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ARTICLE INFO ABSTRACT
icle history: Peat land conversion intgoil palm plantations have an impact on changes in physical,
ﬁh-m! 12 November 2014 chemical and biologicalﬁpem. Ant community is one of the soil biotic components
eceived in revised form 31 December affected on changes in physical and chemical properties of soils. This study aims to
2014 analyze the community of ants on peat lands with palm stands from a young age to old
Accepted 22 January 2015 age (oil palm stands of 2. 10, 15, 19 and 23 years). In this study, the stand ages of oil
Available online 25 February 2015 palms also represent the reclamation ages of peatland. The study showed peat lands
with stands of oil palms from a young age to old age have different physical and
Key words: chemical properties of soil. Ant communities in the five study sites varied in terms of
Formicidae, peatlands, oi  paim species richness, density, diversity and similarity index. Species diversity (the number
plantation of ant species) on peat land with oil palm stands of a young age (2 years) and old age

(19 and 23 years) was higher than in the location of palm stands with age of 10 and 15
years that were periodically flooded. Ant density on land with palm stands of a young
age (2 years) was higher significantly different compared with other stand locations
(10,15, 19 and 23 }-mm)yt abundance was positively correlated with the thickness of
the peat and the levels of N, P, K, Ca and Mg of peat soil. Ant species of Solenopsis sp
was the dominant invasive species population in almost all of oil palm stand lands.
Diversity index of ant community tended to be higher in land with old palm stands and
was an indication that the equilibrium level of the ant community structure in the this
location is higher than in the palm land with young age. The similarity level of ant
species on lands with palm stands of 2, 19 and 23 years old was higher (similarity index
from 81.5 to 87%) than in the location of the other palm stands. The results of this study
indicate that factors of oil palm stand age. significantly affect population density of
ants. The highest density of ants was in younger stands of oil palms and was
significantly different from other locations. Species dchness (number of species) of ants
between in the younger oil palm stands and in the older ages was relatively the same.
except for the locations of oil palms which were the stagnant water periodically
(locations of oil palm stands with ages of 10 and 15 years) having low species richness.
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INTRODUCTION
5

Oil palms are one featured commodity in Indonesia widely developed in peelllemds.!onversion of peatlands
to oil palm plantations, involves a lot of physical activities such as land clearing and drainage canals. This
resulted in a change of physical and chemical properties of peatlands [7, 22]. Peatlands converted to agricultural
land will encounter development in line with the age of land use[18]. Peatlands with different age of land
reclamation have diverse soil physical and chemical properties. Result study of Supriyo and Maftuah [24] in
Banana Island of Central Borneo showed that natural peatlands have the peat type in fibric maturity level, while
peatlands with the reclamation age of 5 years, 10 years and 15 years have peat maturity level in sapric type.
Silvan et al. [23] also stated that the increase in the age of peat land reclamation affects on soil fauna life,
especially mesofauna. In general, the density of the soil mesofauna (Enchytraidae, Collembola and Acarina) on
peat land increased together with escalating the land age after drained land for forestry in Ireland.
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Ants (Hymenoptera: Formicidae) is one important component of soil biota in terrestrial ecosystems. Ants
also known as one of the soil macrofauna components participating as a builder of soil ecosystems (ecosystem
engineer), because they can affect the characteristic of physical, chemical and biological soil [11, 16]. Effect on
soil physical properties can be attributed to the activity of ants in the manufacture of the corridor and néefl on the
ground, which can affect the porosity and size of the soil particles [8]. Ants also can affect the chemical
properties of the soil, such as changes in soil pH to be neutral and increase the nutrient content of the soil,
especially nitrogen and phosphorus. In addition, the ants also stimulate the biological processes in the soil as
soil microbial activity, through the accumulation of food in the nest. Each species of ants have varying influence
depending on the type and condition of their habitat [9]. Ants also act as important natural predators in the
regulation of pest populations. The presence of ants keeps stabilization of ecosystem in physically, chemically
and biologically [10, 15]

Study on ant community in peat lands planted with oil palms is still limited. Previous studies conducted by
Yulminarti et al. [26] focused on the ant population ratio in natural forests and oil palm plantations, but she had
not yet discussed how changes in ant communifiss in line with the development of peat land with different palm
stand age. While Bruhl and Eltz, [3] studied thess of forest ant species on oil palm plantations in Sabah,
Malaysia. Therefore, it is important to do study on communities of ants (Hymenoptera: Formicidae) in peat land
planted with oil palms of different age strata.

This study provides an overview of ant communities on peat land planted with oil palms from a young age
to old age.The results of the present study are expected to be useful in the development of ant potential as bio-
indicators of the peatland quality based on land use especially for oil palm plantations. This study is also
beneficial to the development of ant potential as a natural predators in oil palm plantations in supporting the
sustainable farming systems in peatlands.

MATERIALS AND METHODS

Study was conducted on peatlands in oil palm plantations, Seluma Regency of Bengkulu Province
(Southern Sumatra, Indonesia). Peatlands used as a study site consists of five age strata of oil palm stands, that
is the age of 2 years (T2), 10 years (T10), 15 years (T15), 19 years (T19) and 23 years (T23). In this study, the
stand ages of oil palms also represent the reclamation ages of peatland. The location of palm stands with ages of
2 and 10 years in the District of East Seluma and Tlir Talo, which lies in the geographical position of 4°8'56.1"-
4°9'13.1" LS and 102°34'24 2"-102°34'53.1" BT, while three other locations in the District of Air Periukan in the
geographic position of 490'51"-4°3'21.2" LS and 102°25'42.3"-102°26'48 3" BT. Based on the records of GPS,
the coordinate points of the study sites consisting of T2, T10, T15, T19 and T23 can be seen on a map of the
study locations (Figure 1)
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Fig. 1:Location of Sampling (T2, T10, T15,T19 and T23) in Seluma Regency, Bengkulu Province.
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Fig. 2: Fluctuation of groundwater Table on Peatland Planted with Oil Palm Sumber: Darmi et al. [5]

Water regulation in land of oil palm plantations is still dependent on natural conditions, so that the
groundwater table varies in each area / location of the study (Figure 2). In the picture, it appears, groundwater
tables of five study sites fluctuated from April to June 2013. The location T10 and T15 are periodically flooded
(in April and June 2013).

This study was aimed at macro-sized ants with criteria body size of > 2 mm [20, 21]. Samplings of ant soil
surface at each study location were done systematically comprising 3 columns and 4 lines located between the
lines of planted oil palm stands. Sampling was carried out for 3 months (April, May and June 2013) and at each
location consists of 36 samples (total 180 samples at all study sites). Ant samplings used the pitfall traps, a
representative method for sampling active macro 1 tebrates on soil surface, especially soil arthropods
including ants [12, 14]. Traps are plastic containers with a height of 12 cm and a diameter of 7 cm and are
equipped with a protective roof 15x15 c¢m size. Trapping was done for 3 days (3x24jam). Ant samples obtained
included in a plastic bag and then taken to the laboratory for sorting. Quantification and identification of ants
were performed in the laboratory of Biology, State University of Bengkulu and further identification in the
lab()r;a'y of Entomology in Division of Zoology, LIPI-Bogor, Indonesia. In this study, it was also measured
some physical and chemical properties of the soil, such as thegroundwater table, peat thickness, porosity,
volume weight (VW), temperature, water content, pH and levels of C, N, P, K, Ca and Mg in peat soil.

In this study, the data of ant communities obtained was analized which involves analysis of density [25],
diversity index [17], dominance index [17] and index of similarity [17]. To compare the value of density
between study sites, a single factor analysis of variance (ANOVA-one way) was usglwhile the similarity index
values was analysed by cluster analysis. Correlation analysis is used to analyze the relationship between the
abundance of ants with physical and chemical properties of soils. The formula used for the analysis of ant
communities are as follows:

individual number of certain species

Density =
total of samples 4
Diversity Index of Shannon-Wiener (H’) : H =-YPilnPi Pi =ni/N
. n
Index of dominance (C): c= ¥ (F €

H’ = Diversity index of Shannon-Wiener
Ni = Individual number of spesies to i
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N = Total of individual number

Similarity Index of Sorensen: Cs = 2j/(a+ b)
Cs Ebimilarity Index of Sorensen

J = number of species existing in two location

a = number of species in location a

b = number of species in location b

RESULTS AND DISCUSSION

Locations to study on the community of ants, were peat lands consisting qilfferent age strata of oil palm
stands with ages of 2, 10, 15, 19 and 23 years. Five@l y sites have different physical and chemical properties
of the soil, as listed in Table 1. The difference in physical properties of the soil can be seen from values of
groundwater table, the thickness of the peat, soil temperature, water content, volume weight (VW) and porosity.
The amount of groundwater table varied in five locations, as water regulation in oil palm plantations was still
dependent on natural conditions. The thickness of the peat on the location of the young age palm stands (2
years) is thicker (268.7 c¢m) than in the location of the old age palm stands (15.7 cm). Soil porosity also tends to
be higher at the age of land with palm stands younger than in older age. Volume weight (WV) of soil, also
seems likely to be low at site of the young age palm stands.

The differences in the physical properties of peat soil with the age level of different land uses, related to a
change in peat soils due to land reclamation for oil palm plantations. Peat land that has decades of reclaimed
will be more stable, because the rate of subsidence and decomposition rate decreased compared with the
reclamation of peat lands with a young age [18]

Peat land conversion into oil palm plantations, significantly decreased levels of soil organic [7], and
resulted in changes in the physical and chemical soil h y. Some chemical properties of the soil are also very
different between the study sites, such as pH, levels of C, N, P, K, Ca and Mg. The pH value of the soil at five
study sites ranges from 4.0-4.3 and is clelss&d as sour-reacting peat. Andriesse [2], stated that generally sour-
reacting peat has pH level of 3.0-45 and C, N, P, K, Ca and Mg content tended to decrease with increasing palm
stand age.

The study results on the five peat lands with oil palm stands of different ages obtained 15 macro sized
species of ants (> 2 mm) whose density varied in the five study sites (Table 2). At the location of 2 years old of
palm stands, it was obtained 13 species of ants, the location of 10 years = 9 species, location of 15 years = 4
species, location of 19 years = 11 species and the location of 23 years = 12 species. These results indicated that
the location of 2-years of palm stands has the highest ant species richness, followed by stands with age 19, 23,
10 years and the lowest number of ant species was on the location of stands with 15 years old.

Table I:stical and Chemical Properties of Peat Soil in the Stands with Different Ages
No Physical and chemical properties of  Age Strata of Oil Palm Stands

soil T2 T10 TI5 T19 T23
1 Groundwater table (cm) 20.7 376 273 744 406
2 Peat thickness (cm)* 2687 92.7 146.7 250 157
3 Soil Temperature ("C)* 30.5 294 30.6 314 284
4 Soil Humidity (%)* 82.2 82.9 734 382 54.1
5 Volume Weight (g/cm®) 0.3 0.3 05 04 05
[ Porosity (%) 79.3 71.3 61.3 767 717
7 pH* 43 43 4.1 40 43
8 C-organic (%) 46.22 40.11 48.8 325 8.68
9 N-total (%) 1.32 077 083 0.59 041
10 F:0s (ppm) 39.35 29.2 28.91 2922 27356
11 K 062 038 037 0.36 0.17
12 Ca 9.68 533 148 06 1.51
13 Mg 375 292 162 1.54 285

#) Source : Darmi er al. [5]

Based on groundwater table measurements, locations with palm stands of 10 and 15 years old are
periodically flooded, so ant species an able to adapt with this habitat conditions were highly limited. El-Gayar
[6] stated that factor of excessive irrigation in rice paddy fields have an impact on reducing the diversity of soil
macro fauna. Thus the location of 15 years, in addition to periodic inundation, the average groundwater table
was also lower than the location of 10 years, so it was very little number of ant species that can live in a location
of 15 years old.

Comparing these results with the study results of Yulminarti et al. [26], the number of ant speci@l this
study is lower. Yulminarti et al. [26] study on the nunar and species of ants in natural peat soil and o1l palm
plantations in Riau showed that there were a decline in the number of individuals and the number of ant s
due to natural peat land conversion to oil palm plantation (palm stand age of one year old). In her studies, the
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number of ant species found in palm stands of one year old was 24 species. When compared to the results of
both studies, it appeared that the number of ant species in peat land with palm stands of 2 years in this study was
lower than the number of ant species in stands of 1 year old in Riau. The occurrence of these differences was
caused by several factors, such as, a different stand age factor, factor of ant size criteria studied and differences
in location / habitat studied. Palm stands with age of one year old and two years old would not be the same
physical-chemical properties of the soil, because at the beginning of the opening of peat lands for palm
plantation land, subsidence rate is very fast compared with the decades. Factors of ant size criteria in this study
are the ant macro (> 2 mm), while that in Riau, there was no size restrictions of ant size. In addition, differences
in location or habitat may also cause, the ant responses were not the same so the variet ant species was
different. Results alsBruhl and Eltz study [3] in Sabah, Malaysia, also showed that a decline 1n the number of ant
species was due to conversion of forest to oil palm plantations.

Table 2: Density of Soil Surface Ants in Peatlands Planted with Oil Palm Stands of Different Age Strata.

Density (individu/38.5 cm’)

No TAXON T2 T10 T15 T19 T23 TOTAL
1 Camponotus spl 0.08 0.03 - - 0.03 0.14
2 Camponotus sp2 0.03 -- - -- -- 003
3 Odontonachus sp 0.78 0.14 1.22 0.08 0.83 306
4 Odontoponera sp 0.06 0.06 -- 0.78 0.53 142
5 Oecophylla smaragdina -- -- -- -- 0.06 0.06
6 Iridomymiex sp 0.1 - - 0.17 0.25 053
7 Pheidole spl 028 0.03 - 0.14 0.19 0.64
8 Pheidole sp2 0.56 0,08 - 0.28 - 092
9 Leptogenys sp 0.03 -- -- 0.17 0.19 0.39
10 Polyrachis sp 0.03 -- -- 0.11 0.03 0.17
11 Anochetus sp -- 0.03 -- 0.03 0.03 008
12 Dolichoderus sp 031 -- -- -- -- 031
13 Solenopsis sp 2197 3.31 3.08 1.64 336 3336
14 Tetramorium sp 4.11 0.39 1.42 0.75 0.11 6.78
15 Anoplolepis sp 0.17 0.03 0.53 0.89 0.25 1.86

Total of density 28500 4.08" 6.25"" 5.03™ 586"

Number of species 13 9 4 11 12

##) significantly different  ns): not significantly different

The densities of ant population in five different locations of study were different as well. The highest ant
density was in stand site of 2 years old and was significantly different from the other four stand locations, while
ant densities at the four locations (10, 15, 19 and 23 years old) were not significantly different. The results of
this study indicated that peat containing oil palm age of 2 years have ant species density that was higher than in
other locations. Norowi [19] stated that the ant and arachnid populations would be abundant in the early
development of the peat after reclaimed farmland. The high density of ant population on land with younger oil

stands than on land with old age stands may cause the intensity of conventional land management such as
the use of fertilizers and pesticides was lower. Crosskfoller al. [4], stating that the intensive land management in
conventional farming systems can lead to a decr@ mn the abundance and diversity of soil fauna.

The results of correlation analysis between physical and chemical properties of the soil with an abundance
of ant population showed that there is a significant correlation be?n soil physical and chemical factors with
ant population. In Table 3, it can be seen that the ant population abundance was positively correlated with the
content of N, P, K, Ca, Mg and the thickness lhc peat soil, which means an increase in the population of ants
in line with the increase in peat soil nutrients (N, P, K, Ca, and Mg) and the thickness of the peat. In Table 2, the
highest ant density is in stand location of 2 years old.

Table 3: Comelation Coefficients of Ant Population withgysical and Chemical Properties of Peat Soil

No Physical and chemical properties of soil The correlation coefficient (r count, n =  rtable
60 a=0.05 a=0.01

1 Groundwater table -0.184 0250 0325
2 Peat thickness 0383+ 0.250 0325
3 Soil temperature 0.091 0250 0.325
4 Soil humidity 0.166 0250 0325
5 Volume weight -0.203 0250 0325
[ Porosity 0235 0250 0325
7 pH 0.168 0250 0325
8 C-organic 0.157 0250 0325
9 N-total 0.375%* 0250 0325
10 P:0s 0431+ 0250 0325
11 K 037 54 0250 0325
12 Ca 0370+ 0250 0325
13 Mg 0.307* 0.250 0325

*) and **) significant at level of 5 and 1%, respectively. Values that do not have any symbol are non significant.
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The palm stand location of 2 years old has peat layer that is still thick with sapric maturity level and its
nutrient content is higher than at other locations. This indicates that the ants prefer open habitats and the
availability of sufficient organic material (such as thickness of peat layer) and the presence of ants contribute to

improvement of soil nutrients. Frouz and Jilkova [9] stated that the presence of ants could affect the
chemical properties of the soil, such as changes in soil pH to neutral and increase the nutrient content of the soil,
especially nitrogen and phosphorus. In addition, the ants also stimulate biological processes in the soil as soil
microbial activity, through the accumulation of food in the nest.

Overall, the composition of the soil surface ants, at five study locations indicated species Solenopsis sp have
the highest density (33.36 individuals / 38.5 cm 2), followed by Tetramorium sp (6.78 individuals / 38.5 cm2),
Odontomachus sp (3:06 individuals /38.5 ¢cm 2), Anoplolepis sp (1.86 individuals / 38.5 ¢cm2), Odontoponera sp
(1:42 individuals / 38.5 ¢m2), and the rest is ant species that have low density (<1 individuals / 38.5 cm2). Ant
genus Solenopsis (fire ant) is a comprehensive invasive species that have widely distributed in disturbed habitats
[13]. Study on agricultural lands (paddy, corn, red onion) showed that the abundance of fire ants is also more
dominant than other ant species [1]. An ant Solenopsis genuses belonging to the subfamily Myrmicinae are often
found in a variety of terrestrial habitats. This ant species is the greatest number in group and diversity among
other ant subfamily [15]. Thus the high population of Solenopsis on the location of this study is in association
with their high adaptability and strong competitiveness as an invasive species, so that their population is higher
than other ant species.

The ant diversity index of Shannon Wiener in the five study sites varied. The highest ant diversity index (H
'=1.91) is on location of palm stands at age of 19 years old, followed by location of the palm stands at age of 23
years old (H'= 1:50); 15 years old (H '= 1.21), 2 years old (H '= 0.85) and the lowest on the location of the oil
stand age of 10 years old (H' = 0.78). Index value of ant diversity at five study location appears likely to
increase with increasing palm stand age. This condition indicates that on peat land planted with older oil palm
stands, the balance of ant community structure more increases. This relate to the development of peat soils from
young to old age and changes of peat maturity l, where the older the age of peat use, the more stable the soil
conditions is so the overall it will be an impact on the physical and chemical properties of soils.

Table 4: Diversity and dominance index of soil surface ants on Peat Iaudgfmted with oil Palm Stands of Different age strata.
Age Strata of Palm Stands

Index of Diversity(H') Index of Dominance (C)
2 years old (T2) 0.85 0.62
10 years old (T10) 078 0.67
15 years old (T15) 121 0.34
19 years old (T19) 191 0.19
23 years old (T23) 150 0.36

7

Diversity index is based on the ratio ()f!c number of species and the number of individuals [17]. The high
ant diversity index on peat land with old age palm stands is due to evenness of a higher number of individuals in
the community structure, whereas on land with younger palm stands, it appears that any particular ant species is
dominant (Table 3). In this study, on land with young stands, ants Solenopsis are more dominant in community
structure. Analysis of dominance index in Table 3 appears that the location with the palm stands of a young age
has higher ant dominance index (index of dominance at the age of 2 and 10 years were 0.62 and 0.67) than in
the palm stands of old age as the age of 15, 19 and 23 years with 0:19 to 0:36 of dominance index.

15
Years
10
Years
2
Years
23
Years

19
Years

53 63 81.5 87 100
Index of similarity (%) .
1
Fig. 3: Dendrogram of Group Analysis based on Similarity Index of soil surface ant Community on Peatland
Planted with Oil Palm Stands of Different Age Strata
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Similarity level of ant communities in five study sites was analyzed by Sorensen similarity index. In Figure
3, it appears that the stand location of 19 and 23 years old have a high degree of similarity of ant species (87%
of similarity index) and those both location also have a relatively high index of similarity with the location of 2
years old (similarity index = 81.5%). Thus, the locations with 2, 19 and 23 years old have the higher similarity
index than at locations 10 and 15 years old. The high degree of similarity in three stands locations (2, 19 and 23
years old) was associated with ant species richness at the three location that not varied consisting of 11-13
species of ants (Table 2). the palm stand location of ages 10 and 15 years old have low number of ant species
and the low level of ant species similarity were also lower than on palm stand location of 2, 19 and 23 years old,
that is 53-63%.

Conclusion:

Peat lands with oil palm stands from a young age to old age have different soil physical and chemical
properties. Ant communities in five study sites varied in terms of species richness, density, diversity and
similarity index. Species richness (the numbers of ant species) in palm stands with young age (2 years) and old
age (19 and 23 years) were higher than in palm stands location with age of 10 and 15 years old that were
periodically flooded. Ant density in stands site of young age palm (2 years) was significantly higher than ant
density in other locations (10, 15, 19%Ad 23 years old). Ant population abundance was positively correlated
with thickness of peat layer and levels of N, P, K, Ca and Mg content in peat soil. Species of ants Solenopsis sp
are the dominant invasive species population at almost all locations of palm stand with different age. Diversity
index of ant community tended to be higher in peat land with older age palm stands and be an indication that the
equilibrium level of the ant community structure was higher than on peat land with young age palm stands. The
similarity level of ant species in peat lands with the palm stands of age 2, 19 and 23 years old was higher
(similarity index 81.5-87%) than the other palm stand locations. The results of this study indicate that factors of
oil palm stand age, significantly affect population density of ants. The highest density of ants was in younger
stands of oil palms and was significantly different from other locations. Species richness (number of species) of
ants between in the younger oil palm stands and in the older ages was relatively the same, except for the
locations of oil palms which were the stagnant water periodically (locations of oil palm stands with ages of 10
and 15 years) having low species richness.
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