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Edaphic beetles (Insecta: Coleoptera) in three different land use systems in the Eastern Amazon
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Novelty statement

Edaphic beetles have rarely been studied under different land use systems with tropical conditions, particularly in the Eastern Amazon. Beetle community composition in natural ecosystem, such as primary forest fragment, differs from that in conventional agricultural cultivation and agroforestry system. However, these results show that homogeneous vegetation established by no-tillage with decayed plant material from the last culture cycle can improve and preserve beetles’ detritivore trophic guild. We found that the accumulated richness of edaphic beetles was the greatest parameter related to vegetation diversity.

Abstract
Beetles are important insects in terrestrial ecosystems and can be used to assess and monitor environmental changes. The objective of this study was to evaluate the abundance and relationship of trophic groups in different land use systems (LUS) and the beetles’ composition dependence on plant diversity under tropical climate conditions. Edaphic beetles were collected using pitfall traps in conventional primary forest fragment (FFP), agroforestry (SAF) and agricultural cultivation (CAC) systems in the Irurama community, Eastern Amazon. The sample design, in each LUS, was established by a square grid with 25 sampling points equidistant at five meters, the traps remaining on the field for five days. Six collections campaigns were made during August, the beginning of the less rainy period. The Scarabaeidae and Staphylinidae families showed strong dominance in all LUS. The edaphic beetles community is influenced by the LUS, since the highest rates of abundance, average richness, diversity and evenness were found in the CAC, a fact that can be associated with the provision of plant residues between crop rotation and the dominance of the detritivore trophic group. The families composition of edaphic beetles is dependent on plant diversity, mainly due to factors such as improving the quality of the litter and providing suitable microclimatic conditions for the growth and development of the soil community.
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Introduction
Global environmental changes are resulting in severe biodiversity loss (Cardinale et al. 2012; Newbold et al. 2015). Habitat loss and degradation are the main causes of biodiversity loss and species extinction around the world (Krauss et al. 2010; Mantyka-pringle, 2012). This phenomenon occurs particularly in the tropics since it harbors most of the planet's biodiversity and has one of the highest land use change rates (Lambin et al. 2003; Romdal et al., 2013).
The conditions imposed by land use and management can alter edaphic organisms populations, thus impacting the environmental services supply through direct and indirect effects related to soil and plants (Barreta et al., 2014; Bernardes et al., 2020). In general, observed changes in the environment occur due to changes in plant composition, climate change, and land use intensification, which can cause positive and negative impacts on the soil community (Fagundes et al., 2011; Pompeo et al., 2020).
Among soil organisms, beetles are the most impacted since they represent one of the most abundant and diverse taxa of the Arthropoda group, with more than 380,000 described species (Slipinski et al. 2011), and they occupy almost all terrestrial niches and microhabitats (Erwin, 2004). Therefore, these organisms are essential for ecosystem functionality (Audino et al., 2014), mainly for excavating and incorporating organic matter at various soil depths, decomposing animals and plants, transporting organic matter, controlling pests, and pollinating plants (Marinoni 2001; Pompeo et al. 2020). Consequently, this group can respond immediately to continuous changes in habitat and thus indicate environmental conditions on and in the soil, as well as balance or levels of soil disturbance, mainly related to agricultural and forestry practices (Fagundes et al., 2011; Pompeo et al., 2016; Salomão et al., 2018; Bernardes et al., 2020; Rebeschini et al., 2021) since any type of forest conversion or severe tree cover loss involves local extinctions and rapid replacement toward open area species (Quinto et al., 2021).
A higher richness of edaphic beetles families is broadly associated with more conserved ecosystems such as forests, forest fragments, or forests in successional processes (Marinoni & Ganho 2003; Fagundes et al. 2011; Marques et al., 2016; Pompeo et al., 2016; Salomão et al., 2018). Among these families, Scarabaeidae and Staphylinidae are the most dominant in these ecosystems (Didham et al. 1998; Marinoni & Ganho 2003; Favero et al., 2011; Solomão et al., 2018; Bernardes et al., 2020). In a recent study, it was found that the proximity of forest fragments to grassland systems influenced the soil Coleoptera fauna increasing family richness and reducing abundance (Rebeschini et al., 2021).
In forest plantations and agricultural crops, systems mostly based on monoculture, in general, edaphic beetles do not have a distribution pattern that is clearly preestablished (Marinoni & Ganho 2003; Fagundes et al. 2011; Garlet et al., 2015; Pompeo et al., 2016; Bernardes et al., 2020), despite beetle assemblages exhibiting high species turnover in habitats with increasing tree cover (Quinto et al.,2021). High single-plant species dominance drives a large production of fruits and similar plant material, which attracts adapted beetles taxa with selective habits to consume this resource (Favero et al., 2011; Bernardes et al., 2020). For example, the Cicindelidae family had higher abundance in sugarcane plantations than in forest fragments (Salomão et al., 2018). High resource redundancy can also attract beetles predator's trophic guild (since other invertebrates, potential prey, could increase with available resources), as found by Quinto et al. (2021) in monocultures compared to polycultures in both plantations containing big-leaf mahogany (Swietenia macrophylla King).
Therefore, edaphic beetles can be used to assess and monitor changes in several land use systems (Cajaiba & Silva, 2015; Marques et al., 2016; Gonçalves 2017; Pompeo et al., 2020; Bernardes et al., 2020), a fact that can be justified due to the ease in sampling (Fagundes et al., 2011; Audino et al., 2014; Quinto et al.,2021), identification (Fagundes et al., 2011; Salomão et al., 2018; Rebeschini et al., 2021), year-round distribution (Teixeira et al., 2009; Gonçalves 2017), occurrence in small, fragmented areas (Teixeira et al., 2009; Favero et al., 2011; Cajaiba & Silva, 2015), and early months after plantation (Garlet et al., 2015; Quinto et al.,2021).
The hypothesis underlying this study is that land-use system change influences the beetles community and that vegetation diversity favors the abundance and diversity of edaphic beetles under tropical climate conditions. We aimed to evaluate the abundance and relationship of trophic groups in different land-use systems and the beetles composition dependence on plant diversity.

Material and Methods

Study area

The study was conducted in the Irurama community (Eixo Forte Agroextrativist Settlement Project) at São José farm (02° 29' 22.80" S, 54° 50' 04.77" W) in Santarém, Pará, Eastern Amazon (Figure 1A). The collections were carried out in three land use systems (LUS; Figure 1B): primary forest fragment (FFP) characterized as submontane dense ombrophilous rainforest; agroforestry system (SAF) composed of pineapple crops (Ananas comosus L.), curaua (Ananas erectifolius Smith), banana (Musa sp), cupuassu (Theobroma grandiflorum Schum), avocado (Persea americana Mill.), cacao (Theobroma cacao L.), toka bean (Dipteryx odorata Willd.) and “paricá” (Schizolobium amazonicum Huber ex Ducke), five years after implementation; and conventional agricultural cultivation (CAC), established by a no-tillage homogeneous plantation with crop rotation, formed by corn (Zea mays L.) and cassava (Manihot esculenta Crantz). In this system, sampling was performed during the cassava cycle, seven months after implementation. The soil is an Ultisol (Soil Survey Staff, 2014), which corresponds to “Argissolo Amarelo Distrófico típico” according to the Brazilian Soil Classification System (Santos et al., 2018). The altitude varies between 47 and 55 m.
[bookmark: _Toc415592392]The region's climate is classified as Am (Alvares et al., 2013), with accumulated annual precipitation ranging from 1,800 to 2,200 mm, average annual temperature between 25º to 28º C, and 86% relative humidity (EMATER, 2008). In 2014, the year that the experiment was conducted, the highest temperatures occurred between July and December, and the highest rainfall occurred from January to June (Figure 2).

Beetles sampling

Insects were collected with pitfall traps set in a square grid with 25 sampling points equidistant at five meters, established in each LUS, represented by five transects (north‒south) with five sampling points. Six collections were made during August, the beginning of the less rainy period (Figure 2), and when it is estimated a higher population abundance of edaphic beetles that can be favored in the period when higher temperatures and lower rainfall prevail (Teixeira et al., 2009; Moraes & Köhler, 2011).
Each pitfall trap consisted of a plastic container with capacity of 600 ml (10 cm high and 9 cm diameter), buried at ground level, filled halfway with a solution of water saturated with salt and neutral detergent (Audino et al., 2014), plus a cover suspended at 10 cm and without atractives (Figure 1C). The salt (NaCl) in the solution minimizes sampled insects rotting but does not completely prevent it, and the detergent breaks the water surface tension, while the suspended cover protects from rain contact and organic material deposited under the soil. 
Specimens were removed from the traps after five days on field exposure, taken to the Entomology Laboratory from Western Pará Federal University, sieved, cleaned in running water, sorted, preserved in 70% alcohol, and identified to the family level according to the classification proposed by Triplehorn & Johnson (2015). The families classification into trophic guilds (carnivore, detritivore, fungivore, and/or herbivore) followed Marinoni et al. (2001).

[bookmark: _Toc415592394]Data analysis

Analyses were processed using families abundance data. Using abundance, we calculated: relative abundance (%), accumulated richness, average richness, Shannon's diversity index (H'), and Pielou's equitability (e). All these variables, except cumulative richness, were submitted to parametric assumption tests of homoscedasticity (p > 0.05; Bartlett's test) and data normality (p > 0.05; Shapiro-Wilk test), and if positive, variance analysis (ANOVA) was applied followed by Tukey's test (post hoc) to compare significant differences (p < 0.05). When negative, Kruskal-Wallis nonparametric statistics with Bonferroni correction were adopted.
The accumulation curve and its confidence interval were applied to compare the addition of edaphic beetles families in each LUS. The graph was plotted by the collection campaigns in relation to families accumulation.
To assess the sorting patterns and distribution of beetles families composition among the LUS, we used principal coordinates analysis (PCoA) with a Bry-Curtis dissimilarity matrix and standardization (division by sum) in each LUS per campaign. Posteriorly, variance analysis by multivariate permutation (PERMANOVA) with 9,999 random permutations was applied to highlight whether the composition differed among the LUS. If significant (p < 0.05), a paired multilevel comparison test (equivalent to PERMANOVA pot hoc) was conducted, with Bonferroni correction, to verify the differences.
Families with a relative abundance of less than 1%, considering all LUS, were included in a category called "Other beetles". This approach was used only to analyze community composition to minimize sampling effects from rare families (singletons).

Results

We collected 2,425 beetles distributed in 22 families (Table 1), of which the most abundant families in all LUS were Scarabaeidae (62.06%), Staphylinidae (15.26%), and Nitidulidae (7.47%). Among the 22 families sampled, 14 (63.64%) were found in CAC, 18 (81.82%) in SAF, and 15 (68.18%) in FFP (Table 1); 15 families had a relative abundance of less than 1% and were therefore placed in the “Other beetles" category (Table 1). For abundance, 1,679 individuals (69.24%) were collected in the CAC, 255 (10.51%) in the SAF, and 491 (20.25%) in the FFP (Table 1).	
The most frequent trophic guild was herbivore, with 15 families, followed by detritivore, carnivore, and fungivore, with 10, 6, and 4 families, respectively (Table 1). For dominance, the most prominent trophic guild was detritivore, represented mainly by the Scarabaeidae and Staphylinidae families, which together contributed 77.32% of the relative abundance (Table 1).
The accumulation curve of beetles families (Figure 3) indicates stabilization in CAC from the third collection campaign, with accumulated richness equal to 14 families. Regarding the SAF and FFP, six collection campaigns associated with the sampling scheme were not enough to represent all beetles families (Figure 3). Finally, it is possible to estimate a greater number of families in SAF, followed by FFP and CAC (Figure 3).
The parameters of abundance (Figure 4A), mean richness (Figure 4B), Shannon diversity (Figure 4C), and Pielou's equitability (Figure 4D) were higher (p < 0.05) in CAC than in the other LUS. Between the SAF and FFP, no difference was found when evaluating these same indices (Figure 4).
PCoA contemplating abundance data of beetles families in all LUS (Figure 5) captured 80.76% for all variation in data on the first two explanatory axes. The first axis is strongly correlated with Scarabaeidae (0.99), Curculionidae (-0.79), and Staphylinidae (-0.68), while the second axis is more associated with Nitidulidae (-0.75), Chrysomelidae (-0.68), Staphylinidae (0.67) and Elateridae (-0.61).
A difference was found between the LUS in bettles families composition by PERMANOVA (df = 2; Pseudo-F = 5.87; p = 0.002). A multilevel paired comparison test detected that CAC and SAF are similar (adjusted p = 0.117) and that FFP differs from both CAC (adjusted p = 0.009) and SAF (adjusted p = 0.003).

Discussion

Dominant families

The three LUS showed strong dominance by the Scarabaeidae and Staphylinidae families (CAC = 73.73%; SAF = 80.00%; FFP = 88.20%; Table 1). The dominance of these families was also found in forest systems (semidecid seasonal forest) and pasture (Medri & Lopes, 2001); native forest (decid seasonal forest), eucalyptus plantation and pasture (Moraes & Köhler, 2011); forest (wide variety of vegetation types) in the initial and advanced restoration process (Favero et al, 2011); seven different LUS in the Pantanal of Poconé, including flooding areas (Marques et al., 2016); native forest (ombrophylous mixed forest), eucalyptus reforestation, crop-livestock integration, no-till farming (soybean and corn) and perennial pasture (Pompeo et al., 2016). In general, surveys involving edaphic beetles indicate that most Coleoptera families are represented by few individuals (Medri & Lopes, 2001; Teixeira et al. 2009; Moraes & Köhler, 2011; Fagundes et al., 2011; Marques et al., 2016; Bernardes et al., 2020; Rebeschini et al., 2021).
In tropical forests, the Scarabaeidae family is a representative group within Coleoptera, found with greater abundance in more conserved habitats (Halffter, 1991; Audino et al., 2014). The high dispersal ability (Silva & Hernández, 2015) and rapid establishment in altered areas near natural vegetation (Peck & Forysth, 1982), as well as the wide food variability that this group can consume (Didham et al. 1998), are factors to consider about the high abundance of these organisms in all LUS of this study, since the marked presence of this group is related to resource availability (Halffter 1991). For example, in corn cultivation under no-tillage, the Scarabaeidae family benefited from the availability of decayed plant material in the soil (Silva & Carvalho, 2000), corroborating the results in CAC (989 ind.; Table 1), in which corn plant residues were used for its implementation.
The Staphylinidae family was highlighted as the second most dominant group in this study. This group is constantly associated with more natural environments, such as native forests, in which greater plant diversity is observed (Fagundes et al., 2011; Moraes & Köhler, 2011; Pompeo et al., 2016) due to its dependence on microclimatic conditions, such as temperature and soil moisture (Martins et al., 2009; Moraes & Köhler, 2011). Nevertheless, the data found in this study showed another trend for this family, indicating higher abundance in less conserved LUS (CAC = 249 ind.; SAF = 68; FFP = 53; Table 1). Similar results were found by Callahan et al. (2006), in which seasonal differences could explain this pattern (Pompeo et al., 2020).
Even though the Nitidulidae family represents the third most dominant group in this study, it is important to highlight that this group was expressive only in the CAC (171 ind.; 10.18 %; Table 1), a fact that could be related to the greater adaptation of this organism to the anthropic environment (Medri & Lopes, 2001; Teixeira et al, 2009) and to the LUS changes (Salomão et al., 2018), as well as the association of this family with increased luminosity (Rebeschini et al., 2021) and with cultivation systems with high input of organic material (Bernardes et al., 2020). The great variety of trophic guilds to which these organisms can belong (Table 1) is one of the success strategies for environmental occupation in different configurations and conservation statuses (Marinoni et al., 2001) since generalist individuals are less affected by vegetation structure conditions (Moraes & Köhler, 2011).

Trophic guild

In this study, the more prominent trophic guilds were herbivores and detritivores, which presented high occurrence (15 families; Table 1) and dominance (77.32%; Table 1), respectively. Herbivorous and detritivorous arthropods receive considerable attention as organisms with a high impact on the ecosystem; detritivores are responsible for increasing nutrient flow in the soil, while herbivores are responsible for energy supply (Fagundes et al., 2011). In a study conducted in the Amazon with beetles populations, it was found that the herbivores proportion increased toward the forest edge, while detritivores decreased toward the forest edge and increased with the effect of reducing fragmentation area (Didham et al., 1998). In the Pantanal of Poconé, detritivore (decomposer and saprophages) beetles predominated over others trophic guilds, mostly due to the high Scarabaeidae dominance (Marques et al., 2016), as we found in the current study (Table 1).
The differential loss of the most abundant species or the uniformity under all trophic levels causes a disproportionate effect on ecosystem processes (Didham et al., 1998), since assemblages with high uniformity among trophic guilds could present greater functional redundancy (Fonseca & Ganade, 2001). High functional redundancy and high diversity response, i.e., different species contributing to the same ecosystem service, can increase community resilience to environmental changes against natural and anthropogenic disturbances and represent relevant results from a conservation perspective (Audino et al., 2014).

Families accumulation

Among the LUS, only CAC obtained an asymptote in the rarefaction curve (Figure 4), indicating that, for this case, sampling was satisfactory; however, a lower accumulated richness is associated with this system (Table 1; Figure 4). This result can be explained by the observation that the beetles richness in edaphic environments is negatively related to vegetation homogeneity (Marinoni & Ganho, 2003; Fagundes et al., 2011; Salomão et al., 2018). For FFP and SAF, both did not reanach an asymptote in the rarefaction curve (Figure 4), with a lower tendency to stabilize the curve associated to SAF for the greater number of singletons (9 families; Table 1). The rare individual presence could be related to these differences between the LUS (Favero et al., 2011). Alternatives such as including another collection method in the survey (Fagundes et al., 2011; Marques et al., 2016) or increasing trap exposure in the field (Cheli & Corley, 2010) could minimize these sampling effects.

Community composition

The results obtained for the variables of abundance, mean richness, diversity, and equitability were more expressive in CAC (Figure 4), since in this LUS, 1679 individuals were sampled, which corresponds to 69.24% of the total abundance of this study (Table 1). In addition to factors such as proximity to natural vegetation that can provide shelter to edaphic beetles (Silva et al. 2010; Salomão et al., 2018; Rebeschini et al., 2021), aspects such as crop rotation in conventional agricultural systems associated with plant residues deposition between cycles can contribute to the optimal development of edaphic beetles (Silva & Carvalho, 2000). However, limitations related to plant species dominance can favor a certain soil beetles group (Favero et al., 2011; Salomão et al., 2018) since the greater availability of a particular resource can determine characteristic distribution patterns that are associated with the adaptation of the organisms to consume this material (Bardgett & Putten, 2014) and favor opportunistic and tolerant species (Silva et al. 2010).
For composition, it is valid to consider that this shows a sudden change to modifications in habitat, while richness and abundance are parameters that in some specific cases do not show clear responses to the LUS transformation (Barlow et al. 2007; Nichols et al. 2007); therefore, they could not be environmental quality indicators (Silva et al., 2010; Cajaiba & Silva, 2015). These factors possibly justify the composition results of this study (Figure 5) since the pattern found in the composition diverged from the pattern represented by the variables of abundance, mean richness, diversity, and equitability (Figure 4) for isolating FFP from the others LUS (PERMANOVA: df = 2; Pseudo-F = 5.87; p = 0.002) and for grouping CAC and SAF.
Factors such as greater vegetation diversity could not only influence better litter quality but also provide food, shelter, protection and adequate microclimatic conditions for the edaphic beetles community (Halffter 1991; Didham et al.,1998; Rebeschini et al., 2021) and are aspects that possibly have influenced the FFP’s composition results. However, when comparing SAF and CAC in isolation, even with SAF´s greater vegetation diversity, we found similarity with CAC´s composition, which could be related both to SAF´s short period of implementation (five years) due to the vegetation establishment stage influencing edaphic beetles population (Marinoni & Ganho, 2003; Audino et al., 2014) and to CAC´s practices (availability of decaying plant residuals from last culture cycle) favoring edaphic beetles development (Silva & Carvalho, 2000) and thus resembling these systems’ composition despite the differences in vegetation diversity.

Conclusions

The edaphic beettles community is influenced by the LUS, in which the accumulated richness of beetle families showed a greater relation to vegetation diversity under tropical climate conditions. Due to the CAC´s higher abundance, average richness, diversity, and equitability indices mostly associated with both detritivorous trophic guild dominance and plant residues provision between crop rotations, we highlight the importance of maintaining decaying plant material to preserve edaphic beetles assemblages in agriculture systems. The edaphic beetle composition is dependent on plant diversity due to the improvement of the litter layer quality, providing food, shelter, protection, and adequate microclimatic conditions for the growth and development of the soil community.
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Figure 1: Beetles sampling sites (A) land use systems (B), pitfall traps (C)
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Figure 2: Accumulated precipitation and air temperature (maximum, average, and minimum) for 2014 obtained from a climatological station near the community of Irurama, Eastern Amazon. Source: INMET



Table 1: Trophic guild, abundance, relative abundance (%), and cumulative richness of beetles families sampled by pitfall traps in land use systems (CAC: Conventional Agricultural Cultivation; SAF: Agroforestry System; FFP: Primary Forest Fragment) in the Irurama community, Eastern Amazonia

	
	Families
	Trophic guild *
	Land Use Systems
	Total
	

	
	
	
	CAC
	SAF
	FFP
	
	

	
	
	Chrysomelidae
	D ou H
	59 (3,51)
	6 (2,36)
	3 (0,61)
	68 (2,8)
	

	
	
	Curculionidae
	H
	77 (4,59)
	14 (5,49)
	16 (3,26)
	107 (4,42)
	

	
	
	Elateridae
	H
	23 (1,37)
	1# (0,39)
	1# (0,20)
	25 (1,03)
	

	
	
	Leiodidae
	D ou F
	62 (3,69)
	7 (2,75)
	19 (3,88)
	88 (3,63)
	

	
	
	Nitidulidae
	C, D, F ou H
	171 (10,18)
	6 (2,36)
	4 (0,81)
	181 (7,47)
	

	
	
	Scarabaeidae
	D ou H
	989 (58,90)
	136 (53,33)
	380 (77,40)
	1505 (62,06)
	

	
	
	Staphylinidae
	C, D ou F
	249 (14,83)
	68 (26,67)
	53 (10,80)
	370 (15,26)
	

	
	Other beetles **
	Anobiidae
	H
	3 (0,18)
	1# (0,39)
	0
	4 (0,17)
	

	
	
	Anthicidae
	C ou H
	6 (0,36)
	1# (0,39)
	1# (0,20)
	8 (0,33)
	

	
	
	Buprestidae
	H
	3 (0,18)
	0
	0
	3 (0,12)
	

	
	
	Cantharidae
	 C ou H
	0
	3 (1,18)
	0
	3 (0,12)
	

	
	
	Carabidae
	C
	12 (0,71)
	1# (0,39)
	2 (0,41)
	15 (0,62)
	

	
	
	Cerambycidae
	H
	0
	0
	2 (0,41)
	2 (0,08)
	

	
	
	Ceratocanthidae
	D ou H
	0
	2 (0,78)
	1# (0,20)
	3 (0,12)
	

	
	
	Histeridae
	C
	14 (0,83)
	1# (0,39)
	6 (1,22)
	21 (0,87)
	

	
	
	Meloidae
	H
	0
	1# (0,39)
	1# (0,20)
	2 (0,08)
	

	
	
	Mordellidae
	H
	0
	1# (0,39)
	0
	1 (0,04)
	

	
	
	Ochodaeidae
	D ou H
	0
	1# (0,39)
	0
	1 (0,04)
	

	
	
	Pitiilidae
	H
	0
	1# (0,39)
	1# (0,20)
	2 (0,08)
	

	
	
	Tenebrionidae
	D ou F
	6 (0,36)
	4 (1,57)
	0
	10 (0,41)
	

	
	
	Trogossitidae
	C ou F
	5 (0,30)
	0
	0
	5 (0,21)
	

	
	
	Trogridae
	D
	0
	0
	1# (0,20)
	1 (0,04)
	

	
	Total of individuals
	       -
	1679
	255
	491
	2425
	

	
	Accumulative richness
	       -
	14
	18
	15
	 22
	


*Trophic guild according to Marinoni et al. (2001) classification; C = carnivore; D = detritivore; F = fungivore; H = herbivore
**Families with a relative abundance of less than 1% in all LUS
# Singletons



[image: ]
Figure 3: Accumulation curve of beetles families sampled with pitfall traps in land use systems (CAC: Conventional Agricultural Cultivation; SAF: Agroforestry System; FFP: Primary Forest Fragment) in the Irurama community, Eastern Amazonia
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Figure 4: Abundance (A), average richness (B), Shannon’s diversity (C), and Pielou's equitability (D) for beetles families sampled with pitfall traps in land use systems (CAC: Conventional Agricultural Cultivation; SAF: Agroforestry System; FFP: Primary Forest Fragment) in the Irurama community, Eastern Amazon
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Figure 5: Principal coordinates analysis (PCoA) composed of beetle family assemblages sampled with pitfall traps in land use systems (CAC: Conventional Agricultural Cultivation; SAF: Agroforestry System; FFP: Primary Forest Fragment) in the Irurama community, Eastern Amazon. Other beetles correspond to rare families with a relative abundance of less than 1% in all LUS (see Table 1)
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