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Supplementary material

Appendix 1
Data on mammalian and flea species richness in 59 surveys used in the analyses

Realm/region Survey Number of species Source

Hosts Fleas

Afrotropical Kenya 4 6 Oguge et al. 2009

Madagascar 6 6 Laakkonnen et al. 2003

Namibia 9 19 Shihepo et al. 2008

South Africa (eastern Cape) 7 7 Shepherd et al. 1983

Tanzania 15 23 Laudisoit et al. 2009

Uganda 15 8 Amatre et al. 2009

Neotropical Argentina eastern (Buenos 
Aires)

7 10 Lareschi 1996, 2006, Lareschi et al. 2003, 
2007 and unpublished data

Argentina (Monte Desert) 3 5 Lareschi et al. 2004

Argentina (Patagonia) 6 7 Sanchez et al. 2009

Brazil southeastern (Sao Paulo 
and Rio de Janeiro)

16 10 de Moraes et al. 2003

Brazil southern (Parana) 5 5 Barros-Battesti et al. 1998

Chile (Osorno and Aisen) 13 23 Beaucournu and Kelt 1990

Peru (Ancash) 7 13 Hastriter et al. 2002 and unpublished data

Uruguay southern 
(Montevideo, Maldonado, 
Canelones, Rivera and San Jose)

7 4 Lareschi et al. 2006

Nearctic California central (Monterey) 16 20 Linsdale and Davis 1956

California southwestern 
(Ventura)

8 17 Davis et al. 2002

Colorado (Larimer) 3 24 Campos et al. 1985

Connecticut (Middlesex) 10 13 Main 1983

Idaho (Bonneville) 15 29 Allred 1968

Indiana 26 20 Whitaker 1982

Montana (Phillips) 6 16 Holmes 2003

New Mexico (Santa Fe) 26 34 Morlan 1955

Wisconsin (Kenosha) 8 11 Amin 1976

Wyoming (Park) 4 13 Anderson and Williams 1997

Palaearctic (Caucasus) Adzharia 13 20 Alania et al. 1964

Armenia (Sevan) 10 22 Avetisyan et al. 1960

Armenia (semi-desert) 8 12 Avetisyan et al. 1960

Armenia southeastern 7 14 Avetisyan et al. 1960

Azerbaijan 13 23 Kunitsky and Kunitskaya 1962

Kabarda 10 21 Syrvacheva 1964
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Nakhichevan 6 17 Kadatshay and Shirova 1963

Palaearctic (Central Asia) Akmolinsk region, northern 
Kazakhstan

12 24 Mikulin 1959a

Dzhungarskyi Alatau ridge, 
Kazakhstan

15 22 Burdelova 1996

East Balkhash desert, 
Kazakhstan

14 36 Mikulin 1959b

Kustanai region, northwestern 
Kazakhstan

11 17 Reshetnikova 1959

Kyrgyz ridge, northern 
Kyrgyzstan 

14 35 Shwartz et al. 1958 

Mongolia, northwestern 
Khangay region, 

17 40 Labunets 1967

Moyynkum desert, southern 
Kazakhstan

15 30 Popova 1968

Shimkent region, southern 
Kazakhstan

9 27 Nuriev et al. 2004

Tarbagatai ridge, eastern 
Kazakhstan

13 30 Mikulin 1958

Trans-Ili Alatau ridge, 
Kazakhstan

8 18 Busalaeva and Fedosenko 1964

Tyva 13 28 Letov et al. 1966

Palaearctic (Europe) Hungary 7 9 Haitlinger 1973

Kostroma region, Russia 16 21 Krylov 1986

Kursk region, Russia 9 16 Izosov et al. 1966

Moscow region, Russia 15 17 Darskaya et al. 1970

Poland (Pieniny) 14 18 Haitlinger 1974

Scotland 5 7 Varma and Page 1966

Slovakia central (Hran) 7 7 Stanko et al. 2002 and unpublished data

Sweden 9 12 Brinck 1966

Palaearctic (Siberia) Altai Mountains 20 9 Sapegina et al. 1981a

Amur region 9 23 Koshkin 1966

Krasnojarsk region 8 18 Ravkin and Sapegina 1990

Novosibirsk region 20 30 Violovich 1969

Pre-Polar Ural Mountains 10 10 Novozhilova 1977

Taimyr peninsula 12 11 Sapegina et al. 1980, 1981b

Ural River Valley 13 14 Tanitovskiy et al. 2004

Western Sayan ridge 12 28 Emelyanova and Shtilmark 1967

Yakutia 7 18 Elshanskaya and Popov 1972



3

References
Alania, I. I. et al. 1964. Data on the flea fauna of Adzharia. – Proc. Arme-

nian Anti-Plague Station 3: 407–435, in Russian.
Allred, D. M. 1968. Fleas of the National Reactor Testing Station. – Great 

Basin Nat. 28: 73–87.
Amatre, G. et al. 2009. Flea diversity and infestation prevalence on ro-

dents in a plague-endemic region of Uganda. – Am. J. Trop. Med. 
Hyg. 81: 718–724.

Amin, O. M. 1976. Host associations and seasonal occurrence of fleas 
from southeastern Wisconsin mammals with observations on mor-
phologic variations. – J. Med. Entomol. 13: 179–192.

Anderson, S. H. and Williams, E. S. 1997. Plague in a complex of white-
tailed praire dogs and associated small mammals in Wyoming. – J. 
Wildl. Dis. 33: 720–732.

Avetisyan, G. A. et al. 1960. Data on flea fauna of the Armenian SSR. – 
Proc. Armenian Anti-Plague Station 1: 323–337, in Russian.

Barros-Battesti, D. M. et al. 1998. Interrelationship between ectoparasites 
and wild rodents from Tijucas do Sul, State of Parana, Brazil. – Mem. 
Inst. Oswaldo Cruz 93: 719–725.

Beaucournu, C. and Kelt, D. A. 1990. Contribution a la faune di Chili: 
puces nouvelles ou peu connues de la partie sud (Insecta, Siphonat-
era). – Rev. Suisse Zool. 97: 647–668.

Brinck, G. 1966. Siphonaptera from small mammals in natural foci of 
tick-borne encephalitis virus in Sweden. – Opusc. Entomol. 31: 
156–170.

Burdelova, N. V. 1996. Flea fauna of some small mammals in Dzhungar-
skyi Alatau. – In: Burdelov, L. A. (ed.), Proceeding of the conference 
‘Ecological aspects of epidemiology and epizootology of plague and 
other dangerous diseases’. Almaty, pp. 119–120, in Russian.

Busalaeva, N. N. and Fedosenko, A. K. 1964. Fleas parasitic on small 
mammals in high mountain area of the Trans-Ili Alatau Ridge. – 
Proc. Inst. Zool. Acad. Sci. Kazakh SSR 22: 177–183, in Russian.

Campos, E. G. et al. 1985. Seasonal occurrence of fleas (Siphonaptera) on 
rodents in a foothills habitat in Larimer County, Colorado, USA. – J. 
Med. Entomol. 22: 266–270.

Darskaya, N. F. et al. 1970. On fleas of the common vole and shrews 
in dependence on sharp density fluctuations of these mammals. – 
In: Tiflov, V. E. (ed.), Vectors of particularly dangerous diseases and 
their control. Sci. Anti-Plague Inst. Caucasus Trans-Caucasus, pp. 
132–152, in Russian.

Davis, R. M. et al. 2002. Flea, rodent and plague ecology at Chichupate 
Campground, Ventura County, California. – J. Vector Ecol. 27: 
107–127.

de Moraes, L. B. et al 2003. Siphonaptera parasites of wild rodents and 
marsupials trapped in three mountain ranges of the Atlantic forest in 
Southeastern Brazil. – Mem. Inst. Oswaldo Cruz 98: 1071–1076.

Elshanskaya, N. I. and Popov, M. N. 1972. Zoologico-parasitological 
characteristics of the river Kenkeme valley (central Yakutia). – In: 
Kolosova, L. D. and Lukyanova, I. V. (eds), Theriology, Volume 1. 
Nauka, Siberian Branch, pp. 368–372, in Russian.

Emelyanova, N. D. and Shtilmark, F. R. 1967. Fleas of insectivores, ro-
dents and lagomorphs of the central part of Western Sayan. – Proc. 
Irkutsk State Sci. Anti-Plague Inst. Siberia Far East 27: 241–253, in 
Russian.

Haitlinger, R. 1973. To the knowledge of Siphonaptera and Anoplura 
fauna of the small mammals in Hungary. – Parasitol. Hung. 6: 205–
213.

Haitlinger, R. 1974. Fleas (Siphonaptera) of small mammals of the Pien-
iny, Poland. – Polskie Pismo Entomol. 44: 765–788.

Hastriter, M. W. et al. 2002. Fleas (Siphonaptera) from Ancash Depart-
ment, Peru with the description of a new species, Ectinorus alejoi 
(Rhopalopsyllidae), and the description of the male of Plocopsylla 
pallas (Rothschild, 1914) (Stephanocircidae). – Ann. Carnegie Mus. 
71: 87–106.

Holmes, B. E. 2003. Ecology and persistence of sylvatic plague in Phil-
lips County, Montana. – MSc thesis, Wildlife Biol. Program, Univ. 
Montana.

Izosov, A. A. et al. 1966. On species composition of fleas of mouse-like 
rodents and some other mammals in the Kursk region. – Proc. Kursk 
State Pedagogical Univ. 23: 60–68, in Russian.

Kadatskaya, K. P. and Shirova, L. F. 1963. Ixodid ticks and fleas in the tu-
laremia focus of Nakhichevan ASSR. – Proc. Acad. Sci. Azarbaijanian 
SSR 19: 79–83, in Russian.

Koshkin, S. M. 1966. Materials on flea fauna in Sovetskaya Gavan. – 
Proc. Irkutsk State Sci. Anti-Plague Inst. Siberia Far East 26: 242–
248, in Russian.

Krylov, D. G. 1986. On fauna and ecology of fleas parasitic on small 
mammals from the Kostroma region, Russian Federation, USSR. – 
Parazitologiya 20: 356–363, in Russian.

Kunitsky, V. N. and Kunitskaya, N. T. 1962. Fleas of the southwestern 
Azerbaijan. – Proc. Azerbajanian Anti-Plague Station 3: 156–169, 
in Russian.

Laakkonen, J. et al. 2003. Trypomastigotes and potential flea vectors of 
the endemic rodents and the introduced Rattus rattus in the rainfor-
ests of Madagascar. – Biodivers. Conserv. 12: 1775–1783.

Labunets, N. F. 1967. Zoogeographic characteristics of the western Khan-
gay. – Proc. Irkutsk State Sci. Anti-Plague Inst. Siberia Far East 27: 
240–341, in Russian.

Lareschi, M. 1996. Nuevas citas de ácaros parásitos de roedores para 
la provincia de Buenos Aires. – Rev. Soc. Entomol. Argentina 55: 
66. 

Lareschi, M. 2006. Seasonal occurrence of ectoparasites associated with 
the water rat Scapteromys aquaticus (Muridae, Sigmodontinae) from 
Punta Lara, Argentina. – In: Morales-Malacara, J. B. et al. (eds), Ac-
arology XI: Proceedings of the International Congress. Inst. Biol. and 
Soc. Latinoam. Acarología, pp. 37–44.

Lareschi, M. et al. 2003. Arthropod and filarioid parasites associated with 
wild rodents in the northeast marshes of Buenos Aires, Argentina. – 
Mem. Inst. Oswaldo Cruz 98: 673–677.

Lareschi, M. et al. 2004. Flea parasites of small mammals in the Monte 
Desert biome in Argentina with new host and locality records. – Acta 
Parasitol. 49: 63–66.

Lareschi, M. et al. 2006. Fleas of small mammals in Uruguay, with new 
host and distribution records. – Comp. Parasitol. 73: 63–268.

Lareschi, M. et al. 2007. Parasite community (arthropods and filarioids) 
associated with wild rodents from the marshes of La Plata River, Ar-
gentina. – Comp. Parasitol. 74: 141–147.

Laudisoit, A. et al. 2009. Seasonal and habitat dependence of fleas para-
sitic on small mammals in Tanzania. – Integr. Zool. 4: 196–212.

Letov, G. S. et al. 1966. Rodents and their ectoparasites in the settlements 
of Tuva. – Proc. Irkutsk State Sci. Anti-Plague Inst. Siberia Far East 
26: 270–276, in Russian.

Linsdale, J. M. and Davis, B. S. 1956. Taxonomic appraisal and occur-
rence of fleas at the Hastings Reservation in central California. – 
Univ. California Publ. Zool. 54: 293–370.

Main, A. J. 1983. Fleas (Siphonaptera) on small mammals in Connecti-
cut, USA. – J. Med. Entomol. 20: 33–39.

Mikulin, M. A. 1958. Data on fleas of the Middle Asia and Kazakhstan. 
5. Fleas of the Tarbagatai. – Proc. Middle Asian Sci. Anti-Plague Inst. 
4: 227–240, in Russian.

Mikulin, M. A. 1959a. Data on fleas of the Middle Asia and Kazakhstan. 
10. Fleas of the eastern Balkhash desert, Trans-Alakul desert and 
Sungorian Gates. – Proc. Middle Asian Sci. Anti-Plague Inst. 6: 
205–220, in Russian.

Mikulin, M. A. 1959b. Data on fleas of the Middle Asia and Kazakhstan. 
8. Fleas of the Akmolinsk region. – Proc. Middle Asian Sci. Anti-
Plague Inst. 5: 237–245, in Russian.

Morlan, H. B. 1955. Mammal fleas of Santa Fe County, New Mexico. – 
Texas Rep. Biol. Med. 13: 93–125.

Novozhilova, E. N. 1977. Ectoparasites of small mammals and inhabit-
ants of their burrows in the Pre-Polar Ural. – Proc. Komi Branch 
Acad. Sci. USSR 34: 125–139, in Russian.

Nuriev K. K. et al. 2004. Materials on rodents’ fleas from mountain re-
gions of South Kazakhstan. – Quarantinable and Zoonotic Infections 
in Kazakhstan 9: 66–70, in Russian.

Oguge, N. O. et al. 2009. Ectoparasites (sucking lice, fleas and ticks) of 
small mammals in southeastern Kenya. – Med. Vet. Entomol. 23: 
387–392.

Popova, A. S. 1968. Flea fauna of the Moyynkum desert. – In: Fenyuk, 
B. K. (ed.), Rodents and their ectoparasites. Saratov Univ. Press, pp. 
402–406, in Russian.



4

Ravkin Y. S and Sapegina, V. F. 1990. Fleas of rodents of the southern 
taiga of Priangarje. – Bull. Siberian Br. Acad. Sci. USSR, Ser. Biol. 
Sci. 3: 63–68, in Russian.

Reshetnikova, P. I. 1959. Flea fauna of the Kustanai region. – Proc. Mid-
dle Asian Sci. Anti-Plague Inst. 6: 261–265, in Russian. 

Sanchez, J. P. et al. 2009. New records of fleas (Insecta, Siphonaptera) 
parasites of sigmodontine rodents (Cricetidae) from southern Patago-
nia, Argentina. – Mastozool. Neotrop. 16: 243–247.

Sapegina, V. F. et al. 1980. Materials on the biology of fleas of Taimyr 
and Gydanskyi penunsulae. – In: Davydova, M. S. (ed.), Parasitic 
insects and ticks of Siberia. Nauka, Siberian Branch, pp. 225–231, 
in Russian.

Sapegina, V. F. et al. 1981a. Fleas of small mammals in northern foothills 
of Altai Mountains and Upper Ob river region. – In: Maximov, A. A. 
(ed.), Biological problems of natural foci. Nauka, Siberian Branch, 
pp. 167–176, in Russian. 

Sapegina, V. F. et al. 1981b. Fleas of small mammals in the northern 
taiga of the southern Taimyr peninsula. – Bull. Siberian Br. Acad. Sci. 
USSR, Ser. Biol. Sci. 1: 96–104, in Russian.

Shepherd, A. J. et al. 1983. Studies on plague in the eastern Cape Province 
of South Africa. – Trans. R. Soc. Trop. Med. Hyg. 77: 800–808.

Shihepo, F. G. et al. 2008. Fleas (Insecta: Siphonaptera) associated with 
small mammals in selected areas in Northern Namibia. – J. Namibia 
Sci. Soc. 56: 5–23.

Shwartz, E. A. et al. 1958. Fleas of rodents of the Frunze region. – Proc. 
Middle Asian Sci. Anti-Plague Inst. 4: 255–261, in Russian.

Stanko, M. et al. 2002. Mammal density and patterns of ectoparasite spe-
cies richness and abundance. – Oecologia 131: 289–295.

Syrvacheva, N. G. 1964. Data on the flea fauna of Kabardino-Balkarian 
ASSR. – Proc. Armenian Anti-Plague Station 3: 389–405, in Rus-
sian.

Tanitovskiy, V. A. et al. 2004. Species structure and number of fleas para-
sitizing small mammals in the middle part of the Ural River valley. 
– Quarantinable and Zoonotic Infections in Kazakhstan 9: 76–80 
(in Russian).

Varma, M. G. R. and Page, R. J. C. 1966. The epidemiology of louping 
ill in Ayshire, Scotland: ectoparasites of small mammals. I. (Sipho-
naptera). – J. Med. Entomol. 3: 331–335.

Violovich, N. A. 1969 Landscape and geographic distribution of fleas. 
– In: Maximov, A. A. (ed.), Biological regionalization of the Novosi-
birsk region. Nauka, Siberian Branch, pp. 211–221, in Russian.

Whitaker, J. O. 1982. Ectoparasites of mammals of Indiana. – The In-
diana Acad. Sci.


