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Appendix 1. Abundance of 29 species of coprophagous Scarabaeine dung beetles

trapped over 48 h along an urbanisation gradient in Grahamstown, Eastern Cape

Province, South Africa.

Dung-baited pitfall traps

Tribe Species Horse dung Cattle dung Pig dung
Canthonini Epirinus aquilus 0 5 0
Epirinus obtusus 5 2 14
Coprini Catharsius tricornutus 1 6 6
Copris antares 10 17 6
Dichotomiini Sarophorus striatus 8 57 255
Oniticellini Drepanocerus kirbyi 1 153 19
Euoniticellus africanus 0 50 64
Euoniticellus intermedius 0 4 1
Euoniticellus triangulatus 0 0 1
Onitini Cheironitis scabrosus 0 3 7
Onitis alexis 2 6 0
Onthophagini  Caccobius obtusus 0 0 1
Digitonthophagus gazella 0 1 1
Onthophagus asperulus 7 90 87
Onthophagus binodis 0 20 13
Onthophagus cribripennis 0 0 2
Onthophagus cyaneoniger 0 0 1
Onthophagus fimetarius 0 1 0
Onthophagus fritschi 0 58 1
Onthophagus lugubris 18 30 69
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Onthophagus sugillatus (sp. 3) 33 148 746
Onthophagus suturalis 0 1 3
Proagoderus lanista 0 0 1
Scarabaeini Scarabaeus ambiguus 2 9 20
Scarabaeus convexus 1 5 30
Sisyphini Neosisyphus barbarossa 0 15 19
Neosisyphus rubrus 0 7 6
Sisyphus alveatus 27 52 139
Neosisyphus spinipes 0 2 6
Total 115 742 1518

86



.‘&_

N UNIVERSITEIT VAN PRETORIA
. UNIVERSITY OF PRETORIA
Qe

YUNIBESITHI YA PRETORIA

References

Agnew, P. & Koella, J. C. 1999. Life history interactions with environmental
conditions in a host — parasite relationship and the parasite's mode of transmission.

Evolutionary Ecology 13: 67-89.

Anderson, R. M. & May, R. M. 1979. Population biology of infectious dieases: Part I.

Nature 280: 361-367.

Archer, J. 1997. Why do people love their pets? Evolution and Human Behavior 18:

237-259.

Bailey, W. S. 1972. Spirocerca lupi: a continuing inquiry. The Journal of Parasitology

58: 3-22.

Bailey, W. S., Cabrera, D. J. & Diamond, D. L. 1963. Beetles of the family
Scarabaeidae as intermediate hosts for Spirocerca lupi. The Journal of Parasitology

49(3): 485-488.

87



."‘v_
W UNIVERSITEIT VAN PRETORIA
4

UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Bradley, C. A. & Altizer, S. 2006. Urbanization and the ecology of wildlife diseases.

TRENDS in Ecology and Evolution 22(2): 95-102.

Brodey, R. S., Thompson, R. G., Sayer, P. D. & Eugster B. 1977. Spirocerca lupi

infection in dogs in Kenya. Veterinary Parasitology 3: 49-59.

Carden, K., Armitage, N.,Winter, K., Sichone, O. & Rivett, U. 2008. The
management of greywater in the non-sewered areas of South Africa. Urban Water

Journal 5(4): 329-343.

Carpaneto, G. M., Mazziota, A. & Piatella, E. 2005. Changes in food resources and
conservation of scarab beetles: from sheep to dog dung in a green urban area of

Rome (Coleoptera, Scarabaeoidea). Biological Conservation 123: 547-556.

Chhabra, R. C. & Singh, K. S. 1972. On the life cycle of Spirocerca lupi: preinfective

stages in the intermediate host. Journal of Helminthology 46(2): 125-137.

Chhabra, R. C. & Singh, K. S. 1973. A study of the life-history of Spirocerca lupi:

intermediate hosts and their biology. Indian Journal of Animal Science 43: 49-54.

88



."‘v_
W UNIVERSITEIT VAN PRETORIA
4

UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Chhabra, R. C. & Singh, K. S. 1977. The life-history of Spirocerca lupi: development

and biology of infective juvenile. Indian Journal of Animal Science 47(4): 178-184.

Chowdhury, N. & Pande, B. P. 1969. The development of the infective larva of the
canine oesophageal tumour worm Spirocerca lupi in rabbits and its histopathology.

Zeitschrift fur Parasitenkunde 32: 1-10.

Cox, F. E. G. (ed.). 1993. Modern parasitology. 2nd edn. Blackwell Science Ltd,

Oxford.

Daniels T. J. & Bekoff, M. 1989. Population and social biology of free-ranging dogs,

Canis familiaris. Journal of Mammalogy 70(4): 754-762.

Daszak, P., Cunningham, A. A. & Hyatt, A. D. 2000. Emerging infectious diseases of

wildlife — threats to biodiversity and human health. Science 287: 443-449.

Davis, A. L. V. 1994. Associations of Afrotropical Coleoptera (Scarabaeidae:
Aphodiidae: Staphylinidae: Hydrophilidae: Histeridae) with dung and decaying
matter: implications for selection of fly-control agents for Australia. Journal of

Natural History 28: 383-399.

89



."‘v_
W UNIVERSITEIT VAN PRETORIA
4

UNIVERSITY OF PRETORIA

YUNIBESITHI YA PRETORIA
Davis, A. L. V. 2002. Dung beetle diversity in South Africa: influential factors.
Conservation status, data inadequacies, and survey design. African Entomology 10:

53-65.

Dormont, L., Epinat, G. & Lumaret, J-P. 2004. Trophic preferences mediated by
olfactory cues in dung beetles colonizing cattle and horse dung. Environmental

Entomology 33(2): 370-377.

Dormont, L., Rapior, S., McKey, D. B. & Lumaret, J-P. 2007. Influence of dung
volatiles on the process of resource selection by coprophagous beetles.

Chemoecology 17: 23-30.

Du Toit, C. A., Scholtz, C. H. & Hyman, W. B. 2008. Prevalence of the dog
nematode Spirocerca lupi in populations of its intermediate dung beetle host in the
Tshwane (Pretoria) Metropole, South Africa. Onderstepoort Journal of Veterinary

Research 75: 315-321.

Dvir, E., Kirberger, R. M., Clift, S. J. & van der Merwe L. L. 2010. Review:
challenges in diagnosis and treatment of canine spirocercosis. Israel Journal of

Veterinary Medicine 65(1): 5-10.

90



."‘v_
W UNIVERSITEIT VAN PRETORIA
4

UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Evans, K. L., Gaston, K. J., Sharp, S. P., McGowan, A., Simeoni, M. & Hatchwell, B.
J. 2009 Effects of urbanisation on disease prevalence and age structure in blackbird

Turdus merula populations. Oikos 118: 774-782.

Fincher, G. T., Steward, T. B. & Davis, R. 1970. Attraction of coprophagous beetles

to faeces of various animals. The Journal of Parasitology 56(2): 378-383.

Fisher, M. M., Morgan, J. P., Krecek, R. C. & Kelly, P. J. 2009. Radiography for the
diagnosis of spirocercosis in apparently healthy dogs, St. Kitts, West Indies.

Veterinary Parasitology 160(3-4): 337-339.

Fowler, J., Cohen, L. & Jarvis, P. 1998. Practical statistics for field biology. 2" ed.

John Wiley & Sons, Chichester.

Gittings, T. & Giller, P. S. 1998. Resource quality and the colonisation and

succession of coprophagous beetles. Ecography 21: 581-592.

Gottlieb, Y., Markovics, A., Klement, E., Naor, S., Samish, M., Aroch, I. & Lavy, E.
2011. Characterization of Onthophagus sellatus as the major intermediate host of
the dog esophageal worm Spirocerca lupi in Israel. Veterinary Parasitology doi

10.1016/j.vetpar.2011.03.008 (in press).

91



."‘v_
W UNIVERSITEIT VAN PRETORIA
4

UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Gregory, R. D. & Blackburn, T. M. 1991. Parasite prevalence and host sample size.

Parasitology Today 7(11): 316-318.

Hanski, . & Cambefort, Y. 1991. Dung beetle ecology. Princeton University Press,

Princeton, New Jersey.
Hardin, G. 1968. The tragedy of the commons. Science 162(3859): 1243-1248.

Hata, K. & Edmonds, W. D. 1983. Structure and function of the mandibles of adult
dung beetles (Coleoptera: Scarabaeidae). International Journal of Insect

Morphology and Embryology 12(1): 1-12.

Holter, P. 2000. Particle feeding in Aphodius dung beetles (Scarabaeidae): old

hypotheses and new experimental evidence. Functional Ecology 14: 631-637.

Holter, P. & Scholtz, C. H. 2005. Are ball-rolling (Scarabaeini, Gymnopleurini,
Sisyphini) and tunnelling scarabaeine dung beetles equally choosy about the size of

ingested dung particles? Ecological Entomology 30: 700-705.

92



."‘v_
W UNIVERSITEIT VAN PRETORIA
4

UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Holter, P & Scholtz, C. H., 2007. What do dung beetles eat? Ecological Entomology

32: 690-697.

Holter, P. Scholtz, C. H. & Wardhaugh, G. K. 2002. Dung feeding in adult
scarabaeines (tunnellers and endocoprids): even large dung beetles eat small

particles. Ecological Entomology 27(2): 169-176.

Jovani, R. & Tella, J. L. 2006. Parasite prevalence and sample size: misconceptions

and solutions. TRENDS in Parasitology 22(5): 214-218.

Kagira, J. M. & Kanyari, P. W. N. 2000. Parasitic diseases as causes of mortality in
dogs in Kenya: a retrospective study of 351 causes (1984-1998). Israel Journal of

Veterinary Medicine 56: 11-99.

Kok, D. J., Schenker, R., Archer, N. J., Horak, I. G. & Swart, P. 2011. The efficacy
of milbemycin oxime against pre-adult Spirocerca lupi in experimentally infected

dogs. Veterinary Parasitology 177: 111-118.

Krebs, C. J. 1999. Ecological methodology. 2" edn. Addison-Wesley Educational

Publishers Inc., Menlo Park.

93



."‘v_
W UNIVERSITEIT VAN PRETORIA
4

UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Lass, S. & Ebert, D. 2006. Apparent seasonality of parasite dynamics: analysis of

cyclic prevalence patterns. Proceedings of the Royal Society B 273: 199-206.

Lobetti, R. 2000. Survey of the incidence, diagnosis, clinical manifestations and
treatment of Spirocerca lupi in South Africa. Journal of the South African Veterinary

Association 71: 43-46.

Lumaret, J. P., Kadiri, N. & Bertrand, M. 1992. Changes in resources:
consequences for the dynamics of dung beetle communities. Journal of Applied

Ecology 29: 349-356.

Martin-Piera, F. & Lobo, J. M. 1996. A comparative discussion of trophic

preferences in dung beetle communities. Miscelania Zoologica 19(1): 13-31.

Mazaki-Tovi, M., Baneth, G., Aroch, I., Harrus, S., Kass, P. H., Ben-Ari, T., Zur, G.,
Aizenberg, |., Bark, H. & Lavy, E. 2002. Canine spirocercosis: clinical, diagnostic,

pathologic, and epidemiologic characteristics. Veterinary Parasitology 107: 235-250.

McConnachie, M. M., Shackleton, C. M. & McGregor, G. K. 2008. The extent of
public green space and alien plant species in 10 small towns of the Sub-Tropical

Thicket Biome, South Africa. Urban Forestry and Urban Greening 7(1): 1-13.

94



."‘v_
W UNIVERSITEIT VAN PRETORIA
4

UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Miller, A. 1961. The mouthparts and digestive tract of adult dung beetles
(Coleoptera: Scarabaeidae), with reference to the ingestion of helminth eggs. The

Journal of Parasitology 47(5): 735-744.

Minnaar, W. N. & Krecek, R. C. 2001. Helminths in dogs belonging to people in a
resource-limited urban community in Gauteng, South Africa. Onderstepoort Journal

of Veterinary Research 68: 111-117.

Minnaar, W. N., Krecek, R. C. & Fourie, L. J. 2002. Helminths in dogs from a peri-
urban resource-limited community in Free State Province, South Africa. Veterinary

Parasitology 107: 343-349.

Monnig, H. O. 1938. Veterinary helminthology and entomology. 2" ed. Bailliere,

Tindall and Cox, London.

Morens, D. M., Folkers, G. K. & Fauci, A. S. 2004. The challenge of emerging and

re-emerging infectious diseases. Nature 430: 242-249.

95



."‘v_
W UNIVERSITEIT VAN PRETORIA
4

UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Mylonakis, M. E., Koutinas, A. F., Liapi, M. V., Saridomichelakis, M. N. & Rallis, T.
S. 2001. A comparison of the prevalence of Spirocerca lupi in three groups of dogs

with different life and hunting styles. Journal of Helminthology 75: 359-361.

Nichols, E., Gardener, T. A., Peres, C. A., Spector, S. & The Scarabaeinae
Research Network. 2009. Co-declining mammals and dung beetles: an impending

ecological cascade. Oikos 118: 481-487.

Nichols, E., Spector, S., Louzada, J., Larsen, T., Amezquita, S., Favila, M. E. & The
Scarabaeinae Research Network. 2008. Ecological functions and ecosystem
services provided by Scarabaeinae dung beetles. Biological Conservation 141:

1461-1474.

Pickett, S. T. A., Cadenasso, M. L., Grove, J. M., Nilon, C. H., Pouyat, R. V.,
Zipperer, W. C. & Costanza, R. 2001. Urban ecological systems: linking terrestrial
ecological, physical, and socioeconomic components of metropolitan areas. Annual

Review of Ecology and Systematics 32:127-57.

Radtke, M. G., Carlton, C. E. & Williamson, G. B. 2008. A dung beetle assemblage

in an urban park in Louisiana. Southeastern Naturalist 7(1): 101-110.

96



."‘v_
W UNIVERSITEIT VAN PRETORIA
4

UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Rice, R. 1989. Analyzing tables of statistical tests. Evolution 43: 223-225.

Roslin, T. & Koivunen, A. 2001. Distribution and abundance of dung beetles in

fragmented landscapes. Oecologia 127: 69-77.

Roézsa, L., Reiczigel, J & Majoros, G. 2000. Quantifying parasites in samples of

hosts. Journal of Parasitology 86: 228-232.

Scholtz, C. H., Davis, A. L. V. & Kryger, U. 2009. Evolutionary biology and

conservation of dung beetles. Pensoft Publishers, Bulgaria.

Scholtz, C. H., Sole, C. S., Tukker, R. & Kryger, U. 2006. Biology and ecology of
Circellium bacchus (Fabricius 1781) (Coleoptera: Scarabaeidae), a South African

dung beetle of conservation concern. Tropical Zoology 19: 185-207.

Soave, O. & Brand, C. D. 1991. Coprophagy in animals: a review. The Cornell

Veterinarian 81(4): 357-364.

Sowig, P. & Wassmer T. 1994. Resource partitioning in coprophagous beetles from

sheep dung: phenology and microhabitat preferences. Zool. Jb. Syst. 121: 171-192.

97



."‘v_
W UNIVERSITEIT VAN PRETORIA
4

UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Thompson, R. C. A. 2001. The future impact of societal and cultural factors on
parasitic disease — some emerging issues. International Journal for Parasitology 31.:

949-959.

Tshikae, B. P., Davis, A. L. V. & Scholtz, C. H. 2008. Trophic associations of a dung
beetle assemblage (Scarabaeidae: Scarabaeinae) in a woodland savanna of

Botswana. Environmental Entomology 37(2): 431-441.

Van der Merwe, L. L., Kirberger, R. M., Clift, S., Williams, M., Keller, N. & Naidoo, V.
2008. Spirocerca lupi infection in the dog: a review. The Veterinary Journal 176:

294-3009.

Van Rooyen, N. and Bredenkamp, G. 1998. Clay Thorn Bushveld. In: Low, A. B.
and Robelo, A. G. (Eds) Vegetation of South Africa, Lesotho and Swaziland. 2™ ed.

Department of Environmental Affairs and Tourism, Pretoria, p. 23.

Van Rooyen, N. & Bredenkamp, G. 1998. Waterberg Moist Mountain Bushveld. In:
Low, A. B. and Robelo, A. G. (Eds) Vegetation of South Africa, Lesotho and
Swaziland. 2" ed. Department of Environmental Affairs and Tourism, Pretoria, p.

22.

98



"'V_

ﬂ UNIVERSITEIT VAN PRETORIA
. UNIVERSITY OF PRETORIA
4

YUNIBESITHI YA PRETORIA

Wallace, M. G. & Richardson, R. H. 2005. Observations of urban dung beetles
utilising dog faeces (Coleoptera: Scarabaeidae). The Coleopterists Bulletin 59: 400-

401.

Ward, D. F., New, T. R. & Yen, A. L. 2001. Effects of pitfall trap spacing on the
abundance, richness and composition of invertebrate catches. Journal of Insect

Conservation 5: 47-53.

Wilson, K., Bjornstad, O. N., Dobson, A. P., Merler, S., Poglayen, G., Randolph, S.
E., Read, A. F. & Skorping, A. 2002. Heterogeneities in macroparasite infections:
patterns and processes. In: Hudson, P. J., Rizzoli, A., Grenfell, B. T., Heesterbeek,
H. and Dobson, A. P. (Eds). The ecology of wildlife diseases. Oxford University

Press, pp. 6-44.

Zar, J. H. 1984. Biostatistical analysis. 2" ed. Prentice-Hall, New Jersey.

99



	Front
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	BACK
	Appendix
	References


