Seasonal study on Bothriocephalus as indicator of
metal pollution in yellowfish, South Africa
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Abstract
Eighty largemouth yellowfish, Labeobarbus kimberleyensis, were collected between April 2005 and February 2006 with
gill nets close to the island (26° 52, 249′ S, 28° 10, 249′ E) in the Vaal Dam. The fish were killed, weighed and their length
determined. Muscle, liver and spinal cord tissues were collected from each fish and the intestines removed and opened to
expose Bothriocephalus acheilognathi. The tapeworms were collected in glass bottles and frozen. Water and sediment,
as well as liver, muscle and tapeworm samples were digested and thereafter metal concentrations of 23 elements (lithium,
beryllium, titanium, vanadium, chromium, manganese, iron, cobalt, nickel, copper, zinc, arsenic, selenium, molybdenum, cadmium, tin, antimony, tellurium, barium, mercury, thallium, lead and uranium) were determined with an ICP-MS.
Bioconcentration of metals (selenium, mercury, and lead during autumn; copper, zinc, selenium, cadmium, antimony,
thallium and mercury during winter; lithium, zinc, selenium, cadmium and antimony during spring; and zinc during summer) occurred in tapeworms. The highest mean value was recorded in sediment, followed by water, tapeworms and host
tissue. A seasonal trend showed that a higher concentration of the metals had accumulated in tapeworms during winter when
water levels were at their lowest.
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Introduction
Metals are present at low concentrations in natural aquatic
ecosystems, and an increase in the levels of available metals may lead to an increase in the accumulation of the metals
in organs and tissues of organisms. Metal bioaccumulation
occurs with many toxic pollutants and will concentrate at very
high levels in organisms from very low levels in water (Mance,
1987). Accumulation of pollutants depends on external and
internal factors in organisms. Bioindicators are used because
they are good sentinel species that tend to be ubiquitous, sedentary and long-lived, and have a high pollution tolerance and
the ability to accumulate large quantities of a toxin. Temperature and salinity (Philips, 1980) also affect the rate of metal
accumulation.
In Europe, interest in parasites in bioaccumulation studies
has increased due to parasites’ potential as indicators of environmental quality. Recently it was shown that acanthocephalans and cestodes of fish accumulate heavy metals to levels
which are magnitudes greater than those in the host itself
(Sures, 2004; Petrlova et al., 2007; Jirsa et al., 2008). The
majority of the investigations have examined the effects of
various forms of pollution on the abundance and distribution
of parasites, and the combined effects of pollution and parasitism on the well-being of the hosts (Mackenzie et al., 1995;
Lafferty, 1997; Sures et al., 1999a; b; Zimmermann et al.,
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2004; Sanchez-Ramirez et al., 2007). Numerous researchers
have investigated Cestoda and Acanthocephala as indicators
in pollution studies (Jirsa et al., 2008). Adult acanthocephalans accumulate extremely high burdens of heavy metals and
may be used as sensitive bioindicators in monitoring heavy
metals. Other reports explain that heavy metals reached
higher concentrations in Cestoda than in Acanthocephala, but
not for the metal lead (Turčeková and Hanzelová, 1997). The
metal concentrations in adult acanthocephalans will respond
quickly to changes in environmental exposure of their hosts
(Sures et al., 1999a; b; Singer et al., 2005; Sures et al., 2007).
Bioaccumulation studies on fishes in South African rivers
have been done in the Limpopo, Crocodile and Vaal Rivers.
However, it was only recently indicated that intestinal parasites in the Vaal Dam have potential as indicators of metal pollution (Retief et al., 2006). In a study by Retief et al. (2006) the
tapeworms had a higher mean value of metal concentrations
than the host tissue in 8 (lithium, beryllium, manganese, selenium, mercury, thallium, lead and uranium) of the 23 elements
studied and the second highest mean value of metal concentrations in 7 (chromium, iron, zinc, molybdenum, cadmium,
tin and barium) of the 23 elements studied. It was suggested
that future studies concentrate on the effect of season, based
on this observation. This study was built on the previous one
but explored the effect of seasonality on the concentration of
metals. This is important due to the fact that the Vaal River
is situated in a summer rainfall area and is characterised by
varying water levels that influence the metal concentration in
the environment. The data from the 2006 study were included
and used as the summer survey – to compare it with the data
from the other 3 seasons. This is the first reported study of the
effect of season on the accumulation of metals in intestinal
parasites.
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