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Abstract  
To assess the copper nutritional status of southern African free-ranging wild ruminants, liver 

copper concentrations from more than 1000 animals representing 14 species were evaluated. Hepatic 

copper concentrations closely reflect copper intake levels in ruminants, and are widely accepted as the 

most reliable biomarker of copper status in ruminants, including in cases of environmental copper 

pollution. The liver serves as the primary copper storage organ in ruminants, maintaining copper supply 

until hepatic reserves are depleted, with plasma levels only declining once liver concentrations fall below 

approximately 20 mg/kg dry matter (DM). However, diagnostic thresholds for copper status vary among 

laboratories: some classify liver concentrations of 20–90 mg copper/kg DM as marginally deficient, 

whereas others consider concentrations of <20 mg/kg DM indicative of marginal to clinical deficiency. 

The latter criterion was adopted in this study. If the 20–90 mg/kg DM criterion had been applied, about 

40% of the animals sampled would have been classified as marginally deficient; however, in this study 

a range of 20–500 mg copper/kg DM was interpreted as adequate. Most animals fell within this range, 

with a small proportion below the deficiency threshold, notably among grazers foraging on floodplains 

as well as in the southern Kruger National Park, and in the eastern Free State and Mpumalanga 

provinces. Although interspecies comparisons are confounded by dietary differences, mixed feeders 

(consuming grass and browse) often exhibited higher liver copper concentrations than grazers 

occupying the same areas, suggesting either species-specific differences in copper metabolism and/or 

higher copper concentrations in browse than in grass. 
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Introduction 
Analytical laboratories in South Africa frequently receive requests to measure the copper 

concentrations in the bodily tissues and fluids of wildlife species. These measurements are made to 

investigate whether a copper deficiency or excess could possibly be the cause of ill-health in animals, 

or to monitor the animals’ copper nutritional status in general. Trace element analyses are also 

performed on the bodily tissues of wildlife to act as biomonitors or biomarkers of environmental pollution, 
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to serve as ecotoxicological assessments, or to reflect the trace element nutritional status of an area 

(Kalisińska, 2019).  

According to López-Alonso et al. (2002), the relatively unusual copper metabolism of cattle and 

other ruminants may make them particularly effective biomonitors of environmental copper exposure. In 

domestic ruminants, copper absorbed in excess of physiological requirements is stored in the liver, and 

the copper concentration in this organ increases linearly with copper intake (Dick, 1954; Van Ryssen & 

Stielau, 1980; Woolliams et al., 1983; Gummow, 1996). This stored copper remains available to meet 

metabolic demands until reserves are depleted (White, 1996). According to White (1996), nutrient 

concentrations in storage organs are generally among the most sensitive indicators of dietary change, 

and the liver copper concentration is widely accepted as the most reliable biomarker of copper status in 

domestic ruminants (López-Alonso et al., 2006; EFSA Panel, 2016; Spears et al., 2022).  

Spears et al. (2022) highlighted major inconsistencies in the liver copper concentration ranges 

recommended for assessing the nutritional status of domestic ruminants, with notable variation among 

diagnostic laboratories and authorities. For instance, López-Alonso & Miranda (2020), drawing on Puls 

(1994), reported that the generally accepted safe and adequate range for domestic ruminants is 25–

100 mg/kg wet weight (≈89–357 mg/kg dry matter (DM)). Kincaid (2000) classified samples containing 

33–125 mg copper/kg DM as marginally deficient and 125–600 mg/kg DM as adequate for cattle, while 

Herdt & Hoff (2011) set an adequacy range of 50–600 mg/kg DM for bovines. In contrast, Grace & Clark 

(1991) proposed much lower thresholds, regarding >21.7 mg/kg DM as adequate and <10.3 mg/kg DM 

as deficient in sheep and cattle. Similarly, Suttle (2022) suggested marginal ranges of 100–300 µmol/kg 

DM (6.4–19.2 mg/kg DM) for sheep and cattle, and 11.5–19.2 mg/kg DM for deer and goats. For wild 

African ruminants, Van Ryssen & Bath (2024) adopted Suttle’s (2022) approach, recommending that 

liver copper concentrations of 20–500 mg/kg DM indicate an adequate status, thus categorising as 

adequate liver copper concentrations that Puls (1994) considered marginally deficient. 

Typical clinical signs of copper deficiency and toxicity have been comprehensively reviewed by 

Van Ryssen & Bath (2024) and Suttle (2022). Of particular relevance is depigmentation 

(achromotrichia), a common early manifestation of copper deficiency. This condition usually begins 

around the eyes, creating a ‘goggled’ or ‘spectacled’ appearance, and is caused by the lightening of the 

coat’s base colour (e.g. black to grey or brown to yellow) (EFSA Panel, 2016; Suttle, 2022). Such 

changes have also been observed in wildlife. Coat colour loss is frequently the earliest, and sometimes 

the only, visible sign of copper deficiency in ruminants (Herdt & Hoff, 2011; EFSA Panel, 2016). 

Pigmentation depends on copper as a cofactor of tyrosinase in melanogenesis (Britton & Davidowitz, 

2022), and seems to be one of the first functions affected by a copper deficiency.  

Of further relevance, Puls (1994) emphasised that the marginal deficiency category was defined 

to reflect impaired immune function or growth. In the same vein, Herdt & Hoff (2011) reported that 

marginal copper deficiency in cattle is linked to reduced weight gain, poor reproductive performance, 

weakened immunity, and higher disease incidence. Such effects of marginal deficiency are, however, 

difficult, if not impossible, to assess in free-ranging wildlife. 

For free-ranging herbivores in southern Africa, copper is derived primarily from the innate 

copper content of natural vegetation. Since no copper-hyperaccumulating plant species occur in the 

region (Lange et al., 2017), excessive intake from forage alone is unlikely. Elevated soil copper also 

seldom results in substantially higher plant uptake (NRC, 2005). The plant leaf copper concentration is 

generally regulated within a narrow range of about 10 mg/kg DM, even on metalliferous soils, with an 

optimal range of 5–30 mg/kg DM (Van der Ent et al., 2013; Perlatti et al., 2015; Shabbir et al., 2020; 

Kumar et al., 2021). In the Karoo, shrubs typically contain more copper than grasses, e.g. 14.9 mg 

versus 5.4 mg copper/kg DM (Van der Merwe & Perold, 1967; Meissner et al., 1999). In contrast, studies 

from Kenya reported higher copper and cobalt but lower selenium concentrations in grasses than in 

browse species (Maskall & Thornton, 1989; Thornton, 2002). 

In ruminants, the dietary copper concentration alone is of limited diagnostic value unless 

antagonists to copper absorption and metabolism are considered (Suttle, 2022). While molybdenum 

combined with sulphur is one of the most potent antagonists of copper metabolism in ruminants, South 

African soils are generally low in molybdenum (Farina & Thibaud, 2006; Steyn & Herselman, 2006), 

making it an unlikely limiting factor. However, sulphur may interfere with copper metabolism, mainly via 

polluted acidic water or atmospheric deposition in acid rain (Davies & Mundalamo, 2010). Iron, mainly 

derived from soil and dust, represents another important antagonist. South Africa has abundant iron-

rich soils, although solubility is governed by soil factors (Steyn & Herselman, 2005). Given the diverse 
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diets of free-ranging herbivores, however, quantifying the net effect of antagonists on copper metabolism 

is practically impossible. Furthermore, both inadvertent and deliberate ingestion of soil, including soil-

derived dust, can contribute substantially to the copper intake of free-ranging herbivores (Thornton, 

2002; López-Alonso, 2012). Dust enriched with copper from active or abandoned mines, which are 

common across southern Africa, represents a potential source of excessive exposure (Ngole & Ekosse, 

2012; Jones & Mackey, 2015). On commercial farms, additional copper may also be provided through 

mineral supplements routinely offered to game (Taylor et al., 2021). 

Geochemical mapping of trace elements highlights regional patterns determined by bedrock 

and soil composition (López-Alonso, 2012). However, the availability of these elements to plants 

depends on factors such as soil pH and the solubility of their chemical forms (Herselman et al., 2005). 

In a national survey of South African topsoils, Herselman et al. (2005) reported that approximately one-

third of samples were deficient in plant-available copper. Deficiency was most prevalent in the North 

West province, where 43.5% of samples contained <1.0 mg copper/kg, and in the Northern Cape, which 

includes much of the Kalahari region, where 38.9% of samples were similarly deficient. However, copper 

concentrations in topsoils may be of limited relevance, especially to browsers, as many plant species 

have root systems that extend beyond the topsoil horizon (Van der Merwe & Perold, 1967; Carrick, 

2003). 

Hepatic copper concentrations in wild ruminants in southern Africa have been reported in a 

number of publications, including unpublished research reports, dissertations, and theses. For the 

present study, all available data were compiled, including unpublished survey data available to the 

authors. The aim was to provide an overview of existing information on the copper nutritional status of 

free-ranging ruminants, thereby enabling the identification of trends and regional variations, as well as 

potential shortcomings in the available data based on hepatic copper concentrations in wild African 

ruminant species. 

 

Materials and methods  
Liver samples were collected from animals harvested during hunting and culling operations on 

farms and game reserves in South Africa. These samples (identified as UP Nutrilab) were analysed for 

trace elements at the UP Nutrilab, Department of Animal Sciences, University of Pretoria, South Africa, 

with copper concentrations determined by atomic absorption (AA) spectrophotometry (Varian AA 

Spectrophotometer 50, 1997) following wet ash digestion. Where multiple samples were received from 

a single source, the source was identified by providing the name of the supplier (e.g. UP Nutrilab, 

Thulsie). Additional data originated from routine submissions to UP Nutrilab by animal nutritionists, 

veterinarians, and farmers, as well as from published studies and dissertations reporting liver copper 

concentrations in free-ranging ruminants in southern Africa. Samples from clinically ill animals (e.g., 

Mbatha et al., 2012) were excluded. Values reported on a wet (as-is) basis were converted to a DM 

basis, assuming a healthy ruminant liver contains 28% DM (Van Ryssen et al., 2023). Plasma copper 

concentrations from UP Nutrilab records were also incorporated, where relevant. Where liver samples 

were collected during routine game harvesting or hunting operations, no ethical approval was obtained 

as the animals were not killed specifically for the purpose of liver sampling. 

Considering that different laboratories analysed the copper concentrations in this study, a 

degree of analytical variability was unavoidable. It is also well documented that trace elements are not 

homogeneously distributed within the liver (Miranda et al., 2010; Luna et al., 2019), and differences in 

sample preparation and storage procedures may therefore influence measured hepatic copper 

concentrations. Such variation should ideally be minimised in detailed comparative studies of copper 

metabolism, as sampling-related error may confound interpretation. However, within the range of 

adequate hepatic copper reserves in ruminants, liver copper functions primarily as a storage indicator 

rather than a direct measure of functional copper status (Herdt & Hoff, 2011). For instance, Herdt & Hoff 

(2011) stated that ruminants with hepatic copper concentrations of 100 mg/kg DM are not necessarily 

less healthy than those with concentrations of 300 mg/kg DM. Consequently, moderate differences in 

liver copper concentrations in ruminants owing to sampling variations are unlikely to be biologically 

meaningful, even if statistically significant. 

Results of hepatic copper concentrations from 14 species of wild ruminants in southern Africa 

were obtained, comprising more than 1000 records (Tables 1 and 2). The game species were separated 

according to feeding habit, with results for grazers reported in Table 1 and results for browsers and 
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mixed feeders (consuming tree foliage and shrubs, as well as grass) reported in Table 2, according to 

the classification system described by Gagnon & Chew (2000). No statistical analyses were conducted 

because sources and levels of dietary copper differed widely both within and between species. In some 

of the individual studies, comparisons were made between sexes, ages, or seasons, but these details 

were impractical to report in this study. The liver copper concentrations of impala (Aepyceros 

melampus), African buffalo (Syncerus caffer), and cattle subjected to an incident of copper toxicosis 

owing to air pollution are reported separately. 

Interpretation of the results is based on reference ranges for assessing the copper nutritional 

status of wild ruminants in southern Africa, as proposed by Van Ryssen & Bath (2024). These ranges 

were derived from hepatic and plasma copper concentrations, assuming that liver copper retention in 

ruminants is positively correlated with dietary copper intake. 

Proposed hepatic copper concentrations (as per Van Ryssen & Bath, 2024): 

• Liver copper concentrations of <20 mg copper/kg DM indicate a potentially marginal to acute copper 
deficiency, suggesting that the animal would respond positively to copper supplementation. 

• Liver copper concentrations of between 20 and 300 mg copper/kg DM are suggested to indicate 
adequate copper intakes. 

• Liver copper concentrations of 301 to 500 mg/kg DM are adequate but undesirable and potentially 
unhealthy because of the possibility of increased hepatic oxidative stress. 

• Liver copper concentrations of >500 mg/kg indicate that the animals are at risk of developing copper 
toxicosis. 

• Serum/plasma copper concentrations were defined as deficient at <0.6 mg copper/L and adequate 
at 0.6 to 1.5 mg copper/L (serum copper concentrations are usually slightly lower than plasma 
concentrations). 

Before evaluating liver copper concentrations in wild ruminants, it is necessary to clarify the 

criteria used for assessing copper status, as they differ substantially from those applied to domestic 

ruminants by some diagnostic laboratories (Spears et al., 2022). The liver serves as the main copper 

reservoir, releasing copper when dietary intake is insufficient (White, 1996; Spears et al., 2022). Thus, 

plasma copper concentrations may remain within the normal range (0.6–1.5 mg/L) for months, even 

when animals are consuming copper-deficient diets, and will only decline once hepatic reserves have 

been exhausted (<20 mg/kg DM). Suttle (1994, 2022), White (1996), Herdt & Hoff (2011), and Spears 

et al. (2022) suggested that the depletion of liver stores to below 20–25 mg/kg DM represents deficiency, 

although thresholds will vary owing to inherent biological variability among animals. The proposal by 

Van Ryssen & Bath (2024) implies that liver copper concentrations of 20–90 mg/kg DM can be 

considered as within the adequate range for wild ruminants.  

To evaluate how interpretations differed when applying the guidelines of Puls (1994) versus 

those of Van Ryssen & Bath (2024), the proportion of individuals with hepatic copper concentrations 

between 20 and 90 mg/kg DM – which is the range for cattle and sheep defined by Puls (1994) as 

marginally deficient – was calculated within each species group (Table 3). This dataset was compiled 

from published records as well as from unpublished data accessible to the authors through their roles 

as research collaborators or postgraduate supervisors. 

 

Results and discussion 
In 1989, South African veterinarians investigated cattle mortalities near Phalaborwa, on the 

border of the Kruger National Park (KNP), which is in the subtropical north-eastern region of South 

Africa. The deaths were attributed to copper poisoning, with mean hepatic and renal copper 

concentrations of 1078 ± 388 mg/kg DM and 108 ± 95.1 mg/kg DM, respectively (Gummow et al., 1991). 

The source of poisoning was linked to elevated environmental copper levels from air pollution generated 

by an open-cast copper mine near the town. This incident prompted further studies on copper 

accumulation in wildlife, focusing on impala (mixed feeders) and African buffalo (bulk grazers) inhabiting 

the adjacent KNP. Both species showed elevated liver copper concentrations that declined with 

increasing distance from the pollution source (Gummow et al., 1991; Grobler & Swan, 1999a). In impala, 

mean hepatic copper levels were 810 mg and 534 mg copper/kg DM in the respective studies, while in 

buffalo they were 287 mg and 196 mg copper/kg DM, respectively. These values contrasted sharply 

with the ca. 90 mg/kg DM recorded in individuals from the southern, unpolluted area of KNP (Tables 1 

and 2). In domestic ruminants, clinical signs of copper toxicosis typically occur when hepatic 

concentrations exceed 1000 mg/kg DM (NRC, 2005). The upper safe limit of 500 mg/kg DM proposed 
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by Van Ryssen & Bath (2024) is therefore lower than thresholds reported for domestic livestock (López-

Alonso & Miranda, 2020). However, fatal cases of copper poisoning in impala have been documented 

at liver concentrations of 574 mg and 665 mg copper/kg DM (assuming copper depletion prior to death), 

under conditions of copper pollution (Gummow et al., 1991). Although differences in diet as well as the 

degree of pollution of the different feed sources complicate interspecies comparisons, in the high-risk 

zones buffalo consistently exhibited lower hepatic copper concentrations than impala. 

 

Table 1 Hepatic copper concentrations (mg/kg dry matter) in grazing ruminant species (Gagnon & 

Chew, 2000) in southern Africa  

Species Location n Mean Range Source/reference 

 

Blesbok (Damaliscus pygargus phillipsi)  

 Camdeboo NP, EC 6 66 11–173 Penrith et al. (1996) 

 Willem Pretorius GR, FS 37 178 35–746 Quan (2001) 

 Camdeboo NP, EC 14 16 5–54 Quan (2001) 

 Gariep Dam Reserve, FS 11 97 27–216 Quan (2001) 

 Free State farm 21 82 ± 25 Quan (2001) 

 Free State farm 7 102 ± 70 Quan (2001) 

 Eastern Free State 35 74 10–167 Van Ryssen (2006) 

 Mpumalanga Highveld 37 89 11–250 Van Ryssen (2006) 

 Southern Free State 3 116 100–138 UP Nutrilab 

 Vaalbos Park, NC 15 116 22–243 UP Nutrilab (Thulsie) 

Bontebok (Damaliscus pygargus pygargus)  

 C.G.H.N.R., WC 13 84 18–208 Zumpt & Heine (1978) 

 Eastern Cape  4 187 144–265 UP Nutrilab 

Buffalo, African (Syncerus caffer)   

 KNP north, LP 50 147 44–196 Erasmus (2004)  

 KNP central, LP 69 132 55–367 Erasmus (2004) 

 KNP south, MP 191 83 15–223 Erasmus (2004) 

 KNP south, MP (unpolluted) 20 89 21–182 Gummow et al. (1991) 

 KNP south, MP (unpolluted) 20 71 39–105 Grobler & Swan (1999a) 

 Various sources 11 264 8–657 UP Nutrilab 

Gemsbok (Oryx gazella)  

 Kalahari, Mier, NC 18 73 9–160 Hoon (2003) 

 Camdeboo NP, EC 3 96 77–108 Penrith et al. (1996) 

Roan antelope (Hippotragus equinus)  

 Various sources 16 189 24–855 UP Nutrilab 

Sable antelope (Hippotragus niger)  

 Various sources 18 194 15–820 UP Nutrilab 

Tsessebe/Hartebeest (Damaliscus lunatus/Alcelaphus buselaphus)  

 Various sources 3 208 14–354 UP Nutrilab 

Wildebeest (blue and black) (Connochaetes taurinus/C. gnou)  

 Camdeboo NP, EC 1 10.5  Penrith et al. (1996) 

 Various sources 7 121 13–323 UP Nutrilab 

 Etosha NP, Namibia 21 2.9 0.8–8.7 Berry & Louw (1982) 
      

n: number of samples. C.G.H.N.R.: Cape of Good Hope Nature Reserve, KNP: Kruger National Park, NR: nature 
reserve, NP: national park, NC: Northern Cape province, EC: Eastern Cape province, FS: Free State province, 
MP: Mpumalanga province, WC: Western Cape province. 
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To establish the principle that liver copper retention in ruminants correlates with dietary copper 

intake, controlled experiments with accurately measured copper intakes at varying levels are required. 

However, such studies are largely unfeasible in wildlife, especially in browsers, even under confinement. 

Consequently, assumptions must be made. For instance, in a species foraging across different 

environments, variations in liver copper concentrations can be taken as evidence that copper retention 

is influenced by dietary intake, although ideally at known distinctly different levels of exposure. Van 

Ryssen & Bath (2024) drew this conclusion from the case of copper poisoning near Phalaborwa, where 

liver copper levels in impala differed markedly depending on their proximity to a source of copper 

pollution. This was also observed in buffalo during the same pollution incident. Similarly, the data on 

buffalo in KNP (Erasmus, 2004) and blesbok (Damaliscus pygargus phillipsi) (Quan, 2001) in the Karoo 

Table 2 Hepatic copper concentrations (mg/kg dry matter) in browser and mixed feeder (browser-

grazer) ruminant species (Gagnon & Chew, 2000) in southern Africa 

Species Location n Mean Range Source/reference 

 

Bushbuck (Tragelaphus scriptus) – Browser 

 Knysna forest, WC 31 137 29–533 Odendaal (1983) 

Grey rhebok (Pelea capreolus) – Browser 

 Camdeboo NP, EC 1 29  Penrith et al. (1996) 

Impala (Aepyceros melampus) – Intermediate (30%–70% dicots and monocots) 

 Selati, LP 48 163 11–357 Theobald (2002) 

 Ndzlama, LP 24 103 18–217 Theobald (2002) 

 Mara Research Station, LP 24 120 25–209 Theobald (2002) 

 Musina farm, LP 6 82 30–146 UP Nutrilab (Frosch) 

 KNP unpolluted area, MP 6 184 ± 63 Ackerman et al. (1999) 

 Phalaborwa, LP  169  Van Niekerk (2000) 

 Hoedspruit area, LP  93  Van Niekerk (2000) 

 KNP south, area E, MP (unpolluted) 5 92 11–150 Gummow et al. (1991) 

 KNP south, MP (unpolluted) 17 88 64–107 Grobler & Swan (1999a) 

 KNP unsupplemented control 2 133  Grobler & Swan (1999b) 

 Various sources 10 155 74–318 UP Nutrilab 

 Vaalbos Park, NC 20 96 32–200 UP Nutrilab (Thulsie) 

Kudu (Tragelaphus strepsiceros) – Browser/generalist (>50% dicots) 

 Various sources 4 55 24 – 104 UP Nutrilab 

Nyala (Tragelaphus angasii) – Browser/generalist (>50% dicots) 

 Various sources 2 168 59 – 276 UP Nutrilab 

Springbok (Antidorcas marsupialis) – Intermediate (30%–70% dicots and monocots) 

 Kalahari, South Namibia 59 67 ± 20 Albi et al. (1977) 

 Kalahari, Glen Lyon, NC 11 101 34–182 UP Nutrilab (vRooyen) 

 Kalahari, Mier, NC 15 149 68–261 Hoon (2003) 

 Carnarvon, NC 17 97 56–152 Hoon (2003) 

 Somerset East, EC 6 121 33–188 Hoon (2003) 

 Gariep, NC/FS 6 84 13–219 Hoon (2003) 

 Gariep, NC/FS 11 115 28–165 UP Nutrilab (Janneman) 

 Mountain Zebra NP, EC 5 42  Young et al. (1973) 

 Camdeboo NP, EC 1 58  Penrith et al. (1996) 

 Vaalbos Park, NC  20 124 40–382 UP Nutrilab (Thulsie) 

 Pongola, MP 3 54 17–90 UP Nutrilab 
      

n: number of samples. KNP: Kruger National Park, NP: national park, NC: Northern Cape province, EC: Eastern 
Cape province, WC: Western Cape province, LP: Limpopo province, MP: Mpumalanga province, FS: Free State 
province. 
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and the Free State province show location-based variations (Table 1), supporting the inference that 

copper retention reflects intake. In most species recorded (Tables 1 and 2), fairly wide ranges of liver 

copper concentrations were found, implying the adequacy of a range of concentrations rather than a 

‘typical’ or ‘normal’ liver copper concentration, as suggested by Boyazoglu (1973) and Quan (2001). 

Contrary to copper concentrations in the livers of ruminants, copper concentrations in other body tissues 

and animal products remain relatively constant despite higher intakes because physiological 

homeostatic mechanisms protect the tissues against toxic exposure to copper (López-Alonso, 2012). 

Although the game species in this study did not differ much in their liver copper concentrations, 

comparisons between species under free-ranging conditions are invalid because of differences in 

selective foraging, which preclude the accurate quantification of copper intake.  

Accruing from this, Lanocha-Arendarczyk & Kosik-Bogacka (2019), in a review of copper 

concentrations in mammalian and avian tissues across the Northern Hemisphere, concluded that no 

reliable biomarkers exist for environmental copper pollution. In contrast, the present study indicates that 

hepatic copper concentrations in ruminants primarily reflect dietary copper intake, and that 

environmental contamination, for example copper-laden dust deposited on forage, would be expected 

to result in elevated liver copper levels. Accordingly, liver copper concentrations in ruminants may serve 

as useful biomarkers of environmental copper exposure, supporting the conclusions of López-Alonso et 

al. (2002). 

According to the guidelines of Puls (1994), followed by López-Alonso & Miranda (2020) and 

several diagnostic laboratories (Spears et al., 2022), hepatic copper concentrations below 90 mg/kg DM 

are considered marginally deficient, while values <20 mg/kg DM are classified as deficient. In this 

dataset (Table 3), 43% of samples contained between 20 mg and 90 mg copper/kg DM, and would 

therefore be regarded as marginally deficient under the criteria of Puls (1994), with 4.3% falling below 

20 mg/kg DM. However, because clinical copper deficiency in ruminants develops only once hepatic 

reserves are nearly exhausted, concentrations of 20–90 mg copper/kg DM should be regarded as 

adequate in wild ruminants. It is suggested that the statement by Herdt & Hoff (2011) that animals with 

hepatic copper concentrations of 100 mg/kg DM are not necessarily less healthy than those with 

concentrations of 300 mg/kg DM can be extended to hepatic copper concentrations of 20–500 mg/kg 

DM. 

A decade after the copper pollution incident near Phalaborwa, Erasmus (2004) analysed 312 

buffalo livers collected during a bovine tuberculosis survey in the KNP. In the southern region, mean 

liver copper concentrations averaged 83 mg/kg DM, closely matching earlier findings from the same 

area reported by Gummow et al. (1991) (89 mg/kg DM) and Grobler & Swan (1999a) (71 mg/kg DM). A 

substantial proportion of buffalo from the south (57%, 65%, and 88% in the respective studies) had liver 

copper concentrations of <90 mg/kg DM, while in the Erasmus (2004) survey, 2% contained <20 mg/kg 

DM, indicating a copper deficiency. Erasmus (2004) reported that liver copper concentrations in buffalo 

from the central (132 mg/kg DM) and northern (147 mg/kg DM) regions were significantly higher than in 

those from the southern region. Although these values were lower than those reported in animals from 

polluted areas in the earlier investigations, it remains uncertain as to whether they still reflected the 

residual effects of the 1989 pollution event or simply the natural copper content of the forage and dust 

deposition in these regions. 

Several studies have examined liver copper concentrations in impala from the bushveld regions 

of Limpopo and Mpumalanga provinces, including the KNP (Tables 1 and 2). Excluding the previously 

reported contamination incident, these animals would have obtained copper almost entirely from natural 

dietary sources. The data include samples from impala from the unpolluted southern region of the KNP 

(Gummow et al., 1991; Grobler & Swan, 1999a; Ackermann et al., 1999), from a farm near Musina 

(Frosch samples), from game farms near Phalaborwa (Selati and Ndzlama), and from the Mara 

Research Station (Theobald, 2002). Across all these sites, which include the most northern regions of 

South Africa, liver values indicate adequate copper status, with the exception of samples collected from 

impala and buffalo from the southern region of KNP, where copper concentrations suggesting deficiency 

were recorded in some individuals. A further exception was seen in samples from two sable antelope 

(Hippotragus niger) bulls from the Hoedspruit area, close to Phalaborwa and the KNP. These animals 

showed faded coat colouration and had low serum copper concentrations (0.21 µg and 0.43 µg/mL, UP 

Nutrilab samples), consistent with a copper deficiency. 
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Table 3 Proportions of individuals with liver copper concentrations assumed to be marginally deficient 

(20–90 mg/kg DM) and deficient (<20 mg/kg DM), according to the classification of Puls (1994) 

Species Location n 

Number of samples  

Source/reference Marginally 
deficient 

Deficient 

 

Blesbok – Grazer 

 Willem Pretorius GR, FS 37 6  Quan (2001) 

 Camdeboo NP, EC 14 4  10 Quan (2001) 

 Gariep Dam Reserve, FS 11 8  Quan (2001) 

 Eastern Free State 35 16 4 Van Ryssen (2006) 

 Mpumalanga Highveld 37 17 5 Van Ryssen (2006) 

 Vaalbos Park, NC 15 6  UP Nutrilab (Thulsie) 

Buffalo, African – Bulk grazer 

 KNP north, LP 50 18  Erasmus (2004) 

 KNP central, LP 69 6  Erasmus (2004) 

 KNP south, MP  191 128 4 Erasmus (2004) 

 KNP south, MP (unpolluted) 20 13  Gummow et al. (1991) 

 KNP south, MP (unpolluted) 20 18  Grobler & Swan (1999a) 

Gemsbok – Grazer 

 Kalahari, Mier NC 18 11 1 Hoon (2003) 

Roan antelope – Grazer 

 Various sources 16 8  UP Nutrilab 

Sable antelope – Grazer 

 Various sources 18 0 3 UP Nutrilab 

Impala – Mixed feeder 

 Selati, LP 48 6 1 Theobald (2002) 

 Ndzlama, LP 24 10 3 Theobald (2002) 

 Mara Research Station, LP 24 6  Theobald (2002) 

 Musina farm, LP 6 4  UP Nutrilab (Frosch) 

 KNP south, MP (unpolluted) 5 1 1 Gummow et al. (1991) 

 KNP south, MP (unpolluted) 17 10  Grobler & Swan (1999a) 

 Vaalbos Park, NC 20 10  UP Nutrilab (Thulsie) 

Springbok – Mixed feeder 

 Kalahari, Glen Lyon, NC 11 5  UP Nutrilab (vRooyen) 

 Kalahari, Mier, NC 15 1  Hoon (2003) 

 Carnarvon, NC 17 8  Hoon (2003) 

 Gariep, NC/FS 6 3 1 Hoon (2003) 

 Gariep, NC/FS 11 4  UP Nutrilab (Janneman) 

 Vaalbos Park, NC  20 6  UP Nutrilab (Thulsie) 

Means based on 775 samples†  
(adjusted for numbers per group) 

43% 6.3% 
 

    

n: number of samples. DM: dry matter, GR: game reserve, KNP: Kruger National Park, NP: national park, NC: 
Northern Cape province, EC: Eastern Cape province, LP: Limpopo province, MP: Mpumalanga province, FS: 
Free State province. † When excluding the 253 samples from the southern KNP, the remaining 403 samples 
showed that 34.5% had liver copper concentrations between 20 and 90 mg/kg DM. 

 

Summarising the results of investigations of co-workers and postgraduate students on the trace 

element concentrations in natural pastures in different regions of South Africa and Namibia, Van der 

Merwe & Perold (1967) concluded that pastures in the Western Cape coastal area are generally deficient 
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in copper. This was supported by Young et al. (1973), with copper analyses of springbok (Antidorcas 

marsupialis) livers from this area, and by Van der Walt & Ortlepp (1960) and Zumpt & Heine (1978). 

Koen (1988) reported that food and faecal copper concentrations from elephants (Loxodonta africana) 

(mixed feeder/browser) from the Knysna forest suggested a potential copper deficiency during winter 

and early summer. In contrast, Odendaal (1983) recorded liver copper concentrations in bushbuck 

(Tragelaphus sylvaticus) (a browser) culled in winter from the same area that ranged from 29 mg to 533 

mg copper/kg DM, indicating adequate to high copper intakes. Unfortunately, no recent data have been 

obtained on the copper status of game in the Western Cape province. 

Penrith et al. (1996) reported swayback (a sign of copper deficiency) in a black wildebeest 

(Connochaetes gnou) and swayback and faded coat colour in a blesbok from the Karoo Nature Reserve 

(renamed Camdeboo National Park) near Graaff-Reinet. The copper concentrations in the livers of the 

two affected animals were 3.0 mg/kg wet weight (10.7 mg/kg DM), compared to copper concentrations 

in unaffected blesbok (n = 6) of 21.6 mg/kg wet weight (77.1 mg/kg DM), and unaffected rhebok (Pelea 

capreolus), springbok, and gemsbok (Oryx gazella) (n = 5) of 21.06 mg/kg wet weight (75.2 mg/kg DM). 

Quan (2001) later conducted an extensive investigation into the occurrence of copper deficiency among 

blesbok in the Camdeboo National Park. Blesbok in the park grazed almost continuously in the area 

surrounding the Vanryneveldspas (renamed Nqweba) dam, a floodplain with leached soils apparently 

grossly deficient in copper, and had an average liver copper concentration of 16.1 mg/kg DM and plasma 

concentration of 0.07 mg copper/L. Liver copper concentrations of <20 mg/kg DM in blue wildebeest 

(Connochaetes taurinus) in the Etosha Pan Game Reserve in Namibia were reported by Berry & Louw 

(1982), although no clinical signs of a copper deficiency were reported. Although Grant et al. (1996) did 

not analyse animal tissues from the Etosha Pan itself, the liver copper concentrations of cattle from the 

mopane savanna area surrounding the pan were high, being well above 100 mg/kg DM. Milewski (2012) 

similarly speculated that waterbuck (Kobus ellipsiprymnus) grazing on the floodplains surrounding Lake 

Urema in Mozambique suffered from a copper deficiency. The UP Nutrilab analysed the serum from six 

yellow roan antelope (Hippotragus equinus) from Savuti/Qenada in Botswana, with the serum of five of 

the group containing an average of 0.23 µg copper/mL and one containing 0.78 µg copper/mL. These 

results suggest that these antelope were probably copper deficient and not genetically yellow-coated 

animals. A point of similarity is that these suggested copper deficiency incidences all occurred in grazers 

foraging on floodplains or pans. Maskall & Thornton (1989) and Thornton (2002) reported copper 

deficiencies among impala (a mixed feeder) and Defassa waterbuck (Kobus defassa (Rüppell)) grazing 

wetlands in the Lake Nakuru National Park in Kenya’s Rift Valley. Soils in this park are of volcanic origin, 

and the authors concluded that high levels of molybdenum in the soil and plants could be the main cause 

of an induced copper deficiency.  

Chronic copper poisoning, also known as enzootic icterus (yellow disease/geelsiekte), is a 

unique condition affecting sheep in the semi-desert Karoo and southern Free State regions of South 

Africa (Bath, 1979; Van Tonder, 1986). According to the late Dr Coetzee (2018, J. Coetzee, Pers. 

Comm. via the pamphlet Jasper Coetzee Consulting), yellow disease remains a concern in the Karoo. 

The condition arises from the long-term ingestion of plants with copper concentrations of ~10 mg/kg DM 

and low molybdenum (<0.5 mg/kg DM) concentrations, leading to hepatic copper accumulation (Bath, 

1979). The disease occurs mainly in aged, worn-mouthed sheep, with fatal haemolytic crises often 

triggered by stress such as transport or drought. Extremely high liver (up to 2501 mg/kg DM) and kidney 

(535 mg/kg DM) copper levels have been recorded in affected sheep (Bath, 1979). Notably, cattle, goats, 

and other domestic livestock in the region were unaffected. In the Karoo, both springbok and Merino 

sheep have been classified as intermediate feeders, utilising both grasses and shrubs (Davies et al., 

1986). However, feeding preferences differ, with springbok tending to browse while Merino sheep 

preferentially graze on grasses when available (Davies et al., 1986; Fairall et al., 1990). In the study by 

Hoon (2003), springbok shot in the Gariep and Carnarvon regions, areas identified by Bath (1979) as 

high-risk for yellow disease in sheep, had mean liver copper concentrations of 84 and 97 mg/kg DM, 

respectively (Table 2). Similarly, springbok liver samples from the Gariep area, submitted by Janneman, 

contained, on average, 115 mg copper/kg DM, and blesbok liver samples contained 97 mg/kg DM 

(Quan, 2001). Although differences in copper consumption probably exist between sheep and these 

antelope species, the findings support the well-documented fact that sheep are more susceptible to 

copper poisoning than other ruminant species (Suttle, 2022), including the game species investigated 

in this study. 
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In a national survey of plant-available copper in South African topsoils, Herselman et al. (2005) 

identified the Kalahari semi-desert as having extremely copper-deficient soils. The Mier district is located 

within this region. Despite this, hepatic copper concentrations in springbok (149 mg copper/kg DM) and 

gemsbok (73 mg copper/kg DM), a grazer, harvested in the Mier district were not indicative of copper 

deficiency (Tables 1 and 2) (Hoon, 2003). Comparable findings were reported for springbok from farms 

in the southern Kalahari savanna of Namibia (Albi et al., 1977) and from the Glen Lyon Private Reserve 

near the Witsand Reserve (Van Rooyen samples), where liver copper concentrations likewise fell within 

normal ranges. In agreement with these observations, Grant et al. (1996) reported that cattle grazing 

sandy Kalahari soils in Namibia exhibited the highest hepatic copper concentrations in a broader 

national survey. The copper status of a small proportion of blesbok grazing the grasslands of the eastern 

Free State (around Vrede and Warden) and the eastern Mpumalanga Highveld (around Amersfoort) 

suggested a copper-deficient intake (Van Ryssen, 2006). In contrast, samples from the central and 

southern Free State indicated an adequate copper intake (Quan, 2001), a finding that was also reported 

in sheep from the south-western Free State (Van Ryssen, 2006). 

Distinct differences in foraging strategies between blesbok (grazers) and springbok 

(intermediate browser/grazers) were reported by Novellie (1978) on both burnt and unburnt veld across 

all seasons. Similarly, Klein & Fairall (1986), comparing impala (browser/grazers) and blesbok at three 

sites, confirmed that blesbok fed almost exclusively on graminoids, while impala consumed a high 

proportion of dicotyledons. In an unpublished study (UP Nutrilab, Thulsie), liver samples were collected 

over two seasons (2007 and 2008) from blesbok, springbok, and impala culled in the Vaalbos Park 

game reserve, Northern Cape province. Copper concentrations in the livers were determined (Table 4). 

Considerable variation was observed within species, and mean liver copper levels did not differ 

significantly between the three species, despite their contrasting diets. 

 

Table 4 Hepatic copper concentrations (mg/kg DM) in three species (mixed sexes and ages) foraging 

simultaneously in the Vaalbos Park game reserve, Northern Cape, South Africa (Unpublished results, 

UP Nutrilab (Thulsie)) 

 Springbok1 Blesbok2 Impala1 

    

Year 1 131 (40–382) (n = 15) 119 (67–243) (n = 10) 100 (37–140) (n = 10) 

Year 2 104 (61–161) (n = 5) 108 (22–165) (n = 5) 92 (32–200) (n = 10) 
    

1 Mixed feeder, 2 grazer. n: number of samples. Differences were not statistically significant. 

 

A tendency was observed in some regions for grazers to have lower hepatic copper 

concentrations than mixed feeders. For instance, in the Kalahari, gemsbok exhibited lower liver copper 

levels (73 mg/kg DM) than springbok (149 mg/kg DM), and similar differences were reported between 

buffalo and impala in the copper-polluted areas of the KNP (Gummow et al., 1991; Grobler & Swan, 

1999a). In contrast, no differences between foraging types were evident in unpolluted areas of the KNP 

(Tables 1 and 2) or in the Vaalbos National Park study (Table 4). Although physiological factors influence 

copper metabolism and result in interspecies differences (Van Ryssen & Bath, 2025), browse species 

are generally regarded as containing higher copper concentrations than grasses (Van der Merwe & 

Perold, 1967). Consequently, differences in dietary copper intake arising from contrasting copper 

concentrations in monocots and dicots may partly explain the observed patterns. However, the extent 

to which soil ingestion contributes to differences in copper intake between grazers and browsers remains 

uncertain. Browsers are generally reported to ingest less soil than grazers (Damuth & Janis, 2011; 

Hummel et al., 2020), although the significance of this factor in relation to hepatic copper accumulation 

in game is difficult to determine. 

 

Conclusions 
Liver copper concentrations of 20–500 mg/kg DM are considered indicative of a normal copper 

nutritional status in healthy, low-producing, free-ranging wild ruminants in southern Africa. This range 

can aid in the interpretation of hepatic copper concentrations as biomarkers of environmentally available 

copper. Because the study was conducted opportunistically, relying on existing data, it does not provide 
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a comprehensive regional assessment of copper nutritional status in wild ruminants. Several regions 

with high game densities remain poorly represented, including bushveld areas of KwaZulu-Natal and 

the Eastern Cape, game reserves in the North West province such as the Pilanesberg Game Reserve, 

and the wetlands of KwaZulu-Natal. In addition, data for strict browsers were limited. 

Despite these limitations, several informative patterns emerged. Copper deficiency was 

observed mainly in grazers foraging on floodplains. Overall, grazers were more likely to exhibit low 

copper status than mixed feeders and probably browsers, although direct interspecific comparisons 

were constrained by differences in dietary copper sources. Regions where copper deficiency may occur 

were identified, notably the southern KNP and eastern parts of the Free State and Mpumalanga 

provinces. Nevertheless, the general conclusion is that wild ruminants in southern Africa typically obtain 

sufficient copper from their natural diets, with little evidence of oversupply or a need for copper 

supplementation. Furthermore, maps of plant-available copper in South African topsoils appear to have 

limited value in predicting the copper nutritional status of free-ranging wild herbivores, particularly where 

browse constitutes a substantial or exclusive component of the diet. 
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