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Abstract. Most studies mentioned that Acacia crassicarpa belongs to invasive species that 

could threat the native biodiversity. To respond that issue, we conducted a study that covers 

the understory and soil macrofauna diversity of three native tree species, namely mahang 

(Macaranga pruinosa), skubung (Macaranga gigantea) and geronggang (Cratoxylum 

arborescens) and an exotic species namely krassikarpa in a drained peatland in Pelalawan, 

Riau. The observation of understory vegetation under each studied species was undertaken 

by using 2 x 1 m plots. Furthermore, the structure of macrofauna was observed by pitfall trap 

methods. Results revealed that there were two fern species namely Neprolephis biserrata and 

Stenochlaena palustris that dominated the understory vegetation in namely mahang 

(Macaranga pruinosa), skubung (Macaranga gigantea) and geronggang (Cratoxylum 

arborescens). The diversity index in vegetation structure among those four tree species was 

insignificantly varied. Moreover, the percentage of understory coverage under A. crassicarpa 

was significantly higher than that under all native tree species. On the other hand, Formicidae 

and Rhinotermitidae were dominant in skubung and krassikarpa. Meanwhile, Formicidae and 

Blattidae were high in mahang and geronggang. Furthermore, diversity index of macrofauna 

were significantly low at krassikarpas`s understory compare to other three native species. 

This study suggested that the introduction of krassikarpa affect the biodiversity. 
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I   Introduction 
 

Indonesia is the second largest biodiversity country in the world after Brazil [1,2]. In order to maintain its biodiversity 

richness, Indonesia established 566 national parks that almost protecting 36 million ha [3]. Furthermore, Indonesia 

has at least 88 million ha, including tropical peat swamp forests that are about 21 million ha of this type of tropical 

forest in Kalimantan, and Papua were disturbed [4,5]. Peat is one of soil type which has more than 18% of C-content 

and commonly found in one ecosystem located behind the riverbank [5,6]. One characteristic of peatland is that the 

land is easily and rapidly loss their water content and it leads to desiccat ion [7]. When the desiccation is widely and 

heavily spreading, it is easily being burned and would lead to more disastrous situation.  

Besides its vulnerable characteristics, biodiversity loss is the other problems which are more challenging in 

peatland. Forest degradation and conversion into agriculture purposes, unsustainable and irreversible forest 

management, expanding of infrastructure, slash and burn, and illegal mining, has been blamed for biodiversity loss in 

peatland [5,8–11] . Yet, another challenge is coming from the introduction of alien species that could threat our native 
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species and biodiversity. There are many studies mentioned about existence of Acacia species which is sometimes 

called as invasive species that was harmful for native species since it has characteristic as invasive species [12–15] . 

In Riau province, one of exotic Acacia species i.e. A. crassicarpa (krassikarpa) has been commonly grown in peatland 

by two biggest pulp and paper industries (APRIL and APP Sinar Mas). In addition, A. crassicarpa was originally  

distributed in Australia and south Papua [16] . 

The existence of A. crassicarpa in Riau province gives positive impacts in social and economy side. Nonetheless, 

there is no many studies that concern in biodiversity structure changing formed by the existence of A. crassicarpa. 

Thus, study that reveals the effect of A. crassicarpa`s existence needs to be conducted. The most common methods to 

answer the questions is by doing a comparative study that comparing macrofauna and understory vegetation of the 

exotic tree species (A. crassicarpa) and local native trees species (M. gigantea, M.pruinosa, and C. arborescens).  

Understory vegetation is one of biodiversity group that not only have responsibility in soil and water conservation 

but in erosion preventing also [17,18] . Furthermore, according to Lisnawati et al. [6] soil fauna holds the important 

role in restoring physics, chemistry, and biology structure through immobilization and humification. As a result, their 

existence has been considered as soil quality bioindicator [6,19] . Hence, based on those problems and issues, the 

objective needs to be addressed in this study was to examine the structure and diversity of understory and macrofauna 

between exotic tree species and three native trees species.  

 

2   Material and methods 

 

2.1  Study site and time 

 

This study was conducted in a drained peatland at Lubuk Ogong, Pelalawan regency, Riau province (101 o41’06”–

101o 41’10” E, 0o19’42”–0o19’48” N and 12 m asl) during March 2014 to December 2014. The peat type at location 

based on its maturity is dominated by fibric-hemic and drained with the annual variation of water table depth was 20 

– 140 cm below soil surface [20,21]  .The plots were consisted of four years old of A. crassicarpa, M. gigantea, M. 

pruinosa, and C. arborescens.   

 

2.2 Design of observations 

 

In the beginning, the plots were established in 2011 by using Randomized Complete Block Design (RCBD) thus it  

was three years old already when this study was conducted. The plots were originally designed for silviculture 

intensive treatments. There were four tree species planted in the plots and each tree species had five replications. Every 

replication had 400 m2 and been planted with 3 x 2 m of those four tree species. 

 

2.3 Sample collections 

 

Understory samples were collected by arranging five rectangles of 2 x 1 m that were set in every plot of tree species 

(A. crassicarpa, M. gigantea, M. pruinosa, and C. arborescens). Plots were determined by systemic random sampling 

following diagonal formation of plots` size. Moreover, five replications were conducted for each species. Thus, we 

had 25 plots for each tree species. Vegetations were analyzed up to species level. 

 Macrofauna samples were collected by pitfall trap method. There were three traps that were set for each t ree 

species. The traps were determined by systemic random sampling following diagonal formation of plots` size so that 

we had 15 traps for each tree species. Macrofauna were analyzed up to family level based on book Study of Insects 

written by Charles A. Triplehorn, Norman F. Johnson, and Donald Joyce Borror.  
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2.4 Data preparation and analysis 

 

The collected data was tabulated systematically in order to obtain the result of Important Value Index (IVI) of the 

understory vegetations and macrofauna. This data  is important to determine the most dominant species that available 

in the plots. IVI was approached by determining the value of relative frequency (RF) percentage that was added by 

relative density (RD) percentage. Furthermore, the value of diversity index was determined using Shanon-Wiener 

equation (Odum, 1993).  

 

    H = - Σ {(n.i/N) ln (n.i/N)} 
 

    H’ = diversity index 

    n.i = important value of N species 

    N = total of important value 

 

 Furthermore, the data of IVI of understory and macrofauna was analyzed by descriptive quantitative to figure out 

the most dominant species that occupied the understory and its structure. Meanwhile, anova was used to determine 

the tree species that had most significant value of understory and macrofauna diversity index. Tukey test was 

performed when anova`s result showed any significant results. 

 

3 Results and discusions 

 

3.1 Understory vegetation 

 

In general, number and diversity species within a community describe a picture of the richness and diversity of its 

community. Meanwhile, species domination is the sign of special entity of the community. The results revealed that 

ferns species, namely Neprolephis biserrata and Stenochlaena palustris dominated the understory vegetation 

understands of M. gigantea, M. pruinosa, and C. arborescens. Yet, N. biserrata was more dominant than S. palustris 

in all three native species (Table 1). Similarly, in exotic tree species (A. crassicarpa), N.biserrata and S. palustris 

became the most dominant vegetation that occupied A. crassicarpa`s understory. Moreover, N. biserrata had four 

times of IVI than S. palustris (Table 1). Interestingly, the second largest group that dominated the three native tree 

species and the exotic species were varied. In M. gigantea and M. pruinosa, narrow leaf weed is dominant than broad 

leaf weed. Even Scleria sumatrensis and Ottochloa spinosa were two species found dominant after ferns in M. 

gigantea. In contrast, C. arborescens did not have any narrow leaf weed in its understory and were dominantly  

occupied by broad leaf weed named Melastoma malabatrichum. Meanwhile, seedlings and saplings of A. crassicarpa 

were dominant in its understory after ferns.  

 
Table 1. IVI of understory`s vegetation of A. crassicarpa, M. gigantea, M. pruinosa, and C. arborescens. 

Species Family 

Important Value Index 

M. 

gigantea 

M. pruinosa C. arborescens A. crassicarpa 

Nephrolepis biserrata Nephrolepidaceae 25.39 25.99 26.34 52.05 
Stenochlaena palustris Blechnaceae 14.68 13.32 22.69 12.61 

Asystasia sp. Acanthaceae 3.94   3.73 

Melastoma malabatrichum Melastomaceae 3.94 6.76 11.74  

Scleria sumatrensis Cyperaceae 13.96 11.20  3.73 

Ottochloa spinosa Poaceae 4.65    
Seedlings and saplings of 

Acacia crassicarpa 

Fabaceae 3.94   9.58 

Colopogonium sp. Fabaceae  8.88 3.67  

Mikania micrantha Asteraceae  3.73   

Smilax sp. Smilacaceae    3.73 
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Pterydophyta division was the vegetation that dominantly occupied the understory structure of under all trees  

species either in native or exotic trees species. S. palustris and N. biserrata were two species of ferns that dominated 

vegetation structure. Moreover, besides Dicranopteris sp. and Blechnum orientale, S. palustris and N. biserrata are 

two species of ferns that dominantly covered the floor of A. crassicarpa planted in peat land [22–24]. A study 

conducted by Harnelly et al. [24]  revealed that N. biserrata, B. orientale, and Pteris trimula that are classified as fern, 

dominantly grew at the Rawa Tripa Peat Swamp Forest, Aceh. It means that those species were highly adaptive not 

only at native trees species but at exotic tree species also. Furthermore, N. bisserata had a tendency and prefer an area 

that was not inhabited by trees and rapidly cover post burned area [4,5] . In other words, A. crassicarpa had more 

level of light penetration compare to other native tress species. As a result, the IVI of N. biserrata at A. crassicarpa 

had IVI four times was doubled than IVI of other native trees species. Thus, it is assumed that the condition under A. 

crassicarpa was suitable for N. biserrata to grow and develop.  
 

 The interesting facts occurred in the second group that dominated the floor of those exotic an d native trees species. 

Narrow leaf group were dominantly occupied at M. gigantea and M. pruinose that was represented by S. sumatrensis 

and O. spinosa. In contrast, M. malabatrichum that categorized as broad leaf group was the second dominant species 

at C. arborescens. Meanwhile, seedlings and saplings of A. crassicarpa were the second species that were highly  

found in A. crassicarpa`s floor after ferns. Narrow leaf group abundancies were high when area was exposed to light 

penetration, particularly in the first year of A. crassicarpa and significantly decline when age of A. crassicarpa incline 

[22] . Other studies mentioned that spacing and grass weed (narrow leaf) has ability to inhibit the development of 

broad leaf seeds [26,27]. Meanwhile, there is no narrow leaf group could be found at C. arborecens`s understory and 

even M malabatrichum which is a broad leaf that dominated the floor. C. arborescens has wider and denser canopy 

than M. pruinosa, M. gigantea, and A. crassicarpa. It reveals that broad leaf are more resistant than narrow leaf in 

case of low light penetration. When this phenomenon is compared to A. crassicarpa`s understory that is occupied by 

seedlings and saplings of A. crassicarpa, we assumed that the condition formed by A. crassicarpa is only suitable for 

ferns and not suitable for other local or native weeds, such as S. sumatrensis and M. malabatrichum. A report already 

stated that A. crassicarpa belongs to invasive species even though it was restricted in certain location [28]  and its 

sister, Acacia mangium, has been grouped into invasive species also [29]. Hence, seedlings and saplings of A. 

crassicarpa are the second most species that could determine the understory after ferns.   

 

 Furthermore, the density or percentage of understory coverage area was sign ificantly high in A. crassicarpa than 

other native trees species (p<0.05). Interestingly, the percentage of understory`s coverage area in A. crassicarpa was 

100%. In other words, the understory under A. crassicarpa was fully covered by vegetations which wa s dominantly 

condensed by ferns (Table 2). In contrast, the other three native trees species had a low percentage of understory`s 

coverage area (<30%) (Table 2).  

 
Table 2. Percentage of understory coverage area of A. crassicarpa, M. gigantea, M. pruinosa, and C. arborescens. 

Species Percentage of understory coverage area 

M. gigantea 29.45 ± 6.73a 

M. pruinosa 24.45 ± 13.47a 

C. arborescens 27.77 ± 10.71a  

A. crassicarpa 100b 

Remark: the alphabets appear after the value showed a significant value (p<0.05). 

 

 In addition, percentage of understory coverage was significantly high and 100% fully covered the floor of A. 

crassicarpa than any other native trees species. When this data was combined to IVI that placed ferns as the most 

dominant species, it could be assumed that the condition is appropriate for ferns growth and development. The first 

factor that could determine this phenomenon is the interaction between genetics and environment, such as soil, 

microclimate, microorganism, and competition with other species [9,10] . Secondly, the ability of the species to 

propagate themselves [10,11]. Moreover, most ferns grow well in 40%-50% of light penetration, 60%-80% of 

humidity (to inhibit desiccation), temperature of 21 oC-27 oC, and attach themselves into humid soil [32] . Moreover, 
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Kerb [33] stated that the capability of certain species to occupy an area is influenced not only by its ability in  

establishing the adaptation mechanism toward all abiotic factors, such as temperature, light, soil, humidity, etc. and 

biotic factors, such as intra species interaction, competition, parasitism, etc. but also chemistry factors that include 

water, oxygen, pH, and nutrition. Hence, it could be assumed that condition under A. crassicarpa is appropriate for 

ferns. In the opposite, the phenomenon at three native trees species that only coverage under 30% of its floor showed 

that the environment condition created by those three native trees species are not favorable and tend to inhibit the 

development and growth of understory vegetation. 

 

Besides, the diversity index value of A. crassicarpa and other three native trees species revealed that there were 

no significant differences (p>0.05). It means that the diversity index of those species was statistically similar (Table 

3). Nonetheless, A. crassicarpa had the lowest diversity index value than the other all native tree species. Moreover, 

M. gigantea had the highest value of diversity index and three times of diversity index value of A. crassicarpa. 

Table 3. Diversity index of understory`s vegetation of A. crassicarpa, M. gigantea, M. pruinosa, and C. arborescens. 

Species Diversity index (shanon-weiner) 

M. gigantea 1.80 ± 0.47a 

M. pruinosa 1.13 ± 1.03a 

C. arborescens 0.98 ± 0.31a 

A. crassicarpa 0.61 ± 0.08a 

Remark: the alphabets appear after the value showed a significant value (p<0.05) 

 
 Diversity index analysis showed that there was no significant between three native trees species and exotic tree 

species (p>0.05). Thus, it means that diversity index between all tree species is similar. Nonetheless, A. crassicarpa`s 

understory had the lowest diversity index than other three native trees species. Even though floor of A. crassicarpa 

was fully and dominantly covered by ferns, the diversity index was low. This results was similar to a study conducted 

by Bela et al. [34] that revealed that diversity index of an peat land area that were dominated by fern (Dicranopteris 

linearis) was 0.3. Hence, we assumed that ferns successes in occupying all the resources and do not give any 

opportunity for other seedlings and saplings to grow and develop. As a result, there was not many of seedling and 

sapling varieties that could compete and grow between ferns` domination. This assumption was supported by Jackson 

and Finley [35] that found at least two ways of ferns in inhibiting seedling germination, namely allelopathy and less 

light intensity (below 0.5 percent of full sunlight). Consequently, the seedlings and saplings of other species cannot 

be germinated and there was not much variation of species. 

 
3.2 Macrofauna 

 
The results revealed that Formicidae is family that dominated the floor of either exotic tree species or the three native 

tree species ferns species (Table 4). Compare to other families, Formicidae had five different groups than other 

families. Moreover, class of collembola was dominantly found in A. crassicarpa than other three native tree species 

observed. In addition to that, Rhinotermidae was the second largest family found in A. crassicarpa and M. gigantea. 

Meanwhile, bug family (Curculionidae) and Polydesmidae were the second largest family found in M. pruinosa. In 

C. arborescens, Blattidae was a family dominantly found after Formicidae. Interestingly, group of macrofauna that 

dominated all the four tree species either exotic tree species or native trees species belong to social insects, such as 

Formicidae and Rhinotermidae. 

 

 In macrofauna, Formicidae, which is represented by Formicidae, was the dominant family that occupied either 

exotic tree species or all three native trees species. Meanwhile, Rhinotermidae was the second largest family after 

Formicidae. Formicidae and termites are two groups of soil fauna that dominantly inhibit peat soil [36-38]. Formicidae 

are a group of insects that is commonly distributed alm ost in everyplace and have characteristics to adapt in varies 

types of peat soil [6] . Even, compare to other insects group, Formicidae are the most success group [39] . The ability 

of Formicidae to dominate ecosystem is supported by their characteristics as carnivore, saprophyte, predator, and 
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detritivore. Formicidae has potency as a bioindicator of peat soil quality since they are ab le to live in an area that has 

wider range of pH, soil humidity, and peat land types. Interestingly, A. crassicarpa had only two groups of Formicidae 

than other native trees species. According to Lisnawati et. al. [6], the number of formicidae describes soil humidity 

since Formicidae prefers to live in soil that have low in humidity. Hence, it can be inferred that soil humidity is higher 

in A. crassicarpa than other native trees species. 

 

Table 4. IVI of soil macrofauna of A. crassicarpa, M. gigantea, M. pruinosa, and C. arborescens. 

Family / Class 
Important Value Index 

M. gigantea M. pruinosa C. arborescens A. crassicarpa 

Formicidae 1 32.8 39.68 6.43 52.94 

Formicidae 2 29.37 31.01 3.81 55.71 

Formicidae 3  9.61 10.37  

Formicidae 4 30.28 44.24 39.91  

Formicidae 5   30.98  

Curculionidae 24.04 16.1 11.55 5.04 

Carabidae 1 17.8  8.93 5.4 

Carabidae 2    5.4 
Blatidae1 17.8 36.31 30.98 22.38 

Blatidae 2 23.14  24.42  

Blatidae 3   6.43  

Polydesmidae 11.57 16.35  25.08 

Rhinotermidae 29.37 21.15  77.22 
Arachnida 1  4.81 11.43  

Arachnida 2  9.61   

Gryllidae  6.49   

Sapygidae   6.43  

Theriidae    21.98 
Melolonthidae    14.21 

Coicidae    16.59 

Collembola 6.24 12.98 18.11 29.37 

 

The second dominant group was Rhinotermidae and only be found in A. crassicarpa, M. pruinosa, and M. 

gigantea. This result was supported study that mentioned that the number of Rhinotermidae increases in peat land but 

decreases in mineral land and in contrast, the number of Termitidae enhance in mineral land but decline in peat land 

[40,41] . Together with Formicidae, this termite makes tunnels within the ground which increase the porosity and 

room for plant`s root to penetrate the soil so that these two groups could be used as bioindicator. Another factor that 

leads the abundance of Formicidae is the availability organic materials, such as wood. Wood is the main resources for 

Rhinotermidae for food and shelters [37]. In addition, the highest number of Rhinotermidae found at A. crassicarpa 

supported a study conducted by Haneda et. al. [40]  and Kirton et. al. [42]  that showed termites were the main pests 

in A. crassicarpa and A. mangium. Yet as it turns out, no Rhinotermidae collected at C. arborescensis presumably 

caused by lack of resources could be gathered under the stands. Moreover, a  study conducted by Daviyana et. al. [43]  

stated that the extracts secreted from C. arborescens contain substances that control termites. In other words, 

inappropriate condition, which is harmful for termite, becomes limited factors for termite to live under C. arborescens. 
 

In addition, it turns out that there was significantly different between diversity index value exotic tree species (A. 

crassicarpa) to other three native trees species (p>0.05) (Table 5). Those native trees species had diversity index more 

than 2 and it means that the diversity level of those three native tree species was categorized as medium. In contrast, 

A. crassicarpa had the lowest diversity index value which valued 0.57 and was categorized as low. One thing that is 

interesting was the number of subclass collembola which was dominant at A. crassicarpa. Many studies reported that 

under dense canopy, high humidity, and thick litter, population of collembola was highly found [6,44,45] . In contrast, 

the population decline in open area which is heavily exposed to light [44,46] . Hence, it could be inferred that soil 

condition, such as humidity and litter thickness, formed by A. crassicarpa was more suitable for collembola to live 

compare to other native trees, particularly M. gigantea. Those studies also supported the result which found that the 
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lowest number of collembola was in M. gigantea. Based on observation, condition of M. gigantea`s floor was 

relatively clear from litter and was heavily exposed to sun light penetration compare to A. crassicarpa.  

 

Table 5. Diversity index of understory`s vegetation of A. crassicarpa, M. gigantea, M. pruinosa, and C. arborescens. 

Species Diversity index (shanon-weiner) 

M. gigantea 2.12 ± 0.01a 

M. pruinosa 2.22 ± 0.18a 

C. arborescens 2.13 ± 0.18a 

A. crassicarpa 0.57 ± 0.11b 

Remark: the alphabets appear after the value showed a significant value (p<0.05) 

 

Analysis of variance of macrofauna`s diversity showed that diversity index level at A. crassicarpa was 

significantly low than any other three native trees species (p<0.05). Moreover, the diversity index was categorized 

low at A. crassicarpa. Meanwhile, diversity index was categorized as moderate at other three native trees species. 

This result was different to a study conducted by Handayani and Winara  [37]  that showed that diversity index at 

secondary forest of A. crassicarpa was at moderate level (H`=2.09) and the lowest was at oil palm plantation (H` = 

0.73). The value of diversity index at A. crassicarpa was similar to after-burned peat land di Riau [47] . Nevertheless, 

this result showed that there is transition and changing of macrofauna diversity level that could be seen from the 

differences of macrofauna`s diversity level at three native trees species and exotic tree species.  

 

4  Conclusions 

Neprolephis biserrata and Stenochlaena palustris dominated the understory vegetation in A. crassicarpa, M. gigantea, 

M. pruinosa, and C. arborescens. Meanwhile, narrow and broad leaves group dominantly varied between A. 

crassicarpa, M. gigantea, M. pruinosa, and C. arborescens. The diversity index in vegetation structure among those 

four tree species was not significant. Yet, A. crassicarpa had the lower value of diversity index. Moreover, the 

percentage of understory coverage under A. crassicarpa was significantly higher than that under all native tree species. 

On the other hand, formicidae and rhinotermitidae were dominant in M. gigantea and A. crassicarpa. Meanwhile, 

formicidae and blattidae were high in M. pruinosa and C. arborescens. Furthermore, diversity index of macrofauna 

were significantly low at krassikarpas`s compare to other three native trees species. This study informed that the 

introduction of krassikarpa give significant effect on the level of the understory`s macrofauna biodiversity. 
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