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FRONTISPIECE 

A. Pseudobarbus burchelli A. Smith, 1841. 

The first redfin species described. 

B. Barbus erubescens Skelton, 1974b. 
Male from type series in nuptial dress. 



iii 

TABLE OF CONTENTS 

ACKNOWLEDGEMENTS 

RESUME 

Page 
v. 

viii 

)CHAPTER 1 

CHAPTER 2 

CHAPTER 3 

CHAPTER 4 

CHAPTER 5 

CHAPTER 6 

INTRODUCTION 

A GEOGRAPHICAL AND GEOLOGICAL DESCRIPTION OF SOUTHERN 

AFRICA WITH PARTICULAR REFERENCE TO THE SOUTHERN CAPE 

Geography 

Geology 

Climate 

Drainage 

TAXONOMY OF THE REDFIN BARBUS SPECIES 

Taxonomic history of redfin Barbus species 

Materials and Methods 

Results 

Discussion and Conclusions 

Species accounts 

OSTEOLOGY OF THE REDFIN BARBUS SPECIES 

Introduction 

Materials and Methods 

Description and Comparisons 

Neurocranium 
Branchiocranium 
Pectoral girdle 
Pelvic girdle 
Axial skeleton 

General Sutmnary 

PHYLOGENY AND CLASSIFICATION OF THE REDFINS 

Introduction 

Methods 

Character State Analysis 

Discussion and Conclusions 

i. In-group relationships 
ii. Out-group relationships 

iii. Classification 

DISTRIBUTION AND ZOOGEOGRAPHY OF THE REDFINS 

1 

6 

6 

9 

10 

12 

22 

22 

28 

39 

105 

119 

155 

155 

157 

157 

157 
186 
210 
214 
214 

228 

231 

231 

232 

236 

279 

279 
285 
290 

298 

IntrQduction 298 

Theoretical aspects 298 

Historical Review of southern African Freshwater Fish 301 

Zoogeography 

Distribution of Redfin Species 308 



CHAPTER 7 

iv 

Comparative distribution of primary freshwater 
fishes in the south coastal drainage 

The case for a generalized track 
Pa1aeogeo1ogy and palaeogeography 
Discussion and conclusions 

GENERAL DISCUSSION WITH SPECULATION ON REDFIN EVOLUTION 

Future Implications of the Redfin Study 

Speculation on the Evolution of the Redfins 

A Note on Conservation 

REFERENCES 

APPENDICES 

1. 

2. 

3. 

4. 

Redfin Material Examined and Recorded 

Osteological Material Examined 

Skelton P.H. 1974b. 
Cyprinidae) from the 
Cape Province, South 
Ichthyo1. 13:12pp. 

A new Barbus species (Pisces, 
01ifants River system Western 
Africa. Spec. Pub1s R.U. dept. 

Tables of Morphometric and Meristic measurements. 

313 
319 
323 
327 

341 

341 

347 

353 

356 

374 

374 

381 

387 

388 



v 

ACKNOWLEDGEMENTS 

A study of the redfins was originally suggested by Dr R.A. Jubb in 1973. 

Since then he has been a continuous source of inspiration and encouragement. 

Dr Jubb has at all times given generously of his knowledge of the red fins 

and other Barbus species. 

The early stages of the project were supervised by Dr T.H. Fraser and 

Mr P.B.N. Jackson. I am grateful for their guidance. 

Dr R. (Rick) Winterbottom supervised the project for three years and was 

directly responsible for a great deal of my education in systematics. 

Rick introduced me to Rennigian philosophies, guided the osteological study, 

helped in the finer points of drawing techniques and provided assistance 

with the statistical analysis of morphometric and meristic data. I 

gratefully acknowledge the interest and time he gave my work. 

Dr M.N. Bruton has supervised the final writing up of the project. I am 

grateful for his advice, guidance, encouragement and stimulation which he 

gave during this important phase. 

I have relied heavily on the skills and extremely generous input of time 

and hard work of my colleague at the Albany Museum, Mr Wouter Holleman, 

during the writing up of this project. ¥outer has provided numerous .. 

discussions, read and re-:read numerous drafts and has always been 

encouraging and stimulating. He also gave up many of his evenings to help 

me in the manual preparation of the work. For all this I am extremely 

grateful. 

Permission to do the work was given first by the late Mr C. Jacot-Gui11armod 

and later Mr B.C. Wilmot in their capacity of Director of the Albany Museum. 

Both gentlemen encouraged the work and "Mr Jacot" was a frequent source of 

advice on matters concerning the International code of Zoological 

Nomenclature. Mr Wilmot also kindly read and corrected part of the 

manuscript. 

Professor M.M. Smith encouraged this work and generously provided 

J.L.B. Smith Institute's facilities whenever they were required. 

Mr Robin Stobbs provided excellent photographic and X-ray assistance. 



vi 

Mrs E. de Villiers (Elizabeth Tarr) was responsible for the outstanding 

illustrations in Figs 3.51-54 and 3.56-59. Mr P.B.N. Jackson kindly 

read and commented on parts of the manuscript. 

I am grateful to the following people for reading and correcting parts of 

the earlier drafts of the manuscript: Dr P.H. Greenwood (BMNH)' , 

Dr K.M.F. Scott (Albany Museum), Dr P. Heemstra (RUST) and Mr J. Heaton 

(Albany Museum). Dr P.H. Greenwood and Dr K. Banister of the British 

Museum provided discussion and advice during several brief periods over 

the study period. Dr S. Bowen was instrumental in compiling a computer 

programme for certain statistics. 

Expert technical assistance was given by Mr R. Cross and Mr A. Bruton of the 

Rhodes University Electron Microscope Unit. 

produced the final plate pages in the thesis. 

In addition these gentlemen 

Photographs of tubercles of Barbus species were produced by Mr G. Butler 

(Albany Museum). 

Valuable field assistance was given by Mr J. Stephenson and Mr E. Bill as 

well as several Officers of the Cape Department of Nature and Environmental 

Conservation: Mr D. Heard; Mr C. Gaigher; Dr I. Gaigher. 

General assistance was given by Miss A. Wilson. My wife, Anne kindly read 

and corrected part of the manuscript, and put up with many late nights. 

A special word of thanks is due to Mrs Yvonne White for typing the 

manuscript. Her expertise made the final production of the work 

considerably easier than I anticipated. Miss June Timm also provided 

valuable typing assistance. 

Thanks are due to the British Museum (Natural History), South African 

M""'9""'" N"I-<,' M"",,,,,,m .<Ind .T _ 1._ R_ ~mith Institute for the loan of specimens. 
Env~ronmental Conservat~on and tl£ AIbany Museum. 

Finally, the time taken to complete the project is such that I cannot name 

the many others who have helped in the redfin work over the years. I 

therefore wish to thank all those who have helped in innumerable ways, 



however small. 

accomplished. 

vii 

Without the help of one's fellows such a' task is never 

This thesis is dedicated to my parents, Mr and Mrs Harvey Skelton who have 

given me far more than life and opportunity. 



viii 

RESUME 

This study deals with the systematics and biogeography of a group of minnow­

like Barbus species which, as adults, are characterized by bright red 

fins. The species are found in the coastal rivers of the fold belt region 

of the southern and south-western Cape Province. A closely related 

species, Oreodaimon.quathlambae, inhabits certain high altitude streams 

of the Drakensbergmountains. 

Traditional methods were employed to revise the taxonomy of the species. 

Characters studied included morphometric and meristic measurements, and 

several qualitative anatomical features, several of which were studied 

in these species for the first time. 

A new species, Barbus erubescens .Skelton, was described during the course 

of the study (Appendix 3). The taxonomic status of other species are endorsed 

or revised (B.~ and !.asper). Each species is redescribed and figured. 

The complete osteology of one redfin species, !.burchelli, is described 

and illustrated. Comparisons are made with all other redfin species and 

various osteological characters of systematic value are discussed. 

The phylogeny of the redfins is studied using Hennigian methods. 

Comparative data from other southern African Barbus species and pertinent 

literature were used to determine and evaluate synapomorphic characters 

and character sequences. The redfins sensu lato are shown to be di phyletic. 

Barbus calidus. Barnard and B.erubescens were found to be sister species not 

closely related to the other redfin species. Oreodaimon quathlambae 

(Barnard) is shown to be monophyletic with the second redfin lineage. 

Barbus burgi Boulenger is placed as the plesiomorph sister species in this 

lineage and consecutive dichotomies derive Barbus burchelli (Smith); 

Barbus afer ,.'Peters, and Barbus asper Boulenger; Barbus phlegethon Barnard; 

Barbus tenuis Barnard and Oreodaimon quathlambae. 

The classification of the redfins is reviewed in the light of their phylogeny 

and recommendations for an infonnal hierarchy are made. The generic status 

of each lineage is. considered and a new genus, Pseudobarbus, erected for 

all the redfin species.except !.calidus and B.erubescens, but including 

.Q.. quathlambae. 
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The distributions of redfin species are recorded. An hypothesis is given 

to explain this distribution, based on a comparison of distribution 

patterns of a number of plant and animal species and a consideration of 

the geological and geographical history of southern Africa. Vicariance 

is suggested to be the major factor which influenced redfin distribution. 

A theory of dispersal explains the distribution of !,.tenuis. The 

biogeography suggests the redfins are relatively ancient (possibly Miocene?) 

southern African fishes. 

Suggestions are made on future studies on the redfins. Attention is drawn 

to possible implications of the redfin study on systematic study of 

southern African freshwater fishes. 
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CHAPTER 1 

INTRODUCTION 

One hundred and seventy years after the settlement of the Dutch 

colonists in the ~*x:ni1tth-west Cape, the explorer Burchell (1822) 

provided the first recognised descriptions of freshwater fishes from 

south.ern Africa. This was followed nearly twenty years later by 

A. Smith's (1841) descriptions of freshwater fishes which included a 

minnow-like cyprinid species Barbus (Pseudobarbus )burchelli, named 

after the previously mentioned explorer. Smith noted that the species 

was known to the local inhabitants of the region as the "rooye vlerk 

carper", the Dutch eqUivalent of red-finned minnow. 

In the follow,ing hundt"ed years several other redfin species were 

described, all from the coastal rivers draining the Cape fold mountains. 

Many of the species were described from small collections sent to 

overseas scientists. In consequence the descriptions were inadequate 

by modern day standards. Localities were also poorly pin-pointed and 

often refer only to the "Cape of Good Hope". This era of sporadic 

descriptions ended with a revisionary study of the freshwater f~shes of 

theS;Quth-west Cape by Barnard (1943) which placed the taxonomy of many 

of the species on a firm footing. Compared to the earlier describers 

Barnard's approach was revolutionary and was based on two essentials: 

familiarity with the living fishes in the field, and the examination 

of a large series of all sizes of both sexes from as wide a geographic 

range as possible. 

In 1938 Barnard (1938b) described three new redfin species, Barbus tenuis, 

Barbus phlegethon and Barbus calidus. The latter differed from other 

known redfin species in two major characters - the form of the dorsal 

.c,,_ ·._l-._"_"l-."rI ,.."" "Tll-l t-hp nnmber of branched rays in the anal fin. 
geographical distribution of the species. This distribution was 

remarkable in that all the species were confined to the rivers of the 

Gape fold mountatn regi0n, 
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Further work on the redfins by Jubb (1965, 1967) clarified certain 

details, but left a number of questions unanswered. Surveys carried 

out by Jubb indicated that the range of several species had been 

severely reduced in the preceding few decades as a result of 

increasing human demand on water resources and the introduction of 

exotic predatory fishes. There were thus two factors involved in the 

initiation of the present study: a need to complete the taxonomic 

revision of the group, and to determine the conservation status of the 

species. 

Although cyprinid species continue to be described from Africa the 

emphasis has changed from an alpha taxonomic level to that of 

revisionary studies. In Barbus these studies have been directed 

primarily on a geographic basis (e.g., Groenewald, 1958; Greenwood, 1962; 

~opson & Hopson, 1965; Banister, 1973). Most of the works have relied 

heavily on traditional characters with little specific attention to the 

interrelationships of the species. 

By way of contrast, in North America revisionary studies of cyprinids 

have concentrated on related groups of species (e.g. Lachner & Jenkins, 

1971; Snelson, 1972; Hubbs & Miller, 1977; Barbour & Miller, 1978). 

A major feature of these studies has been the emphasis placed on 

thorough character analysis and appreciation, consequently exposing 

weaknesses in many of the traditionally used characters. Hence there 

has been a trend towards the reassessment of characters in cyprinid 

systematics. Often species have been assigned to genera on the basis 

e.g. of barbel characteristics or the relative length of the intestine 

and with the new appreciation of the weakness of such characters the 

generic placement of the species is in a state of flux (Hubbs & Miller, 

1977; Gilbert, 1978). 

The present study was aimed at the revision of a group of possibly 

related species and it therefore seemed more appropriate to model the 

study programme on similar works in North America rather than on any 

particular African review. The study by Lachner and co-workers on the 

genus Nocomis (for references see Lachner & Jenkins, 1971) was 

especially useful, as several striking parallels exist between certain 

character complexes in Nocomis and the redfins, e.g. the development 

of strong sexual dimorphism and large tubercles on the head of males. 
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It is frequently stated that the classification of organisms should 

be based on the phylogenetic relationships between them (Mayr, 1969; 

Crowson, 1970; Brundin,1972; Nelson, 1973). There are two main 

approaches to the study of phylogenetic relationships, a traditional 

evolutionary approach which considers relationships on the overall 

similarity of the organisms, and sec9ndly a cladistic approach 

(Hennig, 1966) by which the relationships of organisms are inferred on 

the basis of shared derived characters. Although the traditional 

approach still enjoys much support Hennlgian methodology has 

considerably in~luenced ichthyological systematics (Nelson, 1972; 

Greenwood ~~.,1973) and has been used in many excellent studies in 

recent years (e.g. Winterbottom, 1974; Smith-Vaniz, 1976). 

The question of the interrelationships of the redfin Barbus species 

has posed a problem ever since Barnard (1938 b) described,B.c"lj"du8 and 

showed that the species were a geographically circumscribed group. 

One of the main African Barbue8classificatory characters is the form 

of the last dorsal fin unbranched ray. In ~.calidus this ray is bony 

and serrated whereas in other redfin species it is simple and flexible. 

Even though Barnard (1943) and Jubb (1965, 1967) considered !.calidus 

to be a redfin it was grouped with other Barbus species with a similar 

unbranched dorsal ray. To solve this paradox it was clearly necessary 

to establish the true phylogenetic relationships of the species. It 

was also realised that depending on the outcome this study could be 

important for Barbus classification in general. 

It was decided to apply cladistic methods of analysis to provide 

answers for the interrelationships of the redfins. This requires a 

prior evaluation of characters in order to determine the primitive and 

derived states within a sequence of character transformation. Such 

an analysis had to date not been done for any Barbus species (as far 

as I am aware). This reinforced the need for a new approach to 

Barbus systematics and in this redfin study, for the exploration of 

new characters and the careful evaluation of traditionally used ones. 

A field which has not as yet received much attention in African Barbus 

studies but which has been shown to be extremely valuable in many 

other fish groups is osteology~ In order to provide the foundation 

for use in the present study as well as for future reference it was 
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necessary to provide a complete osteological description of at least 

one redfin species. 

Early in the redfin programme I had the opportunity to examine the 

enigmatic African cyprinid Oreodaimon guathlambae (Barnard, 1938 a) in 

its natural habitat and to collect some specimens. The relationships 

of this species were at the time unknown beyond vague ties with the 

genus Barbus (Greenwood & Jubb, 1967). The living fishes had red 

pigment at the base of the fins (Skelton, 1974a) which was strikingly 

similar to the redfin Barbus species from the southern Cape. 

Further investigation indicated that there was a close phylogenetic 

relationship between Q.guathlambae and certain redfin species 

(Skelton, 1976). In consequence the species was included in the 

redfin programme. 

The inclusion of Q.guathlambae added a new dimension to redfin 

distribution. In the absence of any knowledge on the relationships 

of the redfins, their geographical distribution had not been given 

adequate explanation. One of the more obvious prerequisites for 

explaining the distribution of organisms is a knowledge of their 

relationships. In the light of recent theoretical developments in 

the sphere of biogeography it has been possible to re-examine the 

distribution of the redfins and provide an alternative explanation 

for it. 

The major objectives of the study on the redfin Barbus ,s,pecies may 

thus be summarised as follows: 

a) to reconsider the taxonomy of the redfin species with particular 

emphasis on the evaluation of traditional and new morphological 

characters, 

b) to record and compare the osteology of the species, 

c) to assess the phylogeny of the redfins and to relate this to 

their taxonomy and classification, and 

d) to consider the historical biogeography of the redfin species. 
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this study. The heavy line demarcates southern Africa. 
Adapted from Jubb (1967). 
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CHAPTER 2 

A GEOGRAPHICAL AND GEOLOGICAL DESCRIPTION OF SOUTHERN AFRICA WITH 

PARTICULAR REFERENCE TO THE SOUTHERN CAPE 

The purpose of this chapter is to provide a brief geographical background 

to facilitate further discussion on the redfin Barbus species in 

Southern Africa, which is here arbitrarily taken to be Africa south of 

and including the Cunene - Zambezi watershed (Fig. 2.1). Lake Malawi, 

technically part of the Zambezi system, is excluded. The redfin 

Barbus are found only in the rivers of the southern coastal drainage 

and the Orange River System, all within the Cape Ichthyofaunal 

province of Roberts (1975). 

Note on Afrikaans names and duptication of names 

The earliest European colonists in South Africa were of Dutch and later 

French Huguenot origin. By the turn of the nineteenth century when 

the country came under British administration, the region of the fold 

mountains in the south of Africa (see below) had been largely explored. 

The majority of the names given to geographical features such as 

mountains and rivers are therefore of Dutch origin (Afrikaans). In 

many cases these names are readily transcribed into English; for the 

majority, however, local use makes it inappropriate to do so, and the 

Afrikaans is retained. 

The exploration and occupation of the fold belt region of the southern 

Cape occurred during the 17th and 18th Centuries when communication 

channels were poor. The names of geographical features are therefore 

often duplicated and to eliminate possible confusion Table 2.1 gives a 

seheinatic listing of the rivers mote frequently referred to in this 

report. 

Geography 

(i) Relief. Much of southern Africa consists of an elevated plateau 

in ·excess of 1000 metres A.S .L.. Altitudes below this are restricted 

to a narrow coastal strip and a generally broad diagonal zone from the 

region of the lower Orange River across the Kalahari and dividing 
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Fig. 2.2 
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The southern and south-western Cape Province showing the main 
mountain ranges of the Cape fold belt and the drainage patterns 
of the major river systems. The mountain ranges are numbered 
as follows (1) Cedarberg, (2) Hottentots Holland and Great 
Drakenstein, (3) Hex River Mountains, (4) Langeberg, 
(5) Outeniqua Mountains, (6) Tsitsikamma Mountains, 
(7) Swartberg, (8) Baviaanskloof Mountains, (9) Great 
Winterhoek and Elands River Mountains, (10) Little Winterberg 
and Suurberg Mountains, (11) Kamanassie Mountains, 
(12) Kouga Mountains. The dashed line represents the line of 
the Great Escarpment. 
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Fig. 2.3. The major geological formations over the distribution range of the redfin 

species. The Cape and Karroo Systems. After Truswe11, 1977. 
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to reach the wide coastal lowlands of Mozambique via the Zambezi and 

Limpopo river' valleys. To the south-east the plateau rises to above 

3000 m in the Drakensberg highlands, which form a steep escarpment on 

the coastal (east) side. South of the Limpopo the escarpment runs 

parallel to the coast, receding inland in the south and south-west. 

Here the ranges of the Cape Fold Mountains lie between it and the 

coast (Fig. 2.2). 

The mountains of the Cape F.old belt (Fig. 2.2), generally considered 

an ancient feature (De Villiers, 1944), are arranged in two series; 

the northward trending Cedarberg foldings in the west and the arcuate 

east-west trending ranges in the south and south-east. These 

mountains are closely associated with but do not entirely dictate the 

drainage of the region. 

Geology 

The region south of the Orange-Pongolo river systems is dominated by 

two large geological systems referred to as the Cape and Karoo 

Supergroups (Fig. 2.3) which are of Palaeozoic and Mesozoic age 

respectively. Quaternary and Tertiary deposits are limited to pockets 

of marine sediments in coastal areas and the vast K?lahari sands of 

the central and north-western parts of the subcontinent. To the west 

and east of these sands there are numerous less extensive outcrops of 

ancient granites, intrusives and outliers of the Karo~ Supergroup. 

The Cape Supergroup consists of the Table Mountain, Bokkeveld and 

Witteberg Groups which have been extensively folded and form the 

mountains of the southern and south-western Cape. The resistant 

"Table Mountain" sandstones (Peninsula Formation) form the major relief 

features while the softer, more easily eroded Bokkeveld Formations are 

exposed in valleys between the ranges. The rock types involved 

primarily determine the quality of the water of the rivers which drain 

this area (Bond, 1946). The Peninsula Formation consists predominantly 

of well leached, rew~rked, quartzitic sandstones, which impart little 

soluble salts to the runoff water. Streams draining such strata are 

consequently acidic and minerally deficient. The Bokkeveld Formations 

are primarily marine deposits and yield waters of high salinity. The 

Witteberg Group form low ranges (e.g. the Suurberg Mountains) and 

include quartzitic strata which again yield waters low in mineral content. 
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In Natal there are further outcrops of rocks similar to those of the 

Table Mountain Group. These have for long been considered equivalent 

to Peninsula Formation sandstones but Lock (1973) provides fossil 

evidence which strongly indicates that they are in fact contemporaneous 

with the Witteberg ,Group. 

The extensive Karoo sediments include the Dwyka tillite deposits, the 

fossil rich Ecca and Beaufort Formatious , and the Stormberg sediments 

capped by Stormberg volcanics. Groundwater from the Dwyka, Ecca and 

Beaufort sediments is of a highly mineralised chloride ~ sulphate 

character (BJud, 1946). The upper strata of the Drakensb~'r.g Mountains 

are erosional remnants of Stormberg volcanics,and source streams are 

characteristically acidic (Grobbelaar & Stegmann, 1976). Karoo rocks 

are usually relatively soft and rivers traversing these sediments are 

turbid and carry high suspended loads (Forbes & Allanson, 1970; 

Keulder, 1979). 

Climate 

Schulze & McGee (1978) provide details of the biologically important 

climatic parameters of Southern Africa. The climate is influenced 

to a large extent by the major ocean currents. The warm southward 

flowing Mozambique current passes the eastern seaboard and the cold 

northward flowing Benguella Current passes the western seaboard. 

Consequently Southern Africa is progressively drier in the west which 

includes the Kalahari and Namib deserts. 

The extreme south-west part of the subcontinent receives winter 

rainfall in the form of anti-cyclonic depressions. The high relief 

in that region results in great variation in local precipitation. 

In mountain catchments the annual precipitation can average as much 

as 1400 rom (Midgeley & Pitma~, 1969). As pointed out by Harrison & 

Elsworth (1958) during a winter season there will be several periods 

of high rainfall followed by fine weather so that the rivers fluctuate 

rapidly between flooding and normal flow which is generally low during 

the summer months. 

From the winter rainfall in the south-west Cape the pattern changes 

to an all seasons rainfall in the southern coastal region (Tyson, 1978). 



Fig. 2.4 

Fig. 2.5 
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The south coastal drainage basin to show the different regions 
as referred to in the text. 

t 
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Main catchments within the Cape fold belt region of the south 
coastal drainage basin. (A) Olifants River system, (B) Great 
Berg River and adjacent rivers, (C) Western Agulhas rivers, 
(D) Breede River and adjacent rivers, (E) Gourits River system, 
(F) South Coastal rivers, (G) Gamtoos River system and adjacent 
rivers, (H) Swartkops River, Sundays River and adjacent rivers. 
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The interior and regions to the east of the fold belt receive summer 

rainfall. Snowfalls occur in the io.ldmCl'llWl'ta-ifis and in the Drakensberg 

but these are spasmodic and usually of short duration. The plateau 

regions of South Africa also have occasional snowfalls. 

Based on thermal regions (Schulze & McGee, 1978) the climate in 

Southern Africa may be summarised as follows. Low, altitude regions to 

the north-east have a tropical climate which extends south to northern 

Natal and up the Zambezi Valley. The climate grades into a narrow 

sub-tropical band which extends south along the coast into southern 

Natal. Warm temperate climates occur over much of the more northerly 

interior of the subcontinent with a narrow south~east coastal strip 

extending to the southern and south-western Cape. The higher altitude 

plateaus experience cool-temperate conditions as do the fold. mountains 

of the southern Cape. Sub-alpine conditions exist at high altitudes 

(above 3000 metres) in the Drakensberg. 

Drainage (Fig. 2.1, 2.4 and 2.5) 

The Zambezi, Cunene, Limpopo and Orange River System, together drain 

the major portion of the surface area of southern Africa (Fig. 2.1). 

Interspersed between these around the perimeter of the subcontinent are 

the coastal drainage basins, each consisting of a series of relatively 

minor river systems. The most important of these as far as this 

study is concerned, is the l southcoasta1 drainage (Fig. 2.4), which 

includes the entire southern extremity of Africa from the Orange River 

(mouth at 280 35'S 16
0 

30'E) in the west to the Umtamvuna in the east 

(310 OS'S, 300 12'E), The division of the coastal drainage into 

southern coastal and ~s~uth-east coastal has been arbitrarily based 

on a fish faunal division (Jubb, 1967). The Umtamvuna River marks 

the natural southernmost distribution of several species including 

on the basis of fish faunal considerations (Fig. 2.4). 

(a) The North-west regions including the rivers between the 

Clanwil1iam, Olifants and the Orange River Systems. These are 

small intermittent streams in an arid area which as far as is 

known have not been explored for fishes. 
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Table 2 . .1 A schematic listing of the rivers of the Fold belt region where red fins 

have been collected and are referred to in this study. Divisions of the 

table are i~ accordance with the main drainage catchments of the region 

as given in fig 2.5. 
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(b) Rivers of the fold belt mountains (from the 01ifants in the 

west to the Sundays in the east). This region is of major 

interest here and these rivers will be described in greater 

detail below. 

(c) The Eastern Province region, including rivers between the 

Sundays and the Great Kei. Two distinctive freshwater species 

are endemic to certain rivers, the anabantid, Sande1ia bainsii, 

and the cyprinid Barbus trevelyan!. 

(d) The "Transkei gap". This name was first given to the region 

between the Great Fish and the Umtamvuna rivers by B~aker 

~~. (1978) in reference to the fact that there is a general 

absence of primary freshwater fishes (with one exception, the 

minnow Barbus anop1us). On the basis of the distribution of 

Barbus treve1yani and Sande1ia bainsii Cambray (1978) redefined 

the -"gap" as extending from the Great Kei River in the south. 

The drainage pattern within the fold belt region (Fig. 2.5) is partly 

determined by the mountain belts but certain of the larger rivers (the 

Clanwilliam, Olifants, the Gourits, the Gamtoos and the Sundays) have 

penetrated beyond the ranges to the -GreatEsca~pment. These larger 

rivers are notable for having fish species in common with the Orange 

River system as well as s'pecies endemic to the fold region. The 

drainage can be conveniently divided into eight catchments as in 

Figure 2.5. 

The Olifants River (Fig. 2.5 A) 

To avoid confusion with other rivers of the same name in southern Africa, 

I shall refer to this as the Clanwilliam Olifants. The system is formed 

by two major tributaries, the Olifants and the Doring. Although the 

catchment area of the perennial Olifants tributary is a fraction of 

that of t'he annual Doring, it is better watered. This is because the 

latter lies largely in the rain shadow of the Cedarberg Mounta;ns. 

The feeder tributaries of the Olifants are rocky streams,with steep 

gradients, and those of the Doring are longer, with more shallow 

gradients. Within the Cedarberg mountains several of the Doring 

tributaries arise on marshy intermontane plateaus and descend in a 

series of steps rather than with an even profile. The Cedarberg 
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mountain tributaries are generally clear streams with rocky or sandy 

substrates. Water quality is characterised by low pH and low mineral 

concentrations. There is not much change in the water of the 01ifants. 

tributary itself until after the confluence with the Doring. The 

Doring passes over Bokkeve1d and Dwyka formations so that the waters 

are generally alkaline and highly mineralised. 

Great Berg and Adjacent Streams (Fig. 2.5 B) 

'1:'h.e A BE!.~g~"?iver is one of the best studied rivers in Southern Africa 

from the biological and hydrological points of view (Harrison & 

Elsworth, 1958; Harrison 1964; Fourie & Steer, 1971; Fourie & 

'~~gens, 1977). This river drains the western slopes of the south-west 

fold mountains reaching the Atlantic ocean. The fold mountain 

tributaries are typical of TMS rivers, having rocky or sandy 

substrates and being low in pH and low in dissolved solids and ions. 

The character of the mainstream in its middle and lower reaches changes 
/ 

to highly mineralized waters due to the underlying Ma1mesbury geological 

series (Fourie & Gorgens, 1977). 

In the south, also draining the western slopes of the north-south 

trending fold mountains, the Eerste River flows southwards into False 

Bay. A profile of the river is given by Seddon (1967). It is 

similar in character (physical and chemical) to the tributaries of the 

Berg River, but from the foothill zone to the sea it has been 

drastically affected by human activity (Harrison, 1958). 

Redfins are absent from the small streams draining the mountains of 

the Cape Peninsula. 

To the north of the Great Berg River a few minor independent rivers 

traverse the coastal plain. The Ver10rev1ei system is the largest of 

these and is adjacent to the Berg River. For the main part this is a 

low gradient, reed-bed river with a muddy or silty substrate. 

Western A~u1has Plateau drainage (Fig. 2.5 C) 

There is a series of short streams draining the western coastal stretch 

near Cape Agu1has~ Redfinq have not yet been reported from them. 
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B~eede and adjacent rivers (Fig. 2.5 D) 

The Breede River system is contained entirely within the fold wountains 

and is therefore well watered and perennial with clear acidic water. 

The two major tributaries, the Breede and the Riv£ersonderend, flow 

south-east in strike valleys. Barnard (1936) has shown that the upper 

end of, ·the mainstream was probably pirated by the Klein Berg River. 

In turn it seems that the\~eadwaters of the Breede have captured streams 

which formerly flowed into the Gourits River. 

To the east of the Breede two independent rivers, the Duivenhoks and 

the Kaffirkui1s, each have populations of ~.burche1li indicating 

connection with the Breede during periods of lowered sea levels 

(Barnard, 1943). To the west of the Breede ~.burchelli is only found 

in those small independent streams which lie eastward of Cape Agulhas, 

again suggesting former connection with the Breede during periods of 

lowered sea levels. Off-shore sediment studies (Dingle & Rogers, 1972) 

show that the extended Breede was directed towards the western slopes 

of the Agulhas plateau and support Barnard's (1943) conclusions that 

the Breede and Gourits rivers were not connected during former lowered 

sea levels. 

Gourits River System (Fig. 2.5 E) 

The Gourits is a complex system which breaches both the coastal and 

the northern folded ranges. Three major tributaries drain the 

southern esca~ent, from the west, the Buffels, the Dwyka-Gamka and 

the Olifants. Each main tributary also receives smaller branches 

from the northern s lopes of the Swartberg Range and breaches this 

range independently to unite within the large valley between the 

Swartberg and the coastal fold range (Langeberg.Outeniqua mountains). 

The Gourits then passes through the Langeberg-Outeniqua ranges to 

reach the Indian Ocean. 

Most of the drainage falls within the rain shadow of the coastal arc 

of fold mountains and is thus relatively poorly watered. The high 

relief of the Swartberg and other fold ranges, including the northern 

slopes of the coastal ranges themselves, ensures that many of the 

mountain tributaries are perennial. Flow in the major tributaries, 

at least since European settlement, is erratic and annual. Habitats 
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Part of the Cape Fold Belt region to show the drainage of the 
Gamtoos River system in relation to the fold mountains and 
adjacent rivers. The numerals and attached arrows indicate 
sites of drainage capture and direction of former course of 
captured river. 
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in the mountain tributaries differ widely from those in these main 

tributaries. The former, draining Table Mountain formations, are 

clear and acidic, the latter flow mainly over Bokkeveld and Cretaceous 

tormations of marine origin, or to the north of the fold belt over 

Karoo beds, and have turbid, alkaline, mineralised waters. 

South Coastal Rivers (Fig. 2.5 F) 

The drainage here is determined by the range of fold mountains with 

peaks up to 1700 m running close to~(5-20 km) and parallel with the 

coast. These mountains are partially divided by the Keurbooms River 

valley into two ranges, to the west the Outeniqua and to the east the 

Tsitsikama mountains. A_ Tertiary marine-cut coastal plain separates 

the mountains from the coast. The older rivers have gouged deep and 

narrow gorges across the plain, probably during periods of lowered 

sea levels (Toerien, 1976). 

The mean annual rainfall for the catchments of these coastal streams 

is high (800-900 nnn) (Mi€lge1ey& Pitman, .:1969) and is distributed 

throughout the year (Tyson, 1978). Consequently the rivers are all 

perennial, without a distinct seasonal variation in flow, and since 

they drain Table Mountain sandstones have water with low pH (4.5-5.5) 

stained deep brown by organic matter (Bond, 1946; Harrison & Agnew 1962). 

The waters are invariably clear without particulate matter, and algal 

growth potential is low (Howard-Williams, pers.camm.). 

Gamtoos River and adjacent coastal streams (Fig. 2.5 G) 

The Gamtoos River system is complex, its present form evidently 

derived by a series of river captures (Haughton ~ !l., 1937). 

Briefly the system may be considered in two parts (Fig. 2.6), the 

tributaries draining south-east within the strike valleys of the fold 

mountains, and the Groot River, a major tributary which breaches the 

Baviaanskloof-Great Winterhoek mountains to drain a large inland area 

from over the Great Escarpment. 

The Jiiabitat in the mountain tributaries differs from that in the Groot 

River due to climatic and geological reasons. The Groot River traverses 

the relatively soft Beaufort and Ecca Formations of the Karoo_Supergroup, 
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the water quality is consequently turbid and silty and falls into the 

alkaline chloride-sulphate group (Bond, 1946). The mountain 

tributaries drain Table Mountain sandstones and are clear acidic 

waters with sandy-rocky substrates. The catchment of the Groot is 

far larger than that of the mountain tributaries (29169 vs 5258 lan
2

) 

but receives an average of half the precipitation (256 vs 522 mm per 

annum) (Midge1ey & Pitma~J' 1969). 

According to Haughton ~ ale (1937) the Groot River formerly flowed 

down the strike valley between the Great and Little Winterhoek 

mountains (arrow no. 1 in Fig. 2.6), its present course being due to 

capture by a tributary of the Gamtoos, probably by the erosive action 

of "favourably situated conse~.uent tributaries of the two major rivers". 

A second capture involves the Couga River (arrow No.2 in Fig. 2.6), 

which initially flows south-east down a strike valley but then 

abruptly cuts northwards across the strike to join the Baviaanskloof 

River. Formerly the Couga probably reached the sea via the Kramme 

River. 

The Kramme River, as well as the smaller Kabeljous and Seekoei Rivers 

to the south-west of the Gamtoos system, probably joined the Gamtoos 

during times of lowered sea level. These streams all flow in strike 

valleys and gen.erally have acidl',peat-stained waters typical of the fold 

mountain region. 

To the east of the Gamtoos there are two small rivers, the Van Stadens 

and the Maitlands. Although redfins have not been found in the Van 

Stadens they have in the Maitlands and it seems highly probable that 

they may have lived in the Van Stadens before the introduction of bass 

(Micropterus sp.). The Van Stadens is the larger of the two rivers 

and deeply dissects the coastal plain, flowing in a deep gorge, which 

testifies to its re1ative1yg.reat age. These streams were probably 

tributaries of the Gamtoos during lowered sea levels. 

~undays and Swartkops Rivers (Fig. 2.5 H) 

The Sundays iRiver, rises over the Great Escarpment and penetrates the 

Klein (little) Winterhoek-Suurberg mountains, eastern outliers of the 

fold mountain belt. The river has been studied by Forbes & Al1anson 
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(1970) and Scott ~~. (1972). In the mainstream, which traverses 

the soft, easily eroded Beaufort and Ecca Formations, flow is annual 

and erratic and the water quality mineralised and turbid. One 

tributary, the Wit River in the Suurberg mountains, is an exception. 

This stream is perennial and draining Witteberg quartzite has 

relatively clear, good quality water. Jubb (1965) reports a 

population of ~.~ from this locality. 

The Swartkops River flows south-east into Algoa Bay via the strike 

valleys of the Great Winterhoek and Elands mountains (Fig. 2.6). 

Rainfall within the catchment is high (650-700 rom per annum) and the 

streams are mainly perennial. The water of the mainstream, from 

Table Mountain formations, is usually mildly acidic and clear 

(Harrison & Agnew, 1962). The large tributary from the Elands 

mountains runs across an isolated outcrop of Bokkeveld slates and is 

alkaline. The lower reaches of the river run over the marine beds of 

the Uitenhage· CirotJp which increases the salinity. These lower reaches 

are also influenced by industrial and urban effluents. 

The small Baakens River to the south of the Swartkops also flows into 

Algoa Bay, has a population of ~.~,and was probably connected to 

the Swartkops during lowered sea levels. 

The Orange River System 

This is the largest river south of the Zambezi. It arises in the 

Drakensberg highlands and high p1at'eau regions on the eastern side of 

the subcontinent and gathered into two major tributaries, the Vaal in 

the north and the Orange itself, flows westward to reach the Atlantic 

Ocean. The middle and lower reaches flow through progressively drier 

terrain so there is relatively little inflow from these regions. 

In the Drakensberg the source tributaries are derived from seepage 

bogs which provide clear acidic waters when not affected by man-made 

envirornnental disturbances (Grobbe1aar & Stegmann, 1976). Large 

waterfalls are common but river gradients are not necessarily steep. 

The Tsoe1ikane River where Q.guathlambae is found meanders in a ,broad 

valley and frequently forms ox-,bo-w cutoffs. 
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Several large impoundments have been built on the middle reaches of 

the system. Since dropping from the high altitude regions the source 

rivers cross Beaufort sediments which contribute large quantities of 

dissolved and suspended matter (Keu1der, 1979) making the system 

extremely turbid. The Augrabies Falls mark the boundary of the lower 

Orange. Although there is little autochthonous inflow from the lower 

reaches at the present time there is e~idence that the Molopo and 

Fish Rivers from the north were formerly extensive tributaries 

(Wellington, 1958). 
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CHAPTER 3 

TAXONOMY OF REDFIN BARBUS.SPECIES 

Introduction. the taxonomic history of the redfin Barbuj species 

The taxonomic history of the redfin Barbus species extends back one 

hundred and forty odd years. The first redfin species, Barbus 

(Pseudobarbus) burchelli was formally described by Sir Andrew Smith 

in.184l. Smith records that the species was well known to the local 

inhabitants as the "rooye vlerk carper", the Dutch for "redfin minnow". 

A colour illustration of the fish was provided but no mention was made 

of any specimens on which the illustration or the description was based. 

The only reference made by Smith to a collecting locality was "various 

rivers of the Cape Colony". 

In the light of a later discovery that there·are two closely similar 

redfin species in the south-west Cape, the precise identification of 

Smith's (1841) ~.burchelli is open to debate. Three factors suggest 

that it is unlikely that the problem can be uneqUivocally solved: 

there are no type specimens known, the original description is 

entirely qualitative, and the illustration is clearly inaccurate in 

those details necessary to provide positive identification. With 

regard to this latter point Barnard (1943) and Greenwood & Crass (1959) 

have exposed the inaccuracy of Smith's artists'illustrations of 

other species in the same work. An examination of the illustration 

of ~.burchelli indicates a lateral line scale count of 46 - many more 

than is known to occur on any of the redfins with a double pair of 

barbels. 

Castelnau (1861) briefly described a new genus and species, 

Gnathendalia vulnerata from the Genadendal Mission on the Riviersonderend 

(Breede R. System). The description was based on two skins 

originally sent to the Paris MUseum but now housed in the British 

MUseum (Natural History). Castelnau (18:&1) reported of the species 

"Les habitants lui donnert le nom de Rui-flerke". 
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Barbus ~ was described by Peters (1864) from three specimens 

collected in the 1820' s by Ludwig Krebbs from the "Cape of Good Hope". 

No further specimens of !.~ were identified during the following 

century until the species was correctly recognised by Jubb (1965). 

The reason for this failure to recognise the species was probably 

because Peters (186i#) failed to record any coloration and also only 

recorded a vague locality (Cape of Good Hope). The fact that no 

colour was recorded is not surprising in view of ,the 40 years lapse 

of time between the collection of the specimens and their description. 

The next step in redfin taxonomic history was made in the catalogue 

of Gunther (1868). The genus Gnathendalia was synonymised with 

Barbus while the species Q.vulnerata was referred to an earlier 

species, Barbus gobionides Cuvier & Valenciennes (1842). Boulenger 

(l905b> accepted !.gobionides but subsequently,he (Boulanger, 1911) 

reversed the synonymy and re-erected !.vulneratus. No reasons for 

this decision were given. It is however understood (Greenwood pers. 

camm., 1978) that Boulenger examined the types of Gnathendalia 

vulnerata, and therefore probably made the decision in the light of 

the inadequate description of !.gobionides, compounded by the fact 

that the type skin was mrussing. In a major review of the fishes from 

the~outb-l-west Cape, Barnard (1943) showed that, in the absence of 

any type specimens, it was impossible to include any redfin or other 

species under !.gobionides,~ 

Barbus multimaculatus was described and figured by Steindachner (1870). 
i 

Boulenger (1905~placed the species in the synonymy of !.vulneratus 

and used Steindachner's figure for a description of !.vulneratus in 1911. 

The new redfin species were described and figured by Boulenger (1911) 

from material received from the South African Museum. The first was 

Barbus burgi from three specimens collected in the Berg River near 

Paarl. The second was Barbus asper which was named after the rough 

tubercles prominently developed on the head of the male holotype. 

At the time no mention was made of any red fin colouration in either 

of these two species. 

Boulenger (1911) also provided descriptions and illustrations for two 

other redfins !.burchelli and !.vulneratus. His description of 
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B.burchelli was based on three specimens from the Eerste River and 

four juveniles from Dee1fontein. The latter specimens were later 

shown by Barnard (1943) to be Barbus anoplus weber:i1897). The 

description of !.vu1neratus was based on two adults from the 

Riviersonderend and three subadu1ts from the Baakens River near Port 

Elizabeth. The Baakens River specimens were also shown by Barnard 

(1943) to be incorrectly assigned and are now referred to as !.~. 

In their monograph on Southern African freshwater fishes Gilchrist & 

Thompson (1917) followed Bou1enger's account of the redfin species. 

Several of the errors made by Bou1enger (1911) were therefore carried 

over and in consequence much new material available to Gilchrist $nd 

Thompson was misidentified. Two other errors made by Bou1enger (1911) 

not yet mentioned involve the illustration of !.anop1us which was in 

fact a specimen of !.~ (as it is now known), and that the 

illustration of !.~ was of a subadu1t of !.burgi. Gilchrist & 
Thompson (1917) confused specimens of !.asper with !.anop1us which 

they described as a "rooiv1erk" or "redfin". 

Smith (1936) described a new redfin species, Barbus senticeps, from 

the Kramme River, to the west of the Gamtoos. The species had 

particularly large scales and a single pair of long barbels and was 

considered to be close to !.anop1us and !.~. These considerations 

were probably based on the misidentified !.anop1us of Gilchrist & 
Thompson (1917) and the erroneous account of "!.~" in Bou1enger (1911). 

Two important contributions to redfin taxonomy were made by K.H. Barnard 

in 1938. In the first Barnard (1938 a) described a new species, 

Labeo guath1ambae, from material reported to have been collected in 

the Umkomazana River and deposited in the Natal MUseum. Although 

described as a Labeo the species had definite Barbus characteristics. 

The very small scales were distinctive and Barnard remarked on the 

traces of orange colour at the bases of the fins. 

In a second paper Barnard (1938 b) published his preliminary findings 

on the Barbus species from the Cape Province. In addition to 

correcting the numerous errors of Weber (1897), Bou1enger (1911) and 

Gilchrist & Thompson (1917) three new redfin species were described: 
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!.calidus, !.tenuis and !.phlegethon. Barnard gave' tyfa 

localities only as river systems and provided no reference to type 

specimens. More detailed descriptions and references to collecting 

localities as well as tables of growth changes were later provided by 

Barnard (1943). 

The revision of the indigenous freshwater fishes of the south-west 

Cape (Barnard, 1943) was a major milestone in the history of the 

redfin Barbus species. The species were recognised as a distinct 

group, the many errors of previous authors had been corrected and 

certain taxonomic changes made. The~ ge-0graphical distribution of each 

species was also for the first time reasonably completely plotted. 

The species of redfins and their distribution as recorded by 

Barnard (1943) maybe summarised as follows: 

Barbus calidus 

Barbus burchelli 

Barbus vulneratus 

Clanwilliam Olifants River System, 

Berg and Eerste River Systems (!.burgi is a 

synoRym of this species), 

Breede and a~Jacent rivers, 

Barbus Ehle&ethon Clanwilliam Olifants River System, 

Barbus tenuis 

Barbus '~aEer 

mountain tributaries of the Gourits River System, 

the mainstreams of the Gourits and the Groot River 

of the Gamtoos System (including a "variant" form 

in the southern coastal rivers and the mountain 

tributaries of the Gamtoos River System)" and 

B'arbus senticeps rivers of the Eastern Province including the 

Swartkops, Baakens and Kramme River Systems. 

In addition Barbus anoElus had been definitely shown not to be a redfin. 

The success which Barnard had in elucidating redfin taxonomy was 

partly due to his extensive field experience. This experience was 

limited in the east and it is largely here with !.asEer and !.senticeEs 

(= !.~) that the taxonomy was not entirely satisfactory. !.asEer 

from the Gourits System and from the Groot River (Gamtoos System) 

agreed with the descriptions given by Boulenger (1911). In the 

mountain tributaries of the Gamtoos and coastal rivers around Knysna 

Barnard found "local varieties" which had larger scales than the 

typical form. The situation was further complicated by the fact that 

!.senticeEs was present in rivers to either side of the Gamtoos but 

not in the Gamtoos itself. 
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The redfin species were subsequently reviewed by Jubb (1965). 

Seveial nomenclatural changes were introduced.; ~.~ was substituted 

for ~.senticeps, ~.burgi was resurrected in place of what Barnard called 

~.burchelli, and ~.burchelli replaced the name for Barnard's ~.vulneratus. 

The substitution of ~ for senticeps was made in the light of a 

re-examination of the type specimens of ~.~. The reasons for the 

change of nomenclature affecting ~.burgi and ~.burchelli were more 

complex. Barnard (1943) had already stated that it was difficult to 

decide which species of red fin (i.e. the Berg River form or the Breede 

River form) Andrew Smith had originally referred to in his description 

of ~. burchelli. P .H. Greenwood:;(;BMNH).<~ompared the type skins 
'cc_ - ; - r!"- -- -~ 

of Gnathendalia vulnerata ~ith Smith' s ~.burchelli description for 

Jubb and concluded they were synonymous. On this basis Jubb (1965) 

referred the Breede River species to !.burchelli. He then required 

a name for the Berg River species for which Boulenger's ~.burgi was 

available. 

In addition to these changes Jubb (1965) made the following useful 

contributions to knowledge of the species". . He provided for the first 

time full illustrations of !.calidus, ~.phlegethon, ~.tenuis and ~.~, 

discovered an isolated population of ~.~ in the Sundays River 

System, and recorded the polytypic nature of ~.~, suggesting that 

this may be the reason why the species had not previously bean recorded 

from the Gamtoos River System. 

The redfins were again dealt with byJ'Ubb (1967) but the accounts were 

essentially the same as those given in 1965. One notable development 

concerned ~.calidus. During surveys of the Clanwilliam Olifants 

River System a collection had been made of a ~.calidus-like form 

which differed from typical ~.calidus tn two essential respects, 

namely in having a nonserrated dorsal spine and seven branched rays 

in the anal fin. !.ca1idus has a strongly serrated dorsal spine and 

sixsbranched rays in the anal fin. At the time Jubb (1967) did not 

have sufficient material to study the aberrant population further. 

Skelton (1974~. appendix 3) studied this population and concluded that 

it represented a new species, Barbus erubescens. There were several 

differences between it and ~.calidus other than those which Jtibb . had noted 
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but the outstanding feature was the number of anal fin branched rays 

which is greater than in any other Barbus species as far as is known. 

Another development since Jubb (1967) concerns the species described 

by Barnard (1938) as Labeo quathlambae.>--Jubb(l966). queried the 

generic status of the species and Greenwood & Jubb (1967) referred it 

to a new genus, Oreodaimon. Skelton (1976) suggested that Q.quathlambae 

is closely related to the redfins, a problem which is examined f,u,rther 

in Chapter 5. 

The remainder of the present chapter will consider the taxonomy of the 

redfin species in the light of problems which have not yet been solved 

or which have arisen subsequently to Jubb (1967). Briefly these may 

be summarised as follows: (a) The status of !.burgi relative to 

!.burchelli. At present the st~us of the species rests on dubious 

characters, the delayed appearance of anterior barbel~ a slight 

difference in scale size which is not clear cut and possibly difference 

in size at maturity. 

(b) The status of ! . .!!!!., !.asper, ! . .!!!!. in the Gamtoos River and 

!.asper in the southern coastal rivers. The problem is that typical 

!.asper is clearly differentiated fram typical !.~ on scale size. 

However Jubb (1965; 1967) has shown that both species have wide 

intraspecific variation in this character and there is no clear way 

at present of positively identifying the populations in the Gamtoos 

mountain tributaries or those from the southern coastal rivers, which 

are:intermediafreiI1: scale size. The populations from the southern 

coastal rivers will, in this report, be referred to as !.asper (variant). 

(c) The status of !.tenuis. !.tenuis was described without 

reference to type specimens and Jubb (1965) reported that these 

were lost. According to Barnard (1943) the species has two main 

diagnostic characters which separate it fram !.asper and !.~, 

slender shape and the absence of tubercles on the head of breeding 

males. However recent9011ections had shown that there were specimens 

which appeared to be !.tenuis but did have tubercles on the males. 

The reliability of body shape was open to question as this is ~nown 

to vary widely in cyprinid specie~ and therefore the status of !.tenuis 

was open to question. 
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With the need for a comparative study of the phylogeny of the redfins 

in mind, the taxonomic status of all the redfin species has been 

reviewed below. 

Materials and Methods 

The following taxonomic account of t,he redfins is divided into three 

sections: 

(a) an inter- and intraspecific comparison of each character in turn; 

(b) general conclusions on the status of the species, and 

(c) summarized- species accounts. 

There are several rea!,!ons for adopting this approach rather than a 

detailed species by species account. Firstly it focusses attention 

on each character which, it is believed, permits a more careful 

assessment of the taxonomic worth of each character. This was 

particularly important for those characters which have been studied 

for the first time in the redfins. Secondly it means that each 

character is discussed in detail once and not several times. This 

facilitates the comparison of variation, extent of sexual dimorphism 

and allometry, all of which have been studied in greater detail than 

in any previous account of the redfins. Thirdly the redfin programme 

is intended to form a foundation on which'future southern African 

cyprinid studies can be based. A comparative study of this sort 

promotes insight into the nature of individual characters at three 

distinct levels viz., the infra-, interspecific and supraspecific 

level. It was also realised at the outset that the taxonomic prob1ems 

of the redfins are basically those of refinement - where sound decisions 

could only be made in the light of a detailed knowledge of the characters 

concerned. Finally the taxonomy of the redfins was a preliminary step 

towards the study of the phylogeny of the species. The methods 

employed in the phylogenetic study are based on the evaluation of each 

individual character and not on the general similarity or differences 

of the species. 

Char acters: Definitions and Methods 

Both quantitative and qualitative characters have been employed in the 

study. Quantitative characters include both linear measurements and 



--------------------------- ~"--~----------------

I 
, I 

Hd 

I 

I 
IS 

® 

Fig. 3.1 

29 

SL 

PreD Post D 

H 

P-A 

Linear measurements as taken in this study. Abbreviations: 
Ab - anal fin base; Ah ~ anal fin height; B - barbel length; 
Bd - body depth; Bw - body width; CPd - caudal peduncle 
depth; CPI - caudal peduncle length; Db - dorsal fin base; 
Dh - dorsal fin height; H1 -head length; Hd - head depth; 
o - orbit diameter; PI - pectoral fin length, P2 - pelvic 
fin length; PO - postorbit length; P-A - pelvic to anal fin 
length; P-P - pectoral to pelvic fin length; Post D - post 
dorsal length; Pre D - predorsal length; 8 - snout length; 
8L - standard length. 
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Measurements and orientation of pharyngeal bones and teeth, 
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(a) postero~edial view of the left pharyngeal bone, row I = 
majrr or inner row, II = middle row, III = minor or outer row. 
Teeth in major row are numbered, the first being the dorsal 
tooth,on dentigerous or ventral surface; (b) antero-lateral 
view of left pharyngeal bone, L = length; W = width; ps = 
dorsal or pitted surface; (c) orientation A = anterior, 
D = dorsal, V = ventral, L = lateral, M = medial. 
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proportions, and meristic characters. Measurements were taken with a 

vernier calipers and recorded to the nearest 0,1 rom. Measurements 

of the pharyngeal bones were made with a stereo-"microscope fitted 

with a graticule. The results were analysed by "population" (i .e. 

a statistical sample of about 30 individuals from a single locality) 

of both sexes combined,and for each,sex separately. Specimens were, 

as far as possible, of adult proportions i.e. larger than 50 rom SL. 

(Barnard, 1943). Th~s was done tanninimise bias due to allometry. 

Separate samples of as wide a size range as possible were used to 

assess allometry. 

Methods of analysis included the graphical comparison of descriptive 

statistics (Dice diagrams of Hubbs &'Hubb~ 1953); comparison of 

graphical plots of each species or species sub-group; Students "T"­

tests and regression analysis. 

Linear measurements (Fig. 3.1 A, B) were taken as in Hubbs & Lagler 

(1958) with the following exceptions or clarifications. 

i) All measurementsfM~hhe anterior end of the head were taken 

from die anterior point of the symphysis of the retrracted 

premaxillae. 

it) Measurements on the hetid (e.g. orbit diameter) were taken 

from the bony margins of the elements concerned. 

iii) Predorsal and postdorsal lengths were taken along the 

horizontal line to the point of intersection of the vertical 

through the base of the leading dorsal ray. 

i v) 'B~,ct0:r,a:L~,~iH~,tviclength; iis::"the",me,dian,measuremef1.u·'.:;between, 

the posterior margins of the bases of the pectoral and pelvic 

fins. 

v) Pelvic to anal fin length is the median measurement from the 

posterior margins of the base of the pe~vic fins and the base 

of the first anal fin element. 

vJ.:) Pharyngeal bones (Fig. 3.2 A, B) were measured according to 

Chu (1935). The pharyngeal bones were dissected out, 

macerated in trypsin for a few days, and then mechanically 

defleshed and dried. Orientation of the bones for descriptive 

purposes is shown in Fig. 3.2 c. 
vii) Measurements were taken on the left side except where damaged. 
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Fig. 3.4 Symbols used in dice diagrams. 



----------------------------------------- ----------------

Fig. 3.3 

33 
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Diagram showing meristic measurements as taken in this study. 
Abbr.eviatiens.:. A pt. 1 - first anal fin pterygiophore; 
B - branched rays; CP - caudal peduncle scale rows; Dpt 1 -
first dorsal fin pterygiophore; L-A - lateral line to anal 
fin scale rows; L-D - lateral line to dorsal fin scale rows; 
L-L - lateral line scales; L-P lateral line to pelvic fin 
scales; PCR - principle caudal fin rays; PU1 + U1 - compound 
ural centrum; Sn - supraneura1 bones; U - unbranched fin rays; 
W - weberian vertebrae; 4 - 4th vertebrae; 10 - last vertebrae 
before dorsal fin; 16 - first caudal vertebra; 17 - last 
vertebra before anal fin. 
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The length of the intestine was taken according to Snelson 

(1971). The tract was severed immediately behind the transverse 

septum of the body cavity and at the anus. Viscera were 

detached and the tract straightened and pinned onto a board, 

without stretching. Length W,a,s', measured to the nearest 

millimetre with vernier calipers. 

Measurements are expressed as % SL with the followr.i.ng exceptions: head depth_ 

snout length, orbit diameter, postorbital length and interorbital le~gth are 

expressed as % HL, barbels are expressed as% orbit diameter. Results of 

measurements are expressed in the form of dice diagrams)explained in Fig. 3.4. 

Meristic measurements. Meristic values are expressed with the number 

of individuals in parenth~is. Scale and fin ray counts were made 

according to Hubbs & Lagler (1958) (Fig. 3.3 A) except for the predorsal 

scale rows which were taken as in Snelson (1972). This count records 

oblique scale rows crossing an imaginary line between the anterior 

base of the dorsal fin and the posterior margin of the head. Single 

scales interposed between two otherwise regular rows are omitted. 

This method was used because the predorsal scales of the redfins are 

often small, without a ragular median series. 

Branched and unbranched rays are considered s,p;parately in the case of 

the dorsal and anal fins, but all rays are included in a single count 

in the case of the pectoral and pelvic fins. Caudal fin rays include 

only the principle C~4-da1 rays (branched caudal rays plus one dorsal 

and one ventral unbranched ray). 

Postcranial skeletal meristics (Fig. 3.3 B) were taken using radiographs. 

Total vertebral counts include the Weberian apparatus as four and the 

ural centrum (PUI + Ul) as one unit. The first caudal vertebra was 

taken as the first vertebra with a closed haenal arch. This is 

detected as a distinct bright exposure point on radiographs. Vertebr~e 

before the dorsal fin and vertebrae before the anal fin include all 

vertebrae up to and including that which is opposite or immediately 

ahead of the respective first dorsal or anal pterygiophore. 

Supraneural bones include all independent units between the neurocranium 

and the first dorsal pterygiophore. 
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Redf!n samples used in the morphometric and meristic prograume. Locality 

numbers are shown in Fig. 3.,5 

Locality Fig. 3.4 
Species Museum Re~. No. ~'-~ A or B (River- System) 

LocaUtl No. 

~.~ Al'l/p 1411, 3463 Witte R. (Breede) 23 

Al'l/p 2079 KUpplaas R. (Breede) 19 

Al'l/P 2077 KabOllS R. (Breede) 20 

Al'l/p 3472 Duivenhoks R. 18 

Al'l/p 1368 Hex R. (Breede) 24 

Al'l/p 1566 Keisers R. (Breede) 21 

SAl'l 18731 Riviersonderend R. (Breede)22 

]i.burg! Alifp 2076, 1578 Krom R. (Berg) 27 

AM/P 1874, 1875 Ver lorenvlei R. 28 

SAl'l18747 Berg R. at Groot Dr\\eert"n 26 

SAM 4695, 5090 Eerste R. 25 

BM(NH) 
1901-2-11: 14,16 Berg R. (ex SAl'l 4696) 

SAl'l 4696 Berg R. 27 

!.phlegethon SAl'l 22484 OHfants R. 29 

SAl'l 22749 Olifants R. 29 

SAl'l 22483 DUfants R. 29 

Al'l/p 722 Thee R. (OUfants) 30 

Al'l/p 1394 Keeran, (OUfants) 29 

Al'l/p 1852 Jan Diessels R. (OUfants) 32 

Al'l/P 1863 Noordhoeks R. (OUfants) 30 

Al'l/P 2054 Driehoek R. (Dlifants) 35 

!.~ Al'l/P 2081, 1935, 
608 (Gourits) 

Al'l/P 2666 Waterkloof R. (Gourits) 15 

Al'l/p 2667 Kruis R. (Gourits) 16 

Al'l/p 3186 Keurbooms R. II 

~.~ Al'l/p 609 Witte R. (Sundays) 1 

AM/P 745, 2524 Elands R. (Swartkops) 2 

AM/P 766 Baakens R. 3 

Al'l/p 2651 Kronme R. 8 

----------- - - ---------------------
~.!!!r (Gamtoos) Al'l/P 1415 Loe-rie R. (Gamtoos) 4 

AM/P 1374, 1375 Goega R. (Gamtoos) 5 

Al'l/P 1921 Wit R. (Glntoos) 6 

Al'l/p 2651 Kromme R. 8 

!.~ (variant) Al'l/p 2652, 2654 Bloukrans R. 9 

Al'l/p 2656 Groot R. (Natures Valley) 9 

Al'l/P 2659 Keurbooms R. 10 

Al'l/p 1790 Knysna R. II 

AM/P 110, 584 Homtini R. (Goukanma) II 
- ----------- - - - -- ------ ------ - - - - - - - -
~.asper Al'l/p 1744 Groot R. (Gamtoos) 7 

Al'l/p 2663 Karrmanassie R. (Gourits) 13 

Al'l/p 1699 Groot R. (Gourits) 17 

AM/P 607 Meiringspoort (Gourits) 14 

~.~ Al'l/P 1871 Ratels R. (Otifants) 29 

Al'l/P 1862 Noordhoeks R. (Olifants) 30 

Al'l/P 1797, 1371 Rondegat R. (Olifants) 31 

AM/P 1850 Jan Diessels R.(Olifants) 32 

Al'l/P 1844 Tra-Tra R. (OHfants) 33 

Al'l/p 1855 Matjies R. (OUfants) 34 

Al'l/p 1857 Breekkrans R. (Olifants) 34 

~.~ Al'l/p 1867,2045, 
2049 Twee R. (OUfants) 36 

Al'l/P 1866, 2075 Midde1deur R. (Olifants) 36 

Al'l/P 2074 Suurv1ei R. (Olifants) 36 

~ guathlambae AM/P 1540, 1877, 
1823, 
3473 _ 34"18 Tsoelikana R. (Orange) 37 

Al'l/P 1479 Moremoholo R. (Orange) 38 

Al'l/p 3480 Scnqu R. (Orange) 39 

SAM 19018 Umkomazana R. (lhnkomaas) 40 
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Localities of samples used in-the morphometric and meristic 
study of redfin species, (a) south coastal localities, 
(b) localities of O.quath1ambae samples. Locality numbers of 
samples are given in Table 3.1. 

\. 
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Scale radii were determined from five scales per specimen ta.ken from 

the following 'body regi·ons·: anterior to the dorsal fin above and below 

the lateral line, posterior to the dorsal fin above and below the 

lateral line, all on the right hand side of the specimen. The scales 

were stained with alizarin red, defleshed and examined under a stereo 

microscope. Primary radii were considered as those extending more 

or less from the focus to the scale margin. Scales with a diffuse 

focus were excluded. In all the redfin species there are radii on 

all the fields of the scales. 

Material 

All redfin material used in this study is recorded in Appendix 1. 

Those samples used specifically in the morphometric and meristic 

analysis are given in Table 3.1 and their respective localities are 

shown in Fig. 3 .!~~ Osteological material used is recorded in Appendix 2. 

A recent stirveyof "rivers in the Cape by the Cape Deplirtment of 

Nature and EnvironmentaLConservation has provided many new locality 
, 

records i and sample of redfins. Appendix 1 records most of the 

availabte redfin material. 

There ate relatively few specimens' of Oreodaimon Quathlambae , 
available and most of theEl·~ are adult specimens. The samples are 

inadequ$te for assessing the geographic variation of the species. 

Some aspects have however, been recently recorded by Gephard (1978). 

Presentation and· delimitation of taxonomic groups during analysis 

The tax~namic ~~~~hg~ referred to during the analysis are those 

established by Jubb (1967), Greenwood & Jubb (1967) and Skelton (1974 b). 

There was some doubt as to which species certain populations of 

redfins should be referred to and these were therefore treated 

separately ·an~ labelled as ]i.asper (variant) and ]i.~ (Gamtoos). 

]i.asper (variant) refers to those populations found in .the coastal 

st~eams between the mouth of the Gourits and the Gamtoos River Systems 

with the exception of the Kramme River to the west of the Gamtoos. 

]i.~ (Gamtoos) refers to those populations of redfins from the 

mountain tributaries of the Gamtoos River System. 
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TABLE 3.2 

The maximum size of r~fin Barbus species 

Species 

! :W'lIlqhe 11i 

~.burgi 

~.ph1egethon 

!.tenuis 

!.~ 
B.afer (Gamtoos) -- . 

~.asper 

!.asper (variant) 

.Q.guath1ambae 

!.calidus 

B • erubescens -

* Barnard (11),43) 

** Jubb (1965) 

*** Gephard (1978) 

Max. size (~1his study) (SL nnn) 

136 

109 

71 

80 

82 

80 

80 

104 

102 

84 

95 

Literature 
(corrected SL) 

95 ** 
120 ** 

70 ** 
85 * 

100 ** 

118 ** 
130 *** 

95 ** 
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As this investigation progressed it was evident that the redfins 

separated naturally into two groups, the first of !. calidus and 

!.erubescens, and the second canprising ~.burchelli, !.burgi, !.phlegethon, 

!.tenuis, !.afer, !.asper and .2..quathlambae. To facilitate repetitive 

reference to these species they will be referred to as the "serrated-rayed" 

and "flexible-rayed" redfins respectively in reference to a character of 

difference in the last unbranched dorsal fin ray. 

The results are presented in a consistently specific order. This order 

was detennined by the ~ priori taxonomic proximity of the species as 

implied by previous reviewers (viz . Barl1ard 1943; Jubb 1965, 1967). 

This is not intended to introduce prejudice but rather to facilitate 

comparison of the results. The order of presentation is !.burchel1i, 

!.burgi, !.phlegethon, !.tenuis, !.afer, !.afer (Gamtoos), !.asper, !.asper 

(variant), .2..quathlambae, !.calidus, and B.erubescens. 

Results 

Size 

Barbus species are frequently divided into "large" and "small" cat.~(!lries. 

Barnard (1943) considered a species which attains a SL greater than 150 mm 

to be "large". A "small" Barbus does not exceed this size. The division 

is nevertheless arbitrary as Jubb (1967) regarded !. argenteus as a "small" 

species,yet reported that specimens up to 195 mm SL wer€ known. On the 

divis ion allocated by Barnard (1943) the redfins are all "small ,I spectes 

(Table 3.2). The term is relative and to distinguish these from Barbus­

species which are adults normally less than 50 mm 5L a better description 

of the redfin~ would probably be that they are "medium" sized s'pecies. 

The maximum size recorded for a redfin species is 134 mm 51. (Table 3.21 

for a specimen of !. burchelli. Gephard (1978} reports a specimen of 

O. quathlambae of 143 mm total length which would also be in the region of 

130 mm SL. Apart from these two exceptions the table of max~um size 

recorded for redfin 'species pt;'Qvi:de.s- a, ;t;ea,s;ona,li1e gui'de tQ t.he ma.xiJn,um 

size of larger spe.cUnens in museum, S'a.n\ples. The.t;'e a,IJ;le no Q1,lt$,ta,ndwg 

differences :i:n size attained except :i:n tfie ca,se o~ !,~p'M~e:~n, ~~lige 

adults in most of th.e species reach a s-ize of between 80 and 110 mm SL. 

In !.phlegethon equivalent specimens a,re usua,lly less than 60 mm. SL. 
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Fig.~ 3.6 Standard length statistics for samples of redfin Barbus species 
and Q~ qua.thlambae. Data in Appendix 4, Table 1. 
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Fig. 3.7 ... 
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Head length (% SL) of redfin Ba.:tbus species and Q. quath1ambae. 
Data in Appendix 4 Table 2. 
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The mean standard length of the species and species groups samples 

considered during the morphometric and meristic programme (Fig. 3.6) 

are within a similar magnitude for all the species except ~.phlegethon 

and £.guathlambae. The low SL of ~.phlegethon samples reflects the 

smaller size of the species but the higher mean for £.guathlambae 

reflects the available samples which are biased towards larger 

specimens. 

Head length (Fig .3'.1) 

Head length is a conservative character in redfin species.The 

results indicate that the head of O.quath1ambae is relatively 

short. The head length-standard length function for this species 

is linear so that the result is not ascribed to'negative allometry. 

The head length of ~.asper (variant) is greater than in ~.asper or 

~.~ populations. If the head length ratio of individual 

populations are plotted in a geographical sequence (Fig. 3.8) an 

east-west clinal increase'is 'recorded~ Similar clines are noted 

below for other measurements (especially fin lengths) and it seems 

that a common explanation is possible viz. that the differences are 

due to environmental differences (see page 52). 

Head depth (Fig. 3.9) 

The head depth is relatively short in ~.tenuis and £.quathlambae 'and 

relatively deep in ~.burgi and ~.phlegethon. The results also 

indicate a wide intraspecific variation in the head depth;:head length 

ratio in the redfins. Although a signtficant difference between the 

head depth in ~.burgi and ~.burchelli is indicated it has been found 

that the difference is not consistent between populations and that 

in both species intraspecific differences are sometimes greater than 

interspecific differences. 

Snout length (Fig. 3.1O)and Orbital diameter (fig .. ' 3.13) 
. ; 

The snout to head length 'ratio is similar in the redfin species. 

A more useful relationship is described between ,the snout length and 

the orbit diameter (Fig. J.ll) which illustrates an interesting 

difference between the serrated-rayed and the flexible-rayed species. 

In B.calidus and B.erubescens the plot of orbit diameter against snout 
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Fig, 3.8 Head length (% SL) of individual samples of B,afer, B,asper 
(variant) and !~asper, Data recorded in Appendix 4-Table 3, 
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Fig. 3.9 Head depth (% HL of redfiti.·Batbus species and 2. ~ quathlambae. 
Data in Appendix 4 Tablet.. 
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Fig. 3.10 Snout length (%HL) of redfiri.Batbus species and Q. 9,uath1ambae. 
Data in Appendix 4 Table 5 ... 
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Fig. 3.13 Orbit diameter (% HL) of redfirt'Batbus species and Q. quath1ambae. 

Data given in Appendix 4 Table 6. 
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"Fig. 3.11 

Fig. 3.12 

The relationship betw~en the orbit diameter and the length of 
the snout iIi !."asper, !.calidus and !.etubescens. 

® 

A diagrammatic comparison of relative changes in the size of 
the orbit in (a) B~asper AM/p 2663, juv.- 20 mm SL, adult 
80 mm SL; (b) B~c&lidus AM/P 1371 juv. 1,7 mm SL, adult 
7,6 rom SL. Figure drawn with camera 1ucida. Scale bar = 5 mm. 



45 

I -r -, -r T I' I I I , 
B.burchelli I 

burgi , 
phlegethon , 
tenuis· , 
!!!! 

, 
~Gam. I 

~ 
, 

a spe r var. I 

O.quat hlambae , 
B.calidus I 

erubescens I 
3,7 3,9 4,' 4,3 4,5 4.7 4,9 5,' 5,3 5,5 

POSTORBITAL LENGTH (% HL) 
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O.quathlatilbae. Data given in Appendix 4 Table 7. 

~ -
-'---________ ----"'."l_ 

I r I I , , 
B.burchelli 

~ 
phlegethon 

~ 

afer 

~ Gam. 

~var. 

O.quathlambae __ ...... __ d:' ::11 ____ _ 

B.calidus 

erubescens 

2,4 

INTERORBITAL LENGTH (%H L) 

r , , 

, 

5,7 

------------------------- ---------~-----

Fig. 3.15 Interorbital length (% HL) of redfin Barbus speci~~ and 
.Q.quathlambae. Data given in Appendix 4 Table 8. 
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length fortil~r a linear function, suggesting that the relative change 

in proportion between the characters is small. In the flexible-rayed 

species on the other hand (e.g. !.asper) a curvilinear fUnction is 

described indicating a relatively large proportional change between 

the characters with growth. The difference between the serrated-

and flexible-rayed redfins is evident in a comparison of the head of 

similar sized juvenile and adult specimens (Fig. 3.12). From this 

it seems that the orbit diameter in the flexible-rayed species does 

not maintain the same growth tempo that it does in the serrated-rayed 

species. 

This finding has important implications for the interpretation of the 

results on the orbit diameter (Fig. 3.13). In the flexible-rayed 

redfins the differences in orbit diameter reflect more or less 

inversely the differences in the size of the specimens examined 

e.g. a large orbit in !.phlegethon,a small species, and a small orbit 

in .Q.guathlambae of which mainly larger specimens were examined. 

On the other hand. Figure 3.11 suggests that there is a useful taxonomic 

difference between the orbital diameter of !.calidus and !.erubescens. 

Postorbital length (Fig. 3.14) 

Apart from .Q.guathlambae the postorbit shows no outstanding differences 

between the flexible-rayed redfins. The opercular bone 

is relatively elongated in .Q.guathlambae and possibly explains the 

longer postorbit in the species. The opercular of !.tenuis is also 

elongated and it is noted that the~t0!t:b,i~al .r:atio is. ~a1"so slightly 

higher in this species. 

The difference between the postorbital ratio of !.calidus and 

!.erubescens (Fig. 3.l4)'CC)£r'elate~r inversely with the difference 

between the orbital diameter of the two species which suggests that 

the two measurements are complementary. 

Interorbital length (Fig. 3.15) 

Differences between species are evident in the interorbital length, 

e.g. between !.burgi and !.burchelli or !.calidus and !.erubescens. 

The interorbit is narrow in .Q.guathlambae. The interorbit does not 
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(A) Predorsal length (%SL) and (B) postdorsal length (% SL) 
redfin Barbus species and O.quathlambae. Predorsal and 
pos~dorsal length are complementary in SL. Data given in 
Appendix 4 Tables 9 and 10 respectively. 

(A) Head length (% SL) and (B) predorsal length (%SL) of 
samples of B.burgi showing correlation between the two 
measurements. Data given in Appendix 4 Tables 11 and 12 
respectively. 
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correlate with the width of the neurocranium. ~.tenuis has a broad 

neurocranium and ~.phlegethon a narrow one (Ch. 4), whereas the 

interorbit of ~.tenuis is relatively nariower than that of ~.phlegethon. 

An alternative suggestion which appears to be more explanatory is 

that the width of the inter orbit depends to a certain extent on the 

relative placement of the eyes. No quantitative data are available 

on the placement of the eyes and the differences do not appear to be 

large. However, the impression gained from handling many spec,imens 

of each species is that in those with broader inter orbits the eyes 

are more lateral, and in species with narrower interorbits the eyes 

are more dorso-lateral. 

Predorsal and Postdorsal lengths (Fig. 3.16) 

These measurements are complementary (Fig ~ 3.16) and the results 

indicate two pertinent taxonomic features (a) ~.burgi is the only 

species in which the predorsal length is usually less than the 

postdorsal length and (b) ~.calidus and ~.erubescens have relatively 

longer predorsal lengths than the other redfin species. 

The predorsa:l length in ~,",burgi is only shorter than the postdorsal 

length in populations from the,Berg River System (Fig. 3.17). A 

possible explanation for this is that the head length of these specimens 

is relatively short (Fig. 3.17 b) but it is also noted that ~.burgi 

has the lowest modal predc;>rsal fin vertebral count (Table 3.l1d)wfiieh 

could be a factor reducing the predorsal length in the species. 

~.calidus records the longest precaudal length of the redfins. This 

species has a high predorsal vertebral count (Table :3 ~~!~~~~~~ch 

possibly provides an explanation for the result. The relatively long 

predorsal lengths of ~.calidus and ~.erubescens are evident when the 

position of the dorsal fin is gauged relative to the origin of the 

pelV'itcs. The dorsal fin originates behind the pelvics themselves in 

~.calidus and over the posterior base of the pelvics in ~.erubescens. 

In other redfin species the dorsal originates over or slightly 

behind the origin of the pelvics. 
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The length and shape of the fins in the cyprinids are labile features 

which are frequently subjected to the influence of the environment. 

Fishes which are active swimmers or which are usually exposed to strong 

currents often have fins which are longer and more falcate than the 

fins of fishes from quieter environments or who are less active 

swimmers (Hubbs, 1940; Alexander, 1967). Fin form is also connected 

with functions other than locom9tiom~andcyprinids frequently show 

sexual dimorphism in fin proportions (Nikolsky, 1963). 

The dorsal fin shows relatively little interspecific variation in 

the redfins (Figs 4.18, 4.19). The base and length of the fin is 

shorter in .Q..quathlambae,than the other redfins. In the flexible­

rayed species the males have slightly longer proportions in the dorsal 

fin than the females but this is not a very marked characteristic. 

Apart from.Q..guathlambae the serrated-rayed species have slighter 

shorter dorsal fins than the flexible-rayed species. 

The length of the pectoral fin is shown in Figure 3.20 A together with 

the distance between the pectoral and pelvic fins (Fig. 3.20 B). 

Boulenger (1911) was the first to refer to sexual dimorphism in the 

pectoral fin of !.asper. Barnard (1943) established that this is a 

general trait of the flexible-raYed redfins. He qualified the 

feature by referring to the length of the fin relative to,the base of 

tl:te pelvic fins. In the males the pectorals reached the base of 

the pelvics whereas the pectorals in the females fell short of this 

point. In the juveniles (excepting those of !.phlegethon) the 

pectorals, like those of male specimens, reached the base of the 

pelvics. 

Figure 3.20 shows that there is sexual dimorphism in both the length 

of the pectorals and in the distance between the pectoral and pelvic 

fins of the flexible-rayed species. The males have longer fins and 

shorter distances between the fins which emphasizes the dimorphism. 

Non-sexual interspecific differences are not great although the fins 

of .Q..guathlambae are shorter than other redfin species. !.calidus 

and !.erubescens show no sexual dimorphism in these dimensions. 
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Comparison of the pectoral fin lengths and the distance between the 

fins (Fig. 3.20) may explain Barnard's observation noted above with 

respect to the juveniles of ~.phlegethon. Pectoral fin length in 

this species is similar to other redfins but the distance between 

the fins is greater. Thus the difference between the pectoral fin 

length and the distance between the pectoral and pelvics is greatest 

in the case of the females of ~.phlegethon and, except for Q.quathlambae, 

also the males (Table 3.3). The effective r~sult is a female-like 

appearance for both sexes of ~ .phlegethon. 

The pectoral fins do not reach the bases of the pelvic fins in 

Q.guathlambae. This is a result of the,combination of relatively 

short pectoral fins and a long pectoral to pelvic length (Fig. 3.20; 

Table 3.3). The pectoral fins are particularly long in the ~.-¥:eer 

(variant) populations (Fig. 3.20) which register the least difference 

between pectoral length and pectoral to pelvic length (Table 3.3). 

The pectorals in both sexes of these populations reach or extend 

beyond the bases of the pelvics. Usually the pectoral fins of the 

males reach the pelvic bases in ~.tenuis and ~.~ but not in the 

females. In ~.calidus and ~.erubescens the pectorals almost reach 

the bases of the pelvic fins. 

In the redfins the males have more rounded pectorals (Fig. 3.21) than 

the females. This sexual dimorphism is more evident in the flexible­

rayed species. The pectorals of ~.calidus and ~.phl~,ethon are more 

slender (spatulate) than those of the other species. 

Within the species certain populations have, as a rule, shorter or 

longer fins than other populations. Circumstantial evidence 

suggests that at least in certain cases this variation is a phenotypic 

phenomenon. For example '~he Keurbooms River population of ~.tenuis 

has relatively longer fins than conspecifics in the Gourits River 

System. The catchment of the R':e'Urboomsreceives a relatively high 

rainfall compared to catchments of the Gourits System (Midgeley & 

Pibnan, 1969) and flow is therefore most likely to be relatively 

stronger in the Keurbooms. 
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TABLE 3.4 

Mean body 1d;epths and gut lengths of three populations of ~.;burgi 

Population N M Body Depth M Gut length 
(raSL) (S.E.) (raSL) (S.E.) 

Gt. Drakenstein v
: (30) 28.21 (0.24) 291.5 (6.4) 

Krom R. (30) 26.31 (0.26) 152.8 (4.8) (N=21) 

Ver1orev1ei (30) 28.92 (0.26) 250.8 (7.9) 
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The length of the pelvic fin (Fig. 3.22 A) also shows sexual dimorphism 

in the flexible-rayed redfins, the males having lionger fins than the 

females. Again the reach of the pelvic fin is emphasised in males 

by the fact that the distance between the pelvic and anal fins is 

shorter than in the females (Fig. 3.22 B). This pelvic to anal 

length is larger in the serrated-rayed species than in the flexib1e­

rayed redfins. Interspecific differences in the length of the pelvic 

fins themselves are not large and only thepelvics of .Q..guathlambae 

are relatively short. 

The proportions.;of the anal fin are of minor interest in the redfi.ns 

(Figs 3.23; 3.24). The base of the fin is longer in ~.ca1idus and 

~.erubescens which is correlated with the increase in anal branched 

rays in these species (see Table 3.5 D). 

Body .depth (Fig. 3.25) 

Body depth was used by Barnard (1943) to distinguish between ~.tenuis 

and the similar ~.asper and ~.~. Body depth is generally an 

unreliable character in the cyprinids because it may be influenced 

by extraneous factors 's:uCh as the presence or absence of food items 

in the alimentary canal, degree of sexual ripeness, general condition, 

or the presence of parasites. In the-present study, however, it is 

found to corre1ate:,weH with the-length of the intestine. 

The redfins form two groups with regard to body depth (Fig. 3.25); 

those with a shallow body - ~.tenuis, .Q..quathlambae, ~.calidus and 

B.erubescens and the rest with a relatively deeper body. The species 

with a shallow body all have a relatively short intestine with a 

simple flexure (p. 88) and the deeper bodied forms have longer and 

more involuted intestines. To a certain extent this correlation 

is extended to populations within a species (e.g. ~.burgi populations, 

Table 3.4). 

Body width (Fig. 3.26) 

~.phlegethon, .Q..quathlambae and ~.calidus are slight1ynar:uow~l:than .• 

the other redfins. The character is of little assistance with regard 

to the particular problems within the redfin species. 
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Caudal Eeduncle length (Fig. 3.27) 

B.calidus and B.erubescens have relatively short caudal peduncles. 

Intraspecific variation in'this character is usually not outstanding 

but an exception is found in the populations of !.asper from the Groot 

River (Gamtoos) and the Gourits River System (Fig. 3.28). The Gamtoos 

!.asper have significantly longer caudal peduncles than those from the 

Gourits. This correlates with longer fins in the Gamtoos population 

which suggests the difference is related to hydrological differences 

between the two systems. 

Caudal eeduncle depth (Fig. 3.29) 

Sexual dimorphism is well marked in the depth of the caudal peduncle of 

several'redfin species, but is slight or absent in !.tenuis, !.calidus 

and B.erubescens. In species with sexual dimorphism in this character 

the males have deeper peduncl~s than the females. 

The caudal peduncle depth is notably shorter in B.calidus than in the 

other red fins • 

Barbels (Figs 3.30, 3.31) 

Cyprinid barbels are frequently employed as taxonomic characters and although 

their value is often overestimated ,(Gilbert & Bailey, 1972) they are 

~evertheless consistently present or absent in many species and are 

therefore taxonomically useful for these species. The redfins either 

have one or two pairs of simple barbels, including a posterior (maxillary) 

pair which is always present and an anterior pair which is only 

consistently present in !.burchelli, !.burgi, !.calidus and B.erubescens. 

Occasionally individuals of other species have an additional one or two 

anterior barbels. An exceptionally high incidence of additional barbels 

was recorded in certain B.tenuis populations, e.g. from the Waterkloof 

River (Gamka-Gourits) 20% of specimens examined (N=30) had additional 

barbels; 50% of these had a single extra barbel and 50% a pair of extra 

barbels. 

In those species with a regular anterior pair of barbels (Fig. 3.30) 

it is well developed from an early age in !.b~rchelli, !.calidus and 

B.erubescens. In !.burgi the anterior pair is always very short and only 

develops in individuals above approximately 45 rom SL. This provides a 

useful character of contrast with B.burchelli. 



Species (Group) N 

&.burche11i 179 

&.burgi 107 

&.phlegethon 90 

!!.~ 96 

&.~ 105 

&.~ (Gamtoos) 50 

&.asper 110 

~.asper (variant) 142 

,2.quathlambae 39 

&.~ 300 

],. erubescens 110 

Species (Group) N 

&.bur che11i 179 

&.burgi 107 
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&.~ 280 

B.erubescens 110 

60 

TABLE 3.5 

NlDllber of fin rays in redfin species 

A. Unbranched 
dorsal fin rays 

3 4 I 
I 

74 105 I 
I 

93 14 I 

63 27 I 
I 

69 27 I 

37 68 

14 36 

11 99 

54 88 

39 

10 290 

33 77 

J 

11 12 

1 

1 4 

4 

1 10 

1 

B. Branched 
dorsal fin 

rays 

6 7 8 

8 166 5 

3 102 2 

4 85 1 

6 88 2 

2 103 

50 

5 104 1 

5 133 4 

1 37 1 

1 287 12 

27 83 

I 

I 
I 

I 

~ 

C. Unbranched 
anal fin rays 

2 3 4 

130 49 

1 103 2 

85 5 

90 6 

105 

48 2 

95 15 

137 5 

39 

280 20 

1 107 2 

E. Pectoral fin rays 

13 14 15 16 17 

40 90 44 4 

4 46 42 12 2 

36 42 7 

30 48 13 1 

5 29 41 25 5 

4 29 12 5 

7 48 43 12 

9 41 68 22 2 

8 21 9 

141 116 12 

5 62 41 1 

I 4 
I 
I 

1 

I 
I 
I 
I 
I 

F. 

18 

1 

f 

D. Branched 
anal fin rays 

5 6 

171 7 

104 2 

89 1 

93 3 

104 1 

49 1 

109 1 

142 

35 4 

7 

2 278 20 

7 96 

Pelvic fin rays 

7 8 9 

7 160 13 

1 80 26 

II 78 1 

70 26 

98 7 

2 46 2 

4 86 20 

8 123 II 

4 31 3 

28 237 15 

14 96 

8 

7 
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The posterior barbels are short in ~.phlegethon and .Q.guathlambae 

(Fig. 3.31). In widespread species with isolated populations such 

as ~.~ the length of the posterior barbels 'shows considerable 

intraspecific variation. ~.~ from the Kromme River as well as 

~.asper variant populations have long barbels (Fig. 3.32), whereas 

they are of moderate length in other ~.~ and ~.asper populations. 

The posterior barbels are invariably well developed in ~.burchelli, 

~.calidus and ~.erub2scens.becoming much longer than the orbit 

diameter in adults. 

Fin Rays (Table 3.5) 

The first and second unbranched rays of the dorsal and anal fins are 

very small and difficult to count accurately. Four unbranched dorsal 

rays and three unbranched anal rays appear to predominate in the redfin 

species (Table 3.5). The form of the last unbranched dorsal ray is 

of importance. In ~.calidus this ray is bony and stout with a 

flagellate tip and a series of strong ser~ations along the posterior 

margin (Fig. 3.33 A). In ~.erubescens the last unbranched ray is 

flexible and more slender in comparison to ~.calidus. Serrations 

are present but much reduced (Fig. 3.33 B). The ray is thin and 

flexible without serrat~ons in the flexuble-rayed redfins (Fig. 3.33 C). 

The number of branched dorsal fin rays (Table 3.5 B) is conservative 

in redfin species. All species usually have seven branched dorsal 

rays, except B.erubescens which. has eight. The degree of intraspecific 

variation is higher in !.erubescens than in the other redfins which 

suggests that the character is less stable in this species. 

Variation in branched dorsal rays, albeit slight (6-8 rays), usually 

tends to a reduction from the mode with the exception of B.ca1idus. 

In the B10ukrantz River population of B.asper (variant) there is a 

tendency to increase the number of branched dorsal fin rays. Of the 

specimens examined, 13% had eight branched rays which is notable in view 

of the fact that in all other !.asper (variant) or !.asper or !.afer 

populations less than 0,25% had eight branched rays. 

All flexible-rayed species have three unbranched and five branched rays 

in the anal fin (Table 3.4 C, D). B.ca1idus is one of few African 

Barbus species with six and B.erubescens is exceptional with a mode of 

seven branched anal fin rays. 
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Pectoral fin rays are more variable, with the more western species 

tending to have lower modal frequencies (Table 3.5 E). The broad 

overlap of these counts between species precludes the usefulness of 

this character. 

Pelvic fin rays (Table 3.5 F) show less variation than the pectoral 

fin rays. Eight rays is the mode for all the redfins except ~.tenuis 

which has seven. 

There are invariably 10 + 9 principle caudal fin rays (i .e. 17 branched 

rays and one dorsal and one vencral unbranched principle ray). This 

is the usual number in cyprinids (Roberts, 1973). [Note: Howes 

(1978) questions this generalization on the grounds that he recorded 

in all the cyprinids, including Barbus species, which he examined, a 

count of 9 + 9. All the Barbusspecies I have examined have 10 + 9 

principle caudal fin rays. Both Gosline (1961) and Buhan (1972) 

have found a constant 17 branched caudal fin rays in cyprinids which, 

if the dorsal and ventral unbranched rays are included, support the 

generalization made by Roberts (1973)J. 

Scale counts (Table 3.6) 

In the past much importance has been attached to the difference in scale 

counts and the results here obtained underli'ne several of the taxonomic 

probiLiems. The only species which is clearly different in all scale 

counts is Q.guathlambae, but ~.asper also has relatively smaller scales 

than other redfins. 

The scales of ~.burgi are slightly larger than those of B.burchelli 

This has also been shown by Barnard (1943) and Jubb (1965). The 

differences recorded between these two species are not so great that 

they can be considered specifically distinct on scale size alone. 

Scale size, as represented by scale count frequencies, is the crux of 

the ~.asper - ~.~ probl¢m. The frequency distribution of the lateral 

line scales of the popUlations of the ~.asper and !.~ groups is 

given in Table 3.7. A summary of the distribution frequency of the 

lateral line scales for each "group" is given in Table 3.6 A, and 

diagrammatically as % frequency in Figu:re 3.32. 
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LATERAL LINE SCALES 

Fig. 3.32. Percentage frequency distribution of lateral line scales of B.asper and 

B.afer (A) All samples of both species combined; 

B)~- B.afer (typical),~1~j B.afer (Gamtoos) and B.asper (variant) 

samples combined ,1illIlII B. asper (typical) 

C)~- B.afer (typical) and B.afer (Gamtoos) and B.asper'(variant> 

com~ined.B.asper typical 

D)~- B.afer (typical);U]]]B.asper (typical) and B.afer (Gamtoos) and 

B.asper (variant) combined. Gr/ilph curves added by eye to assist 

interpretation. 



TABLE 3.:.2 

Frequency distribution of lateral line scales in ~ ~, ~.afer (Gamtoos),~ asper, ~.asper (variant) 

Lateral line scales 
Population 

N 125 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 

~.~ 

Sundays 40 3 4 4 12 8 9 

Swartkops 30 3 4 10 2 5 4 1 1 

Baakens 5 1 2 1 1 

Krcmne 30 1 2 3 4 9 6 1 2 1 1 

~.~ (Gamtoos) 

Couga 30 1 7 13 9 

Wit 10 1 4 5 

Loerie 10 1 3 5 1 
0-

~.asper (variant) 
V1 

B10ukrans 30 2 2 6 7 8 4 1 

Groot (Natures Valley) 30 1 1 1 7 5 8 5 2 

Keurbooms 22 3 6 10 3 

Knysna 30 1 3 3 7 9 4 3 

Goukamma 30 6 4 11 8 1 

~.asper 

Groot (Gamtoos) 30 5 10 6 5 3 1 

Meiringspoort 30 1 3 7 6 5 4 2 1 1 

Van Wyksdorp 20 1 4 3 5 5 1 

Kanmanassie 30 1 4 12 7 3 2 1 
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The range of lateral line scales is wide (25-37) in !.~ with a 

low mode of 32 scales. The Kramme River population has a wider 

range (25-34) and lower mode (29) than other !.~ .popu1ations. 

!.~ in the Gamtoos have a range of 34-37 lateral line scales with a 

mode of 36. !.asper has a wide range (35-45) with a mode at the 

lower end of the spectrum at 37-38 scales. !.asper (variant) has 

from 29-37 lateral line scales with a mode at 34-35. 

For the purposes of further discussion the results show that !.asper 

(;variant) and !.~ can be canbined. Considering then the three 

groups !.~, !.asper and the intermediates, four taxonomic solutions 

can be suggested (Fig. 3.32). Firstly all the populations can be 

combined into a single po1ytypic species (Fig. 3.32 A); secondly 

(Fig. 3.32 B) each of the three groups can be recognised separately 

(possibly separately within the first solution); thirdly the 

intermediates can be canbined with the !.~ populations There an 

overlap of 8% (calculated according to the method of Ginsberg, 1938) 

is indicated between the combined !.~ group and !.asper which 

is sufficient separation for each to be considered full species];' 

fourthly" the intermediates can be combined with !.asper (Fig. 3.32 D) 

which gives a greater degree of overlap (17.35%) compared to the 

third solution. 

The first solution is rejected because this would mean that the species 

would have a scale size range which is approximately twice that of any 

other redfin Barbus species (and other southern African Barbus species). 

There is no single population which approaches this range in the 

redfins. The second solution is also rejected because the degree 

of overlap between the intermediates and the two nominal species is 

too large for practical purposes and there are no other characters 

which really support the decision. The third solution appears to be 

the most acceptable from all aspects, and is supported by the fact that 

there is a general cline in many morphometric characters of the 

"combined" populations. The fourth alternative offers a less practical 

solution than the previous one and is not supported by alternative 

characters. 
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TABLE 3.8 

A comparison of the frequency of caudal peduncle scale rows in 

~.ca1idus of two different sii~ groups from a single sample 

(AM./p 1844) 

Size Group (mm SL) N . Caudal peduncle scale rows 

12 13 14 15 16 

30-49 23 6 (26) 8 (35) 8 (35) 1 (4) 

50-69 27 10 (37) 5 (18.5)10 (37) 1 (3.7) 1 (3.7) 

Total 50 16 (32 13 (26) 18 (36) 1 (2) 2 (4) 
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Barnard (1943) reported that the number of scale rows around the 

caudal peduncle of ~.calidus increased with age from 12 in specimens 

about 30 rom SL to 16 for large adults _ longer than 60 rom SL. 

Barn(Jrd suggested that similar increases occurred in 6;ther redfius 

and the phenomenon therefore has important implications. In order 

to test this a series of ~.calidus was examined (Table 3.8). These 

data do not support the findings of Barnard (1943). The percentage 

of specimens with 12 peduncle scale rows actually increases in the 

larger size group and there is no increase in percentage of specimens 

with more scale rows in this larger group. 

Squamation 

The pattern of squamation provides several taxonomic characters. 

Barnard (1943) referred to the crowding of the scal~s on the nape in 

~.asper and ~.tenuis. In the latter species the nape sometimes 

appears to be naked. The nape scales are not markedly reduced in the 

other redfins (except .Q.quatlambae where all the scales are extremely 

small) • 

The scales of the breast region (i.e. from the isthmus posterior to 

between the bases of the pectoral fins) are reduced in size and 

embedded 4eeply in all the flexible-rayed species. Consequently 

the region appears to be naked. In the species with relatively 

larger scales (e.g. ~.burgi and ~.~) the "naked" area is smaller 

and confined'mafnty to the isthmus region. In the smaller-scaled 

~pecies (~.asper and .Q.guathlambae) the naked area extends behind the 

pectorals on to the belly region. The breast scales of ~.calidus and 

~.erubescens are not as markedly reduced as in the flexible-rayed 

species and are not deeply embedded. 

A well developed triangular axillary scale which is commonly present 

in cyprinids is absent in the flexible-rayed redfins. This scale 

is present (but not prominent) in ~.calidus and !.erubescens. 

In .Q.guathlambae there is a scaleless fleshy region at the bases of 

the dorsal, anal and pelvic fins. 

life. 

This region is_ JP1gnrented red in 



Fig. 3.33 Examples of scales of the redfin Barbus species and 
O.quathlambae, (drawn using camera lucida). ,A - B.burchelli; 
B ..;. B~btitgi; c - B~phlegethon; D - B.tenuis; E::- B.afer; 
F - B.asper; G - B.calidus; H - B.erubescens; I --O:qllathlambae. 
Scale bar = 1 nnn. - - -

0-

'" 
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TABLE 3.9 

A comparison of primary scale radii from specimens of different sizes 

in four redfin species 

Species N SL (range) 

~.burchelli 13 (311'1>'39) 

17 (40-68) 

~'l2hlesethon 29 (27.3-39) 

30 (43-57) 

B.tenuis 10 (30-39) 

18 (41.5-66) 

B.erubescens 7 .f-e3'O~§~35'.6) 

30 ' (62-95) 

TABLE 3.10 

Mean numbers of 
radii/scale 

9 

9.7 

11.9 

12.2 

14.1 

16.5 

13.1 

13.6 

I,order of 
difference 

0-1 

0-1 

0-1 

The number of scale radii in adults and juveniles of redfin species as 

reported by Barnard (1943). (Radii determined as "main striaeH on the 

"exposed portion" of scales only) 

Juveniles AdUlts 

Species Number of Number of ± difference 
radii/scale radii/scale 

~.burchel1i (= ~.vulneratus) 3-4 14-16 12 

::!1.burSi (=~.burche11i) 3-4 10 6 

~'I!h1esethon 4-5 7-9 4 

~.tenuis S 24 16 

~ • .!f.c:£ 4-5 12 7 

~.asl2er 4-5 10-11 6 

~.calidus 4-5 12-14 8 
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B.burchelli -
burgi 

phlegethon 

tenuis 

afer -
afer Gam. -
asper var. -

O. guathlambae 

B. cal idus 

erubescens 
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PRIMARY SCALE RADII 

Fig. 3.34 The number of primary scale radii of the redfin Barbus species 
and Q.quathlambae. Data given in Appendix 4 Table 28. 
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Scale Radii (Fig. 3.33) 

The redfins have radiate1y striated cycloid scales (Fig. 3.33). 

There are reports that the number of scale radii increase with age 

in cyprinids (Chu, 1935; Barnard, 1943; Jenkins & Lachner, 1971) 

which suggests that radii should be used cautiously as a taxonomic 

character in these fish. 

To gauge the extent (if any) of primary radii increase in the redfins 

a comparison was made between juveniles and adults of four species 

with different mean radii (Table 3.9). The results sh~ that the 

tendency to increase these radii is minUna1 which suggests that the 

scale radii characteristics of the redfins may be used as a taxonomic 

character where necessary. These results differ considerably from 

the figures given by Barnard (1943) for redfin species (Table 3.10). 

The reason for this discrepancy in results probably depends on the 

methods of counting and criterion for what are primary radii. Barnard 

(1943) counted "main striae" on the exposed portion of the scale which 

suggests that the scales were not removed from the fish for the purpose 

of the counting. If they were not removed or they were not defleshed 

it is possible that Barnard's counts include many secondary radii and 

it i~ probably these which have increased in number in his figures. 

The fact that Barnard only counted radii on the exposed portion of 

the scale makes it almost certain that he included radii which I have 

interpreted as secondary radii. 

The scales of !.tenuis are distinctive with a relative high number 

of primary radii (Fig. 3 .'3~) supplemented by many secondary radii 

(Fig. 3.33). The difference in the number of primary radii between 
.r, 

B .calidus and B .erubescens (Fig. 3.34) is diagnostic (Skelton, 1974 b). - -
!.burgi and !.burche11i have relatively few radii on the scales 

(Fig. 3.33 & 3.34). 

The focus on the scales of the flexible-rayed species is usually 

centrally located (Fig. 3.33) whereas it is displaced towards the 

anterior field in the serrated-rayedredfins. 



TABLE 3.11 

Frequency distribution of vertebral counts in redfin species 

A. Total vertebrae B. Precauda1 vertebrae , 
Species N 33 34 35 36 37 38 39 40 I 17 18 19 20 21 22 

I 

~.burche11i 167 1 15 85 59 7 I 

I 
3 60 76 28 

~.burgi 135 6 53 67 8 1 I 2 36 75 23 

~.ph1egethon 146 25 111 10 I 6 95 45 
I 

~.~ 104 1 2 16 46 37 2 I 14 59 31 

~.afer 95 1 12 63 18 1 I 22 61 12 
I 

~.~ (Gamtoos) 50 26 24 I 10 34 6 

~.asper 114 7 68 36 3 I 2 36 69 7 

~.asper (variant) 
I 

138 6 81 46 5 I 5 56 69 8 

.2 .quath1ambae 31 3 16 12 I 1 9 16 5 
I 

~.~ 369 27 227 111 4 I 1 95 265 8 

~.erubescens 151 1 67 
i 

80 3 
I 

25 122 4 

I 

C. Caudal vertebr ae D. Predorsal vertebrae E. 
I I 

Species N 15 16 17 18 19 20 
I 

10 11 12 13 14 15 I 17 

~.burche11i 167 3 19 50 73 20 2 61 103 3 I 
I 

~.burgi 136 8 46 60 20 2 7 82 45 I 

~'Eh1e!!ethon 146 1 56 85 4 1 83 60 2 I 
I 

~.~ 104 3 23 50 28 12 64 28 I 1 

~.~ 95 1 11 55 28 11 75 9 I 

~.~ (Gamtoos) 3 19 25 3 
I 

50 40 10 I 

~.asper 114 2 48 58 6 15 89 10 I 

~.asEer (variant) 138 8 46 54 25 4 10 113 15 I 
I 

.Q.quath1ambae 31 2 10 14 5 6 22 3 I 

I 

~.~ 369 12 181 160 15 70 263 36 I 

~ .. erube5cens 151 1 64 80 6 3 123 25 I 
I I 
I I 

Preanal vertebrae 

18 19 20 21 

2 82 67 14 

29 88 19 

1 30 104 11 

12 69 22 

24 66 5 

14 35 1 

5 62 43 4 

1 98 35 4 

1 24 

52 268 

10 129 

22 

2 

6 

49 

12 

-...J 
LV 
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Ve~tebrae (T ab 1 e 3.11) 

Vertebral counts arer~corded in Table 3.11. All species under 

consideration have a mode of 36 or 37 vertebrae except ~.guathlambae 

which has 39. Variation usually extends over 4 or 5 vertebrae in each 

species. ~.ca1idus and ~.erubescens tend to have more vertebrae than 

the flexible-rayed species (again except ~.guath1ambae). 

The majority of the species usually have 19 precauda1 vertebrae, 

(Table 3.11 B). ~.tenuis and ~.ph1egethon have 18, ~.guath1ambae 21. 

The number of caudal vertebrae (Table 3.11 C) is conservative and usually 

17 or 18, although ~.guath1ambae, !.calidus and ~.erubescens have 

18 or 19. 

The results in Table 3.11 suggest that the overall difference in 

vertebral counts between ~.guath1ambae and the other redfins is due to a 

difference in prec:audal vertebrae (1-2 units) and an additional caudal 

vertebra. The difference in total vertebrae between B.calidus and 

~.erubescens and the other redfins is that the serr"ated-rayed species 

have an additional caudal vertebra. 

The number of vertebrae before the dorsal fin (Table 3.11 D) varies 

intraspecifical1y from two to three vertebrae and the mode from 11 to 

14 depending on the,species. ~.burgi tends to have fewer predorsal 

vertebrae than the other redfins and the possible implications of this 

with respect to the predorsa1 measurement has already been stated. The 

majority of redfin species have a mode of 12 predorsal vertebrae but 

!.ca1idus has 13 and ~.guath1ambae 14. It seems that it is largely in 

these counts that ~.9uath1ambae has increased its vertebral complement 

relative to other redfin species. 

B.calidus, B.erubescens and O.quathlambae have more vertebrae before the 

anal fin (Table 3.11 E) than the other redfins (mode 21 vs. 20 or 19). 

!.burgi, !.phlegethon and !.afer have 20 and B.tenuis, B.asper and !.asper 

(variant) 19 pre-anal fin vertebrae. One exceptional case of intraspecific 

variation in pre-anal vertebral counts was recorded: the normal count in 

B.burchelli is 19 or 20, but in a sample of 9 specimens from the Wit River 

(Bainskloof) 7 had 21 and 2 had 22 pre-anal fin vertebrae. 



TABLE 3.13 

Frequency of occurrence of teeth in each row on the pharyngeal bones of redfin species. 

Left pharyngeal Right pharyngeal 

Outer row Middle row Inner row Inner row Middle row Outer row 
teeth -teeth teeth teeth teeth teeth 

Species N I 0 1 2 1 2 3 4 2 3 4 5 2 3 4 5 1 2 3 4 0 1 2 

~ • bur che lli 61 10 51 9 52 1 15 45 2 15 44 7 54 lO %L 

~.burgi 30 10 20 4 26 1 9 20 1 6 22 6 22 I 9 19 
I 

~·Eh1e~ethon 32 5 24 3 1 5 26 4 13 15 1 8 23 1 6 25 I 6 24 2 
I 

~.~ 34 33 1 6 28 1 8 25 1 7 26 1 7 26 ,33 1 

~.~ 39 1 15 23 1 38 2 7 30 1 10 29 6 34 
...... 

I 4 12 24 V1 

~.~ (Gamtoos) 30 2 13 15 1 2 27 1 9 20 8 22 5 25 I 2 12 16 

~.asEer 40 2 4 34 3 37 4 6 30 4 11 25 2 38 5 35 

~.asEer (variant) 50 5 14 31 8 41 1 4 18 
I 

28 1 14 35 I 4 46 I 16 34 

Q.guath1ambae 12 11 1 1 4 7 1 11 1 1 11 6 7 
I 
112 

~.calidus 58 6 52 4 53 1 3 14 41 2 22 35 9 49 I 5 54 , 
~.erubescens 30 4 26 I 2 28 1 6 23 7 24 4 27 4 27 
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TABLE 3.12 

Frequency distribution of the supraneura1 bones in B.ca1idus and 

B.erubescens 

Supraneura1s 

Species N 5 6 7 8 

B. calidus 258 4 35 137 78 

B.erubescens 134 50 81 3 

I • I • I • I 
-.~ T "T 1 -T T 

8.burchelli I 

burgi -
phlegethon I 

tenuis 

afer 

afer Gam. 

asper 

asper var. -
O.quathlambae 

8.calidus 

erubescens I 

2i S 
• : • 3i S 

• 1 • 4iS 
• f • SiS 

___ , ____ PH A ~~~§_~~L _-~O NE §~_1-~~_~_TIQc 

9 

4 

-_.-.. __ .- _ ... -----_.-.---------

Fig. 3.35 TRe length to width ratio of the pharyngeal bones of redfin 
Barbus species and .2.. qtiathlambae. 
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Supraneural bones (Table 3.12) 

Only!.calidus and ~.erubescens have well developed supraneural bones. 

!.erubescens has usually 6 or 7 and !.calidus 7 or 8 supraneurals 

(Table 3.12). 

Pharyngeal bones and teeth 

The following characters of the pharyngeal bones and teeth were considered 

(1) the length to width ratio of the bones, (2) the pharyngeal teeth 

formulae and (3) the shape of the teeth. 

Chu (1935) suggested a correlation between the shape of the pharyngeal 

bones and the feeding habits of cyprinids - the more slender the 

bones, the greater the tendency toward a carnivorous diet. 

The \J,,~n$th to width ratio of redfin pharyngeals (Fig. 3.35) shows that 

there is",;a similarity within the flexible-rayed species (1 :3 ... 4) which 

are markedly different (broader) to the serrated-rayed species (l:~5). 

The degree of consistency in this ratio for the flexible-rayed 

species is all the more remarkable in view of the considerable 

differences in tooth shape and formula found amongst them. 

The pharyngeals of !.erubesce~s are slightly more slender than those of 

B. calidus. This difference is consistent with other differences of 

feeding structures of the two species (e.g. pharyngeal teeth formula, 

length of gut). The differences between these two species contrasts 

with the relatively low differences between the proportions of the 

pharyngeal bones of the flexible-rayed species. 

The frequency distribution of pharyngeal teeth in redfins is recorded in 

Table 3.13 from which a summary of modal counts had been extracted 

(Table 3.14). The usual Barbus formula of 2,3,5 - 5,3,2 (Chu, 1935; 

Mattlfes., 1963; Banister, 1973) is characteristic of most redfin species. 

Q.~uathlambae and B.tenuis have only the two inner rows of teeth. Two 

other species show regular tooth loss: !.phlegethon which has normally 

only a single outer row tooth, and !.erubescens which has only four in~~r 

row teeth (Skelton, 1974 b). Certain popUlations of !.~ and !.asper 

(variant) normally have only a single outer row tooth. 
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l'ABLE 3.14 

Modal number of pharyngeal teeth in t~dfin species 

Species 

!.burchelli 

!~bursi 

!.phlesethon 

-],'0' :q,~ntJi s 

B.afer --
!.ili!. (Gamtoos) 

!.asEer 

!.asEer (variant) 

.Q.guathlambae 

!.calidus 

!. erubescens 

o - outer (minor) row 

M - middle row 

I - inner (major) row 

* certain populations 

Row: 

Left pharyngeal Right 
teeth I 

I 
0 M I I I 

2 3 5 f 5 , 
2 3 5 I 5 

1 3 5 I 5 

3 5 
I 

5 
I 

2(1)* 3 5 5 

2(1)* 3 5 5 

2 3 5 5 

2(1)* 3 5 5 

3 4 4 

2 3 5 5 

2 3 4 4 

pharyngeal 
teeth 

M 0 

3 2 

3 2 

3 1 

3 

3 2(1)* 

3 2(1)* 

3 2 

3 2( 1 )~( 

3 

3 2 

3 2 



79 

FIGURE 3.36. Occlusal view of pharyngeal teeth of redfin Barbus 
species (Scanning electron micrographs). Scale bar 
= D,S mm. 
(a)B,burchelli, SL 52,5 mm AM/P 1566, right arch, 
arrows direct to lateral placement of major cusps. 
(b) B.burgi, SL 41 mm AM/P 1874, right arch 
(c) B,phlegethon, SL 46 mm AM/P' 722, left arch 
(d) B.tenuis, SL 66 mm AM/P 1935, left arch 
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An increase in the number of pharyngeal teeth was rarely encountered 

(Table 3.13). Of seven such observations five were B.burche11i and 

four of these from a single sample (Wit River, Bainsk1oof). This 

population also showed the longest gut length for the species and the 

development of the lips in certain specimens was exceptional. It 

seems likely that these features are interrelated. 

A single specimen each of ~.tenuis and 2.quath1ambae were found with a 

tooth on the outer (minor) ~ow. Several specimens from the same 

sample of ~.tenuis were examined and found to lack outer row teeth. 

The ~.guath1ambae specimen was the only one from the Moremoholo River 

which was examined for this character (only two specimens were available) 

and the possibility that others from this locality also have an outer 

row tooth cannot be ruled out. 

The shape of the pharyngeal teeth is illustrated in Figures 3.36-3.38. 

Tooth shape is considered an important character in the redfins and will 

therefore be described in detail. Two patterns are present with 

evidence of convergence between certain forms. Both patterns are 

described, the first with reference to ~.burche11i and the second with 

reference to B .calidus. -
the pharyngeal teeth of certain redfin populations are encrusted with a 

brittle dark brown deposit. The crust appears similar or identical to , 
the deposits of iron oxide on the teeth of Sarotherodon mossambicus 

reported by Lanzing~: Higginbotham (1976), and has also been found on 

the teeth of several Hap1ochromis spp. (Greenwood, pers.camm.). 

The occurrence of the deposit is inconsistent and no systematic 

importance is attached to it. The pharyngeal teeth of ~.e.rubescens 

(Fig. 3.38) show these crusts clearly. 

The outer row teeth of ~.burche11i (Fig. 3.36 a) are relatively small 

and slender with the stems and crowns compressed. The distal half of 

the first tooth in the row is bent postero-ventra11y. The crown is 

slightly concave with a thickened rim which is worn to a sharp edge in 

places. The second tooth is equally small and modelled along similar 

lines as the first. The crown is less worn and usually features a 

small semi-terminal cusp situated on the medial side of the tooth 

(arrowed on Fig. 3.36). 
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FIGURE 3.37. Occlusal view of pharrngeal teeth of redfin B§rbus species. 

(Scanning electron micrographs). Scale bar = 0,5 rom. 

(al B.afer, SL 53 rom AM/P 3460, left arch 

(b) ,B.afer (Gamtoos), SL 58 rom AM/P 1415, right arch 

(cl B.asper, SL 47 rom AM/P 1744, left arch 

(d) B.asper (Variant),SL 56 rom AM/P 2656, right arch. 
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The first tooth of the middle row has a compressed stem progressing to 

an expanded spatulate crown, which, like that of the first tooth in the 

outer row, is bent postero-ventrally. There is a low rim to the crown 

which is unevenly worn to a thin edge especially on the antero-lateral 

side. The second and third teeth in the row are less compressed and have 

a relatively strong cusp on the medial edge of the crown. 

Four of the five teeth in the inner or major row are large and well 

developed, the fifth is small and simple in form. The first tooth in 

the row is similar to, but larger than, the first teeth in,the other two 

rows. Thus the stem and crown are'~strongly c:ompressed,thectrawn bent 

postero-ventrally, expanded and spatulate, with a rim which is obliquely 

wat'ked to a sharp edge ,on the anter6-1ateral margin. The median rim is 

thick and developed into a ridge-like cusp separated from a terminal 

major cusp. 

The second tooth of the 'lIfa!ur row is less compressed than the first 

but still conforms to the form of the latter. The obliquely worn 

crown has a prominent median terminal rim which forms a major cusp and a 

proximal secondary cusp. The thickness of the rim tapers away from the 

major cusp over the crest of the crown to the antero-lateral edge which 

is worn to a thin edge. The tooth is less arched (bent) than the first. 

The third tooth is comparatively stout and the stem not noticeably 

compressed. The crown is moderately expanded and has a prominent rim 

which features two cusps on the medial edge. The distal cusp forms 

the median head of the crown rim which tapers obliquely to the antero­

lateral side. 

The fourth tooth is the largest and has a stout, more or less cylindrical 

stem with a conical tip. There are two smaller cusps on the side of 

the crown. The median shoulder and cusp is usually slightly larger than 

the lateral one so that the tooth is not entirely symmetrical in occlusal 

view, (Fig. 3.36 a). 

The fifth tooth is variously developed or vestigial but always much 

reduced in comparison with the other teeth in the row and is usually a 

simple peg with a conical tip. 



FIGURE 3.38. Occlusal and side (postero-mediall views of the pharyngeal teeth of redfin Barbus 

species and O.guathlambae (scanning electron micrographs). Scale bar = 0,5 mm. 
a & b) B.calidu5, SL 65 rom AM/P 1844, right arch ; c & d) B.erubescens, SL 

65'mm· AM/P 1866, right arch; e & f) O.guathlambae, SL 82 mm AM!P 1877, 

right arch. 

00 
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Variation in tooth form in this and the other redtin species depends 

on the age of the tooth and the extent of wear to which the crowns have 

been subjected. Newly replaced teeth have well defined cusps and 

crown rims and these become rounded and low with wear. 

~ey features of the pattern of tooth shape in the flexible-rayed redfins 

for comparison with other groups are: the canpression of the first and 

second teeth in each row, the distinctly oblique wear on the crown, and 

the asymetrical placement of the cusps. 

The teeth of !.burgi (Fig. 3.36 b) are essentially similar to those of 

!.burchelli. There is however more wear on those of !.burgi illustrated 

and consequently the crowns are lower. The pharyngeal teeth of 

!.phle~ethon (Fig. 3.36 c) are also similar in shape to those of 

!.burchelli, except for the very high crown of the fourth tooth in the 

major iow. This is a general feature of the species and is still 

evident in relatively well worn teeth. The single tooth in the outer 

row is arched postero-ventrally and has a small cusp on the medial 

edge of the crown. The position of the tooth suggests that this is 

the second tooth in the row, th:E!. first having been lost. 

While the teeth of !.tenuis (Fig. 3.36 d) differ substantially in shape 

from those of !.burchelli, they still reflect the basic pattern for 

!.burchelli. There are only two tooth rows in !.t~nuis. The first 

teeth in each row are slender with compressed stems and expanded, 

spatulate and postero-ventrally arched crowns. There is a distinct 

conical cusp on the median edge. A second cusp is present, but is 

much reduced relative to equivalent cusps of other redfin species. 

The subsequent teeth in the lateral row are similar to but progressively 

stouter than the first tooth. The conical cusp is prominent in these 

teeth as well. The second through fourth teeth in the major row are 

progressively stouter and the crowns all have prominent, conical cusps 

on the median side. The fourth tooth is more or less cylindrical and 

is not arched. The crown of each tooth is relatively remote from its 

neighbour in the same row. 

The pharyngeal teeth of !.~, !.~ (Gamtoos)a;nd !.asper (variant) 

(Figs 3.37 a, b, c) show no major differences and are all similar to 
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the sh~pe of thos e of li • .-.b ... u .... r,;;c.;;,;h_e,;;l,;;l,;;.i • The teeth of li.asper have wide 

compressed stems and crowns which are moderately expanded but well 

worn and closely applied to each other. The first tooth in each row 

is gently arched and lacks prominent cusps, although vestiges of these 

are present in the major row. Oblique wear and cusps on the medial 

edge of the crown are again more evident:. in: the fourth tooth of the 

maj9r r'0wc.o£·~.asper than in the other species. The fifth tooth is 

stnall and vestig:i!al. 

The teeth of .Q.guathlambae (Fig. 3.38 e.& n differ,in shape but not the 

pattern to those of li.burchelli. They are less compressed, more 

cylindrical and well arched and have more prominent major 'cusps than 

the other redfins already described. In spite of this the micrographs 

show thattihe crowns are not symmetrical, and the recurved conical 

cusp at the tip is displaced medially. All the teeth feature such 

a cusp. The nearest approach to tooth shape of .Q.quathlambae from 

the flexible-rayed group is that of li.tenuis. 

The pharyngeal teeth of B.calidus (Fig. 3.38 a & b} show a certain resemblance 

to those of .Q.guathlambae. The stems are nearly all cylindrical, the 

crowns are narrow and there is a prominent conical recurved tip to 

each tooth. There are no definite secondary cusps although low ridges 

are present on the postero-dorsal surface leading to the base of the 

cusp. The stem of the fourth tooth in the major row is laterally 

compressed. The teeth of this species are more-or-Iess symmetrical. 

!.erubescens (Fig. 3.38 c & d), has'characteristically strong peg-like 

teeth. The first tooth in each row has a cylindrical stem and arches 

postero-ventrally to form a tapered crown with a prominent recurved 

terminal conical cusp. Subsequent teeth are less bent but otherwise 

similar to the first of a row. The third and fourth teeth in the 

major row are larger than the rest and have strong conical crowns 

with but low ridges on the postero-dorsal surface, breaking the smooth 

surface of the teeth. 

It is possible to suggest the action of the pharyngeal teeth in redfin 

species from the form and nature of the wear .(l.ill them. In li.burchelli 

!.burgi, !.phlesethon, li.~ and li.asper the shape is probably derived 



Fig. 3.39 
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Regression lines of the gut length versus standard length of 
redfirt Barbus species and O~quathlambae. Correlation 2 
co~efficient for each species as follows: . !.burche11i r 2= 
,8651; B.burgi (i) r2 = ,8414, (ii) r2 = ,9051; (iii) r = 2 
9263; . !-:-Phlege~hon r2 = ,8564; !.tenuis r2 = ,9026; B.afer r == 
9495;' B~asperf'2= ,8901; B~calidus rZ = ,9528; B.erubeS'C'eils r2 = 
, 9656 ;-.2.~ quath1ambae r2 = -;8995. 
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0.5-1.0---1.5----2.0----3.0---3.5 xSL 
B.calidus B.erubescens 2..:,9uathlambae 

- -- ---------------- - _ B.burchelli B.phlegethon B.afer 

Fig. 3.40 

Fig. 3.42 

--

A diagrammatic representation of the pattern of flexure, length 
of the gut and approximate range of variation of gut length 
of redfin Batbus species and .~Fqtiathlambae. 

® 
Two examples of different mouth forms in B.burche11i 
(A) More common form with well developed lips not 
retracted from rim of lower mandible (specimen 
from AM/P 4972) 
(B) unusual mouth form with lips retracted from rim 
of lower mandible (AM/P 1411). 
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from a scraping action. There is little indication of a crushing or 

mo1a~iform action in their form. The teeth of ~.tenuis suggest an 

increasing tendency for raking rather than scraping. In .Q.guath1ambae 

and ~.ca1idus the action suggested is definitely a raking one, and in 

~.erubescensthe action appears to be one of raking combined with 

piercing or stabbing. 

Gut length and flexure (Figs 3.39, 3.40) 

In fLsihes as well as other organisms the length of the gut (intestine) 
. . -

usually reflects the diet of the organism (,Niko1sky,. 1963; Weatherl¢l,j 

1972~J:. This is part4cu1ar1y true of the Cyprinidaew~J!ili lack a true 

stomach. In general the shorter the gut the more carnivorous the 

f,~ding habits and the longer the gut the more herbivorous the feeding 

habits. The length and degree of flexure of the gut have not been 

fully explored in the redfin species. Smith (1841) referred to the 

"intestinal canal long and contorted" in Pseudobarbus (which was 

clearly based on ~.burche11i and not ~.pal1idus the second species in 

the subgenus but which has a short single flexured intestine'~. 

Greenwood.~· Jubb (196'7) found the "gut short, about 0.7 times 

standard length" in .Q.guath1ambae. 

The length of the gut varies both inter- and intraspecifica11y in the 

redfins and in certain cases provides a useful taxonomic character. 

On the length of the gut the redfins may be clustered into three groups 

(Fig. 3.39). The first group have a short gut more or- less equal to 

the standard length (included are ~.tenuis, .Q.guath1ambae, ~.calidus 

and ~.erubescens). The second group has a gu~ length of intermediate 

proportions about 2-2,5 times the standard length in adults 

(~.burche1li, ~.burgi in part, ~.ph1egethon, ~.~, ~.~ (Gamtoos) 

and ~.asper (variant). The third group has a relatively long gut 

which exceeds 2.,5 times the standard length in adult fishes (~.burgi 

in part and ~.asper). 
\ 

The increase in gut length is accommodated by the increasing flexure of 

the organ within the framework of a single coiling pattern (Fig. 3.40). 

In the first group the gut forms a simple "S"-flexure wllich is sometimes 

slightly more involuted in ~.t:~uis. The flexure involutes progressively 
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Fig. 3.41 

--, 
® 

Ventral and lateral views of the head of specimens of redfin 
Barbus species and O~<itiath1alil.bae illustrating the form of the 
mouth. A ...;. B~btitchelli; B...;. B~btitgi; C...;. B.ph1egethon; 
D - !.teutiis;-E"';' !~~; F ",;,-!.'asper; G ...;.-~~catidus; 
H ..;. !. etubescens; I...;. .2..-qtiathlambae. 
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in the second group and the process is extended to form further 

involutions during the growth of an individual and the length of the 

intestine becomes more and more allometric in the forms with higher 

gut length ratios. 

The differences recorded above in the pharyngeal bones and teeth of 

the redfins correlates extremely well in those forms with a short gut. 

For example, !.erubescens has a slightly shorter gut than B.calidus 

(Fig. 3.39) and in correspondence has more slender pharyngeal bones 

(Fig. 3.35), fewer pharyngeal teeth (Table 3.14) which are more conical 

(Fig. 3.38). Similarly .Q.quath1ambae has a relatively shorter gut 

than !.tenuis (Fig. 3.39) which 18 correlated with fewer pharyngeal teeth 

and differences in their shape (Table 3.14; Fig. 3.38). 

Where gut length exceeds standard length there is a tendency to show 

an increasing range of variation with longer intestines and greater 

size. Accordingly the taxonomic weight given to differences between 

these species (or species groups) is less than that given to those 

with short intestines. The intraspecific variatio~ in gut length of 

~.burgi is exceptional (Fig. 3~:39). Of three populations examined two 

(Gt. Drakenstein and Ver1orev1ei) have an extremely long and greatly 

involuted intestine. Specimens from the Krom River have a relatively 

short and less involuted gut more characteristic of ~.burchelli 

populations. 

The length of the gut in !.burche1li, !.~, !.~ (Gamtoos)" 

!.asper (variant) and !.phlegethon (Fig. 3 .39) is similar and of moderate 

proportions within the redfin range. ~.asper (Fig. 3~39) has an 

extremely long and involuted gut similar to that of the Gt. Drakenstein 

and Verlorev1ei populations of ~.burgi. 

Mouth (Fig. 3.41) 

The serrated-rayedredfins have large terminal ":lJ!'-sh.aped mouths. The 

flexible-rayed species have sickle shaped mouths which are either sub-

terminal or inferior. In these species the lips are usually well 

developed but variable. An exceptional degree of variation in mouth 

form has been found in B .burchelli (Fig. 3.42). The usual mouth 



TABLE 3 :..!2 

A surmnary of the occurrence, size, form. and distribution of tubercles in redfin 

species. 

Max Head (number on 
Species Occurrence Size Type either side of Body Fins 

(rom) midline on snout) 

~.burchelli frequent d' (~) 1.5 conical snout (5-10) single row on scale shagreen bands on 
dorsum edges; entire body pectoral (4-6 deep) 

except ventral region single rows on other fins 

~.burgi frequent if (If) 1.5 conical snout (10) single row on scale shagreen bands on 
dorsum edges; entire body pectoral, single rows 

except ventral region on other fins 

~ ·Eh1egethon rare t' 1 conical snout (4) spaced bands on 
dorsum pectorals (2 deep) 

\0 

~.~ infrequent 0' 1.5 conical snout (± 5) single row on scale spaced single rows on t-' 

dorsum edges; entire body pectoral and other fins 
except ventral region 

~.~ frequent d' (!j!) 1.5 conical snout (± 5) single row on scale shagreen bands on 
dorsum edges; entire body pectoral (4 deep) 

except ventral region single rows on other fins 

~.asEer frequent d' (!j!) 1.5 conical snout (± 5) single row on scale shagreen bands on 
dorsum edges; entire body pectoral (3-4 deep) 

except ventral region single rows on other fins 

.2 .guath1ambae frequent d' + 9- 0.5 conical snout (+ 5) 1-3 per scale - entire shagreen bands on 
dorsum & lateral body except ventral pectoral (6 deep) single 

most region rows on other fins 

~.calidus ripe only 0'+ 9. +0.1 erupted dorsum & lateral dorsal/scales scattered single spaced rows on 
over scale surface pectoral 

~ .erubescens ripe only d' (~) ±D. 1 erupted dorsum & lateral dorsal scales scattered single spaced rows on 
over scale surface pectoral 



a 

'., '/ 

92 

, , 

ASp~dtS ~f'redfin' Barbustubercles. 

(a}Arit~ro-d6rsal vi.ew of head of, B.,burchelH SL 99 nun 
•• ' "", .:. .< 

AM/P72'23, to show large 'conical tubercles. Scale ,'bar: 

,!:5.~ .. , , 
"(b) Lateral view of head of ,a paratype' B. erubescens SL 

'85 mm AM!P ,2074, ,to show small densely distributed' 

tubercles. Scale bar :!: 5 nun. 
(c) 'rransvers' section of conical tubercle on head of 
male S.afer(AM!P 3786) to shoW keratin cap, hypertrophied 

epidermal cells and canals of unknown function. 
Abbreviations:c-canal, d-dermis, e-epidermis, k-keratin 
, " ,+ 
cap. Scale bar - 0.3 mm. 
(d) Scanning electron micrograph of head tubercles from 

a paratype of B'Ej!rubescens AM/P 2074. Scale bar:!: O.05nun. 
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form in this species (Fig. 3.42 A) has fairly well developed lips over 

the entire rim of the mouth. Specimens from the Witte River 

(Baineskloof) have the lips retracted from the rim of the lower jaw, 

which has instead a firm sheath (Fig. 3.42 B). The mouth of 

~.phlesethonal.'So has a firm rim on the lower jaw but this is not as 

well developed as in the illustrated specimen of ~.burchelli. 

Tubercles 

Tubercles are valuable systematic characters in cyprinids (Wiley & 

Collette,1970; Collette, 1977). Bot'):l large tubercles and smaller 

"pimples" have been recorded in certain redfin species (Barnard, 1943; 

Jubb,1965; 1967) but the details of their structure and patternlof 

distribution have not yet been studied. The development and occurrence 

of tubercles,i'ri;~::ed;-fJ:::~'. is sUIllrIiarized·in Table 3 .15. 

Two kinds of tubercles are present, "conical" and "erupted". Conical 

tubercles (e.g. Fig. 3.43 a) occur in all the flexible-rayed species and 

are larger more prominent structures than the tiny erupted tubercles 

of ~.calidus and ~.erubescens. The conical tubercles are deciduous, 

hypertrophied,epidermal structures with a distinct keratin cap 

(Fig. 3.43 c) ~hich develop on the head, scales and fins of adult male 

individuals during the breeding season. Large ripe females of flexible­

rayed species sometimes develop tubercle buds on the head. 

The fact that the tubercles are correlated with sexual maturity and 

breeding condition strongly suggests that they have one or other 
, 

function(s) with breeding activity. Wiley &. Colle~te (1970) and 

Collet!.,te (1977) have presented several possible functions which could 

also apply to the tubercles of the redfins. 

Although "there are differences in size and degree of development of 

conical tubercles in the frlexible-rayed redfins they do have a common 

pattern of distribution in the species. For comparative purposes 

this pattern will be described with reference to ~.burchelli 

(Fig. 3.46). 

There are two groups of large tubercles on the snout, one on either 

side of the midline (no's 1-4). The median tubercles in these groups 
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FIGURE 3.44. Tubercles from the pectoral fins and scales of redfin 

Barbus species. 

(a) Scanning. electron micrograph of portion of a band 

of tubercles from pectoral fin of B.burchelli SL 65 rom. 
AM/P 2077. Scale bar 0.1 mm. 

(b) Scanning electron micrograph of portion of upper 

pectoral fin surface of B.erubes'cens SL 85 mm AM/P 

2074. Scale bar 0.25 mm. 

(c) Scales of B.burchelli to show arrangement of 

tubercles along free'edge, SL 67 AM/P 3472. Scale 

bar :: 1 mm. 

(d) Scanning electron micrograph of scale of B.erubescens 

to show tubercles on upper surface. SL 85 mm AM/P 2074. 

Scale bar 0.25 mm. 
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FIGURE 3.45. Aspects of tubercles of B.tenuis and B.phlegethon. 

(a) Dorsal view of tubercled male of B.tenuis 

SL 62 rom. AM/P 3455. Scale bar 5 rom. 

(b) Antero-dorsal view of" tubercled male of 

B.phlegethon SL 70 rom, AM/P 7366. Scale bar 5 rom. 

Scanning electron micrographs (c & d) 

(c) Portion of the upper surface of pectoral fin 

of B.tenuis SL 62 rom. AM/P 3455. Scale bar 0.25 rom. 

(d) Scanning electron micrograph of portion of band 

of tubercles on male B.phlegethon SL 45.5 rom. 

AM/P 1399. Scale bar 0.1 rom. 
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Diagram of the head from above to explain the pattern of 
tubercles on the head of B~butchelli as described in text. 
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can measure up to 1,8 mm in diameter and 1,6 mm in height. 

~.burchelli usually has 5-6 tubercles in each group. A row of 

tubercles ext,nds in an arc above each nare to the antero-dorsal edge 

of the orbit (no's 5 .... 7) and continues posteriorly along the dorsal 

edge of the orbit (8-10). The tubercles decrease in size posteriorly. 

There are two mid-dorsal groups (no's 11 & 12) in which the tubercles 

are irregularly scattered. Except for the odd aberrant one there 

are no tubercles on the cheeks, below the orbit or on the ventral 

surface of the head. 

Small (i.e. approximately OFD8 mm diameter) conical tubercles are 

arranged in a single linear series along the free edge of each scale 

(Fig. 3.44 c) • There are usually from 5 to 10 such tubercles per 

scale. Only the ventral scales between the pectoral and anal fins 

lack these tubercles. 

Conical tubercles also occur on the fins in ~.burchelli, best developed 

on the pectoral fins where they form distinct bands over the dorsal 

surface of the larger fin rays (Fig. 3.44 a). Bands do not occur on 

the leading ray but there are usually a few isolated tubercles along 

its length. These fin tubercles are very small 0,1-0,2 mm in diameter, 

the bands a maximum of about 0,6-0, 7 mm in width and there are up to 

five or six tubercles across the bands at maximum width. Single 

tubercle rows develop over the fin rays of other fins. 

The tubercles of ~.burgi are similar to but relatively smaller than 

those of ~.burchelli. Well developed tubercles on the snout of a 

large ~.burgi specimen ,(78 mm SL) measure approximately 0,.8 mm in 

height and base diameter. In each group on the snout there are 

usually from 10 to 15 tubercles and these extend to beyond the nares, 

i.e. over the lachrymal bone. Tubercles on the scales and fins are 

similar to those described for B.burchelli. 
~ .pnJ.t;:.g~L...11Ul1 UVIliO;~ LIoU .... ~ .. g.v .... ____ -= ____ _____ ,. ___ _ 
specimens. Compared to the tubercles of other flexible-rayed redfins 

they are however vestigial (Fig. 3.45 b). On the head they occur in 

the same pattern as those of ~.burchelli and although small are 
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distinctly conical. There are also 'weak bands along the pectoral 

fin rays (Fig. 3.45 b). Tubercles have not yet been observed on 

the scales of this species. 

One of the diagnostic features for ~.tenuis recorded by Barnard (1943) 

was the absence of tubercles in males. Prominent tubercles do 

develop (Fig. 3 .43 ,a) but tubercled specimens are not as frequently 

encountered in collections of this species as in other flexible-rayed 

species. The pattern in B.tenuis is sUni1ar to that in ~.burche1li 

but there are fewer tubercles per group on the snout (four or five). 

There are also similar tubercl~s in single rows along the free edge of 

each scale. The pectoral fin tubercles of ~.tenuis are different 

to those of ~.burche1li in that they do not occur in bands (Fig. 3.43 c) 

but only as single widely spaced rows. 

the other fins. 

Similar single rows occur on 

Large conical tubercles in the !.burchelli pattern are characteristic 

of !.~ males. There are fewer tubercles per snout group (3-5) 

and the tubercles on top of the head are often more distinctly grouped 

into anterior and posterior clusters. There are single rows along the 

free edge of scales except those of the belly region. Bands are 

present on the pectoral fins up to two or three tubercles in width. 

Single rows are present over the fin rays of other fins. 

There is no notable differences in the tubercle development in !.~ 

(Gamtoos), !.asper (variant) or ~.asper to that described above for 

!.~. Jubb (1965, 1967) illustrated the head tubercles of two 

~.asper (variant) males from the Homtini River. 

The tubercles of Q.guath1ambae were described in detail by Skelton 

(1974 a). In this species they are more numerous and smaller on the 

head than in any other flexible-rayed redfin. In spite of their small 

size they are distinctly conical and the pattern is generally similar 

to that in !.burche11i. There are bi-lateral clusters on the snout, 

above and between the nares, above the orbits and on top of the head. 

In addition there are a few tubercles on the operculum and below the 

orbi;t;... Each scale has a single tubercle (occasionally two or three). 

There aret)1ell developed bands on the pectoral fins in which the 
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tubercles are compressed (vide Skelton 1974 a, Fig. 5). 

single tubercle rows over the rays of other fins. 

There are 

!.calidus and !.erubescens do not develop large conical tubercles 

like those of the flexible-rayed redfins. Breeding adults of both 

sexes of these two species develop tiny (0,1 rom diameter) epidermal 

excrescences (Fig. 3.43 .1'. & d}~_describedby Barnard (1943} as "pi:mples~l. 

These are distributed over the- dorsal surface of the head with 

clusters on the opercula and cheek regions. They extend onto the 

dorsal scales where they occur scattered over the exposed surface of 

the scales (Fig. 3.44 d). Single widely spaced rows are present over 

the rays of the pectoral, pelvic and unpaired finS:i(Fig. 3.44 b). 

The males are usually better endowed with these eruptions than the 

females. 

Colour and Pigmentation 

Live specimens of all the redfin species have been observed during the 

course of this study. Different ecological and physiological 

situations clearly<affect the expression of colour and pigmentation 

of individuals andvthe follOWing descriptions are broad generalizations 

of these characteristics. 

Colour illustrations of redfin species have been given by Smith (1841), 

Jubb (1965, 1967), Smith & Smith (1966) and Skelton (1974 a). The 

frontispiece records a colour photograph of a live B.burche11i and 

B.erubescens. Barnard (1943) has provided colour descriptions of 

several species and Skelton (1974 a & b) has described the live colours 

of Q.quathlambae and B.erubescens respectively. 

Predominant background colours are browns and greens which vary from a 

light yellow to a deep olive. Ventral portions are white or silvery­

gold,and the opercula are invariably metallic silvery-gold. The iris 

of the eye is golden. The proximal portion of the fins,initially 

orange' .~. in juveniles, becomes scat'let in adults of all th.e species. This 

is most intense in nuptial males. The caudal fin is least affected 

by the scarlet pigment and usually only reflects a pink or salmon 

tinge in the central portion of each lobe. With the exception of 

Q.guath1ambae the red colour does not impinge on the body to any great 
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Fig. 3.47 

Diagrammatic representation of the pattern of melanophore pigment 
frequently present in formalin fixed specimens of redfin 
Barbus species and O~quathlambae. (Note, actual specimens 
not represented.) -A";' .!!.~bUrchelli; B...;. .!!.~burgi; C - .!!..phlegethon; 
D B~teti.uis; E...;. B~a.fer; F.,;. B~asper; G...;. B.calidus; 
H ...;. !~erubescens; I...;. .2.~qua.thl~bae. -
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~xtent. In nuptial males of !.erubescens the whole body is suffused 

with red. Once attained the red fin patches are persistent although 

the intensity pales during the non-breeding season. 

Markings which are accentuated in preserved specimens are evident to a 

greater or lesser extent in the live fishes. The following brief 

descriptions of pigment patterns are based on preserved specimens. 

A diagrammatic representation of pigment patterns of each species or 

species group is given in Fig. 3.47. 

!.burchelli has a number of large spots or blotches over the dorsal 

and lateral surfaces. A linear series of irregular spots extends from 

behind the head to the posterior end of the caudal peduncle and ends 

with a large sub-triangular mark. Juveniles are more prominently 

marked than adults where the pattern becomes obscured by dark overall 

nuptial pigmentation. 

!.burgi also tends to form a spotted pattern similar to !.burchelli 

but this is not as distinct nor as regular as in the latter species. 

Juveniles are unspotted and have a continuous dark lateral band on the 

body, which expands into a subtri,angular mark on the end of the caudal 

peduncle. In adults the band is irregular, forming a connected series 

of spots. Pigment concentrates on the scale margins to form a series 

of parallel, va8~e wayy bands above and below the mid-lateral band. 

The adults of !.phleaethon are most distinctive being heavily blotched 

with dark irregularly shaped patches over the lateral and dorsal 

surfaces. Juveniles unlike the adults lack the dark patches but have 

a prominent thin mid-lateral band. 

!.tenuis ,ithas a single mid-lateral band from behind the head to the end 

of the caudal peduncle. A mid-dorsal stripe is also characteristic 

of this species although it may be i'nterrupted to form a series of dashes. 

!.~ is variable in pigment pattern. Most:popu~ations have a single 

thin lateral stripe with a triangular expansion' at the end of the caudal 

peduncle. A series of small round spots are arranged in more or less 

two lines on either side of the predorsal midline. In certain 
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Fig. ,3.48 
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Diagrammatic representation of the cephalic lateral line 
system of (A) the serrated~rayed redfiuBarbus and (B) the 
flexible-rayed redfiu Barbus species. Lateral, dorsal and 
ventral views of head given. Canal nomenclature follows 
Reno (1969). 
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populations these spots are absent and there is a single mid-predorsal 

stripe. 

" 
!.asp~±·c·(variant) occurs in deeply stained, acid waters and are often 

uniformly dark except for the ventral surface. Careful examination 

shows that there is an underlying pattern similar to that of !.~ 

viz. a dark lateral band and a series of small dark spots bi-laterally 

before the dorsal fin. 

!.asper was described by Barnard (1943) like a "speckled hen" in 

appearance. There is usually a conspicuou-s irregular and interrupted 

dark lateral band. A small concentratton of pigment in the middle of 

the exposed portion of each scale gives the "speckled" appearance. 

Juveniles have a thin lateral band. 

The pigmentation of Q.quathlambae (Skelton, 1974 a) features a dark 

lateral band and a series of defined smallish dorsal spots. Gephard 

(1978) has made further observations on the pigmentation of this species 

and shows that the dorsal markings are variable from being absent 

,or are large clear spots which may coalesce to form a series of dark 

vermiculations (vide Gephard, 1978:F~g.2). 

!.calidus has a broad but more or less broken lateral band and large 

irregular spots scattered over the dorsal surface. There is also a 

band of pigment on either side of the base of the anal fin and often a 

midventral stripe on the caudal peduncle. Juveniles have a single 

prominent lateral band, and are spotted like the adults. 

The colours of B.erubescens are described by Skelton (1974 b). 

Pigmentation is simple with a prominent unbroken lateral band being 

the only feature of any note. A light predorsal stripe may also 

develop. Juveniles are· s:.imilar to adults. 

C~ihalic lateral line canals (Fig. 3.48) 

The cephalic lateral line canals are interconnected to form a single 

system in !.calidus ,al),si. !.iii=14bescens (Fig. 3.48 A). There are three 

points of comparison between the cephalic lateral line of these species 

and the flexible-rayed redfins. The short median branch off the 

supraorbital canal is absent in all flexible-rayed species. Secondly 



TABLE 3.16 

A summary of the main osteological differences between B.ca1idus and 

B.erubescens 

Character 

Vomer 

Symplectic-Quadrate 

Operc1e 

Pelvic bone 

B.calidus 

Extends beyond 

posterior region of 

lateral ethmoid. 

B.erubescens 

Does not extend beyond 

posterior or margin of 

lateral ethmoid. 

Extends into re1ative~ Extends into relatively 

1y short groove. 

S~p1ectic shorter 

long groove. Symplectic 

longer 

less prominent dorsal More prominent dorsal 

process for dilatator 

opercu1i Postero­

lateral corner sharp. 

Processes are short 

and broad. 

process for dilatator 

opercu1i. Postero-1atera1 

corner rounded. 

Processes are more slender 

and elongate. 
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the preoperculo~andibular canal is disjunct from the post-ocular 

commissure .and there is no suprapreopercular "tube" on the opercular 

bone. Finally the mandibular canal is reduced or absent in all the 

flexible-rayed species. 

Differences in the cephalic lateral line system of the flexible-rayed 

species consist of the extent of reduction of the mandibular canal. 

The canal is reduced to a short segment on the dentary in ~.burchelli. 

This is connected to the preopercular by a tube on the angulo­

articular. In ~.burgi there is a short dentary segment but the 

angulo-articular connection is frequently absent. 

all lack a mandibular canal. 

The other species 

Osteological characters 

The osteology of the redfins is given full treatment in Chapter 4. 

There are a numbe~ of differences which distinguish the flexible-rayed 

species from the serrated-rayed species which need not be presented here 

as they do not clarify any of the taxonomic problems under consideration 

at this·s,~ag:e. A surmnary of osteological differences between ~.calidus 

and ~.erubescens is given in Table 3.16. Diagnostic characters of 

individual flexible-rayed species are outlined below. 

1) Neurocranium. The shape of the neurocranium differs from 

species to species. In ~.phlegethon it is particularly narrow 

and deep, in ~.tenuis shallow and broad. It is deep but not 

particularly narrow in ~.burgi and shallow but not particularly 

broad in Q.guathlambae. In the remaining species or species 

groups the proportions are moderate and generally similar. Bones 

in the anterior region of the neurocranium- are incompletely 

,.,.",,,,':-I=':,,,,:! .:'" 'R """,nl1;Q ".nli O.Ml1".t:hl::unb:H"_ 
~.~ these are frequently reduced or vestigial. 

3}1: Infraorbitals. The dermosphenotic is absent (or possibly fused 

with infraorbital five) ;;ft~t~Q\l;ith~i~e. /rh~- dermosphenotic 

is particularly well developed with wide flanges in ~.burgi. 

In the other species it is a small triangular unit. 
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4) Suspensorium. The hyoinandibu1ar is long and narrow with a short 

antero-dorsa1 process in ~.ph1egethon. In ~.tenuis and 

Q.guath1ambae the hyomandibu1ar is short and broad. The 

metapterygoid of these two species has a relatively deep cleft 

on the dorsal side. 

5) Lower jaw. The dentary of ~.ph1egethon is short and in ~.tenuis 

i:t,)~~,,' long with a tall coronoid process. There is a short 

canal on the postero-ventra1 side iri ~.burche11i and ~.burgi 

which is absent in the other flexible-rayed species. 

~.burche11i is the only flexible-rayed species with a canal 

regularly developed on the angulo-articular. 

Discussion and conclusions 

The above review of the morphological characters of the redfin species 

provides adequate data to establish the taxonomic status of the species. 

The majority of the species have several distinctive characteristics 

separating them from others. Two pairs of similar species, viz., 

~.burchel1i - !.burgi and !.~ - !.asper require further consideration 

before their status can be settled. Betore paying further attention 

to these particular problems general comments on all the species are 

in order. 

Q.guath1ambae 

<Fronr the available material little can be said on the geographic 

variation of this species. Gephard (1978) has however made a useful 

contribution in this regard, showing that there are a number of phenotypic 

differe~ces between the known extant popUlations. Of five characters 

considered (dorsal fin rays, anal fin rays, lateral line scales, anal 

fin pigmentation and dorsal body pigmentation) Gephard found body 

pigmentation to be the most divergent characteri'b.e.tween populations. 

Adopting Ginsberg's (1938) criteria,the three populations showed more 

than 90% divergence in this character. In spite of this, the difference 

was not considered worthy of specific significance. Gephard rather used 

scale size as the evaluating criterion from which the status of the three 

popUlations was regarded as IIvarieties ll
• 

Both Greenwood &. Jubb (1967) and Gephard (1978) pointed out that 

£.quathlambae is highly adapted to its high altitude mountain stream 

environment. Thus the extremely small scales and high vertebral 



106 

counts suggest adaptations to cool temperatures, swift currents and 

probably also to the crevice spawning habits of the species (Gephard, 

1978). These adaptations enhance flexibility required for manoeuvering 

in confined spaces. Cooler temperatures are generally conducive to 

meristic characters with higher counts in fishes (Barlow, 1961; 

Fowler, 1970); and this factor may have had a large influence on the 

development of the vertebral and squamation characteristics of .Q.quathlambae. 

The reduction ~n pharyngeal teeth in .Q.quathlambae and ~.tenuis is an 

extremely unusual development for an African Barbus or Barbus-like 

species. This suggests that there has probably been strong selection 

pressure on these structures. In the general absence of competing 

species such pressure is likely to have come from the available food 

source itself. In mountain streams phytogenous organic matter is 

usually limited (Allen, 1969) and it appears that .Q.guathlambae is 

adapted to exploiting the benthic aquatic insect fauna (Pike & Tedder, 

1973; Gepllard, 1978). 

!.tenuis 

Barnard's (1943) diagnostic characters for !.tenuis included the 

following; body depth less than the length of the head, an absence 

of tubercles on the head of the males, scales with numerous striae, a 

more or less bare patch on the nape. Of these the t'ubercle character 

has fallen away and the development of a bare patch on the nape is 

inconsistent (Barnard, 1943) and is not a reliable character. However 

in spite of initial doubts !.tenuis ~oves to be one of the most firmly 

established species. The slender profile and the scales with a large 

number of radii are reasonably consistent characters. Coupled with 

this is the extremely rare barbine condition of only two rows of 

pharyngeal teeth. The distinctive osteology establishes the validity 

of the species beyond doubt. In the field !.tenuis may be recognised 

by a riverb'~l< observer by its distinctive pigment pattern relative 

to cohabiting redfin species (pers.obs.). 

Personal field observations and a host of recent collecting record's 

(appendix 1) indicate that !.tenuis is pa~tial to smaller tributaries 

which are generally mountain streams in the Gourits System. Relative 

little syntopy with !.asper has been observed and which,when present, 
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JAN DIESSEIS R. 

RONDEGAT R._I--_,\ 

BOONTJIES R 

NOORDHOEKS R.-

20 kIn 

The distribution of. B.phlegethon in the Olifants River System. 
Only one pOPulatiorl~nown from Doring River tributaries {open 
circle). 
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can often be attributed to habitat restriction due to human exploitation 

of the aquatic resources. 

Intraspecific variation in !!..tenuis is recorded for the Keurbooms 

population. Variation is restricted to certain morphometric 

characters (e.g. fin lengths, caudal peduncle proportions) which 

could be a reflection of differences in the environment (Barlow, 1961). 

The K~:tbooms catchment has on average a mean annual precipitation 

of·75:tf),~t'Qge6z:mn;,{:~.~gel,~y'~ &, Pitman, 1969) wher eas any c omp ar ab 1 e 
. .".. C~.... -._ 

stream catchment in the Gourits system has a mean annual precipitation 

of slightly more than half of this (400 to 500 mm). The pertinent 

point of such rainfall differences being that the current strength in 

the :Keur.booms· is likely to be greater than in Gourits catchments. 

The characters showing variation are those which are known in many 

<<tPrinids to respond in, similar fashion to similar situations (Hubbs, 

1940; Barlow, 1961; Stewart, 1977). 

! ·ehlegethon 

There is no question on the status of !.phlegethon. The main facies 

of the species may be summarized by the following combination of 

features. It is smaller than other redfin species with a distinctive 

adult pigmentation, has a deep and relatively narrow body, a small 

mouth and short barbels and w~akly developed secondary male sexual 

characters. The claim by Barnard (193~,; 1943) that tubercles are 

not developed in the males is shown to be,lnot strictly true. Yet 

the relative development of these structures is still weak and does 

constitute a valid diagnostic character for the species. 

The present distribution of !.phlegethon is restricted to a few 

tributaries of the Olifants River in the Clanwilliam Valley. 

Barnard collected the species in the mainstream of the river but there 

is no evidence that it is still found there. The only record of 

!.phl~ethon from the easter~ tributaries of the Cedarberg Mountains 
. ~ " 

is a small isolated population in the Driehoek River (Fig. 3.49). 

There are differences in certain meristic characters between specimens 

from,the Driehoek population and those from the ClanwilliamValley 

t~ibutar:ies. The normal mode of dorsal fin branched rays is' s~ven in' 

most redfin species including !_phlesethon. Six of ten Driehoek specimens 
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TABLE 3.17 

Summary of certain character differences between !.calidus and !.erubescens 

Character !.ca1idus M !.erubescens M 

Orbit diameter (% HL) (M) 29.1 (25-36) 26.75 (22-32) 

Postorbit length (1~L) (M) 43.6 46. 

Interorbit (% HL) 6i) 34.1 31.9 

Caudal peduncle L.19.521.l 

Dorsal branched rays (mode) 7 8 

Anal branched rays (mode) 6 7 

Scale radii 6i) 9 13 

Predorsal vertebrae (mode) 13 12 

Pharyngeal bones L/W (±) 4.6 4.9 

Pharyngeal teeth (mode) 2,3,5-5,3,2 2,3,4,-4,3,2 

Dorsal unbranched ray strongly serrated weak or no serrations 

Pigment ad on Dl'oken l~teral lateral st:ripe and 

symplectic bones 

operc1e 

pelvic fin bones 

ba~~"sBot.ted ~. 

dorsal surface 

short injunction 

with quadrate, 

shallow 

postero-ventral 

corner angular 

ischial process 

broad, lateral 

prong short 

plain dorsal surface 

long injunction with 

quadrate, deep 

postero-ventral corner 

rounded 

ischial process 

slender, lateral 

prong long 
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had six branched dorsal fin rays. The Driehoek specimens also have a 

higher number of pectoral fin rays (mode 15 vs usual 13-14) and 

lateral line scales (range of 36-39 with a mode of 37-38 vs range 29-37 

and mode of 35). The Driehoek sample included several larger than 

average specimens, one a male with the best developed tubercles yet 

seen in !.ph1egethon (Fig. 3.415b). 

Some of these differences are probably environmentally determined as 

there were notable gross differences between the Driehoek stream and 

C1anwi11iam Valley tributaries of the 01ifants. Altitude is one 

factor, (Driehoek, 900-1200 metres A.S.L., C1anwi11iam Valley tributaries 

where !.ph1egethon occurs, 200-400 metres A.S.L.) so that temperatures 

are likely to be lower at Driehoek. Physically Driehoek is a small 

(two - three metres wide at most), low gradient, sandy floored stream 

generally less than half a metre deep (the odd pool up to one or two 

metres) and with much marginal vegetation. In contrast the C1anwi11iam 

Valley tributaries are rapidly descending mountain rivers which in the 

foothill zone where !.ph1egethon occurs are several metres wide and the 

bed consists of runs and large pools floored with abundant rocks, stones 

and quartzitic sand and limited amounts of marginal vegetation. 

B.ca1idus and B.erubescens 

A summary of taxonomic characters between B.ca1idus and B.erubescens 

(Table 3.17) clearly illustrates the distinction between them. It is 

the combination of characters considered against the overall variation 

of B.ca1idus that confirms the status of B.erubescens. Particular 

significance may be attached to the fact that B.erubescens has seven 

branched anal rays, a feature which is unique in African Barbus species 

as far as is known. This latter point is given further attention in 

Chapter 5. 

The significance of the loss of the serrations on the unbranched dorsal 

ray was given brief discussion by Skelton (1974 b). The general 

conclusion was that the development or otherwise of serrations on the 

unbranched dorsal ray cannot be regarded as a reliable taxonomic 

character for particular Barbus species. These conclusions have been 

subsequently supported by Poll (1976) who reported a marked case of 

intraspecific variation in the serrations of Barbus mio1epis mio1epis. 

Individuals of this species from the same locality are found to have 

well serrated, feebly serrated or non-serrated unbranched dorsal rays. 
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There is no definitive reason known why these serrations should vary 

or differ between such closely allied species. Dorsal spines are often 

developed as defensive structures (Alexander, 1967; Gosline, 1971) and 

it is possible that the strength of the unbranched ray and its serrations 

in ]!.¢#Ubescen;s is reduced in response to the absence of cohabiting 

predatory species. Other suggestions can also be put forward. The 

shape of the pectoral fins, the placement of the dorsal fin and the 

proportions of the caudal peduncle suggest that B.calidus is relatively 

the more active swimmer of the two species. The function of the 

\unbran~1:ted dorsal) ray is probably also related to the functioning of 
c...-- - -

the dorsal fin as a keel (Alexander, 1967; Gosline, 1971) and a more 

active swimmer might need a firmer anterior support for the fin, which 

is provided by the stouter build and stronger serrations of the 

unbranched ray in ~.caliaus. Suggestions that the water chemistry 

may affect the development of the ray while, being possih1:e. in other 

cases is not supported in this case. (Skelton, 1974 b). 

The weight given to the form of the unbranched~dorsal ray in Barbus 

requires reconsideration. The fact that it is known to undergo 

reduction in many species suggests that it should not be used as a 

major character in classification. The potentiality for developing 

serrations is possibly a better criterion to adopt but this itself 

can only be ascertained by consideration of other characters of the 

fishes concerned. 

In addition to characters in Table 3.17 there tend to be higher scale 

counts in ]!.erubescens and there are fewer supraneural bones. The 

reduction in pharyngeal teeth is correlated with the more slender 

pharyngeal bones and the shorter gut in ~.erubescens. The reduction 

':lit) pharyngeal teeth is also correlated with a difference in the shape 

of the pharyngeal teeth of the species,and it is felt there is 

sufficient consistency to justify the taxonomic use of the trophic 

differences. There is support for this conclusion in the study of 

intraspecific variation in the pharyngeal teeth and bones of forty 

two cyprinid species by Eastman : .. 'Underhill (1973). These authors 

concluded that although pharyngeal tooth formulae are not by themselves 

taxonomically reliable,the pharyngeal arches and tooth morphology are 

uniform within the species, and are generally important taxonomic 

characters. 
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TABLE 3.18 

Diagnosis of ~.burgi and ~.burchelli according to Bar~ard (1943) and 

Jubb (1965;1967). 

Character 

Scales. Lateral line 

Caudal Peduncl e 

L.l to dorsal 

1..:1't:0 yelvic 

predorsal 

Scale radii 

Head length (into SL) 

Barbels (anterior pr.) 

Origin of pelvic fin 

Size at first maturity 

~.burgi B.burchelli 

29-36 33-36 

(tubules complete) (tubules complete or incomplete) 

12 14 

4 5 

3 3-4 

13-15 17-18 

4-16 4-10 

3.5-3.8 3.25-3 .. 75 

short develop + 50mm SL long, develop + 20mm 

below dorsal anterior to dorsal 

+ 60mm SL 55-6Omm SL 
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!.burchelli and !.burgi 

The features which Barnard (1943) and Jubb (1965;": 1967) used to 

distinguish !.burgi and !.burchelli are summarised in Table 3.18. Of 

these features Barnard (1943) considered the differences in the 

development of the anterior barb~ls as indicating "the real validity 

of the species". However the emph'asis which Barnard gave to this 

character must be viewed with skepticism as barbels are frequently 

variable within a species. It is noted at the same time that 

Barnard based his judgement in the light of the consistency of the 

difference between the two forms. The present study supports 

Barnard's findings regarding the consistency of difference in barbel 

development in these species. There are at least two other consistent 

character differences and sev~)l more ~ivergent characters and it 

is in the light of these that the status of the species should be viewed. 

In the redfins the dermosphenotic bone is usually small and without 

prominent flanges on either side of the tube for the lateral line 

canal. This suggests that a certain amount of genetic reorganisation 

must have occurred in !.burgi for wide flanges to develop consistently. 

A.particular feature of this character is that the condition in 

!.burgi probably represents a positive development of the bone from a 

relatively reduced state, and not vice versa. The dermosphenotic 

is not a cammon character of distinction in cyprinids but in at least 

two cases similar emphasis has been placed on it - Miller (1963) uses 

the ~larged state of the dermosphenotic in Q!l! crassicauda as a 

diagnostic character of that species':; and Barbour & Miller (1978) 

consider a broad dermosphenotic as a derived character in the context 

of North American Cyprinidae. 

Tubercles are, generally speaking, not well developed in Barbus species. 

They therefore do not feature as prominent taxonomic characters in the 

genus. Considerabl~more attention is paid to them as systematic 

characters in the North American cyprinids and guidelines as to their 

taxonomic value are taken largely from North American sources. Wiley 

-& Collette (1970) and Collette (1977) suggest that these structures 

probably originally evolved to enable spawning individuals to maintain 

contact in the fluviat~l~ -;) environments. Subsequently a number of 

other functions may have evolved, and it is not unlikely that tubercles 
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in different body regions serve different functions. The precise 

function or functions of the tubercles of redfin species is not yet 

established but as they only develop prominently in sexually mature 

males it may be assumed that this function is associated with reproductive 

biology. Differences in the development of these tubercles therefore 

most probably reflect differences in one or other aspect of reproductive 

biology. 

The significance attached to differences varies from case to case, 

depending primarily it seems on whether the pattern itself has changed 

or whether the tubercle development within a pattern has changed. 

Distinctive tubercle patt~rns common to several species have been used 

as major characters in recognising genera or sub-genera, e.g. one of 

dl:':e major characters:;~£J~NQQ~is is the distinctive development of 

large cephalic tubercles (Jenkins & Lachner, 1971). Snelson (1968) 

recognised distinctive groups of species within the subgenus Notropis 

(genus Notropis) on the basis of differences in pectoral fin tubercles. 

On the other hand distinctive differences between tubercle development 

is often only accorded sub-specific significance. Lachner & Wiley 

(1971) used this as a sub-specific c~aracter in Nocomis leptocephalus. 

Similarly Snelson (1973) and Snelson & ~£,lieger (1975) described 

seve~a1 subspecies of Notrcpis species using primarily tubercle data. 

The major diagnostic character between Barbus motebensis and Barbus 

anop1us is that the former develops tubercles on the head and the 

latter generally does not (Jubb, 1967~ 1968). Gaigher (1976) found 

that the tubercles do develop ~n the head of individ~ls in certain 

!.anop1us,popttlations and~ccording1y suggested the two species should 

. be'~Yl'lonymised. 

The above examples suggest that the tubercle differences between 

~.burgi and !.burche11i alone are not sufficient to recognise them as 

distinct, species. However in concert with the dermosphenotic bone and 

the differences in the barbel development as well as the several other 

distinct tendencies of ~.burgi (e.g. the short predorsa1 length) I 

consider that. there is sufficient justification to uphold the status 

of the species. 

( 

C";"~_''';''':-",~''-'~''''''.II'~I:t-_!'tt'b_''_''''''_'''·tiio.i''I~-iOIi't ___ ....... IIiI· aeiOllt&iIiII-"' •• ·;_zriiillfiiiiltllil'IIiI'tHiIIH

'_. t .. •· ••• f.rtililli'."r.··tiflitlllili· a.rill' llllliil1lillllllleliOiw'i..' ....,;;,_ 
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In the ,light of this conclusion the considerable variation in gut length 

of:t:1}~(\~fferent populations of !.burgi is of minor significance. 

Although the length and degree of involution of the gut has been 

discredited as' a generic character in ,ey¢::irdds in recent years 

(~1ll.:~,lJr~'fr, 1971; Hubbs ,&Miller, 1977; Gilbert, 1978) there are 

few examples of as large an intraspecific variation as in !.burgi in 

the literature. One notably similar example is given by Lachner & 
Wiley (1971)1 Nocomis leptocephalus usually has a relatively long 

"whorled" intestine ~biUt in certain populations the specimens have a 

short "S" flexed intestine. As with !.burgi these authors attached 

no taxonomic significance to this variation. 

~.~ - !.asper 

Scale size is the major character separating ~.~ (~rom !.asper. The 

question of scale size in the taxonomy of these forms has been discussed 

earlier. The conclusions reached were that the most acceptable taxonomic 

decision on the basis of this character would be to include !.~, 

!.~ (Gamtoos) and !.asper (variant) populations within a single 

taxon, separate from !.,a,sper. Although these two species are closely 

similar in a majority of ~orphological characters,other characters 

which would support this decision are the pigment patterns and the 

length of the intestine. 

N~ither the pigment pattern nor the length of the gut can be considered 

convincing taxonomic characters when considered independently. The 

clinal variation of several morphometric characters support the 

marriage of !.asper (variant) and ~.~. It is in the light of this 

marriage, together with the scale size distinction and the situation 

in the Gamtoos River, which will be explained below, that the status 

of the two species are upheld. 

The presence and distribution of these two species in the Gamtoos River 

System has always been a problem. Barnard (1943) considered that 

only !.asper was present in the Gamtoos but recognised that the form in 

the mountain tributaries differed from the typical form in the Groot 

River tributary. Jubb (1965) found that specimens from certain 

"coastal tributaries" of the system were "closer to ~.~ than !.asper". 
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Part of the Gamtoos River System in the fold belt region showing 
the distribution of B~a.sper (solid symbols) and B.afer (open 
symbols). Both species have been collected. together in the 
lower reaches of the Wit River (semi-solid symbol). 
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At the time there was no way of clearly identifying which were ~.~ 

and which ~.asper and museum samples were consequently frequently 

confused. 

The ¢root River tributary has its source well beyond the fold mountain 

belt in the Great Karoo. It eventually joins the rest of the Gamtoos 

River System after abruptly turning i~t right angles from its course 

and penetrating through the Baviaanskloof - Gt. Winterhoek Mountains 

in a narrow gorge (Fig. 3.50). ~.asper is found in the Groot River to 

within the gorge in the mountain belt whereas B.afer is found in --
tributaries within the mountains themselves. The caudal peduncle 

scale counts in Table 3.19 illustrate the distinction of the species 

on this character in the Gamtoos System. In the Wit River, a 

tributary of the Groot within the gorge, both species were collected 

together. The 'l'labitat at this site can be considered an ideal 
'.: 

compromise between the habitat offered by the Groot River and the 

mountain tributaries (extremely close to the confluence and yet not 

far removed from the mountain stream habitat found higher up Wit 

Valley). There is no evidence of integration of the species at this 

site. 

The distribution of the two species therefore appears to reflect 

closely their rather different habitat preferences. The Groot River 

differs considerably in both runoff regime and in the water quality.)" 

from the mountain streams of the system. It is today an intermittent 

river draining Karoo system rocks which impart characteristically high 

total dissolved solids and are known as the highly mineralized 

'chloride-sulphate waters (Bond,1946). The waters of the remainder 

of the system are derived from the Table Mountain Sandstones of the 

mountain belts. The waters of these perennial streams, are 

characteristically pure but acidic in nature. Hofmeyr (1966) found 

that ~.asper ,was more tolerant to chlorides than !.~, which is 

clearly a factor in agreement with the pattern of distribution of the 

two species in the Gamtoos System. 

The Groot River appears to have been incorporated into the Gamtoos 

System by river capture (Haughton,~!!:"-:5' ,1937). If so~, then~.C\Sl?er was 

probably present in the Groot before the event and appears to have 

been prevented from dispersing beyond the confines of the parent 
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river. Possibly both ecophysio1ogica1 and competitive factors have 

been involved in maintaining this restriction. 

The general conclusions reached from the situation in the Gamtoos System 

is that there are two distinct forms present and a taxonomic separation 

of them is justified at present. These two species are nevertheless 

morphologically very similar, and if further taxonomic studies ar'e made 

on them they should be directed through biological, biochemical or 

cytotaxonomica1 avenues. 

Summary 

The taxonomic conclusions reached in this study are listed. below: 

i) Nine redfin species are recognized, these being ~.burche11i 

Smith 1841,'~.~ Peters 1864, ~.asper Bou1enger 1911, ~.burgi 

Bou1enger 1911, oreodaimo~ quath1ambae (Barnard 1938;Y" 

~.ph1egethon Barnard 1938'j ~.tenuis Barnard 1938~:,~.ca1idus 

Barnard 193ff and ~.erubescens Skelton 1974. 

ii) £.guath1ambae is a very distinct species with morphological 

adaptations for a high altitude mountain stream env~ronment. 

iii) ~.ph1egethon is a small distinct species with restricted 

distribution including an isolated population with divergent 

characters. 

iv) The identity of ~.tenuis is confirmed and the speeies is adapted 

to mountain tributaries. 

v) ~.erubescens is confirmed as a new specie~, isolated from 

~.calidus by a waterfall. 

viI) The specific status of ~.burgi is confirmed. 

vii) ~.burche1li appears to be a generalised redfin species. 

viii) ~.asper is restricted to the form from the larger rivers of 

the Gourits System and the Groot River of the Gamtoos System. 

ix) ~.~ is expanded to inc1{ld;.e.:the populations of ~.asper 

(variant). '£1ais:fs"a variable and widespread species found in 

perennial coastal rivers from the Sundays to the rivers of the 

Outeniqua coastal plain east of the Gourits System. 
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Fig. 3.51 Neotype of Barbus btirche11i A. Smith 1841. AM/P 7223.A, ~, 
102 rom SL. Drawn by Elizabeth Tarr. Scale bar = 30 rom. 
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SPECIES ACCOUNTS 

Barbus burchelli Smith, 1841 

Fig. 3.51 

Barbus (Pseudobarbus) burchelli A. Smith, 1841: pl. XI no.l; GUnther, 

1868: 96; Gilchrist &, Thompson, 1913: 417-418 (in part, 2 specimens 

from Robertson, Cape); Jubb, 1965: 26-27, pl. VIII; Jubb, 1967: 97-99, 

Fig. 83, pl. 14. 

?Barbus gobionides Valenciennes in Cuvier ~' Valenciennes, 1842: 189. 

Gnathendalia vulnerata Castelnatt;, 1861: 57. 
I -

Barbus vu1neratus. Bou1enger, 1905b.:45; Boulenger, 1911: 148-149 

(in part, only the 2 specimens from "Zonde Einde River"); Gilchrist & 

Thompson, 1913: 415-416 (in part, Fig~ 73 and Zonde Einde River specimens 

only); Barnard, 19381:>: 83, Fig. 18 Band C. 

Material Examined: Neotype: AM/P:7223A; ~ l02rmn SL. Fig. 3.5l. 

Tradouw River, Breede River System, 33
0 

56' 50"S, 20
0 

42' 39"E, 

collected by S. Thorne, 13 December 1978. Other material recorded in 

Appendix 1. 

"~~®~l~~':'~ Redfin Barbus with last dorsal unbranched ray simple, slender 

and flexible; two pairs of well developed barbels longer than orbit 

diameter; breeding males with large conical tubercles in head 5-10 on 

either side of snout. 

times SL. 

Intestine:inv0i1Jt-ed,mo4~rately, long, up to 2~ 8 

Description: Morphometric and meristic data are given in Table 3.20. 

Medium-sized (up to 135 rmn SL) fusiform cyprinicd)j. predorsal length 

slightly longer than postdorsal length; head length sub-equal to body 

depth; eyes lateral to dorso-latera1; mouth sickle-shaped, sub-terminal 

and protrusible, lips moderately developed or retracted from rim of 

lower jaw; ,barbels well developed, larger than orbit diameter in adults. 

Scales radiate1y striate, focus central, radii in all fields. Breast 

scales reduced and embedded~ nape scales moderately crowded, pelvic 

axillary scale absent. 
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TABLE 3.20 

Morphometric and meristio measurements of B. burche1li ( N= 179) 

!tlElasurement 

Standard length (mm) 

Head length (7~L) 

Head depth (7~L) 

Snout length (7~L) 

Orbit diameter (%HL) 

Postorbit length (7~L) 

Interorbit length (7~L) 

Predorsal length (7~L) 

postdorsal length (%SL) 

Dorsal fin base (%SL) 

Dorsal fin length (%SL) 

Pectoral fin length (7~L) 

Pelvic fin length (%SL) 

Anal fin length (%SL) 

Anal fin base (7~L) 

Body depth (7~L) 

Body width (7~L) 

Caudal length (7~L) 

Caudal peduncle depth (7~L) 

Anterior barbel length (%00) 

Posterior barbel length (%00) 

Pectoral - pelvic length (7~L) 

Pelvic - anal length (%SL) 

Pharyngeal bones L/W (N = 120) 

Length of intestine (N = 140) 

Meristics 

Dorsal fin rays 

Anal fin rays 

Pectoral fin rays 

Pelvic fin rays 

Vertebrae 

Precaudal vertebrae 

Caudal vertebrae 

Predorsal vertebrae 

Preanal vertebrae 

Lateral line scales 

Caudal peduncle scale 

Scale rows lat. line -

Scale rows lat. line -

Scale rows lat. line -

Predorsa1 scale rows 

rows 

dorsal 

pelvic 

anal 

Primary scale radii 
(M to nearest whole no.) 

Pharyngeal teeth (mode) 

Range Mode 

;,·!ax. Min. 

136.0 28.0 54.3 

33.1 24.7 27.0 

76.8 62.2 69.9 

41.5 30.6 36.0 

36.7 17.8 28.5 

50.7 38.5 45.2 

36.5 24.1 30.6 

55.2 48.9 51.3 

51.4 44.9 48.8 

15.6 11.2 13.4 

26.6 19.0 23.2 

25.0 18.6 21.7 

19.2 14.0 16.6 

25.0 17.3 20.3 

13.5 7.1 10.7 

29.3 22.8 25.5 

21.8 13.7 16.8 

28.0 21.3 24.8 

17.7 10.9 12.3 

115.0 3.7 55.2 

166.0 3.7 94.7 

27.6 21.1 24.6 

17.1 11.9 14.3 

4.5 3.0 3.5 

280.5 73.4 159.2 

III-IV (IV) 

III-IV (III) 

12-16 (14) 

7-9 (8) 

34-38 (36-37) 

17-20 (18-19 ) 

15-20 (17-18) 

11-13 (12) 

18-22 (19-20) 

29-39 (36) 

12-18 (12 ) 

5-7 (6) 

4-6 (4) 

4-6 ( 4) 

14-22 (17-19) 

10 

2,3,5 - 5,3,2 

+ 6-8 (7) 

+ 4-6 (5) 



122 

Paired fins sexually dimorphic; oval or rounded, longer and more 

expansive in males, reaching to within one or two scales of pelvic fin 

origin; shorter in females re~ching to within four or five scales of 

pelvic fin origin; pelvic fins fan-shaped reaching to within one or 

two scales of anal fin base in males, or two or three scales (of anal fin 

base) in females; posterior edge of dorsal and anal fin straight or 

slightly rounded; caudal fin forked, lobe rounded. Dorsal fin origin 

slightly behind origin of pelvic fin. 

Gill rakers 2-3 + 6-9 on leading arch. Pharyngeal bones falcate; 

pharyngeal teeth in three rows with oblique truncate crowns which are 

closely applied to each other. Intestine involuted with t:w€>to three 

secondary coils, up to 2,8 times the SL. 

Conical tubercles on snout and top of head, arranged in specific pattern 

of bilateral groups (5-10 tubercles) on snout, bilateral arcs above nares 

and along dorsal side of orbit, and scattered over dorsal region of 

cranium. Bands of tubercles up to five or six deep over dorsal surface 

of pectoral fin rays, absent from leading ray; single rows of tubercles 

along free edge of scales of other fins. Single row of minute tubercles 

along free edge of scales of all regions. Tubercle buds develop on 

head of large breeding females. 

Juveniles and sub-adults light brown to miliive green with large dark 

blotches dorsally and laterally, a mid-lateral series of large spots with 

a large sub-triangular caudal mark. Larger adults darken to~ecome 

bluish-black dorsally and laterally in breeding dress. 

The proximal portion of fins scarlet, caudal fin, reddish in median 

portion of lobes in nuptial males only. Fin rays dark brown, membranes 

hyalin distally. 

Lateral line along mid body complete or semi-complete (irregular 

suppression of tubules on a few scales). Cephalic lateral line with 

reduced mandibular canal; preopercle~andibular canal disjunct. 

Remarks: There paa,been confusion as,tOnwhicnof the two closely related 

species in the ~outh~west Cape the original description of B.burchelli 
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Fig. 3.52 
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Barbus burSi Bou1enger, 1911, AM/P 6156, t , 85 rom SL. Drawn 
by Elizabeth Tarr. Scale bar = 30 rom. 
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by A. Smith, (184l~~ actually referred to. There are no types as far as 

can be ascertained (Smith made no reference to his material; there is 

no reference to any collecting of redfins or"rooivlerks"in the account 

of his travels or of his party (Burrow, 1971) and searches in the South 

African MUseum, the British MUseum of Natural History (P.H. Greenwood, 

pers.comm.) or the Royal Scottish Museum (Swinne~lll~. 4 Feb. 1976) ). 

The original description is inadequate and the accuracy of the artist 

unreliable (Barnard, 1943; Greenwood & Crass, 1959). The present 

nomenclature was settled by Jubb (1965) and although the reason for 

changing from the nomenclature adopted by Barnard (19381?-,1943) is not 

entirely justified there is no way,in the absence of types,of definitely 

proving that either is correct. In the interests of stability the 

status quo is therefore maintained and a neotype has been selected (Fig. 3.51) 

from recently collected material. 

The type specimens of !.mu1timacu1atus have not been examined but on the 

basis of the description and figure provided by Steindachner (1870) 

there is little doubt that this species is correctly placed in synonymy. 

The identity of Barbus gobionides Valenciennes with no types available 

(Bauchot, lll.!.!.ll.. 20 Oct. 1978) cannot be definitely established from 

the brief original description and (as pointed out by Barnard, 1943), 

this name is a nomen dubium. 

Range: Details of collecting localities in Appendix 1. Map (fig 6.3) 

Chapter 6. !.burchelli is found in the Breede River System and the 

following independent rivers: the Kaffirkui1s, the Duivenhoks, the Sout, 

the Kars and the Nieuwejaars. 

Fig. 3.52 

Barbus anoplus Weber, 1897: 152 (in part, the Frenchhoek specimen). 

Barbus burche1li~Bou1enger, 1911: 164, Fig. 122 (in part, Eerste River 

specimens); Gilchrist & 'Thompson, 1917: 417-418 (in part, the Eerste 

,"and Berg River specimens), Fig. 75; Barnard, 1938;1>: 82-83; Barnard, 

1943: 185-188, Fig. 18a. 



125 

TABLE 3.2~ 

Morphometric and meristic measurements of B.burgi ( N= 107) 

Measurement 

Standard length (rnm) 

Head length (%SL) 

Head depth (%HL) 

Snout length (%HL) 

Orbit diameter (1~L) 

Postorbit length (1~L) 

Interorbit length (%HL) 

Predorsal length (1~L) 

Postdorsal length (%SL) 

Dorsal fin base (%SL) 

Dorsal fin length (%SL) 

Pectoral fin length (%SL) 

Pelvic fin length (%SL) 

Anal fin length (%SL) 

Anal fin base (%SL) 

Body depth (%SL) 

Body width (%SL) 

Caudal peduncle length (%SL) 

Caudal peduncle depth (%SL) 

Anterior barbel length (%00) 

Posterior barbel length (%00) 

Pectoral - pelvic length (%SL) 

Max. Min. 

109.0 

29.4 

80.8 

42.1 

37.5 

53.0 

40.0 

53.8 

55.4 

15.44 

28.4 

26.4 

20.7 

23.4 

12.4 

32.0 

18.6 

38.3 

3.3 

80.0 

47.3 

32.0 

34.0 

22.9 

64.0 

30.0 

22.3 

38.7 

27.8 

44.6 

46.3 

11.7 

16.1 

14.7 

7.9 

14.0 

8.5 

20.9 

9.8 

20.9 

9.1 

2.8 

21.9 

16.5 

Mode 

59.4 

25.9 

73.8 

35.6 

29.1 

47.1 

33.5 

48.9 

51.1 

13.7 

24.5 

21.5 

17.9 

20.1 

1"0.3 

27.4 

15.2 

25.0 

11.8 

18.7 

71.2 

24.7 

Pelvic - anal length (%SL) 21.1 13.0 15.8 

Pharyngeal bones L/W (N = 58) 4.2 2.7 3.3 

Length of intestine (N = 81) 360.6 116.9 231. 7 

Meristics 

Dorsal fin rays 

Anal fin rays 

Pectoral fin rays 

Pelvic fin rays 

Total vertebrae 

Precauda1 vertebrae 

Caudal vertebrae 

Predorsa1 vertebrae 

Preanal vertebrae 

Lateral line scales 

Caudal peduncle scale rOWs 

Scale rows lat. line - dorsal 

Scale rows lat. line - pelvic 

Scale rows lat. line - anal 

Predorsal scale rows 

Primary scale radii 
(M to nearest whole no.) 

Pharyngeal teeth (mode) 

III-IV (III) 

II-IV (III) 

13-18 (14-15) 

7-9 (8) 

35-39 (36-37) 

17-20 ( 19) 

16-20 (18) 

10-12 (82) 

19-21 (88) 

28-37 (30-34) 

12-16 (12) 

4-6 (5) 

3-5 (4) 

3-5 (4) 

12-18 (15) 

8 

2,3,5 - 5,3,2 

+ 6-8 (7) 

+ 5-6 (5) 

---~ ... ~.---
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Barbus burgi Boulenger, 1911: 147-148, Fig. 124; Gilchrist & Thompson, 

1917, 419, Fig. 76. 

Barbus ~Boulenger, 1911: 178-179, Fig. 156 (non !.~ Peters, 1864). 

Barbus bergi. Jubb, 1965: 27-28, Fig. 9 (unjustified emendation); 

Jubb, 1967: 99, Fig. 84. 

Material examined: Lectotype BMNH 1901.2.11:14; 72 mm SL. Paralectotypes 

BMNH 1901.2.11: 15-16, 67mm and 61 mm SL. Other material in Appendix 1. 

Diagnosis: Redfin Barbus with last unbranched dorsal ray slender and 

flexible; two pairs of barbels, anterior pair only present in adults and 

very short (less than orbit diameter), pharyngeal teeth with truncated 

oblique crowns; intestine variable, up to 3;-6 times the SL, involuted; 
{, 

mature males with large tubercles on head, body and fins, 10-15 on 

either side of snout. 

Description: Morphometric and meristic data are given in Table 3.21. 

A medium sized (up to 109 mm SL) fusiformcyprinid; sexes dimorphic. 

Predorsal length slightly shorter than postdorsal",liength; body depth 

greater than head length. Eyes lateral. Mouth sickle shape.d, inferior 

and protrusible, lips moderate. 

Scales radiately striate, radii few in all fields, focus centralized. 

Breast scales reduced and ist~us naked; pelvic axillary scale absent. 

Paired fins sexually dimorphic, pectorals rounded, longer and more 

expansive in males, almost reaching to base of pelvics; pelvic fins 

rectangular almost reaching anterior base of anal fin in males; anal 

and dorsal fin posterior edges nearly straight; caudal forked with 

rounded lobes; origin of dorsal above origin of pelvics; dorsal. 

Gill rakers 2-4 + 6-lO on leading arch; Pharyngeal bones falcate; 

pharyngeal teeth in three rows. 

Breeding males with tubercles on head in pattern as described in 

!.burchelli; lJands of tubercles 3 .. 4 deep over dorsal surface of 

pectoral fin rays except leading ray; tubercles in single rows on rays 

of dorsal, pelvic, anal and caudal fins; single rows of minute tubercles 
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along free edge of all scales, inconstant on ventral scales in pectoral 

to pelvic region. Tubercle buds develop On large breeding females. 

Colour of juveniles and sub adults: body light brown to dark olive 

green; a dark irregular lateral band along body ending in sub-triangular 

caudal mark; parallel series of faint wavy lines along length of body 

from head to caudal fin; occasional large blotches over dorso-lateral 

surface. In adults pigmentation is more uniformly dark laterally and 

dorsally; fins scarlet on basal half, fin rays dark, membranes hyaline. 

Orbit and operculum iridescent golden. 

Lateral line canal straight along midbody, complete or semi-complete, 

cephalic lateral line with reduced mandibular canals; preoperculo­

mandibular canal disjunct, no suprapreopercular tube on operculum. 

S't,ipraneurals vestigial or absent, anterior epineurals reduced, 

dermosphenotic with wide lateral flanges. 

Remarks: Barnard (1938b}placed &.burgi in synonymy with &.burchelli 

and recognised the Breede River species as &.vulneratus. Jubb (1965) 

switched the status and placed !.vulneratus in synonymy with !.burchelli 

and resurrected B .burgi for the Berg River species (See: introduction, 
- i . 

Chapter:3'for'!r,easo~s). Bou1enger (1911) miSunderstood the spelling 

of Berg River and consequently named the species !.burgi. This name 

is however valid as Boulenger's spelling was not inadvertent (his 

reference to Burg River or !.burgi is consistent in ~oth VoL II and 

Vol.VI (addendum) of the Catalogue). 

Species Comparisons: Distinguished from &.burchelli by larger scales, 

short anterior barbels, anterior position of dorsal fin, fewer predorsal 

vertebrae, smaller .ore numerous head tubercles and larger dermosphenotic. 

Ranae: Berg River system, Eerste River and Verlore Vlei River. 

Details in Appendix 1 and map in Chapter 6. (fig 6.3). 

Recent searches for the species in the Eerste River (Gaigher, pers.comm.) 

have failed to produce signs of the species and it is probably extinct 

there. The discovery of &.burai in the Verlorevlei River during the 

course of this study represents a new record. 
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Fig. 3. 53 
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Batbusph1egethon Barnard, 1938. AM/P 1399 ~ , 45,5 rom SL. 
Drawn by P. Skelton. Scale bar 10 rom. 

--.--.------. ---
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Barbus ph1egethon Barnard, 1938 

Fig. 3.53 

. Barbus ph1egethon Barnard, 1938b: 87-88; 

Jubb, 1965: 32, Fig. 13; Jubb, 1967: 

Barnard, 1943: 

97, Fig. 82. 

204-206, Fig. 20; 

Material examined: Lectotype: SAM 22484 ~ 43 rom SL; 32 para1ectotypes 

SAM 22484. Other material in Appendix 1. 

Diagnosis: A 'small (less than 71 rom SL), redfin Barbus species with a 

flexible 1astunb:ranche.d dors,!l fin ray; mouth small, inferior with a 

single pair of short barbels (usually less than half orbit diameter); 

adults with numerous irregular dark (brown-black) blotches; conical 

tubercles on head of male weakly deve1?ped. 

Description: Morphometric and meristic data are given in Table 3.22. 

A fusiform species. Head length subequa1 to body depth. Eyes lateral. 

Mouth sickle shaped, sub-terminal and protrusib1e; lips moderate, 

frequently retracted from rim of lower jaw. 

Scales cyc1oid,radiate1y striated with central focus. 

reduced and embedded, pelvic axillary scale absent. 

Breast scales 

Paired fins sexually dimorphic; pectorals rounded, slightly longer and 

more expansive in males, usually not reaching base of pelvic fins; 

pelvic fins sub-rectangular; reaching anal fin in males; posterior 

edge of anal and dorsal fins straight or slightly concave; caudal fin 

forked, lobes narrowly rounded; dorsal fin origin above or slightly 

behind origin of pelvic fins. 

Gill rakers 2 + 4-6 on anterior arch. Pharyngeal bones falcate, 

':Length to width ratio 2"l9 - 3 ,9; pharyngeal teeth in three rows, 

1,3,5 - 5,3,1; crowns obliqu~ and truncated. Intestine involuted, up 

to 2.5 times SL. 

Breeding males with few small conical tubercles on snout and top of head, 

bands of small tubercles over pectoral fin rays, excluding leading ray. 
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TABLE 3.22 

Morphometric and meristic measurements of B.phlegethon ( N= 92) 

Measurement Range Mode 

~I:ax. Min. 

Standard length (mm) 59.5 27.5 43.3 

Head length ("l.sL) 28.7 23.9 25.6 

Head depth (%HL) 82.4 66.9 75.0 

Snout length (%HL) 41.2 31.1 35.2 

Orbit diameter ("loHL) 36.3 25.3 30.2 

Postorbit length (%HL) 57.1 43.1 46.4 

Interorbit length ("lJlL) 38.8 27.2 32.8 

Predorsal length (%SL) 55.2 49.0 52.4 

postdorsal length ("l.sL) 51.0 44.8 47.6 

Dorsal fin base (%SL) 15.2 10.9 13.3 

Dorsal fin length (%SL) 27.6 19.2 24.0 

Pectoral fin length (%SL) 25.3 17 .8 20.9 

Pelvic fin length (%SL) 20.8 15.4 17.3 

Anal fin length (%SL) 23.7 17.0 21.2 

Anal fin base (%SL) 12.1 9.1 10.1 

Body depth ("loSL) 27.8 21.4 24.2 

Body width (%SL) 17.6 11.7 14.4 

Caudal peduncle length (%SL) 26.9 21.4 23.9 

Caudal peduncle depth (%SL) 12.1 9.1 10.8 

Anterior barbel length ('}'oOD 

Posterior barbel length (%OD) 50.0 2.6 26.9 

Pectoral - Pelvic length (%SL) 31.9 23.3 27.4 

Pelvic - Anal length (7oSL) 18.9 12.0 14.7 

Pharyngeal bones L/W (N = 63) 3.9 2.9 3.4 

Length of intestine' (N = 77) 244.0 78.1 142.4 

Meristics 

Dorsal fin rays III-IV (III) + 6-8 ( 7) 

Anal fin rays III-IV (III) + 5-6 (5 ) 

Pectoral fin rays 11-15 (13-14) 

Pelvic fin rays 7-9 (8) 

Total vertebrae 35-37 (36) 

Precaudal vertebrae 17-19 (18) 

Caudal vertebrae 16-19 (17-18) 

Predorsal vertebrae 11-14 ( 12-13) 

Preanal vertebrae 18-21 (20) 

Lateral line scales 29-37 (35) 

Caudal peduncle scale rows 10-14 (12 ) 

Scale rows lat. line - dorsal 4-6 (5) 

Scale rows lat. line - pelvic 3-4 (4) 

Scale rows lat. line - anal 3-5 0-4) 

Predorsal scale rows 14-20 ( 16-17) 

Primary scale_radii (11 to n 
(M to nearest whole no. ) 12 

Pharyngeal teeth (mode) 1,3,5 - 5,3,1 



131 

Juveniles with single dark lateral stripe; adults heavily blotched with 

dark pigment in addition to dark lateral band, white ventrally; proximal 

portions of fins brilliant scarlet; fin rays brown with a concentration 

of dark pigment in forks of branched rays giving banded effects; distal 

fin membranes hyaline; iris golden; cheek and operculum metallic silvery 

or golden. 

Lateral line straight along midbody, complete. Cephalic lateral line 

without mandibular canal; preopercular canal disjunct. 

preopercular tube on operculum. 

No supra-

Supraneurals vestigial or absent, anterior epipleurals reduced. Neurocranium 

narrow and deep, hyomandibula with short dorso-anterior projections. 

Species ~omparisons: Barbus phlegethon is not easily confused with other 

species. The small mouth, very short barbels, pigment pattern, long 

intestine and form of dorsal unbranched ray, will identify the species from 

the sympatric !.calidus. Juveniles may be rec'~ised on the basis of 

pigmentation and having five branched anal fin rays and a single 

lateral stripe (juveniles of ~.calidus are spotted). 

Range: Cedarberg tributaries of Olifants River in the Clanwilliam 

Valley; one population from Driehoek tributary of Doring River. 

Details in Appendix 1; 'Ch. 6. (fig 6.3) and Fig 3.49. 

Remarks: Barnard was not fastidious in designating or labelling type 

material and in consequence there is some doubt as to what~ft~p~~ material 

actually:was~'(see also !. tenuisand!~~cali:dus). In the -absence of 

evidence to the contrary I have regarded that material which is known to 

have been available to Barnard before the date of publication of his 

sp·ecies as the type material (International Code Article 72 b). In 

the case of !.phlegethon the samples concerned are SAM 18767; SAM 19003 

and SAM 22484(?). These two samples were evidently combined and 

reaccessioned as SAM 22484 (P.A. Rulley, SAM, pers.comm. Nov. 1979) and 

labelled as . synFypes. The lectotype was selected from this series on 

the basis of size and condition. 
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Fig. 3.54 Barbus tenuis Barnard, 1938. AM/P 3455 ~ , 62,5 rom SL. 
Drawn by Elizabeth Tarr. Scale bar = 30 rom. 
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Barbus tenuis Barnard, 1938 

Fig. 3.54 

Barbus anop1usrGi1christ & Thompson 1913: 428 (~.anop1us non Weber, 

in pat-'t, specimens from 1e Roux River large). 

B arbus tenui s :: Barnard, 1938b:, 87, Barnard, 1943: 202-204 Fig. 19 b; 

Jubb, 1965: 31, Fig. 12; Jubb', 1967: 101, Fig. 87; Skelton 1976: 

(Fig. 10 b, new locality record). 

Material Examined: Lectotype: SAM 18953, ~ 74 rom SL. Para1ectotypes 

SAM ];"667,18948, 18953, -t"89~, 18970. Other material given in Appendix 1. 

Diagnosis: A terete redfin Barbus species with flexible last unbranched 

dorsal fin ray. Head length . greater than body depth; single p"air of short 

barb~ls less than orbit diameter; pharyngeal teeth in two rows 3,5 - 5,3; 

gut up to 1.,~3 times in SL with single flexure and slight secondary 

involution; seven pelvic fin rays. 

Description: Morphometric and meristic data given in Table 3.23. A 

medium-sized (adults up to 80 rom SL), Barbus species; eyes dorso­

lateral. Mouth sickle shaped inferior and protrusib1e, lips moderate. 

Scales cyc1oid,radiate1y striated with numerous radii, focus centralized. 

Breast scales reduced and embedded, nape scales reduced or .~bsent;-· 

pelvic axillary sca1eabserit. 

Paired fins sexually dimorphic: shorter and less expansive in females, 

pectorals rounded, reaching to base of pe1vics in males; pe1vics 

rounded ,reaching anal fin base ~il\ ma1e~; '~p'osterior edge'of anal and dorsal 

f:iJns.i..:..stsraight or 'slightly rounded; caudal forked, lobes rounded; 

dorsal fin origin behind origin of pelvic fins. 

Gill rakers ?2"+ -;5-6 to 3 + 7 ..... 8- on anterior arch; pharyngeal bones 

falcate; Length to width ratio 3 - 4,5; pharyngeal teeth crowns 

oblique with recurved tip. 

Breeding males with large conical tubercles on snout and top of head, 

single rows of conical tubercles over rays of fins, and single rows of 

small conical tubercles along free edge of scales. 
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TABLE 3.2:5 

Morphometrio and meristio measurements of B.tenu1s ( N = 96) 

Measurement 

Standard length (mm) 

Head length (r~L) 

Head depth (%HL) 

Snout length (r~L) 

Orbit diameter (r~L) 

Postorbit length (%HL) 

Interorbit length (r~L) 

Predorsal length (%SL) 

Post dorsal length (r~L) 

Dorsal fin base (r~L) 

Dorsal fin length (r~L) 

Pectoral fin length (%SL) 

Pelvic fin length (r~L) 

Anal fin length (r~L) 

Anal fin base (%SL) 

Body depth (%SL) 

Body width (r~L) 

Caudal peduncle length (r~L) 

Caudal peduncle depth (%SL) 

Anterior barbel length (%00) 

Posterior barbel length (%00) 

Pectoral - pelvic length (%SL) 

Pelvic - anal length (%SL) 

Pharyngeal bones L/w 

Length of intestine 

Meristics 

Dorsal fin rays 

Anal fin rays 

Pectoral fin rays 

Pelvic fin rays 

Total vertebrae 

Precaudal vertebrae 

Caudal vertebrae 

Predorsal vertebrae 
~cale rows J.aL. l.l.l1t! -

(N = 72) 

(N = 23) 

Scale rows lat. line - pelvic4 

Scale rows lat line - anal 

Predorsal scale rows 

Primary scale radii 
(M to nearest whole no.) 

Pharyngeal teeth (mode) 

Range Mode 

7/Iax. Min. 

80.0 30.0 

30.0 24.6 26.7 

71.2 61.1 65.9 

42.4 30.7 35.0 

30.2 20.6 26.0 

54.4 43.7 47.5 

35.7 25.3 30.1 

54.6 48.3 51.4 

51.7 45.5 48.6 

14.3 11.0 12.6 

28.0 19.7 22.8 

24.3 16.7 21.0 

18.1 10.9 15.8 

24.1 16.9 20.1 

12.9 8.2 10.4 

26.8 18.8 22.4 

20.4 13.3 16.6 

29.2 23.1 26.3 

21.1 10.5 12.3 

27.8 7.7 16.8 

100.0 20.0 68.1 

28.5 22.4 25.3 

18.2 12 .5 14.5 

4.6 3.1 3.8 

133.9 77.1 103.3 

III-IV (III) 

III-IV (III) 

12-16 (14) 

7-8 (7) 

33-38 (36-37) 

17-19 (18) 

16-19 (18) 

11-13 (12) 

3-5 (4) 

3-5 (4) 

14-22 (16) 

14 

3,5 - 5,3 

+ 6-8 ( 7) 

+ 5-6 (5) 
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Single, dark mid-lateral band from behind head to end of caudal peduncle, 

complete to incomplete ~iddorsal stripe. Scarlet red on proximal portion 

of fins; fin rays brownish, distal membranes hyaline; iris golden; 

metallic silvery-golden operculum. 

Lateral line straight, running along mid-body. Cephalic lateral line 

without mandibular canal; preopercu1ar canal disjunct. 

preopercular tube on operculum. 

No supra-

Supraneura1s vestigial or absent, anterior epineura1s reduced; bones in 

anterior portion of neurocranium incompletely ossified; neurocranium 

broad and shallow; hyomandibu1a elongate and shallow; supraorbita1s 

small and vestiga1. 

Species comparisons: Pigment pattern, larger scales with more radii, 

more slender profile, pharyngeal teeth and shorter intestine all 

distinguish this species from ~.asper and ~.~. 

Remarks: Jubb (1965) records that the type material of ~.',t,eRuis was 

lost. This is partly incorrect. The material available to Barnard 

before the publication of this species includes SAM 10667, 18946, 18953, 

18969 and 18970. Of these SAM 18946, 18953 and 18969 have been examined, 

and although there is no label included which says they are type material 

they are considered here as type material (see ~.ph1egethon) and a 

lectotype has been selected from SAM 18953 collected by K.H. Barnard, 

C.W. Thorne and A.C. Harrison from between De Ru,st and Rust-en-vrede 

(Nels Riv'er?) on 24 October, 1937. The other samples mentioned above 

are apparently missing at present and are possibly lost. 

Range: Mountain tributaries of Gourits River System, tributaries of 

Keurbooms River System. Details in Appendix 1 and Ch. 6. (fig 6.3). 

Barbus ~ Peters, 1864 

Fig. 3.55 

Barbus (Capoeta)~ Peters, 1864: 395; GUnther, 1868: 148; non 

Bou1enger, 1911: 178, Fig. 156; non Gilchrist & Thompson, 1913: 430, 



Fig. 3.55 
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Barbus afer Peters, 1864. AM/P 3785 0, 
Elizabeth'farr. Scale bar = 30 rom. 

60 rom SL. Drawn by 
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Fig. 88; Barnard, 1938, 85; Barnard, 1943: 217; Jubb,1965: 29-30, 

Fig. 11; Jubb, 1967: 101, Fig. 88. 

Barbus anoplus.Boulenger, 1911: 177, Fig. 155 (in part, specimens from 

Baakens River" EortElizabeth); Gilchrist & Thompson 1917; Fig. 87. 

Barbus vu1neratus. Gilchrist & Thompson 1913: 415-416 (in part, specimens 

from Baakens River and Swartkops River). 

Barbus s$ticeps Smith 1936: 266-267, Fig. 3; Smith, 1937: 124-125, 

Fig. 2; Barnard, 1938: 84; Barnard, 1943: 200-202. 

Barbus asper. Barnard, 1943: 196-200 (in part, specimens listed under 

(b) and (c) on p.197); Jubb, 1965: 28-29, Fig. 10 pl. VIII (in part, 

specimens from localities other than Gourits River System and Groot 

River, Gamtoos System); Smith & Smith, 1966; 154 Fig. 

Material Examined: 3 syntypes in Berlin MUseum (not examined). 

Material examined given in Appendix 1. 

Diagnosis: A fusiform redfin Barbus with the last \Unbranched dorsal fin 

ray fleXible, a single pair of (usually) well developed barbels, a 

moderately elongated and involuted intestine up to 2,.3 times SL; 

scales moderately large. 

Description: Morphometrics and meristics given in Table 3.24. 

A medium sized fusiform Barbus species (up to ± 110 mm SL); head length 
\ 

subequal to body depth. Eyes lateral. Mouth subterminal, sickle-shaped 

and protrusible: lips moderate; single pair of usually well developed 

barbels, longer than orbit diameter in adults. 

Scales cyclOid, radiately striated, focus centralized. 

reduced and embedded; pelvic axillary scale absent. 

Breast scales 

Paired fins sexually dimorphic, longer and more expansive in males, 

reaching J~:o or b~yond (in western populations) base of pelvics; pelvics 

rounded (subrectangular) reaching anal fin base in males; anal and 

dorsal fin posterior edge straight or slightly rounded; origin of dorsal 

slightly behind origin pelvics; caudal forked, lobes narrowly rounded. 
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TABLE 3.24 

Morphometric and meristic measurements of B. afer (N '" 287) 

Measurement 

Standard length (mm) 

Head length (%SL) 

Head depth (1~L) 

Snout length (1~L) 

Orbit diameter (%HL) 

Postorbit length (1~L) 

Interorbit length (1~L) 

Predorsal length (%SL) 

Postdorsal length (1~L) 

Dorsal fin base (1~L) 

Dorsal fin length (1~L) 

Pectoral fin length (1~L) 

Pelvic fin length (1~L) 

Anal fin length (1~L) 

Anal fin base (%SL) 

Body depth (1~L) 

Body width (%SL) 

Caudal peduncle length (%SL) 

Caudal peduncle depth (7~L) 

Anterior barbel length (%00) 

Posterior barbel length (%00) 

Pectoral - pelvic length (1~L) 

Pelvic - anal length (%SL) 

Pharyngeal bones L/W (N = 212) 

Length of intestine (N = lBO) 

Meristics 

Dorsal fin rays 

Anal fin rays 

Pectoral fin rays 

Pelvic fin rays 

Total vertebrae 

Precaudal vertebrae 

Caudal vertebrae 

Predorsal vertebrae 

Preanal vertebrae 

Lateral line scales 

Caudal peduncle scale 

Scale rows lat. line -

Scale rows lat. line -

Scale rows lat. line -
Predorsal scale rows 

Primary scale radii 

rows 

dorsal 

pelvic 

anal 

(M to nearest entire no.) 

Pharyngeal teeth (mode) 

Range 

!..!ax. Min. 

104.0 43.0 

30.4 25.4 

79.4 62.1 

41.B 29.7 

32.9 lB.7 

51.2 42.2 

39.2 24.5 

55.7 4B.7 

50.9 44.3 

l5.B 11.0 

26.9 17.6 

26.1 16.1 

20.4 14.2 

23.5 16.6 

12.2 9.0 

30.6 22.5 

20.5 11.5 

27.6 21.3 

14.7 10.3 

169.6 37.0 

2B.2 19.5 

lB.4 12.4 

4.3 2.7 

225.0 6B.0 

III-IV (IVa 

III-IV (III) 

13-17 (15) 

7-9 (B) 

35-39 (36-37) 

17-20 (18-19) 

16-20 (1B-191 

11-13 (12) 

lB-2l (19-20) 

25-3B (32-37) 

10-lB (16) 

4-7 (5-6) 

3-6 (4) 

3-5 (4-5) 

13-22 (15-16) 

12 

2,3,5, - 5,3,2 

Mode 

27.9 

71.5 

34.9 

26.5 

45.9 

29.B 

52.0 

4B.0 

13.4 

23.4 

1B.5 

17.4 

20.B 

20.B 

26.3 

17.1 

24.6 

12.4 

94.4 

24.2 

14.9 

3.5 

146.7 

+ 6-8 (7) 

+ 5-6 (5) 
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Gill rakers 2-3 + 6-8 on anterior arch. Pharyngeal bones falcate; 

length to width ratio 2; 7 - 4,.2; pharyngeal teeth usually 2,3,5 - 5,3,2 

but 1,3,5 - 5,3,1 predominates in certain popUlations; crowns obliquely 

truncate and closely applied. Intestine involuted, up to 2.3 times in SL. 

Breeding males with large conical tubercles on snout and head dorsum, 

patterns as described for ~.burchelli but with fewer tubercles on snout 

region (3-4 per group), bands of minute conical tubercles up to three or 

four deep over pectoral fin rays, excluding the leading ray; single 

rows on rays in all other fins; single row of minute conical tubercles 

along free edge of scales. 

Pigmentation variable but usually an unbroken thin lateral stripe from 

behind head to caudal fin; bilateral series of few rounded spots along 

predorsal region or less frequently a single more or less distinct mid­

dorsal stripe. Breeding adults generally darkly pigmented as are those 

from deep stained habitats. Proximal portions of fins scarlet red; 

fin rays brown; distal membranes hyaline; ventral regions creamy white, 

iris golden; operculum metallic golden. 

Lateral line straight, running along mid body, complete or nearly 

complete. Cephalic lateral line without mandibular canal (vestigial 

segments in few individuals); preopercular canal disjunct. No 

suprapreopercular tube on operculum. 

Supraneurals vestigial or absent; anterior epineurals reduced. 

Species comparison: Similar to ~.asper from which it differs by having 

larger scales and a shorter intestine. Differs from~.tenuis in 

having a longer intestine and more pharyngeal teeth, deeper body and less 

distinctive pigmentation. 

Remarks : The original locality of this species was given by Peters 

(1864) as "Cape of Good Hope". The specimens were collected by L. Krebbs 

who spent much time in the Uitenhage area (ffolliott &; Liversidge, 1971). 

Liversidge discussed the question of the type locality with Jubb and 

they concluded that this was probably the Swartkops River System. 
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Fig. 3.56 Barbus asper Boulenger, 1911. AM/P 6033 0, 77,5 rom SL. 
Drawn by Elizabeth Tarr. Scale bar = 30 rom. 



Range: 

System. 

in Ch. 6 
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Coastal rivers between Gourits River System and Sundays River 

Single isolated population in Sundays River System. Details 

.( fig- 6 .. 3) ,and Append ix 1. 

Fig. 3.56 

Barbus burchelli t Weber, 1891: 153 (in part, from the Buff els River, 

Laingsburg and the Kamanassie River). 

Barbus asperBoulenger, 1911: 176-177, Fig. 154; Gilchrist & Thompson, 

1913: 427-428 and 579, Fig. 86; Barnard, 1938: 84; Barnard, 1943: 

196-200, Fig. 19a (in part, the specimens from locality (a) p. 197 

except those from Haalkraal); Jubb, 1965: 28-29 (in part, only specimens 

from Gourits River System and Groot River, Gamtoos System); Jubb, 1967: 

99 (in part, only specimens from Gourits River System and Groot River, 

Gamtoos System). 

Material Examined: Holotype, BMNH 1909-12.8:1 I! 73 1lDll SL. 

Paratypes, BMNH 1909-12.8:6-9 9 96 1lDll SLj ~;~·:67 1lDll SL; 341lDll SL. 

One paratype (cotype) SAM 10644, extremely poor':'condition. Other material 

given in Appendix 1. 

Diagnosis: Medium-sized (± 80 mm SL) fusiform Barbus with bright red 

fins, :;iiUb1r;allcb.ed~ dorsal fin ;ray slender and flexible, single pair of 

barbels (less than or equal to orbit diameter), pharyngeal teeth with 

truncated oblique crowns, intest!:(ue long and involuted up to 3, 8 times 

SL, scales small 35-45 in lateral line, crowded on nape. 

Description: Morphometric and meristic data are given in Table 3.25. 

Head length subequal to body depth. Eyes lateral. Mouth subterminal­

terminal,~ sickle-shaped; lips moderate; barbels not longer than orbit 

diameter in adults. 

Scales cycloid, radiately striated, focus centralized. Breast and belly 

scales reduced and deeply embedded; nape scales reduced and crowded; 

pelvic axillary scale absent. 

Paired fins sexually dimorphic, pectorals longer and more expansive in 

males, reaching base of pelvics; pelvics sub-rectangular reaching anal 
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Morphometric and meristic measurements of B.asper (N = llO) 

IflElasurement 

Standard length (rom) 

Head length (%SL) 

Head depth (%HL) 

Snout length (%HL) 

Orbit diameter (r~L) 

Postorbit length (r~L) 

Interorbit length (r~L) 

Predorsal length (%SL) 

Postdorsa1 length (%SL) 

Dorsal fin base (r.SL) 

Dorsal fin length (r.SL) 

Pectoral fin length (r~L) 

Pelvic fin length (%SL) 

Anal fin length (%SL) 

Anal fin base (%SL) 

Body depth (%SL) 

Body width (r.SL) 

Caudal peduncle length (%SL) 

Caudal peduncle depth (%SL) 

Anterior barbel length (%00) 

Posterior barbel length ('r.OD) 

Pectoral - pelvic length (%SL) 

Pelvic - anal length (%SL) 

Pharyngeal bones L/W 

Length of intestine 

Meristics 

Dorsal fin rays 

Anal fin rays 

Pectoral fin rays 

Pelvic fin rays 

Total vertebrae 

Precauda1 vertebrae 

Caudal vertebrae 

Predorsal vertebrae 

Preanal vertebrae 

Lateral line scales 

Caudal peduncle scale 

Scale rows lat. line -

Scale rows lat. line -
Scale rows lat. line -
Predorsa1 scale rows 

Primary scale radii 

(N = 74) 

(N = 81) 

rows 

dorsal 

pelvic 

anal 

(M to nearest whole no.) 

Pharyngeal teeth (mode) 

Range Mode 

:,:ax. 111n. 

80.0 43.0 58.9 

28.2 24.7 26.5 

76.4 66.8 71. 7 

38.0 31.1 33.9 

28.7 22.0 26.0 

52.1 37.8 47.0 

35.2 25.5 31.2 

54.6 47.8 51.0 

52.2 45.5 49.0 

15.7 11.3 13 .2 

27.9 18.9 23.0 

26.1 17.0 21.1 

21.8 12.6 16.6 

24.3 16.8 20.2 

13.3 8.5 10.2 

29.5 21.5 26.4 

20.0 10.9 16.7 

29.6 21.5 25.3 

13.2 9.6 11.6 

116.3 46.0 70.7 

29.8 21.1 25.1 

17.6 11.8 14.6 

4.0 2.8 3.3 

381.6 124.2 240.0 

III-IV (IV) 

III-IV (III) 

14-17 (15-16) 

7-9 (8) 

35-38 (36) 

17-20 (19) 

16-19 (17- 181 
11-13 (12) 

18-21 (19-20) 

35-45 (37-40) 

16-22 (18-20) 

6-9 (7-8 ) 

5-8 (6) 

5-8 (6) 

18-26 (21-22) 

11 

2,3,5 - 5,3,2 

+ 6-8 (7) 

+ 5-6 (5) 
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fin base in males; posterior edge of anal and dorsal fins straight or 

slightly rounded; origin of dorsal behind origin of pe1vics; caudal 

fin forked, lobes narrowly rounded. 

Gill rakers 2-4 + 7-10 on anterior arch; pharyngeal bones falcate, 

length to width ratio 2;,75-4; pharyngeal teeth 2,3,5 - 5,3,2; crowns 

obliquely truncated, closely applied. 

Breeding males with large conical tubercles on snout and on top of head; 

pattern as in ~.~; bands of minute conical tubercles up to 3-4 deep 

on pectoral fin rays except first ray; single rows on rays in other 

fins; single row of minute conical tubercles along free edge of scales. 

Uneven dark lateral band from behind head to posterior end of caudal 

peduncle; pigment in centre of scales form minute dots giving a 

"speckled hen" appearance. Overall colour silvery grey or brown, 

operculum golden, iris golde~proxima1 portion of fins scarlet; distal 

membrane hya1~ne, fin rays brown. 

Lateral line incomplete, running straight along mid-body. Cephalic 

lateral line without mandibular canal; preopercu1ar canal disjunct. 

No suprapreopercu1ar tube on operculum. 

anterior epineura1s reduced. 

Supraneura1s vestigial, 

Species comparisons: Close to ~.~ from which it is distinguished 

by the smaller scales, having a longer more involuted intestine and by 

its pigmentation. Distinguished from ~.tenuis by smaller scales, long 

involuted intestine, pharyngeal teeth formula and shape, deeper body. 

Range: Groot River (Gamtoos River System) and larger tributaries of 

the Gourits River System. Details in Ch. 6 . fig 6.3.'a-nd Appendix 1. 

Barbus ca1idus Barnard, 1938 

Fig. 3.57 

Barbus serra. Gilchrist & Thompson, 1913: 404 (in part, 2 smallest 

Leipo1dt specimens). 
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Fig. 3.57 Barbus ca1idus Barnard, 1938. AM/P 1371 6, 89 rom SL. 
Drawn by Elizabeth Tarr. Scale bar = 10 rom. 



145 

Barbus calidus Barnard 1938: 86; Barnard 1943: 176-179, Fig. 15, a-c; 

Jubb, 1965;. 25, Fig. 7; Jubb, 1967: 95, Fig. 80. 

Material Examined: Lectotypv: SAM 18605, ~, 71 mm SL (new designation). 

'Paralectotypes: SAM 18605; 18606; 18756. Other material in Appendix 1. 

Diagnosis: A medium sized (+ 82 mm SL) fusiform Barbus species with 

dorsal fin unbranched ray bony and serrated; original dorsal fin behind 

pelvics; six branched rays in the anal fin. Two pairs of well developed 

barbels (longer than orbit diameter in adults). 

Description: Morphometric and meristic data given in Table 3.26. 

Head length greater than body depth. Eyes lateral, mouth terminal, 

U""shaped;' lips thin. 

Scales cycloid; radiately striated; focus placed in anterior half. 

Breast scales only moderately reduced; pelvic axillary scale present. 

Pectorals slender, sub.ifa1cate, nearly reaching base of pelvics; pelvics 

sub-rectangular; posterior edge of anal and dorsal fin stTaight; caudal 

forked, lobes narrow. 

Gill rakers, 2.-1; ~e on anterior arch. Pharyngeal bones slender, 

falcate; length to width ratio 4,0 - 5,,)5; pharyngeal teeth 2,3,4, - 5,3,2; 

crowns slender, with recurved tips. 

to SL with single flexure. 

Intestine short,less than or equal 

Breeding adults of both sexes (butttiore prominently males) with numerous 

minute eruptions (tubercles?) over head and predorsal scales; single 

rows of similar eruptions over fin rays of paired fins; exposed surface 

of dorsal and dorso-1ateral scales scattered with similar eruptions. 

Adults and juveniles with large irregular dark spots along dorsal and 

dorso-Iatera1 surfaces; broad, more or less broken, lateral band from 

behind head to caudal fin, band of pigment adjacent to base of anal fin; 

in life a green to yellowish brown with cream or silvery ventral parts; 

Iris golden, operc~lum metallic silvery golden; fin rays dark; in 

adults proximal portions of fins scarlet, caudal fin with salmon tinge; 

distal fin membranes hyaline. 
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TABLE 3.26 

Morphometric e.nd meristic measurements of B.cal1dus (N = 280 ) 

Measurement 

Standard length (mm) 

Head length (%SL) 

Head depth (%HL) 

Snout length (7~L) 

Orbit diameter (7~L) 

Postorbit length (%HL) 

Interorbit length (7~L) 

Predorsal length (%SL) 

Postdorsal length (7$L) 

Dorsal fin base (%SL) 

Dorsal fin length (%SL) 

Pectoral fin length (%SL) 

Pelvic fin length (%SL) 

Anal fin length (%SL) 

Anal fin base (%SL) 

Body depth (%SL) 

Body width (%SL) 

Caudal peduncle length (%SL) 

Caudal peduncle depth (%SL) 

Anterior barbel length (%00) 

Posterior barbel length (%00) 

Pectoral - pelvic length (%SL) 

Pelvic - anal length (%SL) 

Pharyngeal bones L/W 

Length of intestine 

Meristics 

Dorsal fin rays 

Anal fin rays 

Pectoral fin rays 

Pelvic fin rays 

Total vertebrae 

Precaudal vertebrae 

Caudal vertebrae 

Predorsal vertebrae 

Preanal vertebrae 

Supraneurals 

Lateral line scales 

(N = 18) 

(N = 72) 

Caudal peduncle scale rows 

Scale rows lat. line - dorsal 

Scale rows lat. line - pelvic 

Scale rows lat. line - anal 

Predorsal scale raws 

Primary scale radii 
(M to nearest entire no.) 

Pharyngeal teeth (mode) 

Range 

:,'!ax. Min. 

82.0 

30.0 

76.7 

40.0 

36.4 

53.3 

41.7 

57.5 

50.0 

17.8 

26.0 

26.0 

23.2 

23.3 

22.1 

27.0 

27.0 

25.0 

25.0 

133.3 

157.1 

150.0 

26.5 

5.5 

124.3 

22.1 

24.6 

60.9 

28.1 

25.0 

38.2 

28.6 

50.0 

42.6 

12.1 

18.8 

15.9 

15.5 

16.7 

9.1 

9.1 

9.6 

12.5 

7.9 

8.7 

41.7 

18.8 

14.9 

4.0 

43.3 

III-IV (IV) 

III-IV (III) 

11-15 (13-14) 

7-9 (8) 

36-39 (37-38) 

17-20 (19) 

17-20 (18-19) 

12-14 (263) 

20-22 (21) 

5-9 (7) 

34-39 (37) 

12-17 (14-16) 

5- 7 (6) 

3-4 (3) 

3-5 (4) 

14-21 (17-18) 

9 

2,3,5 - 5,3,2 

Mode 

27.5 

68.2 

34.4 

29.1 

43.6 

34.1 

54.3 

45.7 

13.8 

22.2 

21.2 

18.8 

19.6 

13.4 

20.2 

16.0 

19.5 

12.2 

75.8 

107.8 

41. 7 

19.4 

4.6 

89.1 

+ 6-8 (7) 

+ 5-7 (6) 
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Lateral line complete, more or less straight along mid-body. Cephalic 

lateral line without disjunctions. Suprapreopercular tube on operculum. 

Seecies comearison: Similar to !.erubescens but differs in having a strong 

serrated unbranched dorsal fin ray and six branched anal fin rays; more 

predorsal vertebrae; pharyngeal teeth five in the inner row and different 

in shape?: intestine slightly longer; spotted pigmentation. 

Remarks: The foll'owing material was available to Barnard at the time of 

publication of !.calidus (and in 1943 he indicates that he has used it 

aH): SAM 215, 216, 2912, 2913-5, 18605, 18606, 18756, 19002 and 22499. 

Not all this material has been traced but SAM 18605, 18606 and 18756 
\ 

have been examined and a lectotype selected from SAM 18605 which was 

collected by K. Barnard and C.W. Thorne from the Jan Diessels River in 

1936. 

Range: Clanwilliarn Olifants River system within Fold Mountains. 

Details in Appendix 1; Chapter 6. (fig 6.2). 

Barbus erubescens Skelton, 1974 

Fig. 3.58 

Barbus calidus. Jubb, 1967: 95-96 (in part, specimens collected by 

K.J. van Rensburg). 

Barbus erubescens Skelton, 1974 b: 1-12, Figs 1,2,3. 

Material $xarnined: Holo,uype and paratypes as recorded in Appendix 3. 

Other material recorded in Appendix 1. 

Diagnosis: A medium sized (up to 95 mm SL), fusiform Barbus species 

with the last unbranched dorsal fin ray flexible and with vestigial 

serrations; anal fin with seven branched rays; two pairs of well 

developed barbels (longer than orbit diameter); without spots; males 

in breeding dress suffused with red. 

Description: Morphometrics and meristics given in Table 3.27. Heag l~ngth 

("" <. 
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Fl.' 3 58 Barbus erubescens Skelton, 1974. Holotype AM/P 2424, d'" , g. . 
84 rom SL. Drawn by Elizabeth Tarr. Scale bar = 10 rom. 
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greater than body depth, eyes lateral - dorso-lateral. Mouth large 

terminal ,\U-,.shaped, protrusible; lips thin; two pairs of well developed 

barbels (greater than orbit diameter in adults). 

Scales cycloid, radiately striated, focus displaced anteriorly. Breast 

scales slightly reduced, not embedded; pelvic axillary scale present. 

Pectoral fins rounded, almost reaching base of pelvics; pelvics rounded 

not rea.ching anal fin base; anal and dorsal posterior edges straight; 

dorsal origin behind origin of pelvics, over posterior edge of pelvic base; 

unbranched dorsal fin ray flexible with vestigial serrations. Caudal fin 

forked, lobes rounded. 

Gill rakers 2 or 3 + 6-9 on anterior arch. Pharyngeal bones falcate; 

length to width ratio 4~4-5",7; pharyngeal teeth 2,3,4 - 4,3,2; crowns 

with terminal conical cusp. Intestine less than SL, with single flexure. 

Adults in breeding condition with numerous minute erupted tubercles 

irregularly but densely scattered on head dorsum and dorso-lateral regions. 

Similar structures scattered on exposed surface of dorsal and dorso­

lateral s.cales and in widely spaced single rows over fin rays. 

Colour and pigmentation as in"Appendix 3. 

Lateral line complete, running straight or slightly curved to ventral 

side, along mid-body. Cephalic lateral line system without disjunctions 

or reductions. Suprapreopercular tube on operculum. 

Species comparison: ~.erubescens is similar to B.calidus from which it 

differs in the form of the unbranched dorsal fin ray, the number of dorsal 

andhranched anal fin rays (dorsal fin 8 vs 7 in !.calidus; anal fin 7 

vs 6 in ~.calidus); the number and shape of pharyngeal teeth, the number 

of vertebrae before the dorsal fin, the number of scale radii, pigmentation, 

shape of the fins and size of the orbit. 

Range: Twee River and tributaries, Clanwilliam Olifants River system. 

Appendix 1; Ch. 6. (fig 6.2). 
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TABLE 3.27 

Morphometric and meristic measurements of B.erubescens (N = 110) 

Measurement 

Standard length (rom) 

Head length (%SL) 

Head depth (1~L) 

Snout length (1~L) 

Orbit diameter (%HL) 

postorbit length (%HL) 

Interorbit length (7~L) 

Predorsal length (%SL) 

postdorsal length (7~L) 

Dorsal fin base (%SL) 

Dorsal fin length (7~L) 

Pectoral fin length (7~L) 

Pelvic fin length (1~L) 

Anal fin length (7~L) 

Anal fin base (%SL) 

Body depth (%SL) 

Body width (%SL) 

Caudal peduncle length (1~L) 

Caudal peduncle depth (%SL) 

Anterior barbel length (%00) 

Posterior barbel length (%00) 

Pectoral - pelvic length (%SL) 

Pelvic - anal length (%SL) 

Pharyngeal bones L/W 

Length of intestine 

Meristics 

Dorsal fin rays 

Anal fin rays 

Pectoral fin rays 

Pelvic fin rays 

Total vertebrae 

Precaudal vertebrae 

Caudal vertebrae 

Predorsa1 vertebrae 

Preanal vertebrae 

Supraneura1s 

lateral line scales 

(N = 21) 

(N = 5B) 

Caudal peduncle scale rows 

Scale rows lat. line - dorsal 

Scale rows lat. line - pelvic 

Pharyngeal teeth (Mode) 

Range 

~Irax. Min. 

95.0 

31.2 

7B.6 

36.2 

32.4 

50.0 

37.9 

55.7 

49.7 

15.7 

24.0 

22.7 

19.3 

21. 7 

13.9 

26.5 

18.3 

23.4 

l2.B 

122.2 

150.0 

26.5 

21.2 

5.7 

102.3 

30.5 

25.6 

62.1 

26.4 

22.2 

4O.B 

24.6 

50.3 

44.3 

12.1 

18.9 

lB.3 

15.6 

15.7 

9.B 

20.2 

12.0 

18.6 

10.3 

35.7 

42.9 

10.0 

15.2 

4.4 

57.6 

III-IV (IV) 

II-IV (III) 

11-16 (14-15) 

7-B (B) 

36-39 (3 7-3B) 

18-20 (19) 

17-20 (1B-19) 

11-13 (12) 

20-22 (129) 

6-B (7) 

35-40 (3 7-3B) 

15-19 (16) 

5-6 (6) 

3-5 (4) 

2,3,4 -4,3,2 

Mode 

64.6 

27.8 

69.2 

33.3 

26.7 

46.0 

31.9 

53.1 

46.9 

13.8 

21.0 

20.6 

17.5 

1B.1 

.11.9 

23.6 

15.5 

21.1 

11.7 

96.9 

1l0.9 

23.5 

1B .2 

4.9 

BO.B 

+ 7-B (B) 

+ 6-B (7) 
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Oreodaimon guathlambae «8arnard, 1938) 

Fig. 3.59 

Labeo guathlambae Barnard 19384: 525-528, Fig; Jubb 1966: 161-162; 

Jubb 1967; 115, Fig. 117A, B. 

Oreodaimon guathlambae.Greenwood & Jubb 1967: 17-37, 17 figs; Pike & 

Tedder, 1973: 9-15 (new locality record); Skelton, 1974a (new morphological 

data); Skelton, 1976: 407-408 Fig. 10 A (new interrelationships data); 

Rondorf, 1976: Cnew'locality data); Gephard, 1978: 105-111 Fig. 2 

(geographic variation and new l6cality data). 

Material Examined: Lectotype: SAM 19018 ~I 80 rom SL. 

SAM 19018 (15 specimens 28-70 rom SL), NM 1416 (2) + 31; 

Other material as in Appendix 1. 

Paralectotypes: 

30-38 rom SL. 

Diagnosis: A medium-sized (up to 130 rom SL), terete redfin cyprinid with 

very small scales, a single pair of short barbels, pharyngeal teeth 

3,4 - 4,3; intes,tine short, subequal to SL with single flexure. 

Description: Morphometric and meristic data are given in Table 3.28. 

Head length greater than body depth. Eyesdorso-lateral. Mouth sub­

terminal, sickle shaped and protrusible; lips moderate to well developed; 

barbels short, less than orbit diameter. 

Scales cycloid, radiately striate, focus centralized. Breast and belly 

scales reduced and embedded; nape scales embedded; pelvic axillary 

scales absent; scales adjacent to dorsal, anal and pelvic fins embedded. 

Paired fins sexually dimorphic, longer and more expansive in males; 

pectorals rounded, not reaching base of pelvies; pelvics rounded, not 

reaching anal fin; posterior edge of anal and dorsal fins ·straight or 

slightly rounded; last unbrancnad dorsal fin\ray, flexible; origin of 

dorsal behind origin of pelvics; caudal forked lobes rounded; 

adipose (7) region at antero-dorsal base of caudal and dorsal fins. 

Gill rakers 1-2 + 5-7 on anterior arch; pharyngeal bones falcate, length 

to width ratio 2~8 - 4.,.,3; pharyngeal teeth crowns slender, oblique with 

recurved tips. 
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TABLE 3.2 B 

Morphometric and meristic measurements of O. guathl.amba.. (N = 32) 

Measurement 

Standard length (rom) 

Head length O'.5L) 

Head depth ('r.HL) 

Snout length (%HL) 

Orbit diameter ('r.,HL) 

Postorbit length (%HL) 

Interorbit length O'.,HL) 

Predorsal length (%SL) 

Postdorsal length ('r.5L) 

Dorsal fin base ('r.SL) 

Dorsal fin length ('r.5L) 

Pectoral fin length ('r.5L) 

Pelvic fin length ('r.5L) 

Anal fin length (%SL) 

Anal fin base (%SL) 

Body depth ('r.SL) 

Body width (%SL) 

Caudal peduncle length ('r.SL) 

Caudal peduncle depth (%SL) 

Anterior barbel length (%OD) 

Posterior barbel length (%OD) 

Pectoral - pelvic length (%SL) 

Pectoral - anal length 

Pharyngeal bones L/W 

Length of intestine 

Meristics 

Dorsal fin rays 

Anal fin rays 

Pectoral fin rays 

Pelvic fin rays 

Total vertebrae 

Precauda1 vertebrae 

Caudal vertebrae 

Predorsa1 vertebrae 

Preanal vertebrae 

Lateral line scales 

('r.SL) 

(N = 28) 

(N = 20) 

Caudal peduncle scale rows 

Scale rows lat. line - dorsal 

Scale rows lat. line - pelvic 

Scale rows lat. line - anal 

Predorsal scale rows 

Primary scale radii 
(M to nearest whole no.) 

Pharyngeal teeth (Mode) 

Range 

?,:ax. 

102.0 

27.1 

69.4 

39.3 

27.9 

57.8 

30.2 

55.0 

52.6 

l3.5 

22.0 

21.7 

16.7 

20.0 

12.1 

25.5 

16.7 

28.2 

12.1 

80.7 

27.7 

17.5 

4.3 

114.3 

III 

III 

~lin. 

46.0 

22.7 

59.9 

33.3 

19.4 

46.4 

24.4 

47.4 

45.0 

10.5 

17.7 

15.5 

12.8 

15.1 

8.9 

20.0 

11.9 

22.8 

9.9 

34.2 

23.0 

12.7 

2.7 

77.4 

15-17 (16) 

7-9 (8) 

38-40 (16) 

19-22 (20-21) 

17-20 (18-19) 

l3-15 (14) 

20-22 (21) 

60-72 (65-67) 

30-38 (32-36 ) 

10-14 ( 11-12) 

8-12 00-11 ) 

9-11 (9-10) 

28-40 (34-36) 

10 

3,4 - 4,3 

Mode 

24.8 

64.3 

36.8 

23.6 

49.7 

27.4 

50.8 

49.3 

11.9 

19.8 

18.8 

15.1 

17.5 

.10.2 

22.0 

14.7 

25.3 

11.0 

56.3 

25.5 

14.9 

3.2 

96.2 

+ 6-8 (7) 

+ 5-6 (5) 
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Fig._3.59:0reodaimon quathlambae (Barnard, 1938). AM/P 3473, Cf, 
95 rom SL. Drawn by Elizabeth Tarr. Scale bar = 30 mm. 

-----------.-----
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Sexually ripe adults with small conical tubercles on snout and top of 

head and lateral regions; bands of minute compressed tubercles up to 

six deep over pectoral fin rays excluding leading ray; single rows over 

rays of other fins; usually a single tubercle per scale on all scales 

except reduced ventral scales. 

Pigmentation variable, usually dark 1at.eral band from behind head to 

posterior end of caudal peduncle; dorsal surface plain or more frequently 

with a series of prominent bilateral spots or vermicu1ations. Body 

greyish brown to deep bluish black in bree-ding males, ventral region 

creamy white; iris golden, operculum metallic golden; in adults proximal 

port,ion of fins and adjacent body regions scarlet. 

Lateral line complete, runs straight along mid-body. Cephalic lateral 

line without mandibular canal. Preopercu1ar canal reduced distally, 

disjunct; no:suprapreoperc1e tube on operculum. 

Supraneura1s vestigial or absent; anterior epineurals not ossified; 

bones of anterior portion of neurocranium incompletely ossified; 

supraorbitals vestigial; four infraorbita1s including 1achrysta1; 

hyomandibu1ar broad and shallow. 

Range: Extinct, as far as known, in type locality - Umkomazana River, 

Natal. Known from three tributaries of Orange (Senqu) River in Lesotho 

(details in Appendix 1; Ch. 6). 

Remarks: Natal Parks Board officials have expressed doubt that 

the species has ever existed in Natal (Geddes-Page 1977, Crass in 

1itt. July 1977). They suggest that the recording of the species 

from the Umkomazana River was in error and the specimens were 

possibly collected in Lesotho. The evidence is however equivocal 

and the Umkoma~~a River must remain as the type locality until 

there is conclusive proof to the contrary. 



155 

CHAPTER 4 

THE COMPARATIVE OSTEOLOGY OF THE REDFIN BARBUS SPECIES 

The outstanding problem rem~~ning in the taxonomy of the redfin Barbus 

species is whether the species form a monophyletic assemblage or not. 

Traditional characters have not yet provided the answer to this problem, 

and although a few of the newly explored characters in the previous 

chapter are suggestive, a, study of the' osteology, which is ftequently 

of great value in unravelling the interrelationships of fishes 

(e.g. Greenwood ~!l., 1973) has been made to this end. 

There are no full comparative accounts of the osteology'of small 

Barbus species with radiately striated scales in the literature. For 

this reason a complete description of a redfin Barbus species is 

provided in this chapter. In so doing it is hoped to provide a basis 

for the comparative usage of osteological characters in the redfins and 

other Barbus species in general. The comparison with the redfin species 

is made in the present chapter. A comparison with other Southern 

African Barbus species is made in the following chapter. 

Greenwood:~,,&' Jubb (1967) provided a description of the osteology of 

£.quathlambae. Preliminary observations by Skelton (1976) suggested 

that this species was possibly related to certain redfin Barbus species. 

In the present chapter therefore a comparison of the osteology of 

£.quathlambae with the redfin Barbus species is included. The present 

objectives are purely to provide a comparative account of the osteology 

of the redfin Barbus species and Q.quathlambae. The conclusions 

. from this study will be drawn iri Chapter 5. The taxonomic 'study-

(Chapter 3) indicated that the most generalised redfin species is probably 
) 

,Barbus burche11i and it has therefore been selected for the initial 

description. 

In addition to the description of the osteology of £.gugthlambae made 

by Greenwood ~ Jubb (1967) guidelines for comparative cyprinid osteology 

have b~en drawn from a number of sources. In particular the works of 

_,_ Harr~nj,t~~_ (_!_~~?l" Ramaswami( 1~_5~_ ~ _ ~,_~)_~~<i_Uy~() ( 1 ~_61 ~_l1:~~=~e_e~_ \l~efu ~ _______ _ 

A number of other accounts on cyprinids have included observations on 
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Barbus osteology although this is invariably on large Barbus or species 
other than those from Africa (Sagemehl, 1891; Vandewalle, 1977; Howes, 

1978). More recently Barbour & Miller (1978) gave good illustrations of 

the neurocranium of the American cyprinid genus A1gansea. 

MATERIALS AND METHODS 

Skeletons were prepared according to the method of Taylor (1967). Dissections 

were made in glycerine under a stereo-microscope and drawings were prepared 

using a camera lucida. Cartilage components were stained with 

Victoria Blue_. a:fterdissection. 

Osteological material examined is listed in Appendix 2. 

The following description is divided into five main sections: the skull; 

pectoral girdle; pelvic girdle; the axial skeleton; unpaired fins. 

Osteological nomenclature is based on Weitzman (1962) with changes where 

necessary to bring the nomenclature into line with more recent terminology. 

In each section the order of presentation is the description of ~~burchelli, 

followed by the comparison with other redfin.species and Q;quathlambae. 

DESCRIPTION SKULL 

This description of bones of the skull is divided into two sections viz. 

neurocranium and branchiocranium. The orientation of individual cranial 

bones is provided in Fig. 4.1 which shows, in lateral view, the articulated, 

skull of B.burchelli. 

~EUROCRANIUM (Figs 4.2 A, B, c, D) 

The neurocranium is most conveniently considered under four regions, viz. 

the ethmoid, orbital, otic-occipital and basicranial regions. 

General proportions 

There is no indication of sexual dimorphism in the redfin neurocranium. 

In dorsal view (Fig. 4.2 A) the neurocranium of ~;burchelli is 

suprectangu1ar in outline with the basioccipital process projecting 

as a prominent posterior spur. Viewed laterally it is triangular 

or wedge-shaped with the dorsal profile gently arched. The posterior 
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end is steeply truncated and the basioccipital process forms an angle 

of 30_400 from the horizontal. The ventral surface (Fig. 4.2 B) is 

complex, without projections. There are two large subtemporal 

fossae. In posterior view the dorsal profile is semi-oval. 

Ethmoid region 

This comprises the anterior region of the neurocranium and includes 

the etlunoid-supJraethIIloid, the lateral ethmoid& and the vomer. In 

addition the nasals lie adjacent to the supraetllllloids above the nasal 

capsules and are therefore included here. 

The majority of authors refer to the complex antero-dorsal bone of the 

neurocranium as the ethmoid and supraethmoid (Harrington, 1955). 

Patterson (1975) shows that this is in fact derived from a supraethmoid 

and ros.troderm~thmoid, but at the same time declines to advocate usage 

of these terms. 

are retained. 

In view of this the names ethmoid and supraethmoid 

On the antero-ventral side the vomer also represents a complex fusion 

of the vomer and the ventral ethmoid (Patterson, 1975:5l4-5l5~ but for 

simplicity and continuity the usual terminology of vomer is retained. 

Anteriorly there are two small spherical endoskeletal ossifications 

articulating with the ethmoid and vomer. These are well known in 
--

cyprinoids (Patterson; 1975:501) and are referred to as pre-~thmeid!3. 

The posterior portion of the region is formed by large paired lateral 

ethmoids. These are frequently considered to represent a fused compound 

of the lateral ethmoids and prefrontal bones (Harrington, 1955,. 

Ramaswami,1955 a, b; Greenwood & Jubb, 1967; Ul}teno, 1961) but 

Patterson (1975:496, also 1977:97) finds that they are single ossifications 

(lateral ethmoid) with endo- and peri-chondral components. 

The Supraethmoid (Fig. 4.2 A and C) is firmlyf.u.sed to the horizontal 

plate-like ethmoid forming a deep T-shaped bone. This provides an 

anterodorsal roof (supraethmoids) and dividing septum (ethmoid) to the 

olfactory pits. On the dorsal side the supraethmoid is butterfly­

shaped, sloping antero-ventrally with a gentle lateral curve from a 

shallow median valley. The lateral borders in juveniles are usually 

membranous or lightly ossified. The ~osterior edge lies in the same 
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plane as the fronta1s and is separated from the latter by a narrow 

membraneous intersp:ace. 

The etlnnoid (Fig. 4.2 C) forms the anterior internasal septum and is 

slightly emarginate (or in certain cases <partially dLvided) 

posteriorly to form the anterior rim of the olfactory foramina. 

On the ventral side :.~t;;he bone extends laterally and forms a synchrondra1 

joint wi~h the vomer. Each antero-1atera1 corner is truncated to 

accOImIlodate in part the preetlunoid ossifications. 

The lateral etlnnoids (Figs 4.2 A, B, C; 4.3 A, B) are large, complex 

bones in synchondrosis on the anterior side with the etlunoids, 

ventrally with the vomer and parasphenoid, dorsally with the fronta1s, 

medioventra11y:~ith each other and posteriorly with the orbitosphenoids. 

The sh~e and relationship of these bones in the neurocranium is 

illustrated in Figures4.~2. A, B. The anterolateral surface forms part 

of the nasal capsule (pit), the medial surface the walls of the 

anterior extension of the braincase and posterior surface the anterior 

walls of the orbit. An excavation on the ;.atiterior edge forms. the 

major portion of the olfactory for,amen. An orbito-nasa1 foramen 

passes dorso-1atera11y through each lateral etlnnoid. The anterior 

surface is convex, :.to~n~-.p~i~ari1Y the curvatur,e:of the orbits. 

There is a small projection on the antero-1atera1 edge which forms the 
- ,--. j 

poillt of attaclunent for the lachrymal. 

The ventral surface is honeycombed and shallowly excavated medially. 

Each lateral etlunoid is irldented postel', .. medially to form a shallow 

anterior myodome. A notch on the angle of the indentation forms a 

gap in the roof of the myodome (Fig. 4.3 A). 

The vomer (Fig. 4.2 B) is a f1at,sub-triangu1ar bone with a dorsal 

synchrondrosis with the expanded base of the etlunoid, the lateral 

etlunoids and the anterior -'part of the parasphenoid. The antero-

lateral corners are thickened and truncated to form the ventral part 

of the preetlunoid articulation sockets. There is a low medial dorsal 

ridge which fits into a ventral groove of the parasphenoid. 
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The preethmoids (Fig. 4.2 B) are kidney-shaped ossifications encased 

in ca»tilage and articulate in sockets formed by the ethmoid and vomer. 

The dual spheres of the preethmoids form a~ticulation heads for the 

palatine (lateral) and a cartilage pad, or meniscus (Alexander, 1966), 

between the preethmoid and the maxilla. 

The nasals (Fig. 4.2 A) are short tubular bones accommodating the 

anterior extremities of the supraorbital sensory canal. The bones 

lie in the cutis above the nasal capsule and their posterior edges rest 

on the dorsal surface of the frontals. The nasals are invariably 

incompletely ossified. 

Orbital region 

The posterior surface of the lateral etbmoids form the anterior walls 

of the orbit. Other bones surrounding the orbits include the orbito­

sphenoids, the pterosphenoids, part of the frontals and the supraorbitals. 

A portion of the sphenotics also contribute to the walls of the orbits 

themselves but these bones are considered under the otic-occipital region. 

The orbitosphenoids (Figs 4.2 B, C; 4.3 A) are fused to form a single 

Y-shaped bone which provides the greater part of the median and dorso­

median walls of the orbit. It is sutured anteriorly to the lateral 

ethmoids, posteriorly to the pterosphenoids and dorsally to the frontals. 

The ventral flange overlaps a low dorsal ridge of the parasphenoid to 

form an interorbitals~ptum. This flange is notched anteriorly and 

posteriorly to form in part interorbital fenestrae. 

The pterosphenoids (Fig. 4.2 B, C) are paired pentagonal-shaped bones 

providing laterally the posterior walls of the orbit and medially the 

anteroventral floor of the braincase. Each forms synchrondral joints 

with the orbitosphenoids on the anterior side, the prootics postero­

ventrally, the sphenotics postero-dorsally and the frontals dorsally. 

The ventral edge forms the lateral rim of the orbital foramen (Fig. 4.4). 

The suture between the pterosphenoids and the prootic bones is broken 

bYI:.ja notch in either bone i~O form the trigeminal foramen. A thin 

strut projects from the lateral side to form an arch over the trigeminal 

foramen. The pterosphenoids form a small part of the anterior wall 

of the hyamandibular facet. 
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TABLE 4.1 

Variation in the number of_infraorbital bones of B.burche11i. 

No. of Infraorbita1s 

Left Right No. of .specimens 

5 5 12 

4 5 1 

6 5 2 

6 6 2 

5 6 1 

INFRAORBITAL 5 

LJICHRY~IPL 
INFRP,ORBIH,L 2 

INFRAORBITAL 3 & 4 

.--------------------------~ .. _._------

Fig. 4.5 The infraorbital bones of !~burchel1i, left side lateral vi-ewe 
Scale bar = 2 rom. 
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The frontals (Fig. 4.2 A, B, C) are large thin triangular bones which curve 

gently from the midline to the lateral edges. Medially each forms a 

sinuous overlapping suture with the other. Posteriorly they overlap the 

parietals to form a straight margin at right angles to the longitudinal 

axis of the neurocranium. Each frontal is synchondrally sutured on the 

ventral side to the respective lateral ethmoid, orbitosphenoid, pterosphenoid 

and sphenotic bones. The passage for the supraorbital canal arcs above 

the orbit and separates a supraorbital shelf which curves ventral to abut a 

lateral spur on the sphenotic. The shelf is indented posteriorly to 

provide an attachment groove for the dilatator operculi muscle. 

The supraorbitals (Fig. 4.2 A, B, C) are usually blunt and semi-rectangular 

in shape. They fit closely within a notch in the anterior region of the 

supraorbital shelf and also lie partly against the lateral ethmoids. 

Infraorbitals (Fig. 4.5) 

There are five infraorbital bones including the lachrymal and the 

dermosphenotic. Table 4.1 records the infraspecific variation in these 

bones from 18 cleared and stai~ed !.burchelli specimens. Although a third 

of the specimens examined showed variation from the usual five infraorbitals 

on each side the variation was irregular. The variation tended to an 

increase in the number of bones and frequently this consists of a yery short 

tubular unit intercalated between two normal infraorbitals (e.g. as in 

Fig. 4.20 I). 

The lachrymal is rectangular with a low dorsal crest on the posterior side. 

The infraorbital sensory canal runs parallel to the anterior and ventral 

edges of the lachrymal and has two or three intermeidate pores along its 

length. Each lachrymal attaches to its lateral ethmoid and provides a wall 

for the nasal capsule. 

The second infraorbital is shaped with the anterior end expanded and partly 

overlapping the. lachrymal. The sensory canal with two or three pores passes 

longitudinally through the bone. 

The third infraorbital (fused 3 + 4 according to Nelson, 1969 a) is a narrow 

curved bone and the longest in the series. The sensory canal has three or 

four pores. 

The fourth infraorbital (=infraorbital 5) is relatively short with 
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AtnERIOR 

PTEROSPHENOl[; SLiT!.'-E EDGE 

.""'-·:·;;o-..:.;:;.;.,;;..··,'·:-:t-- LATERAL SPUR 

CRANIAL VAULT---- DIBULAR FACET 

Fig. 4.6 

ANTERIOR 

Fig. 4.-Z 

Ventral view of disarticulated left sphenotic bone of 
B.burchel1i. Scale bar = 1 rom. 

POSTERIOR 

.... : 

The disarticulated autopterotic bone of B.burchel1i, left 
side (a) lateral and (b) medial view. 'This particular 
example includes portion of the supratemporal sensory canal 
and therefore may include the extrascapular bone. 
Scale bar == 1 rom. 
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wider lateral flanges than either of the preceeding units. The sensory 

canal usually has only a single intermediate pore. 

The dermosphenotic is small and tr.i~ngu1ar in shape with its base the 

width of the dorsal edge of the preceeding unit. The dermosphenotic 

meets the n~urocraniUm opposite the junction of .the pterotic and frontal 

bones. The sensory canal has a slight posterior angle and does not have 

any intermediate pores. 

Otic Region 

This region broadly encompasses the medio-posterior and dorso-posterior 

portion of the neurocranium which is deep and box-like, :€o:np.ing the 

major portion of the braincase. Bones of this region include the 

sphenotic, '8,ut;'9P~eroti:cs, prootics, exoccipi tab, epioccipi ta1s, 

supraoccipita1s, parietab, extrascapulars and for descriptive convenience, 

the posttempora1s (see pectoral girdle). Use of the name epioccipita1s 

in place of the epiotics is in accordance with Patterson (1975). 

Each sphenotic (Figs 4.2 A, B, C; ;4..6) forms a trapezoidal plate with a 

truncated lateral spur. They are sutured anteriorly with the 

pterosphenoids, ventrally with the prootics, posteriorly with the 

autopterotics, .and dorsally in part with the frontals and a flange from 

the autopterotics. On the ventral side a broad ridge 'houses part of 

the anterior semi-c£~cular canal. 

hyomandibu1ar facet. 

The ventral edge contributes to the 

The ~glt<2gpero~t.icc (Figs 4.2 A, B, C; 4.7 A, B) is a complex bone sutured 

anteriorly to the sphenotic, postero-medially to the epioccipital, 

antero-ventrally to the prootic;.and po~tet'o~ent:tally· to the.=~occipital. 

The dorsal medial margin of each borders the cartilage sheet of the 

posterior cranial fontanelle. Anteriorly a lamellar portion abuts the 

postero-lateral corner of the frontals. 

of their medio-dorsal surface. 

The parietals overlap part 

On the ventral side a smooth semicircular ridge marks the passage for 

the horizontal inner ear canal (Fig. 4.7 B) and forms part of the rim of 

the subtemporal fossa. A lamellar component (dermopterotic) is fused 

to the latero-dorsal side (Fig. 4.7 A), and projects forward to overlap 

the sphenotic. 
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POSTERIOR VERTICAL SEMICIRCULAR SEMICIRCULAR CANAL 

...... __ IX FORAMEN 

ANTERIOR 

Antero-medial view of d,isarticu1ated left exoccipita1 of 
!.burchel1i. Scale bar = 1mm. 

:;"::,:'.:..' ~. 

ANTERIOR 

CRANIAL VAUL T __ ~ ...... ~;, 

L FOSSA VAULT 

Ventral view of disarticulated left epioccipital of 
B.burchelli. Scale bar = Imm. _ _'0 

----~=====------------------------------------------
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The prootics (Figs 4.2 B, C; 4.4) are large bones forming the lateral 

walls of the braincase. They are sutured anteriorly to the 

pterosphenoid (except for an interruption to form the trigeminal foramen), 

ventrally with the parasphenoid, and posteriorly with the ,(ixoccipital. 

On the dorsal side they suture anteriorly with the sphenotics and 

posteriorly with the autopterotics. The median antero-ventral corner 

forms the posterior border of the orbital foramen (Fig. 4.4). 

Ventrally within the braincase each proot·ic divides into two lamellae, 

the upper ones meet and partly interdigitate in the midline to form the 

roof of the posterior myodame and the floor of the braincase (Fig. 4.3). 

A large foramen passes through the upper lamella of each prootic into 

the posterior myod.ome. A conical excavation in the posterior edge 

of the bone accommodates the anterior portion of the sagitta. The 

lapillus rests in a shallow basin which bulges externally to form the 

bulla acoustica utricularis. 

Externally the prootic forms the anterolateral rim of the subtemporal 

fossa. The dorso-lateral margin meets the sphenotic within the~'. 
" 

hyomandibiJiitr facet. The lateral commissure forms a bridge over 

a recess on the ventral surface which marks the entrance of the passage 

to the trigeminal foramen. The foramina for the facial (VII) and 

acoustic (VIII) nerves occur within this recess (Mahy, 1975). 

The exoccipitals (Figs 4.7 B, C, D; 4.4; 4.8) are large, complex bones 

suturing anteriorly with the prootics, dorsally with the epi- and 

supraoccipitals, laterally with the autopterotics, dorsa-medially with 

each other, and ventro-medially with the basioccipital. 

The shape and complexity of the exoccipitals is shown in Fig~re 4.8. 

Externally the bone provides part of the median and posterior rim of 

the subtemporal fossa. This rim is formed from the tubular passage 

of the horizontal semi-circular canal. The posterior part of this 

passage also accommodates the vertical semi&circular canal which passes 

dorsally to the epioccipitals. 
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There are three prominent foramina: a relatively small glossopharyngeal 
I 

foramen anteriorly; behind this a large lateral vagus foramen,and 

postero-1aterally the large 1atera1ciccipita1 foramen. 
-' 

This latter foramen is bounded posteriorly by a thin strip of bone which, 

"-t.~i'"~th~rwith its counterpart, forms. the dorsal border of the foramen 

magnum. In a similar fashion to the prootics and exoccipita1s divide 

ventrally into two lamellae (Fig. 4.8). The upper lamellae meet in the 

midline (Fig. 4.4) to form the floor of the braincase and posteriorly 

the ventral border of the foramen magnum. The lower lamellae form 

the walls of the cavum sinus imparis (Harrington, 1955) which opens 

anteriorly into the braincase between the exoccipita1s and the prootics. 

TheeEt9ccipitals (Fig. 4.2 A, C, D; 4.4) are situated dorso-latera1ly 

on the posterior slope of the neurocranium. There are synchondroses 

antero-dorsa11y with the autopterotics, medially with the supraoccipitals, 

and ventr~lly with the exoccipitals. The parietals, extrascapulars 

and PQst~~elIlPora1s lie over the antero-dorsa1 surface. The anterodorsal 

edge abuts the cartilage border of the posteriorcpanial fontanelle. 

The epioccipitals are dome shaped (Fig. 4.:1) and divided internally 

by a ridge into two halves w~ich form respectively part of the sUbtemporal 

fossa vault and part of the roof of the braincase. The passage for the 

posterior horiz,ontal canal is evident on the dorsal surface as a low 

rounded ridge. 

The supraoccipital (Fig. 4.2 A, C) is a pentagonal, curved bone sutured 

laterally with the epioccipital, ventrally with the exoccipi1:als, and 

is overlain in part dorsally by the parieta1s. The anterodorsal 

corners join a cartilage sheet bounding the posterior cranial fontanelle. 

A thin low median lamella on the dorsal surface forms a supraoccipital 

crest .. 

There are no interca1ars (opisthotics) in ~.burche11i. 

The earieta1s (Fig. 4.2 A) form the posterior roof of the neurocranium. 

Anteriorly on each a thin ledge fits beneath the posterior end of the 

fronta1s. Laterally the parieta1s overlap the autopterotics and 

posteriorly the supraocCipital and in part the epioccipitals. The 



Fig. 4.10 

171 

L. H.S. R. H. S. 

Three examples illustrating the variation of the extrascapu1ar 
bones on either side of the neurocranium of B.burche11i. 
Abbreviations: esc. - extrascapu1a; pa - parietal; 
pt - post-temporal, pto - autopterotic. . 
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supratemporal sensory canal runs close and parallel to the posterior 

edge of the bones. 

The extrascapu1ars (Figs 4.2 A; 4.8) develop either as separate entities, 

are absent, or are possibly incorporated with one or other dermal bone 

in the posterior region of the neurQcranium. The interspecific 

arrangements in regard to this variation are endless and it is 

exceptional to find a bi-1atera11y symmetrical arrangement in the same 

individual. A few examples of such variation are illustrated in 

Figure 4.10. The extrascapu1ars are canal-bearing but extremely 

variable plate-like bones. They suture on the dorsal side of the 

epioccipita1 and auto-pterotic bones and mayor may not include the 

junction of the supratemporal, cephalic lateral is and postocular 

commissure capha1ic lateral line canals. 
I 

The flat, triangular posttempora1s (Fig. 4.2 A) articulate on the dorsal 

surfaces of the epioccipita1s and the pterotics. A strut basal section 

includes an oblique canal linking the cephalic lateral line with that 

of the trunk. Each has a slender vertical limb which lies adjacent to 

the posterior edge of its pterotic, extrascapu1ar and a corner of its 

parietal. 

Basicranial region 

This includes the parasphenoid and the basioccipital bones. 

The parasphenoid (Figs 4.2 B; 4.11) extends mid~entra11y from the 

ethmoid region to the basioccipital. It is a narrow, dagger~shaped bone 

with the anterior tip wedged between the vomer ventrally and the 

lateral ethmoids. A dorsal ridge on the vomer slots in with an 

antero-ventra1 groove on the parasphenoid. Dorsally a ridge rises to 

meet and overlap the ventral limb 'of the orbitosphenoid to form the 

interorbital septum. 

Towards the posterior edge of the orbit the parasphenoid flares laterally 

to meet and suture with the prootic. It then tapers gradually posteriorly 

to terminate (usually as a bifurcation) on the ventral side of the basi-

occipital. A thick dorsal ridge in the midline opposite the point 
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I _, .11 Disarticulated parasphenoid of B.burchelli, (a) 

dorsal view; (b) lateral view: Scale bar = 1 mm. 

POSTERIOR MYOooME CONE 

DORSAL ~LAN~~~ 

VENTRAL SUTURE 

r- VERTEBRAL CONE 

VERTEBRAL CONCAVlTV-

AORTA GROOVE 

ERIOR KEEL Of BASlOCClClPITAL PROCESS 

4.12 

- I 

Dorsal view of the disarticulated basioccipital 
of B.burchelli. Scale bar = 1 mm. 

ANTERIOR 

@ 

AtHERIOR 

© 

ANTERIOR 

Fig. 4.13 

POSTERIOR 

POSTERIOR 

® 
.... .... 
w 

POSTERIOR 

Left otoliths of B.burchelli, (a) 
lapillus or utric~lith, dorsal view; 
(b) sagitta or sacculith, lateral 
view; (c) asteriscus or lagenalith, 
lateral view. Scale bar = 1 mm. 
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where it,plares laterally serves to divide the entrance of the posterior 

myodome. The parasphenoid forms the floor of the posterior myodome. 

Two oblique dorsal grooves run from the posterior base of this ridge 

to the edge of the bone where there are notches which provide foramina 

for the carotid arteries. 

The basioccipital (Figs 4.2 A, B, C, D; 4.12) is a complex bone forming 

• the posterior base of the neurocranium. It is sutured dorsolaterally 

to the exoccipitals and anteriorly to the prootics. The.para~~noid 

partly overlaps the anteroventral surface. 

An anterior conical excavation in the basal block of the bone forms the 

posterior extremity of the posterior myodome (Fig. 4.12). Two slender 

triangular flanges extend forward from the base of the cone. On the 

dorsal side two other small flanges ext~nd laterally to meet the flanges 

of the exoccipitals which divides the space between the bones into two 

compartments housing the posterior part of the sacculus (recessus sacculi) 

and the lagena (cavum sinus imparis). The l~tter cavum shows externally 

as the bulla acoustica lagenaris. 

The prominent proatlas cone lies behind the small dorsal flanges and 

articulates with the first vertebra. 

The basioccipital process extends caudad from beneath the proatlas cone 

at an angle of 30-40° • The ventral surface of the process forms a 

s:b;.a 11 ow , concave masticatory plate from which extends a caudad proj ecting, 

laterally compressed "keel". A large passage for the aorta passes 

beneath the vertebral concavity and extends in a dorsal groove on the 

basioccipital process. 

Otoliths (Fig. 4.13) 

The utriculus is smooth and kidney-shaped. The aste:dscus, the lar:g',est 

of the otoliths, is disc-shaped with a flat medial surface, a convex 

lateral surface and a low serrated margin and antirostrum. The sagitta 

is arched and rod like with thin flanges developed from the ventral side. 

The anterior portion lies in a conical excavation in its prootic. 



Fig. 4.1.4 Dorsal view of neurocrania of redfin Barbus species and 
O~quathlambae. A...;. !~butgi; B...;. B~phlegethon; 
C - B~tenuis; D...;. B~a.fer; E...;. B~'isper; F - B.calidus; 
G - 1!~ etubescens; - H ...;. Q.qua.thl"inbae. Scale bar = 2 nun. 

-- ---------_._----------------
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Ventral view of neurocrania of redfinBarbus species and 
O.quathlarilbae. A B.'butgi; B...;. B;phlegethon; 
C ...;. B;tenuis; D B;aIer; E...;. B.asper; F - B.calidus; 
G - !~etubescens; H"';' Q;quathlarilbae. Scale bar = 2 mm. 



177 

Comparisons neurocranium 

In general proportions the neurocrania of ~.tenud./s; "and ~.gh1egethon 

differ most from that of ~.burche11i (Figs 4.14-4.17). In ~.tenuis 

it is broad and relatively shallow whereas in ~.ph1egethon it is relatively 

narrow and deep. In posterior view (Fig. 4.17) the neurocrania of 

these two species reflect these differences. !.tenuis has a flat dorsal 

profile, whereas ~.ph1egethon :iihas a particularly rounded one. 

Although the differences between the remaining species and B.burche11i 

are not outstanding it is evident tibat ~.burgi, ~.~, ~.asper and 

!.erubescens tend to have generally deeper neurocrania (similar to 

!.burche11i) and !.ca1idus and Q.quath1ambae are more shallow in this respect. 

In ~.calidus and ~.erubescens the basioccipital process descends at 

an angle of between 50_600 from the horizontal; in the flexible-rayed 

species this angle is between 300 _400
• The shape of the masticatory 

, 
plate also differs between species. In the flexible-rayed redfins the 

plate is flat or slightly concave, and in species with truncated 

pharyngeal teeth, more rounded and broad. In !.calidus and ~.erubescens 

the plate is more concave and'~g~nerally tends to be more cardiform. 

The area of the plate is relatively small in Q.guath1ambae. 

Ethmoid region 

The supraethmoid differs in several respects between the redfin 

species. In all flexible-rayed species the posterior border of this 

bone is separated from the anterior bord~r of the fronta1s. The 

fronta1s only slightly overlap the posterior dorsal edge of the ethmoid 

in these species. In !.ca1idus and ~.erubescens the fronta1s overlap 

the supraethmoid and there is no "gap" between the two bones. 

The supraethmoid of ~.cal,idus and ~.erubescens is fairly deeply grooved 

to receive the kinethmoid bone when the jaws are re~racted. There are 

also t:wo anterior "buttresses" more or less well developed on either 

side of this notch in these species. In the flexible-rayed species the 

median groove is shallow and the bone is usually flatter on the dorsal 

side. 
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A B 

E 

Lateral view of neurocrania of redfin Barbus species and 
O~quath1ambae. A ~ B~butgi; B ~ B~phlegethon; 
C ~ B.tenuis; D ~ B;afer; E ~ B~asper; F - B.calidus; 
G - !-:-erubescens; H::- ~athlambae. Scale bar-= 2 mm. 
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Posterior view of neurocrania of redfin Barbus species and 
O.quath1ambae. A ...;. B~btirgi; B...;. B~phlegethon; 
C - B~tentiis; D"';' B7afer; E - B.~sper; F - B.ca1idus; 
r" - il· ", ... ,.'h"""on", • if ~ri11:!tfhl mnbae. Scale bar = 2 mm. 
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In ~.tenuis and Q.quath1ambae the supraethmoids remain poorly ossified 

even in adults, as do the margins of adjacent bones in the ethmoid 

region viz. the lateral ethmoids, fronta1s, and nasals. These conditions 

occur only in the juveniles of the other redfins. The nasals of 

flexible-rayed species usually remain partly unossified •. 

Articulation facets for the entopterygoids are developed regularly on 

the ventral surface of the lateral ethmoids of ~.ca1idus and ~.erubescens. 

Similar articulation facets are present on the lateral ethmoids of same 

specimens of the flexible-rayed species but they are always small and 

poorly developed. There are no facets on the entopterygoid as observed 

by Howes (1978) for certain cyprinids. 

The olfactory foramina are formed by notches in the posterior margin 

of the ethmoid and the anterior margin of the later a1 ;4i,thmoid bones in 

all the redfins. In ~.tenuis and 2.guathlambae the foramina are 

frequently large, e.g. the illustration of 2.guathlambae neurocranium 

in Greenwood /!.I_- Jubb (1967; Fig. 2~). In certain populations of 
/, ... " 

~.~ ~~_ .. ~. Homtini ~:R~:jn!the foramina:are, almost entirely enclosed by the 

lateral ethmoids. 

The flexible-rayed redfi~s have a disti~ct postero-medial concavity on 

the lateral ethmoids which in conjunction forms a shallow anterior myodome 

(see also th~ description of the neurocranium of 2.guath1ambae by 

Greenwood & Jubb, 1967). In !.calidus and ~.erubescens the 

conc'avities are absent. 

Qrba..'tal::-,regioll, 

The supraorbital shelf of !.burchelli, !.burgi, !.phlegethon, ~.~ and 

!.asper is wide. In these species the supra~rbita1 bones are relatively 

broad and stout with a straight lateral and arcuate mesial edge. The 

supraorbitals fit into a notch;L,n the supraorbital shelves which is 

antero-dorsally j?laced in respect of the orbit. The supraorbital 

bones are generally well developed in the above species with the 

exception of ~.~ and ~.asper where they may be vestigial or 

entirely absent (e.g. Fig. 4.14 D). 



TRIGEMINAL 

Fig. 4.18 

® 

© 

'\\c:II/7 

Right latero-ventral view of part of neurocranium of 
(a) B~butchelli, (b)' B~calidus, (c) B~etubescens showing 
trigeminal foramen, prootic-pterosphenoid-suture and part of 
orbital foramen. Note right pterosphenoid meets left 
pterosphenoid in B~calidus and B~etubescens. Scale bar = 1 mm. 
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The supraorbital shelf of !.ca1idus and !.erubescens is relatively 

narrow. The supraorbital bones of the two species are well developed 

but their shape (elongated and narrow) differs from that of the other 

redfins. In addition the supraorbital shelf is only marginally 
.. 

indented to receive the supraorbitals in the tWjo serrated-rayed species. 

There are slight differences in the development of the groove for the 

dilatator opercu1i on the frontals and sphenotic bones. Again the major 

difference is between the flexible-rayed species and the serrated-rayed 

species. In the former the supraorbital shelves are broad (except 

in !.tenuis) and narrow in !.calidus and !.erubescens and consequently 

the dilatator operculi groove is relatively <$tIlall in !.~H&s, 

,!!.calidus and ,!!.erubescens. In !.burgi the groove is roofed by the 

expanded dermosphenotic. 

The pterosphenoids of the flexible-rayed species do not meet and suture 

ant ero-medi ally , but do so in !.caiidus and !!..erubescens (Fig. 4.18). 

Thus in these latter species the orbitosphenoids are excluded from the 

orbital foramen. 

In B.calidus the trigeminal foramen is enclosed entirely by the prootic 

(Fig. 4.18 B). In B.erubescens (Fig. 4.18 C) and other redfins the 

pterosphenoids form the anterior rim of the foramen. The strut in 

front of the foramen described for !.burchelli also occurs in the other 

redfins, but is variable in development, often different on each side 

of a specimen. 

The interorbital ,1I~f1::1;1l'Il' (orbitosphenoid) is generally similar in, 

the species)with the exception of !.tenuis. 

lower and shorter. 

@tic-occipltal"t:egiQR 

In this species it is 

Few noteworthy differences have been found in this region of the 

neurocranium. The extrascapular bones are more regular in form and 

development in!.calidus and !.erubescens than in the flexible-rayed 

redfins. In the serrated-rayed species the extrascapu1ars agree with 

the description of those bones by Greenwood &: Jubb (1967), viz. "a 



® AllTOPTEROT I C (i) 

Fig. 4.19 

INTERCALAR 

Ventral view of 1eft postero~entra1 part of the neurocrania of 
redfiuBatbus species and O~quathlambae showing the development 
of flanges on the exoceipita1 and fautQpterotic. bones as well 
as the intercalar bones. Labels for all as on A. A - B.asper; 
B .;. B~afer, C.;. B~burgi, D.;. B~burchelli, E - B.ph1egethon:-­
F - K~is, G and H .;. O~quathlambae, I.;. B.calidus, 
J ... iL erubescens. Scale-bar = 1 tmD.. -

.... 
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broad blunt triradiate bone carrying the Y-shaped but. very unequally 

armed supratemporal canal". 

Interca1ars are regularly present in !.calidu5 and ~.erubescens as 

',S!ilall irregular discs overlying the ventral postero-media1 surface of 

the autopterotics (Fig. 4.19 I, J). Interca1ars are usually 

vestigial or absent from flexible-rayed species. When these bones 

are pr~sent in the flexible-rayed species they are extremely small 

and are located over the junction of the exoccipita1 and pterotic bones. 

In ~.btirchelii and B.burgi (Fig. 4.19, C,J») there is a broad posterior 

flange on the exoccipita1s, which is separated by a narrow gap from a 

postero-1ateral flange of the autopterotic. The autopterotic flange 

forms a prop for the suprac1eithrum. !.asper and !.~ are similar 

.'.~-? 1!.burche1li b~t have the exoccipita1 flange extended laterally to 

form a pointed process. !.ph1egethon also has a well-developed 

exoccipita1 flange which lies much closer to the autopterotic prop than 

in other redfins (Fig. 4.19 E). 

In £.guath1ambae the exoccipita1 rim is only slightly expanded to form 

a small posterior flange, (as e.g. in Fig. 4.19 H). This flange is 

widely separated from the prop or flange on the autopterotic bone which 

itself is usually potented and poorly developed. The exoccipitals form 

a slender pd.s;tero-latera1 flange in !.tenuis (Fig. 4.19 F), and, as 

in £.guathlambae, this flange is widely separated from the autopterotic 

prop. 

Basicranial region 

In the basicranial region the main difference between the species lies 

in the form of the basioccipital process. The masticatory plate is 

flat and broad in the species with truncated pharyngeal teeth 

(!.burchelli, !.burgi, !.ph1egethon, !.~, !.asper) and relatively 

less expanded in !.tenuis, .Q.guathYl!bae, !.calidus and !.erubescens. 

In !.calidus and !.erubescens the masticatory plate is slightly concave 

whereas in the flexible-rayed species it tends to be flat. There is 

another difference between the serrated-rayed and flexible-rayed 

species in the basioccipital process. In the former species 
o 

descends at an angle of greater than 55 from the horizontal, 

usually at 300 to 400 in the flexible-rayed species. 

the process 
, , 



Fig. 4.20 Examples of infraorbital bones of redfin Barbus species and 
0.quath1atilbae. A...;. B~blirchelli, B...;. B~burgi,C -' ~.ph1egethon, 
D - B~teri1iis, E - B~&fer, F...;. B.a$per~ G - B.calidus, 
H ...;. Kerubescens, I...;. Q~quathlaiilbae. Scale bar = 2 mm. 

Fig 4.21 Differences between the infraorbital bones of ~.burchelli 
and ~. burgi. A. ~.hurgi; note.infraorbita1s b::oad, 
especially the dermosphenotic Wh1Ch covers the d11atator 
opercu1i fossa. B. B.burche11i. Scale bar = 2mm. 
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The parasphenoid of !.tenuis is generally broader than that of other redfins. 

Infraorbitals (Fig. 4.20). Redfin species normally have five infraorbita1s 

except for £.quath1ambae which has four (Greenwood & Jubb, 1967). 

Infraspecific variation in the shape of these bones is usually quite large 

but !.burgi has distinctly broad infraorbita1s (Fig. 4.20). The 

dermosphenotic of !. burgi forms a r,oof over the dilatator operculi groove' 

(Fig. 4.21 A) which is diagnostic for the species. 

The shape of the 1achryma1s differs consistently between the serrated­

ra.V~d and the flexible-rayed species (Fig. 4.20). In .!!.calidus and 

.!!.erubescens there is a high acute peak on the dorsal side but 

is usually low and indistinct in the flexible rayed species. 

The infraorbitals of .!!.tenuis are weakly ossified and the dermosphenotic 

and infraorbital 5 are usually reduced to narrow tubular units. 

This region is divided into five sectidns: opercular series, 

suspensoritml., mandibular arch, hyoid arch and the branchial arch. 

Each section will be described for .!!.burchelli and compared with other 

redfins before dealing with the follw;i;ng section. 

Opercular series (Fig. 4.22) 

This comprises four large, flat bones which together form the gill 

cover: these are the opercle; the subopercle; the interopercle 

and the preopercle. 

The oeercle of i.burchelli is a large flat bone with an articulation 

socket sub-dorsally on the antero-mediat surface. ',There is no canal 

(sup~reopercular' bone?)' on the lateral antero-dorsal angle. A 

'vert~cal, canal for the ramus operculatis superficialis branch of the 

facial nerve (Harrington.,1955) passes from' the anterior edge below 

the articulation socket to emerge and continue as a groove on'the 
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lateral surface of the bone. A postero-dorsa1 branch of the canal 

passes through the base of the articulation socket. 

of the bone has a prominent indentation. 

The suboperc1e is el~gated and tapered posteriorly. 

The dorsal margin 

It fits below 

and behind the opercle and is overlapped anteriorly by the interopercle. 

The interopercle is tapered anteriorly and truncated posteriorly. 

There is a low postero-dorsal expansion which cover~ the space between 

the opercle and the preopercle. The bone lies in front of the subopercle 

and below the preopercle and is attached anteriorly by a large ligament 

to the retroarticular. 

The preopercle is lunate and has a low lateral convex flexure. The 

preopercular sensory canal passes medially from the dorsal extremity 

to the antero-ventral extremity and has six or seven intermediate pores 

which open on the postero-ventra1 side of the canal. The ant.erior edge 

of the vertical limb fits into a groove on the hyomandibular and 

posteriorly overlaps the ,opercle. The dorsal edge of the horizontal 

limb fits into a groove on the quadrate bone. 

Comparisons 

The opercles of some redfin species (Fig. 4.22) differ in certain 

respects from that of ~.burc]::J.elli. ~.ca1idus and ~.erubescens have a 

fused suprapreopercular forming a canal over the lateral antero-dorsal 

angle (the small bone at the ventral end of the suprapreopercular of 

~.erubescens is not generally characteristic of that or any other 

redfin species). 

~.tenuis,in particular,and ~.quathlambae have elongated opercles 

(subject to a certain amount of intra;specific variation). l<n~f __ :::. 

~.phleaethon the opercle is relatively short and deep. The notched 

dorsal edge is not as characteristic in ~.tenu:t;s, ~.guathlambae or 

B.asper as in other redfins. 

The opercles of ~.calidus and ~.erubescens differ from each other in 

the fol~,owing respects: the dilatator process is more prominent in 
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Left opercle bones of redfinBatbus species and O.quathlambae. 
A B~btitchelli, B'" B~butgi, C";' B.phlegethon-;- D - B.tenuis, 
E 13;afer, F..;. B~asp~r, G'" B~cairdus, H..;. ~.etubescens, 
I ...;. Q.~hlambae~ Scale bar-= 2 mm. 

Left preopercle bones of red fin Bat bus species and O. quathlambae. 
A ~~btitche1li, B'" ~~butgi, C,'" ~~Ehlegethon, D - ~.tenuis, 
E ..;. B~afer, F";' B~asper, G,.;. B~calidus, H..;. B~erubescens, 
I ..;. Q~quiithlambae-:- Scale bar -;;; 2 nun. -

__________ 0 ______ ~ __ _ 
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~.erubeseens, the dorsal edge is less indented in !.calidus and the 

postero-ventral angle is more rounded than angular in ~.erubescens. 

There are no outstanding differences between the sub- and interoperc1es 

of the redfins. The preoperc1e of .Q.guathlambae (Fig. 4.24) forms a 

more gentle arc than it does in the other species. The sensory canal 

terminates on the ventral side of the horizontal limb in all the 

species except !.burchelli, !.burgi, !.calidus and !.erubescens. 

This feature is<ccil"ltlOelated with the development of the mandibular canal. 

Suspensorium (Fig. 4.25) 

The suspensorial bones are taken here to include the hyamandibular, 

symple:Ctie,quadrate, metapterygoid, ectopterygoid and the palatine. 

The hyamandibular is a tall triang4lar bone with' a moderately thick 

T-strut base which is flanked with lamellae anteriorly and posteriorly. 

The oblique dorsal edge is rounded and encapsulated by cartilage to 

form a dual-headed articulation condyle. A second spherical condyle 

(opercular articulation facet) protrudes fram the posterior edge. 

A canal for the facial nerve runs fram the mesial surface ventrad to 

open ventro-lateral1y. A smaller branch passes posteriorly to 

emerge in front of the opercular articulation facet. 

A cartilage connects the ventral edge of the hyamandi~lar to the strut­

like symplectic. Anteriorly the symplectic fits into a mesial groove 

on the quadrate. There is usually a notch on the dorsal side of the 

symplectic to allow a branch of the facial nerve to pass between it 

and the metapterygoid. 

The quadrate forms a ventral horizontal strut surmounted anterot~orsally 

by a large plate-like flange. The anterior end of the ventral strut 

forms the articulation condyle for the lower jaw. The dorsal flange 

in part !citll!r~lly_:·o'V-ert,atr5':the ectopterygoid and endopterygoid. 
. .': .:. "", ~ . '~.·I ,- . '-. :~ .. 

Posterodorsal1y it meets the metapterygoid edge to edge. 

The metapterygoid is a large, plate-like, laterally convex bone which 

P~+-ly overlaps the ectopterygoid anteriorly. The dorsal edge is 

notched and convex in profile. 
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SYHPLECTIC 

Lateral view of left suspensorium of B~burche11i. Outline of 
preoperc1e given to show 'in 'situ position. Scale bar = 2 mm. 
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Fig. 4.26 SuspensoriaofredfiuBarbus species and O~qtiathlambae. 
A ..:. B~blitche1li,B ":'B~btitgi, C - B.phlegethon, D - B.tenuis, 
E ..:. B~afer, F..:. B~a.sper, G":' B.calTdus, H - !.erubescens, 
I ..:. .Q ~ Clu'Athlambae:- Scale bar -;; 2 1ll111. 
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The eatopterygoiais elongated and trapezoidal with a thickened 

anterior socket for efte palatine. Posteriorly the~topterygoid 

lies mesial to the metapterygoid and ventrally lateral to the 

ectopterygoid. A ligament ;t::i;qm the anterodorsal surface suspends 

the bone from the lateral ethmoid. 

The rod-like palatine articulates posteriorly with the entopterygoid. 

A ligament attaches from the dorsal edge to the dorsal rim of the 

entopterygoid socket. Anteriorly the palatine expands to form a 

mesial bracket with which it articulates with 'the preethmoid. There 

is also a antero-lateral projection" providing an attachment base 

for ai¥igament which inserts on the maxilla. ' 

Comparisons, 

There are no differences in the architecture of the suspensorium 

although differences in proportions and details of bones are recorded 

in·.Fig. 4.26. 

The hyomandibular of!.:ehlegethon is relatively tall and narrow and 

differs fram other species in having a small projection at the 

anterior base of the dorsal articulation facet. In !.tenuis and 

~.9uathlamP'e the hyomandibula is short and broad. In !.calidus 

and !.erubescens the anterior flange of the hyamandibula is reduced 

from the ventral side. 

There is a distinction betwe~n the metapterygoid bones of the serrated­

and flexible-rayed species. In the former the dorsal edge of the 

metapterygoid is concave whereas in the flexible-rayed species this 

edge is convex and is usually notched to form two flanges. In' 

!.tenuis and .Q.guathlambae this notch is deeper and consequently the 

two flanges are more pronounced than in the other redfins. 

In B.calidus and B.erubescens the quadrate has an excavation on the - -
ventral side.just behind the mandibular articulation facet. This 

excavation provides space for the posterior process of the angulo­

articular when the mouth is open. In the flexible-rayed species 

there istB.~ly a smooth indentation in this region of the quadrate. 
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Medial view of part of suspensorium of (A) B. calidus and 
(B) B~ettibescens to illustrate differences between-symplectic 
and thesymplectic-;quadrate position of each species-.------~­
Scale bar';;-l nnn.-
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CORONOID PROCESS 

TRUNCUS MANDIBULARIS (VII) 

MANDIBULAR LATERAL LINE CANAL 

RETROARTICULAR 

@ 
CORONOID PROCESS 

ANGULO-ARTICULAR 
KINE1ltIIOID 
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Left mandibular bones of B~butchelli. 
views of premaxilla, B--medial and 
C - lateral view of kinethmoid, D­
views of lower mandible. Scale bar 

TRUNCUS MANDIBULARIS (VI I) FORAMEN 

A - lateral and dorsal 
dorsal views of maxilla, 
lateral, medial and dorsal 
:: 1 tmn. 
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Differences between the symplectic-quadrate junction are recorded 

between ~.ca1idus and ~.erubescens. In ~.erubescens .the symplectic 

is broader and slots further into the groov~ on the quadrate than 

intB,.calidus (Fig. 4.27). 

Mandibular Arch (Fig. 4.28) 

This comprises the bones of the upper and lower jaws and includes the 

median kinethmoid, premaxillae, maxillae, dentaries, coronomeckelians, 

angu1o-articu1ars and retroarticu1ars. 

The median kinethmoid (Fig. 4.28 C) is small and club-like. It 

expands anteriorly on the dorsal side and on the ventral side is 

laterally compressed. The large sigmoid ligament (Matthes, 1963) 

joins the dorsal surface to the ascending processes of the premaxillae. 

A ventral ligament joins to the ethmoid, and two smaller ligaments 

pass obliquely from the lateral surfaces to the maxillae. 

The premaxil<.lJ:e (Fig. :4.28 A) is, broad and curves gently mesiad to 

taper posteriorly. There is a slender ascending process at the 

anterior end at the base of which the bone forms a symphysis with the 

opposite premaxilla. The anterior processes of each premaxilla is 

attached to the kinethmoid by the sigmoid ligament (Harrington, 1955). 

The maxilla (Fig. 4.28 B) is broad with a large dorsal ascending 

process. On the dorso-media1 side of the anterior end there is a 

thick rounded condyle (boss) which articulates with a carti1agenous 

meniscus. This meniscus is sandwiched between the condile and the 

preethmoid. A stout tapered rostral process joins the ventral side 

of the condyle and forms a catch for the retracted premaxilla. The 

lateral surface is smooth except for a narrow ledge and shallow 

excavation below it which provide for the insertion of the ligament 

from the palatine and the adductor mandibulae muscle respectively. 

Beneath the ledge a foramen occurs for the nerve to the anterior 

barbel. Posterior to the dorsal process the maxilla narrows and 

forms a mesial curved flange. 

The dentary (Fig. 4.28 D) has astotit, moderately depressed, curved 

anterior arm which terminates in an expanded symphyseal head. At 
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(i) The left premaxillae of redfin Barbus species and 
o. quathlambae (lateral view). A - B.burchelli, B - !. burgi, 
C ~ B~ph1egethon, D ~ B.tenuis, E ~ !~~, F - !.asper, 
G - 'B.calidus, H ~ B~etubescens, I - Q.quathlambae. 
Scale bar == 1 nun. -
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. 4.29 (ii) Left maxillae of redfin Barbus species and O.quathlambae . 

(medial view). A...:. B~bti:tchelli, B...:. B~bli:tgi, C - B.phlegethon, 
D - B.tenliis, E...:. B.afer, F...:. B.asper-; G"':' B.calidus, 
H - !.erubescens, I - Q.quathlambae. Scale bar - 1 mm. 
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(iii) Left mandible of redfin Ba.rbus species and 
O.quathlambae (lateral view). A ~ B~burchelli, B - B.burgi, 
C - B.phlegethon, D ~ B~tenuis, E ~ B~afer, F - B.asper;­
G - B~calidus, H ~ B~etubescens, I ~-O-:quathlambae.---
Scale bar = 1 mm. - -
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the base of the tall, laterally compressed coronoid process there is a 

medial groove which accommodates the angulo-articular and coronomeckelian. 

Meckel's cartilage extends from a ridge at the anterior end of the 

groove. A short tube for the mandibular sensory canal occurs postero­

ventrally on the lateral side. A foramen for the truncus mandibularis 

branch of the facial nerve passes obli~\q:dy in front of the coronoid 

process (Mahy, 1975)., 

The angulo-articular is flattened anteriorly and articulates within 

t~~ medial groove of the dentary. Meckel's cartilage lies on the 

medial side of this anterior portion and joins a ridge on the stout 

posterior part of the bone. There is a large postero-dorsal articulation 

facet with a small posterior process. 

for the mandibular sensory canal. 

There is a latero-ventral tube 

The small irregular coronomeckelian articulates behind the medial ridge 

and Meckel's cartilage. 

The retroarticular is small and roughly L .... iihaped, and sutures to the 

postero-ventral surface of the angulo-articular. 

the posterior surface to the interopercle. 

Comparisons (Fig. 4.29) 

A ligament joins from 

There is a distinct difference in proportion in the upper jaws between 

the serrated-rayed and flexible-rayed redfin species. Both the 

premaxillae and maxillae of ~.calidus and B.erubescens are more slender 

and elongated with lowevcascending~processes than those ·ofthe flexible­

rayed redfins. The maxillary foramina of these two species are 

directed obliquely (postero-ventral) through the bone and not simply 

at right angles as in the flexible-rayed redfins. 

The lower jaws of ~.calidus and ~.erubescens have an extensive ventral 

flange on the lateral part of the dentary which bears a tube for the 

mandibular sensory canal. The tube pas~ies anteriorly beyond the 

coronoid process and has two or three intermediate pores. Of the 

flexible-rayed redfins only ~.burchelli and !.burgi ~ve the mandibular 

lateral line canal. This is however restricted to the posterior 

portion of the dentary and the angulo-articular, or in the case of 

~.burgi from the Berg River System, to only the dentary. 
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B 

Hyoid arch of B~bti.rc.helli excluding hyomandibula. A::" lateral 
view of part of hyoid arc.h, B - medial view of part of hyoid 
arch, C - disarticulated basihyal, D - lateral view of urohyal, 
E - dorsal view of urohyal, F - ventral view of urohyal. 
Scale bar = 2 mm. 
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The coronoid process is tall and slender in ~.tenuis and the anterior 

limb is elongated. 

is also elongated. 

anterior limb. 

The anterior limb of the dentary of £.guathlambae 

The dentary of ~.phlegethon has a short, stout 

Hyoid arch (Fig. 4.30) 

As the hyom.andibular has already been included in the su~pensorium the 

hyoid arch is here taken to include the interhyal, posterohyal, anterohyal, 

ventro- and dorsohyals and the urohyal, as well as three branchiostegal 

rays. The terminology used follows Nelson (1969b). 

The interhyal is a small cylindrical bone suspended vertically between 

the cartilage at the ventral end of the/:hyomandibular and the latero-dorsal 

end of the posterohyal (=epihyal). 

The posterohyal is a laterally compressed triangular bone sutured 

anteriorly with the anterohyal. The interhyal articulates in a notch 

on the lateral-dorsal edge. The posterior (3rd) branchiostegal ray 

articulates on the lateral surface. 

The anterohyal is a laterally compressed elongated bone, which 

anteriorly forms a dual articulation head for the dorso- and ventrohyals. 

A small notch on the antero-dorsal edge forms the attachment point of a 

lig~ent from the basihyal. 

The ventro- and dorsohyal (hypohyals) 'are short L-shaped blocks sutured 

posteriorly with the anterohyal and anteriorly with each other. The 

hyoid foramen is formed by the junction of the hypohyals with the 

anterohyal. 

The basihyal is a depressed, club-like bone which is attached to both 

anterohyals by ligaments. 

The urohyal forms an ob16ng horizontal plate surmounted by a vertical 

medial plate. The anterior end is thickened and divided to form two 

lateral heads for ligaments attaching to either ventrohyal. Posteriorly 

the horizontal plate is usually aSy:mlnetrically tape£ed, in ~~btirChelli. 
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Lateral view of part of the hyoid arch of !.phlegethon • 
Scale bar = 1 1l1lIl. 
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Lateral and dorsal views of the urohyal of redfin Barbus species 
and O.quathlambae. A.,;. B~btirchelli, B - B.burgi, 
C - B~phlegethon, D.,;. B~terttiis, E.,;. B.afer, F - B.asper, 
G - !~calidus, H.,;. ~~e'Itibescens, I ";'-,9.:qtiithlambae. 
Scale bar - 2 mm. 
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Articulation of first branchiostegal ray and anterohyal of 
(a) B~bu:tchel1i and (b)· B~erubescens. Scale bar = 1 mm. 
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There are three curved"spathiform branchiostegal rays articulating as 

in FiglI.te::4'-30. The first ray has a posterior process which ,slips 

behind the anterohyal. The second and third rays have "clupeoid" 

projections (sensu McAllister, 1968) and articulate over expanded 

surfaces of the postero- and anterohyals. 

Compari sons 

Although the hyoid arch may." vary slightly in proportions (e.g. it is 

short in !.phlegethon, Fig. 4.31) there are only a few minor differences 

between the redfin species. The hyoid foramen is large in £.guathlambae 

and in ~.erubescens it is frequently reduced to a small foramen in the 

dorsohyal. 

The basihyal is usually broad in ~.tenuis compared to other redfins. 

The urohyal is subject to much intraspecific variation in the development 

of the horizontal flanges and in some specimens the flange may be 

entirely reduced on one Side (e.g. B.tenuis in Fig. 4.32). The urohyal 

of ~.calidus and ~.erubescens differs from the flexible-rayed redfi.Jls in 

that posteriorly the horizontal flanges are truncated whereas in the 

flexible-rayed species they tend to taper (Fig. 4.32). 

The serrated-t:ayed species differ too in the articulation of the first 

branchiostegal (Fig. 4.33). There is a certain amount of variation in 

the form of this articulation and the difference is not always as. clear­

cut as shown in Figure 4.33. 

Branchial skeleton (Fig. 4.34 A, B) 

The branchial skeleton consists of four pairs of gill arches and a 

modified fifth pair of gill arches. The bones included 'fi~e are the 

infrapharyngobranchials, epibranchials, ceratobranchials, hypobl7.anchials 

and basibranchia1s in an arrangement similar to that described for other 

cyprinids (e.g. Harrington, 1955; Ramaswami 1955.;;· Mahy, 1975). The 

terminology adopted here follows that of Nelson (1969 b). 

There are two pairs of ossified infrapharyngobranchials which Nelson 

(1969 b) identified in cyprinids as the second and third infrapharyngo­

branchials respectively. There are also a pair of cartilage pads at 

the posterior end of the third infrapharyngobranchia1s which are 
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Branchial arches of B. burchelli. (A) dorsal view of branchial 
arches excluding pharyngeal bones, (B) part of fourth and 
fifth branchial arches, (C) antero-dorsal view of pharyngeal 
bones (=ceratobranchial 5), (D) side view (postero-lateral) 
of right pharyngeal bone as laid on its pitted surface, 
(E) dorsal view of right pharyngeal bone. Scale bar = 1 rom. 
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identified as the fourth infrapharyngobranchials. The bones are small 

and relativel~::fflat and are attached by ligaments to the ventral side 

of the neurocranium. The third infrapharyngobranchials are the larger 

of the bones and usually have a foramen,~s illustrated (Fig. 4.34 A). 

The epibranchials are varied in shape, arching ventro-laterally. The 

first, second and third are broad with a trough on the dorsal side and 

notched medially from the posterior end. The fourth epibranchial 

(Figs 4.34 A, 4.,34 B) is thinner than the preceeding three and bears 

two 'd.~:I.i's·~'l:.: processes: a thin filamentous projection on the anterior 

side close to the medial .-Qnd ,and a relatively stout posterior process 

nearer the lateral end. A finger of cartilage connects the tip of the 

process with the end of the 4th ceratobranchial. According to Nelson 

(1969 b, p.510) this cartilage represents the 5th epibranchial. 

There are four pairs of narrow, arched, trough-like ceratobranchials 

(the pharyngeal bones represent the fifth ceratobranchials). A series 

of conical gillrakers are embedded in the epidermis along the antero-

and postero-dorsal surface of each ceratobranchial. The gill rakers, 

reduced in size, continue onto the epibranchials (Fig. 4.34). The 

leading edge of the first ceratobranchial has six or sev~ rakers, but 

all other rows have from 11 to 15. The ceratobranchials articulate 

medially with the basibranchials. A small cartilage pad encapsulates 

the median end of each ceratobranchial. 

The pharyngeal bones (fifth ceratobranchials) (Fig. 4.34 D, C, E) are 

attached by muscles to the posterior part of the ventral surface of 

the neurocranium, to the pectoral girdle and are connected antero-ventrally 

via a cartilagenous copula (fourth basibranchial) to the median series 

of basibranchial bones. The pharyngeals are moderately broad,falcate 

bones with a rounded latero-dorsal contour, an enlarged lateral pitted 

surface and a tapered ventral limb. There are three rows of pharyngeal 

teeth as described in Chapter 3. 

Paired hxpobranchials (Fig. 4.34 A) lie adjacent to the mesial ends of the 

first, second and third ceratobranchials. The first and second 

hypobranchials are small spherical bones; the third iSlllnel'l'ltlla.""g.,haped with 

the tails, arching ventrally. 
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Infrapharyngobranchials of Q.guathl~mbae, left side, dorsal view. 
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Pectoral girdle of B.burchelli, 
medial view, (C) ventral view. 

(A) lateral view, 
Scale bar = 2 mm. 

(B) dorso-
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There are three ossified basibranchials and a cartilage copula representing 

the fourth basibranchial (Nelson 1969 b) which links the basibranchials 

to the pharyngeal bones. The first basibranchial is a small tear-shaped 

unit between the basihyal and the second basibranchial. The second 

basibranchial is an elongated rod of sim::Har proportions to the third 

rod-like basibranchial. 

Comparisons 

There are only;:\a few slight differences between the branchial skelet-ons of 

the redfin species. The third infrapharyngobranchial of .Q.quathlambae 

is elongated and bOQt-shaped (Fig. 4.35) without a foramen. .Q.quathlambae 

also has slightly fewer gill rakers than the other redfin species (7-9 vs 

9-12). The.';~:~ill rakers of. ~.calidus and ~.erubescens are larger and 

generally better ossified than the flexible-rayed species. There are 

slight proportional differences in the length of the epi- and ceratobranchials 

of the species in accordance with head proportions (e.g. the boSes are 

relatively short in ~.phlegethon and relatively long@:l ~.tenuis). 

(Figs 4.36 A, B, C; 4.37 A, B) 

The pectoral girdle includes the post-~,emporal which is more or less 

firmly attached to the neurocranium with which it was included for 

descriptive purposes. The rest of the pectoral girdle consists of the 

supracleithrum, cleithrum, coracoid, scapula, mesocoracoid and postcleithrum. 

There is sexual dimorphism in the pectoral girdles and fins of the flexible­

rayed redfins. The extent of this dimorphism is evident from Figure 4.37 

which illustrates girdles of equal sized male and female ~.burchelli. 

The bones are broader and more robust in the male and this is especially 

notatile in the mesocoracoid, and--the proximal radials • 

The blade..1,U~~? supracleithrum is stout posterodorsally with a ledge on 

the anterodorsal side. This provides a fit for the bone between the 

posttemporal and the autopterotic flange. On the medial side the ventral 

arm articulates with the dorso-Iateral surface of the cleithrum. 

is a short oblique tube latero-dorsally for the sensory canal. 

There 
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--\----CLE ITH RliM 

;.~="'''"--I- f1ESOCORACOID 

-l--- SCAPULAR 

-+--- CLEITHRUr1 

IL_<,",_-;-MESOCORACOI D 

~--- SCAPULAR 

"s:)::=:;; PROXIMAL RADIALS 

Medial view of right pectoral girdle of 
B.burchelli of the same size (59 rom SL). 

(A) male and (B) female 
Scale bar = 2 rom. 
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The large L-shaped c1eithrum articulates dorso-laterally with the 

supracleithrum and,~~ia11y with the postcleithrum. On the medio-ventral 

surface the cleithrum is sutured to the coracoid, the scapula and the 

mesocoracoid. The vertical limb is divided into a lateral and medial 

flange. The horizontal limb forms a broad shelf divided by a ridge into 

a ·~~trow medial strip and a broad lateral surface. 

obliquely emarginate(Fig. 4.36 C). 

The anterior end is 

The coracoid articulates on the antero-medial edge of the cleithrum, and 

the anterior edge of the scapula. It is plate-like and notched laterally 

to form an interc1eithro-coracoid foramen. A posterior dorsal ridge 

forms part of the basal support for the mesocoracoid. 

The scapula is thick and disc-shaped, articulating laterally with the 

c1eithrum, anteriorly with the coracoid and dorsally with the mesocoracoid. 

There is a large central foramen. On the posterior edge there are sadd1e­

like articulation facets for the leading fin ray and the first proximal 

radial. The second proximal radial also articulates on this edge. A 

prominence on the dorsomedia1 side forms part of the base for the 

mesocoracoid. 

The mesocoracoid forms a strut across the internal angle of the girdle. 

On the ventral side it articulates with the scapula and coracoid while 

on the dorsal side it meets a ridge on the cleithrum and curves ventrally 

to form an expanded head which reaches to the edge of the scapula. In 

males the mesocoracoid is curved whereas in females it is u~ually a 

straight strut (Fig. 4.41). 

The postcleithrum is attenuated and twisted, articulating on the m~dial 

surface of the vertical arm of the cleithrum. The dorsal end is 

tapered to a point, the ventral "and flattened and paddle-like. 

There are two series of radials, four larger proximal and a variable 

number of small distal elements. Of the proximal radials the first ahd 

second articulate with the scapula. The second radial has an anterior 

V-nt!l:t!ch f01;this" purpose. The third and fourth elements' are irregular 

and c01npressed and articulate on the posterior edge of the coracoid. 

The distal'lI'~:ais; are sp:b.s,r'ical elements located between the divided 

bases of ~h-:- {i~' rays. . 
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Right pelvic skeleton of B.burchelli (A) ventral view, 
(B) dorsal view. 

Fig. 4.39 

B 

Dorsal view of pelvic bone of (A) B.erubescens and 

N 
...... 
W 

(B) B.calidus showing taxonomic differences in development of 
the medial prong and ischial process. Scale bar = 1 mm. 
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Th~xe is considerable intraspecific variation in the development of the 

pectoral girdle, a factor which tends to mask interspecific characters. 

The intercleithro-coracoid gap is generally small in ~.phlegethon, 

~.calidus and ~.erubescens. The coracoid is narrow in ~.tenuis and 

£.guathlambae and the gap usually large. The vertical limb of the 

cleithrum is short in ~.tenuis and £.guathlambae but long in!.pnlegethon. 

The scapula is small in ~.calidus and ~ • .;;e_r_u_b_e_s_c_en_s;;.. The postcleithrum 

of ~.erubescens frequently has small projecting spurs which are, 

however, inconsistent. 

The pectoral girdle of.!.burgi, ~.~ and ~.asper is similar to that 

of ~.burchelli. 

PELVIC GIRDLE (Fig. 4.38) 

This consists of paired pelvic bones and a series of radials. Each 

pelvic bone is elongated and forked anteriorly. The two bones are 

concave ventrally and form a symphysis at the antero-medial base of the 

posterior ischial process which is simple and truncate. There are 

three radials ;.. two small, spherical, lateral units and a larger, curved, 

pear-shaped-med:i.al untt.. The lateral rays articulate against the pelvic 

bone and the medial rays against the pearshaped radial. There is a 

curved splint at the base of the leading ray similar to that described 

by Gosline (1961) for many lower teleostean groups. 

Comparisons 

The basic form of the pelvic girdle is similar in all the re,d£in species. 

There are useful differences between the bones of ~.calidus and ~.erubescens 

(Fig. 4.39). The ischial process and the medial anterior prong of the 

pelvic bones of B.erubescens are longer and more slender than in 

~.calidus: 

AX-IAL SKELETON 

The axial skeleton is divided into the following sectiiqns: the Weberian 

apparatus, precaudal vertebrae, caudal vertebrae, caudal skeleton, 

supraneurals and intramuscular bones. 
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NEURAL ARCH 3 

NEURAL ARCH 4 

~ __ NEURAL ARCH 5 

CENTRUM 1 

. SCAPHIUM -~~~,;,::. 

PJl.RAPOPHYSIS 5 

LATERAL PROCESS 2 

PLEURAL R! B 4 

OS SUSPENS0RIUn 

1 m m 

Fig. 4.40 Weberian vertebrae of the juvenile B.a£er (AM/P 2652, SL 14 rom) 
indicating derivation of components-of Weberian apparatus. 

~---~----
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The Weberian Apparatus (Figs 4.40; 4.41) 

Rosen '& Greenwood (1970) provided a homology of the components of 

the characoid Weberian apparatus. The cyprinoid Weberian complex 

differs in certain respects from that of the characoids. Thus the 

second and third centra in cyprinoids are fused and in addition there 

is a plate-like bone in front of the nri,eural comptex" (cf. Weitzman, 

1962). According to Rosen & _ Greenwood (1970) the neural complex 

is most probably derived from a supraneura1 bone. The additional 

unit in cyprinoids is usually referred to as the "neural arch of the 

second v~rtebra" (e.g. Nelson, 1948; Ramaswami, 1955; Greenwood & 

Jubb, 1967). Howes (1978) calls this the "neural plate" of the 

second vertebra. 

Watson (1939) established that during development in Cyprinus carpio 

"the basidorsals of the second, third and fourth vertebrae fuse with 

the first three interspinous bones (=supraneurals) to form a massive 

arch of cartilage which later gives rise to the neural arches". 

Rosen & Greenwood (197~) suggest the intercalaria are derived from 

the neural spine, neural arch and prezygapophyses of the second 

vertebra, the neural spine being later resorbed. If this homology is 

correct and applies to cyprinoids as well, then it is unlikely that the 

anterior dorsal unit in cyprinoids is a "neural arch of the second 

vertebra" • 

A similar study to that by Rosen & Greenwood (1970) on very small 

specimens of Brxcon sp., was made on small specimens of Barbus ~ 

(Fig. 4.40). The results (Fig. 4.40) show that the homology suggested 

by Rosen & Greenwood (1970) for Brycon applies equally well to ~.~. 

However the presence of a tiny splint of bone in front of the crested 

precursor of the adult "neural complex" suggests this is the additional 

anterior unit in the adult cyprinid Weberian apparatus. It appears 

then that this .'unit is derived from a supraneural bone and not the 

Jljdlrsal arch of the second vertebra". 

is therefore" anterior neural complex". 

A more appropriate name for it 

The Weberian appalf:~i.16 of ~.burchelli (Fig. 4.41) is associated with 

the first four centra. The first and fourth are discreet and the 

second and third fuse to form a compound centrum. 
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CENTRUM 1 @ ® 
LATERAL PROCESS 1 

SCAPHIUM 
-_ ...... E<. 

LIGAMENT 
CENTRUM 4 

CENTRUM I 

LATERAL PROCESS 

LATERAL PROCESS 2 

OS SUSPENSORIIJM-_","':J._ PLEURAL RIB ': 

® 
II.TERCALARlUM 

TRIPUS 

© 

Fig. 4J.41 

TRANSFORMATOR PROCESS 

Weberian apparatus of B.burchelli, (A) lateral view, 
(B) ventral view with right tripus and intercalarium removed, 
(C) dorsal view of right tripus, (D) postero-medial and 
medial views of right scaphittm, (E) anterior view of right 
intercalarium. Scale bar = 1 mm. 
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The first centrum is narrow and has slender bilateral processes from the 

ventral side. A ligament connects these processes to the medial surface 

of the cleithrum. Conical excavations on the lateral dorsal surface 

provide hinge sockets for the'$~aph~a. 
'-'--: 

The compound second and third centra are deeply constricted latero­

ventrally and latero-dorsally. The ventral constrictions provide 

articulation grooves for the tripodes, the dorsal constrictions form 

sockets for the pyramidal bases of the neural arch and spine. There 

are large curved bilateral processes on the bas~ of the second centrum. 

The fourth centrum is also constricted latera-dorsally and latero­

ventrally to accommodate the pyramidal bases of the neural arches and 

pleural rib complexes respectively. The gleural rib is stout and blunt 

with the lamellar as suspensoria extending from the media-ventral 

surface. 

complex. 

The neural arches unite to form a spine behind the supraneural 

The !'ooterior neural complex is a curved plate-like hexagon, articulating 

with the poste~'~r neural complex and the neural arch and spine of the third 

vertebra. The gosterioF neural comglex has a tall crest~~~ich provides a 

useful taxonomic character in different Barbus groups. In ~.burchelli 

the crest is simple but the shape is usually variable with an irregular 

blunt end. 

The claustrum is a small platelet articulating with the anterior neural 

complex. The scaphium (Fig. 4.41) is a hollow hemisphere with hinge 

projections which articulate in the socket on the first centrum and 

against the antero-lateral surface of the third neural arch. A ligament 

joins the outer surface of the hemisphere with the distal part.:'of the 

intercalarium. 

;~~,i'i:t~~a.'tU,i'um:: (Fig. 4.41 E) is an unequally-armed Y-shaped ossicle 
", .... :.-."-:<:~~.:;:_:,;; .. ~~t:g~~.:-:-~::'.~: ..... ': ":' '" .. *, . . . .' .. 

:q·tfi:tdi"ar1:::t c.u lat~es withina'sm.a::l1: e~eavati.Qll'.,Qrithe' lat er<:>""dor sal side of 
0' ._.:'.';_ :;r~ ':: .>~ :, _ ,~. _ :~.:_.: '.~ _ .. __ ~.''''_-_.' ,'__ ',- ' __ -"'_'~~. __ ':.'}:_: . __ . . " . :.""'~' 

t.he .• cOI!l]'lCri,md ':c:efitj;a~ ... ,' tlg~etit~ ~~i#ng ... the, ~nt.erP{ilari t.tTr!. wi'th .' the 
i" ~ .', ','. ',' 4':~'~·c',·:,~/; __ .:.-.~,~'_ .. ,,'.,~ :. '. -~-.~ :. ~.: :,:,,~'. ~:-.:,-: ."'. __ .... ':, .. ,'. - ,_ .. ' 
scaphium,~'d',l:i:~pus,.'are'!.ftache:d··~1"ry'~:, ·'The'ttipg:s.~':,(Rig. '4.41 C) has 

~ ,- ". _ "" '" . .. . , : '" .' 

", ~thi(*,at't.i¢-ula:pt~6f1ri:dge'at: ;r1:.ghf:ai;lgle.s: -'to the' pli:me~qf' a 'short 
. '. . : -. • • . • ~ .; _~ I " ~ ,7' . , • 

anteri.or ' 'arm~.,a~aC'cli/Post-erior." tap'ered,~,ci'~sP~nii4·1;:r,anS:f9rma:f'Or ,prp~es s~-,. 
'-- . .;. ~ -.. ~ -,'- . 

. . :~: .. , 
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Fig. 4.43 Left lateral view of the'Weberian apparatus of (A) B.calidus 
and (B) B. etubescens. Scale ,bar = 1 lmIl. 

The tripus of ·redfiu'BarDus ,species and O~quathlambae, 
(A)' B~bti:tche11i, B...;. B~btitgi, c...;. B~phlegethon, D - B.tenuis, 
E - B-:-afer, F ";'B~aspe'i;, G - B.calidus, H - B~etubescens, 
I - Q.~hla.mbae7 Scale bar';; 1 lmIl. -
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Comparisons / 

There is much intraspecific variation in the precise shape of the 

ossicles and other more prominent features of the Weberian apparatus 

(e.g. the supraneural crest and the lateral processes). Thus no 

specific differences are noted between the Weberian .app,atatus of the 

majority of the flexible-rayed redfin species. £.quathlambae differs 

generally in the shape of the tripus (Fig. 4.42) which is more slender 

and elongated than ,in thet o.ther species. 

The shape of the crest of the posterior neural complex differs in the 

serrated-rayed redfins and the fleK~ble-rayed species. In ~.calidus 

and ~.erubescens there are bi-lateral flanges on this crest as 

illustrated in Fig. 4.43 A and B, and it is also notched distally 

on the posterior side. 

Vertebrae (Fig. 4.44) 

Precaudal vertebrae 

The neural arches of the precaudal vertebrae have broad and stout neural 

spines before the dorsal fin. From opposite the base of the dorsal fin 

and posteriorly the neural spines decrease in robustness. The precaudal 

vertebrae have both pre-~and postneurapDp,hyses;. the prezygapophyses 

are large in the predorsal vertebrae and decrease in size opposite the 

base of the dorsal fin and posteriorly; the postzygapophyses arise from 

the centra and are broad and irregular in shape. 

There are well developed par apophyses on the precaudal vertebrae where 

the pleural ribs articulate. In the last few precaudal vertebrae the 

~':,J?;~3pophyses become pointed and progressively longer, eventually fusing 
". . "".~ .. ~,.-"':-

..• " ..... -;w-o-. 

to form the 'hakmal, arch of the caudal vertebrae. The pleural ribs are 

large and antero-posteriorly compressed and become progressively more 

slender and rounded posteriorly. The pleural ribs articulate on the 

lateral surface of the par apophyses of the more anterior vertebrae but 

in the last few precaudal vertebrae this articulation lies on the 

posterior edge of the parapophyses. Small spur-like posthaemapophyses 

only develop on ~e last one or two precaudal vertebrae. 
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Lateral and anterior views of sample vertebrae of B.burche11i 
(A) a predorsa1 vertebra, (B) vertebra (18), (C) vertebra 19 
(last precauda1 vertebrae), (D) first caudal vertebra, 
(E) typical caudal vertebra. Scale bar = 2 mm. 

t..:J 
N ...... 
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Caudal vertebrae 

The first caudal vertebra is taken as that with a closed haemal arch. 

Frequently the distal part of the developing ~aemal arches have not yet 

fused into a single spine and remain as two separate spurs. The 

preneurapophyses remain relatively small and the postneurapophyses are 

prominent flanges on top of the centra. There are small slender 

posthaemapophy~es and very small prehaemapophyses. The neural and haemal 

dorsal spines are directed posteriorly on the caudal peduncle. The spines 

of the last two (sometimes. the tliird) caudal vertebrae are stout and 

laterally compressed and. directed strongly posteriorly to provide support 

for the caudal fin, and an articulation base for the procurrent rays (Fig. 4.45). 

Comparisons 

There are no major differences in the vertebrae of the redfins. 

Caudal Skeleton (Fig. 4.45) 

There are usually two caudal vertebrae involved in the caudal skeleton 

(representing the PU2 and PU3 centra respectively) in that their neural 

and haenal spines are bent posteriorly and provide articulation bases 

for some of the procurrent fin rays. The haenal spine of the PU2 
vertebrae is broad and stout and the haenal arch forms a pyramidal base 

which articulates within a ventral concavity on the centrum. 

The compound ural centrum (PUI +~W'1 - Buhan, .1972) is fused to the 

second hypural and the first and second uroneurals (urostyle) to form a 

V-base for the skeleton. There is an irregular dorsal flange on top of 

the ce~trum. On the ventral side the united parhypural and first hypural 

articulate within a pyramidal concavity. The parhypural has small 

bilateral hypurapophyses. Hypurals three to six articulate within a 

ventral groove on the urostyle. A pair of small third uroneurals occur 

in some specimens at the base of the principle caudal ray. There is a 

single broad epural above the urostyle. 

Comparisons 

The structure of the caudal skeleton is conservative for all the species 

under consideration. 
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HYPURAL 6 

HYPURAL 5 

liROriEGRAL 

PRINCIPAL CAUDAL FIN RAYS 

HYPURAL 1 

PROCURRENT RAYS 

Caudal fin skeleton of B~bUtchelli,lateral view. 
Abbreviations: Pu - preural centrum, u - ural centrum. 
Scale bar = 2 rom. 

SUPI\ANEURALS 

2 mm 

Fig. 4.46; Predorsal vertebrae and supraneurals of B.calidus. 
Scale bar = 2 mm. 
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~ ... = .... ".:::::;:;::: ... ::::::::::::::: .. ~ 

..... ANTERIOR ---

Examples of intramuscular bones 
(A) epineural of B~btirchel1i, 
B.burchelli, (C) Intramuscular 
two or three preural certebrae, 
(E) intramuscular bones opposite 
preural vertebrae of B~calidus. 

<::::: ..•. ; ==== "'J 

® ~::>:::::·===:::····'~="·"7 ... :,-:;:;;·.~::e' 

........... y 

from redfin Barbus species. 
(B) caudal epineural of 
bones opposite the ural and 

(D) epineural of B.calidus, 
the ural and two or three 
Scale bar = 1 mm. 
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Suer aneur als (Fig. 4.46) 

!.ca1idus and ~.erubescens are the only redfins with well developed 

supraneura1 bones. The flexible rayed species have vestigial 

supraneura1s in certain'fndividua1s only. 

Intramuscular bones (Fig. 4.47) 

In adult !.burchelli the epineural intramuscular bones are not ossified 

ahead of the dorsal fin. The epineura1s posterior to the fin lie 

obliquely in the epaxial muscfies and are in the form of tri-radiate rods 

(Fig. 4.47 A) except on the caudal peduncle where they are simple rods 

(Fig. 4.47 B). The last few intramuscu1ars lie horizontally over tpe 

ural and preceeding thiee or four centra. These are thicker bones and 

have a more complex form than those of the trunk (Fig. 4.47 C). The 

epip1eura1s develop posteriorly from opposite the anterior base of the 

anal fin. They parallel the form of the adjacent epineural intramusculars. 

The intramuscular bones of the flexible rayed species are similar to those 

of !.burchelli ';,~lthough in !.tenuis and .Q.quath1ambae they are more weakly 

developed and seldom assume more than a rod-like form. The intramusculars 

of B.ca1idus and B.erubescens are well developed (po1yradiate) and - - , 

ossified from opposite the fifth or sixth verteb~a in adults. By way of 

contrast the last few intramusculars of !.calidus and !.erubescens are 

relatively simple structures with blunt lobes (Fig. 4.47 D, E). 

Um'AIREp FINS (Fig. 4.48 A, B) 

The architecture of the dorsal and anal fins is similar to that described 

by Weitzman (1962) for Brycon meeki. In the dorsal fin (Fig. 4.48 A) 

the first three pterygiophores have only a proximal and distal radial. 

The fourth and subsequent pteryg~phores also have a median radial. The 

anal fin (Fig. 4.48 B) has six pterygiophores, the anterior two with a 

proximal and distal radial, the posterior four with a full complement of 

three radials. There is an end piece or stay in both fins. 

There are three or four unbranched dorsal and anal rays the last of 

which is segmented and flexible. The last branched ray in 'each fin is 

divided to the base. 



Fig. 4.48 

226 

HAEMAL SPINES . .. 

PTERYGIOPHCRE 

/ 
~ RADIALS 

l 

Dorsal fin and anal fin skeletons of B~burchelli, (A) dorsal 
fin, (B) anal fin. Scale bar = 2 mm. 
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Fig. 4.49 

(;,~RRAiEj; SP!'t[ 

® 
UNBAA1C1lED r.f.Y, 

/ J ;/ NEURAL SPINES 

~ ~.A£MAL SPINES ~ .. 

UNBRANCHED I;Jl'yS ~\,. 

Dorsal'fin and anal ·fin· skeletons of B.calidus and B.erubescens, 
(A) dorsal fin of B. cialidus , (B) dorsal fin of B.erubescens, 
(C) anal fin of B~ci"ilidus, (D) anal fin of B.etubescens. 
Scale bar + 2 mm~ 
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N 
....... 
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Comparisons 

The dorsal and anal fins of all the flexible-rayed fins are similar to 

those of ~.burchelli. The form of the last unbranched ray is different 

in ~.calidus and ~.erubescens (Fig. 4.49 A, B) and this difference h~s 

already been descl;:l;beain Chapter" 3. In -accerdance with the 
"'.r..,._ •. . . .. 

development of a stout, serrated, unbranched ray in!.calidus the 

anterior pterygiophores in the dorsal fin of this species are 

proportionately more robust than in ~.erubescens or the flexible­

rayed species. There is an additional branched ray and pterygiophore 

in the dorsal fin of !.erubescens. 

!.calidus (Fig. 4.49 C) has an additional pterygiophore in the anal fin 

and ~.erubescens (Fig. 4.49 D) two additional pterygiophores to accommodate 

the respective increase in anal branched rays reported for these species. 

General Summary 

It is evident that the main osteological differences lie between the 

serrated-rayed and the flexible-rayed redfin species. Although these 

differences are not always of great magnitude they combine to present a 

quite different facies for the two groups. In these observations it is 

also evident that the osteology of Q.quathlambae falls within the bounds 

of the flexible-rayed species. 

Besides the differences recorded in form or shape of the bones there is a 

qualitative difference in the osteological development of certain bones of 

the species of each group. The bones of the serrated-rayed species are 

well developed and robust without evidence of reduction. There is a 

recurrent trend of reduction and lack of robustness in certain bones of the 

flexible-rayed species. This is most clearly evident in the$~ID:el!~al 

intramuscular bones and the supraneural bones but also finds expression 

in cranial bones e.g. the intercalars, and the bones of the anterior region 

of the neurocranium, especially the supraethmoid. In bones such as the 

extrascapulars which are variable in form that of the serrated.,..rayed redfins 

are nevertheless more predictable in form than those of the flexible .... rayed 

species. 
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moderately deep 
subrectangular 

shallow groove 

COlieave 

divided 

stdQt 

viele notched 

1.., peak 

trlaJlgular 

!.burgi 

deep 
s,:,brectangul1« 

shallOW' gJ:'oove 

concave 

divided 

stout 

w1<1euotr>hed 

1"" peak 

lIroad - square 

l!..phte"ethon 

deep, narrow 
subrectangu tar 

shallOW' groove 

concave 

divided 

stout 

wide notr>hed 

14W peak 

triangular 

! .. ~.enuis 

shallow, broad 
subrect-aagular . 

unossified 
shallow groove 

concave 

divided 

reduced - ·irregular 

narrow - notr>hed (1) 

1"" peak 

redv.<:ed :: triangular 
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divided 

stOlft 
(When present) 

wide-notched 

low peak 

triatlgular 

fl~ed' 

vestig (irreg.-) 

irregular 

fla~ 30J0ri° 

-moderate 

reduc,ed 

cOnvex 

shall. excav. 

deet> 

deep slender 

deep tapered 

broad 

dimorphic 

simple irreg. 

absent (vestig.) 

reduced 

slender (8) 

6 

!~~ 

moderate 
. subtriangular 

de:ep gtoove 

cQndyles 
not concave 

joined 

slender 

narrOW 

,high peak 

!JeJ;ub~sc;e-ns 

tnoderate 
subtriangul~~ 

deep -groove 

condyles 
not concave 

joined 

sl~nder 

narrow 

high peak 

triangular variable triangular. variable 

no process 

disc. well dey. 

regular (1) 

CQnCave 50.600 

no process 

elise. well dev. 

regular' (1) 

c.oncave 50-60
0 

2·guathliJ:fRbae 

moderate 
subtriall?ular 

unossificd 
shallow gr.oove 

.c,,"'nCave 

divided 

vestigi':l 
irregular 

wide notcbe" 

low peak, 

s lender process 

vestig (.i yreg.) 

irregular 

flat 30.400 

5uprapreopercular suprapr-eopercula: 'br-oad 

canplete cOJDplete 

concJM! concave 

deep excav. deep e}ccav. 

slender slender 

slender slender 

long flange long flange 

s1 ender truncate sl~der truncate 

sle.nder slender 

monomorphic monanorphic 

processes short processes long 

flanged flanged 

large large 

well developed well developed 

stout serrated (8) moderate (9) 

8 

reduced 

short s ·broad. N 
to.) 

convex deep notched \Q 

shallow excav. 

deep 

d_ 

deep tapered 

broad 

dimorphlc 

simp le irreg. 

absent (vesti~) 

reduced 

slender (8) 
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Within either of the two groups the main differences between the species 

are due to relatively minor specializations and not to basic architectural 

changes. Thus in spite of a certain degree of adaptive radiation in the 

flexible-rayed species there remains remarkable similarity in particular 

bones. For example,the pharyngeal teeth and character of the intestine 

indicates a fairly wide range of trophic adaptation b"Ltt nevertheless the 

proportions of the upper jaw bones, the pharyngeal bones themselves, the 

angle of the basioccipital process and the surface of the masticatory 

plate are all basically similar between the species. 

The main points of comparison of the osteology of the redfin species are 

summarized in Table 4.2. Further discussion and comparison with other 

Barbus species is given in the next chapter. 
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CHAPTER 5 

PHYLOGENY AND CLASSIFICATION OF THE REDFINS 

One of the functions of systematics is the classification of organisms 

(Mayr, 1969; Crowson, 1970;.Nelson, 1971). To the majority of biologists 

classification depends on the phyletic interrelationships of the 

organisms. The interrelationships of the redfin species and of the 

group to other cyprinids have, to date, not received much attention. 

Both Barnard (1943) and Jubb (1965, 1967) refer to the redfin "group" 

implying that there may be some relationship between the species. 

There is no strict "classification" of Africart'Barbus species in use at 

present. The closest approximation is the categorization of the African 

Barbus by certain key characters of Boulenger (1911). The major division 

in the key is based on whether the scales are parallel or radiately 

striated. Secondary divisions are based on the form of the last 

unbranched dorsal fin ray. The form of this ray has three ideal 

characteristics: simple, enlarged and spinous; simple, not enlarged 

and flexible;\ and serrated, enlarged and spinous. 

The redfins all have radiately striated scales. However certain redfin 

species have a simple, flexible unbranched dorsal fin ray and others have 

serrated unbranched dorsal fin rays. This challenges the concept of 

categorizing African Barbus species according to these characters.' One 

of the tasks of this present chapter then, is to establish whether or not 

the group as a whole is monophyletic. 

A further task of the chlilpter is to determine the in-group and, as far as 

possible, the out-group relationships of the redfins. This is not only 

important for classification (Hennig, 1966; Mayr, 1969; Nelson, 1971,1972 a; 

Brundin, 1972) but is an essential prerequisite for an assessment of 

the biogeography of the species (Nelson, 1974; Croizatetal., 1974; 

Rosen, 1978). The need to know the interrelationships of the redfins has 

become more necessary since Skelton (1976) suggested that O~qtiathlaDJ.bae 

was related to at least some of the redfins. Not only does the generic 

status of the redfins thus require revision, but O.quathlambae has a 

relict distribution isolated from other redfins. The classification 

and phylogeny will be handled in the present chapter, and the biogeography 

will be discussed in the following chapter. 
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Methods 

There are at least three possible approaches to systematics (Michener, 

1970), a phenetic approach, a cladistic approach and a evolutionary or 

gradistic approach. Of these approaches the latter two are based on 

the theory of evolution of organisms originally proposed by Darwin. 

The pheneticists are not concerned with phylogenetic interrelationships 

of taxa but only on the degree of similarity between them. 

The gradistic.approach to systematics is dealt with in detail by Mayr 

(1969). Relationships between organisms include both ancester-descendant 

relationships and those of cammon ancestry (an explanation of these concepts 

is given by Nelson, 1972 a). The philosophy presents no strict formalisations 

on how relationships between organisms are established but this is usually 

based on the degree of weighted similarity and the evolutionary grade of 

the organisms concerned. 

The cladistic approach is based on a philosophy propounded by Hennig (1950, 

1966) and is often referred to as "Hennigian". This approach has since 

been considerably refined (e.g. Brundin, 1972; Nelson, 1970, 1971, 1972 

a & b; 1973), and may be presented as it is currently accepted in the form 

of the following model (Cracraft, 1974): 

(a) Ancestors cannot be recognised or identified but can only be 

hypothesised; 

(b) Species originate by allopatric speciation and phylogenies 

are usually assumed to be dichotomous branching sequences; 

(c) Related taxa are clustered into lineages on the bases of 

shared derived characters (synapomorphies). This means 

that there is a definite concept of relationship based on 

the common ancestry of the organisms viz. a taxon A is 

more closely related to taxon B than either is to a third 

taxon C if, and only if, the first two taxa (A and B) share 

a common ancestor which is not shared by the third taxon (C). 

Cracraft (1974) compared the gradist and cladist systematic models and 

concluded that the cladist model is to be .preferred on the grounds that 

the premises on which it is based are precisely formulated and provide 
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for logical construction and consistency. The successful application of 

the model in numerous studies in recent years is testimony of the attraction 

of these qualities for systematists. It is also for these reasons that the 

cladistic approach is adopted in this study. 

One of the fundamentals of cladistic philosophy has been that species 

originate in dichotomous branching sequences (Hennig, 1966; Nelson, 1971; 

Brundin 1972; Cracraft, 1974). This particular concept has been rejected 

by opponents to the philosophy (e.g. Darlington, 1970) who point out that 

there are numerous known examples where there are several isolated popUlations 

of species which could in time become full species and thus constitute 

mUltiple splitting. The cladists counter the argument with the fact that 

the recognition of dichotomous splitting is based on the unlikely probability 

that such isolates will all attain species status at precisely the same 

time. The need to consider mUltiple speciation is only entertained after 

the alternatives for dichotomous speciation have been exhausted (Brundin, 

1972; Cracraft, 1974). 

It has been recently shown by Bremer & Wanntorp (1979) that cladistic 

analysis does not in fact necessarily determine the sequence of speciation 

in the sense of reproductive isolation, but rather it provides a sequence 

of geogrpphic isolation of the taxa concerned. This is important because, 

as these authors demonstrate, multiple splitting of species is probably a 

far more common occurrence than is presently recognised. Bremer & Wanntorp 

(~.cit.) also point out that the biological species concept is not a 

suitable basis for cladistic philosophy, and suggest rather the application 

of the "evolutionary species" concept as conceived by Wiley (1978). 

In spite of these necessary adjustments to the cladistic philosophy, the 

fundamental concept of establishing the relationships between taxa on the 

basis of shared derived characters is still valid. It has been pointed 

out above that cladists have recognised that there are limits to any 

analysis, and that relationships are not always successfully established 

since the necessary synapomorphies have not been recognised. To this 

should be added that the absence of synapomorphies between taxa may also 

be explained by multiple splitting of an ancestral species. In cases 

where further analysis of sister groups is not possible due to the 

sensitivity of analysis, the taxa with unresolved interrelationships remain 

clustered in groups which are defined on the basis of the last recognisable 

synapomorphy(-ies). An excellent example of such a state of affairs is 

given by Greenwood (1979) for the "Haplochromis" cichlid species. 
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The terms "primitive" and "derived" are necessarily only relative to an 

alternative state in the same character set (homologous characters). From 

this it is evident that the same character may be either primitive or 

derived depending on the level of comparison to which it is applied. The 

following terminology for particular character states has been coined by 

Hennig: plesiomorph (primitive), symplesiomorph (shared primitive), 

apomorph (derived), synapomorph (shared derived), autapamorph (derived 

in one lineage only). 

The most essential preliminary step in Hennigian methodology is the sorting 

out of homologous characters into a series of p1esiamorphic and apomorphic 

states. Hennig (1966) suggested four means by which a character state 

might be adjudged p1esiomorph or apomorph. These are 

(a) geological character precedence - a character which appears 

earlier in the geological record is relatively primitive; 

(b) chronological progression - the derived character will appear 

in the daughter species which has departed farther 

geographically or ecologically from the ancestral species; 

(c) ontogenetic character precedence - ontogeny recapitulates 

phylogeny, and 

(d) the criterion of correlated series transformations. 

Nelson (1973) rejects both the recapitulist and the palaeontological arguments 

on the basis that neither are founded on justifiable assumptions nor on 

the principle of parsimony. Cracraft (1972) points out that primitive 

characters may appear at an earlier time, but because of the incompleteness 

of the fossil record there is no guarantee that primitive character states 

do not appear at a later time than the derived state. 

The criterion of correlated series transformations is of course subject 

to certain limitations - one of the correlated character states must be 

known with reasonable certainty. This of course must be established 

without recourse to the correlated characters - i.e. circular reasoning 

must be avoided. Thus ultimately one depends on other criteria for 

determining a character state •. 
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The assumptions on which the criterion of chorological progression depend, 

i.e. that speciation involves dispersal or ecological change, are not 

justified. Croizat ~ ale (1974) show that dispersal is not a necessary 

adjunct to speciation. 

Other criteria for character evaluation have been suggested or implicitly 

used. Cracraft (1972) considers that there are no objective criteria for a 

character state evaluation other than a comparative analysis. Several 

authors have proposed guidelines for evaluations on this basis. According 

to Crowson (1970), a condition which occurs in related forms outside the 

group is probably primitive within it, provided the related forms are not 

actually derived from members of the first group. 

Kluge (1976) crystallized the informal procedures which most systematists 

have used over the years for determining the primitive character state 

into a set of rules. The primitive state of a character is frequently 

observed (a) among the groups related to the one being studied (i.e. 

Crowson's criterion), and (b) within the group chosen for study. 

Secondly it is exhibited by that taxon which is considered primitive on 

the basis of other evidence. 

These rules have been successfully applied in similar cyprinoid studies 

(e.g. Smith & Koehn, 1971; Barbour & Miller, 1978) and appear to be 

reasonably formulated. Consequently they will be the criteria adopted in 

this study. The usual criteria of parsimony will also apply viz. minimum 

parallel evolution and minimum reversal of evolutionary trend (Nelson, 1970). 

The first part of this chapter will be devoted to a character analysis based 

on a comparison with other southern African Barbus species. The reasons 

for considering this comparison sufficiently broad to establish the 

character states in the redfins are firstly the Southern African Barbus 

species are sufficiently diverse and numerous (Jubb, 1967) to include 

representatives of most categories of African Barbus species. Secondly, 

the closest relatives of the redfins are most likely to occur in adjacent 

geographic regions rather than in distant regions ("Jordans Law",vide 

Hubbs, 1943). Tables 5.1 - 5.5 summarize comparative characters in 

southern African Barbus species. 

The character states are summarised in Table 5.6, using a code similar to that 

applied by Barbour & Miller (1978). In the code the number a denotes the 

primitive state and 1 and 2 denote the form and sequence of the morphocline. 
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~ 
Comparison of certain characteristic morphological features of southern African ~ 

species. Data derived from personal observations and Jubb (1967). 

SPECIES 

B.capensis 

~ 
B. kimberleyensis 

B.marequensis 

B.natalensis 

B.polylepis 

~ 
~ 

~ 

B. poechii 

B. trimaculatus 

B.afrohamiltoni 

B. afrovernayi 

B. argenteus 

B. eutaenia 

B.hospes 

B.manicensis 

B .multilineatus 

B.paludinosus 

B.tangand~ 

B. trevelyani 

B. annec tens 

B.anoplus 

~ 
B. barotseensis 

B.bifrenatus 

B.brevipinnis 

B. hac io la tus 

~.gurneyi 

B.haasianus 

B .lineomaculatus 

B.motebensis 

B. neefi 

B.pallidus 

B. puellus 

~ 
B.toppini 

B. treurensis 

B. thamalakanensis 

B.unitaeniatus 

B. viviparus 

SIZE + 

large 150 rom 

large 

large 

large 

lar~e 

large 

large 

large 

large 

moderate 

lllOderate 

moderate 

small 

moderate 

moderate. 

moderate 

moderate 

small 

moderate 

small 

moderate 

small 

moderate 

small 

small 

small- moderate 

small 

small 

moderate 

small 

small 

moderate 

small 

small 

small 

moderate 

small 

moderate 

small 

moderate 

small - moderate 

SCALES 

~) 

parallel 

parallel 

parallel 

parallel 

parallel 

parallel 

radiate <15 

radiate <15 

radiate <15 

radiate <15 

radiate <15 

radiate <15 

radiate <.15 

radiate <15 

radiate <15 

radiate <15 

radiate <15 

radiate <15 

radiate <15 

radiate <15 

radiate <15 

radiate >15 

radiate <15 

radiate <15 

radiate <15 

radiate <15 

radiate <15 

radiate <15 

radiate <15 

radiate <15 

radiate <15 

radiate <15 

radiate <15 

radiate <15 

radiate <15 

radiate (IS 

radiate <15 

<15 

<15 

<15 

<15 

+ ~: (i) Size: large = >150 mm general maximum 

moderate ;, 50<150 mm general maximum 

small "" 50 fRIll or less general maximum 

5 UAHATION + 

Breast Scales pelvic axillary 

reduced 

reduced 

reduced 

reduced 

reduced 

reduced 

reduced 

reduced 

normal 

normal 

normal 

normal 

normal 

normal 

normal 

reduced 

normal 

normal 

normal 

normal 

normal 

normal 

reduced 

normal 

normal 

normal 

normal 

normal 

normal 

(small) 

present 

present 

present 

present 

present 

present 

present 

present 

present 

present 

present 

present 

present 

present 

present 

absent 

present 

present 

present 

present 

absent 

present 

absent 

present 

present 

present 

present 

present 

absent 

normal present 

reduced absent 

normal present 

normal present 

normal present 

normal present 

normal present 

normal present 

normal present 

(reduced?) present 

normal present 

(ii) squamation: reduced means scales are notably smaller and often embedded 

normal means although smaller than body scales they are still 

well developed on the breast. 

(iii) pelvic axillary scale: an enlarged distinctly trianguloid scale in the 

axil of these fins. 

(iv) dorsal fin: spine - bony non-serrated unbranched ray 

serrated = bony serrated unbranched ray 

flexible so soft flexible unbranched ray 

No of branched rays: modal counts. 

B S 

1 or 2 

1 or 2 

1 or 2 

DORSAL IN 

Form of Unbranched Ray No. of Branched Rays 

Bony non-serrate Spine 

Bony non-serrate Spine 

Non-serrate Spine 

Non-serrate Spine 

Non-serrate Spine 

Non-serrate Spine 

Bony Serrated 

Bony Serrated 

Bony Serrated 

Bony non-serrate Spine 

Bony non-serrate Spine 

Serrated 

Serrated 

Serrated 

serrated 

serrated 

serrated 

serrated 

serrated 

( serrated) 

flexible 

flexible 

flexible 

flexible 

flexible 

flexible 

flexible 

flexible 

flexible 

flexible 

flexible 

flexible 

flexible 

flexible 

flexible 

flexible 

flexible 

flexible 

flexible 

flexible 

8-10 

8-10 

8-10 

8-10 

8-10 

8-10 
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It was readily evident at an early stage in the analysis that there were 

in fact two separate redfin lineages present. This evidence is derived 

from certain characters where (e.g. pharyngeal teeth) it was not possible 

to fit the character state of each redfin species into a single morphocline. 

In these cases the character state has been differentiated by suffixing a 

further code (A) to the state. 

CHARACTER STATE ANALYSIS 

Red fin colouration 

Both Barnard (1938, 1943) and Jubb (1965, 1967) laid great stress on the 

red fin colour of these species, and this forms the prime basis for 

considering the species related. There is little doubt that this character 

is distinctive relative to other southern African Barbus species~and at 

this stage, without considering the results from other characters the 

redfins, is regarded as eynapomorph~us. 

Reference to several regional studies indicates that red pigment on the fins 

is common to many cyprinid species (e.g. Hubbs & Lag1er, 1958; Scott & 

Crossman, 1970; Maitland, 1977). There are other southern African Barbus 

species which have red pigment on the fins albeit not as distinctive as in 

the southern coastal redfins. Of these other species the most similar to 

the redfins in red pigment are .!.argenteus and .!.gurneyi (Crass, 1964; 

Jubb, 1967; Pienaar, 1978). The point to be made from these observations 

is that although the red pigment is prominent in the redfins the tendency 

to develop red co10uration is widespread in the genus and family so that 

the possibility of convergence in the group cannot be ruled out. The 

function or functions of the red colour in the redfins has not yet been 

established. 

Barbels 

Approximately 90% of non-redfin southern African Barbus species have two 

pairs of barbels (Table 5.1). Four of the redfin species have two pairs 

of barbels, and this is thus regarded as plesiomorphic. 

In !.burgi the anterior pair of barbels only develops at a late stage, and the 

barbels are never very long compared to the other species with anterior 

barbels. This condition could be interpreted as an apomorphic step towards 

the loss of barbels in other species. 
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Scale morpho1o~X 

The number of scale radii in Barbus species with radiate1y striated scales 

has been assessed by the arbitrary examination of certain specimens. 

The majority of southern African species generally have fewer than about 

12 primary radii per scale. Fewer scale radii are therefore taken to 

be p1esiomorph and the most derived (or apomorph) species in this regard 

is B. tenuis. 

Squamation 

(i) Scale size. The majority of redfin species have a similar scale 

size (approx. 30-38 in lateral line; 12-16 around caudal peduncle) except 

~.asper which has relatively small scales. This is considered apomorphic 

as the only other equivalently small scaled southern African Barbus species 

are the large "yellowfish" which have parallel striated scales. The 

extremely small scales of Q.quath1ambae are quite c1ear~y apomorphic 

(Greenwood & Jubb, 1967). 

(ii) Pelvic axillary scale. This sca~~ is commonly present in southern 

African Barbus and other cyprinid genera. (Table 5.1). It is however reduced 

or absent in a few species· other than the ,flexible-rayed redfins. (.!!. hospes, 

~. treve1yani, ~. anop1us, ~.li1otebertsis, ~~surrteyi) which represent at most 

12.5% of non-redfin Barbus species in the region. This suggests that the 

reduced condition in the flexible-rayed species is synapamorphic. 

(iii) Breast region. Reduction of scales in the breast region is 

only partially dependent on scale size - the smaller scaled species have a 

greater area of reduced scales. Smaller scales on the breast region is 

characteristic of the large yellowfish (parallel striated scaled species) 

and the two large species with radiately striated scales; ~~artdrewi and 

!.serra, from the south-west Cape. The significance of the reduction of 

scales in this region is not entirely understood but it is notable that all 

the species mentioned above have relatively long involuted intestines and 

are basically bottom feeders. The flexible-rayed redfin species all have 

subterminal or inferior mouths suggesting they too are bottom feeders. 

The majority of small or medium sized Barbus in southern Africa do not have 

a marked reduction in, breast scale size (exceptions are !.hospes, ~~artop1us, 

!.motebensis and !.unitaeniatus). Two of these viz. !~hospes and 

B.unitaeniatus also have inferiorly positioned mouths and there is thus a 
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possible correlation between breast scale reduction and feeding habits. 

The character is entrenched in the flexible-rayed redfins which suggests 

it should be tentatively considered as a synapomorphic character. 

(iv) Nape scales. Barbus tenuis, ~.asper and Q.quath1ambae have 

reduced or crowded scales in the nape region. Hubbs (1941) has observed 

that reduction and loss of nape scales is characteristic of many rheophi1ic 

fishes. Both the small scales of ~.asper and Q.quathlambae facilitate 

crowding on the nape. ~.tenuis has relatively larger scales. Barnard 

(1943) observed that a naked nape patch was variable within populations of 

B.tenuis. 

character. 

At this stage no genetic significance is attached to this 

Unbranched dorsal fin rays 

The majority of southern African Barbus species with radiately striated 

scales have simple, flexible last unbranched dorsal fin rays (Table 5.1). 

Although the proportion of each species which each character will vary in 

other regions, .. in southern Africa the ratio of simple rayed to serrated rayed 

species is five to three. The majority of the lowerteleostean fishes 

have simp1e,flexible dorsal fin rays and this is the usual condition in the 

majority of the African cyprinid genera. It is reasonable to assume 

therefore that the simple,flexible condition is plesiomorphic and the 

serrated condition apomorphic. 

The state of the character in B. erubescens is intermediate between the 

flexible and simple condition and that found in B~ca1idus where the 

serITations are well developed. Theoretically the character state in 

~.erubescens could be interpreted as being a first stage apomorphic step 

from the simple condition to the serrated condition. However there is 

little evidence for this and it is more likely that the unbranched dorsal 

fin ray of ~.erube$cens represents a reduction from the condition in B~calidus. 

Similar cases of loss of serrations and of ossification of this fin ray in 

other Barbus have been reported·in the literature (e.g. Jubb, 1965, 1967; 

Bell-Cross, 1967; Poll, 1976). From these cases it is evident that a 

simple,flexible unbranched dorsal fin ray in Barbus species need not 

necessarily be p1esiomorph 'to a serrated ray state in all cases. In 

B.erubescens the character state is apomorph to the serrated ray of B.calidus. 
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Branched dorsal fin rays 

The majority of southern African Barbus species have eight or more branched 

dorsal fin rays (Table 5.1). The few species with seven such rays include 

!.a.frovernayi, !.anoplus, !.gurneyi, !.mot~bensis a.nd !.puellus. From this it 

may be considered that the seven branched dorsal fin rays in the red fin species, 

except !.erubescens,is a synapomorphy. The eight branched rays in 

!.erubescens is probably plesiomorphic. 

Branched anal fin rays 

The extreme conservative nature of the number of branched rays in the anal 

fin of certain cyprinid genera has long impressed systematists. Hora 

(1937:312) wrote "It may here be noted that in a great majority of cyprinoid 

genera there are only five branched rays in the anal fin. Any variation 

from this standard is, therefore, of special significance". Boulenger 

(1907 pp 198-l99-~remarked of Barbu8 species in the Nile River "I have been much 

impressed by the absolute constancy of the number (5) of branched rays in the 

anal fin ••• ". Gosline (1978) indicates that a key character of two large 

cyprinid subfamilies (Cyprininae and Gobioninae) is that the branched anal 

fin rays are restricted to 5, 6 or rarely 7. Whether or not Gosline's 

concept of these subfamilies is accepted (vide Howes, 1978) is-nbt 

relevant to this discussion - the impressive number of cyprinid species with 

this conservative character remains the same •. - The importance attached to 

the conservativeness of this character is shown by Brittan (1954) who erected 

a sub-genus for the single Rasbora species in south-east Asia with six in 

place of the usual five branched anal fin rays. 

The only southern African Barbus species with six or more branched anal fin 

rays are !.andrewi, !.calidus.and ~~erubescens. As in southern Africa, 

the majority of the African Barbus species have five branched anal fin 

rays. A few Moroccan species have six branched anal rays. Banister & 

Clark (1977) found two of three Barbus species from the Arabian peninsula 

with six branched anal fin rays and considered that this was indicative of 

relationship between the species. 

!.andrewi, B.calidus and B.erubescens all occur in close proximity in the 

south-west Cape and Skelton (1976) argued that the branched anal/fi.n ray 

indicated a synapomorphy for the species. However a subsequent study of 

B.andrewi suggests this speeies has a closer relationship with ~~setra, 

also from the south-west Cape. B.serra has only five branched anal fin 
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Occurrence of tubercles in southern African Barbus species 

Species 

,,!!.capensis 

,,!!.holubi 

Description and Source 

Minute erupted tubercles scattered on lachrymal plate and 

beneath orbit. (M1/p 1974). 

Minute erupted tubercles scattered on snout and top of head 

and on branched rays of anal fin. 

Jubb, 1965). 

(Barnard, 1943); 

.!.kimberleyensis I Minute erupted tubercles scattered over top of head and 

~. po1y1epis 

!. natalensis 

!.marequensis 

!.~and 

!.~ 

!.hospes 

snout. 

Minute erupted tubercles scattered on top of head and snout 

as well as sides (Fig. 5.1). Single rows on branched rays 

of anal fin. (M1/p 1919). 

Minute erupted tubercles scattered over top of head and 

snout and predorsal scales. (M1/p 163). 

Minute erupted tubercles scattered on top of head. 

2022; Groenewa1d, 1958). 

(M1/P 

Minute erupted tubercles scattered over top and sides of 

head and snout (Fig. 5 .1) ; single rows over fin rays of all 

fins including leading edge of pectoral (both sexes). 

(AM/p 2041; M1/p 1976). 

Minute erupted tubercles (0.2 mn diam.) scattered densely 

(IO-I2/um?) on top and sides of heat, snout and preclorsal 

region. Rows 2-3 deep conical tubercles over pectoral fin 

rays. (Both sexes). M1/p 1834; Barnard, 1943). 

B.multilineatus I Bands - conical tubercles over fin rays of pectoral fins: 

males. (M1/p 3277). 

B. afrohamiltoni I Bands 3-4 deep over fin rays of pectoral fins i males. 

!. argenteus 

(M1/p 4408). 

Minute erupted tubercles scattered on top and sides of head; 

scattered over exposed scale surfaces over entire body; weak 

bands 2-3 deep on leading and subsequent 5-6 pectoral fin 

rays; males. (M1/p 602). 

!.trevelyani 

!.anoplus 

B.motebensis 

!.gurneyi 

!. annec tens 

!.brevipinnis 

!.lineomaculatus 

!.viviparus 

B. uni taeniatus 

!. barnardi 

!. toppini 

B.macrotaenia 

B. trimaculatus 

Minute erupted tubercles over entire head and body (exposed 

scale surfaces); single spaced rows over pectoral and pelvic 

fins; males. (M1/P 2587; Gaigher, 1976). 

Bands 2-3 deep conical tubercles over pectoral f in rays; 

males. (M1/p 585). 

Conical tubercles (0,3 mm basal diam.) on snout, chin, lower 

jaw rami, base of barbels and cheeks and top of head; 

bands 3-4 deep over pectoral fin rays; occasionally present 

on free edge of few scales; males. (AM/P 889; Jubb, 1967, 

1968) • 

Conical tubercles (0,5 mm basal diam.) on snout, top of 

head especially anteriorly. Also on sides of head behind 

orbit; few scattered on cheeks and lower jaw rami; bands 

3-4 deep over pectoral fin rays including leading ray. 

(M1/p 1013; M1/p 847; Crass, 1964; Jubb, 1967). 

Minute conical tubercles widely scattered on top of head; 

bands up to 4 deep over pectoral fin rays; males. (AM./p 

Bands of conical tubercles - deep on pectoral fins. Males 

only. (M1/p 

Minute conical tubercles scattered on top of head and 1-2 on 

lower jaw rami; bands 5-6 deep over pectoral fin rays excluding 

leading ray; males. (M1/p 1982). 

Minute conical tubercles s.cattered over top and sides of head; 

bands up to 5 or 6 deep over pectoral fin rays. Males. (AA/P 

Minute conical tubercles scattered on top of head and below orbit; 

bands 3-4 deep over lead ing and othe r pectoral fin rays. Males. 

(M1/P 6380). 

Small conical tubercles over lachrymal bones and snout also rami 

of lower jaw; bands 5-6 deep over pectoral fin rays; males. 

(M1/P 3267; Jubb, 1965). 

Minute conical tubercles on snout and top of head, also rami of 

lower jaw; bands 5-6 deep over pectoral fin rays; males. 

(M1/P 4426). 

Small conical tuberc les on lachrymal bones, snout and top of head, 

below orbit and rami of lower jaw; bands 5-6 deep over pectoral 

fin rays, males; vestigial in females. CAM/P 2138). 

Erupted mounds over top of head; bands up to deep over 

pector al f in rays. (P.F.I., 1/69). 

N 
.p-
..... 
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rays which suggests that !.andrewi and !._c_a_l_i_d_u_s have independently 

derived six branched anal fin rays. On the other hand the six and Seven 

branched anal rays of B.calidus and B.erubescens are almost certainly 

synapomorphic. 

Tubercles 

Tubercles represent one of the more outstanding characters of the flexible-

rayed redfin species. These structures have generally received little 

attention in literature on Barbus species, although originally pointed out by 

GUnther in 1868. A survey of southern African Barbus species (Table 5.2) 

suggests that the occurrence of tubercles is perhaps more common than is 

realized. The reason for this apparent lack of attention is probably 

twofold, because in Barbus they are usually found only on males in ripe 

breeding condition, and because they are usually extremely small structures 

which are frequently not evident. A microscopic examination is often 

required to identify tubercles. The few species with larger or otherwise 

more prominent tubercles have usually been reported on in literature. 

The survey (Table 5.2) showed that several different tubercle patterns are 

represented in various Barbus species. 

recognised. 

The following patterns are 

I. Small (~ 0.5 mm diameter),erupted tubercles (referred to by 

Barnard (1943) as "pimples") scattered densely over snout, on 

the dorsum and sides of the head or part thereof, on the 

exposed surfaces of the predorsal scales, and as single rows 

on the fin rays. These tubercles develop on both sexes. 

The category may be divided into two groups. 

i) tubercles absent on all fins except the anal. 

ii) tubercles present on all fins or on the pectoral 

and pelvic fins only. 

The yellow fishes, i.e. large Barbus species with parallel striated 

seales (!.capensis, !.ho1ubi, ~.'~ldmber1eyensis, ,!.po1y1epis Fig. 5.1), 

B.nata1ensis and !.marequensis are included in the first group. 

Groenewa1d's (1957) Figs 14 and 20 illustrate the head of a specimen 

of !.marequensis (= Varicorhinus brucii) on which tubercles are 

evident. In many of these species the tubercles are not well developed 

and are restricted in their distribution on the head. 



243 



--------------

244 

To the second group belong ~.serra (Fig. 5.1, 5.2), 

~.andrewi, ~.calidus, ~.erubescens, ~.trevelyani (Fig. 5.1, 

5.2). The tubercles are generally better developed in these 

species than in the yellow fishes and frequently cover much 

of the head and the body surface. There are usually relatively 

widely spaced single rows of tubercles (e.g. Fig. 5.3) over 

the rin rays, particularly of the pectoral fins. 

II. Small « 0.5 rom diameter), erupted tubercles on the head region 

with conical tubercles on the pectoral fins. A few species 

have been found with such a pattern: ~.trimaculatus, 

~.hospes (Fig. 5.3) and ~.argenteus. 

III. Small « 0.5 rom diameter),conical tubercles on the head with 

bands of conical tubercles on fins. 

which can be recognised here. 

There are several groups 

(i) Bands of conical tubercles on the fins only e.g. 

~.multilirteatus; ~~ aftohaniiltoni and ~~btevipinrtis. 

(ii) Tubercles sparsely scattered mainly on top of the 

(iii) 

head, bands on pectoral fins. Here included are 

~.annectens, ~~lineoIilactilatus; B.viviparus and 

B.unitaeniatus. 

Tubercles concentrated anteriorly on the head, 

especially on snout, bands on pectoral fins: 

~. toppini, ~. barrtatdi and B.mactotaertia. 

(iv) Large (> 0.5 rom basal diameter),conical tubercles on 

head and bands on pectoral fins: ~.artoplus, 

B.motebensis (Fig. 5.3) and ~.gtitrteyi (Fig. 5.3). 

~.anoplus is distinguished from ~.motebertsis on the 

grounds that the males do not develop tubercles 

(Jubb, 1967; 1968). Gaigher (1976) found 

that certain populations of ~.artoplus do develop 

head tubercles and personal observations indicate 

that development of pectoral fin tubercles is 

consistent in the species. 
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(v) The f1exib1e-rayed redfin pattern (Chapter 3). The 

major features of comparison with the other patterns 

are: the much larger size of these tubercles; the 

regularity and form of the pattern, and the development 

of regular rows on the borders of the scales. 

(vi) There are other distinct patterns of tubercles in 

African Barbus - e.g. described by Poll (1961, 1976) 

for the C1ypeobarbus. This pattern is noteworthy in 

that large conical tubercles are present on the lips of 

these fishes as well as the snout and chin. Bands 

(vii) 

of conical tubercles also occur on the pectoral fins 

of ~.pseudogrtath6don (pers.obs.). 

Banister & Bailey (1979) de~cribed Barbus papi1io 

with relatively large tubercles below the orbit and 

over the post-orbital region. This again is a different 

pattern to those described above. 

The development of tubercles of the size and pattern found irt !.burche11i, 

!.burgi, !.~; !~a.sper; !~teIiuis and vestigially iIi B~phlegethon is quite 

clearly unique in the African context and represents a very distinct 

synapomorphy. The tubercles of Q.quathlambae can be included in this 

group without much difficulty and are interpreted as derived from the 

condition in the redfin Barbus species (see below). The small scattered 

"erupted" tubercles on the head and scale surfaces of B.calidus and 

!.erubescens is found in several other southern AfricaIiBarbus species. 

With regard to the tubercles of B~ca1idus and B.etubescens it is noted 

that all other small Barbus species with radiately striated scales (except 

!.treve1yani) have bands of conical tubercles on the pectoral fins. Like 

B.ca1idus and !.erubescens, !.trevelyani has single rows of erupted 

tubercles only on the pectoral fin rays. 

Lachner& Jenkins (1971) have found that cyprinids with unspecia1ized 

breeding habits generally tend to have small tubercles distributed over 

the head in no particular pattern. This is recorded for B~calidus and 

!.erubescens and is regarded as p1esiomorphic for the redfins. It is 

however quite evident that there is little in common between the tubercles 

of the serrated-rayed and flexible-rayed redfin species. In view of this 

the tubercles of the two redfin groups are not considered a homologous 

character series. 
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Given that tubercles in Barbus species are generally small, there is the 

possibility that the small tubercles of ~.burgi or Q.quathlambae are 

plesiomorphic. Although the tubercles of Q.quathlambae are small and 

to a certain extent less definitely organized on the head (Skelton, 1974a), 

there are two indications that they are derived from the pattern found in 

the redfin Barbus species and not anGestral to it. In spite of the small 

size the number of snout tubercles in Q.quathlambae is low. Individuals 

with best developed tubercles (Skelton, 1974a: Fig. 2), have a maximum 

of five tubercles in each snout group. Secondly the tubercles on the 

scales and fins of this species both suggest a condition derived from 

that found in the flexible-rayed redfins. If the extremely small scales 

of Q.quathlambae are autapomorphic then it is likely that the reduction 

in tubercle number per scale in this species is also autapomorphic. The 

pectoral fin tubercles are more compressed than in any of the Barbus 

species examined. 

In addition to the above~the specialization of the tubercles in Q.quathlambae 

can be explained in terms of the spawning habits of the species suggested 

by Gephard (1978). Fishes frorncrevice'habitats are g~neraily attenuated 

in form with smooth profiles. They usually do. not have-large projections. 

The large head tubercles found in the flexible~rayed redfin Barbus species 

would not be suitable for manoeuvering in the confines of rocky--erevices. 

The tubercles of ~.burgi are considered to represent the plesiomoTph 

condition for the flexible-rayed species. The character is best -viewed 

in terms of the number of tubercles on the snout. In large mature males 

of ~.bursi there are more than 10 tubercles per group on the snout. The 

transformation of the character proceeds initially by reduction in number 

before an increase in size. The next stage is represented by ~~burchelli 

which has between six and ten tubercles per group on the snout. There 

is a further reduction in number to between three and five tubercles in 

~.asper and~.afer. In these speeiestj:ley are again relatively larger. 

The three autapomorphic states of tubercles of ~~phlegethon; ~~tenuis and 

Q.quathlambae can be derived from that of !.asper and !.afer. ~·Ehlegethon 

has reduced tubercles; ~.tenuis has reduced pectoral fin tubercles. 

In Q.,quathlambae the reduction in tubercle size on the head, reduction 

of number on the scales and the specialization of bands on the pectoral 

fins has occurred. 
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FIGURE 5.4. Occlusal view of the pharyngeal teeth from juveniles of 

two large southern African Barbus species (scanning 

electron micrographs). Scale bar = 0.5 mm. 
(a) B.capensis SL 105 mm AM/P 1370 
(b) B.serra SL 95 mm AM/P 1361 
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Pharyngeal bones and teeth 

The pharyngeal bones and teeth of cyprinids can provide valuable systematic 

characters (Chu, 1935), but to date have not been used in the systematics 

o of southern African Barbus species. 

Chu i (1935) demonstrated that the length to width ratio of the pharyngeal 

bones of cyprinids could be correlated with diet. Carnivorous species tend 

to have more slender pharyngeal bones, while herbivorous species have 

relatively shorter and broader bones. In Chinese Cyprininae the length 

to width ratio of pharyngeal bones varies from 2:1 to 5:1 (Chu, 1935). 

In ~.calidus and ~.erubescens there is a relatively high length to width 

ratio of 4-5,5:1, whereas in all the flexible-rayed species the ratio LS 

somewhat lower ~ +3-4:1. 

in the latter group. 

No interspecific differences were found 

B. tenuis show.s an unusual degree of specialization in the degree of loss of - . 

pharyngeal teeth which is however not matched by a change in the proportions 

of the pharyngeal bones. This applies to .Q~ quathlarnbae as well. 

Although there is no comparative data available for non .... redfinBarbus 

species, measurements of the pharyngeal bones of. one or two individuals 

of a number of species indicate that the ratios given above for redfin 

species fall within the range for other small radiately striated scaled 

Barbus species. 

Although it is not possible at this stage to evaluate this character as 

apomorphic or plesiomo.rphic, the conservativeness of the length to width 

ratio in flexible-rayed species and the difference between the two groups 

lends support to the concept of two distinct lineages of redfins. 

Most of the Barbus species investigated have small teeth in the minor row 

with sub-cylindrical stems and bent depressed crowns which have small, 

recurved terminal cusps (Fig. 5.4, 5.5). Middle row teeth are larger but 

generally modelled on the same pattern. Outer, major row teeth are 

heterodont. The first and second teeth are relatively slende·r, their 

stems cylindrical or slightly ovoid, and the crown is bent and compressed 

usually with a recurved,terminal conical cusp. The third tooth is 

stouter, the crown less bent and the terminal cusp large and conical. 
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The fourth tooth is the largest tooth in the row, the stem is usually 

compressed and has a large conical crown on the ventral half. 

In the juveniles of large Barbus species (e.g. ~.capensis, ~.serra 

(Fig. 5.4) the tooth shape is similar to other species of both large and 

small Barbus (Fig. 5.5). In the adults of the large species the 

pharyngeal teeth frequently become progressively stouter and in certain 

cases semi-mo1ariform. Similar developments in the pharyngeal teeth of 

large Barbus species from East Africa have been given by Banister (1973). 

The pharyngeal tooth form of the flexible-rayed redfins (Chapter 3) is, 

as far as is known, comparable to only one other southern AfricartBarbus 

species, ~.afroverrtayi (Fig. 5.5d). The salient comparative features 

are the oblique wear on the crowns and the lateral placement of the cusps. 

!.afrovernayi is one of very few small, radiate1y striated southern 

African Barbus species with the alimentary tract involuted beyond the 

simple S-forni (see below). This distinctive, small tropical species 

is without any other similarities to the redfin ~pecies and it is Eore 

than likely that the similarity of the pharyngeal teeth is due to 

convergence and is not synapomorphous. 

It has been shown in Chapter 3 that the flexible-rayed redfin species and 

Q.quath1ambae all have a basic pattern in the shape of the pharyngeal 

teeth. This has been modified in accordance with the inferred feeding 

habits of each species. The basic shape,which emphasizes an oblique 

crown and cusps on the medial side, is relatively unusual in southern 

African Barbus species and is therefore considered to be a synapomorphy 

for the flexible-rayed redfins. The shape is most pronounced in those 

species with a relatively long and involuted intestine(!~btirche11i, 

!.burgi, !.asper and !.afer and !~ph1egethon), and this state is taken 

to be the p1esiomorph condition in the lineage. 

The shape of the teeth of !.tertuis and more especially Q~qtiath1ambae 

is convergent with the shape of the teeth of !~calidus (Fig. 3.38). In 

!.tenuis and Q.quath1ambae the shape of the pharyngeal teeth is regarded 

as synapomorphic. The shape of the teeth of B.ca1idus is si~i1ar to 

several other southern AfricartBarbus species. The teeth of B~ertibescens 

are more caniniform and are apomorphic relative to those of B~ca1idus. 
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It is generally accepted that three rows of pharyngeal teeth is the 

primitive condition in cyprinids (Chu, 1935; Nelson, 1969b; Eastman & 

Underhill, 1973). All southern African Barbus species except !.tenuis 

have trisereal pharyngeal teeth and this, as far as is known, is the 

usual condition in other African Barbus species. The usual tooth 

formula for southern African Barbus is 2,3,5- 5,3,2 (pers.obs.) and 

again this appears to apply to other African species (Matthes, 1963; 

Banister, 1973). A few southern African species (e.g. !.toppini and 

!.trevelyani) have only four teeth in the major (inner) row on each arch 

(pers.obs.). The plesiomorph state in the redfin species is thus accepted 

as trisereal, with a formula 2,3,5 - 5,3,2. This is characteristic for 

!. calidus, !. burchelli, !. burgi, !. asper and !. afer. 

Transformation to the character state in other redfin species has occurred 

via reduction in two areas. The reduction of teeth in the outer (minor) 

row is a synapomorphy shared by !.phlegethon, !.tenuis and Q.quathlambae. 

There is only a partial reduction of the row in !.phlegethon so that the 

total reduction of the row in B.tenuis and Q.quathlambae is considered 

synapomorphic for these two species. Reduction of a tooth in the major 

row occurs in two species, !.erubescens and Q.quathlambae. This is 

unlikely to represent a synapomorphy for two reasons. It would invalidate 

the synapomorphy of !.phlegethon and !.tenuis with Q~quathlambae (which 

is the more parsimonious interpretation) and the shape of the teeth of 

!.erubescens and Q.quathlambae does not appear to be homologous at this 

level of phylogeny. This suggests that the loss of a major row tooth 

is an independant derivation for each species. 

It is logical to interpret the pharyngeal teeth shape and formula of 

!.erubescens (2,3,4 - 4,3,2) as derived from the state found in B~calidus 

(2,3,4 - 5,3,2) (Skelton, 1974b). 

Intestine 

The relative length and degree of coiling of the intestine does not seem 

to have evoked much interest in African Barbus systematics. Differences 

here can however be put to good use as a systematic character in cyprinids, 

provided they are seen in the correct perspective (Kafuku, 1958; Barbour 

& Miller, 1978). The few studies on the intestine of African Barbus 

species available (e.g. Matthes, 1963; Kruger & Mulder, 1973) report on 
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TABLE 5.3 

Length and involution of intestine in southern African Barbus species 

Species AM/P GL 
1 

Form (N) x SL 

!. capensis 1370 1,94 involuted (3) 

B.ho1ubi 163 1,64 involuted (1) ----
!.kimber1e~ensis 3922 1,21 involuted (3) 

!. eoilleeis 283 1,61 involuted (3) 

B.natalensis 40 2,33 involuted (2) 

B.andrewi SAM 18936 ----- 1,53 involuted (3) 

B.serra 1361 1,3 involuted (2) 

B.mattozi 3722 0,75 short-s-flexured (1) -----
!.poechii 3252 0,87 short-s-flexured (3) 

B.trimaculatus 550 0,92 short-s-flexured (3) 

B.afrohamiltoni 4408 0,98 short-s-flexured (5) 

!. afroverna~i 3313 1,20 involuted (3) 

!. arli\enteus 3577 0,85 short-s-flexured (5) 

B.eutaemia 358 0,74 short-s-flexured (2) 

!.hospes 1834 0,95 short-s-f1exured (3) 

B.multilineatus 734 0,72 short-s-flexured (3) 

!·12aludinosus 976 0,82 short-s-flexured (6) 

!.tanli\andensis 3311 0,78 short-s-flexured (3) 

!. trevelyani 11 1,26 involuted (3) 

B.annectens 3854 0,90 short-s-flexured (3) 

!.anoplus 2705 0,79 short-s-flexured (3) 

B.barnardi 3237 0,88 short-s-flexured (3) 

B.barotseensis 3381 0,77 short-s-flexured (3) 

B. be11crossi 1714 1,0 short-s-flexured (1) 

B.bifrenatus 1320 0,96 short-s-flexured (3) 

!. brevi12innis 1716/35 0,97 short-s-flexured (1) 

B.fasciolatus 3352 0,62 short-s-flexured (3) 

!.Ii\urneyi 1013 0,96 short-s-flexured (3) 

B.haasianus 3156 0,82 short-s-f1exured (3) 

B.lineomaculatus 747 0,79 short-s-flexured (3) 

B.manicensis 671 0,83 short-s-flexured (1) 

B.motebensis 889 1,01 short-s-f1exured (3) 

B.neefi 1546 0,83 short-s-flexured (3) 

!·eallidus 1404 0,87 short-s-flexured (3) 

~.puellus 1195 0,91 short-s-f1exured (1) 

B.radiatus 2410 0,85 short-s-flexured (3) 

~. toppini 4438 0,77 short-s-flexured (3) 

B.trewensis 0,84 short-s-f1exured (3) 

B.thama1akanensis 3417 0,82 short-s-flexured (3) 

B.unitaeniatus 30 0,81 short-s-f1exureu (3) 

~.viviparus 1346 0,86 short-s-f1exurpJ (3) 
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the length of the gut but not on its pattern of coiling. Where known, 

the relative length and form of the intestine of African Barbus species 

is basically conservative, without remarkable interspecific differences. 

A survey of gut length and coiling of .southern African Barbas species 

(Table 5.3) showed that the large yellow' fish all have involuted intestines 

which may be between two and three times standard length. The pattern 

of coiling is similar to that reported for the redfin Barbus species in 

Chapter 3. An exception is the predator ~.mattozi which has a short, 

single flexured, S-shaped intestine, more or less equal to the SL. The 

m~Jority 0;; th~ small and moderately ~,i?ed radiately striated, scaled Barbus 

species have a short intestine equal to or less than the standard length. 

The tract forms a simple recurved S-pattern within the body cavity. Only 

two species, ~.trevelyaniand !.afrovernayi show any degree of further 

involution and have a slightly longer tract than the other small Barbus 

species. In these two species the intestine involutes on a similar 

pattern to the redfins, but is not as extensive as, for example, that of 

~.burgi or ~.asper. 

It appears that the plesiomorph condition of the intestine for small 

Barbus species with radiately striated scales is a short single flexured 

tract more or less equal to the standard length. This state is 

characteristic of ~. calidus, ~~erubescens and Q.qliathlambae and to a 

lesser extent B.tenuis. For B~calidus and B~erubescens there is no 

reason to believe that the character is other than plesiomorph. As 

noted in Chapter 3, the intestine is relatively shorter in B.erubescens 

than in B.calidus. This correlates with the reduction in pharyngeal 

tooth number and more caniniform teeth. The tooth formula and shape 

in B.calidus is closer to that more conunonly observed in Barbus species 

which suggests that B~erubescens is relatively more specialized. 

Based on the circumstantial evidence of the character state of other 

structures associated with trophic function, the short intestine of 

~.tenuis and Q.quathlaIil.bae can be derived from that of other flexible ... 

rayed redfins. The paucity of small Barbus species with involuted 

intestines longer than the standard length suggests that the relatively 

long and involuted intestine in the flexible-rayed redfins is a synapomo~phy. 

This agrees with the synapomorphous form of the pharyngeal teeth of these 
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species. If the short intestine of ~.tenuis and Q.quathlambae was 

plesiomorphic one could expect that the pharyngeal teeth of the species 

also to be plesiomorphic but, as noted, they are clearly derived. The 

morphology of structures associated with trophic function of these two 

species is closely integrated with the same structures of other flexible­

rayed redfin species. All have subterminal or inferior mouths, relatively 

broad upper jaw bones, and basioccipital processes at a similar angle to 

the neurocranium. These structures all appear to be specialized relative 

to other small Barbus species. It is therefore probable that the short 

intestine of B.tenuis and Q~quathlambae is synapomorphic for the two 

species and convergent with the plesiomorphic state found in a majority 

of small Barbus species, including B.ca1idus and B.erubescens. 

It is not possible at present to evaluate the differences in the length 

of the gut of ~.asper, and, in part, ~~burgi, compared with the slightly 

shorter tracts of ~. burchelli; ~~ afer and B.ph1egethon. There is a wide 

degree of intraspecific variation in this character, and the evidence is 

equivocal as to whether these differences are phenotypic or genotypic. 

Osteology 

In many: respects this is a pioneering attempt to provide .. a Hennigian 

evaluation of Barbus osteology. Greenwood & Jubb (1967) made. 

it clear that it was then still too early to make full use of osteological 

characters in cyprinids because the osteology of too few species was 

known. Little has changed since 1967 and, as far as is known, there 

have been no specific studies of this kind made of any AfricartBarbus 

species. 

Two recent studies on other cyprinids have used osteological characte~s 

and Hennigian methods viz. Barbour & Miller (1978) and Howes (1978). 

The study of Luciobramamacrocepha1us by Howes (1978) considered a large 

number of cyprinid genera at an intergeneric and subfamilia1 level. 

Barbour & Miller (1978) by way of contrast concerned themselves with 

the phylogeny of the relatively small and geographically restricted genus, 

Algansea. This latter study is more akin to what is being attempted here. 

Howes' (1978) work is valuable. It illustrates just how difficult it 

is to provide clear cut decisions on cyprinid characters. The value of 
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broad comparisons is not underestimated. Barbour & Miller's (1978) 

work nevertheless also has important implications, showing as it does 

the value and importance of drawing conclusions from within the 

circumscribed group. 

In order to provide the necessary comparative basis to evaluate redfin 

osteological characters, examples of virtually all the southern African 

Barbus species as well as representatives of other cyprinid genera have 

been cleared, stained and examined (Appendix 2). A complete review 

and description of Barbus osteology is beyond the scope of the present 

study. Only characters which are of some value in helping to establish 

the state of particular characters in redfin species are dealt with. 

Frequently a decision on the status of a character is taken predominantly 

from its occurrence in redfin species rather than on its appearance in 

other Barbus species of the region. This amounts to the adoption of 

Kluge's alternative criterion (p. 235). 

In several instances where there are distinct character differences between 

species and which otherwise would probably form useful characters for 

determining phylogeny, it has been found that such character states are 

widely encountered in other Barbus species. In certain cases it is felt 

that it is not possible to make a reasonably unequivocal evaluation of 

the state of these characters at present, and they have therefore not 

been taken into consideration. 

Vertebrae 

It is well known that environmental factors can influence the number of 

vertebrae in fishes (Barlow, 1961; Tatarko, 1968; Fowler, 1970). 

Lindsey (1976) has found that there is a definite correlation between the 

maximum body size and the number of vertebrae (p1eomerism) in~any 

fish genera including Barbus. That author also discussed Jordan's rule 

that there is an increase in the vertebral count of related taxa with 

an increase in latitude, and found that the rule does apply to many fish 

groups. It is thus difficult to provide a simple phylogenetic evaluation 

of characters state for the number of vertebrae in the redfirt Barbus 

species. The evaluations are therefore only tentatively made and must 

await experimental proof before confirmation. 



TABLE 5.4 

Frequency distribution of vertebrae and supraneural bones in southern African Barbus species. 
- ---

(A) Total vertebrae; (B) Precaudal vertebrae; (C) Caudal vertebrae. 

~ (.!!) ~0 PRECAUDAL VERTEBRAE@ : CAUDAL VERTEBRAE © 
31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 15 16 17 18 19 20 21 22 23 24 15 16 17 18 19 20 21 22 23 

B.capensis 21 14 11 12 

B.holubi 23 11 10 12 10 10 

B.kimberleyensis 

B.species 

B.marequensis 33 11 1, 16 10 18 

B. natalensis 14 11 

B.polylepis 27 18 19 19 

B.andrewi 33 25 4 22 16 

B.serra 15 10 

B.mattozi 

B. poechii 20 16 14 14 

B. trimaculatu8 29 23 21 21 

B. argenteus 18 12 14 

B.afrohamiltoni 12 11 10 

B. afrovernayi 

B. eutaenia 27 23 21 17 N 
B.r..ospes 28 18 12 15 16 \J1 

00 
B.manicensis .1 
B.multilineatus 

B.paludinosus 50 21 25 33 12 26 14 
B. tangandensis 38 32 32 31 
B. trevelyani 29 14 12 16 13 19 

B.annectens 12 

B.anoplus 35 11 22 25 13 21 
B.barnardi 32 11 20 22 18 
B.gurneyi 22 18 14 12 
B.motebensis 

B. macrotaenia 17 10 11 

B.neefi 20 15 10 

B.pallidus 45 25 33 14 2; 
B. pue::'lus 

B. thamalakanensis 11 

B. toppini 12 

~.~nsis 

B.unitaeniatus 34 11 18 27 11 18 
B.viviparu8 38 30 24 12 25 
B.radiatus 20 11 15 

11 



TABLE 5.4 

Frequency distribution of vertebrae and supraneural bones in southern African Barbus species. 

(D) Predorsal vertebrae; (E) Preanal vertebrae; (F) Supraneural bones. 

~ (!) PREDORSAL VERTEBRAE @ I PREANAL VERTEBRAE CD SUPRANEURAL BONES ® 10 11 12 13 14 15 16 I 17 18 19 20 21 22 23 24 25 26 27 28 29 30 10 11 

B.capensis 21 13 I 
I 

18 10 
B.holubi. 23 14 12 11 13 10 
B. kimbeYleyensis 

B.species 

B.marequensis 33 12 19 14 11 16 17 
B.natalensis 14 13 11 12 
B. polylepis 27 18 17 '5 

~ 33 13 20 25 17 16 

~ 15 11 

B.mattozi 4 

B. poechii 20 20 13 19 
B. trimaculatu8 29 24 16 12 

B. argenteus 18 17 17 

B.afrohamiltoni 12 12 12 12 

B. afrovernali 

B.eutaenia 27 21 18 

B.hospes 28 19 19 25 N 
B.manicensis IJ1 

B.multilineatus 
\0 

B.paludinosus 50 41 12 34 44 

B. taniandeosis 38 27 10 30 25 

B.trevelyani 29 25 23 10 12 

B.annectens 12 10 10 

B.anoplua 35 24 10 22 10 4 

~. 32 16 16 11 18 

B.gurneyi 22 15 21 

B.motebensis 

B.macrotaenia 17 14 15 

~ 20 14 15 

B.pallidu8 45 40 13 28 12 

~ 
B. thamalakanensis 17 14 10 12 

B.toppini 12 11 

B. treurensis 

B.unitaeniatus I 34 I 17 17 31 

B.viviparus 

I 
38 

I 
14 17 23 

~ 20 15 12 17 

~ + denotes apparent number of supraneurals when radiographs are not 

sufficiently clear to be certain of exact number. 
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Total vertebral counts: There is a distinct difference in the number 

of vertebrae in large Barbus species and the smaller species from 

southern Africa (Table 5.4 a - e). The difference agrees with Lindsey's 

(1976) concept of pleomerism. Small or medium sized species have from 

31 to 38 vertebrae. The majority have fewer than 36. The redfin 

species usually have between 36 and 38 vertebrae which is more than most 

other small Barbus with radiately striated scales from southern Africa. 

Q.quathlambae has 38 or 40 vertebrae which is higher than any other 

"small" Barbus with radiately striated scales but similar to the "large" 

Barbus with radiately striated scales. 

There is no indication that the relatively high number of vertebrae in 

the redfins is due to pleomerism. Several of the other "small" Barbus 

examined, such as !.trimaculatus; !~poechi; !~argertteus and !~marticensis 

and !.paludirtosus all attain a comparable or larger size than the redfins 

(pers.obs.). An alternative explanation could be that the higher 

vertebral count in the redfins is in accordance with Jordan's rule (Lindsey, 

1976) viz. that the redfins are endemic to higher latitudes than other 

small Africart Barbus species with radiately striated scales. In so far 

as this might represent an adaptationa1 speeia1isation of the redfins to 

a temperate environment as compared with the great majority of African 

smaller Barbus species, the high vertebral numbers may be considered 

as synapomorphous for the group • 

. 2}quath1ambae inhabits higher altitudes than any of the other redfins, 

and the consequently cooler cillimates, particularly in the past, may 

further account for this species' high number of vertebrae. Furthermore, 

if, as suggested by Gephard (1978) the species is a crevice spawner, it 

would be advantageous to have greater bodily flexibility. This demand 

may have been functionally catered for by an increase in number of 

vertebrae. 

Whatever the reasons for this increased count, it is likely that it is 

an adaptation to the high altitude stream environment of Q~quath1ambae, 

and the character is then autapomorphic for the species. 

Precauda1 vertebrae: The redfin species have from 17 to 20 precauda1 

vertebrae (Table 3.11b) with modal counts of 18 or 19, except 
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Q.quath1ambae which has from 19 to 22 and a mode of 20 or 21. Other 

small southern African Barbus species have from 15 to 20 precauda1 

vertebrae and the majority have a mode of between 16 and 18 (Table 5.4b). 

~.treve1yani is unusual and has 19 or 20 precauda1 verteb~ae. From 

the figures in Table 5.4b,it appears that the slighUy higher total 

vertebral counts in the redfins is a result of an increase in precauda1 

vertebrae. This character would not add a new synapomorphy for the 

redfin species. 

Caudal vertebrae: The redfins have from 15 to 20 caudal vertebrae 

(Table 3.11c) with modal counts of 17 or 18 except for ~.ca1idus, 

B.erubescens and Q.quath1ambae which have a mode of 18 or 19 caudal 

vertebrae. Other small Barbus species in southern Africa have from 15 

to 20 caudal vertebrae. The majority have a mode of 16 to 18 (Table 5.4c). 

!.hospes is unusual and has a high mode at 19. There are insufficient 

differences in caudal vertebral counts to provide taxonomically useful 

characters. 

Predorsa1 vertebrae: Small Barbus species with radiate1y striated scales 

in southern Africa usually have 8 - 11 predorsa1 vertebrae (Table 5.4d). 

Barbus hospes, endemic to the lower Orange River System, is exceptional, 

and has 13 - 15 predorsa1 vertebrae. This species does not have a 

particularly high number of either precauda1 or caudal vertebrae, and 

the high predorsa1 vertebral count is clearly a reflection of the 

posterior displacement of the dorsal fin. The redfirtBarbus species 

have from 11 (~.burgi) to 12 or 13 predorsa1 vertebrae (Table 3.11d) 

which is above average for small Barbus with radiate1y striated scales. 

Q.quath1ambae has 13 or 14 predorsa1 vertebrae which again is relatively 

high compared to other small Barbus species. Because the above average 

counts in the redfins and Q.quath1ambae are all from a particular portion 

of the vertebral column it suggests that these high counts may reflect 

a synapomorphic character. 

Preanal vertebrae: Small Barbus with radiate1y striated scales have 

usually 17 - 20 preanal vertebrae (Table 5.4e). There are a few exceptions 

to this, notably ~. argenteus, ~. hospes, and !~ treve1yani (and possibly 

!.treurensis), which have 21 or 22 preanal vertebrae. The f1exib1e~rayed 
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A preliminary survey of osteological characters of southern African ~ speci'es. Characters referred to explained 

in notes. This classification of characters is baaed on a subjective qualitative assessment. The table is therefore 

intended as a preliminary guide to Barbus osteological characters and it is not considered a definitive statement of 

character state. In many cases intraspecific variation is considerable and the assessment requires further confirmation • 

Species 

!. capensis Large Yes .:. 

!.holubi Large Yes .:. 

!. kimberleyensis Large Yes .:!:. 

!.marequensis Large Yes .:. 

!.~ 
!.polylepis 

!.andrewi 

! . .!!!!! 
!.mattozi 

!. poechii 

!. trimaculatus 

!. afrohamiltoni 

!.afrovemayi 

!. argenteus 

!.~ 
!.hospes 

!.~ 
!.multilineatus 

!.paludinosus 

!. tangandensis 

!. trevelyani 

!.~ 

!.anoplus 

!.~ 
!. barotseensis 

!.~ 
!.brevipinnis 

!. fasciolatus 

!.gurneyi 

!.haasianus? 

!.lineomaculatus 

!.~ 

!. neefi 

!.pallidus 

!.puellus 

!.~ 
!. toppini 

!. treurensis 

!. thamalakanensis 

!.unitaeniatus 

!.viviparus 

Large Yes ~ 

Large Yes :. 

Large Yes 

Large Yes 

Yes 

Yes 

Yes 

No 

No 

No 

No 

Yes 

No 

No 

No 

No 2 

No (1) 

No 

No 

Yes 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

Yes 

No 

No 

No 

Yes 

No 

Notes on characters referrred to. 

l? 

(P?) 

N? 

-? 

v 

v 

x 

v 

-? 

N 

N 

N 

C(?) N 

M 

M 

M 

M 

H 

M 

H 

H 

M 

M 

M 

H 

-(L?) 

M 

M 

M 

(E) 

(E) 

II 

II 

III 

III 

III 

III 

III 

III 

III 

III 

III 
III 

III 

III 

III 

III 

III 

III 

III 

III 

III 

III 

III 

III 

III 

III 

III 

III 

III 

III 

III 

III 

III 

. 
i 

A B? 

l? 

-? 

-? 

Dilator gap: refers to foramen in frontal bone at head of dilator groove, Dash indicates there is no 

substantial foramen. 

Pterosphenoids meet: refers to whether left and right Pter~henoidS suture in midline or not, 

A 

Exoccipital border: refers to the presence of a broad flange on this bone as described for red fin species eCho 4), 

1 .. flange broad 2 .. flange narrow. 

Intercalars: present .. P, dash if absent, 

Frontals - supraethmoid: refers to overlap (0), non-overlap (N), interdigitation of these bones (1). N may be a 

presumpt ive stage of I? 

Supraopercle: canal present (P) or absent (-) on opercle bone. 

Supraorbital canal: refers to whether t.his sensory canal has a secondary median branch (P) or not, 

Metapterygoid: refers to dorsal edge, V" convex, C" concave. 

Ectopterygoid: refers to extent which this bone contacts the quadrate. 0 - marginal contact, 

C '" substantial contact. 

~: refers to estimated relative proportions. Broad (short and deep)" B; Narrow (long and 

Slender) .. N; Intermediate (1) .. 1. 

Dermosphenotic: Refers to size: S = small; M .. moderate: L" large. 

Infraorbital 5: refers to size: E £' expanded; dash is not p.xpanded. 

Infraorbi tal 3+4: refers to size: E" expanded; dash is not expanded. 

I .. moderate with low dorsal peak; II - very long with loW" dorsal peak. III - rdatlvely 

short with a high dorsal peak. 

Cleithro-coracoid gap: P ,. present; - no gap. 

Urohyal: refers to estimate proportions: N:< slender and narrow; B '" broad and deep. 

Weberian crest: E = expanded distally; I co irregular; A '" expanded anteriorly, 
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redfin species have 19 or 20 preanal vertebrae (Table 3.lle) which is 

similar to most small Barbus examined. !.calidus, !.erubescens and 

Q. quathlambae usually have 21 preanal vertebrae which is slightly more 

than other small Barbus species from southern Africa. 

Supraneural bones 

Supraneural bones occur regularly in the cypriniformes and other lower 

teleostean fishes. They are present in all non-redfin Barbus species 

which have been examined and are usually well developed. In !.anoplus 

and B.motebensis the supraneurals are frequently reduced in size. 

There is usually a single supraneural located between pairs of neural 

spines so that the number of supraneural bones per individual usually 

depends on the number of predorsal vertebrae. The larger Barbus with 

parallel striated scales have more predorsal vertebrae than the majority 

of radiately striated scaled species and they also have more supraneurals 

(Table 5.4f). !.hospes is an exception and has a very high number of 

predorsal vertebrae and supraneural bones compared to other small or 

medium sized Barbus with radiately striated scales. The majority of 

small Barbus with radiately striated scales have only four to six 

supraneurals. B.calidus and B.erubescens have from six to eight and 

this is considered to be a synapomorphy. The reduction and loss of these 

bones in the flexible-rayed redfirt Barbus and Q~quathlambae is also 

considered to be synapomorphous. 

Intramuscular bones 

The epineurals from the fifth or sixth vertebra of medium and large Barbus 

species from southern Africa are usually well ossified in adults. In 

specimens of !.anoplus and !.motebertsis examined the epineurals before the 

dorsal fin were not well ossified. Irt !.gurrteyi they were not ossified 

until opposite the ninth or tenth vertebra. The reduction of these 

bones in the flexible-rayed redfirtBarbus and Q~quathlambae is considered 

to be synapomorphous. 

Neurocranium (refer to Table 5.5). 

The frontals of teleosts usually overlap or interdigitate with the 

supraethmoids (Starks, 1926). In a large number of cyprinid genera 
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Dorsal view of anterior portion of neurocranium of three small 
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(b) !~tiJ.6tebensis, frontals abuti.:supraethmoid (c)!. trevelyani, 
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I mm. Lined region represents cartilagenous or unossified 
portion of bones. 
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the fronta1s usually interdigitate with the supraethmoid (Howes, 1978). 

In relatively few genera the fronta1s overlap the supraethmoid and this 

was considered by Howes (op.cit.) to be apomorphic. In the larger Barbus 

species studied the frontals interdigitate with the supraethmoid,but 

interdigitation does not appear to be a common feature of the smaller 

southern African species. In all the smaller species examined the 

fronta1s overlap the postero-dorsa1 part of the ethmoid. In the smaller 

species the fronta1s usually overlap the greater part of the posterior 

edge of the supraethmoid (e.g. in !.trimacu1atus Fig. 5.6a). This is 

the condition found in B.calidus and B.erubescens and is considered to 

be p1esiomorphic. 

In the flexible-rayed redfins and Q.~quathlani.bae the fronta1s abut the 

posterior edge of the 8upraethmoid. This is also found in a few other 

southern African species e.g. !.motebensis (Fig. 5.6 b), !.anop1us, 

!. treurensis .. and !. hospes. This condition may more closely approach 

interdigitation than the overlap condition found in B~calidus and 

!.erubescens, which suggests that abutment could be relatively primitive 

to overlapping in terms of cyprinid osteology. Abutment is consequently 

apomorphic to interdigitation and is synapomorphous for the f1exib1e~ 

rayed redfins. 

The reduction of ossification of bones at the anterior end of the 

neurocranium of !. tenuis and Q..quathlarobae is str:lking. Similar 

conditions are only found in the juveniles of other southern African 

Barbus species. In Q..quathlarobae and !~tertUis the reduction occurs in 

large adults and the feature is regarded as synapomorphous. 

The pterosphenoids of !.ca1idus and B.etubescens meet anteriorly to 

exclude the orbitosphenoid from the orbital foramen. In the f1exib1e~ 

rayed redfins the orbitosphenoid divides the pterosphenoids anteriorly. 

Both conditions are found in the Batbus examined. The large, parallel 

striated scaled species !.andtewi,and !~setra as well as in the radiate1y 

striated scaled !.trimacu1atus, !.poechii, !.hospes; !.unitaeniatus, 

!.barnardi and !.radiatus all have the pterosphenoids meeting. All 

the other radiate1y striated scaled Batbus have the orbitosphenoid 

separating the pterosphenoids. In !.puel1us the orbitosphenoids almost 

exclude the pterosphenoid from the orbital foramen. 
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Uyeno (1961) found an identical situation in the genus Gila and species 

from related genera. In certain species the pterosphenoids meet but not 

in others. The studies of Harrington (1955), Ramaswami (1955a, 'b), 

Mahy (1975) and Howes (1978) all indicate that the pterosphenoids are 

usually separate in cyprinids. 

Although it is probable that there has been convergence in the character 

(separated or united pterosphenoids), in many cyprinids united pterosphenoids 

appear to be the less frequent condition. In B.calidus and !.erubescens, 

which are almost certainly closely related, the character is probably 

synapomorphous. 

The development of a flange on the posterior border of the exoccipitals 

of the flexible-rayed redfins is a useful character. The flange is 

correlated with the form of the pharyngeal teeth and the length of the 

intestine (Chapter 4). It serves as part of the site of origin for the 

posterior levator muscle. This muscle attaches to the pharyngeal bones 

and serves to raise them, bringing the pharyngeal teeth in contact with 

the masticatory pad (Matthes 1963). The species with well worn teeth 

probably require a stronger, and therefore larger, muscle for the grinding 

action, causing tooth wear. The larger flanges observed in these species 

provide larger attachment surfaces for these muscles. 

The variation in the form of the exoccipitals in southern African Barbus 

species is given in Table 5.5. Juveniles of the large species have 

relatively narrow flanges whereas the adults develop broad ones. The 

adults of these species all have longer, more involuted alimentary tracts 

(Table 5.3) and in some the pharyngeal bones may become stout and the teeth 

partly molariform. !.mattozi is a predator with a short intestine 

(Kruger & Mulder, 1973) and does not have broad flanges on the exoccipitals. 

Flanges are rarely found in the smaller or moderately sized Barbus species. 

This agrees with the form of the pharyngeal teeth of" these species which 

are designed more for a raking than a scraping action. 

The development of the exocdpital flange in the f1exib1e .... rayed redfins 

is sufficiently unusual among the small southern African Barbus species 

that it is considered to be synapomorphic. There are two basic forms of 

this flange (Fig. 4.19): a simp1e,squarish flange in !~blltgi and 
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B.burchelli, and a triangular projection as in B.afer, B.asper, - --- -
!.phlegethon and B.tenuis. The flange is vestigial in Q.quathlambae. 

Purely from the point of view of number of species it could be reasoned 

that the triangular projection is plesiomorphic to the squared flange. 

However this form not only appears to be the more complex structure, 

but both !.phlegethon and B.tenuis are apomorphic in pharyngeal tooth 

characters. If the functional explanation for the flange suggested 

above is correct it seems even more likely that the triangular projection 

is the derived form and the squarish flange of !.burgi and B.burchelli 

the plesiomorphic condition. 

Intercalars are usually present in Barbus,overlying the postero-ventral 

surface of the pterotics. They are present as in B.calidus and 

!.erubescens, but are absent in B.motebensis. They were found in three 

specimens of !.anoplus which is closely allied to B.motebensis. 

Ramaswami (1955) oonsidered these bones normally absent from cyprinids, 

but Howes (1978: 39) found them in several cyprinid genera and "some 

Barbus species". The loss or reduction of the intercalars has probably 

occurred independantly in several cyprinid lineages. Nevertheless the 

trend to reduction of these bones in a reasonably circumscribed group 

such as the redfins and Q.quathlambae is sufficiently unusual among 

southern African Barbus species that this trend is considered synapomorphic. 

The shape of the neurocranium is a useful character for the flexible­

rayed redfins. !.burchelli, !.burgi, !.afer and !.asper have a similar, 

moderately deep and broad neurocranium. The proportions are generally 

characteristic of the neurocrania of smaller and moderately sized Barbus 

species and are regarded as plesiomorphic. !.phlegethon has a deep and 

narrow neurocranium which is autapomorphous. The relatively shallow 

broad neurocranium of B.tenuis is also unusual and apomorphic for the 

species. 

The infraorbital series provides several useful taxonomic characters in 

different Barbus species. The series usually consists of five units 

representing six bones (Nelson, 1969b): a lachrymal, the second 

infraorbital, a fused third and fourth 1 the fifth infraorbital and a 

dermosphenotic. A few species have the series reduced to four units 

either through loss or further fusion. Thys (1971) reports reduction 

of the series to but one or two elements in Barbus catens and ~.jae. 
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Examples of the infraorbital series from certain Barbus species. 
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Fig 5.8 The infraorbital series of (a) !.toppini and (b) !.trevelyani 
--------- ----- in situ to show extent of coverage provided by infraorbitals to 

Cheek. Scale bar = 1 111Dl. 
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Fig 5.9 Examples of the ope:t'cle-ofcertaitiBarbus species a) B. holubi, 
b) B~se:tra, c)B.'mattozi-, d) B~t:timacinatus, e) B.eutaenia, 
f) B:-tinitaeniatus-;- g) B.'tadiatus, h) B~motebetisis.- Scale 
bar - 1 nun. -
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In addition to Q.quath1ambae, !.treve1yani and !.toppini have been found 

to have only four infraorbita1s. 

The shape of particular units is characteristic either for a particular 

species, or frequently for distinctive species groups. The large, 

parallel straited, scaled southern African Barbus (Fig. 5.9a) have a 

moderately elongated lachrymal with numerous pores in the lateral 

line canal. The second and fused third and fourth infraorbita1s are 

tubular, the fifth is expanded and the dermosphenotic is small. 

A second characteristic series is that found in the two large, 

radiate1y striated, scaled species from the south western Cape, 

B.andrewi and B.serra (Fig. 5.7b). The lachrymal is elongated, 

similar to that of B.barbus (pers.obs.; Vandewalle, 1977) and unlike 

any other African Barbus as far as is known. 

The lachrymal of small Of moderate sized Barbus is short, with the 

dorsal edge usually forming a prominent angle. In !.hospes this bone 

is relatively elongated with a low dorsal angle (Fig. 5.7k). 

The remaining infraorbita1s of the small and moderate sized Barbus are 

narrow or relatively narrow bones without prominent flanges. Bou1enger's 

(1911) definition of the genus states that the infraorbita1s do not 

cover the cheek (e.g. as they do in many characins - Weit~an, 1962). 

In two Barbus species from southern Africa; !. trevelyani and !~puel1us, 
\ 

the infraorbita1s 3+4 and 5 are broad and cover the cheek (Fig. 5.8). 

The following deduction may be made. from the form of the infraorbita1s 

of the redfins. The lachrymal of thef1exib1e .. rayed species has a 

characteristic, relatively low dorsal angle and is considered synapomorphic. 

The comparatively well developed dermosphenotic of !~burg1 1S unusual 

and is probably autapomorphic. The four infraorbita1s in Q~quathlambae 

is characteristic (Greenwood & Jubb, 1967) and is considered autapomorphic. 

The infraorbita1s of B.tenuis are narrow, similar to those of Q~quathlambae, 

and the dermosphenotic is reduced in size and usually poorly ossified. 

This may represent an intermediate character state in a transformation 

from the p1esiomorphic state found in the other flexible-rayed redfins 

to the apomorphic state in .2.~quathlambae. 
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Fig 5.10 Examples of preopercles of certaiuBarbus species a) B. holubi, 
. b) B~setra, c)B~mattozi,d).B~tti1ilac.ulatus, e) B~etitaenia, 
f) iLurtitaeniatus, g) B~tadiat1i"s, h) ~.'nidtebeIisis -; i)~. toppini. 
Scale bar = 1 mIn. -



Branchiocranium 

Operc1e. The Barbus operc1e is generally similar to that of the redfin 

species (Fig. 5.9) and is characterised by the presence or absence of the 

suprapreoperc1e (the bony canal) on the antero-dorsa1 corner. The 

presence or absence of this canal is usually consistent within a species, 

although extraordinary variation was found in a sample of four specimens 

of ~.pa11idus from the eastern Cape. (The canal was present in one 

specimen absent in two and vestigial in the fourth.) Approximately 

70% of southern African 'Barbus species have this canal on the operc1e. 

This is almost certainly the p1esiomorphic state. The opercular. canal 

is present only when the preopercu1ar mandibular canal is connected to 

the post-ocu1ar~commissure. A break in this connection has probably 

occurred independently in different cyprinid lineages (Gosline, 1974) 

but there is no reason to suspect that this is not synapomorphous in 

the flexible-rayed redfin species. It is also possible that this 

synapomorphy is shared with other southern African Barbus species. 

The shape of the operc1e is re-1ative1y unusual in !. tenuis and O~ quath1ambae. 

This is therefore regarded as synapomorphous for these two species. 
( 

Preoperc1e: The shape of the preoperc1e is- conservative in Barbus 

(Fig. 5.10) and it presents no outstanding character for the redfins or 

any other species. The reduction of the preopercu1ar sensory c~na1 

from the tip of the anterior limb of the bone is however a unique 

character shared by B.asper, B~afer; B.phlegethon; B.tenuis and - ___ - 4 -

Q.quath1ambae. This is essentially part of the general reduction of 

the mandibular sensory canal in the f1exib1e ... rayed species (see below) 

and represents an advanced synapomorphic character for these particular 

species. 

Lower jaws: The lower jaws of the redfins and of Q~quathlambae are all 

of a basic Barbus type. The development of a broad ventral flange on 

the dentary as described for B~calidus and B~e:tubescens is characteristic 

of all the Barbus species examined (examples given in Fig.-S. 11) • 

The reduction of this flange and the mandibular sensory canal on the 

dentary and angulo-articular of the flexib1e""'rayed redfins and 

Q.quath1ambae is an outstanding feature of the species and is clearly 

synapomorphous. 
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Fig 5.11 Examples of the lower ~andible of certaiu"Barbus species (left 
mandible lateral view) . a)" B~holubi, b) B~ serra, c) B.matt;ozi, 
d) B~ trl.1ilaculatus, e)" B~ euta.iri.ia, f) B~uri.itaeri.iatus, -
g) ~~ radiatus, h) ~~1iloteberi.Sis, i) ~~ t6ppini. Scale bar = 1 IDIll. 
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~ Examples of maxillae of Barbus species (medial and dorsal views) • 
a) B.holubi, b) B.serra, c) B.mattozi, d) B.trnmaculatus, 
e) B:-etit aeIii a , f)-B~tiIiitaeniatus, g) B.radiatus, h) B.motebensis, 
i) Khospes. Scale bar = 1 nnn. - -

Fig 5.l2a Examples of premaxillae of ' Barb us species (lateral view). 
q) B~holti.bi, ~} B~setra, c) B~mattozi, d) B~tdIilaculatus, 
e) B.etitaeIiia, If B~tiIiitaeIiiatus, g) B~tadi&tus, h) B.motebensis, 
i) !~hospes. Scale bar = 1 nnn. - -
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The reduction of the flange and sensory canal is incomplete on the jaws 

of !.burchelli and !.burgi. This is the least derived condition and is 

plesiomorphic within the lineage. The complete loss of the canal and 

flange in the other flexible-rayed species is synapomorphic and, as 

mentioned under the preopercle section above, the character may be 

recorded as a reduction of the preopercular canal from the tip of the 

anterior limb of the preopercle. 

Apart from this character the rather short dentary of !.phlegethon is 

unique among the redfins and is considered to be autapomorphic. 

Upper Jaws. The most obvious differences in the upper jaw bones of 

the southern African Batbus species was in the various proportions of 

the bones (Fig. 5.12). Mahnert & Gery (1977) recorded similar findings 

for the upper jaws of several African Batbus species, and reported that 

differences in proportion occurred between apparently closely related 

species. The premaxilla and maxilla of southern African Batbus species 

have been assessed according to their shape into three categories, viz. 

"short and deep", "long and slender" and "intermediate". Although this 

is an arbitrary assessment and the categories are not always clear~cut 

it provides a useful way in which to gauge the upper jaw proportions 

in the redfins. 

In general it has been found that the large Batbus with parallel striated 

scales have relatively short and deep upper jaw bones and the smaller 

Barbus with radiately striated scales have relatiyely long and slender 

upper jaw bones (Table 5.5). Batbus kimbetleyensis, a large predator 

belonging to the first group has slender jaw bones. A few diverse 

smaller species of the latter group have shorter and deeper jaw bones. 

These few species include !.aftovetnayi, a species with a small terminal 

mouth, !.trevelyani and B~unitaeniatus with inferior mouths. 

The proportions of the upper jaw bones in the redfinBatbus species relates 

to the position and the size of the mouth. The serrated .... rayed species 

have large terminal mouths and their premaxillae and maxillae are 

relatively long and slender. The flexible-rayed redfins and Q~quathlambae 

have smaller sub-terminal or inferior mouths and the jaw bones are 

relatively short and deep. This is unusual for small southern African 
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Fig 5.13 Examples of suspensoria of Barbus species (left side, lateral 
view). a) B.ho1ubi, b) B~serra, c) B.mattozi, 
d) B.trimacu1atus, e) B.eutaenia, f) B~unitaeniatus, 
g) B.radiatus, h) B.motebensis. Scale bar - 2 mm. 
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TABLE 5.6 

A summary of plesiomorph and apomorph character states of the redfin 
Barbus species and O.quathlambae. 

Symbols: 0 indicates plesiomorphic state; the numbers 1,2 etc indicate 
form and sequence of apomorphic states. The letters a,b,c indicate the 
character is apomorph but not synapomorph. A negative sign indicates the 
primitive state occurs within a morphoc1ine. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Character 

Red fins 

Barbels 

Scale radii 

Scale size 

Pelvic axil scale 

Breast scales 

Unbranched dorsal 

Branched dorsal rays 

Branched anal rays 

~I 
~I 

1 

2 

1 

o 
1 

1 

~I 
~I 

1 

2 

1 

1 

1 
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3 

1 
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1 

1 

1 

3 

3 

o 

1 

1 

1 

3 

1 

2 

1 

3 

o 0 0 0 1 200 0 

VO? VO? VO? VO? VO? CYl? VO? VO? VO? 

o 0 001 200 0 

10 Tubercles 3 3 2 1 0 0 4a 4b 4c 

11 Pharyngeal teeth no. 0 0 0 0 0 0 2 3 4 

12 Pharyngeal teeth form 1 1 1 1 0 0 1 2 3 

13 Intestine 1 1 1 1 0 0 1 2 3 

14 Vertebrae 1 1 1 1 2 2 1 1 3 

15 Predorsa1 vertebrae 1 1 1 0 2 1 1 1 3 

16 Preanal 0 0 0 0 1 1 0 0 1 

17 Supraneurals 1 1 1 1 0 0 1 1 1 

18 Intramuscular bones 1 1 1 1 0 0 1 1 1 

19 Frontal-supraethmoid 1 1 1 1 0 0 1 1 1 

20 Ossification-
supraethmoid 0 0 0 0 0 0 0 1 1 

21 Pterosphenoids 0 0 0 0 1 1 0 0 0 

22 Exoccipital flange 2 2 1 1 0 0 2 2 3 

23 Neurocranium shape 0 0 0 0 0 0 -1 +1 0 

24 Supraorbitals 0 0 0 0 0 0 0 1 1 

25 Lachrymal 1 1 1 1 0 0 1 1 1 

26 Dermosphenotic 0 0 0 -1 0 0 0 1 2 

27 Suprapreopercle 1 1 1 1 0 0 1 1 1 

28 Operc1e (shape) 0 0 0 0 0 0 0 1 1 

29 Maxillae & premaxillae 1 1 1 1 0 0 1 1 1 

30 Dentary 2 2 1 1 0 0 2 2 2 

31 Metapteryoid 1 1 1 1 0 0 1 2 2 
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Barbus with radiate1y striated scales and is tentatively considered 

synapomorphic for the flexible-rayed redfins and Q.quath1ambae. 

Suspensorium. !.ca1idus and !.erubescens have a metapterygoid with the 

dorsal edge concave in profile. This is the usual condition in radiate1y 

striated,sca1ed southern African Barbus species (Table 5.5 & Fig. 5.13). 

Howes (1978) found this to be the more common state in a wide range of 

cyprinid genera. Although not entirely unique, a convex profile shown 

by the flexible-rayed redfins and Q.quathlambae possibly represents a 

synapomorphy. 

In the flexible-rayed redfins the dorsal edge of the metapteryoid is divided 

into two portions by a small notch. The division is usually small except 

in !.tenuis and Q~quathlambae where the notch is deep and the lamellae 

formed are large (Fig. 4.26). The development of this deep notch is 

synapomorphous for these two species. 

Discussion and conclusions 

A summary of the above analysis is given in Table 5.6 . It is evident 

from this summary that the red£inssensulato share only two possible 

apomorphic characters - the red fin-colour and similarity in certain 

vertebral counts. There are more apomorphic characters shared by the 

flexible-rayed group of species. These suggest that the red£ins, 

as dealt with in this study, are in fact diphyletic, the two lineages 

being the flexible-rayed and serrated-rayed groups. Furthermore, the 

apomorphic characters which Q.quathlambae has in common with the other 

flexible-rayed redfins confirms the close relationship oi these species 

originally suggested by Skelton (1976). 

Barbus ca1idus and Barbuserubescens are very similar in ~ost respects and 

their relationship is confirmed by a few synapomorphies; 'an increased number 

of branched anal fin rays, the relatively high total number of vertebrae, 

the high number of pre-anal vertebrae, and united pterosphenoids. The 

relatively few obvious (or at least recognised) synapomorphies do not do 

justice to the many similarities between the two species which may provide 

further synapomorphies but which cannot be demonstrated at present. 
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ANTERIOR BARBELS REDUCED; 
MANDIBULAR CANAL FURTHER REDUCED 

ANTERIOR BARBELS WELL DEVELOPED; 
. MAND~BULAR CANAL. REDUCED 

LARGER FEWER TUBERCLES 
(:I: S-lO/SNOUT) 

SMALLER MORE NUMEROUS TUBERCLES 
(* S-lS/SNOUT) 

Fig. 5.14 Alternative phylogeny of B~bu:tchelli, B.burgi and other 
flexible-rayed red fin species. Alternatives (a) and (b) 
based on synapomorphies as indicated on diagram. 
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With only two species to consider,the question of which is more primitive 

(stasigenetic) and which derived (anagenetic) is almost superfluous. 

!.erubescens does seem to be more derived in its diagnostic features: 

the loss of a strong,bony, serrated, dorsal fin ray, the addition of a 

branched anal and branched dorsal fin ray, and the loss of a pharyngeal 

tooth. The question of outgroup relationships of this group will be 

considered after attention has been given to the interrelationships of 

the flexible-rayed species. 

The synapomorphies which confirm the monophyly of the flexible-rayed 

redfin lineage (including Q~quathlambae) are as follows: the development 

of large, conical tubercles arranged in a specific pattern, the form 

of the pharyngeal teeth, the reduction or loss of the mandibular sensory 

canal, the absence of pelvic axillary scales, and the reduction of the 

breast scales. There are also less striking synapomorphic characters 

and considerable general similarity of form, which altogether form an 

impressive body of evidence for monophy1y. There is little doubt that 

this is a most distinct group of African cyprinids. On these considerations 

it appears likely that the red fin-colour in the two groups represents 

convergence and not a shared derived character. However, the red fin~ 

colour may still be synapomorphous for each lineage. 

Within the flexible-rayed redfins several character transformations 

permit the reconstruction of the phylogeny of the species. The most 

primitive flexible-rayed redfin species is either B.burgi or B~b1irchelli. 

These two species are p1esiomorphic in all the characters which are 

synapomorphic for the lineage. While the barbels suggest that !~burchel1i 

is the p1esiomorph sister species to the other species in the lineage, 

the tubercles and the number of predorsal vertebrae indicate that !~burgi 

should occupy this position (Fig. 5.14a, b). !.burgi and B~burchel1i 

do not share any derived characters which are not also shared with other 

flexible-rayed redfins i. e. the two species are not themselves sister~species. 

Acceptance of one or the other of the relationships as suggested in 

Figure 5.14 will necessitate at least some re-interpretation of character 

states. If B.burchel1i is the p1esiomorph sister~species the smaller and 

more numerous tubercles on the head of !.burgi are secondarily derived 

from the state in B. burchelli. On the other hand, if !. burgi is the 
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p1esiomorph sister species it means that either the better developed 

barbels of B.burche11i are derived or the shorter barbels of !.burgi 

are derived independant1y of those of other flexible-rayed redfin 

species. The canal on the angulo-articular bone is present in certain 

!.burgi populations and therefore cannot be considered a reliable 

character for comparison with B.burchelli. 

Winterbottom (1974) points out that characters of reduction or loss 

merit less weight than characters of gain in phylogenetic analysis, 

presumably because it is easier to lose a structure in evolution than 

to develop a new one. The evolutionary development of large tubercles 

in the redfin species is considered to be a particularly outstanding 

feature of the lineage because of the rare occurrence of similar structures 

in African Barbus species. Furthermore the recognised plasticity of 

cyprinid barbels tends to decrease their value compared with that of 

tubercles. From the available evidence it is therefore concluded that 

!.burgi is the plesiomorph sister species of the other flexible-rayed 

redfins. 

The relative increase in size and reduction in the number of head tubercles 

in B.burchelli is the only synapomorphy which suggests that !.burchelli 

shares a more recent cammon ancestor with the other redfin species in the 

lineage rather than !.burgi. The very close similarity between !~burgi 

and !.burchelli, which led previous authors to consider that the two 

species were closely related (Barnard, 1943; Jubb, 1965) suggests that 

the dichotomy separating B~burchelli from the other redfins occurred 

relatively close in time to the initial dichotomy separating ~.burgi 

from the lineage. 

Several synapomorphies indicate the monophyly of ~.asper, ~.afer, 

!.phlegethon, B.tenuis and Q.quathlambae. These are the loss of the 

anterior pair of barbels, the loss of the mandibular sensory canal, a 

slight increase in the number of scale radii, further reduction in the 

number of head tubercles, and the development of a more pointed flange 

on the exoccipital. Of these the most reliable characters are probably 

the loss of the mandibular sensory canal and the decrease in the number 

and increase in size of head tubercles. 
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~.afer and ~.asper are morphologically extremely close and are generally 

conservative with regard to the primitive facies of ~.burgi and 

B.burche11i. In spite of the close similarity between ~.afer and ~.asper 

it has not been possible to find a clear synapomorphy which would confirm 

their close relationship. The differences between the two species 

(Chapter 3) lie in the size of the scales, the length oftbe intestine 

and the pattern of pigmentation. In all of these characters ~.asper 

is the more unusual of the two and probably represents the more derived 

species. The habitat preferences of ~.asper are also unusual for a redfin 

species and it may be expected that the species is derived in terms of its 

physiological tolerances. The small scales of ~.asper are apomorphic but 

probably not (as explained below) synapomorphic with the small scales of 

Q. quath1ambae. 

~.ph1egethon is a relatively unusual flexib1e ... rayed redfin and has several 

autapomorphic characteristics such as the small mouth, narrow head, 

reduction of head tubercles and sexual dimorphism. The species shares 

two derived characters with ~.teIiuis and Q~qtiathlambae; the loss of a 

tooth on the outer row of each arch' (~~ teIitiis and Q.quathlambae lack both 

the outer row teeth) and the reduction in size (length) of the barbels. 

These are both characters of reduction and in the case of the barbels 

admittedly rather weak but in the absence of evidence to the contrary, 

they do provide synapomorphies which establishes the relationship. 

Skelton (1976) suggested that the relationships of Q.quathlambae probably 

lie closest to B.tenuis. This relationship is fully endorsed by the 

following synapomorphies: pharyngeal teeth in two rows, the shape of the 

pharyngeal teeth, the similarity in development of a spur on the exoccipita1 

bones, relatively short alimentary tract, the prominent notch on the dorsal 

edge of the metapterygoid, reduced ossification in the anterior region of 

the neurocranium, vestigial supraorbital bones, low and relatively long 

opercu1ars and hyomandibu1ars, increased lack of ossification of the 

epip1eura1s,· and narrow infraorbita1s with dermosphenotic reduced 

(~.tenuis)or p'resumabiy abs~nt . (Q~qtiathlambae). 

Barbus tenuis has relatively large scales compared with ~.asper. If 

~.tenuis is the sister species of Q.quath1ambae the small scales of the 

latter must have been independant1y derived, as are those of ~.asper. 
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5.15. Phylogeny of the flexible-rayed redfirt Barbus species as 
concluded in this study. 
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A cladogram for the flexible-rayed redfins reflecting the above 

assessments of the characters of the group is given in Fig. 5.15. 

Out-group relationships 

The out-group relationships of the redfins have always been problematical 

because the redfins are rather distinctive species and not, at a 

specific level, obviously similar to other southern African Barbus 

species. The introduction of Hennigian methodology offers a more 

satisfactory approach to the problem of the relatives of these .species 

because the relationships can be established by considering synapomorphies 

and not general similarity. 

Serrated-rayed redfins 

The serrated-rayed redfins are characterised by the following synopomorphies: 

red fins, a serrated, unbranched dorsal fin ray, six or seven branched 

anal fin rays, dorsal fin placed posterior to the pelvic fin base, high 

average vertebral counts, high predorsal fin vertebral counts. 

There are two possible candidates for relationship with ~.calidus and 

B. erubescens on the basis of~{ed fin colour; ~~ atgertteus from the Incomati 

and Pongola rivers in the eastern Transvaal (a good photograph is given 

in Pienaar, 1978); and ~;gutrteyi from the coastal rivers in Natal 

(Tugela to Umtamvuma). ~.argertteus is a cool water species (Gaigher, 1969) 

with a serrated, unbranched dorsal fin ray and is very similar to 

B.calidus and B.erubescens in form (including osteology). There are 

at least two noteworthy differences between ~~atgenteus and the redfin 

species - the dorsal fin of ~~atgenteus originates over or slightly 

ahead of the pelvic fin (Table 5.5) and the tubercles on the pectoral 

fin are conical and occur in bands (Table 5.2). Apart from orange or 

reddish fins ~.gurneyi has little similarity with the serrated-rayed 

redfins but may be related to the flexible-rayed redfins (see below). 

A serrated, unbranched dorsal fin ray is not unique in cyprinids otBatbus 

species. The Barbus species in southern Africa with this character are 

diverse in form~and it would be difficult to claim monoplyly on the strength 

of this single character. The form of the serrated, unbranched ray itself 

differs between the species. In ~.hospes, for example, the proximal 
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serrations turn apically (Barnard, 1943) and in ~.trevelyani the 

ser~ations are extremely weak (Jubb, 1965, 1967) and are undetectable in 

certain specimens. Because of the derived nature of the serrated dQrsal 

fin unbranched ray it seems most probable that near relatives of serrated­

rayed species would themselves have serrated unbranched dorsal fin rays. 

B.andrewi is the only Barbus species in southern Africa apart from ~.calidus 

and B.erubescens which regularly has six branched anal fin rays. Skelton 

(1976) suggested that on this basis the species may be interrelated. 

However B.andrewi bears greater similarity in all respects except the 

number of branched anal fin rays to B.serra from the Olifants River 

System. B.serra has five branched anal fin rays. B.andrewi and B.serra 

have several probable synapomorphies including the shape of the lachrymal 

bone and a long, narrow snout. The evidence clearly suggests that the 

two species are most closely related. If this is so then any relationship 

between the serrated-rayed redfins and B.andrewi on the basis of branched 

anal fin rays would either require that the five branched anal fin rays 

of B.serra is a derived character or the entire repertoire of similarities 

and suggested synapomorphies of B.serra and B.andrewi are due to convergence 

or parallelism. Both of these alternatives are considered unlikely and 

it appears more probable that the six branched anal fin rays were 

independently derived in either group. 

The types of several Moroccan Barbus species with six branched anal fin rays 

have been examined in the British Museum but there is no evidence to 

support any relationship between them and the serrated-rayed redfins. 

Banister & Clark (1977) described two Barbus species from the Arabian 

Peninsula with six branched anal fin rays. Again, based on the descriptions 

of these species there is little indication of any relationship. with the 

southern African species with six branched anal fin rays. 

The posterior displacement of the dorsal fin is a characteristic of only 

two smaller Barbus species with a serrated, unbranched dorsal fin ray 

and radiately striated scales, ~.hospes and ~.trevelyani. This is 

correlated in both species with an above average number of predorsal 

vertebrae (Table 5.4 D). ~.hospes is exceptional in the number of predorsal 

vertebrae (13-15) which is clearly autapomorphic for that species. Both 

~.hospeB and ~.trevelyani have seven branched dorsal fin rays, a possible 
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synapomorphy with ~.calidus, and both have scattered erupted tubercles on 

the head and scale surfaces (Fig. 5.1). ~.hospes has bands of conical 

tubercles on the pectoral fins, but ~.trevelyani, similar to B.calidus 

and !.erubescens, has a single row of erupted pectoral fin tubercles 

(Fig. 5.2). ~.hospes is the only smaller Barbus species with a serrated, 

unbranched dorsal fin ray apart from B.calidus and B.erubescens in which 

the pterosphenoids meet. 

The evidence for a relationship of ~.hospes with the serrated-ray~d 

redfins is tenuous. ~.hospes is however a highly specialized species. 

This is evident not only from the predorsal vertebrae and placement of 

the dorsal fin but in several other striking autapomorphies. The pelvic 

fins are attached to the body by a membrane, the scales are small and 

thin, and there is a large orbitosphenoid-lateral ethmoid fenestrum 

not found in other Barbus species. The Weberian.neural crest of 

~.hospes is large and expanded anteriorly. These specializations might 

mask other synapomorphies with the serrated-rayed redfins and the 

possibility of a relationship between them cannot be ruled out. 

~.trevelyani also has several outstanding autapomorphic characters 

(e.g. the infraorbitaL bones, Fig. 5.8) which tend to obscure its 

relationships. For the present it is not possible to do more than 

suggest that the relationships of the species may, on the evidence 

mentioned above, be close to the serrated-rayed redfins. 

Apart from ~.argenteus, ~.trevelyani and ~.hospes I am unable to find 

substantial support that any other southern African B&rbus is closely 

related to B.calidus or B.erubescens. It is possible to select 

similarities in different characters which may indicate relationship but 

it cannot at present be shown that the similarities are synapomorphies. 

Even with the above three species the similarities are not correlated 

to the extent that one or two likely cladograms can be presented without 

a complex re-evaluation of characters. It is best under these 

circumstances to refrain from presenting a formal scheme of relationships 

for these species. 

Flexible-rayed redfins 

It has been shown that there are several synapomorphies which establish the 

monophyly of the flexible-rayed redfins. It is reasonable to expect that 
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close relatives of the flexible-rayed redfins will have morphological 

features which approach the synapomorphies of the flexible-rayed redfin 

species. A brief resume of the plesiomorph state of the flexible-rayed 

redfin synapomorphies should provide the clues for the morphological 

framework expected of close relatives. The niore:'.primitive flexible-

rayed red fins are medium sized fishes with moderately sized scales. The 

mouth is sub-terminal or inferior and sickle-shaped. Sexual dimorphism 

is characteristic and tubercles are prominent on males. Apart from the 

red fin markings, pigment patterns are generally conservative and variable. 

Irregular predorsal scales, reduced breast scales and the absence of pelvic 

axillary scales are characteristic. The numbers of branched rays in the 

dorsal fin (seven) and anal fin (five) are conservative characters. The 

intestine is involuted and moderately long, and the pharyngeal teeth have 

obliquely truncated crowns. There are an above average number of total 

vertebrae and predorsal vertebrae and there is a trend of reduction in the 

intramuscular bones and the supraneurals. The mandibular sensory canal 

is reduced and the preopercular canal is not connected to the lateral 

connnissure. 

There is no evidence to suggest that the flexible-rayed redfin species 

are derived from any of the serrated-rayed Barbus species. Furthermore, 

no grounds can be found for considering the following small Barbus species 

with a flexible unbranched dorsal fin ray closely related to the flexible­

rayed redfins: !.annectens, !.barnardi, !.bellcrossi; B~bifrertatus, 

!.fasciolatus, !.haasianus, !.lirteomaculatus, !~macrotaertia, !.rteefi, 

!. pallidus, B. puellus, !. radiatus, !. thamalakanensis; !~toppini, !~viviparus. 

The majority of the above species are small (adults less than about 

60 nnn SL) with distinct pigment patterns and have tropical distributions. 

They generally have fewer than 34 vertebrae, and the dorsal fin originates 

over or before the pelvic fin base. Small conical tubercles are present 

in sev~ral of the species on the head and in bands on the pectoral fins. 

In most the tubercles are lightly scattered on top of the head. In 

B.barnardi the tubercles are concentrated in a band around the snout. 

Erupted tubercles have not been found in any of the small Barbus with 

radiately striated scales and a flexible unbranched dorsal fin ray. 

With the exclusion of the above species the choice of possible relatives 

is narrowed to !. treurensis, !.urtitaeniatus, !. anoplus , ~.motebertsis and 

!.gurneyi. B.treurensis is restricted to a single tributary of the 
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Limpopo River system. The species differs in most respects from the 

redfins and no pertinent similarities suggestive of synapomorphies have 

been found. B.unitaeniatus is a widespread species with an essentially 

tropical distribution extending as far south as the Pongolo River system 

in northern Natal. The species does have a sub-terminal mouth and 

embedded breast scales which are similar to the flexible-rayed redfins. 

Very small conical tubercles occur on the head and there are bands of 

tubercles on the pectoral fins. The species has above average vertebral 

counts (Table 5.4) but differs notably from the redfins in having fewer 

predorsal vertebrae (9 or 10). The dorsal fin origin is before the 

origin of the pelvic fins. In other respects B.unitaeniatus shows no 

pertinent similarities with the flexible-rayed redfins. 

Of all the Barbus speCLes in southern Africa ~.anoplus, ~.motebensis and 

~.gurneyi are in most respects similar to the flexible-rayed redfins. 

Some of the characters of these species are derived and are interpreted 

as synapomorphic with redfin characters. The three species are all 

medium sized southern African endemics with flexible, unbranched dorsal 

fin rays and seven branched dorsal fin rays. All three species show 

sexual dimorphism,and the males of ~.gurneyi and ~.motebertsis develop 

relatively large conical tubercles on the head (Table 5.2, Fig. 5.3). 

The males of ~.anoplus were supposed not to have head tubercles (Jubb, 

1967) but populations have been found with tubercled males. This has 

led Gaigher (1976) to suggest the species is synonymous with B.motebertsis. 

In contrast with the redfins, the head tubercles of ~.gurrteyi and 

B.motebensis do not differ in size and occur on the cheeks below and 

behind the orbits, on the rami of the lower jaw as well as on the snout 

and on top of the head. In essence this may be interpreted to represent 

a plesiomorphic character state relative to the tubercles of the flexible~ 

rayed redfins. 

The breeding males of ~.anoplus and !.motebensis are golden yellow and 

those of ~.gurneyi a golden bronze with orange-red fins, especially the 

caudal fin (Crass, 1964; Jubb, 1967; pers.obs.). Preserved specimens 

of these species have a thin lateral stripe from behind the head to the 

base of ,the caudal fin ending in a small but distinct spot. This 

pattern is generalized and similar to several of the flexible-rayed 

redfin species. 
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None of the species have a large triangular pelvic axillary scale and to a 

certain extent the breast scales are reduced in size and embedded. The 

mouth is small or moderate and terminal or slightly subterminal with 

variably one or two pairs of barbels. The pharyngeal teeth are slender 

and have recurved terminal cusps which is similar to most Barbus species 

examined (Fig. 5.5). The intestine is short and S-flexured. The teeth 

and intestine could also be regarded as plesiomorphic to the redfin character 

states. 

The cephalic lateral line system of !.anoplus, !.motebensis and !.gurneyi 

is similar to the flexible-rayed redfins except that the mandibular canal 

is not reduced. The osteology is also generally similar and several 

features are suggestive of synapomorphy. The frontals do not overlap the 

supraethmoids; intercalars are absent or vestigial; the dorsal edge of 

the metapterygoids is more or less concave, and is divided by a notch into 

two lamellae. The supraneurals are small or vestigial especially in 

certain specimens of !.anoplus, and the epineurals before the dorsal fin 

are poorly ossified. 

In conclusion there appears to be a reasonable body of evidence to suggest 

that !.anoplus, !.motebensis and !.gurneyi are the nearest relatives of 

the flexible-rayed redfins. This relationship is supported in terms of 

several likely synapomorphies, which includes the development of large 

tubercles, aspects of aquamation, reduction of ossification of the epineurals, 

reduction in size of the supraneurals and the shape of the metapterygoid. 

A broad ,general morphological similarity enhances the evidence for close 

relationship. 

Classification 

There are a number of ways in which organis~~_may be. classified. Here it is 

considered essential that living organisms interrelated by connnon ancestry 

are as far as possible classified in a manner which reflects their 

relationships (Hennig, 1966; Crowson, 1970; Nelson, 1971, 1972a, 1973, 1974; 

Brundin, 1972; Cracraft, 1974). The manner in which this may be done 

has been discussed by the above authors. A classification based on 

phylogeny takes the form of a hierarchy with successive sub-ordination of 

taxa according to their recency of connnon ancestors. 
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Diagram illustrating hierarchy of flexible~rayed redfin sister 
groups. Overhead bars unite successive species sharing a 
common ancestor. Sister groups are indicated by matched 
pairs of symbols, e.g. A, and B. 
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The intrageneric relationships of Barbus species are not well understood 

at present. Consequently the classification of the species in taxonomic 

works has been either based on categories defined by certain key characters 

(e.g. Boulenger, 1911; Jubb, 1967) or the species have been simply listed 

alphabetically (e.g. Bell-Cross, 1976). Insofar as the former represents 

an attempt to group the species according to some concept of relationship, 

it is preferable to the latter which entirely fails to do this. 

In the most recent account dealing with the red-fin Barbus species Jubb (1967) 

organised the southern African Barbus according to the following categories: 

A. Species with parallel striated scales. 

B. Species with radiately striated scales 

i) large species (adults >150 mm SL) 
, 

ii) small species (adults <150 mm S1.) 

Within the B.ii) category the species were gathered informally according to 

the form of the last unbranched dorsal fin ray viz., non-serrated and bony, 

non-serrated and flexible, and serrated and bony. The redfin species were 

therefore divided and B.calidus was included among the species with a 

serrated and bony last unbranched dorsal fin ray whereas the flexible­

rayed redfins were included with Barbus, the species with a flexible 

last unbranched dorsal fin ray. At that stage the relationships and 

generic status of Oreodaimonquathlambae were still being questioned and 

the species was not included under any particular genus. 

With the relationships of the redfins now reasonably es.tablished the 

re-classification of the species can be considered. Th7 two lineages 

should be divided and the species ranked subordinately according to their 

relationships. In the serrated-rayed lineage !.calidus and !~erubescens 

are sister species and require equal rank. A suitable hierarchy 

reflecting the relationships of the flexible~rayed redfins is: 

A) !. burgi 

B) (I) B.burchelli 

(II) (a) 

(b) 

1. 

1. 

2. 

!~afer; 2. 

!. phlegethon 

i. !.tertuis; 

!.asper 

ii. Q. quathlambae 

This hierarchy is explained diagrammatically in Figure 5.16. 
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The next stage in the classification of the redfin lineages poses the 

problem of at what taxonomic level each should be accommodated in the 

existing classification. The genus Barbus is so large that it is 

completely unwieldly as far as formal classification is concerned. 

Although several subgenera have been proposed over the years, few of 

these are applied in practice or have gained widespread support. 

Successful subdivision of Barbus depends on several factors, not the 

least of which is the 'strength of the characters used to circumscribe a 

group of species. It is because the characters were weak that early 

attempts to subdivide the genus failed. Those subgenera which have 

been accepted or even at a later stage elevated to generic rank are 

based on relatively smaller groups of species which are characterised 

by substantial characters (synapomorphies). Thus the subgenus 

Enteromius is ~ccepted by most systematists and is based on the synapomorphy 

of prominent pit~lines on the head (Greenwood, 1962, 1963, 1970). 

ClyPeobarbus was originally described as a subgenus of Barbus by Fowler 

(1936) and has since been raised to full generic rank (Poll, 1976). 

The characteristic features of'Clypeobarbus include enlarged mid.,...lateral 

scales and distinctive large, conical tubercles on the head and lips of 

the specimens. These characters are clearly synapomorphies and fully 

justify, in the opinion of this author, full generic status. 

The use of sub-genera and "species groups" was advocated by Rosen &, 

Bailey (1963) as a general solution to the problem of large genera. In 

North America the sub-genus has been widely employed in the classification 

of large and unwieldly cyprinid genera such as Notropis and Hybopsis. 

In the 1950's there was a distinct trend toward the employment of large 

comprehensive genera (Bailey, 1959) but this trend has since been 

reversed and there is a more realistic tendency to recognise natural 

units as full genera (Jenkins & Lachner, 1971). 

It has not been possible to recognise any particular trend in Atrican 

cyprinid systematics. This is probably because of the diverse stage o,f 

exploration of the fauna in the various territories. In ~.most cases 

systematic studies are directed not at particular groups but rathe·r at 

regional accounts of entire faunas. The African cyprinids are gathered 

into a few very large genera (e.g~Barbus,Labeo etc.) and several ~a1ler 

more unique genera (e.g. Coptostomabarbus; 'Raddabarbus,Clypeobarbus etc.). 
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The widespread distribution of certain species and the large. genera does 

not encourage the use of sub-genera in the socio-political context of 

Africa. Such sub-divisions would soon be lost or have little influence 

peyond the region of the included species,and so far pan-African 

revisions are not the order of the day. 

Any difference between the generic and the sub-generic category is an 

arbitrary matter. Mayr (1969) defined the genu~ as a taxonomic category 

containing a single species or a monophyletic group of species which is 

separated from other taxa of the same rank by a decided gap. The 

phrases "of the same rank" and "by a decided gap" are clearly the stumbling 

blocks in the case of large genera such as Barbus because natural sub-units 

tend to be engulfed in the larger whole purely on the gradistic grounds 

of general similarities of the organisms. 

The emergence of the cladist philosophy and the greater appreciation that 

classification should reflect phylogenetic relationships o£feEs a real 

solution to the problem of large genera. There are indications that this 

approach is likely to gain momentum and become a major force in African 

ichthyology in the future. An example of the movement in this direction 

is given by Greenwood (1979) who has provided the beginnings of a phyletic 

classification of the problematical cichlid genus; ·Haplochtamis. 

Both of the redfin lineages are evidently monol"hyletic. The flexible-rayed 

species are, relative to all othetBatbus species, unique and'11lorphologically 

distinct. It is entirely in the interests of comparative biology to 

recognise this relationship and the distinction of the species in formal 

classification. This is best done at the generic level, which embodies 

both the concepts of relationship and distinctiveness (Bolin, 1947; 

Mayr, 1969). 

The serrated-rayed redfins,although quite evidently lllonotypic, do not have 

the same degree of uniqueness that the flexible~rayed species have. The 

synapomorphies of these two species are also found in otherHBatbus" 

species and their very close similarity to these makes it difficult to 

define the group in terms of synapomorphies. At present it 1IJUst suffice 
\ 

to recognise the relationship of the serrated.,.rayed redfins informally, 

pending more detailed investigation of othetBatbus species. This would 

leave the way clear for future changes in classification where necessary. 
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In conclusion it is therefore proposed that the flexible-rayed redfins 

(including Q.quathlambae) are placed in a new genus and the serrated­

rayed redfins are recognised as a distinct "species group" within Barbus. 

There is an available name which must be used for the flexible-rayed 

redfins - A. Smith's Pseudobarbus. Pseudobarbus was described as a 

sub-genus of Barbus and included two species, ~.burchelli and ~.pallidus 

in the original publication. The reasons given for the naming of the 

sub-genus was not that the two species had anything particularly striking" 

but that they were the first two minnow-like forms described from southern 

Africa, and Smith was unsure whether or not they were con-generic with 

Barbus. The sub-genus was poorly described by modern standards but, 

inter alia, included the criterion of "the intestinal canal long and 

contorted". This suggests that Smith based Pseudobarbus on ~. burchelli 

and not ~. pallidus because the latter does not have a "long and contorted" 

intestine. B.burchelli was recorded as the type species of ' Pseudo barb us 

by Jordan (1919). Although Jordan considered it to be the type species 

by original designation this is not strictly true (Smith, 1841 included 

both ~. burchelli and ~~pal1idus irtPseudobarbus without qualification). 

~.burchelli is, however, validly the type species by subsequent designation 

by Jordan (1919). 

The original definition ofPseudoba~bus given by Smith (1841) is as 

follows: "Mouth opening forwards, lips thin and cartilagenous; 

intermaxillary bones extensible; nostrils double; four cirri, two from 

upper lip and one from each angle of mouth; lateral line consists of a 

series of slender tubes; dorsal fin short and commencing directly over 

base of ventral fins, intestinal canal long and contorted','. This 

definition is inadequate and does not characterize the flexible-rayed 

redfin group. 

given below. 

A new diagnosis which excludes Barbuspallidus, is 

Genus Pseudobarbus Smith (1841) Stat. nov. 

Type Species: Pseudobarbusburc.helli (by subsequent designation, Jordan, 1919). 

Moderate sized (50 mm > SL < 150 mm) fusiform or terete cyprinid fishes; 

snout rounded; mouth usually subterminal or inferior, crescentic or 

sickle-shaped; lips moderately developed; pharyngeal teeth in two or 
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three series, 0-2,3,4 or 5 - 5 or 4,3,0-2; crowns variable with an 

obliquely moderate to well worn grinding surface or with latero-terminal 

recurved tips~ Alimentary canal variable, from a simple, single flexure 

with length subequal to SL to multiple involutions with length up to 

3.5 times the SL; peritoneum pigmented. One or two pairs of well developed 

or short circumoral barbels; scales moderately large to very small, 

radiately striated, radii present in all scale fields; scales on nape 

irregular, often reduced and crowded, breast scales reduced and imbedded, 

no enlarged triangular pelvic axillary scale. rrunk lateral line straight, 

interrupted or complete, running along middle of caudal peduncle; 

supraorbital sensory canals without median branches; preoperculo-mandibular 

canal reduced or absent on the mandible, not connected to postocular 

connnissure~· Adults with distinctive bright red patches on the basal half 

and adjacent axillary area of paired and median fins; melanophore 

pigmentation variable.. Prominent conical tubercles on the head, margins 

of scales and fins of breeding males, tubercle buds develop on head of 

large females" Dorsal and anal fins with three or four flexible unbranched 

fin rays and invariably 7 and 5 branched fin rays respectively; gill 

rakers 5-10 on ceratobranchial of first arch, short and thick~set~ Total 

vertebrae from 33 to 40; supraneural bones absent or vestigial; frontals 

not overlapping lamellae of supraethmoid; intercalars reduced or absent; 

exoccipitals with or without posterior flange; supraorbitals vestigial 

or short and acconnnodated in a recess on the supraorbital shelf; 

infraorbitals usually 5 or 4, lachrymal with low dorsal peak, upper jaws 

relatively short and deep; urohyal with horizontal flange tapered 

posteriorly. Pectoral fins sexua11ydimorphic, pectoral girdle stout in 

males, less so in females; intramuscular bones weakly ossified anterior 

to the dorsal fin. 

The following species are included in the genus: (full synonymy for each 

is given in Chapter 3). 

Pseudobarbus afer (Peters, 1864 Comb.nov. --
Pseudobarbus asper (Boulenger, 1911 Comb.nov. 

Pseudobarbus burche11i Smith, 1841 

Pseudobarbus burgi (Boulenger, 1911) Comb.nov. 

Pseudobarbus phlegethon (Barnard, 1938) Comb.nov. 

Pseudobarbus tenuis (Barnard, 1938) Comb. nov. 

Pseudobarbus quathlalilbae (Barnard, 1938) Comb.nov. 

. -
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The internal classification of Pseudobarbus requires no formal subdivision. 

The reasons for this are that the major phenotypic dichotomy of the species 

is between ~.quathlambae and ~.tenuis but this is merely the most recent 

phylogenetic dichotomy of the lineage. If ~.quathlambae is given formal 

infrageneric recognition then in order to preserve the hierarchy presented 

above it would be necessary to give each preceding sister group at least 

the same recognition. 

be more desirable. 

The informal solution is therefore considered to 
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CHAPTER 6 

DISTRIBUTION AND ZOOGEOGRAPHY OF THE REDFIN MINNOWS 

One of the outstanding features of the southern African ichthyofauna is 

the relative paucity of species from the south coastal drainages. 

Traditionally these few speCies, including the redfins, have been 

regarded as the terminal products of one or other former "invasion" 

from the north (Boulenger, 1905a; Barnard, 1943; Darlington, 1957; 

Farquharson, 1962; Jubb, 1964a;1965, 1967; Jubb & Farquharson, 1965; 

Gabie, 1965; Gaigher & Pott, 1973; Bowmaker!:!.!l., 1978). The only 

accepted exception to the above explanation is Galaxias zebratus. Two 

theories explaining the presence of this species have been suggested: 

either it has reached Africa via oceanic dispersal (McDowell, 1973), or 

it is a Gondwana reUict (Barnard, 1943; Rosen;~ 1974). 

The dominance of the freshwater fish fauna in southern Africa by 

cyprinids increases progressively at higher latitudes (Bowmaker !:!!!., 

1978). In addition to Pseudobarbus species other cyprinids in the 

southern coastal drainage (Chapter 2) fall into two genera, Barbus and 

Labeo. Both of these are widespread throughout Africa and beyond to 

Europe (Barbus);~.and Asia (Barbus and Labeo). Until now the inter­

relationships of the redfins with other Barbus species have not been 

known and the significance of their dis.tribution at the southern tip 

of Africa has been swamped within the generalizations of pan-African 

Barbus distribution. The purpose of this chapter is fourfold viz., 

to consider recent advances in biogeographic theory, to review the 

previous explanations of redfin and other south-coastal and southern 

African fish distributions, to consider redfin distribution data in 

detail, and to provide alternative explanations for the distribution 

of the redfin minnows. 

Explanations of biogeography are gr.oitlped into two classes depending on 

whether they are based on dispersal or vicariance (Platnich & Nelson, 

1978). Dispersa1ist explanations seek to account for modern 

distributions of monophyletic lineages on the basis of localized 

evolution and subsequent extension of geographic range across isolating 
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barriers. Vicariance expl;anations incorporate the concept of geographic 

fragmentation of a monophyletic lineage without the need of involving 

dispersal in the first instance (Croizat ~ !l., 1974). The essential 

difference between the two concepts is one of timing of isolating barriers. 

Dispersalist explanations involve the range extension of an ancestral species 

across pre-existing barriers which subsequently disrupts gene flow. 

Vicariance explanations suggest that isolating barriers develop subsequent 

to the dispersal of an ancestral species of the lineage (Platnich & 

Nelson, 1978). 

The distribution of most animal groups involves both vicariance and 

dispersal (:ae.MU Platnich, 1976). It has been shown that nei~her a 

vicariant nor dispersalist explanation has an ~ priori claim for any 

particular group of organisms (Ball, 1976; Platnich & Nelson, 1978). 

Nelson (1973) found it necessary to reconsider a previous attempt to 

formalize biogeographic rules (Nelson, 1969c) because they Were based on 

the .! priori assumption of dispers~l being involved in the distribution 

of a monophyletic lineage. As shown by Croizat ~!l. (1974)' and Rosen 

(1976) the evidence which shows that dispersal has occurred inithehistory of 

a lineage is sympatry of related species. Nelson (1974) suggests that 

the closest estimate to a distribution of an ancestral species is the sum 

of the present day distributions of species in the lineage. 

Croizat ~ !l.0974) have developed at1inethod of historical biogeography 

which involves the comparison of distribution patterns of monophyletic 

groups of organisms. If individual patterns (tracks) conform to describe 

a generalized pattern it is suggested that a cammon explanation should 

be sought for the pattern by correlation with the known geological or 

geographical ;~istory of the area. Rosen (1976) used the method to 

excel~,ent advantage in explaining general distribution patterns in the 

Caribbean area. 

The initial ideas of Croizat ~!l. (1974) have been developed further 

by Platnich -&- Nelson (1978) and Rosen (1978). These authors suggest 

that provided an allopatric speciation model is accepted, a known 

phylogenetic relationship between monophyletic organisms (cladogram) can 

be translated into a relationship of geographic areas (area cladogram). 

They propose that these area cladograms be compared and general area 
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relationships exposed. The causal explanations for such general area 

relationships are then resolved by the evidence of geological or 

geographic~l history. 

Certain qualifications are required for the method to be valid. Test 

groups for a generalized pattern must have three or more taxa in the total 

area of an original group and the test groups must have endemic taxa in 

each of the area subdivisions of the original group (Platnich & Nelson, 

1978). Rosen (1978) shows that st~tistical methods can be applied to 

verify the hypotheses provided the above qualifications are met and that 

sound cladistic methods are used to derive the cladograms. The higher 

the degree of" congruence between the biological cladograms and the area 

cladograms the higher will be the confidence levels of the hypotheses. 

Geographic and geomorphological events are necessar;:i~ly the independant 

variables on which the biological events are dependant. This does not 

mean that every biological pattern has an equivalent geographic pattern 

because there is a possibility of chance dispersal. Dispersalist 

explanations depend on chance processes and consequently cannot be 

fal~ified. On the other hand vicariance explanations may be falsified 

in theory if !l! biological patterns in a particular area do not conform 

to the established or known geographical history. 

Clearly then it is one matter to establish a biogeographic hypothesis 

for a part.icular group of organisms and another to verify that hypothesis. 

Both Platnich & Nelson's (1978) and Rosen's (1978) carefully analysed 

methods imply, in their own words: "that the only way to deal objectively 

with causal explanations of biotic distribution is to work with general 

patterns and the historical events that can be correlated with them'.'. 

They accordingly reject biogeographic analyses not meeting these criteria. 

These theories and methods are still new and relatively few groups have 

been /analysed in detai 1 according to Hennig's (1966) cladistic principles. 

This is particularly true in southern Africa where the geomorphological 

and geographical history of the subcontinent is also still far from 

clearly understood or settled (Corbett,1979). It is not possible at 

the present time to meet the strict demands presented by Platnich & 

Nelson (1978), and this study of the redfin minnows can only suggest 
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possible explanations for their distribution. These mayor may not 

stand the test of time, but unlike Platni'ak & Nelson (1978) I do not 

consider such exercises as unjustified, provided one works within the 

limits of the available data. 

It was not until late last century and the early years of this century 

that the freshwater fish species of southern Africa were known sufficiently 

well for a synthesis of distribution patterns to be contemplated. Thus 

the earliest views of any consequence were those expressed by Weber (1897) 

and Bou1enger (1905 a). 

Weber (1897) divided the subcon~inent into four regions, a savannah 

region, an Erica or Protea region, a Karroo region and the Kalahari 

region. Although few _t:r~s~ater fish species were yet known or their 

distributions accurately plotted he specifically associated Galwdas 

zebratus with the Erica or Protea region of the south-west Cape. 

Bou1enger (1905 a~ considered the d,i'stribution of African freshwater 

fishes as a whole. He presented several important ideas with regard 

to the southern African fauna which have become somewhat entrenched 

legacies. The first of these was that, apart from Ga1axias in the 

south-west Cape, he regarded the southern African forms as "comparatively 

recent immigrants from the' north". The cyprinids were considered to 

have entered Africa from the north-east. Bou1enger also made the point 

that the south-west Cape derived a ,"special character" from the presence 

of Ga1axias and Sande1ia (=Anabas). 

In addition Bou1enger (1905a) its noted for the:fact" thlit, he. placed 

importance on the physiological c.i:ipabilities of continental fishes with 

regard to their distribution potential. This idea was further developed 

by Myers (1938~ 1949) and. has ·become a cornerstone of most cQntinenta1 fish 

biogeography (Darlington, 1957; Rosen, 1974; Roberts, 19751. 

The concept of a north .. east gateway for the cyprinids to Africa was given 

impetus by Regan (1922) who suggested that south-east Asia and India 

was the centre of evolution of the Cypriniformes. The latter concept 

was readily accepted by zoogeographers (e.g. Nicho1s,193Q; de Beaufort, 
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1951; Darlington, 1957), and is still in force (Bowmaker ~ !l., 1978), 

as is the idea of a north-east entrance to Africa (Lowe-McCop.nell, 1975). 

North-west African Barbus species ar~ more closely related to the 

European Barbus species and are regarded as reaching Africa from Europe 

(Roberts, 1975). 

From the turn of the century up until the late 1950's knowledge of the 

freshwater fishes of southern Africa increased through the works of 

Bou1enger (1911-1915), Gilchrist & Thompson (1913-1917), Barnard 

(1938 a & b, 1943, 1948), Groenewa1d (1958) and others. There was 

however no attempt at an overall zoogeographical synthesis on the fauna. 

In the case of K.H. Barnard this is rather surprising as he was in fact a 

very good zoogeographer (e.g. Barnard 1927; 1936) with a sound grasp of 

both the concepts of dispersal and vicariancet There is however good 

reason why he did not write much on this subject, as there was, in his 

view, insufficient knowledge of the fish fauna and the interrelationships 

of the species (Barnard, 1943). 

Barnard's (1943) contribution to the fish biogeography of the southern 

coastal drainage was nevertheless considerable. He placed mo's t of the 

species on firm taxonomic footing and recorded'tltteir distributions with 

far greater accuracy than had been done before. He pointed to pertinent 

relationships and,thfi: zoogeographical importance e.g. the links between 

the fauna of the Orange River system and that of the southern coastal 

drainage. With a first hand knowledge of the drainage of the region he 

was frequently able to provide sound explanations of individual species 

distribution on a local scale. Barnard was well versed in the 

geomorphological literature and pointed to many pertinent river captures 

and other geomorphological aspects of significance to the distribution 

of the freshwater fishes of the southern and southwestern Cape. 

After the Second World War a new generation of scientists turned their 

attention to the freshwater fishes and their distribution in southern 

Africa. In the British colonies of Northern and Southern Rhodesia and 

Nyasa1and R.A. Jubb began publishing on the freshwater fishes. There 

was also for the first tUne an organized body of scientists (Joiht 

Fisheries Research Organization) involved in fish and fisheries research 

in these colonies. Rapid advances were made in regard to the knowledge 
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of the species present and their distributions in this region which is 

a vital link to the southern fauna (Jackson 1961 a, b). 

Research and knowledge of the fish fauna in South Africa itself was 

also making strides. In the Cape, the Transvaal and Natal the 

provincial authorities established research orientated organizations 

involved with fisheries development (primarily sport fisheries) in these 

provinces. The research conducted by these bodies naturally furthered 

the knowledge of the indigenous fishes and their distributions (e.g. 

Crass, 1964). By the early 1960's the time was ripe for the long 

awaited synthesis on the fish distribution of the sub-continent. 

Jackson (1961, a,) pl?cntided an annotated checklist, of the fishes of Zambia 

(Northern Rhodesia) which are to a large degree those of the Upper Zambezi 

River system. In conjunction liiith Jubb (1961), Jackson (~.cit,:) showed 

that many species of the upper Zambezi region were also found in the 

tropical or subtropical eastern Transvaal and Mozambique "lowve1d" regions. 

There was also a rapid subtraction of these forms in the northern Natal 

coastal region (Zu1u1and), especially to the south of the Pongo10 (Maputo) 

River system (Crass, 1962, 1964, 1966; Bruton, 1979). Clear faunal 

similarities between the Upper Zambezi and Zambian Congo (Zaire) River 

systems (Bell-Cross, 1965, 1968) ensurecfthat the.'long proposed "northern 

origins" of the ichthyofauna of southern Africa received undisputed 

scientific respect. 

Farquharson (1962) discussed cyprinid distribution in southern Africa. 

The cyprinids are a major component of the freshwater fish fauna 

increasing from 32-33% of the fauna of the Zambezi River System to 

73-76% in the Orange River and south coastal drainages (Bowmaker ~!!., 

1978). In retrospect Farquharson's study was of importance for it laid 

down the foundation for the current understanding of the freshwater fish, 

distribution in the sub-continent. From the patterns of distribution 

of 'i'taxonomically related" groups Farquharson (2R,.,ill.) concluded that 

there had been a succession of cyprinid invasions from the tropics. 

The representatives of earlier invasions penetrated furthest south 

where they have had refuge from displacement by subsequent invaders 

(such displacement occurred in the rivers to the north of the south 

coastal drainage). 
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Jubb (1964) and Jubb & Farquharson (1965) considered the zoogeography 

of the fishes of the Orange and south coastal drainag'es. Their general 

thesis was an extension of Farquharson's (1962) "Waves of invasion" 

idea. The Orange River was considered a "stepping stone" for fishes 

dispersing from the tropics (Upper Zambezi region) southwards to the 

coastal drainage. Two separate "invasions" were suggested: a mid­

Pliocene invasion which probably included the redfin species and all 

other south coastal.~p.ecies; and secondly a mid-pleistocene invasion. 

The earlier mid-Pliocene invasion also provided elements of the Natal 

and Transvaal faunas via headwater exchange of the Orange-Vaal system 

with the more vigorously eroding rivers of these regions. 

Jubb (1965, 1967) .presented a general analysis of the Cape, and the 

southern African freshwater fishes. The distribution of each species 

was given in broad outline and the fauna of the larger rivers of the 

region analysed independently. These otherwise valuable works however 

provided little in the way of zoogeographical synthesis. 

From literature sources Gabie (1965) provided a synthesis of the fish 

d-[s1irilruti-Qn. in southern Africa. With the exception of Galaxias zebratus 

the fauna was considered to have been derived from central African 

sources via drainage links of the larger river systems. Two main routes 

were proposed - one via the Okavango-Ngami basin to the Limpopo and 

Orange River systems and the other via the Zambezi River system to the 

eastern coastal region. South coastal fishes were derived from links 

with the Orange River system. Gabie (1965) concluded by recognising 

three zoogeographical regions - a tropical region including the Cunene 

and Zambezi Rivers, a transitional region as far south as the Pongolo 

River, and a south temperate region to the south of the Pongolo. 

The distribution of fishes in Natal was considered by Crass (1962, 1964, 

1966). Two invasion routes were suggested to account for the derivation 

of the fish fauna of this region. The major route of tropical species 

came southwards from the Zambezi system along the Mozambique coastal plain. 

The alternative route which accounted for a relatively small proportion 

of the province's fish fauna was by headwater exchange of Natal :rivers 

with those of the inland drainage (Orange-Vaal). There is a marked 

subtraction of tropical species in north-eastern Natal (Maputaland) 
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which has been discussed in connection with the derivation of the fish 

fauna of Lake S~baya by Bruton (1979). Bruton (££.£!!.) supports the 

thesis that many species of this region are derived from central African 

stocks which have dispersed southwards via the Zambezi River system and 

the Mozambique coastal plain. The marked subtraction of species in 

this region is probably due to a phasing out of tropical conditions 

which is correlated with the reduction in width of the coastal plain 

(Stuckenberg, 1969; Bruton, 1979). 

A synthesis of the major patterns of fish distribution in southern 

Africa was given by Gaigher & Pott (1973). These authors considered 

four major faunal exchanges to have occurred: a mid-Pliocene exchange 

between the Okavango-Upper Zambezi region and the Orange River system 

(the southern coastal and other endemic southern African species were 

derived from this invasion); a late pliocene exchange between the Upper 

Zambezi-Okavango region and the Limpopo drainage with further dispersal 

of some of these species into Natal; an east coastal exchange (Lower 

Limpopo-Lower Zambezi) probably during the Pleistocene, and an exchange 

between the Orange and Limpopo River systems. 

In conjunction with Jubb (1964) and Jubb & Farquharson (1965), Gaigher 

& Pott (1973) have provided the basis of the currently accepted 

explanation of the historical ichthyogeography of southern Africa. The 

explanation is clearly dispersalist but it is nevertheless based on the 

recognition of general ichthyological associations and patterns of 

distribution (or coincident "tracks" of Croizat ~ &.;1974). Furthermore, 

these tracks are explained without reo<l>urse to individual dispersals 

but as distinct pulses of ichthyofaunal exchange correlated as far as 

possible with palaeogeography (former drainage connections etc.). The 

components of the pattern or track are therefore considered as modern 

representatives of a distinct former biota. 

Roberts (1975) discussed the pan-African distribution of freshwater fishes. 

Ten "ichthyofaunal provinces" were recognised, two of which (~~bezi and 

Cape of Good Hope) largely concern the southern African fauna. The 

Zambezi province included the hydrographic basins of the Zambezi itself 

as well as the Cunene, Ovambo, Okavango, Limpopo and eastern coastal 

rivers from the Zambezi to the Maputo (or Pongolo). The Cape faunal 
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Province included all drainages to the south of the Limpopo and 

Pongolo systems. Roberts (1975) more or less summarizes the known 

distribtit,ion of these regions without adding to any general hypothesis 

as regards their historical biogeography. 

Bell-Cross (1965, 1968, 1972) and Bowmaker ~!l. (1978) demonstrate 

that the Zambezi River system is likely to have derived its fish fauna from 

at least two sources. The fishes of the Upper Zambezi are similar in 

composition to the tributaries of the Kasai-Zaire system. The respective 

zafre tributaries are considered to have been the major sources of the 

respective divisions of the Zambezi fauna. Bell-Cross (1975) suggests 

that a possible route of invasion of the Middle and Lower Zamhezi from 

the Lualaba may have been via Lake Tangany~ka to the East Coast and 

thence southward to the Zambezi. Bowmaker ~!l. (1978) propose a more 

direct alternative route via a "Proto-Luangwa" River although the connections 

between the Zambezi and the Zarre System are not disputed. 

The most detailed and recent zoogeographical synthesis on southern African 

freshwater fishes is given by Bowmaker ~ ale (1978). These authors 

consider the many factors both ecological and historical which explain 

the patterns of distribution of the fauna. In essence they accept a 

Gondwana origin for the cichlids, characins and siluroids, as well as the 

galaxiids. The cyprinids are suggested to have colonized Africa from 

Asia although other shared genera between these continents do not, in their 

view, simplify the thesis andfthe possibility of a complex exchange via 

north-east Africa and the Middle East is entertained. 

Apart from Galaxias, Bowmaker ~!l. (1978) consider that the primary 

freshwater fishes of southern Africa colonized the subcontinent in a 

series of faunal invasions along the lines proposed by Gaigher & Pott 

(1973). The "endemic" fauna is restricted to the region south of but 

including the Limpopo-Orange drainage. Endemicity is confined not only 

to species but includes phyletically interrelated species groups e.g. the 

redfins, the two Sandelia species and the large parallel striated scaled 

Barbus species. A distinct gap or disjunction occurs between these 

groups and groups considered to be their nearest relatives in tropical 

Africa. For this reason these species are considered~iJthe earliest 

post-Gondwana invaders of the sub-continent, and their time of arrival 

was placed in the mid-Pliocene. 
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Current explanation of historical biogeography of freshwater 
fishes in southern Africa as base.d on a theory of "invasi'ons". 
after Bowmaketet ·al. (1978). 1. Zaire-Upper Zambezi, 
Zaire-Kafue interchange, ·2. Mid-Pliocene invasion of Orange 
from Upper Zambezi region. 3. Upper Zambezi-Okavango to 
Limpopo link (late Pliocene). 4. Invasion from Zaire via 
Malagarassi River and the east coast. 5. Zaire-Luangwa-
Middle Zambezi-east coast invasion route. 6. Faunal interchange 
between Limpopo River and Orange River systems by river capture. 
7. Interchange between Limpopo and south-east coastal rivers by 
river-capture. 8. Invasion of south-coastal rivers from Orange 
River system by river-capture. 9. East coastal invasion from 
tropic regibns. 
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A . late-Pliocene invasion is suggested to explain a distinct Upper 

Zambezi-Limpop;o faunal connection and all subsequent colonisations are 

considered to have occurred during the Pleistocene. A summary of these 

invasions is given in Figure 6.1. 

Based on current knowledge fish distribution in southern Africa has 

received reasonable explanation. There are nevertheless a number of 

outstanding problems such as the isolated distribution of certain 

species and the large disjunctions between related groups whfich have 

not received adequate explanation (e.g. the nearest known relatives of 

Gephyroglanis species from the Orange and Olifants Rivers are found in 

the Zaire River). In addition many of the explanations are based on 

relationships which are established purely on grounds of general similarity 

and are therefore not always expected to be valid. Many of the problems 

concern the older endemic fauna which have vague interrelationships and 

isolated distributions. '> •. , The current explanations{except in the 

case of Ga1axias)are based on the assumption of a central African centre 

of origin and subsequent southward dispersal into southern Africa. 

Alternative theories based on vicariance have not been generally 

entertained. 

:I)[$L£RlOOTION OF REDFJ:N SpeCIES 
Lf$ ,~, -$. -'. -.. - ;;s 

The distribution of the redfin species based on recorded localities 

(Appendix 1) is given in Figures 6.2-6.4. The distribution of each 

Bp.ecies may be summarized as follows: 

!.calidus (Fig. 6.2) Cedarberg tributaries of the Olifants 

River system excluding the.Twee River. 

!.erubescens (Fig. 6.2) Twee River of the OlifantsRiver system, 

above a barrier waterfall 15 m high. 

~.~ (Fig. 6.3) Coastal rivers to the east of the Gourits 

River system up to the Sundays River system~ 

No recor~s are available for rivers between 

the Little Brak River and the Karatara River, 

but thecr~ appears to be no reason why the species 

should not be present there. Also there are no 

records from the smaller rivers of the 

Tsitsikamma coastal plain (i.e. those which have 

not deeply dissected the plain) or the Van Stadens 

River to the east of the Gamtoos River system. 
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Distribution of B.calidus and B.erubescens in the Olifants River 
system based on Museum records-(Appendix 1). Each site may 
include several collection reco~ds. (. - ~.calidus, 

o - B. erubescens. 
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Tributaries of the Gourits River system and 
the Groot River Gamtoos system to within the 

Groot River gorge. 

P.burche11i (Fig. 6.3) Tributaries of the Breede River system as well 

as the Kaffirkui1s·River and Duivenhoks River 

to the east and the Kars, Sout and Nieu~ejaars 

Rivers to the west. 

~.burgi (Fig. 6.3) Tributaries of the Berg River~;;system, the 

Ver10rev1ei River to the north and, in former 

times, the Eerste River to the south. 

!.ph1egethon (Fig. 6.3) Tributaries of the Olifants River within the 

C1anwilliam Valley, also the Driehoek River in 

the Cedarberg. 

~'9uath1ambae (Fig.6.4) Known from three tributaries of the Orange 

River in the Drakensberg mountains (Rondorf, 

1976). The type locality is recorded as the 

Umkomazana River in Natal but the species is 

believed to be extinct there at present. 

Natal Parks Board officials suggest the type 

locality is recorded in error (Geddes-Page; 

1977; Crass, in litt. 4/08/77). The 

evidence is equivocal and in the absence 

P,,,tenuis -. . 

of proof to the contrary the Umkomazana 

River is accepted as the valid type locality. 

Mountain tributaries of the Gourits River system 

and the Keunbooms River system. 

AN EXPLANATION OF REDFIN DISTRIBUTION 

Freshwater fish distribution in southern Africa has until now usually 

been explained in terms of these organisms without coro.parison with the 

distribution of other organisms in the sub ... continent. The explanation 

which has been given to the redfin species is simple -.:0. they are derived 

from a mid-Pliocene invasion via the Orange River from more northern 

sources. 
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The case for considering general patterns of distribution in the 

interpretation of animal and plant distributions has been most 

forcefully presented by Croizat ~ ale (1974). In this attempt to 

explain the distribution of the redfins a less formal but nevertheless 

similar approach will be taken. There are fortunately several fairly 

recent studies on various southern African faunal and floral groups 

which provide reasonable distribution maps and biogeographic accounts 

of the particular organisms concerned. This has facilitated the 

search for generalised distribution patterns and comparative distributions 

have been gleaned entirely from the literature. 

The explanation which follows is divided into sections starting with 

a brief comparison of other pertinent freshwater fish distributions 

in southern Africa. This is followed by a consideration of the 

distribution of certain other organisms which suggest that the redfins 

might belong to a generalised distribution track. A brief account 

of certain palaeogeographical factors in the history of the region is 

then given, and finally an interpretation of redfin biogeography is 

provided. 

Comparative distribution "of ptimarYfreshwater fishes "irt"the south 

coastal drainage 

The fOllowing primary freshwater fishes (excluding redfins) occur 

naturally in the south coastal drainage:" Ga1axiaszebratus;Barbus capensis 

capensis, Barbus serra; Barbus"andre'ri; Batbusanop1us; Barbuspallidu s, 

Barbus treve ly ani, Labeo s eeberi; "Labeoti.Ii1br atus ,Gephyrog lani sgi1li , 

Sandelia capensis andSandelia"bainsii. With the exception of 

~.trevelyani and ~.bainsii all these species are coincident to a greater 

or lesser extent with redfin species. 

~. capensis, !. serra, .!!; seeberi, £;Silli occur only in the Olifants River 

system. B.capensis, L.seeberi and G;Si1li have close relatives in the - - -.. . ,. . 

Orange River system" (B;holubi; !;ldrilbetleyends; .!!;urilbratt!.s ~ !!~ capertsis" 

£.sc1ateri respectively). B;serra is related to B;andtewi from the 

Berg and Breede River systems (Fig. 6.6). 
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The range of distribution of Pseudobarbus species (horizontal 
dashes); B~artop1us and B~tiJ.otebertsis (AfM, range bounded by 
chained lIne), B.gurneyI tg, crosshatching). 
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Gephyros1anis SUli is the most southern na,turally distributed catfish 

species in Africa. Since Q.gi11i and Q.sc1ateri share the apomorphic 

loss of the interhya1 (Petrick, 1973) they are probably sister species. 

Their generic status is open to question (Roberts, 1975) but it is still 

remarkable that they appear to have no obvious relatives in the Limpopo, 

Okavango, Zambezi or Cunene Rivers. 

Only two species, !.anoplus and Labeo umbratus are not endemic to the 

south coastal drainage. Both of these occur only in those south 

coastal rivers with tributaries extending beyond the fold mountain belt 

to the Great Escarpment. Barbus anoplus is the single most widespread 

species south of the Limpopo River sY:S1rem (Fig. 6.5). The extent of its 

distribution is all the more remarkable when considered together with 

its probable relatives, the Pseudobarbus group, !.motebensis and ~.gurneyi 

(Fig. 6.5). Because of the r~lationship of these species with the 

Pseudobarbus species details of their distribution are given below. 

Barbus anoplus occurs in the Orange-Vaal ';;River system and also in certain 

south and south eastern coastal rivers - the Clanwilliam Olifants (the 

only non-endemic species in that system); the Gourits River system (its 

type locality); the Gamtoos system (recently discovered in a tributary 

of the Groot River - Albany MUseum records); the Sundays River system 

and coastal rivers to the east of this as far north as the Umtamvuma 

River in Natal (Fig. 6.5). It is also found in the Illovo, Umgeni, 

northern tributaries of the Tugela, the Umfolozi and Pongolo, Rivers in 

Natal (Crass 1964, 1966); the Incomati River system and certain 

tributaries of the Limpopo River system (Gaigher 1969, 1976; Gaigher & 

Pott, 1972). In the Orange River system !.anoplus does not occur below 

Aughrabies Falls nor in the high altitude tributaries in Lesotho (Jubb, 

1967). In lower latitudes i.e. in Natal and the Transvaal the species 

is restricted to higher altitudes (above 915 m), but in the Cape, 

espeltially in the southern and eastern Cape the species • Qccun at lower 

altitudes (below 500 m, Gaigher 1973, 1976; Crass, 1964). An isolated 

population occurs in the-~uiseb River (South West Africa, Gaigher, 1976). 

In contrast to the widespread distribution of !.anoplus, !.motebensis 

only occurs in southern tributaries of the Limpopo River system (Jubb 

1967, 1968; Gaigher 1973, 1976). 
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Barbus gurneyi has a localized distribution in Nata1 from the Umtamvuma 

River in the south to the umhlatuzi River (Lake St Lucia System) in the 

north (Crass, 1964, 1966). Crass (l964) records that the species is 

particularly common up 'to an, altitude of 1 150m. 

The small Barbus pallidus has an interesting distribution in the eastern 

part of the Cape fold belt from the Gamtoos River in the west through to 

the Kowie River in the east (Fig. 6.6). The Kowie River drains hills 

of fWi:tteberg. group formations and represent the easternmost outcrops 

of the Cape Supergroup. Elsew'h~re Ja.pallidus is found in northern 

tributaries of the Vaal River, as well as the Limpopo, Pongolo and 

Tugela River systems (Crass, 1964; Gaigher & Pott, 1972). 

Labeo umbratuf:) is a widespread species in th~ Orange River system and in 

south coastal rivers including the Gourits, Gamtoos, Sundays, Bushmans, 

Great Fish, Keiskamma and Buffalo Rivers (Fig. 6.8). The distribution 

pattern of the endemio Labeo species (Fig. 6.8) is similar to that of 

the large yellowfish (large Barbus with .paralle1 striated scales) 

(Fig. 6. 7). 

Galaxias'l~,ebratus is widespread in all the rivers between the Olifants 

in the west and the Kaaimans River in the east (Fig. 6.6). It has also 

been found in the Keurbooms River system which is separated by several 

rivers from the Kaaimans. Barnard (1943) and Rosen (1975) consider 

this species to be a Gondwana relict whereas MCDowell (1973) suggests 

it has reached Africa via oceanic dispersal. 

The anabantid genus Sandelia. is conspicuous by its absence from the 

Olifants River system (Fig. 6~,6). There are also no relatives in the 

Orange River system. There are only two species~ .::::§..capensis has a 

widespread distribution from the Coega River to the east of the Swartkops 

along the coastal rivers until the Verlorevlei River situated to the 

north of the Berg River. It is absent from rivers on the Cape Peninsula 

except the streams on the north-east side (Liesbeek and Diep Rivers, 

Barnard, 1943). Sandelia bainsii is separated from the range of 

!.caQensis by a gap and is found in rivers to the east of the fold belt 

region i.e. from the Kowie River to the Buffalo and Nahoon Rivers near 

East London. The distribution of this species is to a large extent 

coincident with that of ~. trevelyani (given in Fig. 6.11). 
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There appear to be several different patterns evident from these 

distributions. No single group extends over the complete range of the 

Pseudobarbus species. !.guath1ambae in the Drakensberg is an exceptional 

isolate of any south coastal species or species group. The distribution 

of Sandelia capensis is the nearest approach to the distribution of 

Pseudobarbus in the south coastal drainage but the absence of the species 

from the Olifants River system is certainly prd~lematical. After 

!.cap~nsis the distribution of Galaxias zebratus approaches that of 

Pseudobarbus. The occurrence of this species in the Keurbooms River 

system is remarkably coincident with the presence of !.tenuis. It 

suggests that there has been at least one cammon episode in the 

biogeographic history of the two species. 

~.anoplus and Labeo umbratus have an extremely stmilar pattern of 

distribution in the fold belt region. They are the only two species 

found in only;the larger rivers draining from the Great Escarpment. As 

pointed out by Jubb (1964) and Jubb &. Farquharson (1965) the most 

logical explanation for this is that their distribution is derived by 

way of headwater exchange with southern tributaries of the Orange River. 

Other recognisable patterns of distribution are all associated with the 

01ifants River system. The distribution of !.andrewi and B.serra is 

unusual among these patterns as the track extends from the Olifants 

t'P.:s;Quth-coasta1 rivers (Berg and Breede) and not to the Orange ;River 

as in the case of the majority of Olifants River species. The 

distributions of !.capensis, ~.anoplus, Labeo seeberi, Gephyrog1anis gi1li 

in the Olifants and related species in the Orange clearly points to a 

generalized track which is only partially coincident with the Pseudobarbus 

track. If the relationships of !.ca1idus and !.~e_r_u_b_e_s_c_en_s_ lie with 

~.hospes from the Lower Orange River it could be coincident with the 

Olifants-Orange generalized track. There is also a link in the 

Pseudobarbus distribution track between the Olifants River (!.ghlegethon) 

and the Orange (!.guathlambae). 

The case for a generalized track 

It is evident from several literature sources that the distribution 

of the redfin species is coincident with a distinctive pattern of 

distribution of other organisms. The following comparisons are 
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The montane pa1aeogenic invertebrate distribution track in 
southern Africa. After Stuckenberg (1962). 
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considered bearing in mind that they may not be valid in every case 

because relationships and classification of the organisms has not 

necessarily been established according to Hennigian methods. 

Distributions mayor may not be accurate but I am not in a position 

to comment on this. 

The clearest evidence of a generalized distribution track involving the 

Pseudobarbus species comes from the work of Stuckenberg (1962). 

Stuckenberg (~.cit.) compared the known distribution of diverse 

pa1aeogenic invertebrate groups in southern Africa. He found that there 

was a remarkable pattern (shown in Fig. 6.9) which includes the southern 

and south-west Cape region within the fold mountain belts, an eastern 

outlier around the Amato1a mountains, an eastern highlands centre 

concentrated on the Drakensberg mountains, an eastern Transvaal escarpment 

centre and to a lesser extent a centre in the eastern highlands of 

Zimbabwe-Rhodesia. 

The taxa studied by Stuckenberg (1962) included several dipteran genera 

and families, the coleopteran genus Colophon, several mega10pteran 

genera and two onychophoran. Bowden (1978) mentions that species of 

Chironomidae may be added to the list. There are many coleopteran species 

endemic to the Cape fold belt region, and Endrody-Younga (1978) described 

a pattern within this region (including an eastern extension line) which 

agrees with the distribution pattern described by Stuckenberg (1962). 

Harrison & Agnew (1962) describe a distinctive invertebrate fauna associated 

with the acid streams of the fold mountains. Later Harrison (1965) 

divided the riverine invertebrates in southern Africa into two groups, an 

"old element" distributed more or less according to Stuckenbergls (1962) 

pattern and a comparatively recent group more tolerant of higher temperatures. 

The second group included a pan-Ethiopian element of which a few 

stenothermal montane species were also distributed in the Cape fold 

belt-eastern highlands distribution pattern. 

A number of vertebrate groups, particularly the amphibians and reptiles, 

follow the Cape fold belt-eastern highlands distribution pattern 

(FitzSimons, 1962; Poynton, 1964; Greig & Burdett, 1976; Poynton & 

Broadley, 1978). Amphibian taxa include species of XenoEus, Bufo, 

Breviceps, Cacosternum, Arthro1eEte11a, Hypero1ius and He1eophr~ne. 

Reptile taxa include Psannnobates geometricus and Homopus areoh.tus, 
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Distribution of Afro-montane vegetation in Africa south of the 
equator showing an archipelago type of pattern. After White 
(1978). 
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Lamphrophis species, Typhlops and Leptotyphlops speCles, LycodonomorEhus, 

Duberria lutrix, Psammophylax species, Elaps lacteus and Hemachatus haemachatus. 

A small endemic "Cape" avifauna also coincides with this pattern and 

includes the following species: Pramerops cafer, !.gurneyi, Nectarinea 

vio1acea, Bradypterus victorini, Serinus tottus, !.leucopterus, Pycnonotus· 

capensis and Chaetops frenatus (Roberts,1978; Winterbottom, 1978). 

There are mammal species too which fall within this distribution track. 

Included here are Crociduraf1avesceps (Meester, 1962); Tatera ~ 

praamys verraU%i, Acom,s subspinosus (Davis, 1962). Other endemic 

mammals to,the southern or south-western Cape are the Cape ~uu~~01erat 

(Bath,ergus suillus), the extinct B10ubok (HippotrCiiUS 1eucophaeus) and 

the Bontebok (Damaliscus dorcas dorcas) (Biga1ke, 1978). 

The concept of a Cape fold be1t~:astern highlands distributi,on pattern 

is further strengthened by including plant distribution. Three vegetation 

types occur in the fold belt region (Acocks, 1975), the Capensis flora 

(Taylor, 1978), the Karroo vegetation (Werger, 1978) and a montane forest 

vegetation (White, 1978). The Karroo vegetation represents~~~~d~gitated 

intrusions of the more widespread Karroo vegetation to the north of the 

fold belt region and occurs mainly in the lower altitude rainshadow regions 

of the fold belt. The Gapemlis flora is renowned for the abundance of 

species of predominantly three kinds, restioid, ericoid and proteoid 

(Taylor, 1978). Many members of this Capensis flora show a characteristic 

distribution pattern in Africa mainly on mountains. In southern Africa 

this pattern conforms with th~ centres in Stuckenberg's (1962) palaeoendemic 

distribution track (Wild,; 1968; . Ta:yl~ot), i1978). The distribution of 

Afromontane· vegetation "confiorms" in a similar way to this distribution 

track, and White (1978) refers to the pattern as the Afromontan~ archipelago 

(Fig. 6.10). 

Palae~geoloQ:anH ~().r!fflraphy 

The separation of the African plate during the Jurassic and early 

Cretaceous involved the rifting off of Antarctica and South America and 

later Madagascar and India. At the beginningi:'of this rifting Africa was 

situated approximately 300 further south than it is at the present time 

(Owen, 1976). Following the break up of Gondwanaland Africa drifted 
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gradually northward to reach the present latitudes at which it was found 

by the late Oligocene (Axelrod & Raven, 1978). 

As a result of recent researches on southern African geomorphology 

established theories are being questioned and the science is in a state of 

flux. King (1963) provides a universal scheme of landscape genesis which is 

summarized a;gain in King' (1978). '1 ,This model has however provedtinsatisfactory 

and has been rejected in recent years. Corbett (1979) critically reviews 

the various theories and provides alternative explanations. Truswe11 

(1977) gives a recent account of the geological evolution of South Africa. 

King's model is based on a series of cycles of uplift and denudation which 

are identified with reference to various land surfaces. The earliest of 

these is the Gondwana cycle which. it is <7l~imed,_is estill present as relic 

patches in the Drakensberg mountains and also the Windhoek and Benguela 

highlands in South West Africa. The second land sultfacecrepresents a 

remnant of the post-Gondwana or early Cretaceous denudation cycle and is 

also found in Lesotho in high altitude situations ~, ~llJL 8$: at;a few isolated 

localities elsewhere in southern Africa. There followed a long period 

of t~tonic quiescence until Miocene times which resulted in the formation 

of the great African plateau, essentially the open savannah plains of 

Africa. During the early Miocene there were widespread regions of uplift 

initiating a further erosion cycle. This lasted until pliocene times when 

there was a further period of up1ift,rejuvenating rivers and forming 

large basins by scarp retreat. By end-Tertiary times the geomorphological 

aspect of southern Africa was to a large extent similar to what it is at 

present. At the beginning of the Quaternary period tectonic upheavals 

raised interior plateaus and disrupted drainage patterns. Rivers were 

again rejuvenated so that 1arge,steep gorges were incised by several e.g. 

Victoria Falls, Ruacana on the Cunene and Aughrabies on the Orange. 

An alternative theory has been proposed by De Swardt & Bennett (1974) and 

developed further by Corbett (1979). De Swardt & Bennett propose that if 

Gondwanaland broke up as a result of rifting this would possibly occur 

initially in analogous fashion to the East African rift system. Crustal 

upwarping results in subsidence of the "graben" floor which results in a 

gentle sl()pe of the land surface away from the rift shoulders 'and- a 

steeper slope towards the graben. Thus soon after Gondwana break-vp 
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the southern African continental margin had an elevated rift shoulder with 

gentle interior, and steep coastal slopes. The coastal erosion cycle 

initiated as a result of this would be more active and retreat from the 

coast, capturing more and more of the inland drainage. By continued 

retreat the scarp has migrated to its present position - the great 

escarpment. 

The inland drainage system which developed at the time of the Gondwana 

break-up had headwaters on the landward si(,le of the gently sloping rift 

shoulders. The major rivers of Africa pass through relatively narrow 

gaps in the great escarpment. De Swardt & Bennett (1974) suggest they 

only became major rivers as a result of selected capture by headward 

erosion of coastal rivers through the great escarpment. 

Corbett (1979) concludes that there are three erosion cycles operating 

in southern Africa. The first two represent the coastal and inland 

drainages initiated at the time of Gondwana break-up with the inland 

cycle initially operati.ng~.; tOA~t:lhigherb;ase level than the coastal cycle. 

The subsequent capture of inland drainage ~y headward incision of coastal 

rivers gave the in~and drainage a new base-level (the sea). Corbett 

(££.~.) suggests that the rivers which have captured inland drainage 

did so due to an advantage they gained from relief which existed in 

certain areas and also to their drainage of structurally weak zones 

developed during the break-up of Gondwanaland. 

The third erosional cycle was caused by a major eustatic drop in sea­

level during Plio-Pleistocene times. Corbett (£e.£!!.) attributes the 

nick points on the major rivers (e.g. Aughrabies Falls, Victoria Falls) 

as a result of this event. 

Drainage evolution in the southern Cape has evidently been complicated 

by the Cape fold mountains which today occur between the coast and the 

great escarpment. These appear to be by-passed residuals (Corbett, 1979) 

and the initial drainage is expected to have been within the strike 

valleys, i.e. primarily east-west (du Toit, 1926). Later-chese were 

transformed into north-south drainages by penetration of the mountains 

by certain tributaries. The spectacular gorges which divide the 

mountain chains have long interested geomorphologists and they are 
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variously regarded as either superimposed features (e.g. Rogers, 1903) 

or subsequent features (Haughton, !! &.1937 ; 9 Lcmz , 1957). The general opinion 

on the age of the rivers of this southern Cape region is that they are 

ancient, dating back to the initial isolation of the subcontinent (Lenz, 

1957). Some of 'the short coastal rivers have cut deep gorges in the 

coastal plain which dates from Tertiary ;~kes:~:,(Tqer-.ien, 1976), suggesting 

that these rivers date at least from that'time. 

The history of the inland drainages is complex and not well understood. 

Corbett (1979) suggests the initial post-Gondwana inland drainage operated 

to a Kalahari basin base level. On account of the direction of drainage 
, 

lines,the early drainage of the Luangwa, Kafue and Upper Zambezi was 

possibly toward the Kalahari basin (Wellington, 195'4). The in!::t.ia1 

drainage of inland systems has evidently been altered by the subsequent 

capture of the inland drainage by coastal systems. The upper Zambezi­

Okavango drainage was probably connected in former times to the Limpopo 

drainage (du TOit, 1926). The Orange and Limpopo Rivers have also been 

interconnected in historic times (Wellington, 1958). Given that there 

has been continuous scarp retreat since the break-up of Gondwana (Corbett, 

1979) the catchment of the Orange River system must have extended further 

coastwards in the east, and southwards to the fold belt, in the south 

(Wellington, 1958). There is evidence that a northern tributary, the 

Mo10po was once a large river and also that the present south-western 

tributaries of the Limpopo tapped the source of the MOlopo drainage. 

The present day drainage lines of the Orange River system bear testimony 

to the complex evolutionary history of the system. The freshwater fish 

fauna suggest strongly a former interconnection between the Orange and 

the Olifants River systems. The direction of drainage lines, if 

extended as in Howell &: Boulier (1963) (Fig. 6.13), would meet the 

OHfants River. This hypothesis suggests that the middle and upper 

Orange have been captured by the lower Orange. It is interesting to note 

that the occurrence of alluvial diamonds as far south as the mouth of 

the Olifants River possibly provides geological support for this 

connection. 

Consideration of palaeoclimate is also an important factor in explaining 

the present distribution of organisms. van Zinderen~'Bakker (1976) 
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considers that modern climatic regimes originated in the Tertiary after 

the circum-Antarctic oceanic current system had developed and Africa had 

reached more-or-1ess its present global position (i.e. in the late 

Oligocene). Palaeoclimate reconstructions are still matters of calculated. 

guess-work but it is generally agreed that there has been much climatic 

fluctuation, at least in -the late Tertiary and the Quaternary (Livingstone, 

1975; van Zinderen-Bakker, 1978). 

Coetzee (1978) working on pollen zones from cores in western and south­

western Cape suggested the following climatological sequence in the 

region: a tropical climate existed in the early Tertiary (Palaeocene and 

, early Eocene), followed by a steady lowering of temperature to sub­

tropical and temperate climes during the Eocene (60-40 ~). During 

the Oligocene (40-25 ~) the temperature oscillated at these levels; 

warm, humid climates prevailed in early Miocene followed by intense 

cooling in midofMiocene and a reversal to warmer climes during the late 

Miocene. The Pliocene was colder and drier and Quaternary climates 

have fluctuated between coole.r-wetter climates to warmer and drier 

climates than at present. 

Sea-level fluctuations are of local importance in the distribution of 

the redfins. Major transgressions occurred during Tertiary times 

and were instrumental in the formation of the prominent coastal plain 

at the southern arc of fold mountains (Butzer & Helgren, 1972; T<:ierien, 

1976). During the Pliocene there was a major eustatic drop in sea level 

(De Swardt & Bennett, 1974; Corbett, 1979). pleistocene sea level 

flUctuations are reported by Davies (1971), Dingle & Rogers (1972), 

Birch!:.E. .!l., (1978), and others. 

Discussion and Conclusions 

When Stuckenberg (1962) described the distribution track of the 

montane palaeogenic invertebrates in southern Africa he was careful 

not to include non-palaeogenic (i.e. post-Gondwana) elements. 

Balinsky (1962) stated that the "temperate" fauna in southern Africa 

"is nothing else but the relict of the Gondwana fauna": (p.308). 

If the distribution track described for these organisms is restricted 

to palaeogenic elements it would mean that the redfins, which are 
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cyprinids of post-Gondwana age, are excluded. There is however an 

overwhelming body of evidence to show that the distribution track which is 

so clearly described includes both pa1aeogenic and post-Gondwanoid 

elements. The present distribution track is therefore clearly derived 

'from a series of former biotas welded together by the geological and 

geographical history of the region. 

The evidence for the above conclusion comes from a number of sources 

covering several different groups of organisms. The Capensis flora 

includes both the older Gondwana elements and eVidently younger elements 

(Taylor, 1978; Axelrod & Raven, 1978). Ga1axias zebratus is the only 

likely Gondwana form among the freshwater fishes included in this track. 

Within the Amphibia the genus He1eophryne (Leptodacty1idae) has Gondwanoid 

distribution.· Other amphibian genera involved in a "Cape" pattern of 

distribution are mainly African. The freshwater invertebrates of this 

distribution include both pa1aeogenic and Ethiopian forms (Harrison, 1965), 

and the Co1eoptera1nc1ude both Gondwana and post-Gondwana stock 

(Endrody-Younga, 1978). 

Linking the distribution ,'of the redfin species to this generalized track 

opens an entirely new perspective on their biogeography. Various 

explanations for the distribution of the other Cape faunal and floral 

elements have been suggested. Taylor's (1978) view of the evolution 

and biogeography of the Capensis flora is instructive", The flora then became 

an old Gondwanoid flora when it was isolated with the rifting of the mega­

continent. In the southern half(\)t:kis flora was adapted to temperate 

conditions as the continent was at least 150 further south than it is at 

present. With northward drift the warmer and wetter climates encroached 

further south-·; and eliminated this flora in many areas • The flora then became 
~. __ ~ ... 1_", ' .. -~ :, 

more and more restricted to the south and higher lying regions where 

temperate conditions still prevailed. With the cyclic fluctuations of 

the climate since Miocene times (van Zinderen-Bakker, 1976; Co~tzee, 1978) 

it is envisioned that the flora extended and contracted its range leaving 
, 

relicts on the cooler and moister higher a1t~tude regions with each retreat. 

Although the origins of the Capensis flora are possibly ancient this history 

together with the varied topography in the south west Cape suggests that 

the characteristically speciose nature of the flora itself may be recent. 
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The distribution of the Afromontane flora (White, 1978) is also intimately 

associated with the distribution track 'S:litgge:~~ed'by Stuckenberg(l962). 

The history of this flora has been explained by Wild (1968) in similar 

terms to the Capensis flora above. Wild suggests the Afromontane flora 

'was continuously distributed in former times but became disrupted on 

dissection of the landscape and with changing climatic conditions. These 

former connections probably extend to ib~~ond Quaternary times on account of 

the fact that climatic fluctuations during this period (Quaternary) were 

probably not sufficient to allow a bridging of the Limpopo Valley. Wild 

suggests the connect1.on:s' as being of Palaeocene or Eocene times when the 

landscape was apparently not extensively dissected. Again the present 

distribution of the flora is not considered a reflection of extensive 

plant migrations but rather represents the relicts of a former continuous 

distribution. 

Stuckenberg (1962) regarded the characteristic pattern of distribution of 

the montane pa1aeogenic invertebrates as a relict of an ancient distribution. 

EndrodY-Younga (1978) gives a similar explanation for the distribution of 

cecfaih,:beetles as Taylor (1978~ did for the,-~ap~nsisnora, that with the 

northward drift of the continent the temperate region and its associated 

fauna became restricted to favourable localities provided by high relief 

and higher latitudes. 

A similar explanation can be given to the distribution of the redfin 
I 

groups. In the case of these fishes it is necessary to make certain 

qualifications because their past distribution ~s as dependant on drainage 

lines and connections between these drainages as it is today. Thus 

increasing restriction due to changing climates (w;bether as a result of 

northward drift of the continent or global climatic shifts or even more 

localized changes in climate is immaterial) can only occur if the rivers 

provide a suitable refuge or have connection with rivers providing refuge. 

There is no evidence to suggest that !.ca1idus or !.erubescens ever' had 

close relatives in any other rivers of the fold belt region other than the 

01ifants River system. There is little doubt that the other fold belt 

r~vers where Pseudobarbus species occur have provided suitable refuge in 

which a B .calidus-like ancestor or relative could have survived. It is 

simpler to suggest that the lle,cessary drainage connections did not 

I?xist.at the ~ight· time in the; history of-the group. 
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Range of distribution of Barbu5calidus (c, vertical lines); 
B.erubescens (e, black square); B.hospes (heavy horizontal 
Tines);· B~ttevelyani (t, dots);· !~argenteus (a, horizontal 
dashes); . (B~atgenteus also occurs in Angolan rivers - Jubb 
1967). -
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In the phylogenetic section it has been stressed that the out~group 

r'elationships of !.calidus and !.erubescens are_not yet settled. 

Nevertheless the most likely candidates for relatives are the species 

~.hospes, ~.trevelyani and ~.argenteus'~ Although there is a danger of 

) circular reasoning it is notable that these species are distributed in a 

pattern which conforms with the Cape fold belt - African montane archipelago 

distribution track (Fig. 6.11). 

The distribution of !. trevelyani and !. argenteus conforms acceptably with 

this track (Fig. 6.11). The Keiskamma and Buffalo Rivers in which 

!. trevelyani is found (Gaigher, 1976) drain the Amatola Mountains.. This 

region was included by Stuckenberg (1962) as an outlier in the palaeogenic 

invertebrate distribution track. !.argenteus is found in the highveld 

tributaries of the Incomati and Pongolo Rivers (Gaigher & Pott, 1972) which 

conforms with the Transvaal Drakensberg part of the distribution track. 

!.argenteus also occurs in Angola (Jubb, 1967) and there is a species in 

Malawi (!.cho1oensis) which is close to !.argenteus in form. Both these 

localities conform to "islands" in the archipelago distribution track where 

there are Capensis and Afromontane floral elements (Taylor, 1978; White,1978). 

Barbus hospes is endemic to the lower Orange River (Fig. 6.11) which at 

first does not appear connected with the Cape fold belt - montane archipelago 

distribution track. However it appears that there is a definite faunal 

link between the Namaqualand region through which the lower Orange flows 

and the fold belt region. There is evidence from diverse groups to support 

the concept of this extension of the track. The distribution of the 

land snail genus Trigonephrus includes Namaqualand and the southern and 

south-west Cape (van Bruggen, 1978). Endrody-Younga (1978) describes a 

Cape fold belt coleopteran distribution which has a western extension to 

the north-west Cape and the Namib region. The distribution of amphibian 

species e.g. Breviceps spp. match this distribution track (Poynton, 1964). 

The distribution of !!2! grayi given by Poynton (1962, 1964) is also 

remarkably similar. Provided allowance is made for the fact that 

terrestrial forms are not as restricted as aquatic ones then the 

distribution of sever~l other reptile and bird species can certainly be 

invoked as support (Grk~g) & Burdett, 1976; Roberts, 1978). 
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These distributions are usually explained in terms of past climatic 

fluctuations. According to van Zinderen-Bakker (1976) and Ce~tzee (1978) 

cooler winter rainfall conditions have in past times extended as far north 

as 240S in southern Africa. The fossil fauna of Arrisdrift on the Orange 

~River, of ~ocene age, indicates an environment of relatively high rainfall 

and luxurient vegetation (Corvinus, 1978; Hendey, 1978). But Coetzee 

(1978) has also shown that tropical environments extended as far south 

as the Cape Flats in the past. During such periods it is envisioned that 

terrestrial faunas and floras may have extended their distribution ranges 

to include the fold belt region and Namaqualand. A ch~nge to dry climates 

evidently caused the extinction of many forms, except those which have 

adapted or survived in refuges. The mainstream Orange River, which 

depends on its water from the regions of greater precipitation in the east, 

appears to be a refuge. In addition to ~.hospes two other freshwater 

fish species, each with tropical connections, also occur there (~.trimacu1atu6, 

and Engraulicypris brevianalis). 

Although theoretically a link between the Lower Orange and the Olifants 

system may be suggested, there is as far as is known no published 

geomorphological support for this. 

Within the 01ifants River system the al10patric distribution and sister 

relationship of B.calidus and B.erubescens fit a vicariance model perfectly. - -
It would be extremely useful if the formation of the barrier waterfall 

(Skelton, 1976) could be dated as this would provide a reasonable guide to 

rates of evolution of these species. 

Compared with other freshwater fishes in the Capeic1:t1tt~,ofaunal province 

P'vudobarbus present several outstanding features. The first of these is 

that there are seven species in the group - the largest non-cichlid 

monophyletic lineage in southern Africa. Secondly, the distribution of 

the species is with the ·:~ception of E,.quathlambae confined to, but more 

or less extended over a geographically distinct region - the fold mountain 

drainages. Thirdly,the distribution of the species are,with on~ e~ception, 

entirely complementary and a110patric. The exception is ~.tenuis which is 

found sympatrically with ~.asper and t.~ in the Gourits and Keurbooms 

Rivers respectively. 
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The phylogeny of the Pseudobarbus species in relation to their 
distribution. A - P.burgi, B - P.burche11i, C - P.asper, 
D - !.~, E - !.ph1egethon, F ~ !.tenuis, and -
G - P.quath1ambae. 
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There is another outstanding feature about the distribution of the 

Fseudobarbus species (Fig. 6.5). If this is plotted with the distribution 

of the suggested sister-group of the lineage (~.anop1us/~.motebensis and 

~.gurneyi) there is an almost perfect jigsaw pattern of distribution 

~presented covering most of the subcontinent south of the Limpopo River. 

There are a few rivers in the fold mountain drainage where there is 

sympatry between ~.anop1us and Pseudobarbus species but, as mentioned 

ab(1)ve, this may be explained by relatively recent dispersal of ~.anop1us 

from southern tributaries of the Orange River. 

The rem~~kab1e allopatric distribution of the Pseudobarbus species can be 

largely explained by vicariance of a widespread ancestral species. Possibly 

the most difficult aspect to be explained concerns the disjunct distribution 

of £.guat!:h1ambae and its closer relationship with £.tenu;ts in the Gourits 

and £.ph1egethon tn the 01ifants River (Fig. 6.12). 

There is an early phase in the distribution of Pseudobarbus, the origin 

and "arrival" of the ancestral species in the sub-continent, about which 

there is little information and on which very little comment can be made 

at present. Zoogeographers generally have suggested that the cyprinids 

arose in south-east Asia during either the late Mesozoic or early Tertiary 

times. From here they are to have spread, entering Africa in the north­

east (and north-west) relatively late in the Tertiary (Miocene?) (Darlington, 

1957; Lowe-McConnell, 1975; 'van Couvering, 1977; Bowmaker ~!l., 1978). 

This dispersa1ist explanation of cyprinid distribution h~s not yet been 

seriously questioned. There are however a number of related fish groups 

besides cyprinids shared between Africa, and southern and south-east Asia 

suggestjj.ng the presence of a generaliz ed tr ack. This in turn suggests 

there may be a vicariance - continental drift explanation invo1vi~g the 

Indian plate. Banister & Clark (1977) suggest that a possible reason for 

the absence of small Barbus from Arabia is that they originated in Africa 

itself and the African species are not necessarily monophyletic with Asian 

species. 

Since the Pseudobarbus lineage has been linked to the Cape fold belt -

montane archipelago distribution track it is suggested that the common 

ancestor to the lineage evolved or became estlablished during a time when 

temperature conditions were widespread over southern Africa. This was 

possibly before the continent had reached present latitudes, possibly 

during late Eocene to Oligocene times (45-25 MY) when climates were known 
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to have been cooler. During the early Tertiary warm waters prevailed in 

the Antarctic and southern Africa probably experienced tropical climates 

(Coetzee, 1978). Tropical climates prevailed again during the early 

Miocene. A second possible period is during the late Miocene to Pliocene 

when a further period of cooling was experienced. This latter period is 

more in accordance with the suggested entry of cyprinids into Africa 

during the early Miocene (van Couvering, 1977). 

The common ancestor probably achieved a widespread distribution in the 

proto-upper Orange and rivers of the fold belt region. Having attained 

this primitive widespread distribution the history of the Pseudobarbus 

species is most simply explained by vicariance and a few episodes of 

dispersal. This is necessary in the case of P.tertuis which is sympatric 

with other species. 

The earlier episodes of vicariance of the pseudobarbus species (numbers 

1-3. in Fig. 6.12) would have occurred on the isolation of the Berg River, 

the Breede River and the rivers to the east of the Breede. The dispersal 

of a common ancestor throughout the rivers of the fold belt region probably 

occurred primarily via river capture processes. It is possible to suggest 

that the early vicariance of K.burai was effected by the capture of the 

upper part of the Breede River by the Little Berg tributary of the Berg 

River system. Barnard (1936) described this capture as a "primary" 

capture suggesting that it occurred relatively-early in the drainage history 

of the region. 

The continued interconnection of the Breede and Gourits River systems was 

possibly realised by the "secondary" captures recorded by Barnard (1936) 

namely those via Mitchell's Pass, Waaik1oof, Tradouw Pass and Garcia's Pass. 

These connections have therefore possibly ensured the more recent common 

ancestry of K.burche11i and K.~K.asper. The vicariance of P~burche11i 

occurred with the isolation of the Breede River system. The isolation 

of the Breede has been maintained during periods of lowered sea levels 

(Dingle & Rogers, 1972). 

The dichotomy between K.asper and K.~ is less easy to pinpoint because 

of the widespread distribution of K.~. Nevertheless the dichotomy 

appears to be between the coastal rivers and the larger inland drainages of 

the Gourits and Gamtoos River systems. The distribution of K.afer into 

many of the coastal rivers must have occurred via interconnections made 
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Hypothetical evolution of part of the Orange River system 
explaining the phylogeny and present day distribution of 
!.phlegethon, !.tertuis and !.quathlambae. Stippled area 
denotes high altitude regions. A. Possible early drainage 
pattern with Orange reaching the sea via present day 
Olifants River system. Lower Orange River possibly relied on 
Molopo River for its existence and is actively eroding towards 
the east. Proto-Orange tributaries extend further towards 
continental margins than at present. Coastal rivers are 
~~~!uf~ ~~isib~yTeL~u~rQGiqK ~~~s!~_~h~ ~~f~eat of ~he Great 
respectively. Coastal rivers have increased their catchment 
areas at the expense of Orange tributaries. The higher 
regions at the periphery of the Orange basin are eroded and 
have become fragmented. Continuation of the e~osion process 
causes progress toward the present day drainage pattern as 
illustrated for example in Figure 6.12. 
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during lower sea-levels because the majority of these rivers do not 

penetrate the watershed of the coastal mountain chains. 

An offshore and onland geological and geophysical study made by Birch 

~ ale (1978) provides a model suggesting a way in which the coastal rivers 

may have intercommunicated during periods of lowered sea levels. The 

superficial sediments of the eastern Agulhas bank (i.e. the offshore region 

between the Breede and Gamtoos Rivers) are predominantly drowned sand 

dunes (Dingle & Rogers, 1972). The regions between the major river valleys 

(Gourits, Gamtoos) was relatively poorly drained with meandering rivers 

facilitating transverse drainage patterns and interconnection of rivers. 

It has been shown in Chapter 3 that K.asper was probably present in the 

Groot River tributary of the Gamtoos system before its capture. There was 

evidently some connection between the drainage of the Gourits and the Groot 

River of the Gamtoos system in the past for at the present time there are 

several regions of extremely low divides between the two. It is possible 

that both drainage captures and sheet flooding during periods of high 

rainfall have provided interconnections between the systems in such regions. 

Under present conditions the relationship between the phylogeny and 

distribution of the remaining threePseudobarbus species, K.phle~ethon, 

P.tenuis and K.quathlambae is at first glance difficult to conceive (Fig. 6.3). 

However, by proposing a relatively simple hypothetical but entirely feasible 

drainage history (Fig. 6.13), a logical explanation can be given. It has 

already been suggested that the Orange River system formerly linked with the 

Olifants River system. The former drainage line may be suggested to extend 

from the right angle bend in the Orange River at Prieska across the level 

country around Verneukpan as in Figure 6.l3A. At this time the tributaries 

of the proto-Orange would have extended further louth tow.ard. the fold belt and 

coastal region (du Toit, 1933; Wellington, 1958). The land toward the outer 

margin of the proto-Orange basin is expected to have been of relatively high 

altitude due to the thickness of Karroo sediments and the upwarping from 

the earlier rifting. On the coastward side of the escarpment the rivers 

were by Oligocene-Miocene times well established and actively eroding the 

scarp face. In the south the fold mountain belts were reasonably exposed 

and the drainage directed primarily sub-parallel to the coast within the 

strike valleys of the mountains. The common ancestor to K.phlegethon, 

K.tenuis and K.quath1ambae was evidently widespread in the proto~Orange 

at this stage. 
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The vicariance of !.phlegeth~n (and possibly several other Olifants River 
species) ~ would ha.v~ :occurred with the capture of the middleOrang'e by the 

headward erosion of the lower-Orange (Fig. 6.l3~). It is possible that 

the capture of upper-Orange occurred in two stages which would explain 

) the modern drainage lines of southern tributaries. The first would 

possibly have been a capture via the Hartebeest River in the Verneukpan 

region (Fig. 6.l3B) number 1) and later a possible capture via the main 

Orange(River at the Prieska bend (Fig. 6.l3B number 2). 

According to this model P.tenuis therefore evolved in the proto-Orange 

River system and not the Gourits where it occurs at present. The 

vicariance between !.tenuis and !.guathlambae is likely to have been 

effected within the proto-Orange ; Sist;ero itself. With continued erosion 

the Orange basin became more and more di'ssected. The great thickness of 

Karoo sediments in the east with the resistant Stormberg lava cap ensured 

the prolonged survival of a high altitude block (the Drakensberg) in this 

region. It is possible that the vicariance of !.tenuis and !.guathlambae 

was caused by isolation of headwater regions by unfavourable downstream 

conditions such as warmer temperatures or different physico-chemical 

river conditions. Further the southern Orange tributaries an~ the more 

rapidly eroding larger rivers to the east of the fold belt region (Sundays 

River ,('lr;e:a~'Fish River, Kei River) had begun to dissect the higher altitude 

regions into pockets. These pockets have remained as l,~e~uge areas in 

the generalized distribution track described ab'#"e for the temperat'e 

fauna (Stuckenberg, 1962). 

Rivers of the fold mountain drainage had by this time penetrated through 

the northern fold arc and were eroding the southern scarp flanks. !.tenuis 

was probably translocated from the Orange to the Gourits by river capture 

concomitant with the scarp retreat. With continued erosion the headwaters 

of the southern tributaries of the Orange have retreated further and 

further from the coast and during dry climes probably ceased to exist for 

long periods. At the present time these drainages are extremely 

intermittent and do not provide suitable conditions for a fluviatile species 

such as P.tEmuis to survive. An extinction of P.tenuis intlhe-.Orangeis thus - . 

proposed. Its presence in mountain streams of the Gourits is seen to 

represent a relict survival in suitable habitats provided in the fold 

mountain catchments. 
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This theory also explains the sympatry of the species with !.asper. 

The presence of P.tenuis in the Keurbooms River can also be explained 

by dispersal via river capture. The Keurbooms River is the only river 

of the coastal portion between the mouth of the Gourits and the Tsitsikamma 

coastal plain which has penetrated the Outeniqua-Tsitsikamma mountain 

divide. In so doing it must have tapped drainages which formerly flowed 

into the Kammanassie River of the Gourits River system. The selective 

dispersal of P.tenuis and not !.asper into the Keurbooms is explained by 

reason of habitat differences of these two species - !.tenuis a mountain 

tributary species and !.asper is a ~ainstream form. The coincident 

distribution of Galaxias zebratus in the Keurbooms River provides a 

further measure of support for this theory. 

The isolation and restricted distribution of !.quathlambae in the 

Drakensberg occurred in conjunction with the evolution of the Orange River 

system. The Stormberg lava capped Drakensberg represent an erosional 

remnant of formerly more widespread and thick full sequence of Karroo 

sediments. Wellington (1958) has pointed out that the present thickness 

of the lava strata must be considerably less than in the past. 

Consequently it is expected that altitudes were also far greater than 

at present. Wellington' (.£R. cit.) estimates a removal of at least 

2 000 m of lava by weathering and erosion. Although this figure is 

probably ~ gross over-estimation the concept is in agreement with recent 

ideas (De Swardt & Bennett, 1974; Corbett, 1979) that the present land 

surface is not a preserved remnant of the Gondwana or early post-Gondwana 

land surface as proposed by King (1978). 

It is reasonable to suggest that !~quathlambae has become highly adapted 

(Greenwood & Jubb, 1967) in response to higher altitudes and probably 

more extreme environments in the past than occur at present. 

The presence of !.quathlambae in the Umkomazana River in Natal is logically 

explained by headwater capture of Orange River tributaries. The relatively 

low altitude of these localities suggests probably a sub-optimum environment 

for the species. Barnard (1938a) notes that the original specimens were 

submitted with a note from the collectors that they were common, in 

Drakensberg streams before the introduction of trout. The species appear 

to be extinct today in Natal waters although it survives in the Tsoelikana 
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River- in the presence of trout. Gephard (1978) has suggested that the 

difference between survival and extinction in these two situations is 

probably a reflection of difference in an optimum environment for this 

specialized species. 

In conclusion it is believed that the distribution of the redfin minnows 

is intimately interrelated with the historical development of the region. 

The span of time which the species have been in the region appears to be 

considerable. There are geological clues which could in future be used 

to provide a more accurate dating of the group, ,and the redfins may then 

be instrumental in revising the time scale of cyprinids in Africa. 

The distribution of the redfiu .. speci~s is explained above using both the 

concepts of dispersal and vicariance. Vicariance is seen to be the primary 

factor in the distribution of the species, dispersal a secondary factor. 

The most problematical questions which remain concern the initial or 

ancestral distributions of the two redfin groups. Just how widespread the 

ancestral redfin Barbus andPsetidobarbus species were in Africa will be 

extremely difficult to answer without further knowledge of relationships 

within and beyond southern Africa. The chance discovery of fossil relatives 

could also provide some answers to the questions of space and time of redfin 

origins. 
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CHAPTER 7 

GENERAL DISCUSSION WITH SPECULATION ON ASPECTS OF REDFIN EVOLl1rION 
t . L 

Ultimately one looks towards the broader implications of a study such as 

this ,O.pthe red fin minnows. The solutions to the special taxonomic problems 

of cyprinids requires a firm foundation of the morphological characters 

of the fishes. The study has Ptrovided the redfin species with such a 

foundation and the results hav.e bearing in the light of developing trends 

on the broad front of systematics and especially the systematics of the 

cyprinids. This discussion will consider these implications especially 

with regard to future studies on the redfins and other African cyprinids, 

especially the small Barbus. Other points including preliminary 

speculation on redfin evolution and a conservation note will be presented. 

Future tmpiications of the redfin study 

It is a natural consequence of detailed study that as answers for questions 

are provided new questions arise. At the outset this study attempted 

to answer several basic questions on the redfins "~; how many species are 

there?4o"W;hat phylogenetic relationship do they have?:~:_What is their 

relationship with other Barbus species?,,:HQwc is their geographical ........ -

", df~tribution explained. To a greater or lesser extent answers to these 

questions have been provided. 

The taxonomic questions were approached in the light of recent approaches 

on similar groups of fishes elsewhere. For example revisions of the 

genus Nocomis (Lachner & Jenkins, 1967, 1971a & b; Lachner & Wiley, 

1971; Jenkins & Lachner, 1971) emphasised the need for a thorough 

analysis of morphometric and meristic values over a complete range of 

each taxon and also stressed the desirability of investigating particular 

character complexes in depth. The lack of such knowledge on African 

cyprinids and the redfins was emphasised by the identification problems 

these species present to both the field worker and the taxonomist. 

This stressed the need to make such a study on the redfins as a basis 

for understanding cyprinid chara%~ers and their variation. The study 

has produced ample rewards in the case of the redfin species. Without 

the initial attention to detail the later sections of the study dealing 

with phylogenetic relationships and biogeography would have been severely 

hampered. 
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Although the results of the redfin study might be useful for comparison 

with other small Barbus species in southern Africa each problem should 

ideally be judged on its own merits. Redfin~iabi1ity is possibly 

higher than most small Barbus-1ike cyprinids in Africa. This opinion 

is based on factors which pertain to the redfins and which is unusual 

in the African context. These are (a) their geographical location 

and (b) what appears to be a low ecological saturation with regard to 

other fishes in redfin inhabited waters. Niko1sky (1976) has shown 

that fishes at higher latitudes have in general a greater range of 

variability and also that variability of characters in fishes is 

inversely proportional to the diversity of the fish fauna. 

The depauperate .nature of the south coastal drainage in.A:frica is well 

known (Jubb, 1965; Bowmaker ~ &., 1978). Most rivers in the region 

have at most four or five indigenous fish species. The C1anwi11iam 

01ifants is exceptional with nine species. !.guath1ambae is the sole 

indigenous fish inhabitant of the localities where it is known to occur 

at present. The successful introduction of several fish species to 

south coastal rivers through man made agency provides circumstantial 

support to the concept of the low degree of saturation of these environments. 

It would require a similar extensive morphometric and meristic analysis of 

the characters of many other small Barbussp:ecies to effectively gauge 

the comparative variability of the redfin characters. Based on the 

species accounts in Jubb (1967) however it is notable that e.g. 

caudal peduncle scale rows of many small Barbu,s species have more narrow 

limits of variation. A single count often identifies a species. 

Comparison of variability of characters in small Barbus species from 

different situations would make an interesting and useful investigation. 

This knowledge would be extremely valuable when making taxonomic decisions 

on these frequently problematical cyprinids. 

The major change brought about in redfin taxonomy is the direct result of 

the interpretation of the pftylogeny of the species. The status of most 

of the species was endorsed in the initial taxonomic study and there was 

no formal designation of any subspecific categories. These decisions 

are in agreement with the concept that the measurable intraspecific 

variation in these cyprinids is primarily a reflection of plastic 

phenotypes responding to variable environmental conditions. For these 
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riverine cyprinids it is of distinct advantage to be adaptable to a 

fluctuating and variable environment. In the absence of genetic 

evidence it is considered weak practice to apply formal taxonomic 

labels to populations which differ in characters which elsewhere 

have .been shown to change in response to physical or chemical 

environmental parameters. 

It should be stressed that this study has had to rely excessively on 

available literature for the evaluation of character differences and 

variation. The necessity to determine the effect of variable 

environmental pan:ameters on a wide spectrum of taxonomic characters is 

clearly an important field of future research on the redfins and other 

African fishes. Such studies must be conducted both in the field and 

under experimental conditions. 

Problems such as that presented by !.~> and !.asper would be better 

understood if there was available information from experiments which 

determine the effect of physico-chemical parameters on characters such 

as scale size or body proportions. It would also be extremely useful 

to physico-chemical tolerances of the species and to relate this to 

the field situation. The study by Hofm~yr (1966) illustrates the 

potential value there is in information of this kind. 

Redfin taxonomy would benefit particularly on studies designed to determtne 

factors influencing the length and coiling of the gut or the function 

of the tubercles. These could be corroborated with field obse~vations. 

Field studies, at least as far as systematic questions are concerned 

should concentrate on breeding behaviour, feeding regimes and ecological 

interactions in relation to the annual cycles of the environment. It 

would be useful to study growth under natural conditions. For example 

preliminary observations suggest that the relatively small size of 

X.phlegethon is due to,e·e shorter life cycle and ead.1er maturation of the 

species relative to other Pseudobarbus. It is desirable to know the 

habitat preferences of the species and this would be particularly useful 

to the taxonomy of !.~ and X.asper. 

The application of Hennigian philosophy to the redfin study realized a 

number of definitive results which would have been different if any 
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other approach had been used. Firstly the decision to recognise the 

generic status of Pseudobarbus is made in the light of the clear monophy1y 

of the group. The incorporation of ~.9uath1ambae in this genus is a 

logical consequence of the relationships of the species. Nevertheless 

the species is as distinctive as it ever was when it fully justified 

generic ranking (Greenwood & Jubb, 1967). 

The decision to include ~.9uath1ambae with Pseudobarbus will possibly 

meet with resistance from the non-systematic orientated biological 

fraternity to whom it is advantageous to refer to the distinctness of 

the species. There is undoubtedly an innate human resistance to taxonomic 

change, at least when it involves well known species. This fact was 

recognised by Ribbink~';'(1975) when, in spite of considerable biological 

evidence supporting the formal recognition of an isolated population of 

Pseudocreni1abrus philander as a distinct species, he declined to do so. 

There was and sti 11 is much "consumer resistance" among field biologists, 

fisheries scientists and others, to accepting the decision by Trewavas 

(1973) to divide "Tilapia" into Tilapia and Sarotherodon. 

This is made note of because it constitutes a real problem with several 

groups of African freshwater fishes when a Hennigian philosophy is 

adopted for tftkir systematic study. Greenwood (1979) divided the large 

cich1id genus Hap10chromis into several genera On the basis of shared 

derived characters. There has not been sufficient time for his ideas 

to enter general circulation to assess reaction, and it is almost certain 

that it will be same time before the new generic names become well known 

and generally used. It is however important that general acceptance is 

forthcoming, because c1assificafions based on cladistic philosophy are 

made with the sole criterion of the close relationships of taxa as 

evidenced by shared derived characters. Relationships between organisms 

forms the basis of the concept of comparative biology (Nelson,' 1970) 

and is vital for the practical implementation of scientific biological 

knowledge. 

In this light the redfin study makes certain clear implications for future 

studies on the genus Barbus. Provided the problems of parallelism and 

convergence can be overcome - and this is possible if sufficient attention 

is given to the details of characters (e.g. the pharyngeal teeth of 
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!.guathlambae) - natural subunits of the "genus" can be recognized on 

the basis of shared derived characters. These natural groups can then 

be safely separated from the whole and gradually a complete picture built 

up. Cladistics therefore offers a logical solution to the problem of 

large and unwieldly genera so cammon in the cyprinids. 

Although the problem has not arisen with this particular study, the 

question of applying the biological species concept in studies based on 

Hennigian concepts has recently been discussed by Rosen (1978, 1979) and 

Bremer & Wanntotp (1979). These authors have concluded that the two 

concepts are incompatible. Because it is likely that Hennigian methods 

will be applied to future Barbus studies it is desirable to examine these 

developments further. 

Rosen's (1978) argument is basically that if an allopatric speciation 

model is accepted (it appears to apply in all cases of redfin speciation) 

it will most often be the case that sister species are allopatric in 

distribution. This being so they will generally not satisfy the 

biological species criterion of non-interbreeding sympatric units. 

Furthermore this criterion applies only to living representatives of 

related species and does not account for the possibility of extinctions 

of intermed'i.ate relatives. For these reasons the biological species 

does not satisfy the demands on the species unit in Hennigian studies. 

Wiley (1978) has reconsidered the evolutionary species concept and defines 

a species as a single lineage of ancestral-descendant populations of 

organisms which maintains its identity from other such lineages and which 

has its own evolutionary tendencies and historical fate. This definition 

c~ters more for the requirements of cladistic philosophy. If an 

interbreeding criterion is not required Rosen (1978) suggests that the 

number of populations to be included in the lineage need only be determined 

on the basis of shared derived characters. According to this view and 

for practical purposes a "species" is merely a unit of taxonomic 

convenience applied to a population or assemblage of populations in 

which no taxonomic divergence is detected (Rosen ~.£!!.). 

Rosen (1979) extends this idea that species are merely units of taxonomic 

convenience by arguing the fact that reproductive incompatibility is a 

plesiomorphic character within any monotypic lineage (i.e. the lineage 
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is derived from a single species). A "species" in cladistic analysis 

cannot therefore be considered 'on' the baSis ',of. reproductive compatibility 

(a cornerstone of the biological species concept) because such compatibility 

will be a plesiomorph character not yielding information on relationships. 

Rosen (1979) concludes that the "species" is, at least for the purposes 

of cladistic analysis ,"the smallest aggregation of individuals with 

specifiable geographical integrity that can be defined by any current 

set of analytical techniques" (:277). According to this criterion 

the subspecies category, by virtue of its definition (~ Mayr, 1963, 

1969) is redundant. 

Bremer &\ Wanntorp (1979) have also exposed incongruities between the 

biological species concept and Hennigian phylogenetics. The incompatibility 

exists in that cladistics considers the sequence of geographical isolation 

of populations which is not necessarily the same sequence as the 

development of reproductive barriers between isolated populations. The 

latter development represents the completion of speciation according to 

the biological species concept. Bremer & wanntorp (.2£ • .£!!..) advocate 

the adoption of Wiley'S (1978) evolutionary species concept. 

The above alterations in species concept would not seriously effect redfin 

taxonomy at the present time because the species are all, as far as I 

can determine, the "smallest" aggregation of intlividuals which are defined 

by the set of morphological criteria which were employed. This statement 

is necessarily qualified by the fact that there are some redfin species 

populations which do differ from other populations, but there is no 

evidence yet that such differences are genotypic. 

If redfin taxonomy is not likely to be effected much by these philosophical 

developments the same cannot be said for other African fish groups 

including many cyprinids. The polytypic nature of many species is 

frequently recognised. Each such recognizable subunit could in future 

become a full "species" according to the above criteria. In order to 

prevent an unnecessary "explosive" phase of taxonomy it will become 

increasingly important to consider carefully the taxonomic weight of the 

characters employed. 

As demonstrated in the redfins many traditional characters in cyprinids 

are weak indicators of phylogeny and are required to be used with caution. 
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These characters are of limited value in Hennigian analysis. In many 

cases these characters are suitable for descr:Llitive purposes only. 

Most southern African freshwater fish species are adequately described. 

If there are to be, relatively rapid advances in detertnining relationships 

of the species research should concentrate on qualitative character 

analysis - such as provided by osteology - which are likely to provide 

adequate synapomorphies. At present such characters are barely explored. 

The good results which can be expected by such investigations are readily 

demonstrated in the success this study achieved in determining the 

relationships of !.quathlambae. 

Speculation on the evolution of the redfins 

With a knowledge of the morphology, phylogeny and ideas on the biogeography 

of the redfins it is possible to present tentative thoughts on their 

evolution. Naturally there are major limitations in the presentation of 

these ideas because of the lack of knowledge on important aspects other 

than morphology when considering the evolution of the species. Not 

only is the environment poorly known but almost nothing is known about 

redfin biology and ecology. One has only a few impressions based on 

handling numerous specimens and onca.sual observations during collecting 

acUWities. 

It is nevertheless important that what ideas there are, are presented 

because in this wa.y a start can be made on defining the gaps in our 

knowledge and possibly guide the ways of filling these gaps. 

There is no known fossil record fram which we can get any ideas of early 

morphology of the redfins. We have only the endpoints of the evolut.i.onary 

process. By considering those characters which are probably plesiomorphic 

same idea of the nature of the postulated ancestor can be established. 

Considering first the Pseudobarbus lineage a moderate size, fusiform 

shape and sexual dimorphism are entrenched characters of the species. 

A barbel led inferior mouth as well as the tendency for the p1esiomorph 

species to have elongated involuted guts suggest that all the above were 

characteristic of the hypothesized ancestor. A tendency to reduce the 

supraneural bones and anterior intramuscular bones was also established 

early in the history of the gcoup. 
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These characters suggest the ancestral species was probably similar to 

!.bur&i, !.burchelli and P.afer. The environment under which the species 

existed was probably not unlike the rivers of the fold belt region at the 

present time. These rivers are ancient (Chapter 6) and the geology of the 

region has exerted much the same influence on the physical and chemical 

nature of the rivers since the postulated early origin of the redfins 

presumably during the Mio-Pliocene. There have undoubtedly been 

considerable climati~ fluctuations over the period of evolution of the 

group (van Zinderen Bakker, 1976; Coetzee, 1978). It is impossible to 

select any divergent extreme from present day conditions which might have 

had a greater evolutionary impact on the majority of the species. To a 

certain extent it does appear that the evolution of !.tenuis and !.quathlambae 

was probably determined during more extreme conditions than at present 

(see below). 

According to the biogeographical hypothesi~ presented in Chapter 6, the 

speciation of the group is due to geographical vicariance. The rivers 

in which ~.bwrgi, P.burchelli and ~.afer occur are reasonably characteristic 

and similar in physico-chemical parameters (Harrison & Agnew, 1962). 

The invertebrate fauna of the rivers is also similar (Harrison & Agnew, 

~.cit.) and there are no great differences in cohabiting freshwater fishes. 

It is more than likely therefore that what evolutionary change there has 

been in these more plesiomorph species has been the result of a long 

history of isolation rather than any major change in the environment, 

biotic or abiotic. 

Trophic adaptations, sexual dimorphism including prominent tubercles, 

squamation characteristics and skeletal reduction form the more obvious 

particularities of Pseudobarbus. These morphological features provide a 

few clues as to what the guiding factors in the initial evolution of the 

lineage appear to have been. There is little evidence of any external 

biotic pressure being a major force. 

Sexual dimorphism and prominent tubercles may have evolved entirely in 

response to intraspecific pressures. Wiley & Collette (1970) and 

Collette (1977) list several possible functions for tubercles similar to 

those found in Pseudobarbus species. These include the three primary 

functions of maintaining body contact between sexes during spawning 

(scale and fin tubercles?), defence of nests or territories, and 

stimulation of females in breeding (head tubercles?). The development, 
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form and distribution of the tubercles on the fish suggest that these 

functions probably fit the role of the tubercles in the more plesiomorph 

Pseudobarbus species. They could quite possibly have developed to satisfy 

intraspecific and physical environmental demands (clear flowing water?). 

A protrusile inferior mouth, scraping pharyngeal teeth and an intestine which 

is variably elongated indicates that the species are primarily geared for 

benthic omnivorous feeding. Presumably this represents a general 

adaptation for the maximum exploitation of available food resources. 

Reduction in scale size occurs in various fishes in response to different 

pressures. Fast swimming oceanic fishes or fishes which exist in strong 

current environments reduce friction by developing small scales or losing 

them entirely. Species which require enhanced flexibility usually also 

have small scales (e.g. anguilliforms mastacembelids)' Benthic species or 

species which make frequelilt contact with the substrate also frequently have 

small scales - at least ventrally. The reduced breast scales of the 

Pseudobarbus group correlates with the inferior mouth and the suggested 

basic benthic feeding habits of the species. The reduction of the pelvic 

axillary scale also correlates with this habit as it has been found that 

this scale is reduced in many species living at or near the bottom 

(Norman, 1975). 

The reason for the evolutionary reduction of supraneural and intramuscular 

bones in Pseudobarbus is not well understood. This may be a response 

to particular locomotory demands or even possibly reduction through absence 

of a sustaining selection pressure. A chemical impoverishment is a 

notable characteristic of the acid waters of the Cape fold belt (Bond, 

1946; Harrison & Elsworth, 1958; Harrison & Agnew, 1962). The aquatic 

medium itself forms a major source of mineral ions, especially calcium, 

in fishes (Simmons, 1971). Reduction of ossification in Pseudobarbus 

may therefore be a response of physiological expediency possibly in 

the absence of strong functional demands on these structures. 

The evolution of more divergent species in the later phylogeny of the 

lineage appears at least partly explained by known factors of the particular 

environments in which these species occur. !.asper inhabits larger 

tributaries of the Gourits and Gamtoos River systems which differ markedly 

physically and chemically, from mountain tributaries of these systems. 
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The most outstanding feature of the species are the relatively small 

scales. 

In freshwater fishes an increase in salinity tends to retard the rate of 

embryological development. This in turn tends to increase meristic 

characters (Barlow, 1961; Fowler, 1970). The small scales of R.asper 

may be a physiological evolutionary response to an environment which 

relative to other Pseudobarbus environments, has greater mineral and ionic 

concentrations. 

The most notable features of E,.,2.hlegethon relative to other Pseudobarbus 

species are small size and reduction in sexual dimorphism and tubercles. 

Other distinguishing characters include a narrow profile, a small mouth 

and adult pigmentation. The outstanding feature of the 01ifants River 

system (where R.ph1egethon occurs) in relation to other rivers of the fold 

belt region is the high number of endemic fish species (Jubb, 1965; 

Bowmaker, ~ al., 1978). It is to be expected that this would mean a 

quite different ecological situation operating for much of the evolutionary 

time span of R.phlegethon (the fact that there are several endemic species 

in the 01ifants indicates that the forms have probably been present there 

for a relatively l~ng time). 

In what way might these cohabiting species influence the evolution of 

!.phlegethon? If sexual dimorphism and large tubercles indicate specialized 

territorially orientated breeding behaviour in the more primitive 

Pseudobarbus species, it could be that such behaviour was selected against 

in !.ph1egethon by interference (predation?) from cohabiting species. 

Smaller size, narrow profiles and disruptive pigment patterns of P.phlegethon 

could be adaptations facilitating avoidance of or refuge from cohabiting 

species. 

!.tenuis and !.quath1ambae are relatively specialized species. P.tenuis 

has a slender profile suggesting it has adapted to moving water (Hubbs, 

1940, 1941). In streams where there is sufficient current for a fish 

species to be adapted in the manner in which R.tenuis is, there is usually 

very little organic sediment. A bottom feeding species is likely to 

exploit benthic organisms. The unusual degree of specialization of the 

pharyngeal teeth of !.tenuis and Q.quathlambae indicates that there has 

been a strong selection pressure on these structures, and it would seem 

that the pressure was exerted by the food source itself. 
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According to the hypothesis of the biogeography of the redfins given in 

Chapter 6, R.tenuis probably evolved in a proto-Orange River system and 

later dispersed to the Gourits River system where it has had refuge. It 

has been collected in sites which suggest that the present day environment 

in Gourits tributaries is not the optimum under which the main facies of 

the species evolved. These sites consisted of slow flowing pools with 

marginal vegetation and deep bottom sediments. The gut contents of 

individuals from these localities consisted of filamentous algae and 

diatoms. 

R.tenuis and R.asper are both found in the Gourits River system. Both 

species have opposing character traits in the lineage, and to a greater 

extent, different habitat preferences. It is possible therefore that 

these morphological characters and habitat preferences of each species may 

have been reinforced through character displacement. This possibility 

would have to be investigated extensively in the field before it could 

be verified. It would, however, be difficult to find a suitable location 

at which to conduct a study because there are few, if any, which are 

unaffected by human activity. 

The specializations of !.quath1ambae are clearly supra1imita1 as regards 

the Barbus level of organization (Greenwood & Jubb, 1967). These 

specializations point to adaptations for the high altitude mountain 

environment where the species occurs. There is firm evidence that the 

environment in the Drakensberg has been considerably more extreme than at 

present, especially in respect of colder climates (Harper, 1969; 

Fitzpatrick, 1978). This factor must be considered when explaining the 

evolution of !.quath1ambae. Physical environmental parameters such as 

temperature, current and substrate appear to dominate the evolutionary 

directions taken by this species. Various explanations for characters 

such as small scales and pharyngeal teeth have been given elsewhere in 

this study. As in the case of !.tenuis the trophic specializations of 

R.9uath1ambae appear likely to have evolved in response to the favourable 

food resource (benthic and allochthonous invertebrates). 

Gephard (1978) considers certain aspects of the evolution of !.quath1ambae 

and emphasises its adaptation to high altitude situations. An interesting 

point raised by Gephard (op.cit.) concerns the competitive ability of the 
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species. !.quathlamhae is known from three localities in only one of 

which it is known to survive in the presence of trout (Tsoelikana River). 

This locality is the one in which another indigenous species (Barbus holubi) 

is found during spawning runs. Gephard suggests this population may 

therefore be more equipped than others to withstand predation. 

This idea has a certain amount of merit (see conservation note below) 

and possibly highlights a factor which appears conspicuous by its absence 

(or low profile at most) in the evolution of the Pseudobarbus - namely a 

low interspecific competitive factor. The possible significance of this 

on taxonomic characters has been mentioned earlier in this discussion and 

now as then it would be interesting to know more about this aspect. It 

certainly suggests that the Pseudobarbus species would make interesting 

comparative subjects for an evolutionary study especially as so little is 

known about the evolution of Africa's cyprinids and other riverine fishes. 

Factors in the evolution of B.calidus and B.erubescens are more difficult 

to make on account of the difficulty in interpreting plesiomorph and 

derived characters of the species. Field and aquarium observations 

indicate both the species are active mid-water swimmers feeding probably 

by sight from the water column or water surface. Both species are 

usually encountered in large open river stretches or in clear deep pools 

with a through water flow. The morphological adaptations of both species 

but more especially !.calidus, are towards active swimming habits 

(Chapter 3). 

Mode of life was probably firmly established before the vicariance of the 

species. Subsequent to this vicariance the selection forces appear to 

have maintained or enforced the morphological characters related to swimming 

of B.calidus to a greater extent than those of !.erubescens. Thus B.calidus 

has a narrower caudal peduncle, more falcate fins and a dorsal fin more 

posterior than !.erubescens. The serrations on the dorsal spine are 

either defensive or possibly related to functional actions of the fin 

during locomotion. In either case the strong spine of ~.calidus agrees 

with other circumstantial factors (if defensive ~.calidus co-exists with 

at least six or seven other fish species and B.erubescens with only one 

much smaller species Galaxias zebratus; if the spines serve as a fin 

support for more stringent swimming actions the morphologicalcharatters 

mentioned above are all positively correlated). 
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The most ebvieus differences between the environments of the two species 

at the present time appears to. be the absence of cohabiting fish species 

with !.erubescens (Skelton, 1974b). It seems reasonable to suggest 

that these cohabiting species or lack thereof have played an impertant 

role in the evolution of B.calidus and B.erubescens. Further speculatien 

is not justified but it would make an interesting comparative study for 

the student ef evelutien. 

A nete en censervatien 

One ef the prime reasens fer initially undertaking this study ef the redfins 

was a cencern ever their censervatien. The fellewing few theughts are 

presented in the belief that this study can centribute to. the censervatien 

ef these fishes. Indeed this is vital if there is to. be a future fer 

the numereus fields ef enquiry which remain. The redfins may net be 

cemmercially er ecenemically impertant. I trust hewever, that this study 

has expesed the scientific interest of and, by intimate link with the 

evelutien ef the sub-centinent, their great aesthetic value fer man. 

If a reasen be required fer their censervatien it is this, that they are 

so. much part ef this envirenment that to. lese them weuld be a mark enly 

ef the lack ef cencern er respect we have fer it. 

An assessment ef the censervatien status ef the redfin species was given 

by Skelten (1977). ~.phlegethen and ~.quathlambae were censidered 

endangered, P.erubescens as vulnerable and the ether species as rare. 

This assessment is due to. be reviewed in the near future in the light ef 

additienal infermatien which has ceme to. hand. In the case ef ~.asper 

and ~.afer this will necessarily include the taxenemic changes made in 

this study. 

The redfins are threatened fer ene basic, perhaps self evident reasen, 

viz. adverse ecelegical changes breught abeut threugh man's agency. The 

actual facters invelved can be grouped into. several classes, a few ef 

which are ef majer impertance in the case ef the redfins. 

Physical expleitatien ef water reseurces is a majer facter effecting the 

existence ef indigeneus fishes. Due to. ever increasing pepulatiens it 

appears that there is little which can be expected by way ef future 
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improvement of the situation. In one respect however, something could 

be done. Agricultural exploitation of the rivers and water resources in 

the fold belt region tends to operate via numerous weirs and diversions 

by individual land owners on each and every stream or river. There are 

naturally many larger irrigation schemes but these probably do not 

effect redfin populations to the extent that the former class do. These 

smaller diversions frequently destroy the entire downstream environment 

(by total water abstraction). They also more often than not limit upstream 

habitat for the fishes and are frequently made inhospitable by the introduction 

of exotic predators. 

Effective conservation will only be possible with a rewriting of the water 

laws so that the state has a say in the manner of water exploitation by the 

riparian landowners. At present these-laws do not even consider that-

the waters of South Africa's rivers even have fishes in them. 

Introduction of exotic predator species has been a second major factor 

in the decline of the redfin species. The influence of introduced exotics 

appears to have been particularly severe in the case of the redfins and this 

probably relates to the low level of competition evident in their evolution. 

Communities which have evolved in the absence of specialized predators are 

unlikely to be equipped with the necessary mechanisms to withstand such 

predation. This has been demonstrated on several occasions (e.g. 

McDowell, 1968; Smith, 1978) and it is highly likely that the principle 

pertains to the redfins including !.quathlambae (Gephard, 1978). 

Gephard (1978) considers that the demise of !.quathlambae is the inevitable 

fate of this specialized species in its diminishing habitat. This may be 

so but it would be a tragedy if through man's selfish folly, this demise 

is hastened any more than it has been already. Whereas it is extremely 

difficult to implement conservation measures with regard to man's overall 

usage of water resources it is within the bounds of conservation authorities 

to enact only sound measures with regard to the introduction of destructive 

exotic organisms. 

Although this study of the redfins has advanced our systematic knowledge 

of the species it has also exposed many gaps. This exposure is hopefully 

timely. The science of systematics is making rapid advances in many 

spheres. The taxonomy of freshwater fishes in southern Africa is 

sufficiently advanced to be standing at a crossroads where it may join 
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what promises to be a rewarding highway. The red fin study has, it is 

hoped, indicated something of what this highway offers. 
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APPENDIX 1 

Material examined of redfin Barbus and Pseudobarbus species. (Note: a 

few SAM records not seen, but presumably valid and recorded for 

distribution plots). 

Abbreviations. AM/P: Albany Museum (fish collection); BMNH: British 

Museum (Natural History); MACT: Musee d'Afrique Centrale, 

Tervuren; NM: Natal Museum; RUSI: J.L.B. Smith Institute 

of Ichthyology, Rhodes University. 

Collectors (only the first in case of several): KHB - Dr Keppel Barnard; 

RAJ - Dr Rex Jubb; PHS - P.H. Skelton; CWT - Mr C. Thorne; ST - Mr S. 

Thorne. 

Ditto refers to previous mentioned sample. 

BARBUS CALIDUS 

Lectotype: SAM 18605 (Jan Diesse1s R. , KHB, 1936) 

Para1ectotypes: SAM 18605 (ditto) ; SAM 18606 (TRA-TRA River 32° 17'8, 

19° 14'E, KHB, 1936); 18756 (Olifants R., KHB, 11 April 1937); 19002 

(KHB, 16-18 April 1938); SAM 22499 (Boontjies R., 32° 36'S, 19° 04'E; 

KHB, Nov. 1936) ; SAM 215-216 (Olifants R., C.L. Leipo1dt, 30 Nov. 1897); 

SAM 2012-2915 (C1anwi11iam, R.M. Lightfoot). 

01ifants River System: SAM 22478 (KHB, April 1949); AM/P 728 (Thee R. 

K. van Rensburg, Feb 1964) ; AM/P 885 (K. van Rensburg, 1965) ; AM/P 

1371 (Rondegat R., F.L. Farquharson, April 1967) ; AM/P 1393 (Keerom 

K. van Rensburg, Jan. 1964) ; AM/P 1581 (Tra-Tra R.,R. Louw, Nov. 1968) 

AM/P 1644 (Noordhoeks R., F.L. Farquharson, April 1967) ; AM/P 1797 

(Rondegat R., PHS, Sept 1972) ; AM/P 1818 (Thee R., D. Heard, Sept 1972) 

AM/P 1844 (Tra-Tra R., PHS, Jan 1973) ; AM/P 1850 (Jan Diesse1s R., PHS, 

Jan. 1973) ; AM/P 1855 (Matjies R., PHS, Jan. 1973) ; AM/P 1857 (Breekkrans 

R., PHS, Jan. 1973) ; AM/P 1862 (Noordhoeks R., PHS, Feb. 1973) AM/P 

1869 (Thee R., PHS, Feb. 1973) ; AM/P 1871 (-Rate1s R., PHS, Feb. 1973) 

AM/P 1883 (Rondegat R., D. Heard, Nov. 1972) ; AM/P 2050 (Matjies R., PHS, 

Oct. 1973) ; AM/P 2051 (Noordhoeks R., PHS, Oct. 1973) ; AM/P 2052 

(Tra-Tra R., PHS, Oct. 1973). 

BARBUS ERUBESCENS 

Ho1otype and Paratypes: as in appendix 3. 

01ifants River System: AM/P 1388 (Twee R., F.L. Farquharson, April 1967) 

AM/P 1799 (Midde1deur R., PHS, Sept. 1972) ; AM/P 1866 (Midde1deur R., 



375 

PHS, Feb. 1973) ; AM/P 1867 (Twee R., PHS, Feb. 1973) ; AM/P 1881 

(Midde1deur R., D. Heard, Nov. 1972) ; AM/P 1882 (Midde1deur R., K. van 

Rensburg, Mar. 1964) ; AM/P 2043; 2044; 2045; 2046; 2047; 2049; 3710; 

(Twee R., PHS, Oct. 1973) ; AM/P 2048 (Suurv1ei R., PHS, Oct. 1973) 

AM/P 7348 (Midde1deur R., I. Gaigher, Nov. 1977) ; AM/P 7442, (Twee R., 

PHS, Oct. 1973) 

PSEUDOBARBUS AFER 

Sundays River System: AM/P 455, (Wit R., RAJ, April 1959) ; AM/P 586 

(Wit R., RAJ. 1960) ; AM/P 755 (Wit R., RAJ, April 1959) ; AM/P 1188 

(Wit R., B. Donnelly, Feb. 1965) ; AM/P 3843 (Wit R., PHS, Dec. 1976) 

AM/P 7465 (Wit R., PHS, Dec. 1977) 

Swartkops River System: SAM 18592 (Swartkops R., C.L. Biden 1935) ; SAM 

19208 (Groenda1 R., CWT Oct. 1938) ; SAM 19212 (Brak R., CWT, Oct. 1938) 

SAM 22330 (Swartkops R., Arendse ) ; SAM 22334 (Swartkops R.) ; AM/P 

675 (E1ands R., RAJ. 1963.) ; AM/P 745 (E1ands R., RAJ. Feb. 1964) ; 

AM/P 2524 (E1ands R., PHS, Sept. 1974) ; AM/P 3786 (Bulk R., D. Heard, 

Oct. 1976). 

Baakens River: SAM 10654 (P.E. Museum, pre-1913) AM/P 776 (D. Bicki11, 

Jan. 1964) ; AM/P 1810 (PHS, Nov. 1972) ; 

Mait1ands River: AM/P 5835 (A. Bok, Jan. 1978) 

Gamtoos River System: SAM 19216 (Loerie R., CWT Oct. 1938) ; SAM 19319 

(Patensie, CWT Oct. 1938) ; SAM 19496 (Baviaanskloof R., KHB April 1939) 

AM/P 473 (Baviaanskloof R.,) ; AM/P 676 (Loerie R., F.L. Farquharson, 

1964) ; AM/P 712 (Moordenaars R., RAJ Feb. 1978) ; AM/P 1374; 1375; 

1376; 1389; 1390; 1413 (Couga Dam, F.L. Farquharson, July, 1967) ; 

AM/P 1402; 1412; (Wit R., F.L. Farquharson, July 1967) ; AM/P 1415; 1416 

(Loerie Dam, F.L: Farquharson, July 1967) ; AM/P 1562; 1563; (Hankey, 

C.M. Gaigher, Oct. 1970) ; AM/P 1741 (Wit R., PHS, June 1972) ; AM/P 

1742; AM/P 1803 (Bukkraa1 R., PHS June 1972) ; AM/P 1751 (Kleinberg R., 

H. Hofmeyer, Nov. 1964) ; AM/P 1921 (Wit R., PHS April 1973) ; AM/P 2533 

(Hankey, B. Donnelly Aug. 1966) ; AM/P 3789 (Hankey, D. Heard, Oct 1976) 

AM/P 3792 (Diepk1oof R., D. Heard, Oct. 1976) ; AM/P 5841 (Wit R., J. 

Hoffman, Mar. 1977) ; AM/P 7465 (Wit RJ 

Kabe1jous River: SAM 19321 (CWT, Nov, 1938) ; AM/P 3805 (Kranzp1aas, 

D.Heard, Oct. 1976) ; AM/P 3807 (Musgund, D. Heard, Oct. 1976). 
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Seekoei River: SAM 19323 (CWT, Nov. 1938) 

Kromme River: SAM 19325 (Gee1houtboom R., CWT, Nov. 1938) ; SAM 19326, 

19330 (CWT, Nov. 1938) ; AM/P 230 (Assegaaibos, RAJ, Feb. 1958) ; AM/P 

1739 (Assegaaibos, PHS, June 1972) ; AM/P 1801 ditto, Sept. 1972) ; 

AM/P 2082 (ditto, Dec. 1973) ; AM/P 2651 (ditto Jan. 1975) ; AM/P 3103 

(ditto, ex aquarium Aug. 1975) ; AM/P 3460 (ditto, Oct. 1975) ; AM/P 3810 

(Assegaaibos, D. Heard, Oct. 1976) ; AM/P 3811 (Me1khoutkraa1, D. Heard, 

Oct. 1976) ; AM/P 3812 (Wite1s R., D. Heard, Oct. 1976) ; AM/P 3813 

(Damsek1oof R., D. Heard, Oct. 1976:) ; AM/P 3815 (Eerstedrif R., D. Heard, 

Oct. 1976) ; RUSI 304, (Ho1otype Barbus Senticeps ; Assegaaibos, 38 57'S, 

24 20'E, J.L.B. Smith). 

Tsitsikamma River: AM/P 3568 (Sarnia, PHS, Oct. 1975) AM/P 3816 3817; 

(Pa1miet R., D. Heard, Oct. 1976) 

B10ukrans River: AM/P 1707; 1742 (PHS, April 1972) ; AM/P 2652 (ditto, 

Jan 1975) AM/P 2654 (Vark R., PHS, Jan. 1975) ; RUSI 75-120 (J.L.B. 

Smith, Mar. 1965). 

Groot River: (Nature's Valley) ; AM/P 1706 (PHS, April 1972) AM/P 2656 

(Ditto, Jan. 1975) ; AM/P 3456 (ditto, Oct. 1975) 

Keurbooms River System: SAM 19334 (Edmonton, CWT, Nov. 1938) ; SAM 19335 

(Paardekop, CWT, Nov. 1938) ; AM 19337 (CWT, Nov. 1938) ; SAM 22333 ; 

AM/P 1784 (Diep R., PHS, Sept. 1972) ; AM/P 1789 (De V1ug, PHS Sept. 1972), 

AM/P 3461 (Diep R., PHS, Oct. 1975) ; AM/P 3823 (Diep R., D. Heard, Oct. 

1976) ; AM/P 3826 (Boegoes-kraa1, D. Heard, Oct. 1976) ; 

Knysna River: AM/P 113 (Gouna R., RAJ, 

AM/P 1790 (Grootkop R., PHS, Sept. 1972) 

) ; AM/P 152 (R.A. Jubb Feb, 1958) 

Goukamma River':' SAM 19338 (Homtini R., CWT, Nov. 1938) ; AM/P 100 (Homtini 

R., RAJ, Nov. 1957) ; AM/P 110 (Homtini R., RAJ, ) ; AM/P 584 (Homtini 

R., RAJ, 1958); 

Karatara River: SAM 19196 (Ruigte V1ei, CWT, Oct. 1938) 

V1ei, CWT, Nov. 1938) ; AM/P 1793 (PHS, Oct. 1972). 

Klein Brak River: SAM 19345 (Haa1kraa1, CWT, Nov. 1938) 

PSEUDOBARBUS ASPER 

SAM 19343 (Ruigte 

BMNH 1909.12.8:10. Ho1otype (Groot R., Gamtoos System, South African Museum) 

BMNH 1909.12.8.6-9 Paratypes (Le Roux R., Gourits System, South African 

Museum) 
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Gamtoos River System: (Groot River) SAM 19205 (Fu11arton, Groot R., CWT 

Oct. 1938) ; SAM 19206 (Steyt1ervi11e, CWT Oct, 1938) ; AM/P 1744 (PHS 

June, 1972) ; AM/P 1745 (Steyt1ervi11e, PHS, June 1972) ; AM/P 3060 

(Sandfort west, PHS, July 1975) ; AM/P 3064, (Groot River Poort, PHS 

July, 1975) ; AM/P 3065 (Buck1ands, PHS, July" 1975); AM/P 3066 (Weymouth 

PHS" July 1975); AM/P 3456 (Wit R., 1st Drift, PHS, Oct. 1975) ; AM/P 

3458 (Wit R., Armansvriend, PHS Oct. 1975) ; AM/P (Goedehoop, 

D. Heard, Oct. 1976) ; 

Gourits River System: SAM (10664 (Le Roux R.,) ; SAM 10673 (Grobbe1aars 

R.,) ; SAM 14284 (Leeus R., S.H. Haughton, 1916) SAM 18954 (Grobbe1aars 

R., KHB, Oct. 1937) ; SAM 18957 (Langtouw R., KHB, Oct. 1937) SAM 18959 

(Zanddrift, KHB Oct. 1937) ; SAM 18951 (Rosse1 R., KHB, Oct. 1937) ; SAM 

18952 (Meiringspoort, KHB, Oct. 1937) ; SAM 18962 (Buffe1s R., KHB, Oct. 

1937) SAM 18965 (Touws R., KHB, Oct. 19,37) ; SAM 18941 (Buffalo R., KHB, 

Oct. 1937) ; SAM 19497 (Doorn R., KHB, April 1939) ; SAM 18990 (Weiders R., 

KHB, Feb. 1938) ; SAM 18991 (Wa1sch R., KHB, Feb. 1938) ; SAM 18949 

(Gamka Poort, KHB, Oct.1937). SAM 18956 (Moeras R., KHB, Oct. 1937) ; 

AM/P 42 (Meiringspoort, RAJ, Nov. 1960) ; AM/P 376 (ditto, Oct. 1960) ; 

AM/P 607 (ditto, Oct. 1961) i AM/P 1695 ; 1696 ; (Jan Muller Bridge, PHS, 

April 1972) ; AM/P 1699 (VanWyksdorp, PHS, April, 1972) AM/P 1703 (Gamka 

R., PHS, April, 1972) ; AM/P 1786 ; 1787 ; 1788 ; (Meiringspoort PHS, Sept. 

1972) ; AM/P 1943 ; 1945 (Meiringspoort, PHS, April 1973) ; AM/P 1956 

(Olifants R., R.E. Stobbs, Sept. 1972) ; AM/P 2661 (Diep R., PHS, Jan. 

1975) ; AM/P 2663 (Rusoord, PHS, Jan. 1975) ; AM/P 2668 (Kruis R., PHS, 

Jan. 1975) ; AM/P 4279 (Jan Muller Bridge, M. Currey, Mar. 1977) ; AM/P 

4281 (Van Wyks Dorp, M. Currey, Mar. 1977) ; AM/P 4289 (Meiringspoort, 

M. Currey, Mar. 1977) ; AM/P 6561 (Kamanassie R., ST, Aug. 1978) ; AM/P 

6033 (Nels R., ST, AUg. 1978) AM/P 6045 ; 6052 (Olifants R., ST, Aug. 

1978), AM/P 6055 (De Rust, ST, Aug. 1978) ; AM/P 6058 ; 6059 (Groot R., 

ST, Aug. 1978) ; AM/P 6062 ; 6065 ; 6066 ; 6068 ; 6070 ; 6072, (Meirings­

poort, ST, Aug. 1978) ; AM/P 6078 (Kamanassie R., ST, Aug. 1978) ; AM/P 

6085 (Grobbe1aars R., ST, Aug. 1978) ; AM/P 6099 (Olifants R., ST, Aug. 

1978) ; AM/P 6103 (Gourits R., ST, Aug. 1978 ) ; AM/P 6107 ; 6112 (Groot 

R., ST, Aug. 1978) ; AM/P 6115 (Touws R., ST, Aug. 1978) ; AM/P 6118 

(Groot R., ST, Aug. 1978) ; AM/P 6123 (Gamka, ST, Aug. 1978) ; AM/P 6128 

(Brak R., ST, Aug, 1978) ; AM/P 6131 ; 6133 (Jan Muller Bridge, ST, Aug. 

1978) ; AM/P 6136 (Weiders R., ST, Aug. 1978) AM/P 6561 (Kamanassie R., 

ST, Aug. 1978) ; RUSI 75-139 (Kamanassie R.). 
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PSEUDOBARBUS BURCHELLI 

Neotype: AM/P 7223 A (Trib. Tradouw R., 33
0 

56' 50"S, 20 0 42' 39"E S. Thorne, 

13 Dec. 1978). 

Breede River System: SAM 4693 (Robertson, L. Keet) ; SAM 17621 (Wit R., 

Bainesk1oof, E.F. Steer) ; SAM 17422 (Tradouw R., KHB, Oct. 1925) ; SAM 

18731 (Genadenda1, KHB, Jan. 1937) ;. SAM 18750 (Wit R., Bainesk1oof, 

L. Boonstra, Mar. 1937) ; BAM 18751 (Slanghoek R., KHB, Mar 1937) ; SAM 

18937 (R. Sonderend, H.G. Wood, Sept. 1937) ; SAM 18987 (Buffe1jags R., 

KHB., Feb. 1938) ; SAM 22279 (Hex R., A.C. Harrison) AM/P 482 (Wit R., 

(Bainesk1oof, RAJ, Nov. 1960) ; AM/P 1411 (Wit R., Bainesk1oof, F.L. 

Farquharson April 1967) ; AM/P 1566 (Keisers R., K. van Rensburg, Dec. 

1967) ; AM/P 1791 (Keisers R., PHS,Oct. 1972) ; AM/P 2031 (Tradouw R., 

R.E. Stobbs, 1973) AM/P 2077 (Kabous R., PHS, Dec. 1973) ; AM/P 2079 

(K1ipp1aas R., PHS, Dec. 1973) ; AM/P 3463 ; 3465 (Wit R., Bainesk1oof, 

PHS, Oct. 1975) ; AM/P 3840 (Spreeudrifspruit R., I.Gaigher, Nov. 1976) 

AM/P 4972 (Keisers R., C. Stewart, Sept. 1977) ; AM/P 5475 (Kogmansk1oof 

R., C. Stewart, Nov. 1977) ; AM/P 5911 ; 5912 ; 5913 ; 5914 ; 5915 

(Keisers R., W.C.N. Esterhuizen, 1977-1978) ; AM/P 6028 (He1derstroom T., 

S.J. McVeigh, June 1978) ; AM/P 7205 ; 7220 (Wit R., Bainesk1oof, ST, 

Feb. 1979) ; AM/P 7223 (Tradouw R., ST, Dec. 1978) ; AM/P 7224 (Slang R., 

ST, Dec. 1978) ; AM/P 7443 (Breede R. PHS) ; AM/P 7444 (Spreeudrifspruit 

R., PHS, Nov. 1976) 

Kaffirkui1s River: SAM 18988 (Vette R., KHB, Feb. 1938) AM/P 7393 

(Kruis R., ST, Dec. 1978) 

Duivenhoks River: SAM 19345 (KHB, Oct. 1938) ; AM/P 3472 (PHS, Oct. 

1975) ; AM/P 6138 (ST, Aug. 1978) ; AM/P 7227 (ST, Dec. 1978). 

Kars River: SAM 18979 (KHB, Dec. 1937) 

Grashoek River: SAM 18978 (KHB, Dec. 1937) 

Nieuwejaars River: SAM 18981 (KHB, Dec. 1937) 

PSEUDOBARBUS BURGI 

Ho1otype: BMNH: 1901 -2.11 

Paar1 division, Mr Brown) 

14-16 (taken to be number 14) (Berg River, 

Paratypes: BMNH 1901 -2.11 : (14) 15-16 

(Note: type material was selected from SAM 4696) 



379 

Berg River System: SAM (4696 (Paar1, Mr Brown) ; SAM 18094 (Groot 

Drakenstein, A.C. Harrison, 1930) ; SAM 18608 (Lemiet R., KHB 1936) 

SAM 18747 (Groot Drakenstein, KHB, Feb. 1937) ; SAM 19027 (Bushmans R., 

KHB, Sept. 1938) ; SAM 18935 (Twenty four R., KHB, Aug. 1937); AM/P 

1578 ; 1579 (Krom R., C.M. Gaigher, Feb. 1971) ; AM/P 2076 (Krom R., 

PHS, Dec. 1973) AM/P 4041 (Wemmershoek, PHS, June. 1977) ; AM/P 6144 

6148 (Franschoek R., ST, Nov. 1978) ; AM/P 6153 ; 6156 (Wemmershoek, 

ST, Nov. 1978) ; AM/P 6170 (Wemmers R., ST, Nov. 1978) ; AM/P 7211 

(Boesmans R., ST, Feb. 1979). 

Eerste River: SAM 4695 (Peringuey) 

(Ste11enbosch Dam, A.C. Harrison). 

SAM 5090 (Dr Kruger r SAM 22746 

Ver1orev1ei River: AM/P 1874 (Berg Valley Stream, PHS, Feb. 1973) 

AM/P 1875 (Kruis R., PHS, Feb. 1973) ; 

PSEUDOBARBUS PHLEGETHON 

Syntypes: SAM 18767 (25 specimens Boontjies R., 01ifants River System, 

32° 36'S, 19 0 04'E, KHB April 1937) ; SAM 19003 (29 specimens ditto, 

April 1938) ; SAM 22484 (7). 

01ifants River System: SAM 22479 (Thee R., KHB, April (19497» ; SAM 

22483 (KHB, Feb. 1939) ; AM/P 722 (Thee R., K. van Rensburg, Jan, 1964) 

AM/P 1394 (Keerom, K. van Rensburg, Jan. 1964) AM/P 1399 Noordhoeks R., 

F.L. Farquharson, April 1967) ; AM/P 1820 ; 1821 ; (Thee R., D. Heard, 

Sept. 1972) ; AM/P 1852 (Jan Diessels R., PHS, Jan. 1973) ; AM/P 1863 

(Noordhoeks R., PHS, Feb. 1973) ; AM/P 1868 (Thee R., PHS, Feb. 1973) ; 

AM/P 1880 (Noordhoeks R., K. van Rensburg, Mar. 1965) ; AM/P 2053 

(Noordhoeks R., PHS, Oct. 1973) ; AM/P 2054 (Driehoek R., PHS, Oct. 1973) 

AM/P 7366 (Driehoek R., PHS, Dec. 1978). 

PSEUDOBARBUS gUATHLAMBAE 

Lectotype: SAM 19019 (Umkomazana River, near Himevi11e, Natal, A.M. 

Copland, S.Vaughn, Aug. 1937. 

Para1ectotypes: SAM 19018 (ditto) ; NM 1416 (ditto). 

Orange River System: AM/P 1540 ; 3477 (Tsoe1ikana R., A. Tedder, Nov. 1970) 

AM/P 1877 ; 3476 ; 3478 (Tsoe1ikana R., A. Tedder, April 1972) ; AM/P 1823 

1824 (Tsoelikana R., PHS, Jan. 1973) ; AM/P 3473 (Tsoelikana R., PHS, Oct, 

1975) ; AM/P 3474 (Tsoe1ikana R., D. Rondorf, Nov. 1974) ; AM/P 3475 

(ditto, Jan, 1975) ; AM/P 3479 (Moremoho10 R., D. Rondorf, July 1975) 
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AM/P 3480 (Senqu R., D. Rondorf, Aug. 1975). 

PSEUDOBARBUS TENUIS 

Lectotype: SAM 18953 (Nels River (?) between De Rust and Rust-en-Vrede, 

33° 28'S., 22° 27'E, KHB, 24 Oct. 1937.) 

Para1ectotypes: SAM 18953 (313 specimens, ditto per lectotype) 

SAM 18946 (220 specimens, Seven Weeks Poort, 33° 25'S, 21° 24'E, KHB, 

Oct. 1937) ; SAM 18969 (specimens Grobbe1aars R., 33 0 26'S, 22 0 15'E, 

KHB 24 Oct, 1937) ; SAM 18970 (Langto~w R., 34° 01'S, 21° 45'E, KHB, 

26 Oct. 1937) SAM 18970 (Langtouw R., 34° 01'S, , 21° 45'E, KHB, 

26 Oct, 1937) ; SAM 10667 (3 specimens Le Roux R., 33° 25'S, 22 0 15'E.) 

BMNH 1938-2.28 : 7-8 (tributary 01ifants R., KHB) 

Gourits River System: SAM 19535 (Waterval, Kamanassie, KHB, Jan, 

1940) ; SAM 22332 (Moeras R.,) ; AM/P 608 (Meiringspoort, RAJ, Oct. 1961) 

AM/P 1569 (Meiringspoort, C.M. Gaigher, Nov. 1970) ; AM/P 1587 (Waterk1oof 

R., C.M. Gaigher, May 1971) ; AM/P 1935 (Wi1ge R., PHS, April 1973) ; 

AM/P 2081 (Wi1ge R., PHS, Dec. 1973) ; AM/P 2664 (Rusoord, PHS, Jan. 1975) 

AM/P 2666 (Waterk1oof R., xx, PHS, Jan. 1975 ; AM/P 2667 (Kruis R., PHS, 

Jan 1975) ; AM/P 2945 (Meiringspoort, RAJ, Nov. 1960) ; AM/P 2946 

(Meiringspoort, RAJ, Oct. 1960) ; AM/P 3455 (Wi1ge R., PHS, Oct. 1975) 

AM/P 4288 

(Meiringspoort, M. Currey, Mar. 1977) ; SAM 4809 (Bo-Buffe1sk1oof R., 

S. Rudd, April 1977) ; AM/P 4920 (Seven-weeks~poort, R. Boycott, Jan. 1977) 

AM/P 6030 (Kruis R., ST., Aug. 1978) ; AM/P 6031 ; 6032 6036; 6038 (Nels 

R., Gamka, ST. Aug. 1978) ; AM/P 6060 (Groot R., ST. Aug. 1978) ; AM 6063 

6064; 6067 ; 6071 (Meiringspoort, ST., Aug. 1978) ; AM/P 6079 ; 6080 

6083 ; 6084 (Grobbe1aars R., ST., Aug. 1978) ; AM/P 6081 ; 6082 Le Roux R., 

ST. Aug. 1978) ; AM/P 6121 (Seven-weeks-poort, ST. Aug. 1978) AM/P' 6161 

(Jan Muller Bridge, ST. Aug. 1978). 
o 0 0 ° x Waterk100f R. 33 20'S, 21 50'E; xx Waterk100f R., 33 17'S, 22 15'E 

Keurbooms River: AM/P 2944 (Diep R., PHS, Sept. 1972) ; AM/P 3462 (Diep R., 

PHS, Oct. 1975) ; AM/P 3822 (Bitou R., D. Heard, Oct 1976) ; AM/P 3824 

(Diep R., D. Heard, Oct. 1976) ; AM/P 3825, (Voogste R., D. Heard, Oct. 

1976) ; 
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APPENDIX 2 

Osteological material examined. Entries recorded as: museum no., 

no. of specimens, locality. The collector, date of collection and 

river system of redfin material are given in appendix 1. Abbreviations 

as in appendix 1. 

A. Redfin Material 

BARBUS CALIDUS 

AM/P 1371, 3 (Rondegat R.) ; AM/P 1871, 6 (Ratte1s R.) 

(Tra-Tra R.) ; AM/P 7441, 5 (Tra-Tra R.) 

BARBUS ERUBESCENS 

AM/P 2044. 4 (Twee R.) AM/P 2074, 2 (Suurv1ei R.) 

(Twee R.) ; AM/P 7442, 9 (Twee R.) ; 

PSEUDOBARBUS AFER 

AM/P 1844, 1 

AM/P 1388, 2 

AM/P 609, 3 (Wit R. Sundays) ; AM/P 676, 2 (Loerie R., Gamtoos) ; 

AM/P 745, 1 (Swartkops R.) ; AM/P 1376, 5 (Couga Dam) ; AM/P 1739, 1 

(Kromme R.) ; AM/P 1790, 4 (Knysna R.) ; AM/P 2652, 1 (B1oukrans R.) 

AM/P 2654, 3 (B1oukrans R.) ; AM/P 2656, 4 (Groot R.) ; AM/P 3807, 

3 (Kabe1jous R.) ; AM/P 3815,4 (Kromme R.) ; AM/P 3826, 8 (Keurbooms R.) 

AM/P 7465, 8 (Wit R. Sundays). 

PSEUDOBARBUS ASPER 

AM/P 376, 2 (Gourits R.) 

(Groot R., Gamtoos) ; 

AM/P 1696, 58 (Gourits R.) AM/P 3060, 5 

PSEUDOBARBUS BURCHELLI 

AM/P 1566, 3 (Keisers R,) ; AM/P 3463, 2 (Wit R.) 

(Breede R.) ; AM/P 7444, 8 (Spreeudrifspruit). 

PSEUDOBARBUS BURGI 

AM/P 7443, 6 

AM/P 1578, 1 (Kromme R.) ; AM/P 1874, 3 (Ver1orev1ei R.) ; AM/P 1875, 

4 (Ver1orev1ei R,); AM/P 2076, (Kromme R.) ; AM/P 4041, 1 (Wemmershoek 

Dam). 
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PSEUDOBARBUS PHLEGETHON 

AM/P 722, 2 (Thee R.) ; AM/P 1863, 14 (Noordhoeks R.). 

PSEUDOBARBUS TENUIS 

AM/P 1935, 1 (Wi1ge R.) AM/P 2659, 3 (Keurbooms R,) ; AM/P 2667 

3 (Kruis R.) ; AM/P 2944, 2 (Keurbooms R,) ; AM/P 7456, 1 (Gourits R 

System) . 

PSEUDOBARBUS gUATHLAMBAE 

All material from Tsoe1ikanaR. AM/P 1877, 1 AM/P 3474,' 1 

AM/P 3476, 1 ; AM/P 3479, 1. 

B. Other Cyprinids 

BARBUS AFROHAMILTONI 

AM/P 4408, 2 (Nsimbi Pan, Pongo1a R. floodplain, H.Kok, Dec. 1976). 

BARBUS AFROVERNAYI 

AM/P 3313, 3 (Zambezi, B.v.d. Waa1, Aug. 1975). 

BARBUS ANDREW I 

SAM 18936, 2 (Riviersonderend, 

BARBUS ANNECTENS 

AM/P 4410. 3 (Nsimbi Pan, Pongo10 R. floodplain, H. Kok, Dec. 1976). 

BARBUS ANOPLUS 

AM/P 838, 2 (Limpopo, Tv1. P.f.1., 1965) ; AM/P 361, 2 (Fish, R.A. Jubb, 

Apr. 1962) ; AM/P 585, 4 (Upper Ca1edon - Orange, R.A. Jubb, Feb. 1965) ; 

AM/P 901, 2 (Se1ons - 01ifants - Limpopo, Tv1. P.F.I. ) ; AM/P 1697, 3 

(Groot-Gouritz, PHS, Apr. 1972) ; AM/P 1802, 2 (Kowie R., PHS, Aug. 1972) 

AM/P 1806, 2 (Orange, A.A. Marais, July 1972) ; AM/P 2061, 2 (Breekrans -

Groot- Doring - 01ifants, Oct. 1973) ; AM/P 2707, 3 (Little Ca1edon - Orange, 

PHS, Oct. 1974) 1, (Molteno, Orange, P.Coetzee.) 

BARBUS ARGENTEUS 

AM/P 904, 2 (Umtitje - Incomati, Tv1. P.F.I., 1965) AM/P 5553, 2 

(Pongo1a - Maputo, R. Mc. C. Pott, June 1967). 
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BARBUS BARBUS 

AM/P 7445, 2, (Tinis R., Roumania, P. Banarescu, Oct. 1964). 

BARBUS BARNARDI 

AM/P 1500, 1 (Okavango Swamps, I. Gaigher, Apr. 1959) 

(Luombe R. Congo, G. Bell-Cross, Apr. 1970). 

BARBUS BREVIPINNIS 

AM/P 905, 2 (Sabie-Incomati. P.F.I., 1966). 

BARBUS CAMPTACANTHUS 

AM/P 1320, 2 

AM/P 3101, 1 (Olonou, Cee1e Miane, Cameroun, Mus. Roy. Afr. Cent. 

Terv. Sept. 1971). 

BARBUS CAPENSIS 

AM/P 1370, 3 (Noordhoek - 01ifants, F. Farquharson, Apr. 1967). 

BARBUS EUTAENIA 

AM/P 358, 2 (Gairezi (Lower Zambezi) RAJ, May 1958) 

(Okavango, PHS, Sept. 1975). 

BARBUS FASCIOLATUS 

AM/P 7446, 2 

AM/P 7443, 3 ; AM/P 7448, 1 (Okavango, PHS, Sept. 1975). 

BARBUS GURNEY I 

AM/P 847, 2 (Upper Otimati Natal Parks Board, Apr. 1964) 

AM/P 7449, 2 (Kransk1oof, M. Coke, Sept. 1977). 

BARBUS HAASIANUS 

AM/P 3156, 3 (Upper Zambezi, B.v.d. Waa1, Sept.,1975). 

BARBUS HOLUBI 

AM/P 3638, 5 (Seekoei spruit, Orange, J. Cambray, July, 1975) ; 

AM/P 1483, 5 (Te11e-Orange, Cape Dept. Nat. Cons. Sept. 1970). 

BARBUS HOSPES 

AM/P 1580, 1 (Orange, C.M. Gaigher, May 1971) 

(Orange PHS, Oct. 1973). 

AM/P 2066, 3 
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BARBUS cf. KIMBERLEYENSIS 

AM/P 7450, 2 (Hardap dam, I. Gaigher, Apr, 1975) 

BARBUS LlNEOMACULATUS 

AM/P 1982, 4 (Sabie-Lundi, F. Junor, 1963) AM/P 2005, 3 (Lake Kariba, 

Middle Zambezi, PHS, Aug. 1973). 

BARBUS MACROTAENIA 

AM/P 7451, (Lower Zambezi area). 

BARBUS MARAQUENSIS 

AM/P 877, 3 (Pongo1a, Natal Parks Board, May 1964) 

BARBUS MATTOZI 

AM/P 4151, 2 (Trib. Tu1i - Limpopo, B. Donnelly, Oct. 1974) AM/P 7452 

1 (Limpopo R. ). 

BARBUS MERIDIANALIS PETENYI 

AM/P 2190, 2 (H.E. Roumania, P. Banarescu, Nov. 1958). 

BARBUS MOTEBENSIS 

AM/P 842, 1 (Treur R. - Limpopo, Tv1. P.F.I. 1965) AM/P 6386, 3 

(Limpopo, I. Gaigher, May 1968). 

BARBUS MULTILINEATUS 

AM/P 734, 2 (Lake Mweru, Zambia, J.F.R.O., Jan. 1960). 

BARBUS NATALENSIS 

AM/P 243, 3 (Umzimku1wana R., Sept. 1957) 

BARBUS PALLIDUS 

AM/P 849, 2 (Stee1poort - Limpopo, Tv1. P.F.I. 1965) ; AM/P 1404, 3 

(Couga Dam - Gamtoos, F. Farquharson, July 1967) ; AM/P 1543, 2 

(Bronkhorstspruit - Limpopo R., I. Gaigher June 1969) ; AM/P 1888, 4 

(Kowi~, PHS, March 1973). 

BARBUS PALUDINOSUS 

AM/P 278, 3 (Vaal R., RAJ, June 1961) AM/P 2671, 1 (Fish R. Orange, 



385 

I. Gaigher, Jan, 1975) ; AM/P 3588, 4 (Hardap Dam. Fish R. - Orange, 

I. Gaigher, Oct. 1974). 

BARBUS POECHII 

AM/P 946, 2 (Okavango, I. Gaigher, Apr. 1969). 

BARBUS POLYLEPIS 

- ---------

AM/P 283, 3 (Hartebeestpoortdam - Limpopo. A.A. Groenewa1d, Sept. 1962). 

BARBUS PUELLUS 

AM/P 1195, 1 (Kabompo - Upper Zambezi, G. Bell-Cross, 1961). 

BARBUS aADIATUS AURANTIAUIS 

AM/P 3203 and 2410, 5 (Upper Zambezi, B.v.d. Waa1, Sept. 1975, Nov. 1973). 

BARBUS RADIATUS 

AM/P 7454, 1 (Sabie-Sand, Incomati R., 1974; AM/P 7455, 2 (Okavango). 

BARBUS SERRA 

AM/P 1845 and 1856, 4 + 2 (Tra-Tra R. - Olifants, PHS, Jan. 1973). 

BARBUS TANGANDENSIS 

AM/P 594, 2 (Kabompo - Upper Zambezi, G. Bell-Cross, 1961). 

BARBUS THAMALAKANENSIS 

unaccessioned, 3 (Upper Zambezi, PHS, Sept. 1975) 

BARBUS TOPPINI 

AM/P 766, 1 (Incomati, Natal Parks Board, 1961) AM/P 3748, 10 

(Olifants - Limpopo, I. Gaigher, June 1968). 

~ARBUS TREURENSIS 

AM/P 4727, 1 (Limpopo, Tv1. P.F.I. 1970) AM/P 1536, 1 (Limpopo, 

Tvl. P.F. 1.). 

BARBUS TREVELYANI 

AM/P 126, 1 (Buffalo R., RAJ, Mar. 1958) ; AM/P 2586, 3 (Keiskamma, 

I. Gaigher, Oct. 1972) ; AM/P 7458, 1 ( Tyume R., Keiskamma R., System, 

AM/P 7459 (Tyume R., Keiskamma R. System). 
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BARBUS TRIMACULATUS 

AM/P 810, 3 (Umshandige Dam, Limpopo R., RAJ, Apr. 1958) AM/P 550, 3 

(Amanzimnyama, F. Farquharson, Sept. 1959) ; unaccessioned, 1 (Sand R. 

Incomati). 

BARBUS UNITAENIATUS 

AM/P 1243, 2 (Shangani, Mid. Zambezi, R.A. Jubb, July 1959,) ; AM/P 

3577, 2 (Limpopo, Tv1. P.F.I., Sept. 1968) ; AM/P 7461, 1 (Pampoenpoort 

Dam, Rhodesia B. Donnelly Oct, 1975). 

BARBUS VIVIPARUS 

AM/P 395. 3 (Umzimku1wana, R.A. Jubb, Sept. 1957) AM/P 3242, 3 

(Sangwa1i - Linyati, B.v.d. Waa1, Sept. 1975). 

BARILIUS ZAMBEZENSIS 

AM/P 3766, 6 (Incomati , I. Gaigher, Apr. 1967). 

ENGRAULICYPRIS BREVIANALIS 

AM/P 1836, 2 (Orange, C. Gaigher, May 1971) AM/P 7462, 2. 

LABEO ALTIVELIS 

AM/P 75, 3 (Middle Zambezi, Bernard Carp Exped. July 1950) AM/P 36, 2 

(Sabi-Lundi, Bernard Carp, Exped. June 1950). 

LABEO CAPENSIS 

AM/P 1384, 3 (Orange R) AM/P 1387, 3 (Orange R. C.M. Gaigher). 

LABEO CYLINDRICUS 

AM/P 44, 3 (Mti1kwe, R. R.A. Jubb, June 1958) AM/P 7463, 3 (Pongo1a) 

LEUCASPEUS DELINEATUS 

AM/P 2232, 2 (Inare, Bouhemia). 

PHOXlNUS PHOXlNUS 

AM/P 2244, 2 (Roumania, f. Banarescu, June 1962). 

VARICORHlNUS NASUTUS 

AM/P 30, 1 (Gairezi R., Rhodesia, R.A. Jubb, May 1958). 

VARICORHINUS PUNGWEENSIS . 

AM/P 1284, 1 (Pungwe R. D.C.H. P1owes, Sept. 1965). 
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ABSTRACT 
A new species of small Barbus is described from the OHfants River System, western 

Cape Province, South Africa. The new species is restricted to a single tributary complex 
of the river system and appears closely related to B. calidus. Diagnostic features include 
pharyngeal teeth formulae, colour pattern, and dorsal and anal fin ray characteristics. 



A NEW BARBUS SPECIES (PISCES, CYPRINIDAE) 
OUF ANTS RIVER SYSTEM, WESTERN CAPE 

SOUTH AFRICA 

by 

P. H. SKELTON1 

FROM THE 
PROVINCE, 

Barbus calidus Barnard, one of five freshwater fish species endemic to the Olifants 
River System, western Cape Province, South Africa, is exceptional for at least two reasons. 
It is the only "red fin,,2 Barbus species with a strong, serrated last unbranched ray in the 
dorsal fin, and it has six branched rays in the anal fin. Surveying the Olifants River system 
for the Cape Nature Conservation Department in 1964, Mr K.J. van Rensburg collected 
and submitted to the Albany Museum specimens which could be rt!ferred to B. calidus 
except that, on initial analysis, the last unbranched dorsal ray was not serrated. Further 
collecting has shown that the aberrant fish are geographically restricted to a single 
tributary complex of the river system. There is no eco-physical or eco-chemical evidence 
for causing the observed morphological differences and the species is here described as 
new. 

All measurements were made with vernier calipers, usually with the aid of a Wild 
M5 stereoscopic microscope. Measurements and scale counts follow Hubbs and Lagler 
(1947:8 - 15) with the following exceptions: 

(1) head length is taken from the anterior tip of the premaxillary symphysis 
(with the premaxilla retracted), or from the upper labial groove (in specimens 
with mouth extended), to the posterior edge of the operculum, excluding the 
opercular membrane; 

(2) predorsal and post dorsal lengths are measured along the horizontal midline, 
from the vertical line through the anterior margin of the base of the dorsal 
fin; 

(3) the first caudal vertebra is taken as the first to show closure of the haemal 
arch; and 

(4) pre dorsal count is the number of (oblique) scale rows anterior to the dorsal 
fin. 

1. Albany Museum, Grahamstown, 6140, Republic of South Africa. 

2. A group name given to several species of small Barbus inhabiting the southern and south-west 
Cape coastal rivers, characterized by having red patches on their fins. 



The following two measurements are not defined by Hubbs and Lagler (I 947); 
distance between pectoral and pelvic fins is taken along the ventral midline between the 
points opposite the posterior margins of the bases of the fins; the distance pelvic to anal 
fins is taken along the ventral midline from a point opposite the posterior margin of the 
bases of the pelvic fins to the anterior margin of the base of the anal fin. Vertebral 
counts include the Weberian apparatus as four and the ultimate ural centrum as one. 
Dorsal Pterygiophore Intercept (D.P.I.) and Anal Pterygiophore Intercept (A.P.I.) is the 
vertebral count up to and including that vertebra opposite or anterior to the spine of the 
respective first pterygiophore. Scale radii refer only to primary radii (i.e. reaching from or 
in the immediate vicinity of the focus to the margin of the scale); the number of radii 
for each fish is the mean of five scales from four different body regions, viz., anterior 
above and below the lateral line, posterior ·at the level of the anal fin above and below 
the lateral line. Scales showing a diffused focus were not used in radii counts. 

Barbus erubescens new species. (figs. 1 - 3) 
Twee River Redfin. (Twee Rivier Rooivlerk) 

Holotype: Male 84 mm SL, AM/P 2424 
Suurvlei River, Olifants River system, western Cape Province, 
South Africa, 32°38'56"S., 19° 12'21 "E., collected by P.H. Skelton and 
A. Coetzer, ·8 December, 1973. 

Paratypes: 39 Adult Males, 59.5 - 95 mm SL, collected with the holotype 
21 AM/P 2425; 6 RUSI 74 - 268; 6 BM(NH) 1974.6.l3:1 - 6; 6 MACT 
192175 - 192180. 

5 Juveniles, 30.5 - 35.6 mm SL, collected from the Twee River, Olifants 
River System, western Cape Province, South Africa, 32° 41 '52"S., 19° 18'40"E. 
by P.H. Skelton, 10 October, 1973. 2 AM/P 2426; 1 RUSI. 74 - 266; 
1 BM(NH) 1974.6.13:9; 1 MACT 19217l. 

5 Juveniles, 35 - 53.75 mm SL collected from the Twee River, Olifants River 
system, western Cape Province, South Africa, 32°41 '35"S., 19° 17'23"E., 
by P.H. Skelton, 6 October, 1973. 2 AM/P 2417; 1 RUSI 74 - 265; 1 BM 
(NH) 1974.6.l3:1O; 1 MACT 192172. 

5 Females, 66.2 - 81 mm SL, collected from the Twee River, Olifants River 
system, western Cape Province, South Africa, 32°41'15"S., 19° 16'47"E., by 
P.H. Skelton, 11 October, 1973.2 AM/P 2428; 1 RUSI 74 - 267; 1 BM(NH) 
1974.6.13:8; 1 MACT 192173. 

5 Females, 67.5 - 77 mm SL collected from Middeldeur River Olifants River 
system, western Cape Province, South Africa, 32° 40'34"S., 19° 12'44"E., by 
P.H. Skelton and A. Coetzer, 8 December, 1973. 2 AM/P 2429; 1 RUSI 
74 - 269; 1 BM(NH) 1974.6.13:7; 1 MACT 192174. 

2 
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Diagnosis 
Barbus ernbescens is closely related to B. calidus Barnard, from which it differs in 

having the last unbranched dorsal ray with extremely weak or no serrations (B. calidus has 
strong serrations); eight branched rays in the dorsal fin (seven in B. calidus); more often 
seven and occasionally six or eight branched rays in the anal fin (usually six in B. ca/idus); 
an extra scale (four) between the lateral line and pelvic fins; one less pharyngeal tooth on 
the inner row of each lower pharyngeal bone (five in B. calidus, four in B. ernbescens); 
typically one less vertebra (twelve) before the interception of the first dorsal pterygiophore; 
scales with about 13 primary radii (about 8 in B. calidus); the dorsal surface without spots 
or markings (B. calidus invariably with such markings); and breeding B. ernbescens males 
develop an overall reddish hue (not observed in B. caUdus). 

Description 
Based on the holotype (fig. 1) and 59 paratypes taken from the Twee; Middeldeur 

and Suurvlei Rivers, Olifants River system, western Cape Province, South Africa. Measure­
ments and meristics are based on the holotype and 49 paratypes, pharyngeal teeth data 
and gillraker counts were obtained from ten other paratypes not included in the material 
used for meristic counts. Meristic values are given with the number of individuals in 
parenthesis with the symbol f. 

A typical fusiform cyprinid fish with dorsal profile gently concave anteriorly from 
snout to dorsal fin and gently convex posteriorly from dorsal fin to the end of the caudal 
peduncle. The nape is sometimes prominent in adult specimens. The mouth is sub-terminal, 
the lips are thin and there are two pairs of well developed barbels. In adults the anterior 
barbel length equals the orbit diameter and the posterior barbel is about 1.3 times the 
orbit diameter. 

2mm 

Fig. 2 
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Morphometric data as follows: 
Measurement x S.D. S.E. Range 
Standard length 68.54 17.83 2.52 30.5 - 95 mm 

I. Proportional measurements as % standard length. (N = SO) 

head length 27.46 1.11 0.16 25.56 31.15 
pre dorsal length 52.83 1.2 0.17 50.3 55.56 
postdorsal length 47.17 1.2 0.17 44.26 49.7 
body depth 23.84 0.85 0.12 21.91 25.98 
body width 16.42 0.91 0.13 14.43 18.28 
pectoral - pelvic fins 23.4 0.93 0.13 21.36 25.16 
pelvic - anal fins 18.17 1.43 0.20 15.15 21.19 
caudal peduncle length 21.54 0.80 0.11 20.0 23.4 
caudal peduncle depth 12.0 0.44 0.06 11.15 12.78 
dorsal fin base 14.06 0.98 0.14 12.06 15.71 
dorsal fin length 21.03 1.16 0.16 18.95 24.0 
anal fin base 12.14 1.12 0.16 9.81 13.87 
anal fm length 17.76 0.83 0.12 15.68 19.99 
pectoral fin length 20.64 0.69 0.10 18.74 22.17 
pelvic fin length 17.61 0.81 0.12 15.58 19.99 

II. Proportional measurements continued; as % head length. 

Measurement x S.D. S.E. Range 
head depth 69.96 2.67 0.38 62.11 75.0 
snout length 34.03 1.33 0.19 30.53 36.22 
orbit diameter 26.20 2.49 0.35 22.17 32.35 
post-orbit width 45.71 1.71 0.24 40.78 49.14 
inter-orbit width 28.74 1.62 0.23 24.51 33.16 

Scales radiately striated, with radii in both anterior and posterior fields of the scale; 
about 13 principal radii. Lateral line with modes of 37 (f23) and 38 (fl9) and range 
35 (f2), 36 (fl), 39 (f4), 40 (fl) scales; 5 (fl7) or 6 (f33) scales between lateral line and 
pelvic fin; occasionally 3 (f6) or 5 (fl) but usually 4 (f43) scales between lateral line and 
pelvic fin; 4 (f47), occasionally 5 (f3) scales between lateral line and anal fin; 15 (fl 5), 
16 (f24) or 17 (flO) scale rows around the caudal peduncle; and modally 15 (f20) or 16 
(f20) [range 14 (fl), 17 (f8), 18 (fl)] predorsal scale rows. 

Dorsal fin with iii (f3l) or iv (fl9) unbranched rays, the last unbranched ray flexible 
with no or, at most, few reduced serrations; 7 (f9) or 8 (f41) branched rays. The origin 
of the dorsal is slightly posterior to the origin of the pelvic fins. Anal fin (fig.3) not 
reaching caudal, with iii (f48) and occasionally iv (f2) unbranched rays; and 7 (f42) or 
occasionally 6 (f5) or 8 (f3) branched rays. Pectoral fins not reaching pelvics with 13 (f4), 
modally 14 (f30), 15 (fl4) or 16 (fl) visible rays. Pelvic fins not reaching anal, with 7 (f6) 
and usually 8 (f44) visible rays. 

5 



Vertebral column with 37 (f29), 38 (fl9), or 39 (f2) vertebrae; of which 18 (fl 5), 
19 (f23), or 20 (fl) are precaudal and 18 (fl 5), 19 (f22) or 20 (fl3) are caudal vertebrae. 
D.P.1. is 11 (f2), 12 (f37) or 13 (fll); A.P.1. is 20 (f3), 21 (f4l) or 22 (f6). There are 
6 (f25), 7 (f24) or 8 (fl) pre dorsal supraneural bones. 

Gillrakers 2 or 3 + 6 - 9 on the anterior arch. Pharyngeal bones illustrated in fig. 2, 
each with three rows of teeth, formula 2,3,4, - 4,3,2. Teeth in outer rows small, the first 
(lying dorsal) recurved and hooked, the second blunt and obliquely conicai at the tip. A 
similar trend is evident in each tooth row where the first teeth are slender with a recurved 
tip and the subsequent teeth are progressively blunter. 

In ripe running males there are numerous small tubercles (approximately 0,2 mm in 
diameter and height), irregularly scattered on the dorsal surface of the head from the tip 
of the snout to the nape. These tubercles also occur laterally posterior to the orbit (on pre­
opercle and opercle) petering out ventrally at the level of the ventral margin of the orbit. 
Tubercles are found on the scales dorsal to the lateral line from the nape to the tip of the 
caudal peduncle, especially anterior to the dorsal fin, where from 10 - 15 tubercles per 
scale have been recorded. Single open rows of tubercles occur on the rays of the dorsal and 
anal fins and dorsally on the rays of the paired fins. These latter tubercles appear to be less 
well developed than the body and head tubercles. 

The following colour descriptions are derived from live aquarium specimens, pre­
served specimens, field notes and colour transparencies taken in the field. Sexual differ­
ences are restricted to intensity of pigmentation out of the breeding season; in ripe 
breeding condition only males have been observed with an overall reddish hue as described 
below. 

Fig. 3 
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In non-breeding condition members of this species are a pale brown to olive green 
dorsally (much faded in aquaria), the dorsal and ventral surfaces being without markings. 
A dark unbroken lateral band extends along the body from posterior to the head to the 
tip of the caudal peduncle. Tapering anteriorly the band runs immediately dorsal to the 
lateral line as far as a point opposite the anterior margin of the anal fm. It thereafter 
straddles the lateral line and ends, slightly expanded at the base of the caudal fin. The 
head is silvery, tinged greenish brown lateroventrally, olive greenish brown dorsally and 
metallic silvery gold over the operculum and suborbital area. The iris is golden shading to 
olive-golden peripherally, the pupil is black. The barbels are dark and often conspicuous. 
In adults the pectoral and pelvic fins are bright red basally, the colour extending onto the 
axils, the outer regions being hyaline. The anal and dorsal fins are less markedly red basally 
than the pectorals and pelvics. Distally the anal fin is hyaline, the dorsal and caudal fins 
have light brown rays with a transparent light brown membrane, fading distally. 

In breeding condition the red fin-flashes become accentuated in both sexes although 
the males are more deeply pigmented. In addition the male assumes an overall reddish 
hue. The pectorals, pelvics and anal fins remain hyaline distally, the brown of the dorsal 
and caudal fins becomes suffused with red. The red suffusion affects the entire fish, 
particularly the posterior trunk region. The latero-ventral silvery gold of the head and 
body cavity underlies the reddish hue in those regions. The dark lateral band, although 
evident, is not accentuated. 

In formalin fixed, n-propyl alcohol preserved specimens, the dorsal surface is 
uniformly pigmented without marks, the deeply pigmented lateral band tapers anteriorly 
and is usually unbroken. Laterally the scales are faintly outlined with melanophores, the 
dorsal and caudal fin rays are pigmented and the pectoral, pelvic and anal fin rays only 
slightly so basally. 

Distribution and habitat 
Barbus erubescens has been found only in the Twee River and its two source tribu­

taries, the Middeldeur and Suurvlei Rivers. Downstream its distribution is limited by a 
vertical waterfall estimated to be about 12 metres high. This waterfall is found 800 metres 
upstream from the confluence of the Twee and l..eeu Rivers, which combine to form the 
Groot River. This, in turn, joins the Doring before entering the Olifants mainstream. 
Immediately below the waterfall is a large and d~ep pool from which no small species 
have yet been collected, probably due to the presence of the exotic Micropterus salmoides. 
Extensive collecting throughout the Olifants River system indicates that B. erubescens is 
not found elsewhere where populations of indigenous fish, including B. calidus, exist 
(Gaigher, 1973; and pers. observ). 

The Middeldeur is the major tributary of the Twee River, and rises sluggishly on an 
intermontane plateau at an altitude of about 880 metres. The highest point upstream 
where B. erubescens has been found is at the base of the fall line from this marshy plateau, 
at an altitude of about 770 metres. In the Suurvlei River a population was found some 
four and a half kilometres above the confluence with the Middeldeur and.it is likely that 
the species exists for a further four to five kilometres upstream from this point. 
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Typically the Middeldeur, below the fall line, is from 10 to 15 metres wide and 
consists of pools broken by islands and interspersed with rocky runs. The river bed is 
sandy and rocky in nature. The Suurvlei, in contrast, is more sandy than rocky and from 
3 to 7 metres wide. The Twee River is in effect an extension of the Middeldeur with a 
sandy rocky bed, well vegetated islands, cataracts, three substantial waterfalls (excluding 
the fall already mentioned) and several large and deep pools. 

The water is invariably very clear although slightly peat stained; pH (October, 1973) 
6.8 - 6.9; conductivity low (0.15 mg / .e NaCI). Temperature records kept by Mr E.J.A. 
Evans, a land owner on the Twee River, indicate that annual cycles fluctuate between 
7.5°C and 27°C. Diurnal temperature fluctuation recorded during October, 1973, was 
between 2°C and 3°C. 

Biology 
Barbus erubescens is found in the pools and river channels singly or in aggregations 

of up to 30 or so individuals. Breeding occurs during the summer months and field 
observations indicate that congregation for this purpose in the pools probably occurs. A 
large school of the species netted in December, 1973, proved to be entirely ripe running 
males. 

Etymology 
The name erubescens is derived from Latin meaning "to become red" and refers to 

the colouration (of at least the males) during the breeding period. 

Discussion 
Barbus erubescens is the fifth endemic Barbus species in the Olifants River system. 

It is exceptional, however, in being the only fish species in the system that is apparently 
restricted to a single tributary complex. The only other fish species as yet found above 
the waterfall in the Twee, Middeldeur or Suurvlei Rivers is the small galaxiid, Galaxias 
zebratus. B. erubescens is interesting in another respect; it is (to the author's knowledge) 
the only African Barbus species to have a modal count of seven branched rays in the anal 
fm. 

There is little doubt that the new species is closely related to B. calidus (figA). An 
interpopulation morphometric and meristic analysis of B. calidus was made to determine 
the geographic variation of that species. Several clear differences between the two species, 
as summarized in the diagnosis above, are recorded. In addition there are differences in 
the postorbital width (as percent head length, B. calidus 43.27, S.D. 2.0; B. erubescens 
46.71, S.D. 1.5), and caudal peduncle depth (as percent SL, B. calidus 9.82, S.D. 0.5; 
B. erubescens 11.98, S.D. 0.5). A comparison of figures 1 and 4 indicates a difference in 
the orbit diameter of the two species. Allometric growth of the orbit diameter (Barnard 
1943; and pers.obs.) complicates the analysis, but a mean from several popUlations of B. 
calidus of the orbit diameter as percentage head length (29.08, N = 180) does differ 
from the value for the type series of B. erubescens (26.2, N=50). Other trends in certain 
meristic characters are also evident, (e.g. caudal peduncle scale rows, pectoral fin rays) 
but these are not sufficiently marked to be diagnostic. 
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It is generally assumed that the "red fin" group of Barbus species are closely inter­
related on account of the red fin colour character and geographical proximity. Barnard 
(1938, 1943) noted that B. calidus differed from all the other "red fin" species (B. 
phlegethon, B. burgi, B. burchelli, B. tenuis, B. asper, B. afer) in having a serrated last 
dorsal unbranched ray and six branched anal fin rays. Although the serrated unbranched 
dorsal ray character has been used extensively in Barbus classification, its phylogenetic 
significance is not altogether clear. Intra-specifically the character varies considerably in 
several species. Bell-Cross (l973) reported such variation in B. eutaenia from the Busi 
River in eastern Rhodesia and Mozambique, and Jubb (l967) mentions similar variation 
in B. andrewi and B. trevelyani Such variation, a priori, might well be a result of differen­
tial environmental effects, as, for example, recorded by Greenwood (l964). However, as 
far as has been determined, the Twee River and its tributaries are not physically or 
chemically distinct from the rest of the OHfants River system. It will be difficult to 
determine to what extent, if any, bio-ecological differences (e.g. the lack of piscine 
predators and competitors) might be responsible for the above observed morphological 
differences. 

The majority of Mrican Barbus species have, as a rule, five branched rays in the 
anal fin. A few large species from Morocco, North Mrica, have six anal branched rays 
(Boulenger 1911), as do B. andrewi and B. calidus from the south west Cape Province, 
South Mrica (Barnard 1938). The North Mrican species have affinities with European 
fishes (Banister 1973) and at present it is assumed that there is no close relationship 
between the large B. andrew; and the small B. calidus. Barnard (l943) illustrates a typical 
anal fin of B. calidus and indicates that there are exceptional individuals of that species 
with seven branched rays in the anal fin. In the present study it has been found that 
approximately 7% of B. calidus populations have seven branched rays, whereas up to 80% 
of B. erubescens populations are thus characterzied. The fact that there is a corresponding 
pterygiophore increase (fig. 3) shows that the increase is not merely due to a splitting of 
the last ray. There is no significant difference in relative basal length of the anal fins of 
the two species. 

The most ventral pharyngeal tooth on the inner rows are vestigial in B. calidus and 
absent in B. erubescens. (fig. 2). The usual pharyngeal tooth formula for Mrican Barbus 
species is 2,3,5, - 5,3,2, (Matthes 1963; Banister 1973) and it is reasonable to suppose 
that B. erubescens shows a derived condition. Studies have not, as yet, been carried out to 
investigate whether or not there is a corresponding food or feeding difference between 
the two species. 

In the present study there is no evidence that the number of primary radii increases 
with age. Barnard (l943) found that for B. calidus the number of "striae" increases from 
4 - 5 in juveniles to 12 - 14 in adults. Although he stated that "striae" meant "striae on 
exposed (posterior) field of scale {main striae, not short intercalaries)", it appears that 
Barnard has included what would here be regarded as secondary radii in his adult scale 
radii counts. B. erubescens is characterized by about 13 primary radii and for B. calidus a 
lower mean count of about eight primary radii is recorded. 
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The restricted distribution of B. entbescens is significant especially when considered 
in the light of the absence of other fish species. Galaxias zebratus probably invaded the 
system at a very early stage via oceanic sources (McDowall 1973). It is possible that the 
B. ernbescens / B. calidus ancestral stock arrived independently and before the other 
primary division freshwater fishes (sensu Myers 1938), including the "red fin" species 
B. phlegethon. 

Below the first waterfall on the Twee River only large indigenous species (Barb us 
serra, Barbus capensis, Labeo seeberi and the exotic Micropterns salmoides) have been 
found. It is probable that this latter species has been largely responsible for the elimination 
of many of the smaller fish species, thus precluding the chance of locating a possible B. 
ernbescens / B. calidus hybrid population. The nearest downstream population of B. 
calidus yet sampled (27.5 km river distance), in the Breekkrans River, shows characters 
typical for that species. 
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Figure 1 Barbus erubescens new species, Holotype, 84 mm SL. 

Figure 2 Barbus erubescens; Right hand side pharyngeal bone and teeth from 
specimen of 95 mm SL. 
A - Internal antero-Iateral view 
B - External postero-Iateral view 

Figure 3 Barbus erubescens; typical anal fin with basal radial and pterygiophore 
bones from specimen of 78 mm SL. 

Figure 4 Barbus calidusj a specimen of 89 mm SL taken from the Rondegat River, 
Ollfants River System, western Cape Province. 
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TABLE 1· 

Standard length of measured specimens of redfin Barbus species. 

- . . 
- -

SPSCIES N: MAX. lVlIN. Jl.llEAN S.D.' S.E. 
. 

B • burchelli - 179 136.0 28.0 54.26 15.08 1.13 

,-

B. burg! 107 109.0 34.0 59040 14.83 1.43 -
B. Ehle~ethon. 92 59.5 - 27.5 43.28 7.93 0083 

lie ~en1?:;l,~ 96 8000 30.0 54027 9.79 -10 00 

-- . 
B~ ..... 95 82.0 43.0 55034 8.17 0084 

. 

B afer (L) 50 730 0 50.0 56 0 85 4.73 0067 
I 

,.". 

B.~ 110 80.0 43.0 58.88 8.25 0.79 
, . .. 

B. ~ (va.:. ) 144 104.0 48.0 61.08 10.90 0.91 
.. . 

Q. guathlam12afl 32 102.0 46.0 82.44 11.72 2.07 
-

lie calj,dy.5l 225 62.0 22.5 51 .. 52 11.64 0.70 

--

.li. erubesQ~;Uiil 110 95.0 30.5 64.55 13.74 1.31 
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TABLE 2 

Head length (% SL) of redfin Barbus species. 
----~-------- .. ----

SJ?Ti:CIES N. MAX. JV[[N. MEAN S.D. S.~. 

.Jl, lml:cbeJ J:I. 179 33.09 24.70 27004 1.55 0.12 

]a. J2!J,;£g1 107 29041 22.94 25.86 1.46 0.14 

],.. 12hlegethon 92 28.73 23.88 25.60 1.00 0.10 

J2... tenYiti! 96 30.00 24.64 26.69 1.15 0.12 

--

ll. ~ 95 29.62 25.44 27043 0.94 0.10 

]. WL~) 50 29.11 25.24 26.84 1.01 0.14 

.li. ~ 110 28 0 23 24.74 26 0 46 0.75 0 0 07 

£2.. ~r (var. ) 142 30.36 25.91 26 056 0.90 0.06 

o. - \luathls&mbfao~ 32 27.12 22.74 24.76 1.15 0.20 

].. cfi>.1idus 238 30.00 24.59 - 27023 1.07 0.69 

],.. er~J2!i:l~g~ll~ 110 31.15 25.56 27.61 1.02 0.10 
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TABLE 3. 

Head length (% SL) of !.asper, !.afer and !.asper (variant) samples. 

SPECIES N. MAX. MIN. MEAN. S.D. S.E. 

Sundays 30 28.2 25.4 26.8 .7 .1 

Swartkops 30 28.9 25.6 27.6 .8 .1 

Baakens 5 27.5 25.9 26.6 .7 .3 

Couga 30 29.1 25.4 26.5 .8 .1 

Wit 10 29.0 25.2 26.8 1.3 .4 

Loerie 10 28.8 26.7 27.8 .7 .2 

Krom 30 29.6 26.1 28.1 .9 .2 

B10ukrans 30 29.1 25.9 27.8 .8 .2 

Groot 30 30 27.7 28.7 .6 .1 

Keurbooms 22 29.5 27.2 28.3 .7 .1 

Knysna 30 30.4 28.2 29.2 .5 .1 

Homtini 30 30.3 26.7 28.9 1.1 .2 

.- -

Groot (Gamtoos) 30 27.4 25.2 .26.4 .7 .1 

Groot (Gourits) 30 27.9 25.6 26.3 .7 .1 

Van Wyksdorp 20 28.2 25.4 26.7 .7 .~ 

Kannnanassie 30 28.2 24.7 26.5 .9 .2 
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!l!ABLE 4 

Head depth (% HL) of redfin Barbus species and O.quathlambae 

SF:~CIES N. 'MAX. MIN. MEAN S.D. S.E • 

.... --

fl. burchelli 179 76 0 84 62022 69.90 2.84 0.21 

;]2. ~ 107 80.77 63096 73.78 2076 0.27 

- .. --

:)2.. :QhlegdhoJ;,} 92 82.42 66 090 74.97 3011 0.32 

". - ---
~. tf:nu;1.Q 96 71.20 61.11 65.R6 2047 0.25 

J2.. ~ 95 78.23 65.31 71.30 2.62 0.27 

~. ~Uh) 50 76.19 66 022 70.90 2.68 0.38 

]2. ~tsper 110 76.39 66.84 71.73 2.20 0.21 

!?,. aspe~ (vax. ) 142 79.44 62010 ,71.88 3.06 0.26 
; 

Q.. Quathl.5l;~ 32 69.35 59.91 64.34 2030 0.41 
\ 

;§.. calidus 238 76.67 60.87 68.24 30 09 0.20 

lk erubescens 110 78.57 62.11 69.16 2075 0.26 

--- ._. . - ~ 
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TABLE 5 

Snout length (% m..) of redfin Barbus species and O.quathlambae 

SPECIES N. MAX. ~IITN • IlilE-AN S.D. S.E. 

~ QYIch~ll;;" 179 41.46 30.56 38 096 2013 0.16 
. 

l3..,,~ 107 42.1 30.00 35.63 3.12 0.30 

--- -. 
12.. uhl~g~thQn 92 41.22 31.13 35.21 2.11 0.22 

li· tenuis 96 42.42 30.66 34.98 1.89 0.19 

-- - .. _-- . 
lie ~ 95 39.02 29.65 34.27 1.85 0.19 
--_. .- ---

Ik.aW' (Q;.J 50 37.35 28 0 57 33.68 1.68 0.24 
I ~. 

-
;12.. as:ger 110 38.00 31.07 33.93 1.35 0.13 

12-. asuelj ~.) 142 41.82 30.99 35.82 2.26 0.19 

-". 

Q. quath1ambiil,~ 32 39.29 33.33 36.80 1.66 0.29 

-
~. ca1igu~ 237 40.0 28.1 34.4 2.0 0.13 

~. erubescens 110 36.22 26.38 33.25 1.69 0.16 

--- . - - ..... '" 
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T.I\BLE 6 -

Orbit diameter (% HL) of redfin Barbus species and O.quathlambae 

--~ 
! - , ! 

, 
SPECIES N. MAX. MIN. ME.A .. JIT S.D. S.E. 

.. -
;a. 12m:Quell1 179 36.73 17.78 28.51 3.24 0.24 

-
~. burgi. 107 37.50 22.27 29.06 3.35 0.32 

-- -- . . .. _- _ . 

~. 12hlegethon 92 36.26 25.34 30.22 2.19 0.23 

-- .. - _ .. 
~. "tenuil:! 96 30.21 200 56 25.98 1.90 0.19 

- -
].., a.ter 95 30.37 21.70 26.71 1.78 0.18 

, - -~.-,---

;12.. afeI' ~ 50 32.86 24.83 28.00 1.56 0 0 22 

-- . 

Ji. as};!!:!;!: 110 28.67 22.00 26.03 1.36 0.13 

- ... --",_._--
Ji, as};!er (va;!:_ ) 142 29.86 18.67 25.80 1.96 0.16 

-,_ ......... 

o. gU9thlamba~ 32 27.87 19.42 23.61 1.62 0.29 

-
B. calj,dus 238 36.36 25.00 29.09 2.02 0.13 

~. erubescens 110 32.35 22.17 26.73 1.96 0.19 
.. <-
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TABLE 7_ 

Postorbital length (% HL) of redfin Barbus species and O.quathlambae 

! . -' 
, 

SPECIES N. JlffA,'C. :MIN. MEAN S.D. S.E. 
-- . 

B. burche111 179 50.74 38.51 45.19 1.88 0.14 

- -_ .... . 

],. burg}. 107 53 0 02 38.71 47.09 2.38 0.23 

- ........... . 

ll. J2h1egethgn 92 57.14 43.14 46.35 1.99 0.21 

- -... ,--..... 

B. tenuis 96 54.35 43.69 47.45 1.89 0.19 
.- ,- -

11· ~ 95 51.16 42.22 46.36 1.66 0.17 
-, ,-
;[. w.r (Q,J 50 51.00 42.25 45.74 1.99 0.28 

- ._ ... _ .. -
;§.. ~ ~'TLO 52.11 37.80 46.97 2.05 0.20 

,-
B. asper (var. ) 142 51.03 42.16 45.76 1.80 0.15 

, - ..... _._-
Q, guathlQm:Q~1i 32 57.79 46.38 49.69 2.25 0.40 

"'_._--

lh ca1;i.dus , 237 53.33 38.24 43.59 2.21 0.14 

- ! -
~. erubescen§. 110 50.00 40.78 45.97 1.56 0.15 

- --_ ..... _. 
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TAJ3L.'E 8 . , 

Interorbital length (% HL) of redfin Barbus species and O.quathlambae 

_ •.. 
i 

SPECIES N. MAX. MIN. l',IJE.AN S.D. S.E. 

J2., burchell~ 179 36.51 24.07 30.57 2.39 0.18 
.. -

~. burgi 107 40.00 27.78 33.46 2.19 0.21 

-
B. :Qhlegethon 92 38.82 27.18 32.79 2.42 0.25 

-_ ....... 
]. tenuis 96 35.71 25.23 30.13 1.99 0.20 

B. ~ 95 33.02 25.17 29.13 1.54 00 16 

- • 
ll. ~ Ut...l 50 33.54 26.43 29.45 ' 1~55 0.22 

'. ! 

B. 
! 

25.45 2.36 as per 110 35.15 31.21 00 22 
~ . 

--

B. asper (~) I 142 39.18 24054 30.31 2.52 0.21 
i 

O • .9.uathlamba~ I 32 30.15. 24.42 27.40 loll 0.20 I , 
! 

: 
B. calidy'!! , 238 41.67 28 057 34.12 2.18 0.14 

. . 
J2. erubescens 110 37.93 24.51 31.88 3.34 0.31 
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TABLE ct.: 

Predorsal length (% SL) of redfin Barbus species and O.quathlambae 

-,- -
SPECIES N. NIAX. MIN. 1.1!E.AN S.D. S.E. 

1?. burche111 179 55.15 48 087 51.25 1.18 0.09 

]2. burg1 107 53075 44064 48.89 2017 0.21 
.. ,. 

~ . . p'h1egethon 92 55.17 49.02 52038 1.16 0.12 

.-
~. tenuis 96 54.55 48.28 51.39 1.18 . 0.12 

,,-----" 
b ~ 95 55.00 49.30 51.85 1.00 0.10 

- ,-- -- -
;12. ~ Uh) 50 53.10 500 00 51.49 0080 0.11 

--

;J?. aSEer 110 54.55 47.83 51.04 1.42 0.14 
-, _ .. 

:B. aSEer (var. ) ! 142 55.68 48 060 52.28 1.23 0.10 

- ---
, 

O. suathlambae 32 55.00 47037 50.75 . 1.71 0.30 

-
:B. calidus 237 57.45 50.00 54.31 1.30 0.09 ,-

.--. "--' -
~. erubescens 110 55.74 50.30 53.12 1.10 0.10 

-
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TA .. BLE 10 

Postdorsal length (% SL) of redfin Barbus"species and 0 .quath1ambae 

-
SrnCIES N. MAX. Jl.UN. WIR!\N S.D. S.E • 

... _-.. -

].. qurche11i 179 51-.13 44.R5 48.78 1.16 0.09 

--

~ burg1 107 55.36 46.25 51.10 2.16 0.21 

-- -- -
B. ph1e~ethon 92 50.98 - 44.83 47.62 1.16 0.12 

- .... . 

J? ten~s 96 51.72 45.45 48.61 1.18 0.12 

Ii: afer 95 50.70 45.00 48.15 1.00 0.10 

-~ ... 

lie afer (Q.J 50 50.00 46.90 48 0 49 0.82 0.12 

- -
B. aspeJ; 110 52.17 - 45.45 48.96 1.42 00 14 

. 
lao ~ (nu:J 142 50.94 44.32 47.66 1.21 0.10 

._._---------
Q... suathl~~s: 32 52.63 45.00 49.25 1.71 O.!>o 

... 

],. ~H~Ugus 280 50.00 42.55 45.69 1.30 0.09 
,.,.~-.. -.... 

~. erubescens 110 49.70 44.26 46.88 1.09 00 10 

---------
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TABLE 11. 

Head length (% SL) of B.burgi samples 

SPECIES N. MAX. MIN. MEAN. S.D. S.E. 

Great Drakenstein 30 27 23 25.2 .9 .2 

Paarl (types) 2 24.6 23.3 24 .9 .7 

Krom 30 26.1 22.9 24.8 .8 .2 

Paarl 7 25.1 23.8 24.7 .6 .2 

Eerste 7 27.8 26.1 26.8 .6 .2 

Verlorevlei 30 29.4 26. 27.7 .8 .1 



-------------------------------------
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TABLE 12. 

Predorsal length (% SL) of B.burgi samples 

SPECIES N. MAX. MIN. MEAN. S.D. S.E. 

Great Drakenstein 30 50 44.6 47.7 1.3 .2 

Paarl (types) 2 47.2 44.3 46.8 .7 .5 

Krom 30 49 45.4 47.5 1.0 .2 

Paarl 7 50 46.4 47.8 1.4 .5 

Eerste 7 53.8 48 50.8 2.4 .9 

Verlorevlei 30 53.5 48.2 51.3 1.3 .2 
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TABLE 13_ 

Length of the base of the dorsal fin (% SL) of each of the redfin 

Barbus species -and 0.guath1ambae 
-_.--------

-~.--

SPEOIES N. MAX. MIN. MEAN S.D. S.E. 

b burohe11i ~ 98 15.56 11.18 13.22 0.71 0.07 

1!. burcheJ.li ~ 76 15.17 12.00 13.59 0.90 0.10 

Ji. ~ ~ 63 15.00 11.80 13.57 0.71 0.09 

fl.. ~ ~ 42 15.44 11.70 13.81 0.91 0.14 

12. ~gethon ~ 49 14.62 12.22 13.25 0.63 0.09 

B. ~gethon ~ 31 14.91 10.91 13.44 0.93 0.17 

B. tenuis ~ 66 14.29 11.03 12.63 0.75 0.09 

B. tenuis ~ 30 14.04 11.19 12.56 0.68 0.12 

~. afer ~ 66 14.20 11.01 12.79 0.64- 0.68 

B. ~ ~ 29 14.43 11.04 13.10 0.78 0.15 
~ 

B. ~ ~ ~ 25 14.59 11.92 13.29 0.64- 0.13 

B. afer (.Q:.J. ~ 25 15.10 12.79 13.89 0.61 0.12 ,. 
~ ~ ~ 69 14.75 11.26 12.98 0.77 0.09 

B. ~PN ~ 41 15.70 12.24- 13.55 0.73 0.11 

Ji.~~~~ 71 15.26 11.94- 13.44 0.72 0.09 

Ji. £!:§P~ (vare ) ~ 71 15.77 12.27 13.98 0.68 0.08 

Q.. ~ua thlambatl, ~ 20 13.17 10.71 11.78 0.70 Ol16 

Q. quathlambae a 12 13.45 10.54 12.04 0.86 0.25 

B. ca1idus ~ 120 16.96 12.07 13.62 0.8? 0.08 

B. oalidu§ a 102 15.63 12.22 13.79 0.72 0.07 

B. erubescens ~ 44 15.26 12.07 13.82 0.79 0.12 

~. erubescens a 56 15.62 12.06 14.00 0.83 0.11 
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TABLE 14 

Length of the dorsal fin (% SL) of each sex of the redfin Barbus species and 

0.quath1ambae 

SPECIES N. MAX. MIN. MEAN S.D. S.E. 

\ 
J2, burgheJ,.l;L ~ 98 25.65 19.03 22.68 1.49 0.15 

1h burcheJ,.J,.1 cr 76 26.58 21.40 23.83 1.55 0.18 

B. burg;L ~ 63 27.65 16.06 23.89 2.53 0.32 

J2, burg;L cr 42 28.40 19.24 25.39 2.20 0.34 

B. phlegethpn. !j! 49 27.14 19.15 23.30 1.71 0.24 

B. phlegetJaon cr 31 27.64 22.65 24.77 1.22 0.22 

B. tenuis ~ 66 25.64 19.73 22.43 1.37 0.17 

lie te.nui§! cr 30 28.00 20.00 23.54 1.45 0.27 

B.~ ~ 66 25.21 20.36 22.76 1.22 0.15 

1Lo ~ cr 29 25.22 20.80 23.34 1.09 0.20 

~. ~ (.[..) ~ 25 24.62 20.91 22.96 1.03 0.21 

!i. ~ ca.) cr 25 25.17 17.59 23.13 1.78 0.~6 

B. asper ~ 69 26.04 18.89 22.50 1.58 0.19 

:§... ~ ~ 41 27.87 20.86 23.81 1.59 0.25 

~ asper ~) ~". 71 •... 29.58 20.00 2(1.49 1.22 0.15 

!b asper (~ cr 71 26.85 20.71 24.29 1.13 0.13 

Q.., quathlambae !j! 20 20.85 17.68 19.35 1.01 0.23 

O. .9. us. thlamm cr 12 22.00 18.78 20.54 0.93 0.27 

£h oalidus !j! 120 26.04 18.33 22.02 1.52 0.14 

fu calidus cr 101 25.53 18.75 22.19 1.26 0.13 

li· erubesoens !j! 44 22.73 19.14 20.97 0.98 0.15 

B. erube!i!c~m! cr 56 22.55 18.90 20.91 0.93 0.12 
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TABLE 15 

Length of the pectoral fin (% SL) of each sex of the redfin Barbus species and 

O.quathlambae 
~ 

SPECIES N. MAX. MIN. :MEAN S.D. S.E. 

Ji. burchel1;i. !f 98 23.50 18.61 21.05 1.10 0.11 

].. burchell;i. J 76 25.00 19.60 22.67 1.52 0.17 

B. burgi !f 63 26.05 14.68 20.39 2.28 0.29 

~. burgi ~ 42 26.44 18.10 23.05 1.87 0.29 

b p'hleg~ ~ 49 24'.57 17.84 20.10 1.34 0.19 

~. phlegethon J 31 25.26 19.64 22.16 1.18 0.21 

;!i. tenuis !f 66 23.(]l0 16.72 20.19 1.39 0.17 

;§.. tenyis J 30 24.29 20.00 22.64 1.12 0.20 

B.~ ~ 66 23.04 17.59 20.21 1.23 0.15 

~. afer ~ 29 23.96 18.67 22.37 1.08 0.20 

]. af~ (Q.J !f 25 22.95 16.10 20.12 1.63 0.33 

;!?. afer (Q.J J 25 25.47 18.03 21.90 1.80 0.36 

Ji. ~s12er !f 69 22.77 17.03 19.98 1.43 0.17 

~. asp-er ~ 41 26.09 19.47 22.98 1.65 0.26 

;§., as per ~) !f 71 23.54 18.81 2h63 1.06 0.13 

;§. asper (var.) ~ 71 26.07 20.51 23.82 1.15 0.14 

Q. •• qua thlambae !f 20 21.67 15.51 18149 1.41 0.32 

Q.. guathlambae cr 12 21.30 17.26 19.36 1.35 0.39 

B. calidus !f 120 23.26 18.75 21.02 1.00 0.09 

;e. calidus J i 102 23.40 18.63 21.34 1.06 0.11 

B. erubesc~ns !f 44 22.17 18.33 20.54 0.74 0.11 

;§.. erubesQ~n§ ~ 56 22.46 18.74 20.63 0.77 0.10 
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TABLE 16 

, 
Distance between the pectoral and pelvic fins of each sex of the red fin Barbus 

species and 0.quath1ambae 

SPECIES N. MAX. MIN. MEAN S.D. S.E. 

;§.. burchelli !j! 98 27.63 22.05 25.16 1.07 0.11 

B. burc hell i a 76 27.29 21.10 23.86 1.68 0.19 

]. burgi !j! 63 32.02 21.96 24.98 1.57 0.20 

B. burgi ..,... a 42 27.39 16.51 24.36 1.84 0.28 

]i. phleg~ !j! 49 31.85 24.37 28.23 1.50 0.21 

di. PhJ..§gethon a 31 29.02 23.33 26.14 1.42 0.26 

]i. tenuis !j! 66 28.46 22.74 25.67 1.22 0.15 

fie tenuis a 30 26.91 22.41 24.54 1.16 0.21 

B. af'er - !j! 66 27.02 21.72 24.44 1.06 0.13 

~. ~ a 29 25.00 20.93 23.17 1.16 0.22 

B. ill.r ~ !j! 25 27.62 23.33 25.14 0.98 0.20 

]. af'er ~ a 25 r--
25.88 22.09 24.02 0.83 0.17 

;§.. asper !j! 'Q~ 29.8~ 2:2.45 25.69 1.47 0.18 

B. asper a 41 2,7.42 21.05 24.0; 1.·~6 0.20 

B. asper (var.) !j! 71 28.20 21.57 24.85 1.41 0.17 

B. a,sper evar.) a 71 26.67 19.68 23.59 1.59 0.19 

Q.. Jiua thlambae !j! 20 27.67 23.68 26.26 1.17 0.26 

2. _~uathlambae a 12 26.07 22.98 24.32 0.83 0.24 

;12. calidus !j! 124 27.21 19.64- 23.35 1.32 0.12 

!. ca1idus a 103 26.56 18.75 23.17 1.31 0.13 

~ erubescens !j! 44 26.54 21.58 23.93 1.89 0.18 

~ erubescens a 56 25.89 21.30 23.51 1.01 0.13 
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TABLE 17 

Length of the pelvic fin (% SL) of each sex of the redfin Barbus species and 

O.9uathlambge 
---~--------~-- --, -, 

SPEOIES N. MAX. MIN. MEAN S.D. S.E. 

die byrche11i ~ 98 18.47 14.00 16.27 0.86 0.09 

~. burchell1 .~ 76 19.23 14.30 17.27 1.02 0.12 

~. ~g;!. ~ 63 20.41 13.39 17.49 1.33 0.17 

B. burg;!.. ~ 42 20.65 7.91 18.45 2.03 0.31 

]. p'blegUllim !f 49 18.08 15.70 16.87 0.67 0.10 

!to ~gethon ~ 31 20.79 15.;6 18.01 1.13 0.20 

~. tenu1s !f 66 18.06 10.89 15.43 1.23 0.15 

B. tenuis ~ 30 17.79 14.56 16.52 1.02 0.19 

B. afer !f 66 1$.60 14.29 16.19 0.97 0.12 

] . . ~ C! 29 19.06 15.45 17.50 0.90 0.17 

]. afer (fu) ~ 25 18.42 14.92 16.57· 0.97 0.19 

B. afer l&J. C! 25 19.63 14.24 17.22 1.38 0.28 ---. 

!2.. ~ !f 69 18.96 12.63 15.81 1.24 0.15 

~. ~:Rer ~ 41 21.76 15.81 17.98 1.33 0.21 

B.~p~ (var.) !f 71 19.07 15.67 17.3; 0.79 0.09 

]. Mw:..(.mu) ~ 71 20.42 16.92 18.47 0.77 0.09 

Q.. qua thlambae !f 20 15.85 12.76 14.79 0.93 0.21 

Q.. auathlambae C! 12 16.67 14.05 15.46 0.78 0.22 

B. galidus !f 120 19.79 16.00 18.08 0.82 0.08 

fu ca,lidus ~ 102 20.19 16.28 18.26 0.83 0.08 

~. erubescens !f 44 19.72 15.58 17.50 0.70 0.11 

B. 
T 

erubesgens C! 56 19.30 16.07 17.59 0.84 0.11 
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TABLE 18 

Distance between the pelvic and anal fins of each sex of the red fin Barbus 

species and O.quath1ambae 

SPECIES N. . NAX. MIN. MEAN S.D. S.E • 

;e., burG:he~l* ~ 98 17.06 12.00 14.57 1.05 0.11 

12· burchelli 0' 76 16.75 11.90 14.04 O~99 0.12 

J2.. Qurgi ~. 63 21.12 13.38 15.93 1.13 0.14 

li· burgi 0' 42 18.19 13.03 15.53 1.45 0.22 

:6.. p~g~ ~ 49 17.84 12.07 15.08 1.39 0.20 

IJ,. pblegetho:g. ~ 31 18.86 11.96 14.23 1.38 0.25 

Ja. tenuis ~. 66 18.21 12.50 14.66 1.07 0.13 

';e. ~nuis 0' 30 15.43 12.50 14.06 0.85 0.15 

.:6. af e;;: , ~ 66 18.14 12.71 15.43 1.05 0.13 

;a. afer 0' 29 16.21 13.07 14.79 0.92 0.17 -
l}. af er Uh) ~, 25 17.44 12.79 15.18 1.16 0.23 

,;§. ~ (ih.) 0" 25 16.11 13.33 14.84 0.86 0.17 

Ji. asper ~ . 69 17.58 12.71 14.96 1.01 0.12 

~o. asp~ 0' 41 15.74 1i.84 13.94 0.95 0.15 

~.~ (var,.) ~ 71 18.36 13.09 14.99 1.25 0.15 

1?. ~p~ (~ 0' 71 16.$0 12.43 14.17 0.87 0.10 

Q. • .sua th1ambae ~ 20 17.50 13.25 15.14 1.29 0.29 

Q. ~qya thJ,ambae ~ 12 17.01 12.74 14.59 1.20 0.35 

.li. ca1idu5! ~ 124 22.97 15.00 18.65 1.37 0.12 

~. Q~1;i.d:y.5I 0' 103 24.11 15.91 18.65 1.28 0.13 
• 

li· erubesgens ~ 44 20.00 16.43 18.05 0.95 0.14 

,]. ~rubescen§ ~ 56 21.19 16.89 18.29 1.01 0.13 

''''' .) 
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TABLE 19 .. 

Length of the base of the anal fin of each sex of the redfin Barbus species 

and O.quathlambae 

SPEC~S N. MAX. MIN. lIJEA.N S.D. S.E. 

12.. burehe11i ~ 98 13.45 8.46 10.55 0.77 0.08 
. 

;a. burehe11i i! 76 12.50 7.10 10.90 0.93 0.11 

B. ·:b.Yu1 !j! 63 11.46 8.46 10.14 0l,59 0.08 

12. burgi ~ 42 12.35 9.11 10.60 0.76 0.12 

12. ~ethcm !j! 49 11.50 9.07 10.06 0.50 0.07 

;a. ~gethon ~ 31 12.09 9.29 10.31 0.62 0.11 

;§. 1ienuis !j! 66 12.86 8.79 10.44 0.77 0.09 

~. tenuis ~ 30 11.93 8.21 10.24 0.91 0.17 

:§. ~ !j! 66 11.56 8.95 10.18 0.61 0.08 

£\. ~ ~ 29 11.85 9.53 10.65 0.65 0.12 

12.. afer (Q.J !j! 25 11.85 9.49 10.84 0.62 0.12 

~. af er Cs!.J 0- 25 12.22 10.09 11.21 0.55 0.11 

~. ~~ If 69 11.38 8.53 10.03 0.58 0.07 

12.. ~ 0- 41 13.27 8.93 10.48 0.88 0.14 

:a. as:pg ~)!j! 71 12.28 9.80 10.78 0.55 0.07 

~. ~12er (var.) 0- 71 12.00 9.84 11.18 0.50 0.i6 

Q.. iOO thlambae If 20 11.25 8.92 9.98 0.71 0.16 

Q.. 100 thlambae 0- 12 12.05 9.54 10.48 0.85 0.25 

!h ealiuus 1 If 120 13.24 10.20 11.45 0.72 0.07 

B. ealidus 0- 102 13.89 9.09 11.81 0.90 0.09 

B. erubes0 e!1S! !j! 44 13.24 10.53 11.68 0.54 0.08 

B. e;rybesoellS 0- 56 13.87 10.71 12.27 0.82 0.11 
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Length of the anal fin (% SL) of each sex of the redfin Barbus species 

and, O.quathlambae 
--------- ----- ---- --- --------_ .. - --------------- .-- - --- ------- -

SPECIES N. :MAX. MIN. MEAN S.D. S.E. 

;!!. burohe11i !j! 98 25.00 17.30 19.98 1.31 0.13 

J!. 'bur.ohe11i c! 76 22.67 18.00 20.74 1.44 0.17 

B. burgi ~ 63 23.06 14.04 19.50 1.89 0.24-

~. ~:l. c! 42 23.40 15.70 20.85 1.55 0.24-

B. Ehlee;athon !j! 49 23.06 17.04 20.84 1.24- 0.18 

!to phlag~ c! 31 23.42 20.00 21.68 0.89 0.16 

~ tenuis ~ 66 22.18 16.91 19.81 1.29 0.16 

li. tenuis c! 30 24.08 18.25 20.85 1.24 0.23 

;!!. afer !j! 66 23:..86 18.02 20.Q2 [.07 0.13 

~.~ c! 29 22.92 18140 20.80 0.96 0.18 

~. afar U4) ~ 25 22.63 17.80 20.41 1.00 0.20 

B. afer (fh) c! 25 -- 22.78 16.61 20.18 1.66 0.33 

!!t asper ~ 69 22.92 16.77 19.76 1.37 0.16 

B. ~p'er c! 41 24-.27 18.25 20.98 1.37 0.21 

1!. !!§I.>~ ~) !j! 71 22.94 18.67 21.00 0.91 0.11 

~. !!!!p'er (Y§:!:.) c! 71 23.53 19.19 21.49 0.96 0.11 

O. .qua thlambae !j! 20 18.50 15.10 17.20 0.94 0.21 

Q.. quatblambae c! 12 20.00 16.19 17.86 1.23 0.35 

~. erueesoeE§ !j! 44 21.67 16.56 18.48 0.93 0114 

!!. erubesoens c! 56 20.00 15.68 17.96 0.88 0.12 
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TABLE 21-

The depth of the body (% SL) of each sex of the redfin Barbus species and 

_O.guathlambae 
, 

---------~-.-.-.- -----_.-------_.-- - -----_ .. _ ... --- ----,.----- -.- -- --.-.---~-. 

SPECIES N. I\IIAX • MIN. MEAN S.D., S.E. 

£!. burchel1i !i! 98 29.34 22075 25044 1.34 0.14 

B. burehelli IS 76 29.00 22.90 25.56 1.78 0.20 -, 
~. burg.1. !i! 63 30.67 20.91 27.19 1.))11. ~ 0.24-

]. ~1 IS 42 31.96 23.97 27.83 1.97 -0.30 

B. p~ethon !i! 49 27.80 21.88 24.28 1.30 0.19 

;12. p'blegethon IS 31 27.33 21.36 24.32 1.00 - .0.18 

~. tenuis !i! 66 26.76 18.81 22.64 1.23 0.15 

12. te.nuis IS 30 24.00 19.53 21.75 1.09 0.20 

42.. afer ~ 66 27.76 22.50 24.86 1.29 0.16 

42.. afer IS 29 28.33 23.46 25.64 1.31 0.24 

~. afer (Q.J !i! 25 28.46 24.44 26.39 1.25 0.25 

B. afer (QJ if 25 30.00 24.73 27.63 1047 0.29 

J2., a~per ~ 69 28196 23.47 26.29 1.35 0.16 

£!.~ if 41 29.54 21.52 26.55 1.67 0.26 

J2..t. I2&P~ ~)~ 71 30.60 23.06 26.50 1.54 0.18 

B. !!:.!:tp'er (var.) if 71 29.29 24.14 26.98 0.93 0.11 

Q. guathlambae ~ 20 25.49 20.00 22.22 1.07 0.24 

Q. ~uathlambae IS 12 22.98 20.00 21.53 0.86 0.25 

Bo calidus !f 124 26.98 19.35 22.49 1.21 0.11 

B. calidus IS 103 25.96 20 000 22.86 1.28 0.13 

B. erubescens ~ 56 25.41 20.18 23.38 1.00 0.13 

;12.. erubescens ~ 44 26.47 21.15 23.82 1.18 0.18 
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TABIiFJ ZZ 

The width of the body (% SL) of each sex of the redfin Barbus species and 

O.quath1ambae 

SPECIES N. MAX. MIN. MEAN S.D. 

lie burchelli !i! 98 21.75 13.70 16.71 1.52 

;§.. burchelli ~ 76 20.82 13.80 16.84 1.88 

B. burgi !i! 63 18.57 9182 15.43 1086 

B. burgi ~ 42 17.65 11.35 14.97 1.48 

B. phlegethon !i! 49 17.60 11.80 14.58 1.36 

B. phlegethon ~ 31 16.52 12.05 14.31 1.13 

B. tenuis !i! 66 18.65 13.64 16.71 1.12 

f!.. tenuia ~ 30 20.36 13.33 16.19 1.64 

~. afer !f 66 20.18 13.96 16.40 1.45 

B. afer ~ 29 19.83 11.86 16.89 1.76 

~ ~(G.) !i! 25 17.63 13.82 16.10 1.05 

~. afer, (Q.J ~ 25 18.81 11.53 16.64 1.55 

;§.. ~er !i! 69 19.67 13.33 16.79 1.81 

B. ~ ~ 41 20.00 10.87 16.43 2.02 

B. ~er~!i! 71 20.48 15.21 17.41 1.22 

B. ~p'er (var.1) ~ 71 19.71 15.20 17.91 0.92 

O. - qua thlambae !i! 20 16.67 11.93 14.99 1.16 

0 0 qua thlambae ~ 12 15.71 13.10 14.09 0.85 -
1!. calidus !f 124 17.65 11.90 14.06 0.88 

B. calidus ~ 103 18.46 11.94 14.34 1.28 

B. erubescens !f 44 18.28 12.50 15.46 1.27 

B. erubesoens ~ 56 17.92 12.04 15.59 1.M 

S.E. 

0.15 

0.22 

0.23 

0.23 

0119 

0.20 

0.14 

0.30 

0.18 

0.33 

0.21 

0.31 

0.22 

0.32 

0.14 

0.11 

0.26 

0.24 

0.08 

0.13 

0.19 

0.18 
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TABLE 2.l 

The length of the caudal peduncle (% SL) of each sex of the redfin Barbus 

species and O.quathlambae 

SPECIES N. MAX. MIN. MEAN S.D. 

B. burchel1i !f 98 27.23 21.32 24.55 1.18 

1?. burchelli ~ 76 28.00 22.47 25.32 1.33 

B. burgi !f 63 27.22 20.87 24.86 1.33 " -
1?,.. burgi ~ 42 27.69 22.10 25.02 1.45 

B. Ehlegethon !f 49 26.17 21.40 23.51 1.04 

. B. :ehle~ethon ~ 31 26.90 22.44 24.61 1.08 

:§. tenuis !f 66. 28.87 23.58 26.26 1.21 

:§.. tenuis ~ 30 29.18 23.09 26.49 1.34 

;§... ~ !f 66 27.64 22.55 24.79 1.12 

;§.. ~ ~ 29 27.37 23.33 25.13 0.98 

;§.. ~ ill.t) !f 25 26.54 23.10 24.59 0.97 

b~~) ~ 25 27.41 23.72 25.31 0.80 

lie asper !f 69 29.58 21.52 24.87 1.58 

B. asper ~ 41 29.56 23.93 26.09 1.~3 -
B. asper (var.) !f 71 26.03 21.72 24.21 0.92 

B. asper (var.) ~ 71 26.27 21.29 24.27 0.93 --
~. calidus !f 124 24.14 17.46 20.51 1.19 

]. ealidu~ ~ 103 25.00 17.39 20.88 1.23 

L e;ca.bescens !f 44 22.73 18.57 20.54 0.89 

]i. erubescens ~ 56 23.40 19.86 21.55 0.74 

S.E. 

0.12 

0.14 

0.17 

0.22 

0.15 

0.19 

0.15 

0.24 

0.14 

0.18 

0.19 

0.16 

0.19 

0.21 

0.11 

0.11 

0.11 

0.12 

0.13 

0.10 
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TABLE 24 

The caudal peduncle length of ~.asper samples. (% SL) 

Locality N Max. Min. Mean S.D. S.E. 

Groot (Gamtoos) 30 29.6 25.2 27.2 0.9 0.2 

Groot (Gourits) 30 26.1 22. 24.3 0.9 0.2 

Vanwyksdorp 20 28.0 23.2 25.72 1.2 0.2 

Kannnanassie 30 25.9 21.5 24.2 1.0 0.2 
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TABLE 2S 

The depth of the caudal peduncle (% SL) of each sex of the redfin Barbus 

species and O.quathlambae 

, SPECIES N. IviAX. MIN. MEAN S.D. 

B. blilrchelli !i1 98 13.93 10.90 12.04 0.64 - i 

~. burchelli iJ 76 14.60 11.60 12.63 0.57 

;a. burgi !i1 63 13.33 9.09 11.61 0.69 
-<" 

;§.. bur,g!. a 42 13.23 10.39 12.00 0.68 

B. p'blegethon !i1 49 12.00 9.07 10.51 0.53 

1l. p'hlegethon iJ 31 12.00 10.41 11.23 0.40 

~ tenuis !i1 64 14.00 10.56 12.08 0.67 

1l. tenuis a 30 13.67 16.70 12.29 0.59 

B. afer - !i1 66 1~.20 10.85 11.88 0.50 

~. ~ 5 29 14.21 16.49 12.41 0 0 76 

B. - ~(G·2 ff· 25 13.69 10.47 12.61 0.70 

b ~CQ.J a 25 14.71 12.54 13.76 0.52 

B. W~ .... !i1 69 12.41 9.64 11.31 0.58 

~. aSI2er 0- 41 13.23 11.23 12.18 0.49 

;§.. W~ (~.) !i1 71 13.64 10.33 12.04 0 • .73 

~. ~~ (Var. ) a 71 14.71 11.64 12.74 0.61 

Q. ~ua thl,ambae !i1 20 11.56 9.88 10.84 0.49 

Q. _qua thlamb~e 0- 12 12.06 10.66 11.33 0.44 

~. calidus !? 124 11.63 8145 9.81 0.53 

;§.. ca1idus iJ 103 11.61 8.65 10.05 0.59 

~o erubescens !i1 44 12.69 10.45 11.57 0.52 

!!,. erubescens iJ 56 12.78 10.34 11.80 0.54 

S.E. 

0.06 

0.07 

0.09 

0.11 

0.08 

0.07 

0.08 

0.11 

0.C6 

0.14 

0.14 

0.10 

0.07 

0.08 

0.09 

0.07 

0.11 

0.13 

0.05 

0.06 

0.08 

0.07 
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TABLE 26. 

The length of the anterior barbel (% orbit diameter) of certain redfin 

Barbus species. 

SPECIES N. MAX. MIN. MEAN. S.D. 

B . burche 11 i 179 115. 3.7 55.2 21.2 

B.burgi 107 -80. 27.8 18.7 13. 
. 

B.calidus 280 133.3 8.7 75.8 39. 

B.erubescens 110 122.2 35.7 97. 16.3 

S.E. 

1.6 

1.3 

2.3 

1.6 
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'l'A.BI.£ 27 

The length of the posterior barbel (% orbit diameter) of the redfin Barbus 

species and O.quath1ambae 

SPECIES N. l1A.X • MIN. MEAN S.D. S.E. 

-
~. burche11i 179 166.0 3.7 94.69 29.67 2.22 

!L. burgi 107 147.3 21.87 71.19 18.23 1.76 

B. l2h1egethon 92 50.0 2.56 26.91 9.99 1.04 

B. tenuis 96 100.0 20.00 68.13 17.38 1.77 

!.- afer 95 156.5 42.11 85.47 25.60 2.63 -
b ~~ 50 127.3 39.53 73.81 20.35 2.88 

I 

B. as]2er 110 116.3 45.95 70.72 12.10 1.15 

B. aSEer (var.) 142 169.6 68.29 107.55 17.98 1.51 

o. guat}:;lambae 32 80.7 34.15 56.25 . ~.15 1.62 

B. calidus 280 157.1 41.67 107.83 20.33 1.22 -
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The number of scale radii in red fin Barbus species and O.quathlambae 

SPECIES N. MAX. MIN. MEAN S.D. S.E. 

B. burchelli, 175 13.3 - 7.2 9.64- :L,07 0.08 

B. --- bl£:g~ 105 10.4 6.0 8.07 0.80 0.08 

;!l. phlegethon 90 14.4 9.2 11.88 1.09 0.12 

~. tenu1s , 96 19.5 11.0 14.41 1.90 0.19 

;§.. afar 95 15.0 9.25 11.58 1.09 0.11 

~~CQ..J 50 15.4 9.6 12.85 1.50 0.21 

~. asper 110 14.4 8.2 10.51 1.20 0.11 

~. as:eer (~.) 142 16.6 9.0 12.47 1.37 0.12 

Q. E\ua thlamba~ 30 13.3 8.4 10.21 1.02 0.19 

L calidus 192 12.2 5.8 8.92 1.26 0.09 

B. erubesoElns 110 18.0 - 9.0 13.36 1.60 0.15 




