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Clear cutting is the main source of timber production of plantation forest management in Indonesia, but this activity 
disrupts the lives of ground ants. It is rarely known how clear cutting affects the ground ant community in the 
Indonesian plantation forest.  The study aimed to analyze the impacts of clear cutting on the diversity of ground ants 
in the pine plantation forest of Sukabumi, West Java.  The study compared the community structure of ground ants 
before clear cutting and after clear cutting.  Ground ants were collected using a pitfall trap.  Trapping of ground ants 
was carried out six days before the clear cutting and six days after the clear cutting.  The ground ants were identified 
to the morphospecies level and classified into their functional role.  The results showed that clear cutting alters the 
community indices of ground ants.  Abundance, morphospecies composition, diversity index, richness index, and 
evenness index of ground ants after clear cutting was lower compared with those before clear cutting.  The clear-
felled area due to clear cutting provided favorable habitat for the generalist groups of ground ants, but negatively 
affected the predator and forager groups of ground ants. These findings can be used as an important factor in the 
development of environmenllyt-friendly forest harvesting systems in Indonesian plantation forests.
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Plantation forests are the main source of log production in 
Indonesia. The area of ​​plantation forests in Indonesia is 11.3 

3million ha, which produced 40.13 million m  of round wood 
in 2018 (AIFCH, 2019).   The plantation forests have also a 
strategic role in the Indonesian forestry sector.  In 2011, the 
contribution of the forestry sector to the national gross 
domestic Brutto of Indonesia reached 2.3% (CBS, 2013).  
Around 3.5% of log production from plantations forests are 
produced from plantation forests in the island of Java, which 
is managed by the state-owned forestry company (Perum 
Perhutani). Log production of Perum Perhutani was 636,092 

3m  in 2017 (MEF, 2019). Six types of forest harvesting 
systems are applied to the plantation forest management at 
Perum Perhutani, i.e. clear cutting, retention cutting, 
clearance cutting, maintenance cutting, unexpected cutting, 
and thinning. The most common type of forest harvesting 
system applied at Perum Perhutani is thinning and clear 
cutting (Perum Perhutani, 2006).  

Introduction

The plantation forests do not only produce timber but also 
produce non-timber forest products and provide 
environmental services (Brockerhoff et al., 2013; Warman, 
2014). Besides producing valuable timber, the clear cutting 

Previous studies showed that clear cutting caused varied 
impacts on vertebrates (Acuna & Estades, 2011; Eyre et al., 
2015), as well as forest invertebrates (Johansson et al., 2016; 
Jokela et al., 2019).  The clear cutting did not affect the 
community structure of some ants, but some other ants are 
significantly affected by the clear cutting (Khaliq et al., 
2014; Garcia-Tejero et al., 2018).   The distribution and 
composition of red ants change after the clear cutting of 
plantation forests (Żmihorski, 2010; Johansson & Gibb, 

caused changes in the forest environment (Paillet et al., 2010; 
Johansson et al., 2016). One of the environmental impacts 
due to clear cutting is an alteration in the structure of the 
forest floor (Česonienė et al., 2018), which disturbed the 
habitat of forest floor-dwelling species, including ground 
ants (Andersson et al., 2012; Tausan et al., 2017). The ground 
ants (Hymenoptera: Formicidae) have many critical roles in 
maintaining and functioning forest ecosystems (Tausan et 
al., 2017; Tiede et al., 2017), including maintaining soil 
fertility and nutrient cycling (Wibowo & Slamet, 2017; 
Widhiono et al., 2017; Lessard, 2019).  Ants are also widely 
used to understand the principles of ecology and 
conservation, as well as environmental monitoring programs 
(Ribas et al., 2012).
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Even though the ants have an important role in the forest 
ecosystem, but the ants do not become a priority concern in 
biodiversity research in Indonesia, especially in the 
management of plantation forests. Studies on the impact of 
clear cutting of plantation forests in Indonesia have been 
carried on soil compaction (Matangaran & Suwarna, 2012), 
quality of watershed and sedimentation (Supangat et al., 
2016), and logging residue (Budiaman et al., 2014; Andini et 
al., 2017). Therefore, this study analyzes the impact of clear-
cutting on the diversity of ground ants in the pine (Pinus 
merkusii Jungh et de Vriese) plantation forest, and the 
response of ground ants on habitat change due to clear 
cutting.

The study was conducted in a 9.4 ha of a clear cutting 
compartment of pine forest plantation in Forest Management 
Sub-unit of Cikawung, Forest Management Unit of 
Sukabumi ,  Wes t  J ava  (S6°57 '00"–S7°20 '00" ;  
E106°41’00"–E107°00’00"). The pine forest stand was 39 
years old. The topography of the study site varied from flat to 
steep and was at an altitude of 700 m asl. The study was 
carried out in April–September 2018. The forest harvesting 
system used produced short wood assortments.  The tree was 

2012).

Methods 

cut manually using chain saws. Logs' bucking was carried 
out at the cutting site using chain saws. Logs were manually 
skidded to the nearest transport road.

A cluster plot for Forest Health Monitoring (FHM) plot 
was used in this study. The cluster plot consists of four plot 
units.  Each plot unit consists of an annular plot, subplot, and 
micro plot.  Ground ants were sampled in the micro plot 
(Figure 1).  One cluster plot represents 1 ha of the observed 
study area. The sampling intensity used was 45% of the 
observed clear cutting area. Thus the total number of cluster 
plots was 4 plots.  The cluster plots were systematically 
placed in the clear cutting compartment with a distance 
between cluster plots of 200 m (Figure 2). Ground ants were 
collected using a pitfall trap. Five pitfall traps were installed 
in a diagonal pattern in the center of each micro plot (Haneda 
& Marfuah, 2013). Each cluster plot consisted of 20 pitfall 
traps. A pitfall trap was set as a sample unit. Thus the total 
sample unit for insect sampling was 80 units. The installation 
of the pitfall trap was carried six days before the clear cutting 
and six days after the clear cutting. Harvesting of trapped 
ground ants was done 48 hours after setting the pitfall trap. 
The ground ants were identified to the morphospecies level 
using the key of Bolton (1994) and Borror et al. (1996) and 
classified to their functional role using the classification of 
Andersen (2000), and Haneda & Yuniar (2020).   
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Figure 1  Cluster plot-design for ground ants sampling before clear cutting and after clear cutting.
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The ground ant community index, such as abundance, 
morphospecies composition, Shannon-Wiener diversity 
index (H), Margalef richness index (DMg), Jaccard 
similarity index (JI), and evenness index (E) were calculated 
and compared before and after clear cutting. Mann-Whitney 
test was used to analyze differences in abundance, 
morphospecies composition, diversity index, richness index, 
and evenness index of ground ant before and after clear 
cutting because all variables do not meet the assumptions of 
normal distribution.  

Results and Discussion

Measurement of environmental factors was carried out in the 
insect sampling point. Environmental factors measured were 
canopy cover, air temperature, and relative humidity. 
Measurement of air temperature and relative humidity was 
done using a digital thermohygrometer in the morning 
(08.00–9.00 pm), afternoon (12.00–13.00 am), and evening 
(15.00–16.00 am). Canopy cover measurements were carried 
out using a spiracle densiometer at the four wind directions 
(north, east, south, and west) from the center of the micro 
plot. 

The total number of ground ants before clear cutting was 
1,234 individuals,  representing 8 subfamilies and 26  
morphospecies. After clear cutting, the number of individual 
ground ants was 1011 individuals belonging to 4 subfamilies 
and 21 morphospecies. The highest abundant morphospecies 
before clear cutting was Pheidole sp. 2 (388 individuals).  

Clear cutting of pine plantation forest decreased the 
abundance of ground ants.  The average abundance of 
ground ants before clear cutting was significantly different 
from that of after clear cutting (p < 0.05). The average 
morphospecies composition of ground ants before clear 
cutting was greater than after clear cutting.   The 
morphospecies composition of ground ants before clear 
cutting was significantly different with that of after clear 
cutting (p < 0.05) (Table 2).  

The two other dominant morphospecies before cutting was  
Pheidole sp. 1 (209 individuals) and Myrmicaria sp. (162 
individuals).  The most abundant morphospecies before 
clear cutting (Pheidole sp. 2) was slightly decreased after 
clear cutting, but the second and third most abundance 
morphospecies before clear cutting, Pheidole sp. 1 and 
Myrmicaria sp., were slightly increased after clear cutting 
(Table 1).  Pheidole sp. 1 was the highest morphospecies 
(452 individuals) after clear cutting, followed by 
Myrmicaria sp. (188 individuals) and Pheidole sp. 2 (52 
individuals).  

The number of subfamily ground ants before cutting was 
higher than after clear cutting. The three biggest subfamilies 
found in the study site before and after clear cutting were 
Myrmicinae, Ponerinae, and Formicinae (Figure 3). Five 
o t h e r  s u b f a m i l i e s ,  s u c h  a s  D o l i c h o d e r i n a e ,  
Pseudomyrmicinae, Dorylinae, Proceratiinae, and 
Amblyoponinae, only had an abundance of less than 1%. 
Myrmicinae was the subfamily with the highest abundance 
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Figure 2 Layout of the cluster plot in the study area.
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Table 1  Abundance of ground ants before clear cutting and after clear cutting

Note: * = significant; ns = non-significant

Table 2  Community indices, environmental data (mean, standard error, and range), and Mann-Whitney test for the difference 
between treatment

Variable  Before clear 
cutting  

After clear 
cutting  

Mann-Whitney 
value; p-value  

Difference
 

Abundance (trap-1)  9.00
 

± 2.71;
 

0.00-200.00  

6.00  ± 3.21; 
0.00-236.00  

W  =  7143.5; 0.02  *  

Morphospecies 
composition (trap-1)

 

3.50
 

± 0.18;
 

0.00-7.00
 

2.00
 

± 0.17; 
0.00-6.00

 

W
 

=
 

7549.5; 0.00
 
*

 

Diversity index
 

0.95
 

± 0.06;
 0.00-1.95

 

0.63
 

± 0.06; 
0.00-1.67

 

W
 

=
 

7405.0; 0.00
 
*

 
Richness index

 
1.21

 
± 0.07;

 0.0-3.1

 

0.72

 
± 0.07;

 0.0-2.1

 

W

 
=

 
7427.5; 0.00

 
*

 
Evenness index

 

0.82

 

± 0.04;

 0.00-1.00

 

0.77

 

± 0.04; 
0.00-1.00

 

W

 

=

 

6836.0; 0.18

 

ns

 
Canopy cover (%)

 

49.46

 

± 2.18;

 
6.88-74.31

 

0.0 ± 0.0;

 
0.0-0.0

 

W

 

=

 

9027.5; 0.00

 

*

 
Air temperature

 

(°C)

 

24.40

 

± 0.42; 

 
20.10-31.70

 

25.7 ± 0.49; 
23.20-33.40

 

W

 

=

 

6218.5; 0.09

 

ns

 Humidity

 

(%)

 

80.30

 

± 0.90; 

 
63.00-93.00

 

64.00

 

± 0.86; 
51.70-75.00

 

W

 

=

 

7373.5; 0.00

 

*

 

 

No. Subfamily Morphospecies 
Before clear cutting After clear cutting  

(individual) % (individual) %  
1 Amblyoponinae Amblyopone sp.  1 0.08 0 0.00  
2 Dolichoderinae Tapinoma sp.  7 0.57 0 0.00  
3 Dorylinae Aenictus sp.  5 0.41 0 0.00  
4 Formicinae Nylanderia sp. 55 4.46 15 1.48  
5 Formicinae Polyrhachis sp.  2 0.16 0 0.00  
6

 
Formicinae

 
Prenolepis sp.

 
6
 

0.49
 

28
 

2.77
 

7
 

Myrmicinae
 

Aphaenogaster sp.
  

47
 

3.81
 

29
 

2.87
 

8
 

Myrmicinae
 

Crematogaster sp.
  

22
 

1.78
 

16
 

1.58
 9

 
Myrmicinae

 
Myrmicaria sp.

 
162

 
13.13

 
188

 
18.6

 10
 

Myrmicinae
 

Pheidole sp. 3
 

4
 

0.32
 

17
 

1.68
 11

 
Myrmicinae

 
Pheidole sp. 4

 
20
 

1.62
 

49
 

4.85
 12

 
Myrmicinae

 
Pheidole

 
sp. 1

 
209

 
16.94

 
452

 
44.71

 13
 

Myrmicinae
 

Pheidole sp. 2
 

388
 

31.44
 

52
 

5.14
 14

 
Myrmicinae

 
Strumigenys sp.

 
18
 

1.46
 

0
 

0.00
 15

 
Ponerinae

 
Anochetus sp.

  
21
 

1.70
 

29
 

2.87
 16

 
Ponerinae

 
Brachyponera sp.

  
13
 

1.05
 

18
 

1.78
 17

 
Ponerinae

 
Diacamma sp.

  
3

 
0.24

 
5

 
0.49

 18

 

Ponerinae

 

Ectomomyrmex sp.

  

31

 

2.51

 

40

 

3.96

 19

 

Ponerinae

 

Leptogenys sp. 1

 

19

 

1.54

 

4

 

0.40

 20

 

Ponerinae

 

Leptogenys sp. 3

 

10

 

0.81

 

13

 

1.29

 21

 

Ponerinae

 

Leptogenys sp. 4

 

36

 

2.92

 

0

 

0.00

 22

 

Ponerinae

 

Leptogenys sp. 5

 

12

 

0.97

 

8

 

0.79

 23

 

Ponerinae

 

Leptogenys sp.

 

6

 

60

 

4.86

 

14

 

1.38

 
24

 

Ponerinae

 

Odontoponera

 

sp.

 

75

 

6.08

 

24

 

2.37

 
25

 

Proceratiinae

 

Proceratium sp.

  

2

 

0.16

 

10

 

0.99

 
26

 

Pseudomyrmicinae

 

Tetraponera sp.

  

6

 

0.49

 

0

 

0.00

 Total

 

1,234

 

100

 

1,011

 

100
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The abundance, morphospecies composition, diversity 
index, richness index, and evenness index of ground ants 
after clear cutting was lower than before clear cutting. The 
study showed that the abundance, morphospecies 
composition, diversity index, and richness index before clear 
cutting are significantly different from that of after clear 
cutting. However, it was found that the average evenness 
index of the ground ants before clear cutting and after clear 
cutting was similar. The total abundance of ground ants was 
18% lower after clear cutting. The decrease in abundance, 
morphospecies composition, diversity index, richness index, 
and evenness index of ground ant after clear cutting was 
suspected due to reducing the availability of favorable 

(70.50% of the individuals before clear cutting; 79.43% after 
clear cutting), followed by Ponerinae (22.69% of the 
individuals before clear cutting; 15.33% after clear cutting), 
and Formicinae (5.11% of the individuals before clear 
cutting; 4.25% after clear cutting).  Four subfamilies were 
not found after clear cutting, i.e. Dolichoderinae, 
Pseudomyrmicinae, Dorylinae, and Amblyoponinae.

The  diversity index of ground ants before clear average
cutting was higher than after clear cutting. The average 
diversity index of ground ants before cutting was 0.90, 
whereas after clear cutting was 0.63. The results of the study 
indicated that the diversity index of ground ants before clear 
cutting and after clear cutting was different. The result of the 
study showed that the average richness index of ground ant 
before clear cutting was 1.15, while after clear cutting was 
0.79. The Mann-Whitney test showed that the average 
richness index of the ground ants before clear cutting was 
significantly different from that of after clear cutting. The 
average evenness index of the ground after clear cutting 
decreased by 15%. The average evenness index of ground 
ants before clear cutting did not differ with after clear cutting 
(Table 2). The average similarity index of ground ants before 
clear cutting and after clear-cutting was classified as low 
(56%). The highest similarity index was 80%, and the 
smallest was 50%. 

microhabitat for ground ants, especially for close habitats 
morphospecies.  The results of this study were consistent 
with previous studies. Woodcock et al. (2013) reported that 
ant abundance changes following logging.  The ant 
abundance in the logged forest was lower than in the 
unlogged forest. Besides, the highly disturbed forest 
(damaged ecosystem) had lower species diversity than the 
undisturbed forest (Andersen et al. 2002; Graham et al. 2004; 
King et al. 1998).  The study showed that the majority of 
ground ants (73% of total morphospecies) still survived after 
clear cutting and the remaining (27% of total 
morphospecies) were not found after clear cutting.  The 
results of this study were consistent with previous studies in 
temperate forests. Tausan et al. (2017) reported that many 
species of forest ants still survive after clear cutting. 
Meanwhile, the morphospecies composition, diversity 
index, and richness index of ground ants before clear cutting 
was significantly different from that of after clear cutting. 

There were four functional roles of ground ants in the 

The study showed that clear cutting did not provide 
vegetation cover and created an area that was directly 
exposed to sunlight.  There were not yet any land treatments 
(land preparation, slash burning) after clear cutting, except 
the collection of clear cutting residues (twigs, small 
branches) by local people.  Besides, clear cutting reduced 
coarse woody debris and rotten wood, which become the 
main food source for some morphospecies of ground ants. 
The difference in the morphospecies composition before and 
after clear cutting may be caused by a significant difference 
in the diversity index and richness index of ground ant 
species before and after clear cutting. The study also showed 
that although some forest ground ants can survive after clear 
cutting, the total abundance of ground ants after clear cutting 
was less than those before clear cutting. It indicated that the 
majority of ground ants may be affected by clear cutting.  
Stenbacka et al. (2010) reported that the composition of 
some insect taxa changes with the decreasing trees, 
deadwood, and forest canopy strata. 

Figure 3 Individual number of the subfamily of ground ants before clear cutting and after clear cutting.
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study site, which were found both before clear cutting and 
after clear cutting, i.e. generalist, predator, forager, and 
unknown functional role (UFR). Generalist ground ant was 
the most abundant functional groups in the study site 
(56.08% of the individuals before clear cutting; 60.83% of 
the individuals after clear cutting), and then followed by a 
predator (38.74% of the individuals before clear cutting; 
36.70% of the individuals after clear cutting), forager (5.02% 
of the individuals before clear cutting; 1.48% of the 
individuals after clear cutting), and UFR (0.16% of the 
individuals before clear cutting; 0.99% of the individuals 
after clear cutting). The functional rank of the ground ants did 
not change after clear cutting. Clear cutting caused a shift in 
the abundance of the functional role of the ground ants. The 
abundance of predator and forager decreased after clear 
cutting, while the generalist groups increased after clear 
cutting ( ). The two most dominant morphospecies Figure 4
among the generalist group before clear cutting was Pheidole 
sp. 2 (31.44% of the total individuals) and Pheidole sp. 1 
(27.45% of the total individuals).   The most dominant 
morphospecies among the predator group before clear 
cutting was Myrmicaria sp (13.13% of the total individuals).  
After clear cutting, the most abundant generalist group was 
Pheidole sp. 1 (44.71% of the total individuals). The most 
abundant predator group after clear cutting was the same as 
before clear cutting, i.e Myrmicaria sp.  (18.60% of the total 
individuals). 

The study showed that seven morphospecies (Tapinoma 
sp., Tetraponera sp., Aenictus sp., Strumigenys sp., 
Leptogenys sp. 4, Polyrhachis sp., and Amblyopone sp.) were 
not found after clear cutting.   These seven morphospecies 
may be typical morphospecies of forest habitat. Three 
morphospecies, i.e. Pheidole sp. 1, Pheidole sp. 2, dan 
Myrmicaria sp., were the dominant morphospecies, both 
before clear cutting and after clear cutting. These three 

morphospecies originated from the subfamily of 
Myrmicinae. Besides, these three morphospecies may have a 
wide spectrum of habitat preferences, from undisturbed 
habitats to habitats with severe disturbance and open habitat. 
The results of this study were mainly in line with previous 
studies conducted in the temperate region. The most 
common species found in disturbed forests without 
vegetation cover were the generalist group of Myrmicinae 
and the opportunist (Tausan et al., 2017; King et al., 1998). 
The study indicated that clear cutting caused a shift in the 
functional role of ground ants. The group of generalists, 
predators, and foragers ants after clear cutting decreased by 
11.13%, 22.38%, and 75.81%  respectively, while the 
unknown functional group increased by 400% after clear 
cutting. The previous study in the tropical anthropogenic 
landscape in Venezuela found that the number of predators in 
the logged forest was lower than those in the un-logged 
forest, while the number of generalist groups in the logged 
forest was higher than those in the un-logged forest (Garcia-
Martinez et al., 2015).

The  indicated that clear cutting altered the habitat study
of the ground ant. Clear cutting completely removed canopy 
cover, increased air temperature, and decreased air humidity. 

 The average air temperature increased from 24.76 C to 27.14
C, while humidity decreased from 79.91% to 64.98% 
(Table 2).  The study showed that the species richness of 
ground ants in the open habitat was lower compared to close 
habitat with canopy covers (before clear cutting). Khaliq et 
al. (2014) reported that canopy cover, air humidity, and air 
temperature were the determinant environmental factors for 
the ground ant habitat. Change in canopy cover, air humidity, 
and air temperature will alter the diversity of many 
morphospecies of ground ants. Garcıa-Tejero et al. (2018) 
reported that forest canopy cover affects the diversity of 
many arthropod groups, including ants.  
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Figure 4 Abundance of ground ants before clear cutting and after clear cutting based on functional role.
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