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Introduction

Impalas, Aepyceros melampus (Lichtenstein), are medium-sized, 
lightly built antelope found in eastern and southern Africa. 
Studies on the ticks of impala in southern Africa (Gallivan et al. 
1995; Horak et al. 2003) have found differences in tick infestations 
related to age, season and sex. There have been numerous 
studies of the helminth parasites of impalas in southern Africa. 
Some studies reported helminths collected incidentally or 
during culling operations (i.e. Mönnig 1933; Meeser 1952; Young 
& Wagener 1968), while others were restricted in time and 
numbers of impalas examined (Boomker et al. 1989a; Van Wyk & 
Boomker 2011). In 1978, Horak (1978b) reported the helminths of 
impalas each month from February 1975 to February 1976 in the 
Nylsvley Nature Reserve (NNR) in Limpopo Province, and in 1983, 
Anderson reported the helminths of impalas each month from 
March 1973 to February 1975 in the Nyala Game Ranch (NGR) 
in north-eastern KwaZulu-Natal (KZN). Both studies collected 
helminths in a systematic manner, but only two to three impalas 
were examined each month and the age-sex distribution of 
the impalas examined each month was variable, potentially 
confounding the effects of season with those of age and sex.

As a component of the surveys of the parasites of wild animals 
in South Africa, impalas were collected monthly in the southern 
Kruger National Park (KNP) from January 1980 to December 
1980. The collections at Skukuza and Biyamiti always included a 
lamb, a yearling male and an adult at each site, while only adult 

males were collected at Crocodile Bridge. An analysis of the 
adult nematode infections from these impalas was previously 
published by Negovetich et al. (2006), who examined the 
burdens of adult nematodes in relation to age and sex. However, 
they did not consider the impact of season and included impalas 
collected during the 1982 drought that had substantially higher 
nematode burdens than those collected in 1980 (Horak unpubl. 
obs.). The collection of adult males only at Crocodile Bridge also 
potentially skewed the interpretation of differences between the 
sexes. In the present paper we re-examine the impact of season, 
age and sex on the helminth burdens, including L4 nematode 
larvae, of impalas at Skukuza and Biyamiti.

Materials and methods

Study areas

The town Skukuza (24o 58’S, 31o 36’E; Alt. 262 m) is situated in the 
south-western region of the KNP in a landscape zone described 
as Thickets of the Sabie and Crocodile Rivers (Gertenbach 1983). 
The impalas examined in this region were shot within a 25 km 
radius of the Skukuza rest camp. The average annual rainfall 
is approximately 600 mm; from July 1979 to June 1981 it was  
619 mm.

The Biyamiti region (25o 06’–25o 28’S, 31o 25’–31o 39’E; Alt. 200–
350 m) is located in the southern central region of the KNP in 
a landscape zone described as Mixed Bushwillow Woodlands 
(Gertenbach 1983). The collection area extended from north of 
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the Malelane entrance gate to the KNP to north of the Biyamiti 
River. While rainfall data for the study period are not available, 
annual rainfall averages 600–700 mm in the KNP.

Both study areas fall within the Lowveld vegetation zone (Acocks 
1988) in the summer rainfall region; winters are typically dry and 
frost-free.

Survey animals

Three to seven impalas were shot at each site monthly from 
January to December 1980. This formed part of the KNP’s parasite 
diversity studies under approval of the then National Parks Board 
(currently known as SANParks). The collections always included a 
lamb (< 12 months of age), a yearling male (12–23 months) and 
an adult (> 24 months). Lambs of either sex were collected until 
April and in December, and males only from May to November. 
Only adult males were collected in January and February 1980 
at Skukuza, and from January to March at Biyamiti, thereafter 
adult males and females were collected at both sites. Because 
parturition in impalas in southern Africa is generally confined to 
November to January (Skinner & Chimimba 2005), it is possible 
to visually age impalas fairly accurately until the age of two years, 
particularly the males because of the age-associated changes in 
the shape of their horns (Bothma 1989).

Parasite collection

The gastrointestinal tract, lungs and liver were processed for 
helminth recovery. The oesophagus was cut open lengthwise 
and macroscopically examined for parasites. After collecting 
the ingesta, the mucosae of the abomasum, small intestine and 
large intestine were removed using the blade of a sharp knife. 
The mucosae of the three organs were combined and digested 
overnight at room temperature in pepsin and HCl (10 g of pepsin 
powder and 35 ml of technical hydrochloric acid per litre of normal 
saline). The digested material was sieved (0.038 mm apertures) 
the following morning. The liver was cut into approximately 1 
cm wide slices and incubated overnight at room temperature in 
normal saline. The liver slices were thoroughly washed and the 
washings and incubation fluid sieved the following morning. The 
gall bladder was not checked separately for parasites.

The trachea and the bronchi of the right lung were incised, the 
lung was cut into blocks and incubated overnight in normal 
saline. Because the lungworm, Pneumostrongylus calcaratus, 
is enmeshed in the pulmonary tissue, only small pieces of this 
nematode were collected and the number of parasites could not 
be determined accurately. The trachea, bronchi and the chunks 
of lung were thoroughly washed the following morning and the 
washings and saline solution in which they had been incubated 
sieved. The residue remaining in the sieve was collected and 
the volume measured. The number of eggs of P. calcaratus in a 
1 ml aliquot of the residue were counted under a stereoscopic 
microscope, then the total number of eggs in the residue was 
calculated.

The processed material from the gastrointestinal tracts, liver 
and lungs of the impalas was transported to the Parasitology 
Laboratory of the Faculty of Veterinary Science at Onderstepoort. 
Two 1/50th aliquots of the total volume of the ingesta of each 

of the abomasum, the small intestine and the large intestine 
were examined under a stereoscopic microscope for helminth 
collection. The remainder of the ingesta of the small intestine 
and of the caecum and colon were separately poured into a large 
flat-bottomed tray and adult hookworms, Oesophagostomum 
spp. and Trichuris spp. were collected and counted. A single 
1/10th aliquot of the sieved digested material was examined 
under a stereoscopic microscope, and a single 1/5th aliquot of the 
liver washings was similarly examined. Helminths were identified 
and counted under a compound microscope equipped with 
differential interference contrast, based on their original 
descriptions or, if applicable, the latest taxonomic revisions; in 
the case of cestodes, only specimens with a scolex were included 
in the counts. Members of the Paramphistominae reported from 
impalas in Africa belong to the genera Calicophoron (five species) 
and Cotylophoron (two species) (Pfukenyi & Mukaratirwa 2018). 
Due to time constraints, specimens were only identified to 
subfamily level.

Statistical methods

Factors of interest in the analysis of the data were the effects of 
site, season, age class, and sex of the adult impalas. However, 
because the sample sizes in each age class were limited and sex 
was not balanced across the age classes, it was not possible to 
analyse the data in a single multivariate analysis. Therefore, the 
data were analysed using exploratory data analysis techniques 
to describe patterns and trends, with extensive use of graphical 
analysis to assess differences. The data were subdivided to 
compare the differences among age classes by month and site, 
and differences between the sexes in adult impalas by month.

Differences in prevalence were analysed using contingency 
tables with a χ2 and logistic regression. For differences in the 
intensity of infection, the parasite count data were logarithmically 
transformed to reduce the inequality of variance created by 
overdispersion (Petney et al. 1990). The data were then analysed 
using one-way and multivariate analysis of variance. When 
factors were significant, a t-test was used to test between two 
groups and a Student-Newman-Keuls multiple range test 
was used to test among multiple groups. The prevalence and 
intensity of infection of L4 larvae and adult nematode burdens 
of individual impalas were compared using McNemar’s χ2 and 
paired t-tests.

Parasitological descriptors such as prevalence, intensity of 
infection and abundance were used in accordance with Bush et 
al. (1997).

Results

The collections included 18 species of nematodes, two trematode 
taxa and three species of cestodes (Table I). With exception of 
the lungworm P. calcaratus, and the trematode Schistosoma 
mattheei, which occurs in the blood vessels, the helminths 
occurred in the gastrointestinal tract. The helminth species 
were similar at the two sites. The prevalence of the L4 larvae of 
Oesophagostomum columbianum and Trichostrongylus spp., and 
of adult Trichuris globulosa, was significantly higher at Skukuza 
than at Biyamiti (p < 0.05) as were the intensities of infection of 
the L4 larvae of Cooperia/Cooperioides spp., Haemonchus spp. 
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Table I: Prevalence and intensity of infection of helminths at Skukuza and Biyamiti. n = number of impalas examined. The data are presented as 
prevalence (%); arithmetic mean intensity of infection (range)

Locality Skukuza (n = 49) Biyamiti (n = 47)

Nematodes L4 / Imm. Adults Total L4 / Imm. Adults Total

Total Nematodes 98.0; 1941
(25–19690)

98.0; 5505
(150–36060)

98.0; 7446
(165–55750)

93.6; 760
(45–5175)

100; 4158
(25–29113)

100; 4880
(25–34288)

Cooperia/Cooperioides spp. 89.4; 636
(10–7820)

- 89.4; 636
(10–7820)

87.8; 282
(10–2280)

- 87.8; 282
(10–2280)

Cooperia connochaeti 
Boomker, Horak & Alves, 1979

- 2.0; 125
(125)

2.0; 125
(125)

- 10.6; 16
(10–50)

10.6; 16
(10–50)

Cooperia fuelleborni 
Hung, 1926

- 12.2; 375
(100–850)

12.2; 375
(100–850)

- 10.6; 170
(50–325)

10.6; 170
(50–325)

Cooperia hungi
Mönnig, 1931

- 87.8; 835
(50–3180)

87.8; 835
(50–3180)

- 93.6; 1064
(25–6645)

93.6; 1064
(25–6645)

Cooperioides hamiltoni 
Mönnig, 1932

- 91.8; 618
(10–4405)

91.8; 618
(10–4405)

- 89.4; 530
(50–2575)

89.4; 530
(50–2575)

Cooperioides hepaticae 
Ortlepp, 1938

- 83.7; 155
(5–685)

83.7; 155
(5–685)

- 83.0; 99
(5–465)

83.0; 99
(5–465)

Gaigeria pachyscelis 
Railliet & Henry, 1910

- 81.6; 6.2
(1–31)

81.6; 6.2
(1–31)

- 74.5; 9.0
(1–38)

74.5; 9.0
(1–38)

Haemonchus spp. 77.6; 595
(20–7700)

- 77.6; 595
(20–7700

74.5; 172
(10–1460)

- 74.5; 172
(10–1460)

Haemonchus bedfordi 
Le Roux, 1929

- 6.1; 50
(25–75)

6.1; 50
(25–75)

- 8.5; 51
(2–75)

8.5; 51
(2–75)

Haemonchus krugeri 
Ortlepp, 1964

- 57.1; 103
(5–410)

57.1; 103
(5–410)

- 70.2; 108
(6–585)

70.2; 108
(6–585)

Haemonchus vegliai 
Le Roux, 1929

- - - - 6.4; 2.3
(2–3)

6.4; 2.3
(2–3)

Impalaia tuberculata 
Mönnig, 1923

85.7; 629
(7–5915)

81.6; 579
(25–6110)

91.8; 1102
(55–8295)

76.6; 236
(25–1065)

85.1; 491
(25–3135)

97.9; 612
(25–3895)

Longistrongylus sabie 
Mönnig, 1932

75.5; 282
(10–1710)

83.7; 150
(10–700)

92.9; 361
(10–1845)

66.0; 94
(10–1315)

83.0; 125
(19–395)

93.6; 177
(10–1710)

Oesophagostomum columbianum 
Curtice, 1890

79.6; 125
(25–500)

71.4; 69
(1–686)

93.9; 158
(4–836)

57.4; 111
(25–450)

78.7; 41
(1–161)

89.4; 108
(2–451)

Strongyloides papillosus 
Wedl, 1856

- 85.7; 352
(10–935)

85.7; 352
(10–935)

- 87.2; 457
(25–1585)

87.2; 457
(25–1585)

Trichostrongylus spp. 44.9; 66
(8–250)

- 44.9; 66
(8–250)

17.0; 142
(10–755)

- 17.0; 142
(10–755)

Trichostrongylus deflexus 
Boomker & Reinecke, 1989

- 89.8; 2815
(50–28425)

89.8; 2815
(50–28425)

- 93.6; 1368
(25–14340)

93.6; 1368
(25–14340)

Trichostrongylus falculatus  
Ransom, 1911

- 6.1; 167
(50–350)

6.1; 167
(50–350)

- 21.3; 88
(50–250)

21.3; 88
(50–250)

Trichostrongylus thomasi 
Mönnig, 1932

- 87.8; 406
(10–1820)

87.8; 406
(10–1820)

- 78.7: 328
(25–2560)

78.7; 328
(25–2560)

Trichuris globulosa 
von Linstow, 1901

2.0; 25
(25)

57.1; 5.6
(1–16)

59.2; 6.1
(1–25)

- 8.5; 1.3
(1–2)

8.5; 1.3
(1–2)

Trematodes

Paramphistominae a2.0; 350
(350)

b61.2; 196.4
(3–3195)

46.9; 207
(3–3195)

a8.5; 117
(25–350)

b78.7; 1097
(1–6970)

78.7; 1119
(1–6790)

Schistosoma mattheei 
Veglia & Le Roux, 1929

- 12.2; 10
(5–20)

12.2; 10
(5–20)

- 6.4; 12
(5–25)

6.4; 12
(5–25)

Cestodes

Moniezia spp. 10.2 - 10.2 10.6 - 10.6

Moniezia benedeni 
Moniez, 1879

- 4.1; 1
(1)

4.1; 1
(1)

- 6.4; 2.4
(2–3)

6.4; 2.4
(2–3)

Moniezia expansa 
Rudolphi, 1810

- 2.0; 1
(1)

2.0; 1
(1)

- - -

Stilesia hepatica 
Wolfhügel, 1903

- 8.2; 25
(15–35)

8.2; 25
(15–35)

- 4.3; 25
(20–30)

4.3; 25
(20–30)

Nematode Eggs

Pneumostrongylus calcaratus  
Mönnig, 1932

83.7; 143736
(89–988400)

83.0; 71437
(110–784000)

L4, Fourth-stage larvae; Imm., immatures; aSite of infection: intestines; bSite of infection: rumen
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Table II: Month of first infection of lambs, prevalence and intensity of infection of helminths by age class; n = number of impalas examined. The data 
are presented as prevalence (%); arithmetic mean intensity of infection (range)

Life cycle stage Month of first 
infection

Adults L4 / Immatures

Age Class Age Class

Lambs
(n = 24)

Yearlings
(n = 24)

Adults
(n = 48)

Lambs
(n = 24)

Yearlings
(n = 24)

Adults
(n = 48)

Nematodes

Total Nematodes Dec 95.8; 1843
(25–4892)

100; 5500
(1856–12765)

100; 5954
(160–36060)

83.3; 203
(25–1075)

100; 706
(135–1650)

100; 2200
(100–19690)

Cooperia/Cooperioides spp. Jan - - - 62.5; 65
(10–225)

95.8; 253
(20–850)

97.9; 690
(20–7820)

Cooperia connochaeti Jan 4.2; 25
(25)

12.5; 57
(30–125)

4.2; 30
(10–50)

- - -

Cooperia fuelleborni Feb 8.3; 50
(50,50)

20.8; 360
(175–850)

8.3; 300
(100–475)

- - -

Cooperia hungi Jan 83.3; 461
(25–1175)

95.8; 1140
(300–4030)

91.7; 1074
(25–6645)

- - -

Cooperioides hamiltoni Feb 75.0; 196
(25–415)

100; 572
(10–1135)

93.8; 728
(40–4405)

- - -

Cooperioides hepaticae Jan 87.5; 114
(5–350)

100; 225
(20–685)

72.9; 69
(5–595)

- - -

Gaigeria pachyscelis Feb 75.9; 6.8
(1–26)

83.3; 7.1
(1–31)

77.1; 8.2
(1–38)

- - -

Haemonchus spp. Feb - - - 45.8; 117
(25–390)

83.3; 137
(10–630)

87.5; 585
(20–7700)

Haemonchus bedfordi Mar 8.3; 63
(50–75)

12.5; 67
(50–75)

4.2; 14
(3–25)

- - -

Haemonchus krugeri Jan 62.5; 89
(3–225)

75.0; 110
(7–410)

58.3; 112
(3–595)

- - -

Haemonchus vegliai - - 8.3; 2
(2,2)

2.1; 3
(3)

- - -

Impalaia tuberculata Jan 75.0; 250
(25–600)

95.8; 517
(25–1225)

81.3; 677
(25–6110)

41.7; 66
(7–165)

87.5; 193
(25–510)

97.9; 643
(25–5915)

Longistrongylus sabie Feb 70.8; 91
(10–336)

91.7; 157
(10–375)

85.4; 147
(10–700)

37.5; 42
(10–160)

75.0; 66
(10–195)

85.4; 287
(10–1710)

Oesophagostomum 
columbianum

Jan 83.3; 47
(4–157)

91.7; 54
(3–260)

62.5; 60
(1–686)

33.3; 74
(25–220)

87.5; 136
(25–500)

77.1; 119
(25–500)

Strongyloides papillosus Jan 91.7; 344
(75–1020)

91.7; 435
(125–1275)

81.3; 420
(10–1585)

- - -

Trichostrongylus spp. May - - - 20.8; 31
(8–60)

29.2; 41
(10–125)

37.5; 119
(10–755)

Trichostrongylus deflexus Dec 83.3; 476
(25–2725)

100; 2014
(275–9790)

91.7; 2869
(25–28425)

- - -

Trichostrongylus falculatus Apr 8.3; 75
(50–100)

16.7; 81
(50–150)

14.6; 129
(50–350)

- - -

Trichostrongylus thomasi Feb 54.2; 102
(10–435)

95.8; 327
(50–800)

91.7; 471
(25–2560)

- - -

Trichuris globulosa Aug 20.8; 3.0
(2–6)

62.5; 5.0
(1–16)

25.0; 5.5
(1–15)

- - 2.1; 25
(25)

Trematodes

Paramphistominae Apr 29.2; 215
(1–439)

54.2; 113
(12–389)

83.3; 1088
(3–6970)

- - 10.4; 158
(25–350)

Schistosoma mattheei - - 12.5; 12
(5–25)

12.5; 10
(5–20)

- - -

Cestodes

Moniezia spp. Jan - - - 29.2; 2.4
(1–5)

12.5; 2.3
(1–4)

-

Moniezia benedeni Aug 12.5; 2
(1–3)

4.2; 1
(1)

2.1; 2
(2)

- - -

Moniezia expansa Feb 4.2; 1
(1)

- - -

Stilesia hepatica - - 12.5; 23
(15–35)

6.3; 27
(20–30)

- - -

Nematode Eggs

Pneumostrongylus 
calcaratus

Feb - - - 45.8; 5991
(89–28648)

95.8; 67511
(255–303240)

95.8; 153490
(245–988400)

L4, Fourth-stage larvae
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and Longistrongylus sabie, and the adults of Trichostrongylus 
deflexus and T. globulosa. The prevalence and intensity of 
infection of Paramphistominae and the intensity of infection of 
Moniezia benedeni were significantly higher at Biyamiti (p < 0.05).

Gastrointestinal nematodes

All of the impalas except one newborn lamb at Skukuza were 
infected with gastrointestinal nematodes. The prevalence of 
the adults of 10 nematode species, Cooperia hungi, Cooperioides 
hamiltoni, Cooperioides hepaticae, Gaigeria pachyscelis, Impalaia 
tuberculata, L. sabie, O. columbianum, Strongyloides papillosus,  
T. deflexus and Trichostrongylus thomasi was ≥ 75%. The 
prevalence of Haemonchus krugeri was 57.1% at Skukuza and 
70.2% at Biyamiti, while the prevalence of T. globulosa was 57.1% 
at Skukuza but only 8.5% at Biyamiti (Table I). The prevalence of 
the remaining species was < 15%.

The most numerous adult gastrointestinal nematodes were C. 
hungi, C. hamiltoni, I. tuberculata, S. papillosus, T. deflexus and 
T. thomasi. These six species accounted for > 90% of the adult 
nematodes. The other common species with a prevalence  
≥ 75%, C. hepaticae, G. pachyscelis, L. sabie and O. columbianum, 
each accounted for < 2.5% of the adult nematodes, while the 
remaining species accounted for < 1.4% each.

Gastrointestinal nematodes: adult worms

Infection with adult nematodes occurred in the first month of life 
and all of the lambs were infected by the second month of life. By 
February (Table II), lambs were infected with adults of 13 of the 
17 gastrointestinal nematode species; one species, Haemonchus 
vegliai, was not collected from lambs, while Haemonchus bedfordi 
was not collected until March, Trichostrongylus falculatus was 
not collected until April and T. globulosa was not collected until 
August.

With the exception of C. hamiltoni, C. hepaticae, O. columbianum, 
T. thomasi and T. globulosa, the prevalence of adult nematodes 
did not differ significantly (p < 0.10) among the age classes 
(Table II). The prevalence of C. hamiltoni and T. thomasi was 
lower in lambs than in yearling and adult impalas (p = 0.01 and  
p < 0.001 respectively). No C. hamiltoni were collected from 
lambs until February (Table II), but the prevalence did not differ 
among age classes thereafter. No T. thomasi were collected 
from lambs until February and the prevalence was lower than in 
yearling and adult impalas until September. The prevalences of 
C. hepaticae and O. columbianum were higher in yearlings and 
lambs than in adult impalas (p = 0.01), while the prevalence of 
T. globulosa was higher in yearlings than in lambs and adults  
(p = 0.01). In adult impalas, the prevalences of C. hepaticae and 
S. papillosus were higher in males than in females (88.5% versus 
54.5% (p = 0.01) and 92.3% versus 68.2% (p = 0.04), respectively), 
but the prevalences of the other species did not differ between 
the sexes.

The overall intensity of infection of adult nematodes was 
significantly lower in lambs than in yearling and adult impalas  
(p < 0.001) because of lower intensities of infection of C. 
fuelleborni, C. hungi, C. hamiltoni, T. deflexus and T. thomasi 
(Table II). The intensity of infection of adult nematodes in lambs 

increased rapidly from January to March, and then more slowly 
until November (Figure 1A) when the intensities were similar 
to those in yearlings and adult impalas. The rapid increase to 
March or April was seen in C. hungi, I. tuberculata, L. sabie and 
T. thomasi, while the intensity of infection of C. hamiltoni and T. 
deflexus increased progressively throughout the year, accounting 
for the progressive increase in the intensity of infection of adult 
nematodes in lambs from March to November (data not shown). 
These six species accounted for approximately 70% of the adult 
nematodes in lambs. 

Except for C. hepaticae, the intensity of infection of adult 
nematodes did not differ between adult and yearling impalas. 
The intensity of infection of C. hepaticae was significantly higher 
in yearlings than in lambs and adult impalas (Table II), and 
higher in lambs than in adult impalas (p < 0.001). The intensity of 
infection of C. hepaticae in lambs increased until May, and then 
was similar to that in yearlings.

There was no seasonal pattern in the overall intensity of infection 
of adult nematodes in yearlings (Figure 1A). In adult impalas, 
the intensity of infection increased from January to December 
(p = 0.001). There was a significant month-by-sex interaction  
(p = 0.004), with adult females having lower burdens than adult 
males from April to July and higher burdens from October 
to December (Figure 2A). All of the burdens of >10 000 adult 
nematodes were collected from October to December. During 
this period, six of nine adult female impalas had ≥10 000 adult 
nematodes, with four of the six in December, the only month in 
which the intensity of infection in all adult females was higher 
than in adult males. In comparison, only one of eight adult male 
impalas had >10 000 adult nematodes in the same months  
(p = 0.05).
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presented as mean ± 2 standard errors
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This pattern was seen in C. hungi, C. hamiltoni, I. tuberculata, 
L. sabie, T. deflexus and T. thomasi, and accounted for the 
progressive increase in the intensity of infection in adult impalas 
over the year. Amongst the individual nematode species, only 
the intensity of infection of O. columbianum adults was higher in 
male impalas than in females (p = 0.02).

Haemonchus krugeri, which accounted for 95% of the Haemonchus 
spp. adults, was the only nematode to exhibit a distinct seasonal 
pattern. The prevalence and intensity of infection of H. krugeri 
did not differ among the age classes. The prevalence was 100% 
in February and March, declined to 12.5% in August, and was 
100% in October, while the intensity of infection was highest 
from March to May and lowest from June to September (Figure 
3).

Gastrointestinal nematodes: L4 larvae

L4 larvae were collected from lambs in January and all were 
infected in February. The overall prevalence and intensity of 
infection of larvae in lambs (Table II) were significantly less than in 
yearling and adult impalas (p < 0.002). This pattern was consistent 
in all of the nematode genera. The intensity of infection of larvae 
increased throughout the year in lambs (Figure 1B), and was 
similar to the intensity in yearlings in November. Only the larvae 
of Cooperia/Cooperioides spp. exhibited a progressive increase in 
intensity of infection over the year in lambs (data not shown), 
and no O. columbianum larvae were collected from February 
until June.

The intensity of infection of L4 larvae was higher in adult impalas 
than in yearlings (p = 0.01; Table II). As with adult nematodes, 

there was no clear seasonal pattern in yearlings (Figure 1B). The 
intensity of infection of larvae was significantly higher in adult 
female than male impalas throughout the year (p < 0.001; Figure 
2B), with a marked increase in females from August to December. 
This accounted for the significant increase in the intensity of 
infection of larvae in adult impalas from January to October  
(p = 0.001). This pattern was seen in Cooperia/Cooperioides spp., 
Haemonchus spp. and I. tuberculata.

 The intensity of infection of Haemonchus spp. larvae was highest 
in September and October in all age classes (Figure 3).

Gastrointestinal nematodes: L4 larvae to adult nematode 
ratios

With the exception of Trichostrongylus spp., the prevalences 
and intensities of infection of L4 larvae relative to adults of all 
nematodes and the individual nematode genera were lowest in 
lambs and highest in adult impalas. This is shown in the ratios 
of the abundance, a measure that incorporates both prevalence 
and intensity of infection, of L4 larvae and adult nematodes 
(Figure 4A).

In lambs, the prevalence of the total larvae and the larvae of 
the individual nematode genera was lower than those of adult 
nematodes (Table II). In yearling and adult impalas, only the 
prevalence of Trichostrongylus spp. larvae was significantly 
lower than the prevalence of the adult nematodes (p < 0.001). 
In yearlings and adult male impalas, the prevalence of the larvae 
and adults of the other nematode genera did not differ, while in 
adult female impalas, the prevalence of Haemonchus spp. and 
I. tuberculata larvae was significantly higher than those of the 
adult nematodes (p < 0.05).
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In lambs and yearlings, the intensity of infection of L4 larvae 

was less than the intensity of infection of adult nematodes 

throughout the year (Figure 1A, B), reflecting the lower intensities 

of infection of Cooperia/Cooperioides spp., I. tuberculata, L. sabie 

and Trichostrongylus spp. larvae relative to adult nematodes 

(Table II). In adult males, the intensity of infection of larvae was 

less than that of adult nematodes throughout the year (Figure 

2A, B) (p < 0.001), particularly in April and May. In 
adult females, the intensity of infection of adult 
nematodes and larvae did not differ from March to 
September, but the intensity of infection of adult 
nematodes was higher than that of larvae from 
October to December. In both sexes, the intensities 
of infection of Cooperia/Cooperioides spp. and 
Trichostrongylus spp. L4 larvae were lower than that 
of adult nematodes. The intensity of infection of I. 
tuberculata and L. sabie larvae and adults did not 
differ in adult males, but the intensity of infection 
of the larvae of both species was higher than that of 
the adults in adult females (p < 0.05) in August and 
September (data not shown).

The prevalence of Haemonchus spp. L4 larvae was 
higher than that of the adults of H. krugeri from 
July to September and the intensity of infection of 
L4 larvae was higher than that of the adults from 
July to October (Figure 3A, B), primarily because 
of the decline in the prevalence and intensity of 
infection of H. krugeri adults from July to September. 
In adult female impalas, the intensity of infection 
of Haemonchus spp. larvae was higher than that of 
H. krugeri adults from May to December, and no H. 
krugeri adults were collected from adult females 
from May to August.

In lambs, only O. columbianum adults were collected 
from February to May, and the intensities of infection 
of L4 larvae and adults were similar from July to 
October (Figure 5A). In yearlings and adult male 
impalas, the intensity of infection of O. columbianum 
larvae was marginally higher than that of the adults 
(p < 0.1), with the most pronounced difference in 
November and December (Figure 5B, C). In adult 
females, the intensity of infection of O. columbianum 
L4 larvae was significantly higher than that of adult 
nematodes (p < 0.001), except in July and August; no 
O. columbianum adults were collected from March to 
June (Figure 5D). Only 40 of the 7 857 O. columbianum 
L4 larvae were collected from the mucosal scrapings 
of three of the 96 impalas.

Pneumostrongylus calcaratus

The overall prevalence of P. calcaratus was 83.3% 
(Table I). The prevalence did not differ between sites, 
but the number of eggs per infected host was higher 
at Skukuza (p = 0.005). The prevalence of eggs was 
significantly lower in lambs (46%) than in yearlings 

and adults (96% for both) (p = 0.001) (Table II), and the number 
of eggs per host was also lower in lambs than yearlings and 
adults (p < 0.001). Eggs were recovered from lambs in February 
and March, then none were collected until July, but there was no 
seasonal pattern in yearling and adult impalas. The prevalence 
and number of eggs per host did not differ between the sexes in 
adult impalas (p = 0.43).
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Trematodes

Two trematode taxa were collected, Paramphistominae and 
S. mattheei. The prevalence of adult paramphistomines in the 
rumen of lambs (Table I) was significantly lower than in yearling 
and adult impalas (p < 0.001). Lambs were first infected in April, 
with infections until October. No paramphistomines were 
collected from yearlings from December to February, but the 
prevalence was 100% from August to October. There was no 
seasonal pattern in prevalence in adult impalas. The intensity 
of infection increased with age at Biyamiti (p = 0.01), but not at 
Skukuza (p = 0.70). There was no seasonal pattern in the intensity 
of infection. The prevalence and intensity of infection did not 
differ between the sexes in adult impalas.

Immature paramphistomines were collected from 
the intestines of one (2%) impala at Skukuza and four 
(8.5%) at Biyamiti. Only adult impalas were infected, 
and all had adult paramphistomines in their rumen.

The prevalence of S. mattheei was 6.4% at Biyamiti and 
12.2% at Skukuza. None were collected from lambs, and 
the prevalence and intensity of infection did not differ 
between yearling and adult impalas. The prevalence 
tended to be higher in adult female impalas (22.7%) 
than adult males (4.2%; p < 0.1), but the intensity of 
infection did not differ.

Cestodes

Three species of cestodes were collected, M. benedeni, 
Moniezia expansa and Stilesia hepatica. The prevalences 
were < 10% (Table I). The prevalence of M. benedeni 
did not differ statistically among the age classes  
(p = 0.17). Lambs were first infected in September (Table 
II), and all the infections occurred from September to 
December. One M. expansa was collected from one 
lamb at Skukuza (prevalence = 2.0%).

No S. hepatica were collected from lambs (Table II). The 
prevalence did not differ between adult and yearling 
impalas, nor between the sexes in adult impalas. 
There was no seasonal pattern. The mean intensity of 
infection did not differ between the sites, by age, nor 
between the sexes. There was no association between 
the liver parasites S. hepatica and C. hepaticae (Kappa = 
-0.002; p = 0.94).

Discussion

The present data provide insights into the development 
of the helminth burdens of impalas from birth to 
adulthood at two sites in the southern KNP, Skukuza 
and Biyamiti. These collections differ from previously 
published data on systematic collections of the 
helminths from the three age classes (Horak 1978b; 
Anderson 1983) in that all three age classes were 
collected each month at both sites. This provides an 
opportunity to examine the changes in prevalence and 
intensity of infection by age and sex over the course of 
a year.

The helminth species were similar at the two sites. 
The prevalences and/or intensities of infection of the 

L4 larvae of Cooperia/Cooperioides spp., Haemonchus spp., L. 
sabie, O. columbianum and Trichostrongylus spp., and of the 
adults of T. deflexus and T. globulosa were significantly higher 
at Skukuza than at Biyamiti. All of these nematode genera 
are directly transmitted (Reinecke 1983), and the Thickets of 
the Sabie and Crocodile Rivers vegetation zone probably has 
the largest impala population in the KNP (Gertenbach 1983). 
Several studies have shown a positive relationship between 
host population densities and transmission success of directly 
transmitted parasites (Arneberg et al. 1998; Altizer et al. 2003; 
Calvete et al. 2004). The prevalence and intensity of infection of 
paramphistomines and the intensity of infection of the cestode, 
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M. benedeni, were higher at Biyamiti. Both of these helminths are 
indirectly transmitted and the observed differences between 
the two sites may reflect local variations in the availability of 
the intermediate hosts (Calvete et al. 2004); freshwater snails of 
the genus Bulinus O.F. Müller in the case of Paramphistominae 
(Pfukenyi & Mukaratirwa 2018) and oribatid mites in the case of 
Moniezia spp. (Schuster et al. 2000).

Gastrointestinal nematodes

The dominant species of gastrointestinal nematodes were C. 
hungi, C. hamiltoni, I. tuberculata, S. papillosus, T. deflexus and 
T. thomasi. These six species accounted for > 90% of the adult 
nematodes, and were collected from > 75% of the impalas. The 
other common species with a prevalence ≥ 75%, C. hepaticae, 
G. pachyscelis, L. sabie and O. columbianum, each accounted for  
< 2.5% of the adult nematodes. The prevalence of C. connochaeti, 
C. fuelleborni, H. bedfordi, H. vegliai and T. falculatus was < 15%, 
and each accounted for < 1% of the adult nematodes. These 
latter species appear to be incidental infections of impalas in the 
KNP. Cooperia connochaeti and H. bedfordi are parasites of blue 
wildebeest, Connochaetes taurinus (Burchell), while H. vegliai is a 
parasite of kudus, Tragelaphus strepsiceros Pallas, and T. falculatus 
is common in scrub hares, Lepus saxatilis Cuvier (Horak et al. 
2021). Cooperia fuelleborni has a strong association with African 
buffaloes, Syncerus caffer Sparrman, and was found in 71% of 
buffaloes examined in the KNP (Taylor et al. 2013).

Lambs were infected with nematodes in the first month of life, 
and by February were infected with 14 of the 18 nematode 
species. For the majority of the nematode species, the prepatent 
period is 21–28 days (Reinecke 1983), indicating that infection is 
occurring as early as late November. The timing of infection was 
generally consistent with that at NNR (Horak 1978b), with the 
exception of O. columbianum, which was collected in February 
in the KNP, but not until September in lambs at NNR, and T. 
falculatus, which was collected in January at NNR and April in 
the KNP.

The rapid increase in the intensity of infection of adult 
gastrointestinal nematodes in lambs until March indicates a 
rapid acquisition of parasites, and reflects the pattern seen 
in the common species, C. hungi, I. tuberculata and T. thomasi. 
The intensity of infection increased more slowly from March 
to November, reflecting the progressive increase in intensity 
of infection of C. hamiltoni and T. deflexus. By November, the 
burdens in lambs were similar to those of yearling and adult 
impalas.

Negovetich et al. (2006) suggested that female lambs had 
lower burdens than male lambs, but this may be an artefact as 
the newborn lambs collected in December were both females 
and no female lambs were collected after April. The increase in 
intensity of infection from December to April appeared to be 
similar in both sexes of lambs in the KNP and at NNR, and the 
intensity of infection in female lambs collected up until August 
at NNR (Horak 1978b) and Pafuri in the northern KNP (Horak 
unpubl. obs.) was within the range of male lambs collected in 
the same time periods.

Negovetich et al. (2006) also suggested that adult female impalas 
had higher intensities of infection of adult nematodes than adult 
and juvenile male impalas, and that C. hamiltoni, I. tuberculata, 
L. sabie, T. deflexus and T. thomasi were indicator species for 
adult female impalas. However, the intensity of infection did 
not differ between adult male and female impalas (p > 0.9) in 
the present analysis. The intensity of infection in adult females 
was lower than the intensity of infection in adult and juvenile 
male impalas from April to July and only exceeded that of adult 
male impalas in December when all of the females harboured 
> 10 000 worms. The increase in the intensity of infection in 
adult female impalas from July to October/December reflected 
increases in the burdens of C. hungi, C. hamiltoni, I. tuberculata, 
L. sabie, T. deflexus and T. thomasi. Negovetich et al. (2006) did 
not include seasonal variation in their analysis, and also included 
impalas from the 1982 drought. All of the 1982 impalas were 
collected from October to December, and eight of nine adult 
female impalas had ≥ 10 000 adult nematodes compared with 
three of nine adult males (p = 0.05).

Horak (1978b) suggested a periparturient relaxation of resistance 
in female impalas that would release immunologically inhibited 
larvae around the time of lambing. Thus, the apparent increase in 
the intensity of infection in adult female impalas from October to 
December may have a biological basis. We suspect the apparent 
effect observed by Negovetich et al. (2006) was inflated by the 
inclusion of impalas from the 1982 drought that were sampled 
in the periparturient period.

The prevalences and intensities of infection of most adult 
nematodes did not differ between adult and yearling impalas. 
The exceptions were C. hepaticae, in which the prevalence and 
intensity of infection were significantly higher in yearlings than 
in lambs and adult impalas, and significantly higher in lambs 
than in adult impalas, and T. globulosa in which the prevalence 
was significantly higher in yearlings than in lambs and adults.

In north-eastern Eswatini, Gallivan et al. (1996) reported first 
infection of C. hepaticae in lambs in January, and a higher 
prevalence in lambs and yearlings than in adult impalas. At 
NNR (Horak 1978b), lambs were not infected until April. The 
prevalence did not differ among age classes, but the intensity 
of infection was highest in lambs and lowest in adult impalas. A 
similar pattern was seen in the abundance among the age classes 
at the NGR (Anderson 1983). Pletcher et al. (1988) interpreted 
the decrease in the intensity of infection of C. hepaticae in adult 
impalas as evidence for an acquired immunity. The decrease in 
prevalence in adult impalas in north-eastern Eswatini (Gallivan 
et al. 1996) and intensity of infection at NNR and abundance at 
the NGR support this hypothesis.

The prevalence and intensity of infection of T. globulosa were 
higher at Skukuza than at Biyamiti. The prevalence at the NGR 
was 76.1%, but the prevalence at other localities in South Africa 
was < 10% (Horak unpubl. obs.). At Skukuza, the prevalence 
was significantly higher in yearlings than in lambs or adults, but 
there was no difference in intensity of infection among the age 
classes. The cause or causes of the differences in prevalence and 
intensity of infection among localities is unknown.
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The seasonal patterns in intensities of infection of adult 
nematodes and L4 larvae in lambs and yearlings in the KNP were 
similar to those at NNR (Horak 1978b), but there was no apparent 
seasonal pattern in the intensities of infection in adult impalas at 
NNR. The intensity of infection of adult nematodes was similar 
among the age classes at NNR and in the KNP, but the intensity 
of infection of larvae was higher at NNR where the intensity of 
infection of larvae was higher than the intensity of infection of 
adult nematodes in adult impalas throughout the year, and in 
lambs and yearling impalas during the winter months.

Horak (1978b) interpreted the higher intensity of infection of L4 
larvae than adult nematodes as indicating arrested development 
in L4 stages during the winter months, particularly in Cooperia/
Cooperioides spp., Haemonchus placei, I. tuberculata and L. sabie. 
Anderson (1983) also suggested arrested development during 
the winter months in C. fuelleborni, H. bedfordi and I. tuberculata 
at the NGR. In the KNP, the only nematode species for which 
the intensity of infection of larvae exceeded that of the adults 
in all age classes in the winter months was H. krugeri, while 
the intensity of infection of I. tuberculata larvae exceeded that 
of I. tuberculata adults in adult female impalas in August and 
September. At Pafuri in the northern KNP, no Haemonchus spp. 
adults were collected in July and August, only Haemonchus spp. 
larvae, and the intensity of infection of I. tuberculata larvae was 
also higher than that of the adults (Horak unpubl. obs.).

Interrupted development appears to be common in 
Haemonchus species in impalas. Horak (1978a) also recorded 
interrupted development of Haemonchus contortus in blesbok, 
Damaliscus pygargus phillipsi Harper, in the northern Transvaal 
(now Limpopo Province), but neither H. vegliai nor H. bedfordi 
exhibited interrupted development based on L4 larvae to 
adult ratios in kudus and blue wildebeest in the southern and 
central KNP respectively (Boomker et al. 1989b; Horak et al. 
1983). Impalaia tuberculata also appears to exhibit arrested 
development in impalas, but not in kudus (Boomker et al. 1989b). 
Cooperia/Cooperioides spp. only exhibited increased L4 to adult 
ratios in impalas during the winter months at NNR and the NGR. 
The reasons for the differences among the localities in impalas 
are unclear. Arrested development is thought to be a response 
to inhospitable external conditions (Anderson 2000), but while 
NNR was the coldest and driest during the winter, the NGR was 
warmest and wettest of the localities.

No O. columbianum L4 larvae were collected from lambs from 
February until May, after which the intensities of infection of the 
larvae and adults were similar. In yearling and adult impalas, the 
intensity of infection of L4 larvae was higher than that of the 
adults, particularly in November and December after the spring 
rains. At NNR, no O. columbianum L4 larvae were collected from 
lambs (Horak 1978b). The prevalence of O. columbianum L4 
larvae was lower than that of the adults in yearling and adult 
impalas. Anderson (1983) also reported much lower abundances 
of O. columbianum L4 larvae than adults in all three age classes 
in the NGR. The reasons for the differences among localities are 
unknown. In sheep, climate, immunity and nutritional status 
appear to play roles in O. columbianum infections (Reinecke 
1983).

Migration of L4 O. columbianum larvae in the mucosa of the 
colon where they cause a pathological reaction appears to 
be an integral part of the life cycle in sheep (Reinecke 1983). 
However, only 40 of 7 857 L4 larvae were collected from the 
digested mucosa of the gastrointestinal tracts of impalas. It 
would thus seem that impalas are better hosts than sheep for O. 
columbianum, and that migration of the larvae in the intestinal 
mucosa is not a prerequisite for completion of the life cycle in 
impalas.

One observation in the current analysis was that the prevalence 
and intensity of infection of L4 larvae relative to adult nematodes 
increased from lambs to adult impalas. Examination of the data 
from Anderson (1983) and Horak (1978b) revealed a similar 
pattern at the NGR and NNR (Figure 4B, C). With the exception of 
Trichostrongylus spp., there was generally a three-fold increase 
in the ratio of the abundance of L4 larvae to adults between 
lambs and adult impalas. In the KNP, the largest increases 
were seen in Haemonchus spp., I. tuberculata, L. sabie and O. 
columbianum, while in the NGR the species were C. fuelleborni, 
Cooperioides spp., H. bedfordi and I. tuberculata, and at NNR they 
were Haemonchus spp., I. tuberculata and L. sabie. The increasing 
L4 to adult ratio from lambs to adult impalas may reflect the 
development of immunity to infection as impalas age. Pletcher 
et al. (1988) suggested that the decrease in the intensity of 
infection of C. hepaticae in adult impalas was evidence for an 
acquired immunity. This may also apply to other gastrointestinal 
nematode species. Lambs are immunologically naïve and there 
is a rapid transition from L4 larvae to adults. However, as impalas 
age, developing immunity could inhibit the transition of L4 
larvae to adults.

Another observation was the difference in L4 larvae to adult 
ratios between the sexes in adult impalas. The ratios were 
generally lower in adult males (Figure 2A, B), particularly in 
April and May, the period of the rut. In adult female impalas, the 
intensities of infection of L4 larvae and adult nematodes were 
similar until October when the intensity of infection of adult 
nematodes exceeded that of the L4 larvae. Horak’s (1978b) 
hypothesis that there was a peripaturient relaxation of resistance 
in adult females may explain the increased adult to L4 larvae 
ratio from October to December. A similar phenomenon may 
occur in adult male impalas during the rut, as a testosterone-
mediated reduction in the immune-competency of males has 
been demonstrated for a number of mammal species (Folstad 
and Karter 1992; Decristophoris et al. 2007).

Pneumostrongylus calcaratus

Based on the presence of lung lesions, Anderson (1983) reported 
a prevalence of 97.8% at the NGR, and Gallivan et al. (1989) 
reported a prevalence of 85% in north-eastern Eswatini. The 
prevalence of eggs at Skukuza/Biyamiti was 46% in lambs, and 
96% in yearling and adult impalas. These were similar to the 
prevalence of lesions in Eswatini. Lambs in the KNP harboured 
egg-producing females in February and March. In Eswatini, 
the prevalence of lesions in lambs increased from 17% (1/6) 
in February to 100% in August. Heinichen-Anderson (1982) 
proposed that P. calcaratus is transmitted by the yellow slug, 
Elisolimax flavescens (Keferstein), which occurs on various 
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trees browsed on by impalas, and suggested that the slugs are 
ingested during feeding. If so, lambs could be infected early in 
life when they start browsing, but Heinichen-Anderson (1982) 
was unable to infect impalas with infected slugs, thus the life 
cycle of P. calcaratus remains unclear.

Trematodes and cestodes

Trematodes and cestodes have indirect life cycles. With the 
exception of the Parmaphistominae, they were relatively 
uncommon in the present study. The prevalence of 
paramphistomines at Biyamiti (78.7%) was significantly higher 
than that at Skukuza (46.9%) and similar to that at the NGR 
(89.1%; Anderson 1983), while the prevalence at Skukuza was 
similar to that at NNR (50.0%; Horak 1978b). As mentioned above, 
variation in intermediate host densities and availability might 
explain the observed differences. In the KNP, the prevalence 
increased with age. A similar pattern was observed at NNR 
where no paramphistomines were collected from lambs. The 
intensity of infection did not differ between yearling and adult 
impalas at NNR, similar to the pattern at Skukuza. In the KNP, no 
paramphistomines were collected from lambs and yearlings in 
the summer months. Anderson (1983) lists months in which few 
or no paramphistomines were collected, but there is no clear 
pattern and she does not differentiate among age classes. She 
suggested that the intermediate host of paramphistomines may 
be Pseudosuccinea columella (Say) (as Lymnea columella Say), 
which was common around waterholes in the NGR. Although 
recent studies suggest that Bulinus spp. rather than P. columella 
are intermediate hosts of paramphistomines in southern Africa 
(Pfukenyi & Mukaratirwa 2018; Schols et al. 2020), seasonal 
shifts in habitat use in relation to water and forage availability 
by impalas (Young, 1972) would influence the transmission 
patterns.

Three species of cestodes were collected, M. benedeni, M. 
expansa and S. hepatica. The two Moniezia species appear to be 
mutually exclusive; M. benedeni has been collected from impalas 
at several localities in southern Africa, while M. expansa has been 
collected at others (Horak unpubl. obs.); although both species 
were collected at Skukuza, each infected impala harboured only 
one of the two species. Jackson et al. (1998) described mutual 
exclusion in two congeneric monogeneans, suggesting that 
direct antagonistic interactions or indirect competition via the 
host immune system could be involved.

The prevalence of M. benedeni did not differ among the age 
classes in the KNP, and there was no age-related pattern for M. 
expansa at NNR (Horak 1978b). Both species appear to be most 
common in the winter and early spring.

The overall prevalence of S. hepatica (6.3%) was slightly lower 
than that in northeastern Eswatini (10.3%; Gallivan et al. 1996) 
and the NGR (15.2%; Anderson 1983). None were collected from 
lambs, and the prevalence did not differ between adult and 
yearling impalas, nor between the sexes in adult impalas. There 
was no seasonal pattern. The age distribution and lack of seasonal 
differences and differences between the sexes are similar to 
the observations in Eswatini. Sachs et al. (1969) suggested that 
infection with S. hepatica and C. hepaticae were associated, but 

there was no association between S. hepatica and C. hepaticae in 
the current study, nor in Eswatini (Gallivan et al. 1996).

The present study revealed a species-rich helminth community 
in impalas in the KNP. The most common nematodes are 
parasites of impalas or infect a range of hosts (Horak et al. 
2021), while nematodes with a prevalence < 15% are parasites 
of other herbivores and most likely incidental infections in 
impalas. The age and sex related patterns and seasonal variation 
of the nematode burden largely reflect those of five of the 
most numerous species, C. hungi, C. hamiltoni, I. tuberculata, T. 
deflexus and T. thomasi. The age- and sex-related patterns and 
seasonal variation of the other species of nematodes, as well as 
of the trematodes and cestodes, were more variable. This study 
emphasises the importance of age, sex and season as potential 
sources of variation in parasite burdens and the importance 
of evaluating individual species rather than taking a pooled 
approach when studying the drivers of parasite communities.

Note:
The first research article by Prof Ivan Horak was published 
62 years ago in Volume 31 of the Journal of the South African 
Veterinary Medical Association. The current article represents 
his 60th contribution to this journal either as sole, senior or co-
author.
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