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Abstract

The ecology of the shortfin minno®arbus brevipinnisrom the Marite River, Incomati River system, Mpumalanga, was
investigated. Aspects considered include length, mass, feeding biology, fecundity and the occurrence of ecto- and endoparasites
Factors which may affect the incidence and eventual survival of the shortfin minnow in the Incomati River system are briefly
discussed.

Introduction in the Levuvhu River has, however, not been confirmed electro-
phoretically. Until such time, the actual distribution of

There are a number of factors which seriously affect the ecolo@y brevipinnisin the Levuvhu River must therefore be considered
of streams and lakes in South Africa. Pollution from mines anas tentative.
industries has already caused major, sometimes irreversible In addition to the large-scale afforestation and construction of
changes and deterioration in the water quality and biology of sudams in the catchment areas of rivers whBrebrevipinnis
waters (Forstner and Prosi, 1979; Van der Merwe et al., 1990; Daturally occurs, the introduction of the rainbow tr@co-
Wet et al.,, 1994; Van Eeden and Schoonbee, 1996). HabitAynchus mykisgWalbaum, 1792), may further endanger the
destruction due to the erection of weirs and the afforestation sfirvival of this barb in the affected waters. Largely due to its
otherwise clean and unpolluted headwaters of streams melgarly restricted recorded distribution, its ecology was investi-
further threaten the survival of ecologically sensitive fish speciggmted, looking at aspects such as length and mass relationship,
due to the obstruction and siltation of their breeding and feedifigcundity, food habits and ecto- and endoparasites, where it
grounds (Crass, 1969; Chutter, 1969; Gaigher et al., 1986¢curs in the Incomati River system. This investigation stretched
Allanson and Rabie, 1983; Cambray, 1985). The medium- twver a period of four successive seasons between April 1990 and
long-term effects of afforestation, particularly in headstreams danuary 1991.
rivers, are also reflected in the reduction of streamflow and the
resultant stagnation of streams. This may in turn directly threatdfaterials and methods
the very existence of particular fish species with confined natural
distribution and occurrence in such areas. Such is the shortfirmited physical and chemical analyses were made according to
minnow, Barbus brevipinnigJubb, 1966), which has its natural standard international procedur&tandard Methods1989) on
distribution in the headwaters of the Sabie, Incomati and Steelater samples collected at the various sites during the different
poort Limpopo River systems (Skelton, 1993). seasons of the investigation.

Barbus brevipinnisvas first described in 1966 by Jubb from  Fish were caught seasonally at randomly selected sampling
a locality in the Marite River, in the catchment of the Sabisites during autumn (March to May), winter (June to August),
and Sand River tributaries of the Incomati River system whegpring (September to November) and summer (December to
it occurs along the escarpment of the Mpumalanga Provin€ebruary) using a modified Moore-type electric fish shocking
(Fig. 1). It was also recorded from the Mogol, Lephalala (Kleynapparatus (Moore, 1968) as well as scoop nets. Associated fish
hans, 1983), Marico, Matlabas, Mogalakwena and Levuvhspecies were also collected at the same time. All fish captured
Rivers (Kleynhans, 1992). Recent protein starch-gel electravere immediately preserved in labelled bottles containing 10%
phoretic studies by Engelbrecht and Van der Bank (1994) suggéstmalin for later analysis. At the laboratory each specimen was
that the shortfin minnow may be confined to the Sabie-Sand Riveurface-dried with filter paper. The total (TL), standard (SL), and
tributaries (Fig. 1) as well as the Manzaan River of the Pongofork length (FL) as well as the mass of each fish were accurately
River system (Engelbrecht and Van der Bank, 1996). The figstetermined to the nearest mm and nearest mg, respectively. The
species which was provisionally identifiedBerbus brevipinnis gonads were carefully removed, surface-dried and weighed to the
nearest mg. Subsamples of the gonads were taken and individu-
ally weighed. Eggs from each subsample were then sorted into
*  To whom all correspondence should be addressed. different size classes and counted, using a dissection microscope
T (013) 235-23395; fax (013) 235-1674; e-mail gschulz@intekom.co.aaith a calibrated eye piece. The number of eggs for each ovary in

Present address: Mpumalanga Parks Board, Private Bag X1088, the different size classes were calculated. This procedure was

Lydenburg 1120, South Africa. followed for all females collected during each season. In the case
Received 20 May 1998; accepted in revised form 1 October 1998  of mature females collected during the various seasons, the mean
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Figure 1
The Sabie, Marite and Sand Rivers from the Incomati River system, Mpumalanga Province where B. brevipinnis occur

male and female fish was determined using the formula gonad
TABLE 1 mass (gffish mass (g) as described by Fry (1949).
SOME PHYSICAL AND CHEMICAL CONDITIONS AT THE All fish were examined for the presence and incidence of
VAR'OUSCSC;-[Esgr:g%igf\ﬁg?ggggggﬁMs WAS external and internal parasites according to Smith and Roberts
(1989).
Parameter n Mean Range Results
Water flow rate (m/s) 15 0.27 0.13 - 0.40 . . .
Temperature (°C) 3 16.80 13 -24 Physical and chemical conditions
pH 8 - 7.40 - 7.9¢ L
Conductivity (1S/cm) 8 29 24 .32 Results showgd that the streams wIBar‘erev_lp_lnnlsoccurs were
Oxygen concentration (mfy| 2 750 7 7.90 generally low in dissolved solids. Condu_ctlwty values _fI_uctuated
Total hardness (mgCacQ)| 5 26 10 - 40 between 24 and 325/cm (Tab_le 1). Despl_te these condltlons,_the
Alkalinity (mg/¢ CaCQ) 5 20 10 - 30 pH qf the_ water at the various localities generglly remained
Nitrate (mgf NO)) 4 360 1.20 - 6.60 @lkaline with a lowest pH value of 7.4 recorded. This corresponds
with values obtained for total hardness of 10 to 40¢{ragd

alkalinity of 10 to 30 md/ The streams whei brevipinnisvas
collected were well oxygenated with dissolved oxygen values

number of eggs in the different size classes were also determinfyctuating between 7 and 7.9 mglitrate concentrations of 1.2
Following the removal of the gut, total gut and foregut length® 6-6 Mg/ suggest some mild eutrophication of the water of the

were measured. The fullness of the fore- and hindgut wepdreams. Prevailing water temperatures fluctuated between 13°C

estimated after which the various items in the food contents wefe Winter and 24°C during summer. Width and depth of the

identified as far as possible. Due to the digested nature of the §i€@ms where this species was collected varied between 3 to
contents at times, it was only possible to express the content of teM and 10 to 150 cm, respectively. Current speeds measured at
various items in terms of their frequency of occurrence. the sites, varied between 0.13 and 0.40 m/s. The substrate of

The gonadosomatic index (GSI) for both sexually maturthe streams varied between sandy and gravelly conditions.
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Records of the distribution &. brevipinnis
showed this fish to occur at altitudes of 609 tg
1082 m a.s.l.

Associated fish species

Fish species caught at the same sampling
localities asB. brevipinnisincluded the rose-

fin barb Barbus argenteusGiinther, 1868;
longbeard barBarbus unitaeniatu&tnther,

1866; largescale yellowfisiBarbus mare-

quensisSmith, 1841; smallscale yellowfish
Barbus polylepisBoulenger, 1907; redeye
labeoLabeo cylindricusPeters, 1852; pen-
nant-tailed suckermoutbhiloglanis anoterus

Crass, 1960; Natal mountain catfAsmphilius
natalensisBoulenger, 1917; Incomati chisel-
mouth Varicorhinus nelspruitensi&ilchrist
& Thompson, 1911 and the banded tilapig
Tilapia sparrmaniiSmith, 1840. The rosefin
barbB. argenteusvas in many cases found in

TABLE 2
MEAN MASS, TOTAL (TL), FORK (FL) AND STANDARD (SL) LENGTHS OF
SEXUALLY MATURE MALES AND FEMALES OF BARBUS BREVIPINNIS
COLLECTED DURING THE SURVEY
Allseasons Lengths
TL FL SL

Male fish (n=43)
Mean length (mm) 441 40.4 35.7
Mean mass (g) 1.076 1.076 1.076
Standard deviation for length 0.489 0.438 0.423
Coefficient of variation (%) for length 11.09 10.84 11.82
Female fish (n=55)
Mean length (mm) 43.9 40.4 36.2
Mean mass (9) 1.135 1.135 1.135
Standard deviation for length 0.753 0.709 0.646
Coefficient of variation (%) for length 17.12 17.52 17.84

the same reaches 8s brevipinniswith B.
argenteusreferring open stream conditions,
in contrast taB. brevipinniswhich as a rule
frequents the sheltered marginal vegetation
area overhanging into the water.

Length and mass in sexually mature
B. brevipinnis

The mean mass as well as the TL, FL and S
of sexually mature males and females o
B. brevipinniscollected during the different W
seasons of the survey are summarised IS
Table 2. Results indicate that the mean Iengt@
of both sexes were generally similar. Fe-=z
males were, however, 5.2% heavier than th§§

BEROF EGGS

males. In the case where the seasonal data f& 50 7

the males and females were grouped to-
gether, the fish collected during autumn were
shown to be on average heaviest, with a
decline in both mass and length towards
spring. The data also show that the coeffi-
cient of variability for length was the largest
during spring. This applies to TL, FL as well
as SL. Correlation coefficients calculated for
both lengths and mass compared extremely
well for all three length measurements, indi-
cating that any of the three length parameters
can reliably be used for the calculation of
length or mass in the formula M ="chs used

by Rounsefell and Everhart (1953) and Lagler
(1956), respectively.

Fecundity, number of eggs and gonadosomatic index
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Figure 2
Mean number of eggs in different size classes present in the ovaries of
B. brevipinnis collected during autumn (n=8), winter (n=8), spring (n=7)
and summer (n=7).

B. brevipinnishas practically ended in autumn. However, inves-

(GSI)

tigations during winter still showed eggs present in egg size

classes 0.25 mm to 0.31 mm in diameter. Eggs were present in all
The smallest female found to be sexually mature was 28 mm She size classes of 0.25 to 1.23 mm diameter during spring. Eggs
Figure 2 shows the mean number of eggs for mature femai@sthe larger size classes of 0.25 mm to 0.99 mm diameter,
recorded during each season. During autumn, ovaries were sificurred in the gonads during summer. Spring and summer
found to contain eggs in the 0.25 to 0.37 and in the 0.8 mm eggrefore were clearly the main spawning seasons farevi-
size classes. The absence of eggs in size classes 0.43 mm f{girthis in the Marite River.
74 mm during this season suggests that the breeding season for
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TABLE 3
FREQUENCY OF OCCURRENCE OF THE DIFFERENT FOOD ITEMS IN THE GUT OF BARBUS BREVIPINNIS DURING AUTUMN
(N=39), WINTER (N=21), SPRING (28) AND SUMMER (28) WITH AN INDICATION OF THE PERCENTAGE NUMBER OF GUTS (%)
WHICH CONTAINED SPECIFIC FOOD ITEMS
Fooditems Comments Season
Autumn W inter Spring Summer
frequency % frequency % frequency % frequency g
Algae and plants
Filamantous algae 1 2.6 4 19 4 14.3 17 60.7
Phytoplankton 1 3.6
Higher plant material 1 2.6 3 10.7
Nematoda
Cryptonchussp. Freshwater 2 7.1
Xiphinemasp. Plant parasite 2 7.1
Mesodorylimussp. Omnivore 1 3.6
Discolimussp. Predator 1 3.6
Oligochaeta
Lumbricidae 1 3.6 1 3.6
Crustacea
Caridina nilotica 1 2.6
Cladocera Unidentified 1 2.6 3 148 7 25
Alona sp. 5 12.8 12 57.1 13 46.4 1 3.6
Chydorussp. 2 5.1 2 7.1
Hydracarina Unidentified 1 3.6
Insecta
Terrestrial 2 7.1
Unidentified 13 33.3 5 22.8 11 39.3 10 35.7
Eggs 3 10.7
Diptera
Muscidae Larvae 1 4.8
Simuliidae Larvae 1 4.8 3 10.7
Pupae 1 2.6 1 4.8
Adult 2 5.1 8 38.1 6 21.4 3 10.7
Chironomidae Larvae 11 28.8 11 52.4 16 57.1 6 214
Pupae 1 4.8
Adults 5 23.8 4 14.3 3 10.7
Pentaneurasp. Larvae 3 7.7 1 4.8 1 3.6
Ceratopogonidae Larvae 2 5.1 1 3.6
Chaoborussp. Pupae 1 3.6
Coleoptera
Elmidae Larvae 2 5.1 1 4.8
Dytiscidae Larvae 2 51
Adult 2 7.1
Ephemeroptera Unidentified 1 2.6
Baetidae Nymphs 1 2.6
Caenissp. Nymphs 2 5.1 2 9.5
Hymenoptera Unidentified 1 3.6
Wasp 1 2.6
Formicidae Ant 7 25
Trichoptera
Chematopsychsp. Larvae 2 5.1 2 9.5
Orhotrichia sp. Larvae 1 4.8
Orthoptera 1 3.6
Hemiptera 2 7.1
Gastropoda
Limnaeasp. Shell 1 3.6
Amphibia Tadpole 1 2.6
Other
Sand 2 5.1 2 9.5 4 14.3 1 3.6
Detritus 29 74.4 18 85.7 22 78.6 26 92.4
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Regression of standard length 2 38
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GSI values for mature females were the highest duringpntents for all seasons into consideration, detritus was found in
summer and the lowest during winter (Fig. 3). This supports thmost stomachs followed by organisms such as Cladocera,
findings on the egg sizes present in the gonads during the differ@ftironomidae and Simuliidae. Filamentous algae also featured
seasons of the year (Fig. 2). Male GSI values peaked duripgominently in terms of frequency of occurrence during most

spring and those of the females, during summer. seasons of the year. Terrestrial insects, in particular the flying
stages of Hymenoptera, also featured prominently during sum-
Food and feeding mer. Most empty stomachs were encountered during summer

(46.4%) and autumn (43.6%). The lowest variety of food items
The combined length of the fore and hindgut was found to lveas also recorded during summer. During all seasons detritus was
shorter than the standard length of the fish (Fig. 4) which suggeptesent in more than 74% of the fish sampled. The ingestion of
thatB.brevipinnismay largely be a carnivore (Kruger and Mulder detritus and sand might have been incidental whilst consuming
1973). the actual food items. The presence of Cladocera and, to a lesser
There was little difference in the variety of dietary items irextent filamentous algae, indicates some feeding activity of
the gut contents of the fish for the different seasons of the ydar brevipinnisin pool-like and in slow-flowing areas of streams.
(Table 3). Most food items present consisted of bottom-dwelling decline in feeding activity as reflected by the number of empty
macro-invertebrate organisms living in or on the substrate of tls¢omachs during summer and autumn in particular, may largely
streams wher8. brevipinniswas collected. Taking the stomachcoincide with breeding activity of the fish during these seasons.
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TABLE 4

PARASITE INFECTIONS OF BARBUS BREVIPINNIS FROM
THE MARITE RIVER DURING THE FOUR SEASONS OF THE
PERIOD OF SURVEY, WITH AN INDICATION OF THE PER-
CENTAGE OF FISH INFECTED BY A SPECIFIC PARASITE

AS WELL AS THE INFECTION INTENSITY

Parasite and season

Percentage of
infectedfish

Infection
ntensity

Autumn (n=39)

Trematoda

cysts in liver

Cestoda

Bothriocephalus acheilognathi
Acanthocephala
Acanthocentrissp.
Pelecepoda

Glochidium under skin

4
present*
2

0

1.2

Winter (n=23)

Trematoda

cysts in liver

Cestoda

Bothriocephalus acheilognathi
Acanthocephala
Acanthocentrissp.
Pelecepoda

Glochidium under skin

4
present*
0

9

Spring (n=32)

Trematoda

cysts in liver

Cestoda

Bothriocephalus acheilognathi
Acanthocephala
Acanthocentrissp.
Pelecepoda

Glochidium under skin

6
present*
6

6

50.5

1.5

Summer (n=31)

Trematoda

cysts in liver

Cestoda

Bothriocephalus acheilognathi
Acanthocephala
Acanthocentrissp.
Pelecepoda

Glochidium under skin

32
present*
16

19

7.8

4.2

* Low frequency of occurrence.

No counts made of numbers of parasites.
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Parasites

Table 4 shows that the percentage of fish infected by the acan-
thocephalam\canthocentrisp. progressively increased from the
lowest infection during winter to the highest in summer. The
infection intensity ofAcanthocentrissp. was the highest during
spring. It thus appears that the parasite has a possible annual
infection cycle. Glochidia, which represent the temporary obliga-
tory larval parasitic stage of pelecypod molluscs, were found to
encyst under the skin &. brevipinnisduring three of the four
seasons of the investigation with the highest infestation occurring
during summer. The highest intensity of infection for any one
parasite was recorded for trematode cysts in the liver of the fish,
with an infection intensity ranging from 1 in autumn to 50.5 in
spring. Results showed that the heaviest of all parasitic infections
occurred during summer (Table 4). In addition to the parasites
shown in Table 4, a small number of fish were also found to be
infected by the intestinal fish tapewormothriocepalus
acheilognathi

Discussion

The prevailing physical and chemical conditions of the Marite
River showed the water to be relatively clean and comparatively
low in dissolved solids. The streams are well oxygenated but
contain concentrations of nitrates which indicate some form of
eutrophication to occur there. This may perhaps in part explain
the presence of significant quantities of filamentous algae in the
diet of B. brevipinnis

The GSl values (Fig. 3) for males which reached a peak before
those of the females, compare with findings by Cambray (1982)
onBarbus anopludn the latter investigation GSI values for male
B. anoplugeached a peak during September while the GSI values
for females peaked a month later.

The eggs 0B. brevipinnisranged in diameter between 0.25
mm and 1.25 mm. Kleynhans (1984) found that the smallest and
largest eggs oBarbus treurensivaried between 0.44 mm and
1.89 mm in diameter respectively, and thosB.ainoplusranged
between 0.25 mm to 1.15 mm (Cambray, 1982). The maximum
egg size oB. brevipinnistherefore differs noticeably from that
of B. treurensisn size, but compares well with that®fanoplus

The maximum number of eggs found in a siglbrevipinnis
amounted to 1 341, with those Bf treurensisbeing 2 040
(Kleynhans, 1984) and thoseB®fanoplus3 000 eggs (Cambray,
1982).B. brevipinnisthus shows a significant lower fecundity
than bothB. anoplusandB. treurensis The number of eggs of
different size classes present in the ovaries (Fig. 2) as well as the
gonadosomatic index for females Bf brevipinnis(Fig. 3)
suggest that its breeding activities may continue throughout
spring and summer.

The variety of food items present in the guBobrevipinnis
(Tables 3) indicates that this species may largely be an opportun-
istic feeder. Food items of non-aquatic origin such as grass seeds
and even ants, frequently occur in its diet. Cambray (1982)
suggested that the diet of some of the smBigbusspecies may
mainly consist of both aquatic and terrestrial insects. Polling et al.
(1992a) found thaBarbus toppiniand Barbus bifrenatuscol-
lected from an impoundment in the Letaba River, South Africa,
were both benthic feeding fish which prefer algae, detritus and
benthic macro-invertebrates as food. Polling et al. (1992b) showed
that Barbus paludinosusmainly feeds on zooplankton whilst
B. unitaeniatudargely utilises aquatic benthic dwelling macro-
invertebrate organisms in its diet. The feeding habits of
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B. brevipinnisis therefore similar to that of the sm&@arbus notes on its presence in the largemouth yellowtdrpus kimber-
species investigated by Cambray (1982). Feeding habits of leyensifrom the Vaal Dam, TransvaalNater S A7 (1) 35-47.

B. brevipinnis especially during summer, are comparable t&AMBRAY JA (1982) The Life History Strategy of a MinndBarbus
those ofB. toppini and B. bifrenatuswhich both prefer algae anoplus in a Man Made Lake, South Africa. M.Sc. Thesis, Rhodes

. . . . . Univ., Grahamstown. 248 pp.
(Polling, 1993), but are also unique in that detritus was mgest%%v'BRAY JA (1985) Early development of an endangerd African

by almost all th? _sar_n_pled fish. o ) barbBarbus trevelyan{Pisces: Cyprinidae)Rev. Hydrobiol18 (1)
Barbus brevipinnigs the second barb species in the rivers of 51.60.

South Africa shown to be infected by an acanthocephalan parasiteUTTER FM (1969) The effects of silt and sand on the invertebrate fauna

of the genusAcanthocentrisAcanthocentris phillippwas first of streams and riverslydrobiol. 34 (1) 57-76.
described by Mashego (1988) from the Lingwe River (NortherfRASS RS (1969) The effects of land use on freshwater fish in South
Province, South Africa) where it was found to inf&ctneefi Africa, with particular reference to NataHydrobiol.34 (1) 38-56.

Specimens ocanthocentrifound inB. brevipinniscould not be DE WET LM, SCHOONBEE HJ, DE WET LPD and WIID AJB (1994)
Bioaccumulation of metals by the southern mouthbrodeseudo-

pc_nsmvely identified to SpeCIe§ level as none of them were found crenilabrus philande(Weber, 1897) from a mine-polluted impound-
with an extended proboscis. Cambray (1982) found that | ,ont water S/20(2) 119-125.

B. anoplusfrom the PK le Roux Dam (Orange River systeMgNGELBRECHT JS and VAN DER BANK FH (1994) Izozyme and
South Africa) was infected mainly by two types of parasites, allozyme differences in four shortfin minnovBdrbus brevi-
namely parasitic nematodes and the cestodela sp. This pinnis Jubb, 1966) populations with referece to an undescribed
author also reported no seasonal tendencies in parasitic infections species from the Transvaal, South Afri&ochem. Syst. Ecd2(3)

of this fish. During the present study a clear seasonal tendency in 269-276. , _
infections of some parasites occurred in the caBelofevipinnis ~ ENGELBRECHT JS and VAN DER BANK FH (1996) Genetic relation-

. . . ships between seven species within the chubbyhead barb groups of
This could probably be associated with the marked seasonal minnows (Pisces, Cyprinidag). Afr. Zool 110 381-396.

changes in the physical and chemical composition of the strea@§rsTNER U and PROSI F (1979) Heavy metal pollution in freshwater
concerned, compared to the more stable water quality conditions ecosystems. In: Ravera O (e@)plogical Aspects of Freshwater

in the PK le Roux Dam. Trematode cyst infections of the liver of EcosystemsPergamon Press, Oxford.

B. brevipinnisnoticeably reduced the size of this organ whiclFRY FEJ (1949) Statistics of a lake trout fisheBjometrics5 27-67.

may result in reduced liver functions of the fish and possibly al8AIGHER IG, HAMMAN KCD and THORNE SC (1980) The distribu-
in the life expectancy of this species. The ces®ullariocepha- tion, conservation status and factors affecting the survival of indig-
lus acheilognathfound in the intestine d8. brevipinnisshows enous freshwater fishes in the Cape ProviKcedoe23 57-88.

a preference for cyprinid fish (Branett al, 1981) and may well HOFFMAN GL (1980) Asian tapewornBothriocephalus acheilog-

infect otherBarb . hich in the | ti Ri nathi Yamaguti, 1934 in North Americ&isch und Umwel8 69-75.
intect otherbarbus species which occur in the Incomatl RIVEr ) eynyans cJ (1983) A checklist of fish species in the Mogol and

system. This parasite which utilises a cyclopoid or calanoid pgiga Rivers (Limpopo system) of the TransvdalLimnol. Soc.
copepod as intermediate host for its larval developmental stages south. Afr9 29-32.

with cyprinid fish as its usual final host, may complete its lifeKLEYNHANS CJ (1984) Die Verspreiding en Status van Sekere Vissoorte
cycle within 14 to 21 d (Koérting, 1975). The worm inhabits the  van Transvaal en die Ekologie van Sommige Spesies. D.Sc. Thesis,
anterior part of the intestinum of fish where it is embedded with Univ. of Pretoria. 267 pp.

its scolex in the gut wall (Scott and Grizzle, 1979). It may caud&-EYNHANS CJ (1992) An Inventory of the Fish Species of the Limpopo
mechanical damage to the wall of the intestine with resultant River and its Tributaries. Internal report, Transvaal Chief Directorate

. . . of Nature and Environmental Conservation. 10 pp.
haemorrage and necrosis of the affected tissues. Heavy mfeggg—RTlNG W (1975) Larval development @othriocephalussp. (Ces-

tion may cause the blockage of the gut with the occasional y,4a: pseudophyliidea) from carByprinus carpiol) in Germany.
perforation of the gut wall (Hoffman, 1980). J. Fish Biol.7 727-733.

Taking into consideration the environmental and other assekRUGER EJ and MULDER PFS (1973) Gut length and food habits of fish
ciated conditions under whidh brevipinnisoccurs in the Marite - A note.Newslet. Limnol. Soc. South. A#01-7.
river, this fish may well be regarded as vulnerable, especially WAGLER KF (1956)Freshwater Fishery Biologyvm. C. Brown Com-

view of its very restricted distribution in this river system. pany, Dubuque lowa. 421 pp. _
MASHEGO SN (1988) A new speciesAfanthocentri¢/erma & Datta,

1929 (Acanthocephala: Quadrigyridae) fr@arbus neefin South
Africa. Ann. Transvaal Mus34 23.
MOORE WH (1968) A light-weight pulsed d.c. fish shockeAppl. Ecol.
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