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Abstract

In an Afrotropical region experiencing massive deforestation, restoration approaches should provide sustainable solutions
for recovering biodiversity. Arthropods are a sensitive taxonomic group for habitat alteration by deforestation and can be
good indicators for restoration studies. Ground-dwelling arthropods provide important ecosystem functions, such as preda-
tion or organic matter decomposition, thereby contributing to ecosystem functionality. The consequences of post-mining
management on arthropods in the Afrotropical region remain understudied. We carried out a comprehensive sampling of
ground-dwelling arthropods in the dry and wet seasons across four land-use types in the semi-deciduous forest zone of Ghana.
We then analysed whether the specific tree communities, vegetation structure and seasonal differences affected arthropod
communities in the restored post-mining forest compared to the dominant alternative land-use type (agroforestry planta-
tion), a natural reference (natural forest) or an unmanaged former mining area (gravel mine). In total, 43,364 arthropods
were sampled and assigned to 78 taxonomic groups representing 14 order/sub-order, 28 beetle families, 25 spider families,
5 hunting guilds of spiders and 6 trophic groups of beetles. Overall, Araneae, Coleoptera, Hymenoptera and Orthoptera all
had higher activity densities in the wet season. The vegetation structure of the three land-use types with trees supported a
greater overall activity density of arthropods and a more diverse functional composition compared to the unmanaged gravel
site. Pronounced variation between the dry and wet seasons further influenced the taxonomic and functional composition.
The active forest restoration of this post-mining area is a promising approach to drive arthropod communities towards a
comparable state observed in the natural forest.
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Introduction terms of ecosystem services provided by arthropods (Biondi

et al., 2015; Dangles & Casas, 2019), pollination, nutri-

Arthropods play a key role in ecosystem functioning and
provide important ecosystem services for human socie-
ties, including local communities in Western Africa (Cul-
liney, 2013; Hgye & Culler, 2018; Isaacs et al., 2009; Sagi
& Hawlena, 2021). Between 5 and 10 million terrestrial
arthropod species have been described worldwide (Novo-
tny et al., 2002; @degaard, 2000; Stork, 2018), of which up
to 3.7 million species are found in the tropics (May, 2010).
The Afrotropical region features a wide range of natural
habitats with diverse plant and animal communities (Stuart
et al., 1990), many of which are endemic to the region. In
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ent regulation, soil formation and pest control contribute
to human well-being (Birkhofer et al., 2018; Rader et al.,
2016; Schowalter, 2017). Thereby, arthropods contribute to
global food security (van der Sluijs & Vaage, 2016) and
consequently reduce poverty (Dangles & Casas, 2019), as
for example, predators (e.g. spiders) prey on herbivorous
organisms, which could become pests on crops (Nyffeler
et al., 2016).

Arthropod populations and diversity are threatened by
human activities stemming from agricultural intensification,
mining and land-use conversion or habitat loss (Birkhofer
et al., 2015; Damptey et al., 2022a; Picango et al., 2017;
Seibold et al., 2019). Mining has been a crucial economic
sector in many developing countries but comes with costs
for biodiversity and interrupts the provision of several eco-
system services to human society (Asare et al., 2022; Ofosu
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et al., 2020; Schueler et al., 2011; Sonter et al., 2018). For
instance, surface mining leads to the degradation of forests
that would have otherwise provided habitat for pollinating
or seed-dispersing arthropods, with consequences for local
and global food security (Sonter et al., 2018). In addition, a
shortage of productive land coupled with changing local and
regional weather conditions because of land degradation and
climate change leads to a decline in farm productivity and an
increase in food insecurity globally (Ime & Ekong, 2015).
Similarly, the removal of trees during mining eliminates the
ability of forests to store carbon, with severe implications
for climate change (Ontl et al., 2020). Moreover, a land-use
change that involves the conversion of a particular land-use
type (e.g. natural forest) to alternative land use (e.g. agro-
forestry plantations) is known to result in a loss of arthro-
pod biodiversity in some regions (e.g. Newbold, 2018). The
high rate of conversion of tropical forests to other land uses
is also anticipated to have consequences for both local and
regional biodiversity, with cascading effects on other eco-
logical processes (Schroeder et al., 2021). For instance, it is
very obvious that the conversion of forests to agricultural
lands or recreational parks affects arthropod diversity on
a global scale (Millard et al., 2021; Perry et al., 2016), but
the effect of restoring post-mining areas through restora-
tion or agroforestry on arthropods is relatively unknown
in Ghana and responses may differ among different taxo-
nomic or functional arthropod groups. Restoration in Ghana
sometimes takes the form of agroforestry, where economic
and ecological valued tree species are interplanted with
food crops to meet societal needs or the form of enrich-
ment planting to restore degraded forests (Damptey et al.,
2021). Although several studies have discussed the devastat-
ing effects of land-use change on arthropods elsewhere in
the world (e.g. Cardoso et al., 2020; Gagnarli et al., 2021),
the consequences of land-use conversion and post-mining
restoration in Ghana and Western Africa, in general, remain
understudied.

In addition to the impact of land-use changes, pronounced
seasonal differences will also affect the taxonomic and func-
tional composition of arthropod communities (Wardhaugh
et al., 2018). In Ghana, the two major seasons are based on
the amount of precipitation, differences in temperature and
the number of dry months (Owusu & Waylen, 2012). The
characteristic rainfall in the wet season (April to July) should
facilitate the emergence of arthropods from soil and the
development of large patches of potential host plants (Basset
et al., 2015). However, the dry season, with its long period of
drought conditions, is accompanied by water stress-inducing
physiological constraints and limited resource availability,
thereby limiting the ability of arthropods to perform essen-
tial ecological functions and other services (Huberty &
Denno, 2004).
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To address the question of how post-mining restoration
affects arthropod communities compared to a natural refer-
ence system, an alternative land-use type and an unman-
aged former mining area in the two major seasons in Ghana,
we tested the following hypotheses: (i) land-use types with
diverse tree communities and heterogeneous vegetation
structure (natural and restored forest) support a higher num-
ber of arthropod orders, functional groups and overall activ-
ity density than in agroforestry plantation and former mining
area and (ii) the effect of land-use types on the taxonomic
and functional composition of arthropods depends on the
season with the strongest expected differences between land-
use types with trees and agroforestry plantation and former
mining area in the wet season.

Materials and methods
Study area

The studied land-use types include the following: (1) an
actively “restored forest” as restoration activity (Terchire
restoration area; RF), (2) an “agroforestry plantation” as
an alternative land-use (Bosomkese forest reserve; AF),
(3) a “natural forest” as a natural reference (Asukese for-
est reserve; NF) and (4) an unmanaged ‘“gravel site” as an
unmanaged system (Terchire abandoned gravel mine site;
GS). All land-use types lie in a semi-deciduous forest zone
(SDFZ) and are located in the Ahafo and Bono regions of
Ghana (Fig. 1; Damptey et al., 2022b). The forest zone is
characterised by a mean daily temperature of 20 °C and
annual precipitation ranging between 900 and 1500 mm
(rainfall peaks between July and August; Damptey et al.,
2021).

The RF is located in Terchire (7° 14" 4.78" N, 2° 10’
49.88" W), about 24 km from Sunyani, the Bono regional
capital of Ghana. It was actively restored after gravel mining
by planting leguminous cover crops (e.g. Mucuna bracteata,
Luffa eagyptiaca, Pueraria phaseoloides) and trees, both
indigenous (e.g. Morinda lucida Benth, Terminalia suberba
Engl. & Diels, Albizia zygia (DC) J. F. Machr, Mangifera
indica L., Ceiba pentandra (L.) Gaertn.) and exotic (e.g.
Tectona grandis L. f., Cedrella odorata L., Senna siamia
(Lam.) H. S. Irwin & Barneby) species after soil improve-
ment and cover crops to provide essential ecosystem goods
and services to local communities (Damptey et al., 2022b).
The vertical profile of tree communities in RF is mainly
uniform and characterised by upper canopy trees. The AF
(7° 6" 20.76" N, 2° 15" 22.64" W) is a degraded forest that
has been subjected to agroforestry programmes (food crops
interplanted with trees) to supply both food and energy needs
as well as environmental benefits to local communities. It is
characterised by frequent annual wildfire events (Damptey
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Fig.1 Map of Ghana (A) with the study region in Ghana and the studied land-use types (B)

et al., 2020). The NF (7° 9" 13.72" N, 2° 31" 4.96" W) is
a protected forest reserve under strict restrictions against
anthropogenic activities. It is composed of native tree spe-
cies, including Celtis mildbraedii, Triplochiton scleroxylon,
Cola gigantean, Nesogordonia papaverifera. The vertical
profile of tree communities in NF is a multi-layered struc-
tured with shrub layer, lower canopy, upper canopy and
emerging trees. The GS is a four-hectare abandoned gravel
mine (7° 14’ 9.26" N, 2° 9" 36.13” W) located about 1.8 km
from RF and colonised by the following invasive species:
Chromolaena odorata and Pennisetumi purpureum (Damp-
tey et al., 2020). Table 1 provides an overview of selected
vegetation attributes in all land-use types (Damptey et al.,
2020, 2021).

Sampling design

The four land-use types were studied across both sea-
sons (dry and wet) in the semi-deciduous forest zone
(SDFZ) of Ghana. Each land use was studied in eight rep-
licate 20 X 20 m plots, resulting in 32 study plots. Basic

vegetation attributes (Table 1) were surveyed and used to
describe the major dendrological characteristics of each
land-use type (see also Damptey et al., 2020, 2021). A
standardised trapping method involving the use of pitfall
traps was used to sample and estimate the activity density
(A_D: number of samples caught divided by the sampling
effort) of ground-dwelling arthropods based on their loco-
motory activities (Greenslade, 1964; Perner & Schueler,
2004).

Ground-dwelling arthropod communities were continu-
ously sampled, with five pitfall traps in each plot being
emptied weekly for 10 weeks in each sampling season. The
first campaign was conducted in the dry season (January to
March 2019), followed by the wet season campaign (June to
August 2019). Pitfall traps were filled with a 50:50% mix-
ture of propylene glycol and water, and all pitfall traps were
covered by small roofs to avoid dilution of the trap liquid by
rain (Underwood & Quinn, 2010). Pitfall trap samples were
stored in 70% ethanol and later sorted into taxonomic groups
(order, suborder or family) according to available identifi-
cation keys (for spiders; Dippenaar-Schoeman & Jocqué,
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Fig.2 Non-metric multidimen-
sional scaling ordination based
on log-transformed (log(x + 1))
activity densities of arthropod
orders or suborders and Bray—
Curtis similarities between plots
of different land-use types (O
Restored forest, X Agroforestry
plantation, + Natural forest and
(} Gravel site) and seasons
(green=wet, red=dry). The 2-d
stress value is 0.06. Symbols of
each land-use type and season
combination are connected by
minimum spanning trees

NMDS 1

Fig.3 Non-metric multidi-
mensional scaling ordination
based on log-transformed
(log(x+ 1)) activity densities

of spiders and Bray—Curtis
similarities between plots of
different land-use types (O
Restored forest, X Agroforestry
plantation, + Natural forest and
{) Gravel site) and seasons
(green=wet, red=dry). The 2-d
stress value is 0.19. Symbols of
each land-use type and season
combination are connected by
minimum spanning trees

NMDS 2

14

1997) and insects; Picker (2012). Individuals of the orders
Coleoptera and Araneae were always sorted at the family
level. The Coleoptera (beetle) families were subsequently
classified into trophic groups (detritivores, herbivores, car-
nivores and fungivores; some families cannot be assigned
to one of those categories leading to the combined classes
herbivores & detritivores and carnivores & detritivores; Las-
sau et al., 2005). The Araneae (spider) families were also
classified into hunting guilds (sensing web, ground hunters,

ambush hunters, other hunters and specialist spiders; Car-
doso et al., 2011).

Data analyses
Arthropod community data for plots within each land-use

type were pooled together and log-transformed [log (x+ 1)].
Activity density (A_D) of arthropods for land-use types and
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Table 2 Contribution of spider

- A Family Wet AD Dry AD Diss Diss./SD Contrib.% Cum.%

families to the dissimilarities

in community composition Salticidae 1.83 1.52 6.89 1.49 15.83 15.83

Ef;gf:sgzeoze;gfafg season 7 dariidae 2.46 122 6.75 1.59 15.50 31.32

percentage analysis (SIMPER) Ctenidae 1.60 0.76 5.66 1.47 12.99 44.31
Corinnidae 1.35 0.63 5.06 1.26 11.62 55.93
Lycosidae 2.83 2.70 4.30 1.43 9.88 65.81
Cyrtaucheniidae 0.85 0.14 3.98 1.13 9.15 74.96

AD, average activity density; Diss., average dissimilarity; SD, standard deviation; Contrib.%, contribution
percentage to overall dissimilarity; Cum.%, cumulative contribution percentage

seasons was estimated based on the number of individuals
sampled divided by the sampling effort (Greenslade, 1964).
A non-metric multidimensional scaling ordination
(NMDS) based on Bray—Curtis similarities was created
to visually represent the multivariate relationship within
and between sampling plots of different land-use types and
seasons. The goodness of fit of NMDS ordinations was
evaluated using the 2-d stress value (Clarke et al., 2014).
For the NMDS based on the taxonomic composition of
all arthropods, vectors were superimposed for orders with
Pearson correlation coefficients > (0.2 with axis scores. For
the identification of Coleoptera and Araneae families and
functional groups that were characteristic of land-use types
or seasons, similarity percentage analysis (SIMPER) was
used based on Bray—Curtis similarity and a cut-off value of
70% for the total contribution (Somerfield & Clarke, 2013).
Statistical analyses and visualisations were carried out with
the Plymouth Routines in Multivariate Ecological Research
(PRIMER vs 7; Clarke & Gorley, 2015) or R statistical com-
puting software version 2.15.3 (R Core Team, 2019).

Results
Arthropod taxonomic composition

In total, 43,364 arthropods were sampled and assigned to 78
taxonomic groups representing 14 order/sub-order (“Appen-
dix 17), 28 beetle families (divided into 6 trophic groups)
and 25 spider families (divided into 5 hunting guilds). The
arthropod communities at the former gravel mine are unique
for both seasons, followed by a gradient from the agrofor-
estry plantation to the restored and the natural forest commu-
nities with increasing activity densities of Blattodea, Julida,
Hymenoptera, Coleoptera and Araneae along that gradient
independent of the season (Fig. 2). The restored forest plots
have an intermediate position between the agroforestry plan-
tation and the natural forest arthropod communities. Within
land-use types, Hemiptera had a higher activity density in
the dry season compared to the wet season. Blattodea and
Julida had the highest activity density in the natural forest
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and were absent from the gravel site. Within land-use types,
Orthoptera had a higher activity density in the wet season,
and Polydesmida were only present in the wet season.

Spider family composition

The total activity density of spiders was higher in NF (3.03)
than RF (2.79), AF (1.59) and GS (1.35) and also higher in
the wet (5.44) than in the dry season (3.32). The families
Lycosidae, Salticidae and Zodariidae, dominated commu-
nities, amounting to more than 50% of all individuals in
each of the four land-use types. Most families (e.g. Corin-
nidae, Ctenidae, Migidae, Zodariidae) had higher activity
densities in the wet season, except Oxyopidae, which had
a higher activity density in the dry season, and Lycosidae
and Salticidae, which did not differ much between seasons
(Fig. 3). Spider family composition showed a gradient from
the dry season agroforestry plantation and the gravel site
for both seasons towards the restored forest and the natural
forest plots for both seasons. For spider communities, the
wet season agroforestry plots hold an intermediate position
between the restored and natural forest plots.

The average dissimilarity between the dry and wet
season plots was 44% and was driven by a higher activ-
ity density of Salticidae, Zodariidae, Ctenidae, Corin-
nidae, Lycosidae and Cyrtaucheniidae in the wet season
(Table 2). In terms of dominance, the dry season plots
were dominated by Lycosidae (28% of all individuals),
Zodariidae (25%), Salticidae (15%) and Corinnidae (12%)
and differed from wet season plots due to an even higher
dominance of Lycosidae (52%) but lower dominance of
Zodariidae (16%) and Salticidae (12%) in the wet season.

Spider hunting guilds

Ground hunters (A_D=4.13) were the most dominant
group across land-use types, followed by other hunt-
ers (A_D=2.61), specialists (A_D=1.59), sensing web
(A_D=0.35) and ambush hunters (A_D =0.07). Ground
hunters were more active in RF than GS, AF and NF
(Fig. 4A). Sensing spiders were rather active in the AF than
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Fig.4 Box plots for activity
densities in different hunting
guilds (A, ground hunters; B,
sensing web; C, other hunt-
ers; and D, specialist spiders)
between land-use types: RF,
restored forest; AF, agrofor-
estry plantation; NF, natural
forest; GS, gravel site. Single
points indicate outliers based on
median and interquartile devia-
tion method (IQD)

Fig.5 Non-metric multidi-
mensional scaling ordination
based on log-transformed
(log(x+ 1)) activity densities

of beetles and Bray—Curtis
similarities between plots of
different land-use types (O
Restored forest, X Agroforestry
plantation, + Natural forest and
{) Gravel site) and seasons
(green=wet, red=dry). The 2-d
stress value is 0.13. Symbols of
each land-use type and season
combination are connected by
minimum spanning trees

NF, RF and GS (Fig. 4B). Other hunters were also more
active in NF than RF, AF and GS (Fig. 4C). For specialist's
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spiders, higher activity density was recorded for NF com-

pared to RF, GS and AF (Fig. 4D).
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Table 3 Contribution of beetle

. AR, Family Wet AD Dry AD Diss Diss./SD Contrib.% Cum.%
families to the dissimilarities
in community composition Scarabacidae 3.47 0.94 9.86 1.58 15.06 15.06
between the wet and dry season ) a0 2.95 0.97 7.69 1.59 11.76 26.82
plots based on similarity
percentage analysis Tenebrionidae 1.08 2.24 5.90 1.34 9.02 35.84
Staphylinidae 2.00 1.00 5.49 1.50 8.38 44.22
Hydrophilidae 1.66 0.19 5.11 0.91 7.81 52.03
Histeridae 1.46 0.10 4.69 1.09 7.17 59.20
Cetonidae 1.07 0.09 4.33 1.04 6.62 65.82
Nitidulidae 1.52 1.57 4.04 1.15 6.17 71.99
Fig.6 Box plots for activity
densities in different trophic A 6.0 B 30 A
groups of beetle functional | ’ | |
groups (A, detritivores; B, 2 | ) -g | t
herbivores; C, fungivores, D, 2 40 1 ¢ S 20 -
carnivores; E, carnivores & S © |
detritivores and F, herbivores & = & ‘g I I
detritivores) between land-use % 20 -+ S 10 - |
types: RF, restored forest; AF, < <
agroforestry plantation; NF, |
natural forest and GS, gravel 0.0 A 0.0 4
site. Single points indicate
outliers based on median and C D
interquartile deviation method 40 4
(IQD) 30 - | [—
> 2304 !
2; 20 g
0 - >
S [ © 20 - |
> =
£ -
= 10 4 5
| LT |
00 = — 00 -
E F 30
30 - ' | |
> 2 4
z | | 3 20
S 20 1 ) !
: :
2> = |
= 10 -+ 210 | |
t; l Q I
LT : :
0.0 0.0 4
RF AF NF GS RF AF NF GS

Beetle family composition

The taxonomic composition of beetle communities dif-
fered significantly between land-use types (F; »;=14.52;
P <0.001) and seasons (F ,;=46.14; p<0.001). The dif-
ferences between land-use types did depend on the season
(F3,7,=10.80; p<0.001). Pairwise statistical comparisons
indicated significant differences in family composition
between beetle communities of the natural forest and the
agroforestry plantation (r=4.41, p <0.001), restored forest

@ Springer

(t=3.24, p<0.001), gravel site (r=4.50, p<0.001) and
between the restored forest and the agroforestry plantation
(r=2.02, p=0.005), gravel site (+=3.86, p <0.001) as well
as between the agroforestry plantation and the gravel site
(t=3.78, p<0.001). Beetle communities at the former gravel
mine were unique and more heterogeneous during the dry
season than during the wet season, with a higher activity
density of Elateridae at the gravel site plots (Fig. 5). The
beetle communities in the wet season restored and natural
forest plots resembled each other and were characterised
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by higher activity densities of Histeridae, Hydrophilidae
and Staphylinidae. While beetle communities did not differ
between the natural and restored forests in the wet season,
they differed in the dry season. Beetle communities in the
agroforestry plantation in the wet season resembled forest
communities in the dry season more than other communities
in habitats with trees in the wet season.

In terms of dominance, the dry season plots were domi-
nated by Tenebrionidae (36% of all individuals), Nitidulidae
(20%), Carabidae (10%) and Erotylidae (8%) and differed
from wet season plots by and even higher dominance by
Scarabaeidae (26%) and Carabidae (22%) but lower domi-
nance of Staphylinidae (13%), Nitidulidae (9%) and Cetoni-
dae (7%). The average dissimilarity between the dry and wet
season plots was 65% and was driven by a higher activity
density of Scarabaeidae, Carabidae, Staphylinidae, Hydro-
philidae, Histeridae and Cetonidae in the wet season but a
higher activity density of Tenebrionidae and Nitidulidae in
the dry season (Table 3).

Beetle trophic groups

Based on the activity density of beetle trophic groups, the
following order reflects their dominance across land-use
types: detritivores (67%), carnivores (18%), herbivores
(8%) and fungivores (7%). The activity density of detriti-
vores (F3,4=29.95; p<0.001), carnivores (F; 54=13.76;
p <0.001), herbivores (F308= 31.64; p<0.001), fungi-
vores (F3’28=46.14; p <0.001), herbivores & detritivores
(F3,4=33.34; p<0.001) and carnivores & detritivores
(F3,3=46.64; p<0.001) differed significantly between land-
use types. Except for beetle families classified as herbivores
and detritivores combination (Fig. 6F), the natural forest had
significantly higher activity densities for all trophic groups.
The gravel site recorded the lowest activity density for all
trophic groups (Fig. 6).

Discussion

Our comparison of arthropod communities between an
actively restored post-mining forest, a dominant alterna-
tive land-use type (agroforestry plantation), a natural refer-
ence (natural forest) and an unmanaged former mining area
(gravel mine) provides the first assessment of the effects of
land-use decisions in former mining areas in Western Africa
on arthropod communities. The observed pronounced dif-
ferences between communities at a relatively coarse level of
taxonomic (order to family) and functional (spider hunting
guilds and beetle trophic groups) classification emphasise
the need to address these effects in times of global insect
decline (Cardoso et al., 2020; Wagner et al., 2021).

Taxonomic composition of arthropod communities

The observed dominance structure in the studied arthropod
communities supports our hypothesis that land-use types
with diverse and heterogeneous vegetation structure (Tab. 1)
support a greater range of arthropod taxa and overall higher
activity density (see also Gardner et al., 1995; Mata et al.,
2021; Damptey et al., 2022a). The land-use types dominated
by trees in this study (natural forest, agroforestry plantation
and restored forest) offered additional niches and resources
to support the activity of arthropods compared to the unre-
stored gravel mine. Meloni et al. (2020) showed that even
ground-dwelling arthropods benefit from more diverse veg-
etation and the resulting habitat attributes. Diverse vegeta-
tion provides more refuge and protection from predators,
resulting in higher survival and reproductive success in
potential prey taxa (Wenninger & Inouye, 2008; Zou et al.,
2013). For predators, diverse vegetation often correlates
with higher prey availability supplying food needs (Schuldt
et al., 2011; Staab & Schuldt, 2020; Stokmane & Spur,lgis,
2016). Deadwood and litter further promote the activity of
detritivores, fungivores and arthropod predators that are part
of the detritivore food web in forests (Sereda et al., 2012,
2015; Tonin et al., 2018).

Heimonen et al. (2013) emphasised the pronounced
seasonal variation of herbivorous insects (e.g. mostly
Orthopteroidea) that is common in tropical rain forests.
For example, increasing resource concentration in the wet
season is a significant factor in determining the popula-
tion size in specialist herbivore populations (Doublet
et al., 2019) and beetle communities (de Castro-Arrazola
et al., 2018). The observed differences between the two
seasons support our hypothesis that arthropod taxonomic
composition is strongly influenced by seasonality across
the different land-use types in our study (Lingbeek et al.,
2017). Richards and Windsor (2007) observed significant
seasonal variation in arthropod abundance in a lowland
moist forest. Similarly, Wagner (2001) observed signifi-
cant seasonal changes in arthropod fauna in a rain forest.
Our study observed a higher activity density of Orthoptera
(mainly herbivorous) and Polydesmida (mainly detritivo-
rous) in the wet season than in the dry season. Several
factors related to macro- and micro-climatic changes (e.g.
temperature, rainfall, humidity, day length, decomposition
rate of organic materials etc.) might have caused this pat-
tern (Halsch et al., 2021; Wardhaugh et al., 2018; Belchior
et al., 2016; Anu et al., 2009). In addition to abiotic condi-
tions, food resources fluctuate seasonally, further affecting
arthropod emergence, activity and reproduction (Richards
& Windsor, 2007; Silva et al., 2011). Therefore, both struc-
ture- and resource-mediated effects likely affected arthro-
pod communities between the seasons (Diehl et al. 2013).
Independent of season, arthropod communities changed
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along a management intensity gradient in the sequence of
agroforestry plantations to actively restore to natural forest
arthropod communities. Therefore, the restored communi-
ties hold an intermediate position between the plantations
and natural forests.

Spider families and hunting guilds

Similar to arthropod communities in general, spider com-
munities are affected by vegetation structure, the presence
of potential prey, as well as changes in abiotic conditions
(Miiller et al., 2022; Rosa et al., 2018; Yamazaki et al.,
2017). The restored and natural forests were taxonomi-
cally richer than the agroforestry plantation and the gravel
site, reflecting the various ecological niches that forest
ecosystems provide to arthropods (Rosa et al., 2018).
Generally, more complex vegetation offers a wider range
of prey (e.g. (Diehl et al., 2013) as well as more diverse
niches for spiders (Cardoso et al., 2011; Staniska et al.,
2018). The observed higher activity density of spiders in
the wet season results from precipitation, which drives
plant growth as food for insects acting as prey for spiders
(Rodriguez-Rodriguez et al., 2015). Spiders that construct
sensing webs had higher activity densities in the land-use
types dominated by trees resulting from the higher vegeta-
tion density and availability of web sites (see Pinto et al.,
2021). Balfour and Rypstra (1998) emphasised the role of
habitat structure for web support and the availability of
suitable microhabitats for web-building spiders. Ambush
hunters also had a higher activity density in land-use types
that were dominated by trees. Ambush hunters (e.g. Thom-
isidae) often hide in flowers or on leaves to catch prey
(Heiling et al., 2006; Willemart & Lacava, 2017) and,
therefore, also rely on vegetation structure.

Beetle families and trophic groups

The activity density of beetles even differed between the
three land-use types with trees, with the restored forest
(dominated by non-native tree species, e.g. Tectona gran-
dis, Senna siamia) recording lower activity densities than
the agroforestry plantation and the natural forest. This
trend is in line with previous studies that observed a lower
beetle diversity in a non-native forest plantation, such as a
restored forest, compared to an old-native forest (Fischer
& Lindenmayer, 2007). This pattern could be attributed
to the fact that younger restored forests still support fewer
tree species with limited ability to offer food and niches
compared to forests of intermediate age (Lachat et al.,
2012).

Moreover, the lower activity density of beetles in the
open gravel site could be attributed to the absence or lim-
ited availability of suitable habitats and food resources
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(Perry et al., 2016). The family Cetoniidae associated with
the land-use types with trees has feeding preferences for
plant tissues, exudates and organic materials (deadwood)
(Mudge et al., 2012), which characterised the forest plots
in this study. The higher activity density of Cetoniidae
in the tree land-use types could be due to the potential
existence of numerous ant colonies (not quantified in this
study) for which several species of Cetonidae are preda-
tors (Holm & Marais, 1992). Expectedly, most beetle
families showed higher activity density in the wet than in
the dry season, in line with previous studies documenting
higher diversities of beetles compared to the dry season
(Andresen, 1999; Nyeko, 2009) and often attributed to the
higher quality and quantity of food resources in the wet
season (Wardhaugh et al., 2018).

Similar to the activity density of arthropods, all trophic
groups of beetles classified in this study showed significantly
higher activity density in the “tree” land-use types than in
the “open” gravel site affirming the positive relationship
between beetle functional groups and high vegetation struc-
ture (Damptey et al., 2022a; Sattler et al., 2010). Trophic
groups such as detritivores (Mestre et al., 2018; Parisi et al.,
2018; Wende et al., 2017) or herbivores (O'Brien et al.,
2017) may have benefited from resources and habitat con-
ditions provided by deadwood and leaf litter in the land-use
types with trees. Similar to spiders, predaceous beetles may
have also benefited from the higher prey availability in these
land-use types (Damptey et al., 2021; Diehl et al., 2013).

Conclusion

The studied active forest restoration shows some promise in
moving arthropod communities towards states observed in
the natural forest, but arthropod communities in the agrofor-
estry plantations were already more dissimilar. The patterns
in arthropod communities observed for the land-use types
depended on seasons, with the wet season making essential
resources available for arthropods. Leaving former mining
sites unmanaged is not a promising option, as arthropod
communities and their habitat resource requirements were
poor in the gravel site compared to the restored and natural
reference forest and even the agroforestry plantation. We
recommend that restoration activities in degraded post-min-
ing regions of Ghana should focus on using mostly native
tree species since they have the ability to supply habitat and
food resources tailored to the needs of local biodiversity.

Appendix 1

See Table 4.
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Table 4 Number of individual Order/suborder Land-use types Seasons

arthropod order/suborder for

land-use types (RF, restored RF AF NF GS DS WS

forest; AF, agroforestry

plantation; NF, natural forest Acari 83 27 176 0 102 184

and GS, gravel site) and seasons  Araneae 984 567 1064 477 1173 1919

(DS, dry; WS, wet) Blattodea 366 208 1276 0 784 1066
Coleoptera 1330 1555 2656 223 1400 4364
Glomerida 701 123 682 14 421 1099
Hemiptera 189 195 359 109 616 236
Hymenoptera 7098 4471 7979 2042 8716 12,874
Julida 261 336 409 0 453 553
Opiliones 13 6 21 0 0 40
Orthoptera 2299 1629 1502 1709 3103 4036
Polydesmida 69 90 35 7 0 201
Ricinulei 5 2 4 0 0 11
Scolopendra 1 0 1 0 0 2
Scorpiones 4 2 5 0 0 11
Total 13,403 9211 16,169 4581 16,768 26,596
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