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Tropical forest soils have potential to mitigate climate change and support biodiversity. Human
activities in these forests threaten biodiversity and alter the ability of the soil to sequester carbon. Many
tropical countries experience rampant anthropogenic activities in the forests, yet the extent to which
these activities affect biodiversity and soil organic carbon and the relationship between the two is not
well studied. In this study, the correlation of soil organic carbon (SOC) and ground beetles was
assessed in both control and disturbed sites in Uzungwa Scarp Nature Reserve (USNR). Disturbance
activities included logging for timber, tool handles and building poles; fire, hunting, footpaths,
collection of fuel wood, and clearing for agriculture. Pitfall trapping, active searching during the day,
and active night searching were methods used to collect the ground beetles. Soil samples were
collected at three depths 0-15, 15-30 and 30-45 cm in twelve plots: six in disturbed and six in control
sites. A total of 890 ground beetles comprising 30 species were collected. The species richness of
carabid beetles was high in the control sites (26 species) and low in disturbed site (16 species), with the
respective Shannon-Wiener being H'= 2.103 and H' = 1.327. The difference in species diversity was
statistically significant. Abundance of carabid beetles was also significantly higher in control sites
compared to disturbed sites. Mean SOC was low in disturbed sites and high in control sites at all three
depths. In disturbed sites, the correlation between SOC and species richness was weakly negative but
not significant, and positively correlated with abundance, though it was not statistically significant. In
control sites, there was a significant positive correlation between SOC and carabid abundance, but not
with species richness of carabid beetles. To conclude, protection of natural forests is prerequisite for
biodiversity and ecosystem services. We recommend that management improvement is urgently
required, because ongoing human activities seem to contribute to diminished SOC stock.
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INTRODUCTION

Soil is an important carbon pool in tropical areas, storing Scharlemann et al., 2014). Comparatively, the amount of
about 30% of the carbon in the world (Batjes, 1996; carbon stored in soil is greater than the total amount of



carbon stored in the atmosphere and the living biomass
when combined (Ciais et al., 2013). Soil organic carbon
(SOC) is among the five carbon pools recognised by the
Intergovernmental Panel on Climate Change (IPCC),
other pools include above ground, below ground, dead
wood and litter (IPCC, 2006).

Healthier and functioning tropical forests and their
diversity are known to enhance productivity, and soil
carbon storage, among other ecosystem services (Sheil
et al.,, 2016; Chen et al., 2018). Thus, on-going
widespread destructive anthropogenic activities in the
tropical forests as a result of human activities such as
encroachment for farming, logging, hunting mining, and
fire, among other factors, greatly causes loss of
biodiversity and affects ability of soil to sequester carbon
(Houghton, 2007; Sheil et al., 2016)

In recent years, studies are emerging to assess the
correlation between ecosystem carbon stock and
biological diversity of different groups of taxa (Strassburg
et al.,, 2010; Kessler et al., 2012; Gilroy et al., 2014;
Basham et al., 2016; De Beenhouwer et al., 2016). Some
report that carbon stock can have a positive influence on
the biodiversity of tropical forests (Strassburg et al., 2010;
Venter, 2014). Most of current studies, however, deal
with either above-ground carbon stock (Gilroy et al.,
2014; Basham et al., 2016) and/or total carbon stock,
including SOC (Kessler et al., 2012; De Beenhouwer et
al., 2016). Few studies have specifically reported how soil
carbon relates with biological diversity of soil dwelling
invertebrates, especially ground beetles in agroforestry
systems (Kessler et al., 2012; De Beenhouwer et al.,
2016).

Existing studies on ground beetles and carbon are
based in agroforestry systems and are contradictory, with
some reporting that there is a relationship (Kessler et al.,
2012), while others report no relationship (De
Beenhouwer et al.,, 2016). However for other taxa,
according to (Venter, 2014), a higher carbon stock
correlates with higher biodiversity. Likewise, Gilroy et al.
(2014) reported that in a secondary forest, both birds and
dung beetles were favoured by an increase in non-soil
carbon stock. A similar trend was observed in a
regenerating secondary forest in tropical Andes (Basham
et al., 2016) with regard to amphibian species richness
and abundance; also Strassburg et al. (2010) reported
correlation between above-ground carbon and selected
vertebrates. However, the opposite trend has also been
observed (Beaudrot et al., 2016).

More research, therefore, is still needed to understand
the relationship between SOC and ground beetles in
natural forest settings. Similar to other tropical forests in
the world, USNR in Tanzania has been facing
disturbances from several anthropogenic activities such
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as unsustainable farming activities, fire, honey harvesting,
collection of fuel wood, building materials, timber, tool
handles, forest encroachment for agriculture, illegal
hunting and trespassing (Zilihona et al., 1998; Topp-
Jorgensen et al., 2009; Rovero et al., 2012).

These activities are among some of the immediate
drivers of habitat degradation in developing countries,
including Tanzania (URT, 2010; Kissinger et al., 2012);
however, to what extent they affect SOC and
invertebrates specifically ground beetles in USNR is not
very well studied. Some of the known research in the
USNR include studies on vertebrates (Fjeldsa, 1999;
Menegon and Salvidio, 2005; Stanley and Hutterer, 2007,
Rovero et al.,, 2012) and those on invertebrates only
confined at the Kihansi waterfall (Zilihona and Nummelin,
2000; Zzilihona et al, 2004). Other studies on
invertebrates include Scharf (1992) and Sorensen et al.
(2004) but did not address the impact of ongoing
disturbances on ground beetles. Thus, little is known
about the impact of the ongoing human activities on saoil
carbon stock and ground beetle diversity in the USFR.

Studies of carabid beetles in Tanzania have been
recorded by surveys carried out in the Uluguru Mountains
by Basilewsky (1962, 1976), these were museum
collections, and do not provide ecological information.
Other available research include Zilihona and Nummelin
(2000) and Zilihona et al. (2004) that address the impact
of Kihansi gorge construction in USNR, and Nyundo and
Yarro (2007) on designing inventory methods, as well as
Belousov and Nyundo (2013) on taxonomy of some new
species in Udzungwa Mountain National Park. Therefore,
there is limited information on the impact of ongoing
activities on ground beetles in USNR.

Ground beetles have been chosen for this study for
several reasons: (a) they can be sampled using simple
methods (McGeoch, 1998; Rainio and Niemela, 2003), b)
they are abundant in most ecosystems and they are good
indicators of habitat disturbance, c) they occur with
species that possess strong habitat preferences, d) most
of the ground beetle species show association with
specific microclimate conditions, e) they show a rapid
response to changes in vegetation and overall landscape
ecology, and f) they have a high functional importance
(Rosenberg et al.,, 1986; McGeoch, 1998; Rainio and
Niemela, 2003).

The present study aimed to enhance understanding of
the impact of anthropogenic disturbances on biodiversity
and ecosystem services in USFR, which is an area with
high endemism (Myers et al.,, 2000; Rovero and
Menegon, 2005), and has a possible high rate of species
extinction and rampant anthropogenic activities (Fjeldsa,
1999; Menegon and Salvidio, 2005; Stanley and Hutterer,
2007; Rovero et al., 2012).
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Specifically, the study aimed at: a) evaluating the effect of
anthropogenic disturbances on ground beetle diversity, b)
assessing the impact of anthropogenic disturbances on
SOC, and c) examining the relationship between ground
beetle diversity and SOC. Since management and
conservation of forest embraces both ecosystem services
and biodiversity, this study may provide insight on the
relationship that exists between SOC and ground beetles.
Detailed information about carbon and biodiversity
patterns can help in the formulation of policy objectives
such as reducing emissions from deforestation and forest
degradation (REDD+). Moreover, the impact of forest
disturbance leading to degradation is less well known in
Tanzania (Burgess et al., 2010); hence, this study will
provide an understanding on how forest disturbance
impacts SOC. This may help in developing mitigation
measures at both local and international level.

MATERIALS AND METHODS
Study site

The study was carried out in the USNR, an area of about 207 km?
located in the Udzungwa Mountains within the Eastern Arc
Mountains (EAM) of Tanzania and Kenya (Myer et al., 2007). The
USNR lies between latitudes 35° 50' and 36° 05' E and longitude
8°10" and 8° 37' S in southern central Tanzania within Morogoro
and Iringa Regions (Figure 1). Its altitude ranges from 300 to 2,068
m a.s.l. (MNRT, 2010). The area has an estimated average
temperature between 20°C maximum in December and 15°C
minimum in July; while in lowland areas, temperatures reach a
maximum of 27°C in December and a minimum of in 19°C in July.
Annual rainfall varies from 1,350 to 2,000 mm and sometimes
exceeds 3000 mm in wetter areas (MNRT, 2010).

Study sites were selected based on presence/absence of signs
of human activities such as log stumps, snares for trapping animals,
footpaths, presence of abandoned human habitats, collected fuel
wood and tool handles, and pit sawing sites. A site was considered
as disturbed if five or more recent (<2-year) activities mentioned
earlier were encountered within the plot or within 50 m outside the
plot perimeter. Study sites were located between 466 and 740 m. a.
s. l. (Table 1).

Data collection

A total of twelve plots, each 1 ha in size (100 m x 100 m), were
established at each site. Each site was characterized as either
disturbed or control, based on the intensity of human activities.
Within a 1 ha plot, sampling for both carabid beetles and soil was
done. Sampling took place in November and December 2016 and
July and August 2018; these periods mark the end of dry and end
of wet season, respectively.

Data on Carabid beetles

Carabid beetles were sampled using three methods: pitfall traps,
active searching (day), and active searching (night) (Greenslade,
1964; Nyundo and Yarro, 2009). Geographical position and altitude
of each site were recorded using Garmin GPS 60 (Table 1).

Forty pitfall traps made of plastic containers (12 cm top width, 15
cm depth, 1 L capacity) sunken in the ground and half filled with a

preservative (propylene glycol), were set at a distance of 10 m apart
around the perimeter of the 1-ha plot. Traps were checked after one
week. Each trap constituted a “sample”. Ground beetles from pitfall
traps were sieved and collected using forceps.

Within the same plots, active searching for 1 h constituted a
sample. Active searching was done both day (for three hours) and
night (for three hours) at each site. The activity involved searching
for ground beetles under logs, rotting logs and in leaf litter. Leaf
litter was scooped onto a 1-m? white cloth; and carabid beetles
were collected by hand or using a pooter collection device.
Specimens were kept in labelled plastic bags containing 75%
alcohol and transported to the University of Dar es Salaam (UDSM)
for sorting and identification.

Data on soil samples

Soil samples were collected in 1-m? quadrats established at three
points within each plot boundaries using a soil auger. Soil samples
were collected at three depths 0-15, 15-30 and 30-45 cm for
determination of SOC. The soil was mixed according to their
specific layers to form composite. A sub-sample mixture from each
layer was kept in sealed polythene bags with labels. Using a
cylinder steel core, soil was sampled for determination of bulk
density; the known volume of core cylinder was used. While being
careful, without disturbing the top layer, the soil samples were
collected and kept in polythene plastic bags with labels for further
laboratory analysis at the UDSM. For bulk density analysis,
samples were oven dried at 105°C for 24 h then weighed for
sample dry weight. Volume of the core cylinder and weight of the
dry sample were used to calculate the soil bulk density. Soil organic
carbon content was determined using Walkley and Black’s
potassium dichromate method as described in Nelson and
Sommers (1982). Soil organic carbon in tonnes per hectare (t/ha)
was calculated using Equation 1 (Bross and Baldock, 2008).

Soil organic carbon (t/ha) = depth (cm) x bulk density (g/cm®) x %
organic carbon (1)

Carabid beetle identification was carried out by use of identification
keys (Basilewsky, 1953) and specimens available in the collections
of Zoology and Wildlife Department of the UDSM. Identification
considered all external visible features excluding genitalia.
Identification was made to species level whenever possible;
whenever there were difficulties to identify species level, we
identified genus or subfamily.

Data analysis

Diversity of ground beetles was computed using the Shannon-
Wiener Index and compared using a special diversity t-test. The
Shannon-Wiener diversity index takes into consideration the
number of individuals (abundance) and the number of taxa (species
richness) (Magurran, 1988). The difference in abundance between
disturbed and control sites was assessed using a Mann-Whitney
test.

SOC (t/ha) estimated from the three sampling points for each
depth was averaged to get the estimate of SOC per site. Not all
data were normally distributed; therefore data were logarithmic-
transformed. Carbon stock between disturbed and control sites, and
at three depths, was analysed using parametric tests; namely, two-
sample t-test and ANOVA, respectively.

The relationship between carbon and carabid beetle diversity
was assessed using a Pearson linear correlation (r). Simple linear
regression was performed using Reduced Major Axis (RMA) for
coefficient of determination (R?). Total SOC for each site was
regressed against ground beetles. Finally, PAST software Version
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Table 1. Enumeration and description of the sampling sites

Site Code Location GPS Coordinates  Elevation (m asl)

Description

UTM 36L
818876 725
9056470

S1 (Control) Adjacent to Chita Village

UTM 36L
819213 619
9056241

S2 (Disturbed) Adjacent to Chita Village

UTM 36L
818704 740
9056316

S3 (Control) Adjacent to Chita Village

UTM 36L
820826 547
9058001

S4 (Disturbed) Close to Chita Secondary School

UTM 36L
820832 504
9058090

S5 (Disturbed) Close to Chita Secondary School

UTM 36L
820915 466
9057808

S6 (Disturbed) Close to Chita Secondary School

UTM 36L
830152 568
9070463

S7 (Disturbed) Adjacent Ikule Village

UTM 36L
830221 647
9069844

S8 (Disturbed) Adjacent lIkule Village

UTM 36L
830211 706
9070552

S9 (Control) Adjacent Ikule Village

Forest with tall emergent trees, including: Tabernaemontana stapfiana, Newtonia buchananii, Tricalysia
pallens, Englerophytum natalense.

Disturbed site with few emergent trees including T. stapfiana and Drypetes gerrardii

Forest with tall emergent trees including T. pallens T. stapfiana, E. natalense, Parinari excelsa

Disturbed site with few emergent trees including, T. stapfiana, Treculia africana, Synsepalum brevipes,

Disturbed site with few emergent trees including T. stapfiana, Synsepalum brevipes,

Disturbed site with few emergent trees including T. stapfiana, Synsepalum brevipes,

Disturbed site with few emergent trees including Strombosia scheffleri, Milicia excelsa, T. stapfiana

Disturbed site with few emergent trees including T. stapfiana, N.buchananii, S. brevipes

Forest with tall emergent trees including Macaranga capensis, Bombax rhodognaphalon, Lettowianthus
stellatus, N. buchananii, patchstella, T. stapfiana, E. natalense
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UTM 36L

812960
9048424

S10 (Control) Kihansi

UTM 36L

S11 (Control) 812973

9048731

Kihansi

UTM 36L

S12 (Control) 813142

9048852

Kihansi

580 Forest with tall emergent trees including T. africana, Synsepalum brevipes, T. pallens, T. stapfiana, N.
buchananii
588 Forest with tall emergent trees including T. africana, Synsepallum brevipes, T. pallens, Sorindeia

madagascariensis, Celtis gomphophylla, N. buchananii

558 Forest with tall emergent trees including Allanblackia stuhimannii, Cephalosphaera usambarensis, Garcinia

semseii, Trema orientalis

3.20 (Hammer, 2018) was used for all statistical tests and
graphs generation.

RESULTS

Abundance and diversity of carabid beetles in
control and disturbed sites

Overall, carabid beetle abundance was high in
control sites with 596 individuals and low in
disturbed sites with 294 individuals. In control
sites, the minimum number of carabid beetles per
sample was 0 while the maximum was 18, while in
disturbed sites, the minimum and maximum
number of carabid beetles per sample was 0 and
9, respectively. The mean number of carabid
beetles was 0.725 + 0.065 in control sites and
0.356 + 0.038 in disturbed sites. A Mann-Whitney
test showed that the difference in abundance
between control and disturbed sites was not
statistically significant (p > 0.05).

Overall, a total of 890 carabid beetles
represented by 30 species of carabid beetles
were collected. The species richness of carabid
beetles was high in control sites (26 species) and

low in disturbed site (16 species). Some species
appeared only in disturbed sites, while others
were strictly in control sites; and others were
found in both disturbed and control sites in a
varying composition. Shannon-Wiener diversity
index (H') revealed that species diversity was high
in control sites (H' = 2.082) and low in disturbed
sites (H' = 1.260). Carabid beetle species diversity
differed significantly between disturbed and
control sites (p = 1.807 E-14).

Comparison of the amount of soil organic
carbon between disturbed and control sites

Overall results show that, at all three depths,
disturbed sites contained a lower amount of soil
organic carbon when compared with control sites
(Figure 2). Also, there was a significant difference
in SOC between disturbed and control sites for
15-30 and 30-45 cm depth, but not for 0-15 cm.
The respective mean SOC was 46.93 and 60.38 t
C/Ha (Table 1). The two sample T-test revealed
that the difference was statistically significant (p =
0.008). Testing the level of significance by depth,
within control sites, there was no significant

difference in SOC stock (Table 3), while in
disturbed sites, carbon differed significantly with
depth (Table 4).

Correlation between SOC and carabid beetle
diversity

In examining the relationship between ecosystem
service (soil organic carbon) and biodiversity of
the carabid beetles at the sampling sites, a mixed
pattern of associations was found, some aspects
showing positive while others showing a negative
relationship.

Species richness was positively correlated to
SOC for control sites, while in disturbed sites it
was negatively correlated, however not significant
(r=0.318, p = 0.538 and r = - 0.256, p = 0.625,
respectively) (Figure 2a and b). The coefficient of
determination was R® = 0.102 for control sites.
Abundance was positively correlated to SOC in
both disturbed and control sites (r = 0.322, p =
0.534, and r = 0.829, p = 0.041, respectively)
(Figure 2c and d). The coefficients of
determination were R® = 0.072 and 0.687,
respectively.
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DISCUSSION

The mean soil organic carbon estimated in the present
study for 0-15 and 15-30 cm is lower than the values
reported by Munishi and Shear (2004) from the Uluguru
and Usambara Mountains. Historical records of threats in
the reserve date back to the 1990s (Hunter, 1992;
Shangali et al., 1998). Also studies by Rovero et al.
(2005) and Rovero (2012) show that human activities are
wide spread in the reserve. Therefore, both historical and
ongoing anthropogenic activities in the USNR might have
contributed to depletion of the stock.

The present results show that soil organic carbon was
higher in control sites and lower in disturbed sites at all
three soil depth (Table 2), providing evidence that on-
going human activities in the reserve reduce the capacity
of soil to sequester carbon. Similar observations were
reported by Chiti et al. (2018) when comparing natural
and degraded forest in Kenya and also Kessler et al.
(2012) when comparing natural forest and agroforest

systems. Despite the fact that little is known on the effect
of forest degradation on SOC (Berenguer et al., 2014),
the present study establishes evidence that upper layer
soils 0-45 cm are very sensitive to forest degradation.
The results reveal that soil organic carbon stock
decreases from the upper depth (0-15 cm) to the lower
depth (30-45 cm). This trend of higher SOC in the top
layer might be attributed by higher rate of litter
decomposition and might be suggesting that the upper
layer is associated with other biological activities (Alamgir
and Al-Amin, 2008; Dinakaran and Krishnayya, 2008;
Sheikh et al., 2009). A similar decreasing trend was also
noted in Uluguru and Usambara Mountains (Munishi and
Shear, 2004) for 0-15 and 15-30 cm depth. When depth-
wise comparison was considered, it was revealed that for
the upper depth the difference in soil organic carbon
stock was not significantly different between control and
disturbed sites; this was contrary to the middle and lower
depth which showed significant differences in soil organic
carbon stock (Table 1). Also, the amount of SOC stored
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Table 2. Depth-wise comparison of differences in carbon stock between control and disturbed sites.

Depth (cm) Disturbed C (t/ha) Control C (t/ha)  p-value (2 sample t-test) Remarks
0-15 62.46 66.06 0.4 Not significant
15-30 48.13 60.69 0.03 Significant
30-45 30.20 54.39 0.003 Significant
Overall mean 46.93 (£ 3.83) 60.38 (+ 3.31) 0.008 Significant
Table 3. ANOVA depth-wise analysis for SOC in control sites.
Parameter Sum of squares df Mean square F P (same)
Between groups 0.16765 2 0.083825 2.676 0.07851
Within groups 1.59768 51 0.031327 - -
Total 1.76533 53 - - -
Table 4. ANOVA depth-wise analysis for SOC in disturbed sites.
Parameter Sum of squares df Mean square F P (same)
Between groups 1.75957 0.879784 12.39 0.00004
Within groups 3.6217 51 0.071014 - -
Total 5.38127 53 - - -

among different depths differed significantly in disturbed
sites (Table 4) when compared with control sites (Table
3). This might be suggesting that in disturbed sites, there
is less input in the upper depth (0-15cm), thus lower SOC
is moving down. The present findings are in agreement
with Dinakaran and Krishnayya (2008).

Disturbed sites hold a lower amount of SOC when
compared with control sites. There may be several
possible explanations. First, the altered tree species
composition in disturbed sites as a result of disturbance
might have altered the quality of litter input. Moreover, the
different tree species may increase the quality of litter
production and increase rate of decomposition
processes, which adds carbon to the soil. Review studies

on litter decomposition  (Hattenschwiler,  2005;
Hattenschwiler et al.,, 2005), have revealed that
decomposition rate of litter from species-rich plant

communities are higher than the rate of decomposition of
a single species litter. Furthermore, the presence of plant
communities with high species richness usually supports
and enhances abundance of primary herbivores and
numerous microbial activities associated with them. This
in turn, will act on litter and hasten decomposition rates
adding SOC to the soil. This was also reported by several
authors (Fornara and Tilman, 2008; De Deyn et al., 2011;
Lange et al., 2015). The second reason for lower SOC in
disturbed sites might be associated with the number of
stems; disturbed sites had few stems when compared
with control sites. This situation leaves the soil bare and

prone to mineralization, erosion and decomposition. This
may lead to carbon losses (De Beenhouwer et al., 2016).
Several studies concur with the present study (Omoro et
al., 2013; De Beenhouwer et al., 2016).

Contrary to the present study, Kessler et al. (2012)
reported no variation in soil organic carbon stock when
comparing an agroforestry and natural forest system.
These results might have been attributed by the fact that
agroforestry systems do not involve total removal of trees
and for this reason the soils are neither left bare nor
exposed to severe erosion. The remaining trees prevent
soil erosion and mineralization processes and enhance
retention of SOC (Sepulveda and Carrillo, 2015). Also,
Dawoe et al. (2013) reported high soil organic carbon in
areas with increased management intensification, which
involved slashing and burning.

Carabid beetle species diversity, abundance and
species richness was high in control sites and lower in
disturbed sites. The difference in the diversity of ground
beetles between disturbed and control sites is an
indication that on-going human activities affect ground
beetles’ diversity in USFR. Disturbance might have
created habitats suitable for only a few generalist
species, because it contained few and less tree stands
when compared with control sites (pers. observ.), which
could create a more homogeneous microclimate and alter
soil moisture content by increasing temperature and
lowering the moisture content of the soil; this condition
might have had an effect on carabid beetles species
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richness and diversity as suggested by Ings and Hartley
(1999). Also, increase in soil temperature and low
moisture content have negative effects on SOC (Chen et
al., 2018). On the other hand, increase in tree species in
control sites may influence creation of diverse habitats
and food resources, because increase in vegetation
diversity supports an increase in primary productivity
(Hooper et al., 2005); this would support herbivore
arthropods, and as a consequence the biomass of
consumers will increase (Borer et al, 2012). This
situation may affect the diversity of ground beetles
positively. This observation was also supported by
several prior studies for insects (Winter and Moller, 2008;
Axmacher et al., 2009; Schuldt et al., 2010).

High carabid species diversity in control sites is
supported by the “Enemies hypothesis” (Root, 1973),
which postulates that plant communities with diverse tree
species will support more predators than simple plant
communities with few species; thus, high plant diversity
increases the ability of predator to catch prey (Russell,
1989). The present findings are also in agreement with
Andow (1991). Likewise, high species diversity in sites
with high plant species diversity is in agreement with
species-energy ecological theory by Wright (1983).
Moreover, the control sites had an undisturbed layer of
leaf litter, which would provide habitat for cryptic carabid
beetles. The situation may support diverse species to co-
occur when compared with disturbed sites where habitats
are unsuitable and too few food resources are available
to support diverse species.

Contrary to the present study, other investigators (De
Beenhouwer et al., 2016; Latty et al., 2006) report no
variation in carabid beetle abundances in forests with
different management types. In the current study,
abundance of carabid beetles and SOC for control sites
showed highly positive significant correlation with high
values of coefficient of determination. In disturbed sites,
the correlation was positive but not significant and
coefficient of determination was low. These results
suggest that, in absence of human disturbance, SOC is a
better predictor of the abundance of ground beetles
compared to a disturbed one. It is likely that disturbance
is altering SOC, and this changes other conditions, such
as soil temperature and moisture content, which directly
affect carabid beetles. A recent study by Chen et al.
(2018) reported that SOC is negatively correlated with
high temperature and low moisture.

Species richness showed a positive correlation with
SOC, but not significant for control sites; while disturbed
sites showed only a marginal negative correlation,
however not significant. It seems that disturbance may be
affecting SOC and other factors that are important for
different species of ground beetles. Several other factors
are important for existence of ground beetles, factors
such as specific microclimate condition, food resources
that are crucial; and these factors may have been
changed as a result of disturbance and changes in

carbon. The findings suggest that in disturbed sites, apart
from carbon, there might be other environmental
parameters that are affected in a similar way to carbon,
and likely have influenced the relationship between SOC
and carabid beetles.

Similar to the present study, Kessler et al. (2012)
reported a positive correlation between carbon and
carabids species richness, when only forest species and
total (below and above ground) carbon in natural forest
was considered; and a negative correlation in
agroforestry systems. Other studies examining other taxa
are in agreement with the present study; however they
used non-soil carbon (Basham et al, 2016) for
amphibians, and Gilroy et al. (2014) for dung beetles and
birds, and at a global scale (Strassburg et al., 2010) for
selected vertebrates. Conversely to the present study, De
Beenhouwer et al. (2016) reported no relationship
between total carbon and carabid beetles.

CONCLUSION AND RECOMMENDATION

Overall, the present study showed that ongoing human
activities in the USNR affect both biodiversity (carabid
beetles) and ecosystem serviced (soil organic carbon).
These activities should not be overlooked when updating
management plans. Therefore in USFR, forest
degradation should be kept minimal or halted completely.
The positive correlation noted in control sites provides
information that maintaining a natural forest can embrace
biodiversity and climate mitigation, thus initiatives such as
REDD+ activities may serve both biodiversity and climate
mitigation. Further research should also include carbon
pools such as leaf litter and dead wood in relation to
carabid beetles.
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