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Abstract

Land use change caused by human activities is the main driver of biodiversity loss and changes in ecosystem functioning.
However, less is known about how the conversion of a natural to pasture land favour the biological diversity of soil-litter
arthropods to advance effective conservation plans and management systems. To fill the gap, this study focussed on soil-
litter arthropod communities under a pasture land use in southern Rwanda. Data have been collected using pitfall traps and
hand collection between April and June 2021. Sampled specimens of soil-litter arthropods have been identified to order and
family levels by using dichotomous keys. Further, the species name was given when the identification key was available,
while the morphological description was provided in absence of the identification keys. Results indicated a total of 3013
individuals of soil-litter arthropods grouped into 3 classes, 13 orders, 46 families and 87 morpho-species. Coleoptera showed
a high number of families, while higher abundance and the number of morpho-species were found for ants (Hymenoptera:
Formicidae). Higher abundance of sampled soil-litter arthropods is a sign that the studied area offers suitable habitat for
soil-litter arthropods. However, less abundance found for some groups of soil-litter arthropods might be influenced by the
used sampling techniques which were not appropriate for them. We recommend surveys using multiple sampling techniques
to maximize chances of capturing a wide range of soil-litter arthropods.
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Introduction are litter transformers (Wardle et al. 2006), while ecosystem

engineers such as termites (Isoptera), and ants (Hymenop-

Soil-litter arthropods represent an important component of
soil biodiversity. They play an important role in maintaining
soil quality and providing ecosystem services (Menta and
Remelli 2020). Arthropod communities perform a variety of
important roles in ecosystem functioning (Cole et al. 2016).
For example, saprophagous arthropods such as millipedes
(Diplopoda), woodlice (Isopoda), and earwigs (Dermaptera)
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tera: Formicidae) can affect patterns of soil formation (Jou-
quet et al. 2006). Further, some arthropods play key roles in
litter decomposition (Lavelle 1996; Culliney 2013; Cassani
et al. 2021; Illig et al. 2008) and nitrogen mineralization
(Cenkseven et al. 2017) that enrich soil in nutrients. They
further have an influence on soil structures and porosity
formation, which in turn affect soil hydrological processes
(Lavelle 1996) and facilitate soil aeration (Neira et al. 2015).

Like for all types of biodiversity, soil-litter arthropods and
their ecosystem functions are affected by land use change
(Sala et al. 2000). Agriculture is the most identified com-
ponent in this regard and contributes to the biodiversity
loss through forest clearing (Czimczik et al. 2005), habitat
fragmentation (Alroy 2017), increasing number of predators
(Bain et al. 2020), use of pesticides (Rombke et al. 2017),
and chemical fertilizers (Yeshaneh 2015). Different stud-
ies on effects of land use change on soil-litter arthropods
(Schindler et al. 2011; Vasconcelos and Bruna 2012; Cole
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et al. 2016; Steinwandter et al. 2017; Srivastava et al. 2019;
Menta et al. 2020) have indicated that soil-litter arthropods
adapt differently to land use change either by the increase or
the decrease in species richness and species diversity. These
are also associated to changes in essential ecological func-
tions provided by each species.

Few studies have been conducted in pasture land use to
assess its effects on soil-litter arthropods (Newbold et al.
2014). It was found that pasture lands reduce the abun-
dance and richness of termites (Isoptera), due to the lack
of trees and bushes, and food . Depending on the studied
area, absence and presence of termites can be compared to
other groups of soil-litter arthropods to assess the level of
environmental disturbance (Carrijo et al. 2009; Pribadi et al.
2011; Viana et al. 2014). On the other side, a study on the
use of insect diversity to examine the influence of grazing
history on ant assemblages in rehabilitated lands, showed
little differences between ant diversity and abundance in
rehabilitated and non-rehabilitated pasture lands (Erskine
et al. 2012). However, less is known about the effects of
pasture land use on soil-litter arthropods other than termites
and ants. Hence further studies are needed to fill the gaps.

In Rwanda, recent studies indicated that native and natu-
ral forests are inhabited by a comprehensive community of
soil-litter arthropods whereas exotic, coffee, and banana
plantations demonstrate a less extensive soil-litter arthro-
pod community sometimes dominated by non-native species
(Nsengimana et al. 2021). The pasture land use occupies
around 0.47 million of hectares of the total surface area
of the country (RoR [Republic of Rwanda] 2009) and it is
mainly used for feeding cows. However, knowledge on the
effects of pasture land use on biodiversity, particularly soil-
litter arthropods is almost completely lacking. The main
purpose of this study was to provide new information on
the diversity and abundance of soil-litter arthropods in one
of the pasture lands located at Rubona agricultural research
station, in Southern Rwanda. Specific objectives consisted
of (1) sampling and identifying soil-litter arthropods to order
and family levels, and (2) to study the structure of the com-
munities of soil-litter arthropods based on the used sampling
techniques.

Material and methods
Study site

The study was conducted in Rubona Agricultural research
station located in the southern Province of Rwanda at 2°29°S
and 29°46°E, at an altitude of 1750 m above the sea level
(Fig. 1; Nsengimana et al. 2021). The mean annual tempera-
ture of the area is 20.2 °C and the mean annual rainfall is
1400 mm distributed into two rainy seasons: season A from
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September to January and season B from February to May
(Mukuralinda et al. 2010). The area is also dominated by
two dry seasons: a short dry season from January to Febru-
ary and a long dry season from June to September. Data
were collected between April and June 2021 (end of the
rainy period—starting of the dry season) in the pasture land
dominated by Hyparrhenia grasses while the soil is mainly
covered by the leaf-litter and different types of shrubs. The
soil of the area is mainly Oxic Tropudalf (Birasa et al. 1990),
considered to be acidic (Mukuralinda et al. 2010).

Experimental design, sampling, and identification
of soil-litter arthropods

Soil-litter arthropods have been sampled in 8 transects,
each transect having 5 sampling points totaling 40 sam-
pling points (Fig. 1). They have been collected using pitfall
traps, each trap having 6 cm in diameter and 10 cm in depth.
Each trap was set after removing the leaf-litter layer and
maintained in place for 24 h to maximize chances of col-
lecting soil-litter arthropods (Nsengimana et al. 2021). Fur-
ther, arthropods have been collected in a 1m? quadrat, 6 cm
soil-depth, after removing and checking litter arthropods
from the above ground litter (Hill 2011). Targeted soil-litter
arthropods were pulled-out of the soil with sharp-pointed
forceps and fingers (Martin 1997). Collected specimens have
been put into entomological plastic bottles containing 20 ml
of 75% ethanol (Nsengimana et al. 2021) taken to the Centre
of Excellence in Biodiversity and Natural Resource Man-
agement, College of Science and Technology, University of
Rwanda. There, samples have been morphologically identi-
fied under the microscope, and separated to order and family
levels by using dichotomous keys in the literature (Delvare
and Aberlenc 1989; Picker et al. 2004; Mignon et al. 2016;
Fisher and Bolton 2016).

For each individual specimen, the species name was pro-
vided when the identification key was available. Otherwise,
the morphospecies description was provided. Further, geo-
graphic coordinates of each sampling point were collected
using a Garmin ETrex 10 outdoor handled Global position-
ing system (GPS). Finally, geographic coordinates were used
to generate the map of sampled points using QGIS 3.18.3
and shapefiles from the Centre of Geographic Information
System (CGIS) based at the College of Science and Technol-
ogy, University of Rwanda.

Data analysis

The mean abundance and standard error of soil-litter arthro-
pods were calculated in Excel 365 per sampling type, and
it was later used to calculate the species diversity in the
Paleontological Statistics (PAST) 4.0 software. Bar charts
indicating the mean abundance and standard errors of the
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Fig. 1 Location of Rubona Agricultural Research Station and the sampling points (Adapted from CGIS shapefiles and GPS data collected on the

field)

families of soil-litter arthropods have been produced by
considering the families having more than 10 individual
specimens. The family of Formicidae was not considered in
this regard due to the highest mean-abundance and stand-
ard error. Significance was indicated by the letters based
on P values. Further, significant differences were calculated
between the mean abundance of the families of soil-litter
arthropods per sampling type by using one-way ANOVA
for several sample tests. In this regard, families having less
than 5 individuals were excluded from the analysis to avoid
biases. Further, the abundance of the individuals making
the families of soil litter arthropods based on the sampling
type was ordinated in non-metric multidimensional scaling
(NMDS) following the Bray—Curtis similarity indices (Tagu-
chi and Oono 2005; Gold et al. 2014) which were further
used to perform the analysis of similarities (ANOSIM) to

test for significant differences in the composition of the fam-
ilies of soil-litter arthropods (Kouakou et al. 2018). Finally,
a similarity percentage analysis (SIMPER) was calculated to
determine the families that contributed most to the similarity
in the families of soil-litter arthropods (Clarke 1993).

Results

Soil-litter arthropods have been mainly sampled by pitfall
traps (55.1%) compared to hand collection (44.9%). How-
ever, there is no significant difference between sample medi-
ans considering the pitfall traps and hand sampling tech-
niques (ANOVA: F=0.02, df=0.82, P>0.05). A total of
3013 individuals of soil-litter arthropods distributed into 3
classes, 13 orders, 46 families and 87 morphospecies were
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Fig.2 Abundance of soil-litter arthropods (mean, standard error).
Only the families having more than 10 individual specimens have
been included in the analysis. The family of Formicidae has been also
excluded due to the high abundance compared to the abundance of
other families of soil-litter arthropods. The letters represent the P val-
ues (a>b>c>d>e>f, P<0.05)

identified in this study (Appendix 1). Sampled soil-litter
arthropods were dominated by the class Insecta (91.7%)
with 11 orders and 44 families compared to Arachnida
(6.2%) with 1 order and 2 families, and Diplopoda (2.1%)
with 1 order and 1 family. The class Insecta was further
dominated by the order Hymenoptera (78.4%), almost exclu-
sively the family of Formicidae (78.3%). Coleoptera had the
highest number of families namely Attelabidae, Carabidae,
Chrysomelidae, Coccinellidae, Curculionidae, Erotylidae,
Meloidae, Scarabaeidae, Scydmaenidae, Staphylinidae, and
Tenebrionidae compared to other orders.

The overall diversity (H") of sampled soil-litter arthro-
pods was 1.12 while the evenness (E”) was 0.06. In this
regard, soil-litter arthropods sampled by using hand collec-
tion had higher diversity (H"=1.095, E"’=0.08) than those
sampled by using pitfall sampling technique (H"=1.042,
E“=0.09). The family of Formicidae had higher species
diversity compared to other identified families (H"=1.8,
E"=0.4). The NMDS and ANOSIM analysis based on
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Fig.3 Non-metric multidimensional scaling (NMDS) based on
the Bray—Curtis similarity index between the families of soil-litter
arthropods (Acri: Acrididae, Alyd: Alydidae, Anth: Anthophori-
dae, Athe: Athericidae, Atte: Attelabidae, Bitt: Bittacidae, Blab:
Blaberidae, Blat: Blattidae, Call: Calliphoridae, Cara: Carabidae,
Chry: Chrysomelidae, Cimi: Cimicidae, Cocc: Coccinellidae, Core:
Coreidae, Curc: Curculionidae, Cydi: Cydinidae, Dros: Drosophilii-
dae, Erot: Erotylidae, Form: Formicidae, Gomp: Gomphodesmidae,
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Gryl: Grylidae, Hete: Heteronemiidae, Lima: Limacodidae, Meloi:
Meloidae, Miri: Miridae, Musc: Muscidae, Noct: Noctuidae, Noto:
Notonectidae, Nymp: Nymphalidae, Pent: Pentatomidae, Phol: Pholi-
cidae, Pul: Pulicidae, Pyra: Pyralidae, Pyrg: Pyrgomorphidae, Rudu:
Reduviidae, Salt: Salticidae, Scar: Scarabaeidae, Scyd: Scydmae-
nidae, Stap: Staphylinidae, Taba: Tabanidae, Tene: Tenebrionidae,
Term: Termitidae, Tipu: Tipulidae, Tort: Tortricidae, Ecto: Ectobii-
dae, Lyga: Lygaeidae)



Tropical Ecology

Bray—Curtis similarity indices between sampling tech-
niques indicated differences in similarities of the families
of soil-litter arthropods (NMDS: Stress =0.20, Axis; =0.39,
Axis,=0.33, P<0.05, Fig. 2, ANOSIM: R=0.39, P<0.05).
Further, the SIMPER analysis showed that the families of
Formicidae, Pholcidae, Carabidae, Salticidae contributed to
more than 87.6% of the total similarity between the iden-
tified families of soil-litter arthropods. More details on
classes, orders, families, and morpho-species description of
sampled and identified soil-litter arthropods are summarized
in the Appendix 1 (Fig 3).

Discussion

Ants (Hymenoptera: Formicidae) were more abundant and
had higher number of morphospecies than all other families
found in this study. High abundance of ants was also found
in another study which showed that ants are abundant and
ubiquitous due to their ability to adapt to different land uses
(Apolinario et al. 2019). These are the reasons why they
have been used as biological indicators of land use change
(Andersen et al. 2002; Nsengimana et al. 2018). Another
study indicated the abundance and ubiquity of ants to be
essential for ecosystem functioning (Mauda et al. 2018).
Ants contribute to pollination (Wielgoss et al. 2014), soil
mixing, nutrient transport, soil aeration (Henri et al. 2015),
leaf-litter decomposition, enhancement of carbon flux, pro-
vision of habitat for other microorganisms (del Toro et al.
2012), facilitate seed dispersal (Christianini and Oliveira
2010), and help in pest control (Henri et al. 2015). Further,
ants modify ecosystems (Andersen and Majer 2004), and
hence have an influence on soil formation (Lobry De Bruyn
1999; del Toro et al. 2012). By modifying and regulating the
distribution of leaf-litter resources (Jones et al. 1994), ants
can also alter the composition of invertebrate assemblages
(Munyai and Foord 2012). However, this was not explored
in this study.

Further, sampled soil-litter arthropods were dominated by
the class Araneae (Arachnida) with the families of Salticidae
and Pholcidae. High abundance of Araneae was also found
in another study conducted in agricultural land use systems
in subtropical environments (Rosa et al. 2018). The same
study highlighted also high abundance in native forests, and
Eucalyptus plantations, whereas in cows pasture lands, there
was a slight decrease in abundance. In addition, the same
study indicated the families of Pholcidae and Salticidae to be
more driven by the land use systems with higher abundance
in the areas with less anthropogenic intervention. However,

these contrast a bit the findings of this study. Nevertheless,
there might be other environmental factors that contribute
to the abundance of Araneae in the studied area such as the
number of cows in pasture land.

After Formicidae, Coleoptera is the second abundant
arthropod group and had the highest number of families
dominated by carabid beetles (Coleoptera: Carabidae). A
study on impacts of different land use patterns on carabid
beetle diversity and species assemblages in South Korea
indicated that carabid beetles are mainly influenced by litter,
tree cover, shrub cover and slope of the area (Do et al. 2012).
We conclude that higher diversity and abundance of carabids
found in this study was mainly linked to the leaf-litter cover-
ing the soil and shrubs heterogeneity (Viri¢ Gasparic et al.
2017) that were mainly abundant and highly distributed in
studied area.

Another group of soil-litter arthropods with higher abun-
dance in this study belongs to the order Orthoptera, with
one family of Gryllidae. A study conducted on the effects of
grassland management on Orthoptera diversity and abun-
dance indicated that the species richness and abundance
of Orthoptera are mainly influenced by extensive grazing
in pasture lands resulting in a greater environmental het-
erogeneity and increase in cricket diversity and abundance
(Weiss et al. 2013). Further, most cricket species have well-
developed hindwings and stridulatory apparatus for acoustic
communication (Szinwelski et al. 2012). A study has indi-
cated that members of this family of Gryllidae prefer open
areas that facilitated flight and allow the spread of the sound
(Padgham 2004). Abundance and diversity of crickets Gryl-
lidae in this study might be associated to the open pasture
land with Hyparrhenia grasses and scattered shrubs.

Muscidae and Athericidae are most representative of Dip-
tera group, both Muscidae and Athericidae are ectoparasites,
attracted by feces from cattle and complete the life cycles
by deriving blood meals from grazing animals (Scasta et al.
2012). Despite this general characteristic, a study indicated
that some species such as Stomoxys calcitrans (Family:
Muscidae) are stable fly depending on the accumulation of
animal manure as substrate for larval development (Cook
2020). Another study indicated that the developmental
stages of the larvae of Athericidae family takes places in
water (Madsen 2012). High abundance of individuals mak-
ing these families might be a sign of difference in prefer-
ence of the area for the larvae development for the species
belonging to Muscidae and Athericidae families. However,
less is known about how the mature individuals belonging
to these families are driven by the pasture land use, hence
more studies are needed.

@ Springer
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Another group of high abundance and low species diver-
sity is the order Hemiptera with two families: Coreidae and
Ruduviidae having more than one species. A study con-
ducted on effects of grazing, vegetation structure and land-
scape complexity on grassland leathoppers indicated that the
vegetation structure is the most important factor influencing
species richness, composition, and abundance of Hemiptera
insects (Korosi et al. 2012). The distribution of the vege-
tation can provide suitable habitat and more resource for
feeding hemipterans, and provide suitable sites for ovipo-
sition, resting and overwintering (Jones et al. 1994). High
abundance in this study might be associated to Hyparrhenia
grasses and shrubs that dominate the studied area.

This study indicated also that the order Blattodea with
two families: Blaberidae and Blattidae had more than one
species. A recent study indicated that individuals under this
order are restricted to natural areas particularly in tropical
regions, as they exhibit intolerance to low humidity and
extreme temperature, which also restricts the number of
potential habitats in equatorial regions (Schapheer et al.
2017). Because data have been collected during the transi-
tion between rainy and dry periods in Rwanda, we assume
that the environmental conditions imposed by the studied
pasture land controlled the abundance of individual species
of Blattodea families.

Besides Blattodea, families under the orders Polydes-
mida, Lepidoptera and Isoptera showed low abundance,
even though some families showed more than one species.
Studies have indicated the abundance of these arthropods to
be mainly controlled by the environmental conditions of the
studied area. For example, the individuals under the order
Polydesmida prefer a habitat rich in decaying wood and
leaf-litter (T6th and Hornung 2020), while those belonging
to the order Lepidoptera prefer woodland with high plant
heterogeneity (Nilsson et al. 2013). Further, low abundance
of order Isoptera might be associated to less trees, bushes,
and leaf-litter and consequently the lack of food and suitable
habitat (Carrijo et al. 2009). As the studied area was mainly
covered by the leaf-litter and different types of shrubs, low
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abundance could be associated to the used sampling tech-
niques which might be inappropriate for these arthropods.
Further, Mecoptera, Phasmatodea and Siphonaptera were
scarcely represented. Recent study indicated that Mecop-
tera prefer a soil with high soil moisture (Ghiglieno et al.
2020), Phasmatodea prefer a habitat with high plant hetero-
geneity that allow camouflage (Simon et al. 2019), while
Siphonaptera are obligate ectoparasites depending on ter-
restrial vertebrates (van der Mescht et al. 2016). As the sam-
pling was done during the transition between the rain and
dry periods, the leaf-litter started to become dry and hence
not favorable for Mecoptera. On the contrary, Phasmatodea
could be abundant as the area was dominated by different
types of shrubs, while Siphonaptera could take advantages
of cattle in the area. In this regard, low abundance of Mecop-
tera and Siphonaptera might be associated to the sampling
techniques which were not suitable for the orders.

Conclusion and recommendation

Findings of this study indicated that the pasture land use is
inhabited by a wide range of leaf-litter arthropods. However,
less abundance and species diversity found for some groups
of soil-litter arthropods might be influenced by the used
sampling techniques which were not appropriate for them.
We recommend further studies focusing on the relationships
between soil-litter arthropods and soil properties in pasture
lands. Also, surveys using multiple sampling techniques and
comparing the diversity and abundance of soil-litter arthro-
pods in other pasture land uses as well as other ecological
regions in Rwanda can gain useful information.

Appendix 1

See Table 1
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Table 1 Class, order, family, common name, species name/morphospecies, abundance and functional group of sampled soil-litter arthropods

NO Class Order Family Species name or morphospecies description Abundance
1 Arachnida Araneae Pholcidae Spherical body shape with long legs, longer than the body, presence of 2 eyes 110
on the central part of the front of the body
2 Arachnida Araneae Salticidae Brown with black margin on the abdomen; presence of the visible pair of eyes 77
in the center of the face, while small eyes are located on the dorsal surface of
the cephalothorax
3 Diplopoda Polydesmida Gomphodesmidae Cylindrical body shape with the presence of paranota 21
4  Diplopoda Polydesmida Gomphodesmidae Presence of two pairs of jointed legs on almost all body segments 42
5 Insecta Orthoptera Acrididae Probably Leptacris sp. (Chopard, 1921) 11
6 Insecta Orthoptera Acrididae Looks like Paracinema sp. (Thunberg, 1815) 1
7  Insecta Hemiptera Alydidae Close to Hypselopus sp. (Burmeister, 1835) 2
8 Insecta Hymenoptera Anthophoridae Medium-sized and black body with punctured cuticle; face, eyes and parts of 1
thorax covered with white hairs
9 Insecta Diptera Athericidae Atherix adamastor (Stuckenberg, 1960) 2
10 Insecta Diptera Athericidae Trichacantha atranupta Stuckenberg, 1955 1
11 Insecta Coleoptera Attelabidae Small and stout square elytra, which do not cover the last segment of abdomen 4
12 Insecta Mecoptera Bittacidae Medium sized with full developed wings of around 40 mm long 1
13 Insecta Blattodea Blaberidae Oxyhaloa deusta (Thunberg, 1784) 1
14 Insecta Blattodea Blaberidae Shiny black to reddish-brown colour with presence of wings 2
15 Insecta Blattodea Blattidae Deropeltis erythrocephala (Fabricius, 1781) 10
16 Insecta Blattodea Blattidae Periplaneta americana (Linnaeus, 1758) 8
17 Insecta Blattodea Blattidae Pseudoderopeltis sp.(Stdl, 1856) 3
18 Insecta Diptera Calliphoridae Chrysomya chloropyga (Wiedemann, 1818) 1
19 Insecta Coleoptera Carabidae Atractonotus mulsanti (Perroud, 1847) 4
20 Insecta Coleoptera Carabidae Craspedophorus bonvouloirii (Chaudoir, 1862) 1
21 Insecta Coleoptera Carabidae Graphipterus lineolatus (Boheman, 1848) 1
22 Insecta Coleoptera Carabidae Head and pronotum finely sculptured last 7 segments of antenna 93
23 Insecta Coleoptera Carabidae Irregular protonum sculptured somewhat flattened on top, hexagonal in outline 10
24 Insecta Coleoptera Chrysomelidae lema trilinea: moderately elongate, with elytra wider than pronotum 1
25 Insecta Coleoptera Chrysomelidae Morphologically similar to Plagiodera caffra sp. (Chevrolat, 1836) 1
26 Insecta Coleoptera Chrysomelidae Sonchia sp. (Weise, 1902) 1
27 Insecta Hemiptera Cimicidae Small, apricot-coloured, wingless, with circular body and flattened extensions 1
of prothorax behind the eyes
28 Insecta Coleoptera Coccinellidae Black with around 10 symmetrically placed yellow patches on each elytron 7
29 Insecta Hemiptera Coreidae Homoeocerus sp. (Stél, 1866) 1
30 Insecta Hemiptera Coreidae Similar to Leptoglossussp. (Fabricius, 1781) 3
31 Insecta Hemiptera Coreidae Small body, uniformly light, with bulbous eyes; 2 white spots on hemelytra 1
and black tips to antennae
32 Insecta Coleoptera  Curculionidae Small, moderatelly stout body with short, thick snout about equal in length to 1
remainder of head
33 Insecta Hemiptera Cydinidae Medium sized, shiny, and dark-brown oval body size with spiny hind legs 10
34 Insecta Diptera Drosophiliidae Small body with yellow grey colour and bright red eyes 26
35 Insecta Blattodea Ectobiidae Blattella germanica (Linnaeus, 1767) 5
36 Insecta Coleoptera  Erotylidae Oval body, typically shiny, patterned in red, yellow, and black 3
37 Insecta Hymenoptera Formicidae Anoplolepis sp. (Smith, 1858) 4
38 Insecta Hymenoptera Formicidae Camponotus fulvopilosus (De Geer, 1778) 167
39 Insecta Hymenoptera Formicidae Camponotus maculatus (Fabricius, 1782) 63
40 Insecta Hymenoptera Formicidae Carebara vidua (Smith, 1858) 1
41 Insecta Hymenoptera Formicidae Crematogaster sp. (Emery, 1895) 864
42 Insecta Hymenoptera Formicidae Dorylus sp. (Linnaeus, 1764) 13
43 Insecta Hymenoptera Formicidae Lepisiota sp. (Mayr, 1862) 2
44 Insecta Hymenoptera Formicidae Linepithema sp. (Mayr, 1868) 13
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Table 1 (continued)

NO Class Order Family Species name or morphospecies description Abundance
45 Insecta Hymenoptera Formicidae Messor sp. (Mayr, 1862) 311
46 Insecta Hymenoptera Formicidae Myrmicaria natalensis (Smith, 1858) 76
47 Insecta Hymenoptera Formicidae Oecophylla longinoda (Latreille, 1802) 171
48 Insecta Hymenoptera Formicidae Paltothyreus tarsata (Fabricius, 1798) 54
49 Insecta Hymenoptera Formicidae Plectroctena mandibularis (Smith, 1858) 1
50 Insecta Hymenoptera Formicidae Solenopsis sp. (Mayr, 1865) 574
51 Insecta Hymenoptera Formicidae Streblognathus sp. (Smith, 1858) 41
52 Insecta Hymenoptera Formicidae Tetramoriumsp. (Mayr, 1865) 5
53 Insecta Hymenoptera Formicidae Tetraponera sp. (Jerdon, 1851)
54 Insecta Orthoptera Gryllidae Gryllus bimaculatus (De Geer, 1773) 61
55 Insecta Phasmatodea Heteronemiidae  Carausius morosus small species 80—100 cm (Sinéty, 1901) 1
56 Insecta Lepidoptera  Limacodidae Short-winged and hairy-bodied with reduced mouth parts 1
57 Insecta Hemiptera Lygaeidae Large body with parallel-sided, dark brown colour, with thin cream marginal 2
stripe
58 Insecta Coleoptera Meloidae Lydomorphus sp. (Fairmaire, 1882) 1
59 Insecta Hemiptera Miridae Small body with dark brown, with orange heart-shaped mark in middle of 7
thorax
60 Insecta Diptera Muscidae Musca domestica (Linnaeus, 1758) 21
61 Insecta Diptera Muscidae Stomoxys calcitrans (Linnaeus, 1758) 6
62 Insecta Lepidoptera  Noctuidae Brithys crini (Fabricius, 1775) 2
63 Insecta Hemiptera Notonectidae Medium, parallel-sided, and slender body with triangular orange scutellum 1
64 Insecta Lepidoptera ~ Nymphalidae Cynthia cardui (Linnaeus, 1758) 1
65 Insecta Hemiptera Pentatomidae Small, shield-shaped, and tan body; maroon wings and thorax, and large pale- 4
yellow scutellum
66 Insecta Siphonaptera Pulicidae Ctenocephalides felis (Bouche, 1835) 1
67 Insecta Lepidoptera  Pyralidae Cactoblastis cactorum (Berg, 1885) 3
68 Insecta Orthoptera Pyrgomorphidae  Zonocerus elegans (Thunberg, 1815) 3
69 Insecta Hemiptera Reduviidae Large, hefty, and dull black with bright orange bands on legs, and an orange 1
spot on wings
70 Insecta Hemiptera Reduviidae Reduvius tarsatus (Germar, 1837) 6
71 Insecta Coleoptera Scarabaeidae Diplognatha gagates (Forster, 1771) 3
72 Insecta Coleoptera Scarabaeidae Anachalcos convexus Boheman, 1857 1
73 Insecta Coleoptera Scarabaeidae Catharsius tricornutus (Degeer, 1778) 2
74 Insecta Coleoptera Scarabaeidae Cyphonistes vallatus (Wiedemann, 1823) 2
75 Insecta Coleoptera Scarabaeidae Cyphonistes vallatus (Wiedemann, 1823) 2
76 Insecta Coleoptera Scarabaeidae Heteronychus arator (Fabricius, 1775) 2
77 Insecta Coleoptera ~ Scydmaenidae Black to reddish brown, ant-like with globular abdomen and constriction 2
between pronotum and elytra
78 Insecta Coleoptera Staphylinidae Black with medium body size; short elytra that covers half of the abdomen 5
segment
79 Insecta Diptera Tabanidae Tabanus sp. (Macquart, 1834) 1
80 Insecta Coleoptera ~ Tenebrionidae Gonocephalum simplex (Fabricius, 1801) 2
81 Insecta Coleoptera  Tenebrionidae Metallonotus sp. (Gerstaecker, 1855) 1
82 Insecta Isoptera Termitidae Macrotermes natalensis (Haviland, 1898) 10
83 Insecta Isoptera Termitidae Microhodotermes viator (Latreille, 1804) 11
84 Insecta Isoptera Termitidae Odontotermes badius (Haviland, 1898) 9
85 Insecta Diptera Tipulidae Medium sized body with polished jet black and yellow body; thin palps that 3
are longer than antennae
86 Insecta Lepidoptera  Tortricidae Chrysanthemoides monilifera (Linnaeus, 1753)
87 Insecta Lepidoptera  Tortricidae Small body with distinctive, very broad, almost rectangular, wings and with 5

short hair fringes at ends of typically dull brown wings
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