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Abstract

Diplopods (millipedes) are one of the important groups of
terrestrial Arthropoda in tropical forest ecosystems.
Despite their ecological importance, data on millipede
populations are still scarce and outdated in Cameroon.
The first comparative eco-faunistic analysis is presented
of two local populations of Diplopoda in two lowland
rainforests (nearly primary and secondary) during
12 months (2015-2016) at the southern periphery of
the Campo Ma’an National Park in southern Cameroon.
The millipedes were collected using pitfall trapping and
quadrat sampling, their diversity and distribution ana-
lyzed with the help of two diversity indexes and two
nonparametric estimators. Overall, 27 species in eighteen
genera, ten families and four orders were revealed in the
two forests, yet each faunule was about equally rich (23
and 22 species in the primary and secondary forest,
respectively) and peculiar (five and four species unique,
respectively). The Odontopygidae was the most abundant
family, which made up to 33% of the total species
diversity. The most abundant species in both forests was
Aporodesmus  gabonicus (26.8% of occurrences). This
study shows that despite the similarity in millipede
species richness between both habitats, the species
composition of all habitats was different. Some species
occurred in two habitats whilst others were restricted to
only one habitat.
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Résumé

Les diplopodes (mille-pattes) sont un groupe important
d’arthropodes terrestres des écosystemes forestiers tropi-
caux. Malgré cette importance écologique, les données sur
leurs populations sont encore rares et obsoletes au
Cameroun. La premiere analyse éco-faunistique est
présentée ici pour deux populations de diplopodes dans
deux foréts pluviales de basse altitude (presque primaire et
secondaire), pendant 12 mois (2015-2016) a la périphérie
sud du Parc National de Campo-Ma’'an, au sud du
Cameroun. Les mille-pattes ont été collectés dans des
pieges a fosse et par échantillonnage dans des quadrats,
leur diversité et leur distribution analysées a I'aide de deux
indices de diversité et de deux estimateurs non paramétri-
ques. En tout, 27 especes appartenant a Dix-huit genres,
Dix familles et quatre ordres ont été découvertes dans les
deux foréts, et chaque microfaune y était a peu pres aussi
riche (23 et 22 especes dans la forét primaire et secon-
daire, respectivement) et particuliere (cinq et quatre
especes uniques, respectivement). Les Odontopygidae étaient
la famille la plus abondante, qui composait jusqu’a 33% du
total de la diversité des especes. L'espece la plus abondante
dans les deux foréts était Aporodesmus gabonicus (26.8% des
rencontres). Cette étude montre que malgré la similarité de
la richesse en especes de mille-pattes dans les deux
habitats, la composition des especes dans ces habitats était
différente. Certaines especes étaient présentes dans les deux
habitats alors que d’autres étaient restreintes a un seul.

Introduction

Diplopoda (millipedes) are a mega-diverse group of terrestrial
Arthropoda after Insecta and Arachnida. Comprising
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globally an estimate of perhaps up to 80,000 species or
subspecies, of which only about 12,000 have been described
(Hoffman, 1980, 1982; Shelley, 2007; Brewer, Sierwald &
Bond, 2012), diplopods are widespread on all continents
except Antarctica (Hoffman et al., 2002). Millipedes are
mostly found in their typical habitats (forest litter, rotting
wood, plant debris and compost), as well as in the high
mountains, in caves or in the soil, only occasionally to
marginally occurring also on the marine littoral, in fresh-
water habitats, in the desert, in tree canopies or a few other
environments regarded as extreme for this arthropod group
(Golovatch & Kime, 2009). The Diplopoda constitutes a
major component of soil-litter macrofauna in temperate,
subtropical and tropical forest ecosystems (Dangerfield,
1990), being especially diverse, both taxonomically and
ecologically, in tropical rainforest (Golovatch & Kime, 2009).

Millipedes are one of the major groups involved in the
breakdown of organic matter. Being considered as macrode-
tritivores because they consume dead organic matter
(Crawford, 1992), millipedes enhance microbial activities
(Anderson & Bignell, 1980) and play important roles as
potential bioindicator taxa owing to their little tolerance and
high sensitivity to habitat change (e.g. Wytwer, 1992) due
to human disturbances (Mwabvu, 2006).

Despite their ecological importance, millipedes are still very
poorly known and have long been neglected in all areas of
biological research in Cameroon. Although rather many
millipede species, mostly endemic ones, have been described
or recorded from Cameroon (e.g. Voges, 1878; Porat, 1893,
1894; Attems, 1914, 1931, 1937, 1938, 1940; Hoffman,
1953,1963, 1984, 1990, 2005; Kraus, 1960, 1966; Jeekel,
1968; Mauries, 1968, 1989; Demange, 1970, 1971, 1973;
Krabbe, 1982; Enghoff et al, 2015; Golovatch, Nzoko
Fiemapong & Vandenspiegel, 201 5; Vandenspiegel, Golovatch
&Mauries, 2016) studies on millipede ecology and populations
in the country are virtually wanting. The sole survey of the
millipede fauna of Cameroon (Porat, 1894) is highly incom-
plete and strongly outdated. Thus, this study aimed to provide
a quantitative description of millipede fauna associated with
different vegetations in Cameroonian lowland rainforest.

Material and methods

Study sites

Millipedes were collected between June 2015 and June
2016 in the Campo Ma'an National Park (CMNP),
southern Cameroon. The site is situated between the

latitudes 2°10’-2°52'N and the longitudes 9°50'-10°54'E
(Fig. 1). The altitude is between 100 and 200 m a.s.l. The
CMNP covers about 776,202 ha comprising a National
Park (234,064 ha), five forest management units (UFA),
two agro-industrial plantations (Hevecam and Socapalm)
and a so-called buffer zone.

Two sites located at the southern periphery of the CMNP
and separated by Ntem River were selected for this study
(Fig. 1): a nearly primary forest site (PF) located in the
protection zone (Dipikar Island) and a secondary forest site
(SF) situated in one of the five logging concessions sur-
rounding the park ‘UFA 09025’. In general, the vegetation
of the CMNP forms part of the Atlantic Biafran forest and
Lowland evergreen forest of the Congo Basin and Equatorial
Guinea, rich in Caesalpinioideae with Calpocalyx heitzii and
Sacoglottis gabonensis (Letouzey, 1985; Tchouto et al., 2009).
In nonprotected area (SF), forest ecosystems are highly
threatened by human activities through conversion to
agriculture, timber production, pasture, over-hunting, col-
lection of fire wood and construction materials, whereas in
protected area (PF), the access and the uses of any of natural
resources are forbidden. The CMNP lies within the humid
forest zone characterized by a bimodal rainfall distribution,
and four distinct seasons: two wet seasons (from mid-March
to early July, from September to mid-November) and two dry
seasons (from July to the end of August, from mid-November
to mid-March). Annual rainfall averages 2797 mm and the
mean annual temperature is about 25°C.

Survey methods

Two common sampling methods were used for the
collection of specimens: quadrat sampling and pitfall
trapping (see Domingo & Alonso, 2010). Two parallel
transects (110 m long and 10 m apart) made up of 20
samples each (ten quadrats and ten pitfalls) were set up at
each site. Two sampling events were conducted at 100 m
intervals during 12 months at each site.

Quadrat sampling

Twenty quadrat plots (3 m? each) were set in two rows
(10 m apart) with 10 quadrats in each row. Quadrats were
spaced 10 m apart. All shelters or microhabitats suitable
for millipedes such as under stones, bark, fallen branches,
layers of leaf litter or directly in the soil were inspected.
Millipedes were collected by four individuals for 60 min in
each quadrat using forceps or mouth aspirator.

© 2017 John Wiley & Sons Ltd, Afr. J. Ecol.
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Fig 1 Map of the Campo Ma’an National Park, showing the study sites

Pitfall trapping

Each pitfall trap consisted of a plastic drinking cup (85 mm
top diameter) placed into a buried section of PVC pipe so that
the rim of the cup was flushed with the ground surface. Prior
to the beginning of trapping, the pitfall traps were left for
3 days to reduce ‘digging-in’ effects. After that, each trap
was filled with ~75 ml of 50% ethanol and 5% glycerol as a
preservative. Twenty traps were set in two rows with 10
traps in each row. Traps were spaced 10 m apart and 5 m
from the nearest quadrat plot. Each pitfall was covered by an
aluminium roof to prevent rain fall into the traps.

Millipede identification

All millipedes were collected and preserved in labelled vials
containing 70% ethanol. Specimens were photographed,
dissected and identified in the laboratory to the genus or
species level using available dichotomic keys or other

© 2017 John Wiley & Sons Ltd, Afr. J. Ecol.

relevant literature (Kraus, 1960, 1966; Demange &
Mauries, 1975; Krabbe, 1982; Hoffman et al., 1996;
Hamer, 1999; Hoffman, 2005). Unidentified species were
assigned to morphospecies. Voucher specimens were
deposited within the reference collections of the Laboratory
of Zoology at the University of Yaounde 1.

Data analysis

The presence or absence was chosen for analysis, and the
percentage of occurrence was used to estimate the relative
abundance of all species at each site. The number of
species unique to each site was also determined. For
analyses, only adult individuals were considered whilst
juvenile individuals which usually could not be identified
were excluded from the study.

For estimating the species richness in the two habitats
concerned, two nonparametric estimators were used:
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Bootstrap and the Incidence-based coverage estimate (ICE).
For details see Colwell & Coddington (1994), and Longino
(2000). Plots of cumulative species per sample curve were
generated, and for each species cumulative curve the
sample order was randomized 100 times,and the mean of
the Bootstrap and ICE estimates were computed using
EstimateS software version 8.2.0 (Colwell, 2005). To
characterize the structure of a millipede community, the
Shannon diversity index (H') (Krebs, 1999) and the
Evenness index (E) (Pielou, 1969) were estimated applying
the following formulae:
s* o H

H=-S (P +Log,P)and E= —— = —
;( i Log ) and B =g = e ®)

Where, Pi (= Ni/N) is the proportion of species, i is the
population and S, is the total number of species observed in
a sample or a set of samples.

Results

Community composition

A total of 250 occurrences representing 27 species or
closer unidentified morphospecies from eighteen genera,
ten families and four orders were revealed in the two
habitats types (Table 1). The Chelodesmidae was the most
diverse family with seven species, followed by Odontopy-
gidae (six species) and Spirostreptidae (four species).
Odontopygidae were most abundant (33%), followed by
the species of Cryptodesmidae (28.4%). The most species-
rich genus was Kyphopyge with three species. The most
abundant species were Aporodesmus gabonicus (26.8% of
occurrences) followed by Amblybolus sp. (14%) and
Coenobothrus bipartitus (12.5%).

Species richness estimates and sampling efficiency

Bootstrap and ICE estimates showed differences in the
number of species in both habitats (Table 2). Using ICE,
the estimated number of millipede species was higher in
the SF than in the primary one, whereas the highest
species diversity was found in the PF compared with the SF
with Bootstrap. The mean sampling success was 80% in
the primary forest, versus 77.41% in the SF. The species
accumulative curve in each habitat was still rising towards
the end of the sampling period. Only when the data for the

Table 1 Relative abundance of millipede species (%) recorded in
primary (PF) and secondary (SF) forests in the National Park of
Campo Ma’'an, Cameroon

Site
Order/Family/Species PF SF
Order Polydesmida
Chelodesmidae
Kyphopyge granulosa (Attems, 1931) 0.77 1.67
Kyphopyge sp. 1 0.77 0.83
Kyphopyge sp. 2 - 0.83
Cordyloporus aubryi (Attems, 1898) 0.77 -
Paracordyloporus dilatatus (Carl, 1905) 0.77 0.83
Paracordyloporus porati (Verhoeff, 1938) 3.85 3.33
Peltophorus sp. - 1.67
Cryptodesmidae
Aporodesmus gabonicus (Lucas, 1858) 23.85 30.00
Aporodesmus minimus (Mauries, 1968) 2.31 0.83
Oxydesmidae
Crystallomus schoutedeni (Attems, 1937) 1.54 0.83
Crystallomus thyridotus (Cook, 1896) 1.54 0.83
Paradoxosomatidae
Scolodesmus porati (Mauries, 1968) 1.44 -
Scolodesmus sp. 0.77 -
Pyrgodesmidae
Urodesmus cornutus Golovatch, Nzoko - 2.50
Fiemapong & Vandenspiegel, 2015
Trichopolydesmidae
Mecistoparia sp. 0.77 —
Order Spirostreptida
Odontopygidae
Coenobothrus bipartitus (Porat, 1894) 15.38 9.17
Coenobothrus detruncatus (Carl, 1905) 7.69 4.17
Odontopygidae gen. sp. 1 4.62 -
Odontopygidae gen. sp. 2 - 0.83
Patinatiella uncinata (Porat, 1894) 3.08 3.33
Spinotarsus sp. 4.62 6.67
Spirostreptidae
Kartinikus colonus (Attems, 1914) 10.77 5.00

Onychostreptus canaliculatus (Porat, 1894) 4.62 1.67

Urotropis carinatus (Porat, 1893) 0.77 0.83
Urotropis sp. 0.77 0.83
Order Spirobolida
Pachybolidae
Amblybolus sp. 6.92 21.67
Order Stemmiulida
Stemmuilidae
Stemmuilus sp. 1.54 1.67

two habitats were combined, they showed that the species
accumulative curve just started flattening out towards the
end of the sampling period (Fig. 2).

© 2017 John Wiley & Sons Ltd, Afr. J. Ecol.



Table 2 Species observed (S,,), expected number of species and
diversity index of the two habitat types

Site
Parameters PF SF
Species richness estimate
Sobs 23 22
Individuals 130 120
ICE 32 (75) 36 (68.75)
Bootstrap estimator 28 (85.71) 26 (84.61)
Mean 30 (80) 31 (77.41)
Diversity and equitability index
H 2.59 2.33
E 0.56 0.52
Unique species 5 4

The sampling success given as the proportion of sampled species
(Sops) to the estimated species numbers are given in brackets. PF,
primary forest; SF, secondary forest.
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Fig 2 Randomized (100 runs) species accumulation curves of the
two habitat types. General, overall data recorded at both sites; PF,
primary forest; SF, secondary forest

Abundance and diversity

The abundance and number of millipede species were
greater in the PF (130 occurrences, 23 species) than in the
SF (120 occurrences, 22 species; Table 2). In the primary
forest, the most abundant species were A. gabonicus
(15.38%) and Kartinikus colonus (10.77%), whilst
A. gabonicus (30%) and Amblybolus sp. (21.67%) were
abundant in the SF. According to Shannon index, PF
(H'; = 2.59) was more diverse than SF (H', = 2.33).

© 2017 John Wiley & Sons Ltd, Afr. J. Ecol.
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Overall, both habitats shared about 50% of the total
number of species.

Distribution patterns

Five species were unique to the primary forest: Cordyloporus
aubryi, Odontopygidae gen. sp. 1, Scolodesmus porati,
Scolodesmus sp. and Mecistoparia sp., whilst four species were
confined solely to the SF: Urodesmus cornutus, Odontopygidae
gen. sp. 2, Peltophorus sp. and Kyphopyge sp. 2. Eighteen
species were found to occur in both habitats: Kyphopyge
granulosa, Kyphopyge sp. 1, Paracordyloporus dilatatus, Para-
cordyloporus porati, A. gabonicus, Aporodesmus minimus, C. bi-
partitus, Crystallomus detruncatus, Partinatiella uncinata,
Spinotarsus sp., Crystallomus schoutedeni, Crystallomus thyri-
dotus, Amblybolus sp., K. colonus, Onychostreptus canaliculatus,
Urotropis sp., Urotropis carinatus and Stemmuilus sp.

Discussion

Millipede community

We have determined the diversity and distribution of
millipede species in two habitats types in the CMNP in
southern Cameroon. The number of species per local fauna,
or faunule, is high and rather typical of a tropical rainforest
(23 and 22 in primary and SF, respectively). There are only
few places on the globe where a local diplopod faunule
exceeds two dozen species, the world records holder being a
patch of rainforest in central Amazonia or a monsoon forest
in southern Vietnam, where 33 and 36 millipede species
have been revealed, respectively (Golovatch, 1997; Golo-
vatch & Kime, 2009; Golovatch, Tiunov & Anichkin, 2011).

The millipede fauna as found in the present study was
dominated by Odontopygidae, one of the largest millipede
families generally and endemic to the Afrotropical realm.
Among odontopygids, there are several significant agri-
cultural pests (Pierrard, 1968, 1987; Demange & Mauries,
1975; Jolivet, 1986; Nascimento, Sermann & Biittner,
2005). The most species-rich genus recorded in this study
was Kyphopyge. This genus is mostly native to Cameroon
(Attems, 1931), but some of its species occur in the
neighbouring countries such as Gabon (Demange, 1971).

Species richness estimates and sample efficiency

The mean species richness estimates appear very similar in
the primary and SF. The mean sampling success was above
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75% in the two habitats. The performance of most of the
estimates ranged between 70% and 86% of the sampling
success. The highest efficiency values were obtained with
Bootstrap in the PF and the lowest in the SF with ICE.
Bootstrap (Efron, 1979) is one of the best species richness
estimators because it is completely automatic, requires no
theoretical calculations and is not based on asymptotic
results (Colwell & Coddington, 1994). Randomized species
accumulation curves of both habitats were still rising
towards the end of the sampling period. This suggests that
additional sampling effort is needed to reach a real
asymptotic plateau. In southern Vietnam, in a patch of
monsoon forest which holds the world record (33 species)
per millipede faunule, an asymptotic plateau was not
reached even after a 3-years long sampling effort (Golo-
vatch, Tiunov & Anichkin, 2011).

Distribution and millipede assemblages

The present study shows that the relative abundance
varies between habitats and appears to be correlated with
the vegetation structure and composition (Dangerfield,
1990; Bogyo et al., 2015). These factors, combined with
higher plant species diversity, suggest that resource pre-
emption hypothesis seems to be the most likely explanation
for enhanced millipede assemblages in the natural habitats
(Dangerfield & Telford, 1992).

Although the species richness was very similar in both
habitats, each habitat supported several particular, char-
acteristic species. Indeed, five species appear to be
restricted to the PF (C. aubryi, Odontopygidae gen. sp. 1,
S. porati, Scolodesmus sp. and Mecistoparia sp.) whereas
four species are found only in the SF. Most millipedes are
highly adapted, largely very local species and their habitat
requirements are highly specific (Golovatch & Kime,
2009). Millipede species are known to have narrow
tolerances and thus respond quickly to environmental
change (Wytwer, 1992); they may therefore be used as a
potential indicator group for the monitoring of habitat
change. On the other hand, the evenness index between
primary and SF was up to 50% suggesting that they have
many species in common. Indeed, eighteen species (66%)
occurred in two habitats and appear less affected by land-
use changes. Aporodesmus gabonicus and Amblybolus sp.
were the most abundant species occurring in both habi-
tats. Aporodesmus gabonicus is the largest and most
widespread species of the Cryptodesmidae in West African
countries (Mauries, 1968; Hoffman, 1972).

The results of the study indicate that lowland rainforest
present a high millipede species richness and composition
according to vegetation types. As natural ecosystems such
as forest reserves are hotspots of biodiversity and endemic-
ity for numerous species, there is an urgent need for
biodiversity assessments to be carried out during the
conservation planning process. Millipedes are particularly
appropriate organisms to monitor the health of ecosys-
tems, as well as the environment changes for the sustain-
able management of a humid rainforest.

Acknowledgements

We are most grateful to MINRESI (Ministere de la
Recherche Scientifique et de I'Innovation, Cameroon)
and MINFOF (Ministere de Forét et de la Faune,
Cameroon) for the research permit to work at the national
parks, the staff Campo Ma'an National Park for the
permission to work in the forest, IDEA WILD for the
provision of laboratory and field materials. The first author
was supported by a Rufford Small Grant, 17138-1 (2015-
2016). We thank the Royal Museum of Central Africa,
Belgium, for training and travel grants it gave to P. S.
Mbenoun Masse and A. R. Nzoko Fiemapong for millipede
identifications. Thanks are also due to two anonymous
reviewers who gave useful comments on the manuscript.

References

ANDERSON, J.M. & BIGNELL, D.E. (1980) Bacteria in the food, gut
contents and faeces of the litter-feeding millipede Glomeris
marginata Villers. Soil Biol. Biochem. 12, 251-254.

ArtEms, C. (1914) Afrikanische Spirostreptiden, nebst Uberblick
uber die Spirostrepiden orbis terrarum. Zoologica 25, 1-233.

AttemS, C. (1931) Die Familie Leptodesmidae und andere
Polydesmiden. Zoologica 79, 1-149.

AtTEMS, C. (1937) Myriopoda 3. Polydesmoidea I. Fam.
Strongylosomidae. Das Tierreich 68, 1-300.

AttEMS, C. (1938) Myriopoda 3. Polydesmoidea II. Fam.
Leptodesmidae, Platyrhachidae, Oxydesmidae,
Gomophodesmidae. Das Tierreich 69, 1-487.

AttEMS, C. (1940) Myriopoda 3. Polydesmoidea III. Fam.
Polydesmidae, vanhoeffeniidae, cryptodesmidae,
oniscodesmidae, sphaerotrichopidae, peridontodesmidae,
rhachidesmidae, macellolophidae, pandirodesmidae. Das
Tierreich 70, 1-577.

Bocyo, D., MAGURA, T., Nacy, D. & ToTHMEREZ, B. (2015)
Distribution of millipedes (Myriapoda, Diplopoda) along a forest
interior-forest edge-grassland habitat complex. ZooKeys 510,
181-195.

© 2017 John Wiley & Sons Ltd, Afr. J. Ecol.



BREWER, M.S., SIERWALD, P. & BonD, J.E. (2012) Millipede taxonomy
after 250 years: classification and taxonomic practices in a
mega-diverse yet understudied arthropod group. PLoS One 7,
€37240. doi:10.1371/journal.pone.0037240.

CorwerL, R.K. (2005) EstimateS: Statistical Estimation of Species
Richness and Shared Species from Samples, Version 7.5. User’s
Guide et application. Available at: http://purl.oclc.org/estimates.
(Accessed on 20 July 2009).

CorweLL, R.K. & COppINGTON, J.A. (1994) Estimating terrestrial
biodiversity through extrapolation. Philos. Trans. R. Soc. Lond.
345, 101-118.

CrRAWFORD, C.S. (1992) Millipedes as model detritivores. Ber. nat-
med. Verein. Innsbruck 10, 227-288.

DANGERfiELD, J.M. (1990) Abundance, biomass and diversity of soil
macro fauna in savanna woodland and associated managed
habitats. Pedobiologia 34, 141-151.

DANGERfiELD, ]J.M. & TELFORD, S.R. (1992) Species diversity of Julid
millipedes: between habitat comparisons within the seasonal
tropics. Pedobiologia 36, 321-329.

DEMANGE, J.M. (1970) Eléments d'une révision des Spirostreptidae.
I. Btude de quelques caractéres taxonomiques des
Spirostreptinae. Bull. Inst. Fond. Afr. Noire Ser. B 32, 368-411.

DEMANGE, J.M. (1971) Contribution a la faune du Gabon. Mission
A. Villiers (1969). Bull. IFAN 33, 53-75.

DEMANGE, J.M. (1973) Contribution a la connaissance du genre
Urotropis Silvestri, 1896. Boll. Lab. Entomol. Agrar. Portici 30,
244-252.

DEMANGE, ].M. & MAURIES, J.P. (1975) Myriapodes- Diplopodes des
Monts Nimba et Tonkoui (Cote d’Ivoire, Guinée). Récoltés par M.
Lamotte et ses Collaborateurs de 1942 a 1960. Koninklijk
Museum voor Midden-Afrika, Tervuren, Belgié.

DominGo, Q.T. & ALoNso, Z.M.A. (2010) Soil and litter sampling,
including MSS. In: Manual on Field Recording Techniques and
Protocols for all Taxa Biodiversity Inventories and Monitoring. Vol.
8. Part 1 (Eds E. Evman, J. Decrerr, C. HAuskr, J. C. Monjg, Y.
SamyN and D. Vanpenseiecir). ABC Taxa, Brussels, Belgique.

ErroN, B. (1979) Bootstrap methods: another Look at the
Jackknife. Ann. Stat. 7, 1-26.

ENnGHoOFF, H., GoLovATcH, S., SHORT, M., STOEV, P. & WESENER, T.
(2015) Diplopoda: Taxonomic overview. In: Treatise on Zoology-
Anatomy, Taxonomy, Biology. The Myriapoda, volume 2. (Ed. A.
MineLL). Brill, Leiden & Boston

GorovarcH, S.I. (1997) On the main traits of millipede diversity in
Eurasia (Diplopoda). Senck. Biol. 76, 101-106.

GorovATcH, S.I. & Kimg, R.D. (2009) Millipede distributions: a
review. Soil. Org. 81, 565-597.

GOLOVATCH, S.I., Nzoko FIEMAPONG, A.R. & VANDENSPIEGEL, D. (2015)
Notes on Afrotropical Pyrgodesmidae, 2 (Diplopoda:
Polydesmida). Arthropoda Sel. 24, 387-400.

GoLOVATCH, S.I., TiuNov, A.V. & ANICHKIN, A.E. (2011) [Millipedes
(Diplopoda)]. In: Structure and Functions of Soil Communities of a
Monsoon Tropical Forest (Cat Tien National Park, southern
Vietnam) (Ed. A. V. Tiunov). KMK Sci. Press, Moscow [In Russian].

© 2017 John Wiley & Sons Ltd, Afr. J. Ecol.

Diversity of millipedes in Cameroon 7

HAMER, MLL. (1999) An illustrated key to the spirostreptidan
(Diplopoa: Spirostreptida) genera of Southern Africa. Ann. Natal
Mus. 40, 1-22.

HorrMAN, R.L. (1953) Scolodesmus and related African millipede
genera (Polydesmida: Strongylosomidae). Proc. Biol. Soc. Wash.
66, 75-84.

HorrMmAN, R.L. (1963) The identity of Paracordyloporus porati (Carl),
and the description of a related new species from Kamerun
(Polydesmida: Prepodesmidae). Entomol. Mitt. Zool. Mus. Hamb.
3, 1-8.

HorrmAN, R.L. (1972) Diagnosis a new Nigerian species of
Aporodesmus (Polydesmida: Pterodesmidae). Rev. Zool. Bot. Afr.
85, 3-4.

HorrMmaN, R.L. (1980) Classification of the Diplopoda. Muséum
d’histoire naturelle, Geneve.

HorrmAN, R.L. (1982) Diplopoda. In: Synopsis and Classification of
Living Organisms (Ed. S. P. Parker). McGraw-Hill, New York.

HorrmaN, R.L. (1984) The generic position of Spirostreptus
intricatus Voges, 1878 (Diplopoda Spirostreptida). Rev. Zool. Afr.
98, 456-462.

HorrmaN, R.L. (1990) Myriapoda 4. Polydesmida: oxydesmidae.
Das Tierreich 107, 1-512.

HorrmAN, R.L. (2005) Monograph of the Gomphodesmidae, a family of
African poludesmoid millipedes. Verlag des Naturhistorischen
Museums Wien, Vienna.

HorrmAN, R.L., GoLOVATCH, S.I., Apis, J. & DE Morais, J.W. (1996)
Practical keys to the orders and families of millipedes of the
Neotropical region (Myriapoda: Diplopoda). Amazoniana 14,
1-35.

HorrmaN, R.L., GoLovATcH, S.I., Apis, J. & DE Morais, J.W. (2002)
Diplopoda. In: Amazonian Arachnida and Myriapoda (Ed. J. Abis).
Sofia & Moscow, Pensoft.

Jeeker, C.A.W. (1968) On the Classification and Geographical
Distribution of the Family Paradoxosomatidae (Diplopoda,
Polydesmida). Academisch Proefschrift, Rotterdam.

JoLver, P. (1986) Le millepatte de Santao Antao (lies du Cap Vert),
ou comment une espece inoffensive peut devenir un ravageur!.
I'Entomologiste 42, 45-56.

KrABBE, E. (1982) Systematik der Spirostreptidae (Diplopoda,
Spirostreptomorpha). Abh. Naturwiss. Ver. 24, 1-476.

Kraus, 0. (1960) Athiopische Diplopoden 1. Monographie der
odontopygidae-odontopyginae (Diplopoda, Spirostreptoidea).
Ann. Mus. Congo Zool. 82, 1-207.

Kraus, 0. (1966) Phylogenie, Chorologie und systematik der
odontopygoideen (Diplopoda, Spirostreptomorpha). Abh.
Senckenb. Naturforsch. Ges. 512, 1-143.

KreBs, C.J. (1999) Ecological Methodology, 2nd edn. Oxford
University Press, New York.

Lerouzey, R. (1985) Notice de la carte Phytogeographique du
Cameroun, Vol. 1-5. Institut de la Carte Internationale de la
Végétation, Toulouse.

LoNacINo, J.T. (2000) What to do with the data. In: Ants: Standard
Methods for Measuring and Monitoring Biodiversity (Eds D. Acosrr,


https://doi.org/10.1371/journal.pone.0037240
http://purl.oclc.org/estimates

8 Paul Serge Mbenoun Masse et al.

J. D. Majer, L. E. Artonso and T. R. Scaurrz). Smithsonian
Institution Press, Washington D.C.

MAURIES, J.P. (1968) Matériaux récoltés par M.-H. Coiffait au
Gabon: myriapoda. Diplopoda. Biol. Gabon. 3, 361-401.

MAURIES, J.P. (1989) Révision des Stemmiulides: especes nouvelles
ou peu connues d’Afrique (Myriapoda, Diplopoda). Bull. Mus.
Natl. Hist. Nat. 11, 605-637.

Mwagvu, T. (2006) Spirostreptid millipedes (Diplopoda,
Spirostreptida) of urban and peri-urban habitats in Zimbabwe.
Afr. J. Ecol. 45, 311-314.

NASCIMENTO, B., SERMANN, H. & BUTTNER, C. (2005) Occurrence and
development of Spinotarsus caboverdus Pierrard (1987)
(Diplopoda: Odontopygidae) on Cape Verde.
Pflanzenschutzberichte 6, 43-52.

Pierou, E.C. (1969) An Introduction to Mathematical Ecology. Wiley-
interscience, New York.

PIERRARD, G. (1968) Trois Odontopygidae nouveaux de République
centrafricaine (Myriapoda- Diplopoda. Rev. Zool. Bot. Afr. 78, 3—4.

PIERRARD, G. (1987) Un Odontopygidae (Diplopoda) nouveau
nuisible aux cultures vivrieres, au Cap Vert. Rev. Zool. Bot. Afr.
101, 473-477.

PorAT, 0. (1893) Myriopoder fran Vest- och Syd-Afrika. Bihang Till
K. Svenska Vet. Akad. 18, 1-51.

PorAT, 0. (1894) Zur Myriopodenfauna Kameruns. Bihang Till K.
Svenska Vet. Akad. 20, 1-90.

SHELLEY, R.M. (2007) Taxonomy of extant Diplopoda (Millipeds) in
the modern era: perspectives for future advancements and
observations on the global diplopod community (Arthropoda:
Diplopoda). Zootaxa 1668, 343-362.

TcHOUTO, M.G.P., WILDE, ].J.F.E., BoER, W.F., MAESEN, L.J.G. & CLEEF,
A.M. (2009) Bio-indicator species and Central African rain
forest refuges in the Campo-Ma’an area, Cameroon. Syst.
Biodivers. 7, 21-31.

VANDENSPIEGEL, D., GOLOVATCH, S.I. & MAURIES, J.P. (2016) Review of
the western African millipede genus Diaphorodesmus Silvestri,
1896 (Diplopoda, Polydesmida, Chelodesmidae), with the
description of a similar, but new monotypic genus from
Cameroon. ZooKeys 600, 7-24.

Voces, E. (1878) Beitrédge zur Kenntnis der Juliden. Z. Wiss. Zool.
31, 127-194.

WYTWER, J. (1992) Diplopoda of pine forests in Poland. Fragm.
Faun. 36, 109-126.

(Manuscript accepted 18 February 2017)

doi: 10.1111/aje.12418

© 2017 John Wiley & Sons Ltd, Afr. J. Ecol.



