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Abstract. Oktafitria D, Febriyantiningrum K, Jadid N, Nurfitria N, Rahmadani F, Amrullah A, Hidayati D. 2019. Assessment of
reclamation success of former limestone quarries in Tuban, Indonesia, based on soil arthropod diversity and soil organic carbon
content. Biodiversitas 20: 1743-1747. The reclamation for sustainable ecosystem in mined land, including revegetation, is an obligatory
program stipulated by the Indonesian government. This study evaluated the ecological improvement of revegetated land at the
reclamation sub-areas (RSAs) of former limestone quarries in Tuban, East Java, Indonesia. The RSAs were coded as RSA 2010, RSA
2014, and RSA 2016 which represented the initial year of revegetation as well as the reclamation soil-material, namely the rejected soil-
products, topsoil, and spails, respectively. Soil insects were collected from ten sampling plots at each RSA using pitfall traps. The data
of arthropods were analyzed to describe the community structure by determining the Shannon Diversity Index (H’), Simpson’s index
(D), Sorensen's similarity and Shannon evenness index (E). The soil organic carbon (SOC) content from the soil composites was
analyzed according to the Walkley and Black method. The results showed that SOC value at RSA 2010 (1.851+0.38%) was higher than
that at SRA 2014 (1.694+0.29%) and SRA 2016 (0.947+0.10%). There were 18 families found from eight orders of soil insects
(Coleoptera, Diplura, Diptera, Entognatha, Hemiptera, Hymenoptera, Neuroptera, and Orthoptera) and one order from terrestrial
crustacea i.e., Isopoda, family Tylidae. The ecological indices of RSA 2014 (H’=1.15; D=0.47;, E=0.61) and RSA 2016 (H’=1,19;
D=0.47; E=0.57) were higher than those of RSA 2010 (H’=0,61; D=0.71; E=0.43). The Pearson analysis indicated moderate negative
correlation (r=0.55) between soil arthropod diversity index and SOC. The diversity of soil arthropods at reclaimed area indicated that the
reclamation was successful. Based on the study, we recommend that reclamation is done using mine spoil or topsoil rather than rejected
soil products.
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INTRODUCTION

Tuban is an Indonesian district which has high potential
of karst; hence, limestone mining has been done to serve
the Indonesian cement industries. The open mining of
limestone degrades the land surfaces including the loss of
vegetation, changes in the soil structure and density, and
causes erosion, and water pollution (Rai et al. 2014;
Suthirat 2017). The land reclamation and revegetation in
several former limestone quarries in Tuban district have
been conducted. There are three types of reclamation sub-
areas (RSAs), namely RSA 2010, RSA 2014, and RSA
2016, the names referring to the initial year of reclamation
and revegetation as well as the reclamation soil materials.
The RSA 2010 mainly consisted of rejected soil-products
(the rest of mining soil after limestone extraction for
cement production), while the RSA 2014 and RSA 2016
consisted of topsoil and mine spoil, respectively. The
current evaluation of reclaimed and revegetated lands in
Tuban’s post-mining areas is still focusing on the growth of

vegetation. Meanwhile, there is little information regarding
the soil fauna and abiotic factors which have important role
in sustainable land reclamation. Land preparation is the
first step in reclamation which involves succession, namely
changes of ecological community over time due to the
changes of biotic and abiotic factors. Succession is
generally influenced by local plants and animals, including
arthropods that represent about 85% of the soil fauna
(Culliney 2013). The soil arthropods such as beetles,
spiders, grasshoppers, and ants can explain the status of
land reclamation because of their sensitivity to
environmental changes (Buchori et al. 2018). The soil
insects have an important role in the process of
decomposing organic matter in the soil which increases the
soil productivity. Furthermore, the activities of soil insects
in the soil improve aeration, water infiltration, and soil
aggregation. The abundance and diversity of soil insects
are strongly influenced by the macro and microelements in
the soil (Liu et al. 2006; Njira and Nabwami 2013). This
study was aimed to evaluate the reclamation and
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revegetation of limestone quarries in Tuban based on
diversity of soil arthropods and soil organic carbon (SOC).

MATERIALS AND METHODS

This research was conducted in the reclamation areas of
a former limestone mine in Tuban district, East Java
Province, Indonesia (Figure 1a) which have been reclaimed
and revegetated with Tectona grandis and Leucaena
leucocephala. Soil and soil arthropods were collected from
three sampling sites, namely RSA 2010, RSA 2014 and
RSA 2016 which have been previously described. There
were ten plots at each RSA (Figure 1b)

The sampling of soil arthropods was carried out using
the pitfall trap method modified by Majer et al. (2007). One
hundred-meter transects were made in the representative
areas in SRA 2010, SRA 2014 and SRA 2016. Plastic cups,
10 cm in diameter and 13 in height (size 24 0z), were
inserted into the soil until the mouths of the plastic cups
were parallel to the soil surface. The distance from one cup
to another was 10 meters. One-third of plastic cups were
filled with soapy water and left open for six days, allowing
time for soil arthropods to be trapped into plastic cups. The
trapped arthropods were collected and placed in bottles of
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70% alcohol, then identified to the family level at
laboratory using the reference key of Borror et al. (1996).

Referring to Patil method (2002), 200 grams of
composite soil samples were collected from 10 sampling
plots. The soil organic carbon (SOC) test was done using
the Walkley and Black method based on the amount of
organic material that is easily oxidized. The principle of
this method is to use easily oxidized organic matter in the
soil to reduce excess Cr,07?*. The soil samples were added
with H2SO4 and K,Cr,Oy, then the remaining Cr,0;%* was
measured by titration using FeSO4. Furthermore, it was
calculated using a formula (Angelova 2014):

LNgacro07 * Wezcrzo7 ) — (Wresos  Veesoa J 2 0.03 x 1.30
Absolute Dry Weight in 105° C

% C — Organic = x 100%

Soil arthropod community’s attributes were described
using indices, to the family level, namely Shannon
diversity index (H"), Simpson dominance index (D),
Sgrensen community similarity index (IS) and evenness
index (E) (Magurran 2004). Statistically, the correlation
between soil arthropod diversity and SOC was determined
using Pearson correlation analysis.
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Figure 1. A. Sampling sites in reclamation and revegetation areas of limestone post-mining in Tuban district, East Java, Indonesia that
consist of three Reclamation Sub-Areas, i.e.: RSA 2010, RSA 2014, RSA 2016; B. Pitfall traps placed along 100 m transect at each RSA
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RESULTS AND DISCUSSION

Soil organic carbon

The SOC is reduced at drylands due to evaporation and
it increases with the increasing soil water moisture (Huang
et al. 2015). However, Mureva et al. (2018) found that
value of SOC in semi-arid regions was higher than that in
humid regions due to the presence of woody plants. The
result in current study was likely similar with Mureva’s
founding since the sampling site of RSA 2010 which was
reclaimed with drier soil, i.e., the rejected products of soil,
had higher SOC value (1.851+0.38%) than SRA 2014
(1.69440.29%) and SRA 2016 (0.947+0.10%). This
phenomenon is also possibly related to the age of
reclamation: higher SOC was found in the older
reclamation area. The high SOC in the RSA 2010 could be
due to the large piles of organic materials from litter every
year, mainly in rainy season (Regina and | Santa 2001;
Averti et al. 2018). Generally, based on the quality
standards of soil quality stipulated by the Ministry of
Agriculture's Soil Research Center (1983), SOC in the
three sampling sites of RSA was categorized as very low to
low (<1.0-2.0%).

Soil arthropods

In overall sampling sites 18 families were found from
eight soil orders of insects (Coleoptera, Diplura, Diptera,
Entognatha, Hemiptera, Hymenoptera, Neuroptera and
Orthoptera) and one terrestrial crustacea family, i.e.,
Tylidae, of the order Isopoda (Table 1). Three families
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were observed at all sampling sites i.e: Formicidae (+
69.5%), Isopoda (+ 10%) and Entognatha (= 2.4%). The
abundance of Formicidae at all RSAs indicated that the
environmental conditions of RSAs met the optimal abiotic
factors for that soil arthropods. The observed temperatures
ranged from 28°C to 30°C and pH ranged from 5.5 to 7,
optimum to support the activity of Formicidae (Yuniar and
Haneda 2015) The optimum temperature for Formicidae in
tropical climate is 25-32°C (Buchori's 2018). Ants
(Formicidae) are the most dominant arthropod since they
succeed in exploiting food resources efficiently and they do
cooperative foraging (Traniello 1989).

Reclamation Sub Area

Figure 2. Soil organic carbon (SOC) in the RSA 2010, RSA 2014
and RSA 2016

Table 1. Individual number of soil arthropods at reclaimed and revegetated sub areas in former limestone quarries in Tuban district, East

Java, Indonesia

Soil arthropods

Individual number of soil arthropod at RSA (triplicates sampling)

ord Famil RSA 2010 RSA 2014 RSA 2016
raer amily ny n; n3 nl n2 n3 nl n2 n3
Coleoptera Coccinelidae 300 109 288 0 0 0 18 29 44
Silphidae 222 144 214 48 33 11 36 48 75
Scarabaeidae 24 14 22 402 85 40 12 14 10
Staphylinidae 114 78 112 96 17 14 126 170 129
Carabidae 0 0 0 282 58 22 0 0 0
Diplura Campodeidae 0 0 0 0 0 0 96 165 99
Diptera Sciaridae 72 28 66 0 0 0 0 0 0
Simuliidae 150 108 142 12 0 10 102 169 98
Entognatha Entomobryidae 96 56 92 264 91 172 228 220 275
Hemiptera Nabidae 138 116 126 54 10 35 0 0 0
Fulgoroidea 48 26 46 24 15 22 222 293 251
Cicadellidae 180 194 178 0 0 0 48 93 87
Cercopidae 0 0 0 150 53 43 264 171 258
Hymenoptera ~ Formicidae 5364 6950 6460 2154 2736 2169 4836 6885 4027
Evaniidae 42 42 38 222 101 123 90 99 96
Myrmicidae 24 26 22 72 3 10 288 467 289
Isopoda Tylidae 90 53 88 1554 402 417 1212 1045 1226
Neuroptera Myrmeleontidae 0 0 0 102 45 59 0 0 0
Orthoptera Gryllidae 40 14 21 90 14 36 75 98 76

Notes: RSA: Reclamation Sub Area; n: replication



1746

1.50 115 1.19
= 0,61 )
Z - 100 % 7
% E 0.50 + 7 / /
; é 0,00 - ; % . %%
TE RSA 2010 RSA 2014 RSA 2016

Reclamation Sub Area (RSA)
A

. 080 0,43 0,61 0,57
2 060 2 .,
z e @ 040 y / /
o @ @ B
é 4 RSA "OIORSA 2014 R‘SA 2016

Reclamation Sub Area (RSA)

C

Sorensen's
similarity
=
h
.
—

BIODIVERSITAS 20 (6): 1743-1747, June 2019

_ 1,00 0.71
80,80 -

; = 0.47
é 0 60 y 0.—]— /
£ 040 / %/ //
ol
;_? 0,00 + . . |
= RSA 2010 RSA2014 RSA2016

Reclamation Sub Area (RSA)
B
L5

\\\\*H

R

s

A2010 RSA2014 RSAZ2016
Reclamation Sub Area

D

Figure 3. The ecological indices of soil arthropods: A. Shannon diversity Index (H”), B. Simpson index (D); C. Shannon evenness index

(E"), D. Serensen similarity of community
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Figure 6. The Pearson Correlation between Soil Organic Carbon
(SOC) and Soil Arthropod Diversity Index (H”)

As previously describes, the higher SOC in SRA 2010
reclaimed using rejected soil indicates that soil in this
location is semi-arid. The semi-arid condition at SRA 2010
may slow the decay process of litter from the surrounding
vegetation. Moreover, the semi-arid soil may limit the soil
fauna that needs moist condition such as Terrestrial
Crustacea, Isopod, Tylidae. The example of Tylidae,
Titanethes albus is found in moist limestone due to its
weak exoskeleton (Vittori et al. 2012). Table 1 shows that
Tylidae population at SRA 2010 was significantly lower
than that in SRA 2014 and SRA 2016. All sampling sites of
RSA had similar species composition, so the similarity
index was 1 for every pair of sites compared (Figure 3d).

Meanwhile, the ants (Formicidae) are known as insect
that are still abundant in arid ecosystems (MacKay 1991),
hence their dominance will lower the family diversity index
(Amarullah et al. 2017; Floder and Hillebrand 2012).
Therefore, according to Figures 3.A-C, SRA 2010 had the
lowest diversity index (H= 0.61) as well as lowest of
evenness index (E=0.43), but the highest dominance index
(0.71) due to the abundance of Formicidae (Table 1). This
result was different from Buchori's (2018) statement that
the diversity of soil insects tends to increase with
increasing age of reclamation. In our current study, the
difference in diversity may be affected more by the quality
of reclamation soil media rather than the age of
reclamation. The Pearson correlation analysis showed
moderately negative correlation (r=0.55) between soil
arthropod diversity index and SOC.

The diversity of soil arthropods in all sampling RSA
reflected the succession followed by ecological quality
improvement in Tuban former limestone quarries. The
SOC value was negatively correlated with soil arthropod
diversity index (H’) and possibly affected by the age of
reclamation and reclamation media; hence further
investigation is proposed. Despite having lower SOC and
shorter reclamation time period, the reclamation of former
limestone quarries using mine spoil or topsoil showed
higher value of soil arthropod diversity index. We
concluded that mine spoil and topsoil are better than
rejected soil products. Therefore, these materials are more
recommended than rejected soil products.
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