INTRODUCTION

rge cyprmlds of the genera Berbus and Labeo are
ng the most valuable freshwater fishes all over
Afnca ‘(Jackson & Coetzee 1982). According to these
thors labeos are greatly esteemed as food in most
'-_parts' of troplcal Africa, while in South Africa the yel-
lowfishes Barbus ueneus and B. kimberleyensis are
among of the most highly regarded of our indigenous
freshwater angling species. Despite the economic im-
portance of these species, their continued existance as
pure spemes are being threatened by hybridization.

ardap Dam, SWA/Namibia, the genus Labeo is
represented by L. capensis and L. umbratus as well as
: nge of intermediate forms due to certain morpho-
log1cal':'characterlstrcts The genus Barbus however is
ted" by a single population described by
Gargher-(1976) as B ¢f. kimberleyensis, but recently it
_s ‘been Teferred to as B. aeneus (Schrader 1986). To
event confus;on this population will be referred to
as B cf krmberleyenszs in this paper. In an attempt to
determlne the taxonomic status of the Hardap Dam
po_pulat:ons (Labeo and Barbus), morphometric,
____énst:c and electrophoretic comparisons were per-
formed: between the intermediate forms and the pure
populatlons of each species. Due to the fact that only
-:-Barbus populatlon exists in the Hardap Dam,
pur populanons of B. aeneus and B. kimberlevensis
_wer collected from the Vaal River for comparison. It

tween the two intermediate forms and the pure species,

mg electrophoresrs as it has proven itself a useful

c_omp_l_emf_:r_lt to traditional systematic methods (Grant
li 198_3; Stratil et al. 1983).

M :'TER ALS ‘AND METHODS

_were collected at three locations in

was _oIlected in' the Vaal River near the Barrage while
B tmber!eyens:s was collected in the Vaal Dam. Sam-
of skeletal muscle and blood serum were collected
escribed by Mulder (1986) and Van Vuuren (1986)

]s_o p0551ble to determine the genetic distance be- -
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ABSTRACT

“* A morphometric and biochemical genetic comparison of Barbus geneus and 8. kimberigyensis with B ¢f. kimberleyensis from
Hardap Dam, SWA/Namibia, revealed thai the latter population showed distinet evidence of hybridization between 8. aeneus
““and B kimberlevensis. A similar comparison of the three Labeo-populations from Hardap Dam also indicated hybridization
“'herween L. capensis and L. umbratus. 1t was also possible to identily L. capensis x L. wmbratus individuals, according to elec-
*“{rophoresis, that have been identified as “purc™ specimens with the aid of morphometric and meristic characteristics.

and stored at -20°C for later electrophoretic
analysis.

Morphometric and meristic characteristics which were
determined are the following:

Scale counts on the lateral line and around the cau-
dal peduncle.

Number of spines and rays in the dorsal and anal
fins.

Gillraker counts

Vertebrae counts

Standard lenght /Body depth (SL/BD)

Head length /Eye diameter (HL /ED)

Head length/Head width (HL /HW)

Standard lenght/Head length (SL/HL)

* Snouth lenght/ Opercular groove (SN/OG)

* = Performed on Barbus only.

Electrophoretic analysis:

Polyacrylamide gel electrophoresis:

Serum transferrin and serum esterase phenotypes were
determined by using a 6% vértical, tris-citrate buffer
system (Table 1) as decribed by Avtalion and Wojdani
(1971} and Van der Bank (1984).

Starch gel elecirophoresis:

Horizontal starch gel eleztrophoresis were used to de-

tect the banding patterns of nine muscle proteins (Ta-

ble 1). The gels consisted of a 13 %% hydrelyzed potato

starch (Sigma, S-4501). The gel constitution was ap-

plied as described by Smith (1976) and tissue prepara-

tion by May e/ al (1979).

Three buffer systems were used to achieve maximum

resolution of the protein bands on the gels:

RW: gel: TRIS 0,03M, citric acid 0,005M (pH 8,5).
tray: Lithium hydroxide 0,06M, boric acid
0,3M (pH 8,1). (Rideway ef al 1970).

TC: gel: 1:15 dilution of tray solution.
tray: Citric acid 0,05M, Tris 0,15 (pH 6,9).
(Whitt 1970).

MF: gel:  1:4 dilution of tray solution.

tray: TR1S 0,18M, boric acid 0,1M, EDTA
0,004M (pH 8,7). (Markert & Faulhaber
1965).
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TABLE |: Summary table of proteins screened in Labeo umbratus, L. capensis and their intermediate form as well as Barbus aeneus, B kimber-
levensis and their intermediate form. In each case the buffer system which gave best resofution, the number of loci coding for each protein

and the genus which were examined using the specific protein, are given,

Protein Abbr. EL No. Buffer Loci scored Genus
Adenylate kinase AK 2.7.4.3 TC 1 B
Esterase (serum) EST 3.1.1.1 Tris / citrate 1 LB
Glyceraldehydephosphate dehydrogenase GAP 1.2,1.12 RW 2 L
Glycerol-3-phosphate dehydrogenase GPD 1.1.1.8 RW 2 L
Isocitrate dehydrogenase IDH [.0.1.42 MF 2 L
Lactate dehydrogenae LDH 1.1.1.27 RW/TC 2 L,B
Malic enzyme ME 1,1.1.40 MF 2 B
Purine nucleoside phosphorylase NP 2.4.2.1 RW 1 B
Superoxide dismultase 50D 1.15.1.1 MF 1 B
Transferrin (serum) TF - Tris / citrate 1 L,B

L: Labeo — B: Barbus

Allelic nomenclature was applied as described by Al-
lendorf and Utter (1979).

Statistical procedures

Morphomeiry and meristics

The mean and standard deviation were determined for
all characteristics. These data were also tested for nor-
mal distribution (95 % probability) by using the Chi-
square test.

Electrophoresis

Numbers of observed phenotypes at each locus were
tested for deviations from Castle-Hardy-Weinberg
proportions using the log-likelihood-statistic G, for
goodness of fit {(Sokal and Rohlf 1969). The genetic
distance, D, (Nei 1972) and it’s standard deviation (Nei
& Roychoudhury 1974), were determined for each
population using all loci. Finally the average popula-
tion heterozygosity was determined as described by
Grant (1983).

RESULTS AND DIiSCUSSION
Morphometric and meristic analysis

The results obtained for the Barbus population are
presented in Tabie 2 and 4 and those for the Labeo
populations in Table 3 and 5 and Figure 1.

Comparing the lateral line and peduncle scale counts
of the Barbus populations with that found in the liter-
ature (Barnard 1943; Groenewald 1958), shows the
sanie degree of variation within species from different
localities.

As it is known that these differences can be induced
by environmental conditions {(Wallace 1973), it was not
possible to determine the taxonomic status of the
Hardap Dam Barbus population using the charac-
teristics.

The same applies to the dorsal and anal rays and
spines (Table 2). Of B. kimberleyensis 88 % had nine
rays in the dorsal fin, while 94 % and 90% of in-
dividuals of respectively B. aeneus and B. ¢f. kimber-
leyensis had eight rays in the dorsal fin. Although it
seems that there is a greater similarity between the last
two populations, much variation within a species at

different locations were recorded. Barnard (i943)
found that two out of every three individuals of B. ae-
neus, which were collected from the Fish River near
Gibeon, had nine rays in the dorsal fin. From a total
of 103 individuals of the same species collected from
the Oranje River near Goodhouse, only six had eight
rays, while the rest had nine rays in the dorsal fin.

Variation of morphological characteristics among lo-
calities were again emphasized by the gill raker count.
The Hardap Dam population, which might be a pure
population of either B. genus or B. kimberleyensis o
an intermediate form, had a mode lower than the firs
mentioned two populations.

Vertebra! counts included the Weber-apparatus as on
element. Although it seem that B cf kimberleyensi:
has greater similarity with B. @eneus concerning thi
characteristic, it cannot be taken for granted, as Var
der Bank (1984) found that a higher water temperatur
produced individuals with less vertebrae,

Considering that all three Barbus populations differ i1
locality, the possibility of environmentally inducec
morphological differences between the three popula
tions cannot be excluded. No meaningful canclusior

can thus be made before more populations of eac
species has been studied at different locations. Th
fact that B, aeneus and B. kimberieyensis are quit
closely related makes useful conclusions all the mor
difficult.

The standard length/head length, determined for Z
¢f. kimberleyensis (Table 4), had a range overlappin
with the ranges of both B aeneus and B, kimberleyer
sis. This indicates intermediate characteristics which .
an indication of hybridization.

The standard lenght/body depth, head length/ey
diameter, as well as the head length /head width of 2
three populations stretches over a very narrow ramng
(Table 4), with B. ¢f: kimberleyensis having either th
highest of lowest mean. This again illustrates the if
fluence of the environment on external characteristic:
but it is also an indication of the high degree ¢
similarity between B aeneus and B. kimberleyensis,
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B. aeneus B. ¢f. kimberleyensis B. kimberleyensis
s N Range Mode N Range Mode N Range Mode
Lateral line count 51 38—46 42 61 3947 42 33 3845 42
B Catilda! peduncle aount 51 15-17 16 61 15— 17 16 33 15— 18 16
Gilt raker count 51 14—18 16 61 10-7 13,5 33 1118 14
Dorsal spines, rays 51 ivi-9 8 61 ivB-9 8 313 ivE—9 9
‘Anal spines, rays 51 iii5 5 51 iiis 5 33 iii4 -5 5
B Vattehral count 10 3941 50 10 3841 40 19 38-40 39
B L
_TABLE 3: Meristic data of the three Labeo populations with sample size, range and mode.
L. capensis L. capensis x L. umbratus L. umbratus
{(1943) -
f B aqe- N Range Mode N Range Mode N Ronge Mode
er nei atcral lme count 33 3348 45 51 44 - 54 47 30 49—-60 55
a tot Cauldal peduncle count 33 2025 2 51 2132 2% 10 2836 32
d from Glll raker count 33 4253 48 51 4357 49 30 43-53 47
d eight ‘Dorsal spines, rays 33 flito—1t 10 51 iii9— 10 9 10 ive—10 9
I fin nal:spines, rays 33 iiis 5 51 iii5 5 30 iii5 5
' ) Vertebral count 33 3941 40 51 3941 40 30 3940 39
ong lo-
count.
a pure EG it . . . . -
ansis OF TABLE. 4: Morphometric daia of the three Barbus populations with sample size, mean and standard deviation.
he first N B. aeneus N B. cf. kimberleyensis N B. kimberleyensis
: 51 4,233 + 0,205 61 4,362 + 0,616 33 4,209 + 0,207
1 as one 51 6,641 + 0,677 61 5,774 + 0,863 33 B,259 + 1,375
leyensis 51 1,515 + 0,099 61 1,950 + 0,280 33 1,757 + 0,099
ing this 51 4,641 + 0,239 61 4,419 + 0,633 33 3,930 + 0,197
as Van 51 3,28+ 0,767 61 2,35 + O.ﬁ'."l 33 £,63 + 0,332
51 1,422 + 0,135 ° 61 1,294 + 0,127 33 0,916 + 0,103
erature

mean and standard deviation.

N L. capensis N L. capensis x L. umbratus N L. umbratus

33 4,159 + 0,323 51 4,040 + 0,260 30 3,955 + 0,196
33 7,397 + 1,428 51 9,633 + 0,916 30 10,325 + 1,101
33 1,579 + 0,145 51 1,600 + 0,077 30 1,508 + —,103
33 4,507 + 0,352 51 4,349 + 0,237 30 4,022 + 0,208

ime apphes to the ratio of gut length/standard
h:.THe: results obtained for these ratios again indi-
ossible tiybridization in Hardap Dam, because
; :mberleyensrs had intermediate ranges.

___plcai intermediate forms and L. capensis.
12l morphology of the intermediate forms
_ the head generally resembles that of L. -
hﬂstf:the body is more L. capensis-like. The
th varie from terminal to sub-inferior when

opened, but never inferior as in L. cgpensis (Figure
1b). The same tendency was observed by Gaigher and
Bloemhof (1975) for the hybrids that they have
described from Hardap Dam.

The results presented in Table 3 show that there is no
significant difference between the three populations in
terms of the number of gill-rakers on the anterior gill-
arch, the number of vertebraé as well as the number of
spines and rays in the anal fin. But when comparing
the scale counts on the lateral line and around the cau-
dal peduncle, it is possible to distinguish between a
population with a lower scale count (L. capensis) and
one with a higher scale count (L. umbratus) as well as
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a third population which overlaps with the scale
counts of both the other two populations. When a fur-
ther comparison is made of these scale counts, it is
clear that the mode of the number of scales on the
lateral line of the intermediate population, is closer to
that of L. capensis, while the mode of the caudal
peduncle is intermediate to that of L. capensis and L.
umbratus.

FIGURE 1: A. Labio capensis (1}, L. umbratus (3) and the inter-
mediate forms (2) collecied from the Hardap Dam.

B. The mouth postion of L. capensis (1}, L. umbratus
{3) and the intermediate form (2).

The same tendency as above, is observed when the
meristic data in Table 5 are compared. It is therefore
of interest to note that the intermediate forms are
closer to L. umbratus in some features (eye diameter,
head width, head form), intermediate in other features
{position of the mouth, number of scales around the

caudal peduncle, head length) and closer to L. capen
sis in still other features (number of scales on latera
line and spines in the dorsal fin). Thus, according tc
this morphometric and meristic comparison, it seem:
that these intermediate forms could indeed be hybrid:
between L. capensis and L. wmbratus. But it is alsc
clear that none of these characteristics could be usec
alone to identify a single hybrid unambiguously. Fo
this reason these populations have been analised elec
trophoretically, as this technique has proved itself tc
be useful in distinguishing between hybrids and close
ly related species (Valenta 1978; Allendorf & Utte
1979),

Electrophoretic analysis

The products of the different protein coding loci wer
examined for Mendelian variation. In the Barbuw
populations eight of the loci were monomorphi
{(LHD-1; LHD-2; ME-l; ME-2; AK-l1; NP-{; NP-2
S0D), while the other two were polymorphic (TF
EST) (Table 6). In the Zabeo populations four of thest
loci were monomorphic (LDH-1; LDH-2; GAP-1 anc
GPD-1), while the other six were controlled by cne o
more polymorphic loci (TF; EST; IDH-1; IDH-2
GAP-2 and GPD-2).

Banding patterns in the Barbus population:

Serum transferrins (TF)

Banding patterns of B. kimberleyensis and B. ¢f. kim
berleyensis are quite simple in contrast to that of B. ge
neus. The fact that both former populations posses:
only the 90 and 100 allele, suggest a marked similarity
between these two populations concerning the trans
ferrin locus. B. ¢f. kimberleyensis had a small excess ol
heterozygotes. This strongly suggest hybridization ir
Hardap Dam as it is known that hybridization leads tc
an increase in heterozypotes in a population (Stratil e
al. 1983). The excess heterozygotes is especially signifi.
cant when taking into account that this is an isolatec
population with a relatively small gene pool whict
may have led to inbreeding with a resulting decrease ir
heterozygotes.

Serum esternse (EST)

The three Barbus populations all had a single poly
morphic locus with double banded heterozygotes ant
single banded homozygotes. This suggests a mono
meric enzyme structure. A total of four bands wer
visible on the gel, but the 96 band were absent fron
the B. ageneus and the 95 band from the B kimbet
leyensis populations.

The B ¢f. kimberleyensis population had the full com
plement of bands. This again is an indication o
hybridization as bands unique for B aeneus and B
kimberleyensis were found in the B cf Azmberleyens!
population.

Lactate dehydrogenase (LDH)
The three Baerbus populations all had five band
reflecting the gene products of two loci where the thrf:‘
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‘ABLE 6: Allelic frequencies of electrophoretic variants of B. seneus, B ¢f kimberleyensis and B. kimberleyensis. Alleles are dessignated by -

dmg b Allele B. aeneus B. ¢f. kimberleyensis B. kimberleyensis
t seermn
i 50 - 0,365 0,365

100 0,394 0,633 0,635
105 0,154 o -
113 0,144 - -
120 0,154 - -
128 0,154 - _

tself N 52 60 33
88 0,212 0,217 0,442
95 0,442 0,087 _
96 - 0,442 . 0,212
100 0,346 0,325 0,346
N 52 60 33
100 1,0 1,0 1,0
N 52 60 33
100 1,0 1,0 1,0
N 52 60 33
100 0,5 0,5 0,5
189 0,5 0,5 0,5
N 52 60 33
100 0,5 0,5 0,5
139 0,5 0,5 0,5
N 52 60 13

ition
100 1,0 1,0 1,0
N 52 60 33
100 1,0 1,0 Lo
N 52 60 33
100 1,0 1,0 - 1,0
N 52 60 33
92 - - 1,0
100 1,0 1,0 -
N 52 60 33

entra[ bands represented the heterotetrameric product
‘the two loci. These zones of activity were

“ferns 0}: all three populations.

e_nzjrme (ME)

w0. zones of activity were observed for all three Bar-
lopulations. ME-1 consisted of only five-banded
-ph _otypes The second zone of lesser activity had
three a;_xds The low intensity of the bands might in-
icat th t thlS locus is of mitochondrial origin.

the_three populatlons were identical in migra-

ondmorphlc locus  with  single-banded
omozy, otes was expressed in the three populations
___tlgated Although five ‘bands were observed for

15 of band intensities.

in migration speed as well as banding pat- -

Purine nucleoside phosphorylase (NP)
Two moenomorphic loci with two heterotrimeric bands
were observed for all Barbus populations investigated.

Superoxide dismutase (SOD)

A single zone of banding, with only homozygotes ap-
peared in the gel. The enzymes of B. geneus and B. ¢f.
kimberleyensis, however, had a higher migration speed
than that of B. kimberleyensis. This implies a definite
similarity between the former two populations.

Banding patterns in the Labeo populations

Serum transferrins (TF)

A single zone of activity was observed for all three
populations. In this zone several different single- and
double banded phenotypes reflected the products of
four alleles (Table 7). No significant departures from
the Castle-Hardy-Weinberg proportions were detected
for the two “pure” populations, but the intermediate
population shared an excess of heterozygotes. Such an
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excess of heterozygotes was also observed for hybrids
of Barbus barbus and Barbus meridionalis petenyi by
Stratil et al. (1983).

Serum esterases (EST)

A single zone of activity, having single banded
homozygotes and double banded heterozygotes, was
observed. “Ghost bands” were observed for all the
variants and care must therefore be taken not to attrib-
ute any genetic value to these bands, as it will give an
erroneous impression of the genetic structure of a
specific population (Kirpichnikov 1981).

The fastest band (A) showed the highest frequency in
the L. capensis population, while the slowest band (D)
showed the highest frequency in the L. wmbratus
population. It is of inferest to note, however, that these
two bands showed almost the same frequency in the
intermediate population. This phenomenon is surely
evidence for hybridization between these two popula-
tions. This hybridization is further emphasized by the

low frequency of D-bands that were observed in the 7
capensis population and A-bands in the L. wmbrat,
population, probably because of individuals that we;
wrongly identified as pure, while being hybrids. Th:
is supported by the fact that no D-bands and A-banc
were observed respectively in pure populations of
capensis and L, nmbratus (Van Vuuren ef a/. in press
Hybridization between these two populations is sti
further emphasized by the excess of heterozygotes the
were observed in the intermediate population.

Lactate dehydrogenase (LDH}

Two zones of activity that appeared to teflect th
products of two loci, were observed for all three popt
lations. Both loci showed only the one homozygot:
but heterotetrameric bands were visible between thes
two loci. No variance in the mobility of th
homozygotes, of the different populations, was visibls

Isocitrate dehydrogenase (IDH)
The products of two loci appeared in all three popul:

TABLE 7: Allelic [requencies of electrophoretic variants of the three Labeo populations in Hardap Dam. Alleles are dessignated by their mobil

tics relative to the common allele,

.Locus Allele L. capensis x L wmbratuy L. capensis L. umbratus
TF 84 - - -
3 - - -
100 0,636 0,500 0,983
109 0,061 0,333 -
113 0,030 - -
116 0,273 0,167 0,017
122 s - -
N 313 51 30
EST 100 0,076 0,529 0,967
103 0,045 -~ -
108 0,879 0,471 0,033
113 - - -
N 33 51 30
LDH-] 100 [,0 ,0 1,0
N 33 5 30
LDH-2 100 [0 1,0 1,0
N 33 51 30
[DH-1 77 0,121 0,520 0,917
100 0,879 0,480 0,083
N 33 51 30
[DH-2 B4 ' - 0,5 0,933
100 1,0 0,5 0,067
N 33 51 30
GAP-1 100 1,0 1,0 1,0
N 33 51 3
GAP-2 100 0,045 0,049 0,050
115 0,955 0,951 0,950
N 33 51 30
GPD-t 100 1,0 1,0 1,0
N 33 51 30
GPD-2 100 0,091 0,108 0,900
120 0,909 0,892 0,100
N 33 51 30




ris (Table 7), where heterodimeric bands did not
mf between the loci. IDH-1 stained more intense
han: IDH-2 in the skeletal muscle, but according to
t and Leslie (1983), IDH-2 will stain more intense
hver A two banded heterozygous phenotype was
nsistent, which is unexpected for dimeric enzyme.
ese two banded heterozygotes for IDH were also
‘bserved by Grant and Leslie (1983) for Lophius up-

not surprising that the intermediate population
; agam an excess of heterozygotes It is however

ne hdmo'zygote was observed for all the individuals.
A three alleles that

b rom which the different populations were col-
_ More complex systems had a higher average
eterozygomty The river population of B aeneus, for

fect of a less complex system on the average het-
rOzygosxty was most obvious in the population of B.
kimberleyensis with 0,2232, This population was
ted ‘after the completion of the Hardap Dam in
963 No new genetic material could therefore enter
by way of yearly spawning run, On the other
and, .no spawning run takes place from the dam
G.__ er 1976),and this leads to a relatively small ef-
opulation size. The possibility of a genetic
ottlenecl_( in this population, that would result in a
=duction of the gene pool, is therefore larger than the
ame happemng for B. aeneus.

_age _heterozygosity based on the elec-
_ oretlc data are 0,1200; 0,2395 for L. capensis, L.
.'an_d_ the hybrid respectively. Comparing
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these estimates with those of the Barrage namely,
0,1892 for L capensis and 0,1698 for L. umbraius (Van
Vuuren ef al. in press), the same tendency that occured
in the Barbus populations was found here. The dam
populations have a lower average population heterozy-
gosity than those of the river populations, because of
the isolation factor by the dam wall and the resulting
smaller effective population size. As may be expected,
the intermediate population of Hardap Dam has the
highest average population heterozygosity (0,2395) of
all five these populations. This high value for the aver-
age population heterozygosity, of this dam popula-
tion, confirms thus the cenjecture that this is in fact
a hybrid between I. capensis and L. wmbratus,

Genetic distance

The genetic distance between the samples for the Bar-
bus species from the Barrage, is 0,1027 and between
the “pure’” Labeo samples from Hardap Dam 0.1317.
However, it is of interest to note that the genetic dis-
tance between B. ¢ft kimberleyensis as well as L. capen-
sis x L. umbratus are again intermediate to that of the
respective pure populations (Table 8 and 9). This is a
definite quantitative indication of hybr]dlzatlon be-
tween these species.

TABLE B: Standard genetic distance {below diagonal} and standard
deviations (above diagonal) between the respective Barbus popula-
tions from the Barrage and Hardap Dam.

8. cf B.
B. geneus kimberleyensis | kimberleyensis
B. aeneus — 0,0328 0,0752
B. cf.
kimberleyensis 0,0408 - 0,0668
B. '
kimberleyensis 0,1027 0,0694 -

TABLE 9: Standard genetic distance {below diagonal) and standard
deviations {above diagonal) between the respective Labeo popula-
tions from Hardap Dam.

L. capensis x
L. capensis L. umbratus | L. umbratus
L. capensis - 0,0194 0,0754
L. capensis x
L. umbratus 0,0347 - 0,0i88
L. umbratus 0,1317 0,0386 -
CONCLUSION

The results of this study prove unequivocally that
morphometrical and meristical data alone are insuffi-
cient to distinguish between closely related species and
their hybrids. This was clearly illustrated by the fact
that some of the Labeo individuals, identified as either
L. umbratus or L. capensis were indicated by elec-
trophoretic results to hybrids.
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The results also show that hybridization between fish
species has occured in Hardap Dam because of the
disruption of biological cycles in fish populations and
the construction of obstructions in rivers which pre-
vent their natural movement. The Barbus population
in this dam consists clearly of a hybrid population. B,
aeneus and B. kimberleyensis are, however, quite close-
ly related and more enzyme systems need to be ana-
lyzed before the taxonomic status of the Hardap Dam
population can be proven beyond doubt. The third
Labeo population is also a hybrid population and it is
therefore of importance to identify natural, genetically
pure populations as soon as possible, which can be
conserved as breeding populations in the future.
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