indicated they were not signifi cantly different 

( F  = 4 . 2 5  < F [ 1 , 1 3 ] = 4 . 67 ) . Comparison of the linear regression 
s . 05 

coefficients for age versus s tandard length in the two sexes of H .  

harryi ( Figure IV-5 , p .  2 6 1 ) showed they were not significantly 

different . The trend in �· x-punctata ( Harris , msB )  of males being 

larger than females until the end of the second growth s eason ( ca 



month 20 ) was also  evident in the Ozark chub . This sexual  s ize 

disparity was more noticeable in �· x-punctata as reflected in a 

signifcant difference between the regression coefficients of age 

versus s tandard length ( Harris , msB ) .  
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There appeared to be differences in age at maturity between �· 

harryi and H .  dissimilis , at least in two of the populations examined . 

Data from this s tudy indica ted that < 25%  of fema les and < 1 0% of ma les 

reach reproductive maturity at 1 2  months . Jenkins et a l .  ( ms )  found 

1 1 4 of 1 1 6 Virginia Hybops is diss imilis specimens taken late Apri l to 

mid-June to be mature • •  

Maximum age for the Ozark chub in this s tudy was 42  months and 

females apparently had a greater survival  rate than did males . 

Jenkins , et al . found maximum age of two years and a few months for 

the spotted chub in Virginia ;  hence ,  there may be s ignificant 

differences in longevity for the two species . 



CHAPTER V 

THE BIOLOGY OF THE BLOTCHED CHUB , Hybopsis insignis 

( CYPRINIDAE ) ,  IN THE UPPER TENNESSEE 

RIVER S YSTEM 

1 .  INTRODUCTION 

This is the third in a s eries of s tudies dealing with life 

history and biology of species belonging to the subgenus Erimystax of 

Hybopsis . An earlier account reported on the bio logy of the gravel 

chub , Hybopsis x-punctata , from the Ouachi ta River drainage , Arkansas 

( Harris , msB ) . This was followed by a paper detai ling life his tory 

aspects of the Ozark chub , �· harryi , compared wi th biologica l 

parameters of the spotted chub , �· dissimilis ( Harris , msC ) . 

Previously, Jenkins ( 1 975 ) and Burkhead and Jenkins ( 1 982 ) provided 

information on the fifth member of Erimystax ,  �· cahni , the slender 

chub . These s tudies were initiated to provide basi c  biological data 

for phylogenetic analysis of Erimys tax and Hybopsis . 

2 .  STUDY AREA 

The primary s tudy area was Li ttle River from the u . s . Hwy 4 1 1 

bridge northeas t  of Maryville ups tream to near Townsend , Blount 

County,  Tennessee . Headwaters of Little River originate in the Great 

Smoky Mountains National Park and drain northwes tward to empty into 

Fort Loudon Lake , formerly the Tennessee River . Drainage area , 27 . 8  

28 0 



km uptream from the mouth , at the Hwy 4 1 1 bridge is 697 km ( USGS , 

1 97 0- 1 98 3b ) . 
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Water quali ty was good to excellent despite heavy recrea tiona l 

use during warm water months . Water clarity was generally excellent 

for underwater observations during mos t of the year except immediately 

following heavy rains . River morphology in mos t of the s tudy area was 

alternating pool and riffle , occasionally s eparated by long runs . 

Subs trate ranged from bedrock-boulder-small rock in  the upper portion 

of the s tudy area to predominately small gravel near the Hwy 4 1 1 

bridge . Elevation of the s tudy area was 337 . 4  m above mean s ea level 

near Townsend and 259 . 1  m above ms l at the Hwy 4 1 1 bridge ( USGS , 1 97 0-

1 98 3b ) . 

3 .  PUBLISHED DATA 

Observations concerning the biology of the blotched chub are few 

and represented primari ly by comments on preferred habi tat and rela­

tive abundance . Smi th ( 1 907 ) termed the species ( listed as Hybops is 

diss imilis ) "not rare" in the Swannanoa River at Ashevi lle and Spring 

Creek at Hot Springs , North Carolina . Typica l habi tat for the 

blotched chub is medium to large s treams or small  rivers in moderate 

to swif t  current wi th clean grave l ,  cobble or rock subs trate ( Comiskey 

and Etnier ,  1 97 2 ;  Hitch and Etnier , 1 97 4 ;  Harris , 1 980b ;  Branson and 

Schus ter , 1 98 2 ;  Etnier and S tarnes , ms ; and Jenkins , et al . ,  ms ) .  

Branson and Schus ter ( 1 982 ) des ignated a status of "special concern" 

for the species in the Little South Fork Cumberland River , KY . 



Simi larly ,  s tatus of the blotched chub in Alabama was lis ted as "of 

special concern" ( Ramsey, 1 976 ) . 
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TVA ( 1 975 ) fish population es timates found Hybopsis insignis 

qui te abundant in the Duck River , TN drainage with es timated number 

per s tream mile ranging from 206-99 30 and weight in pounds per stream 

mile ranging from 0 . 7-48 . 0 .  Specimens were collected from the Duck 

River between river miles 1 7  and 1 5 3 and the lower segments of Piney 

River and Fountain Creek . Greates t abundance was found at Duck River 

mi les 96 and 1 47 . 3  Data for the Buffalo River , TN drainage ( TVA , 

1 97 3 )  indicated the species was less abundant wi th a single es timate 

at river mile 6 2 . 9  showing 8 1  individuals /s tream mile and 0 . 4  

lbs jstream mile . 

In a s tudy of Hybopsis brain patterns , Davis and Miller ( 1 967 ) 

found �· insignis has increased tas te bud density on the snout tip and 

lips wi th associated increased size in the facial lobe of the brain . 

They pos tulated us e of the lips for food detection or dis crimination . 

Reno ( 1 969b ) examined Hybopsis cephalic latera l-line sys tems and 

visualized �· insignis groping about the stream bottom to acquire food 

rather than relying upon sight as the primary means of detecting food . 

Davis and Mi ller ( 1 967 ) found abundant algae , primari ly diatoms 

and desmids , in the branchial cavities of six species of Hybopsis , 

including �· insignis , from the Powell River , TN .  Harris ( 1 980b ) 

examined gut contents of five blotched chubs from the Duck River , TN 

and found fi lamentous algae and a wide variety of benthic inverte­

brates dominated by the mayfly genus Potamanthus . 
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Spawning s eason extends from late spring to early summer ( Harris , 

1 980b ) . On 1 4  Apri l ,  a Tennes ee female was fully gravid ; Virgi nia 

females collected 1 4- 2 1  May were mos tly gravid ; early to mid June VA 

fish were partly to mostly spent;  and some TN females had eggs freely 

flowing on 1 2  June with water temperature a t  25  C ( Jenkins , et al . ,  

ms )  • 

Harris ( 1 980b ) gave adult s ize range as 45-77 rnrn s tandard length 

( SL ) . The larges t known VA specimen was an 8 0  mm SL female ( Jenkins , 

et al . ,  rns )  while Etnier and S tarnes ( ms ) lis ted maximum total length 

as 1 00 mm . Virginia young of year ranged 2 3-39  mm SL in late July and 

34-42 rnrn SL with mean of 38 . 4  in early Augus t whi le mature fish 

collected 1 7  March through 21 June are summarized as : 44 males , 47-77 

mm SL , x = 58 . 6 ;  5 1  females , 47-80 mm SL , x = 59 . 3  ( Jenkins , et a l ,  

ms ) .  Jenkins , et  al . ( ms ) s tated mos t individuals mature i n  one year 

but gave a size  range 4 1 -56  mm SL for immatures during the breeding 

period . They believed all blotched chubs were adults by two years and 

gave a maximum age of two years plus two or three months . 

4 .  METHODS 

This life his tory s tudy used a combination of personal collec­

tions and field observations augmented by mus eum specimens . Analys is 

of 1 2  monthly samples was attempted but winter high wa ter precluded 

collections for January and allowed collection of but one individual 

in February . Samples were taken or obs ervations made at  weekly or 

bimonthly intervals from Apri l through June to more precisely deter­

mine spawning period . No dis tinction was made between collections 



from different years in analysis of results , so  this s tudy reflects 

the "generalized life his tory" of the blotched chub . 
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Collections were made using 2 . 4-m X 3 . 0-m and 2 . 4-m X 6 . 1 -m 

seines with 0 . 6-cm mesh . Seining downstream with the current proved a 

successful means of obtaining blotched chubs , especially us ing the 

6 . 1 -m seine . Electrofishing and application of i chthyocide were also 

attempted but proved unsuccessful . From Apri l-June , specimens were 

checked in the field for spawning condition by gently pressing the 

abdomen to extrude ova or milt . All specimens were preserved in 1 0% 

formalin and s tored in 45% isopropanol .  Detai led methodology for 

examination of reproductive , feeding , and age-growth parameters was 

presented in Harris , msB . For preserved specimens , reproductive 

condi tion was determined by calculating the gonadosomatic index ( GS I ) 

express ed as gonadal weight/adj us ted body weight X 1 00 .  Ovum diameter 

was measured to the neares t 0 . 0 1  mm using a diss ecting s cope and 

ocular micrometer . Reproductive condition of live specimens was 

determined by gently press ing the abdomen to check for expuls ion of 

ova or milt . 

The terminology of Heins ( 1 985 ) is used to des cribe female and 

ma le gonadal reproductive condition . Female ovary condi tion des crip­

tors include : 1 )  latent ( LA ) , 2 )  early maturing ( EM ) , 3 )  late maturing 

( LM ) , 4 )  mature ( MA ) , and 5 )  partially spent ( PS ) . The des criptor 

spent ( SP )  ( Harris , msB )  is added to those of Heins . 

Male tes tes are des cribed as mature ( MA )  or latent ( LA ) . In 

addition to the gonadosomatic index ,  reproductive condi tion in males 

was determined by gross examination of the tes tes as well as secondary 
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sexual characteris tics such as tuberculation , pectoral fin coloration , 

and development of the nuptual cheek pad ( Branson , 1 962 ) . 

Gut contents from anterior to the first bend in the gut were 

removed from a minimum of ten specimens (when avai lable ) from each 

monthly sample . Animal items were identified to the lowes t poss ible 

taxon and non-animal items were classified as plant ( includes filamen­

tous algae , roots , leaves , and bark ) or periphytic detrita l  aggregate , 

the PDA of Bowen ( 1 98 1 ) .  Dry weight biomass of animal items ( grouped 

by order ) ,  plant , and PDA was determined to the neares t 0 . 0 0 1  g us ing 

a Mettler AE 1 60 electroni c balance . In conj unction wi th food habi tat 

analysis , gut length was measured to the neares t 0 . 05 mm using dial 

calipers following the method of Snelson ( 1 9 7 1 ) .  

Each specimen from monthly samples was aged by scale analys is 

following methods of Tesch ( 1 9 7 1 ) ,  Weatherley ( 1 97 2 ) , and Bagenal 

( 1 97 1 ) .  Ten s cales were removed from the predorsal  latera l region of 

each specimen examined , s tained with alizarin in 2% KOH ,  and examined 

under a dissecting s cope at 40X . Determination of s ize ( SL )  at annu­

lus formation was attempted by back calculation . S tained scales were 

proj ected on the s creen of a Bausch and Lomb s ca le reader ( 1 20X ) and 

sca le length and radius length were measured from the focus . Total 

sca le length and annular lengths were measured to the nearest 0 . 05 mm 

with calipers . Growth in terms of biomass was es timated by weighing a 

sample of each age class from each monthly sample . 

Reproductive and feeding behavior were obs erved in the field by 

snorkeling when water clarity permitted . Approximately 35 hours were 
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spent underwater observing blotched chub behavior . Fourteen vis i ts 

were made to Little River between May 1 979 and May 1 98 3 . 

Data for water temperature and dis charge were obtained from u . s . 

Geologica l Survey records ( 1 97 0- 1 983b ) . These records were for the 

Little River at the u . s . Hwy 4 1 1 s tation , Blount County , TN and were 

considered indicative of s tream conditions for life his tory study 

locations . Temperature and discharge data are presented as monthly 

averages in this paper . 

Summary s tatis tics and linear regression were performed using 

programs found in Brower and Zar ( 1 984 ) . Model I I  linear regress ion 

( GMR procedure ) was used when both x and y variables were measured 

with error as in s tandard length versus fecundity ( Ricke r ,  1 97 3 ;  Saka l 

and Rohlf , 1 98 1 ) .  Tes ting of regress ion coefficients follows Sakal 

and Rohlf ( 1 98 1 : 499-505 ) .  

Habitat and Associates 

5 .  RESULTS 

Habitat .  Adult Hybops is ins ignis were mos t often obs erved and/or 

collected from the heads of riffles with moderate to swift  current and 

water ranging 30-6 0 em deep . They also inhabi ted the base of these 

riffles where current s lows and water deepens after exi ting the 

shallow, swift raceways . Adult blotched chubs were seldom observed in 

torrential raceways or in slow-moving pool habita t . Young of year 

( yoy ) chubs were found abundant in a shallow backwater with little to 

no current on 5 July 1 980 . By 1 0  July , mos t  yoy had moved into the 

more typical adult habitat at the heads of riffles . 
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Associates . The following species were found in close associa­

tion with Hybopsis insignis during underwater obs erva tions : Campos toma 

anomalum, Nocomis micropogon , Notropis leuciodus , �· telescopus , 

Phenacobius uranops , Hypentelium nigricans , Noturus eleutherus , 

Etheos toma rufi lineatum , �· simoterum , �· zona le ,  Percina aurantiaca , 

�· burtoni , �· caprodes , and Cottus carolinae . The blotched chub was 

often observed in mixed cyprinid assemblages with Campos toma and 

Phenacobius . 

Food and Feeding Habi ts 

Feeding behavior . Blotched chubs exibi ted three primary modes of 

feeding . Gleaning the surfaces of rock and gravel subs trate and 

probing inters titial spaces was the most often observed feeding 

behavior . The second mos t common method of food acquisition involved 

browsing on the tips and probing dense mats of Podostemon . It  was not 

readi ly apparent i f  aquatic insects or plant material was the intended 

food item . A rather unique feeding behavior was the thi rd mode 

observed whi ch involved chubs s earching submerged water wi llow 

( Justicia s p . ) rooted to the subs trate at the bas e  but swept 

downs tream by the current so that the distal plant tip was para llel to 

and but a few centimeters above stream bottom . Blotched chubs would 

begin at the plant base and search up the stalk and leaves to the tip 

of the plant, disengage from the plant, swim back to the plant base 

and begin the s equence again . It  was not apparent if aquatic ins ects 

or attached algae were the food items sought but , apparently , Jus ticia 

was not ingested as it  was not recovered in any of the guts examined . 
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Food . Gut contents from 1 1 3 blotched chubs were examined and 

results as biomass and countable food items are pres ented in Tables V-

1 and V-2 , respectively . In Table V- 1 , the total  biomass es timate is 

presented as : sum of monthly es timates for each itemjsum of biomass 

for all food i tems ( = grand sum biomass )  X 1 00 = per cent annual 

biomass for each food i tem ( column TOT of Table V- 1 ) .  Per cent annual 

biomass was also presented as the mean of the monthly percentages for 

each food i tem ( column CORR of Table V- 1 ) and termed corrected annual 

biomass .  

Gut morphology . Gut length was measured for 93  Hybops is 

ins ignis ( SL 40 . 8 5-79 . 65 mm ) .  Diges tive tract lengths ranged from 

0 . 88- 1 . 32 of s tandard length with x = 1 . 03 . Gut morphology seldom 

deviated from the s imple s -shaped form . 

Reproduction 

Female . Gonadosomatic index ( GS I ) values are pres ented in Figure 

V- 1 along with mean monthly ovum diameter . Measurements showed mos t  

mature ova were spherical and greater than 1 . 5 mm in diameter with a 

maximum observed diameter of 1 . 85 mm . Data indicated female ovaries 

reached maximum s ize in mid-April ( mean GSI 22 . 8 ,  ovum diamter 1 . 58  

mm)  followed by  a s light decreas e in May (mean GSI  1 9 . 2 ,  ovum diameter 

1 . 54  mm ) and a drastic decline in June ( mean GSI 3 . 6 ) . Mean GSI was 

at an annual low in Augus t ( 0 . 8 )  and bui lt s lowly through the fall and 

winter before rapidly increasing from March through April in prepara ­

tion for spawning . 



Table V- 1 .  Per Cent Food Bioma s s  from Monthly Samp l e s  o f  Hybop s i s  ins igni s . 

Food I tem Month Totals 

Feb Mar Apr May Jun Jul Aug Sep Oc t Nov Dec Tot a Corrb 

Nematoda 2 . 1  0 . 3  0 . 2  

Ol igochaeta 0 . 5  0 . 1  0 . 1  0 . 1  

Hydracarina 0 . 1  3 . 0  0 . 3  0 . 1  0 . 3  

Ephemeroptera 2 0 . 0  0 . 9  2 . 1  7 . 2  3 . 5  18 . 5  4 . 0  1 . 3  5 . 0  1 0 . 3  5 . 4  6 . 6  

P l ecoptera 3 . 1  0 . 8  0 . 3  

Trichoptera 1 2 . 7  0 . 1  3 . 5  5 . 1  6 . 0  7 . 7 6 . 7  2 . 4  5 . 9  4 . 2  4 . 6  

Col eoptera 3 . 0  0 . 5  0 . 2  0 . 3  

Diptera 8 0 . 0  7 3 . 6  86 . 1  3 5 . 7  3 2 . 9  1 9 . 2  2 0 . 2  7 1 . 8  3 5 . 0  2 6 . 1  8 . 8  4 5 . 3  4 3 . 7  

Lepidoptera 1 . 0  0 . 2  0 . 1  

P l ant 
5 . 9  0 . 1  0 . 5  

PDA 1 2 . 7  8 . 7  5 1 . 0  58 . 5  5 0 . 3  6 6 . 5  2 0 . 1  5 7 . 6  5 7 . 7  8 5 . 3  4 3 . 3  4 2 . 6  

# Examined 1 1 1  1 2  14 8 8 1 9  6 1 2  1 2  1 0  1 1 3  

# Empty 0 3 1 2 0 3 0 0 2 0 4 1 5  

aAnnual total der ived from sum o f  monthly b ioma s s . 

bAnnual total der ived from sum of per cent monthly b ioma s s . 

N 
Q) 
I!) 



Table V- 2 .  Number o f  Food I tems from Monthly Samples o f  Hybop s i s  ins igni s .  

Food I tem Month 

Feb Mar Apr May Jun Jul Aug Sep Oc t 

Nematoda 6 
Ol igochaeta l 
Hydrac ar ina 2 3 l 
Ephemeroptera l 3 3 7  2 0  6 l l 3  l 

Baetidae 5 2 4  2 6 5 3 0  9 
Heptageniidae l l 
Ol igoneur idae l l 

P l ecoptera 
Per l idae 6 

Tr ichoptera l 2 l 3 3 l 

Brac hyc entridae 1 2  
Hydropsychidae l l 6 3 l 3 
Hydrop t i l idae 5 2 1 1  2 5 5 
Leptoc eridae l 
P sychomy i idae 2 

Coleoptera l l 

Diptera 
Chironomidae 7 1 9 9  2 6 0  1 5 9  3 6  3 5  1 0 3  4 1  2 1 0  

S imu l i idae 1 0  3 1 2 3  2 8 2  1 5 1  1 98 3 0 9  3 1 6  9 4  

T ipul idae l 8 7 l 3 2 8 

Lepidoptera l 

To tal 19 2 1 9 44 5 5 0 6  2 1 2  2 5 7  4 5 2  3 9 5  3 2 0  

a sum o f  monthly total s .  

Nov Dec 

2 

2 

2 
l 

2 6  1 1  
1 0  

5 

48 11 

Total s  

Tot a 

6 
l 
6 

8 4  
8 1  

4 
2 

6 
1 3  
1 3  
1 5  
3 0  

l 
2 
2 

1 087 
1486 

3 5  
l 

2884 

% Tot 

0 . 2  

0 . 2  
2 . 9  
2 . 8 
0 . 1  
0 . 1  

0 . 2  
0 . 5  
0 . 5  
0 . 5  
1 . 0  

0 . 1  
0 . 1  

37 . 7  
51 . 9  

1 . 2  

N 
\.!) 
0 



F igure  V-1 . Reproductive parameters of Hybopsis  insignis . 
A .  Mean water temperature ( c ircles ) and mean d ischarge ( squares ) 
of Little River , TN for 1 97 0-198 3 . B .  Male Hybopsis insignis mean 
gonadosomatic index (GSI ) . C .  Female g .  insignis  mean GSI  ( solid 
circles ) and mean ovum diameter ( squares ) .  Bars represent + one 
standard deviation and open c ircles are individual GSI value s . 
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March females included three age 2 individuals whos e ovaries were 

classified as LM ( GS I  9 . 6- 1 1 . 7 )  and four age 1 individuals with EM 

ovaries ( GS I  4 . 0-6 . 0 ) . In April ,  six age 2 and four age 1 females 

were classified as MA ( GS I  1 7 . 0-38 . 7 )  whi le three age 1 specimens were 

LM ( GS I  8 . 5- 1 4 . 8 ) . Examination of May specimens revealed five age 1 

MA specimens ( GS I  1 7 . 0-33 . 1 ) and two LM individuals ( GS I  1 2 . 8- 1 7 . 0 ) . 

Age 2 females included two specimens that appeared PS and one whi ch 

was MA .  Ripe ova were abundant in all  May ovaries . By early and mid-

June three age 1 and one age 2 females were SP . July through October 

female ovaries were all class i fi ed as LA whi le November and December 

ovaries appeared EM . 

All March through June age 2 females were mature and capable of 

participating in spawning . Of 2 1  age 1 fema les examined , three did 

not reach reproductive maturity in time for spawning . Mature speci-

mens ranged in s ize from 43 . 95-60 . 25 mm SL . The three immatures were 

4 0 . 8 0 ,  44 . 1 5 , and 46 . 1 5  mm SL . 

Fecundity . Number of ova s howed a high correlation wi th s tandard 

length ( r  = 0 . 96 ) and was described by the Model II linear regression 

F = 23 . 9 7 ( SL )  - 1 086 . 7 2  as shown in Figure V-2 . When log transformed 

( as recommended by Bagena l ,  1 9 7 1 ) ,  the relationship was des cribed by 

the linear equation log F = 3 . 42 ( log SL)  - 3 . 55  ( r  = 0 . 98 ) . 
1 0  1 0  

Measurements were made for all ova from four mature females 

collected 1 1  Apri l ( 1 )  and 27 May ( 3 ) and results are presented in 

Figure V-3 . As seen in this figure there were two complements of ova 

present during this time , one composed of ripe and mature ova , the 

other composed of maturing ova . 
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Male . GSI values ( Figure V- 1 )  indicated male peak reproductive 

deve lopment occurred in mid-April ( mean GSI = 0 . 9 )  and extended 

through early May ( mean GSI = 0 . 6 ) . By mid-June males were spent and 

tes tes j udged LA . Tes tes remained LA through September at which time 

a s low gain in GSI began whi ch culminated wi th spawning in Apri l and 

May . Five males captured 1 1  April 1 980 were reproductively mature and 

highly tuberculate but not running mil t  when the abdomen was gently 

pres s ed . Two males captured 27 May 1 983  extruded milt when pressure 

was applied . All age 2 males collected March through June were mature 

and only two of 23 age 1 specimens were j udged immature . 

Secondary male sexual characteris ti cs began to develop in late 

winter and early spring . Examination of a single male captured 1 9  

February revealed very tiny tubercles on the mos t anterior pectoral 

fin rays . No cephalic or body tubercles were pres ent . On 1 2  March , 

pectoral fin tubercles were moderately developed and very tiny tuber­

cles were present on the pelvi c ,  dorsal ,  and ana l  fins . Tubercles 

were present , but poorly deve loped,  on the periphery of anterior 

dorsola teral body scales . Cephalic tubercles were poorly developed to 

absent . Concentrated melanin had begun to develop interradially in 

the pectoral fin . By 1 4  Apri l ,  the pectoral fin,  body,  and cephalic 

tubercles were fully developed . Dorsa l ,  ana l ,  and pectoral tubercles 

were small to moderate in s ize but did not develop much large r .  The 

nuptial  pad ( as figured by Branson , 1 96 2 )  appeared as splotches around 

the s ensory canals of the lower j aw but was not prominantly developed . 

Interradial pigmentation of the pectoral fin was well developed and 

males were easily differentiated from females using this 
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characteris tic . All males from collections of 1 7  and 27 May showed 

fully developed male secondary characters . By 1 0  July,  males had los t 

all fin tubercles and mos t head and body tubercles . The nuptial pads 

were present but appeared to be s loughing as some sensory papi llae 

extended through this tissue . Males from collections of 26 Augus t 

showed no s igns of any secondary sexual characters . 

Spawning . Attempts to obs erve spawning behavior were made on the 

following dates between 1 979 and 1 98 3 :  1 1  Apri l ,  1 1  May , 1 5  May ,  27 

May ( 2 ) ,  28 May , 29 May ,  2 June ( 2 ) , 9 June , 1 2  June , and 1 6  June . 

Spawning behavior was witnessed on 1 1  May 1 97 9 ,  28 May 1 98 3 ,  and 29 

May 1 980 . The following was excerpted from field notes of observa­

tions taken on 28 May from 1 200- 1 5 00 hours wi th water temperature of 

59 ° F and air temperature of 68 ° F .  

A large aggregation of perhaps 5 0  blotched chubs was obs erved in 

a five square meter area at the head of a Jus ticia covered shoal 

inundated by 1 0-20  em of flowing water . The aggregation was in mid­

channel in water 50-80 em deep wi th grave l ,  rock , and cobble subs trate 

and moderate current . Rooted and attached vegetation were absent from 

the spawning area . Females were res ting on the subs tate in depres ­

sions between or behind larger rocks . They were easily differentiated 

from males by their swollen abdomens and smaller , less pigmented 

pectoral fins . Females would occasionally enter the water column , 

apparently to take drif t  items , and then settle back to thei r  original 

res ting spots . Males were moving about and feeding freely . On 

several occasions , males would approach from the side or behind and 

lie directly on top of or beside the female . If  no respons e was 
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offered by the female within three or four s econds , the male would 

leave . On three s eparate occasions , females responded by rapid body 

quiver and the male would then j oin cheek to cheek , vent to vent with 

the female and both would vibrate rapidly for two or three seconds 

followed by the male leaving the depression . These were assumed to be 

spawning acts , although gamete depos tion could not be obs erved . 

Age and Growth 

Age and growth data were analyzed using May as month 1 bas ed on 

reproductive data . Table V-3 summarizes standard length measurements 

taken from 1 7 2 specimens of Hybops is ins ignis . Age versus s tandard 

length is plotted in Figure V-4 using a moving average of three and 

assuming no decrease in s tandard length ( after Mayden and Burr , 1 98 1 ) .  

When age versus s tandard length was compared between the s exes , they 

did not differ s ignificantly ( F  = . 004 < <  F [ 1 , 32 ]  = 1 . 92 ) .  
s . 05 

Linear equations for age versus s tandard length were : SL = 4 1 . 08 + 

1 . 29 ( A )  for males and SL = 4 1 . 7 7  + 1 . 3 1 ( A )  for females wi th r = 0 . 95  

for both . 

As seen in Figure V-4 ,  young of year grew rapidly until the 

arrival  of cold temperatures in October when growth s lowed unti l the 

completion of spawning the following May . This trend of spring-summer 

growth and fall-winter cessation of growth appeared in each age class . 

Sca le length-s cale radius data was obtained from 22 specimens 

( age 2 = 1 3 , age 3 = 9 )  and subj ected to linear regress ion analys is . 

The data yielded the line described by the regress ion equation SL = 

25 . 45 + 1 . 028 ( s cale radius ) ( r  = 0 . 69 ) . Back calculation of s tandard 
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Table V- 3 .  Mean S tandard Length Based on Monthly Samples of Each Age 
Class of Male , Female , and Total Hybops is ins ignis . 

Females Males Total 
Age ------- ------- -------
Group Month 

- -
X n X n X n 

May 1 
June 2 1 6 . 05 ( 1 ) 
July 3 26 . 27 ( 1 4 )  
Augus t 4 46 . 78 ( 8 )  4 1 .88 ( 6 )  44 . 68 ( 1 4 )  
September 5 48 . 25 ( 1 ) 48 . 25 ( 1 ) 
October 6 5 0 . 7 3  ( 7 ) 5 1 . 3 2  ( 1 3 )  5 1  • 1 1  ( 20 )  
November 7 5 1  . ss ( 1 ) 50 .85  ( 2 )  5 1  . 08 ( 3 )  
December 8 5 2 .55  ( 5 ) 52 . 37 ( 5 )  5 2 . 46 ( 1 0 )  
January 9 
February 1 0  
March 1 1  50 . 69 ( 4 ) 54 . 32 ( 7 )  5 3 . 00 ( 1 1  ) 
April 1 2  5 3 . 9 0  ( 7 )  58 . 7 4  ( 1 1  ) 56 . 86 ( 1 8 )  

May 1 3 5 3 . 46 ( 8 )  54 . 65 ( 3 )  53 . 79 ( 1 1  ) 
June 1 4  56 . 63 ( 5 )  54 . 7 3  ( 2 )  56 . 09 ( 7 )  
July 1 5  60 . 67 ( 3 )  60 . 67 ( 3 )  
Augus t 1 6  67 . 5 8  ( 6 )  65 . 0 3  ( 4 )  66 . 5 6  ( 1 0 )  
September 1 7  7 1  . 8 5  ( 4 )  63 . 9 5  ( 1 ) 7 0 . 2 7  ( 5 )  

2 October 1 8  7 1 . 35 ( 2 )  68 .98  ( 3 )  69 . 9 3  ( 5 )  
November 1 9  7 1 . 48 ( 6 )  68 . 2 5  ( 2 )  70 . 68 ( 8 )  
December 20 
January 2 1  
February 22  69 . 8 0  ( 1 ) 69 . 80 ( 1 ) 
March 23  7 3 . 77 ( 3 )  69 . 3 4  ( 7 ) 70 . 67 ( 1 0 )  
April 24  74 . 57 ( 6 )  7 0 . 03 ( 3 )  7 3 . 06 ( 9 )  

May 25  69 . 45 ( 3 )  69 . 45 ( 3 )  
June 26 74 . 55 ( 1 ) 74 . 5 5  ( 1 ) 

3 July 27  75 . 00 ( 1 ) 74 . 1 8  ( 4 )  74 . 34 ( 5 ) 
August 28 78 . 20 ( 1 ) 78 . 20 ( 1 ) 
September 29  
October 30 79 . 65 ( 1 ) 79 . 65 ( 1 ) 
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length at annulus formation resulted in averages of 58 . 0 1 at annulus I 

and 67 . 22 at annulus I I . 

The oldest individual examined during this  s tudy ,  a 30 month 

female , was also the larges t specimen at 79 . 65 mm SL . The oldest 

ma les were 27  months and reached a maximum size of 75 . 05 mm SL . Of 

1 5 7 sexable specimens , 81 were males and 76 were females for a ratio 

of approximately 1 . 1 : 1 .  

6 .  DISCUSSION 

Harris ( 1 980b )  reported the diet of Hybops is insignis was 

composed of fi lamentous algae and immature aquatic insects based on 

the analysis of five specimens from the Duck River , TN .  Based on 

analys is of 1 1 3 specimens in this s tudy ( Table V- 1 , p .  289 ) ,  the 

blotched chub annual diet was primari ly composed of immature aquatic 

insects ( 56 . 2% corrected biomass ) and periphytic detrital  aggregate 

( PDA ) ( 42 . 6% corrected biomass ) .  The species is a combina tion detri ­

tivorejinsectivore functioning as an opportunistic omnivore . 

PDA composed greater than 5 0% of gut contents for the months May 

through December ( excepting September ) .  In May water temperatures 

ros e above 60 F and there was a noticeable increase in PDA on rock 

surfaces . PDA remained abundant through early or mid-December when 

water temperatures have dropped considerably and the rock surfaces 

were swept clean by increased water discharge due to winter rains . 

Gut contents for February through April were low in PDA which probably 

reflects a lack of avai lable PDA rather than selective feeding on 

aquatic ins ects . 
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Diptera were always the larges t contributor to the aquatic ins ect 

portion of monthly dietary biomass with ranges of 8 . 8%-86 . 1 %  of tota l  

monthly intake ( Table V- 1 ) .  Chironomidae and S imuliidae were the 

principa l  numerical  contributors to the dipteran component ( Table V-

2 ) . The other maj or contributors to dietary biomas s  were immature 

Ephemeroptera and Trichoptera with annual corrected biomass shares of 

6 . 6% and 4 .6 % ,  respectively . 

Mean gut length in Hybopsis insignis was 1 . 0 3  X SL and gut con­

figuration a simple s -shape . A cursory review of gut lengths for 

cyprinids considered insectivores showed ranges of 0 . 5-0 . 7  X TL 

( Becker , 1 983 ) . The gut length for the blotched chub was somewhat 

intermediate to lengths of insectivores and species cons idered herbi ­

vores jdetri tvores . The blotched chub gut was very similar in configu­

ration and length to those of H. x-punctata ( 1  . 0 4 )  and H. dissimilis 

( 0 .9 4 )  ( Harris , msB ,  msC ) . This s imilarity extended to the composi ­

tion o f  dietary biomass with PDA-plant : aquatic invertebrates repre-

sented by 43 . 1 %  : 56 . 2 %  in �· insignis , 57 . 6% 42 . 6% in H .  

x-punctata , and 5 2 .6%  : 47 . 4% in H .  dissimilis . The lone member of 

Erimys tax with a coiled gut configuration was �· harryi which had a 

mean gut length o f  2 . 2 5  X SL . A shift towards herbivoryjdetri tivory 

was reflected by the PDA-plant : aquatic invertebrate biomass data of 

90 . 3% : 9 . 8% ( Harris , msC ) . 

Bowen ( 1 979 , 1 98 1 ) ,  Burkhead ( 1 980 ) , S tarnes and S tarnes ( 1 98 1 ) ,  

and Prej s ( 1 98 4 )  discuss ed herbivorous jdetritivorous feeding in 

freshwater fishes . Bowen ( 1 9 79 ) ,  citing Riley ( 1 9 70 ) , sugges ted PDA 

was a sui table source for carbohydrates to fulfill energy requirements 
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but might lack necessary protein for growth . Bowen sugges ted three 

adaptive s trategies for detritivores to obtain suffi cient dietary 

protein:  1 )  Selective feeding on protein-ri ch detri tal aggregate ; 2 )  

Selective inges tion of protein-rich elements of detrital  aggregate 

or ; 3 )  complementing the detri tal diet with protein-rich animal 

foods . 

Growth ( in SL ) in blotched chubs occurred from May through 

October ( Figure V-3 ) . Examination of diet biomass showed relatively 

equal quantities of PDA and animal foods during the growth months 

sugges ting the blotched chub adapted s trategy 3 ( above ) to meet pro­

tein requirements . Young of year blotched chubs underwent explos ive 

growth during thei r  firs t five months of life ( Figure V- 3 ) . Prelimi ­

nary data indi cated very young chubs may feed primarily upon aquatic 

invertebrates , poss ibly to obtain necessary protein for early growth . 

I examined gut contents of 1 0  age three month chubs ( 20 . 95-30 . 3 0  SL ) 

and found primarily immature dipterans and mayflies wi th very little 

PDA . Although biomass was not quantified , a conservative es timation 

puts the animal  portion at > 80% of gut contents . Further work is in 

progress to examine diet switching and growth patterns in yoy blotched 

chubs . 

Feeding behavior in the blotched chub consis ted primari ly of 

"gleaning " rock surfaces with lesser amounts of time spent s earching 

under and between s tones or rooting in riffle weed ( Podos temon ) mats . 

A unique feeding behavior which cons isted of s tripping attached food 

from the surface of submerged water wi llow ( Jus ticia ) was obs erved but 

does not contribute significantly to total feeding time . I t  was 
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impossible to determine during underwater obs ervation i f  aquatic 

insects were present in the PDA matrix .  Removal of smooth surfaced , 

FDA-covered s tones from the s tream for examination seldom revealed 

aquatic insects on the exposed surface . On the other hand , riffle 

weed encrusted rocks always had invertebrates ava i lable on the exposed 

surface . It  seems reasonable to assume blotched chubs satisfy energy 

needs by taking PDA matrix by gleaning and then switch to searching 

riffle weed mats when increased protein is needed . 

Jenkins , et al . ( ms ) and this s tudy indicated mos t  1 and 2-year­

old individuals were reproductively mature .  The peak reproductive 

period for blotched chubs occurred from late Apri l through la te May 

( Figure V- 1 , p .  29 1 ) .  Initiation of spawning was probably controlled 

by increased water temperature with reproduction occurring at water 

temperatures >59 F .  A possible relationship between spawning initia­

tion and peak stream dis charge was discussed for Hybops is x-punctata 

( Harris , msB ) ,  �· harryi and �· dissimi lis ( Harris , msC ) . The same 

relationship, apparently, does not exist  for �· ins ignis ( Figure V- 1 ,  

p .  29 1 ) .  This sugges ts the following : 1 )  spawning in �· x-punctata , 

H .  harryi , and �· diss imi lis was initiated by water temperature coin­

cidental to period of peak stream discharge or 2 )  spawning of the 

previous species was initiated by temperature and dis charge and �· 

insignis has evolved different reproductive s trategies whi ch are not 

dependent on discharge ini tiated spawning . 

Spawning behavior observed in Hybopsis insignis was simi lar to 

that observed in H .  x-punctata ( Harris , msB ) and H .  harryi ( Harris , 
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msC ) . �· insignis is a non-guarding li thophi lic spawner ( Ba lon , 1 975 ) 

as are other members of Erimys tax .  

Mature ova were genera lly i n  the 1 . 5 mm diameter range , which was 

simi lar to values for other Erimystax ( Harris , msB ,  msC ) . This s ize 

is somewhat larger than reported values for other North American lotic 

cypri nids ( Becker , 1 983 ; Heins and Clemmer , 1 97 6 ) . Beginning as a 

large larva may allow quicker trans ition from predator-fi lled larval  

habitat to normal adult habi tat .  Following ferti lization , ova or 

perhaps newly hatched larvae drift downstream unti l s ettling in lentic 

backwaters . Based on underwater observation , young spend their first 

one and a half  to two months in thes e  food rich backwater areas , 

gorging on aquatic insect larvae before moving out to normal riffle 

habitat in mid- to late July.  

Linear regress ion coefficients for age versus s tandard length 

were not signifi cantly different between the two sexes . Regression 

lines indica ted females were larger than males throughout life 

although examination of monthly data ( Table V-3 ,  p .  299 ) showed ma les 

larger than females for four of seven months during the first 1 3  

months of life . A larger sample might show blotched chub males larger 

than females during the first year of lif e ,  as was the case in 

Hybops is x-punctata and � harryi ( Harri s ,  msB ,  msC ) . 

Growth was explos ive for the firs t six months of life as yoy 

blotched chubs reach > 60% of their maximum s tandard length ( assuming 

average SL at s ix months = 50 mm and maximum SL as 80 mm ) during this  

time . Little or no growth occurred during winter and early spring 

( Figure V-4 ) . Es timates for s tandard length at annulus formation 
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agreed closely with data in Table V- 3 ( p .  299 ) . Standard length at 

annulus I was calculated as 58 . 0  mm whi le data in Table V- 3 ( p .  299 ) 

showed mean SL of approximately 57 . 0  mm for Apri l specimens . 

Calculated SL at annulus II  was 67 . 2  mm whi le observed mean SL was 

73 . 06 mm for Apri l .  

In this s tudy ,  maximum age for the blotched chub was 30  months , 

whi ch is s imi lar to maximum age reported for �· x-punctata , �· 
dissimi lis , and H .  cahni ( Harris , msB ,  msC ;  Jenkins , et al . ,  ms ) .  

Hybopsis harryi lived a maximum of 42 months ( Harris , msC ) .  Maximum 

sizes recorded during this  s tudy were 79 . 65 mm SL for fema les and 

75 . 50 mm SL for males . This compares wi th a maximum size  of 86 . 00 mm 

SL recorded for a female from the Red River of the lower Cumberland 

River system ( Harris , msA ) . 



CHAPTER VI 

SUMMARY 

1 • TAXONOMY 

Results of this s tudy indica te five species are members of the 

subgenus Erimys tax including Hybopsis cahni Hubbs and Crowe , �· 

dissimi lis ( Ki rtland ) , �· harryi Hubbs and Crowe , �· ins ignis Hubbs 

and Crowe , and � · x-punctata Hubbs and Crowe . Erimys tax is defined by 

the following combination of characters : Pharyngeal teeth 4-4 ; anal  

rays 7 ;  s ingle small to large termina l ,  labial  barbel on  each side of 

mouth , often wi th enlarged sensory papi llae ; mouth inferior and sub ­

termina l ;  upper lip expanded anteriad ; relatively large dorsolateral 

eyes directed somewhat pos teriad ; s cales in lateral-line 36-5 3 ;  

lachrymal groove well developed ; dark pigment on snout pos terior of 

lachrymal groove and anterior of eye ; pectoral fin wi th sensory 

papillae between firs t  two rays ; maxi llary flap pres ent , often bearing 

sensory papi llae ; nuptial  males with nuptial pad ; and sexes wi thout 

nuptial coloration . Some authors ( Hubbs and Crowe , 1 956 ; Mayden,  

1 985b ) include Hybopsis monacha in Erimys tax but analysis of 1 7  

character s tates during this s tudy reveal tha t  H .  monacha is divergent 

from Erimystax in nuptial coloration , tuberculation , and spawning 

behavior . Although the exact pos ition of H .  monacha in cyprinid 

phylogeny remains uncertain, it is not cons idered a member of 

Erimys tax .  

3 0 7  
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Analys is of intraspecifi c variation in Hybopsis dissimi lis 

reveals that the subspecies recognized by Hubbs and Crowe ( 1 95 6 )  are 

trenchantly different in gut morphology , per cent ventral s cala tion ,  

head length , orbi t width , and aspects of coloration . These variables , 

in conj unction wi th differences in life his tory parameters , are con­

sidered sufficiently divergent to recognize thes e allopatri c taxa as 

separate species . Hybops is dissimi lis is res tricted to the Ohio ,  

Tennessee ,  and Cumberland drainages eas t of  the Mississ ippi River 

whi le H .  harryi is found west of the Mississippi in the Whi te River 

drainage of the Arkansas and Missouri Ozarks . 

Variation within Hybopsis ins ignis is sufficient for recognition 

of two subspecies , �· i .  insignis and �· insignis eris tigma . Hybopsis 

i .  insignis is longer in pos tdorsal length and has shorter mean fin 

lengths . Hybopsis ins ignis eris tigma has a much wider and longer 

upper lip . Based on morphological intermediacy, the Clinch , Powe l l ,  

and Hols ton River populations are considered intergrades between the 

subspecies . Hybops is l• insignis is found in the lower Tennessee 

River drainage , south and wes t  of Waldens Gorge , and in the Cumberland 

River drainage . Hybopsis ins ignis eristigma is found in eastern 

tributaries of the upper Tennessee River drainage , primarily in the 

Blue Ridge physiographic region . 

Intraspecific variation in Hybops is x-punctata is sufficient to 

recognize two subspecies , Hybops is �· x-punctata and � x-punctata 

trautmani . Differentiation is bas ed primari ly on number of cauda l 

peduncle s ca les wi th modal counts of 1 6  in H .  �· x-punctata and 1 2  in 

H. x-punctata trautmani . Additionally, H .  x. x-puncta ta has a shorter 
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head , snout , and predorsal length and is more robust in body and 

caudal peduncle depth . Hybops is �· x-punctata occurs in the Ouachi ta ,  

Neosho , Missouri , and upper Mis s issippi drainages and H .  x-punctata 

trautmani is found in the Thames ,  Ohio ,  and White (Arkansas and 

Missouri ) river drainages . Some morphologica l intermediacy is seen in 

the Osage , Gas conade , and Meramec populations sugges ting they might be 

intergrades between the two forms . Addi tiona l information is required 

before thi s  hypothes is can be confirmed . 

Comparison of interspecific variation among Erimys tax species 

sugges ts alignment into two species groups . The dissimi lis species 

group is composed of Hybopsis dissimi lis , �· insignis , and �· harryi 

based on the presence mid-latera l and mid-dorsal spots or blotches and 

overall morphologica l s imilarity determined from multivariate 

analys es . The x-punctata species group is composed of Hybops is x-

punctata and �· cahni bas ed on the absence of mid-dorsal and mid-

lateral spots or blotches and the close morphological similarity of H .  

cahni and H .  x-punctata trautmani . 

2 .  LIFE HISTORY 

Analyses of food habi ts indicate that three of four Erimystax 

species s tudied consume relatively equal amounts of plant material-

periphytic detrital aggregate ( PDA ) and benthic invertebrates , Per 

cent annual biomass of plant-FDA and invertebrates for the three 

species is : Hybopsis x-punctata 58 : 42 ; �· dissimilis 53 : 47 , and H .  

ins ignis 43 : 57 . These species have simple s -shape guts with gut 

length approximately equal to s tandard length of the individual . 
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Hybopsis harryi feeds primari ly on the plant-PDA component which 

accounts for 90% of the annual biomass consumed . The gut is coi led in 

�· harryi and usually twice as long as s tandard length in each 

individual .  

In Erimys tax ,  peak spawning occurs in April or May and appears 

res tricted to a three or four week period in each species . Spawning 

may be activated by a combination of rising water tempera ture ( usually 

> 60° F )  and increas ed dis charge . Hybops is x-punctata spawned from 

early Apri l to early May in the Ouachi ta River drainage . Peak repro­

ductive activity for �· harryi occurred from late April to late May in 

Buffalo Rive r ,  Arkansas . Hybops is diss imilis spawned from early April 

to early May in the Buffalo-Duck rivers , Tennessee . Peak spawning in 

Hybopsis ins ignis occurred from late April to late May in Little 

Rive r ,  Tennessee . All Erimys tax appear to spawn over clean gravel 

subs trate at the head of riffles or in moderately swift runs . Obs er­

vations sugges t mos t spawning events involve one male and one fema le 

interactions . Ova are non-adhes ive and are not buried during 

spawning . Larvae are thought to drift with the current to s lackwater 

nurs ery pools until large enough to wi ths tand the rigors of lotic 

adult habitat . Mature intraovarian ova range from 1 . 3-2 . 0  mm in 

diameter with an average ovum diameter of approximately 1 . 5 mm .  

Early growth i s  explosive with species obtaining greater than 5 0% 

of adult s tandard length during the firs t s even or eight months of 

life . Males tend to attain greater mean standard length than females 

during the firs t  1 2  months but females usually catch and surpass males 

in mean s tandard length during months 1 3-24 . Periods of rapid growth 



3 1 1  

for both sexes o f  each species occur during late spring through early 

fall . When water temperatures decrease during fal l ,  winter , and early 

spring , growth rates also decreas e .  Females tend to have greater 

surviva l rates for the older age classes of each species . The sex 

ratio  is approximately 1 : 1  for age class 1 but becomes highly skewed 

in favor of females in the later age classes . Maximum ages for spe­

cies are : Hybopsis x-punctata 32 months , �· ins ignis 30  months , H .  

dis s imilis 26-28 months ( Jenkins , et al . ) ,  and �· harryi 42  months . 

Maximum s ize in s tandard length recorded for each species is : 

Hybopsis x-punctata 89 . 2  mm SL female ;  �· harryi 1 20 . 1  mm SL female ;  

H .  dissimlis 1 1 4 . 0 mm S L  female ( Jenkins , e t  al . ) ;  and H .  ins ignis 

86 . 0  mm SL female . 
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