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ARTICLE INFO ABSTRACT

Keywords: Studying beta-diversity patterns of biological communities and how species are organized in space is central to
Alpha diversity understanding the processes that maintain species diversity. Furthermore, knowledge on beta-diversity patterns
Bi"di"erASity . is key for the protection and conservation planning of regional diversity. Insects represent the terrestrial animal
I;:]ifg;’];zarzreglon group with the largest global biomass and a great body of information about spatial diversity patterns of meg-

adiverse orders such as hymenopterans, lepidopterans, and coleopterans is available. However, studies dedicated
to understanding these patterns in dipterans are scarce. Here, we aim to characterize the spatial variation of the
assemblage of phytosaprophytic flies in the Amazon forest by investigating its distribution across hierarchies of
spatial scales and the effect of geographical distance. The study site is located in the Direct Influence Area of the
Belo Monte hydroelectric dam, Pard state, Brazil. Sampling followed the Rapid Assessments for Long Term
Ecological Research experimental design. Fly assemblages were not uniform across most of the spatial scales
investigated. The larger scale (from 10 to 100 km) contributed more to the gamma diversity of the region than
the smaller ones (approximately 1 km). The beta diversity with a Shannon index of over 60 % of y taxonomic
diversity was influenced by the diversity within transects (a-diversity). Pairwise dissimilarity showed no sig-
nificant relationship between geographical distance and Sorensen dissimilarity, turnover, nestedness, balanced
variation in species abundances, or abundance gradient components. The absence of stochastic processes in the
formation of the assemblages of phytosaprophytic flies indicates that environmental filters are more important to
its structuring than neutral processes. Thus, studies on larger scales can provide more robust evidence on the
assemblages distribution, both in preserved and highly impacted environments. Our study considered this wide-
scale and our finding revealed some patterns in the assembly rules of the flies community Amazon.

Tropical forest

1. Introduction

Diptera is one of the most diverse insect orders, with around 160,000
species described worldwide (Zhang, 2011). They show several distinct
habits (Marshall, 2012), and function as pollinators (Orford et al., 2015)
and decomposers of organic matter (Castelli et al., 2020). Some flies feed
on rotting vegetal matter, such as Mesembrinellidae, Neriidae, and
Ropalomeridae (Brown et al., 2010), representing phytosaprophytic
families. Others like Sarcophagidae feed on decaying animal matter,
including some species that can be of sanitary and forensic importance
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(Xavier et al., 2015), displaying an important role in recycling organic
matter on ecosystems (Castelli et al., 2020). Thus, many studies show
how different factors in different ecosystems affect the spatial distribu-
tion and abundance of the communities of saprophytic flies. Indeed,
several studies evaluated how these flies’ composition, richness, and
abundance are arranged according to land use (Carmo and Vasconcelos,
2016; Chust et al., 2004; Dufek et al., 2016; Vasconcelos and Salgado,
2014), resources abundance (Dufek et al., 2019,2021), or different types
of ecosystems (Sousa et al, 2010, 2011a, 2011b, 2016). However, studies
evaluating the diversity additive partitioning on hierarchically nested
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scales in tropical areas are scarce, with only one study for the temperate
region (Lévesque-Beaudin and Wheeler, 2011). Understanding the un-
derlying causes of community composition and its spatial variation
(B-diversity) remains a major goal in community ecology (Gallardo-Cruz
et al., 2010; Sutherland et al., 2013).

Beta diversity can be defined as changes in the composition, richness,
and abundance in a certain region, comparing diversity in different
scales (Whittaker, 1960). Briefly, is expressed as the ratio (Whittaker,
1972) or the difference (Lande, 1996) between the local and the regional
pool of species. Within the current beta diversity approach, community
spatial variation can be analyzed in two ways: i) diversity partitioning,
and ii) the distance-decay relationship (Barton et al., 2013). In the
former, diversity can be partitioned into three components: within a
community (alpha, o), within a region (gamma, y), and the difference
between several communities within a region (beta, ) (Whittaker,
1960). The latter aims to understand whether processes conducted by
environmental restrictions (deterministic or niche) or processes based
on dispersion limitations (stochastic or neutral) are more important to
the species spatial distribution patterns (Chase, 2014).

Regardless, two processes are linked to the patterns of beta diversity:
i) turnover ii) and nestedness. Turnover represents the substitution of
species between sampling locations, while nestedness is related to
changes in species richness (sampling locations with lower richness are a
subset of the species from higher-richness sampling locations) (Antao
et al., 2019; Baselga, 2010). Both processes are important to the for-
mation of beta diversity patterns. While turnover can reflect environ-
mental or spatial filters, historical restrictions (Qian et al., 2004) or
dispersion processes, nestedness is frequently related to the number of
available niches (da Silva et al., 2018), or to the extinction-colonization
dynamics (Si et al., 2016). Analyzing patterns of beta-diversity and its
response to the distance-decay relationship may reveal how Diptera
diversity is spatially structured and assembled (Lévesque-Beaudin and
Wheeler, 2011; Morlon et al., 2008). Thus, incorporating a spatial
perspective into the p-diversity analysis has proven to be a powerful tool
to elucidate, understand, and explain the underlying causes of complex
biodiversity patterns and species turnover across space (Gallardo-Cruz
et al., 2010).

In the Amazon rainforest, most of studies on saprophytic flies com-
munity ecology investigate aspects of cattle ranching (de Sousa et al.,
2020); distribution, checklists (Amat, 2010; Carvalho-Filho and Espo-
sito, 2008; Sousa et al, 2011a, 2015; Valverde Castro et al., 2017),
vegetation types (Esposito et al., 2010; Sousa et al, 2010, 2016), ur-
banization (Barbosa et al., 2017), and conservation and bioindication
(Sousa et al, 2011a, 2014). Thus, we aim to characterize the spatial
variation of the assemblage of phytosaprophytic flies in different scales
in the world’s largest rainforest. Additionally, we investigate how this
community is distributed across hierarchies of spatial scales and the
effect of geographical distance on the dissimilarity. We expect that
phytosaprophytic fly assemblages will not be uniform across all studied
spatial scales (different than expected by chance), and that greater scales
(between 10 and 100 km) will contribute more to the regional gamma
diversity than smaller ones (approximately 1 km). Furthermore, we
expect that processes associated with limiting dispersion will create
nonrandom patterns of diversity partitioning, that is, geographical dis-
tance (stochastic process) acts as a factor that increases beta-diversity. If
random patterns are found associated with geographical distance, we
can infer that deterministic processes are more relevant to this com-
munity than stochastic ones, since stochastic process are processes
associated with exclusively spatial factors (neutral-structured commu-
nities, Hubbell, 2001).

2. Material and methods
2.1. Study area

The study site is in the Direct Influence Area (DIA) of the Belo Monte

Acta Oecologica 112 (2021) 103768

hydroelectric dam in a region known as Volta Grande, Xingu River, in
Para state, northern Brazil (03°26’S and 51°56’W, Fig. 1a). The area is
located within the Amazon biome, with an original vegetation classified
as dense ombrophilous non-flooded forest (“terra firme” forest), as well
as floodplain forests on river banks (“varzeas” and “igapds™) (Salomao
et al., 2007). Sampling trips were carried out in five field campaigns
between 2014 and 2016, with the first taking place in July 2014; the
second in January and February 2015; the third in July and August
2015; the fourth in February and March 2016, and the fifth in July 2016.

2.2. Sampling methods, preparation of samples, and taxonomy

Sampling design followed RAPELD (Rapid Assessments for Long
Term Ecological Research, in Portuguese), which merges rapid assess-
ments with long-term studies (Magnusson et al., 2005). The RAPELD
design consists of eight modules inserted in the study area, where each
module is composed of two 5-km long parallel transects separated by 1
km (Lemos et al., 2015; Vaz-Silva et al., 2015). Each transect consisted of
six perpendicular 250 m parcels on opposite sides, distant 1 km from
each other. Each parcel was sampled with four traps for the collection of
phytosaprophytic flies (Fig. 1b and c), and each trap was placed within
parcels at distances of 10, 90, 150 and 250 m. Traps were manufactured
based on those designed for fruit flies (Medeiros and Klaczko, 1999),
consisting of 2-L plastic bottles, which insects can access through four
openings ranging from 0.5 to 2.5 cm. A mixture of mashed banana and
dry-bread yeast (Saccharomyces cerevisiae) fermented for 36 h was used
as bait. Traps were exposed in the field for 48 h, with insects being
removed every 24 h, to avoid the loss of the specimens once the
Amazonian environments are hot and humid and easily breaks speci-
mens (Fig. S1). Also, the bait was replaced every 24 h with a recently
fermented banana (Fig. 1d). The specimens were transferred alive to
plastic bags and posteriorly were freezing until the triage process. After
that, the specimens were stored in 90 % alcohol and taken to the ento-
mology laboratory of the Museu Paraense Emilio Goeldi (MPEG) for
processing, mounting, and identification. Samples were collected under
the IBAMA/SISBio license number 251/2013. These specimens are
deposited in the Entomological Collection of MPEG.

Fly specimens were identified to species level with identification
keys and by comparison with identified specimens in the MPEG collec-
tion. For the identification of Mesembrinellidae, keys were used from
Guimaraes (1977), Bonatto (2001), and Kosmann et al. (2013); for
Neriidae the keys were by Carvalho-Filho and Esposito (2008) and
Septlveda et al. (2013a, b); for Ropalomeridae the keys were by Prado
(1966), Marques and Ale-Rocha (2005), Marques-Costa and Ale-Rocha
(2005), Ale-Rocha and Alves (2006), and Kirst and Ale-Rocha (2012);
and for Sarcophagidae the keys and other taxonomic tools were by Lopes
(1939, 1946, 1958, 1975), Lopes and Tibana (1987), Lopes and Leite
(1991), Tibana and Xerez (1985), Carvalho and Mello-Patiu (2008),
Carvalho-Filho and Esposito (2012), and Buenaventura and Pape
(2013). Only male specimens of Sarcophagidae were identified at spe-
cific level since identification is based mainly on features of male
genitalia.

2.3. Data analysis

2.3.1. Description of the assemblage of phytosaprophytic flies

First, individual size- and coverage-based rarefaction and extrapo-
lation (doubling to reference sizes) curves were built to describe the
collected diversity profile using Hill numbers of q = 0 (species richness),
q = 1 (Shannon diversity), and q = 2 (Simpson diversity) (Chao et al.,
2014). The diversity profile by Hill number is interesting since it enables
the observation of the effective number of species based on assemblages
with different abundance equitabilities. For example, in assemblages
where all collected species have equal abundances, all Hill numbers will
be equal (i.e., the species richness value). On the other hand, in as-
semblages with uneven abundance, Hill numbers will reflect the
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Fig. 1. Location of RAPELD sampling modules (M1 - M8; 1 to 8) on Volta Grande, Xingu River, Para state, Brazil. (a) Detail of the geographic position in relation to
the main river of the Amazon basin, and (b) highlight of the sampling modules distributions within the Belo Monte hydroelectric plant’s area of influence. (c)
Schematic drawing of the hierarchical model for the additive partitioning of phytosaprophytc flies diversity at spatial dimension. Diversity within transects (dotted
box) is al diversity; diversity among transects is f1 diversity; diversity within a module (dashed boxes) is a2 diversity; diversity among modules is p2 diversity; and
total diversity (solid box) is y diversity. (d) General design of the trap used for collecting flies in the present study (for more details, see Medeiros and Klaczko 1999).

unevenness of species relative abundances (Chao et al., 2014). There-
fore, the more uneven the distribution of relative abundances, the higher
the differences across orders q (0; 1; 2; o) will be. For assemblages with
closer relative abundances, the values of the orders q > 1 will be close to
species richness (q = 0). Regardless, confidence intervals were deter-
mined by using 999 bootstraps for all rarefaction and extrapolation
curves.

2.3.2. Additive partitioning of diversity

To understand the patterns of beta-diversity (diversity partitioning
and distance-decay relationship) of the assemblage of phytosaprophytic
flies, we removed 15 singletons (species with only one specimen
collected; Table 1) from the data matrix to minimize possible errors
caused by sampling failures (Brasil et al., 2020; Poos and Jackson,
2012), and also because beta-diversity metrics are strongly affected by
rare species (Barwell et al., 2015; Beck et al., 2013). For our first pre-
diction, we partitioned the spatial structure of phytosaprophytic flies
diversity, grouping temporal data, and analyzing it at the level of 16
transects and eight modules. Thus, we used additive diversity parti-
tioning (Gering et al., 2003; Lande, 1996) expressed by the species
richness and the Shannon information index, in which y-diversity is the
sum of the o- and B-diversity values (y = a + p). The calculation of the

spatial hierarchy of the fly species’ p-diversity was: 1) a-diversity:
average richness or Shannon index within transects; 2) p1-diversity: the
mean difference of assemblages between transects within a module; and
3) p2-diversity: the mean difference of the assemblages between mod-
ules in the Volta Grande region (Fig. 1c).

Given that alfa and beta diversities are average values and are thus
expressed in the same units, we can evaluate the contribution of each
nested spatial level for the total y-diversity and the significance of each
spatial component (Veech et al., 2002). Our null hypothesis is that
phytosaprophytic fly diversity is uniform across all spatial scales. Hence,
to assign some ecological process for beta-diversities, we first need to
verify whether the observed values are higher or lower than the values
expected from random variation due to the sampling design (Crist et al.,
2003; Gotelli and Graves, 1996). For that, we used 9999 randomiza-
tions, with a 95 % confidence interval.

2.3.3. Distance-decay relationship

In our second prediction, we used matrices of composition incidence
and abundance in relation to a spatial distance matrix to calculate the
pairwise dissimilarity between modules and verify the distance-decay
relationship pattern for the assemblage of phytosaprophytic flies (Ap-
pendix A Table S1). For incidence data, total dissimilarity was calculated
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Table 1

Acta Oecologica 112 (2021) 103768

Species list and abundances of phytosaprophytic flies by eight modules in the middle Xingu River, in the Belo Monte direct impact area, Para state, Brazil. Species
highlighted in bold are singletons removed from the spatial hierarchical partitioning analysis and distance-decay relationships.

Family Species Modules Abundance  Proportion (%)
M1 M2 M3 M4 M5 M6 M7 M8

Calliphoridae Chloroprocta idioidea (Robineau-Desvoidy, 1830) 1 0 0 0 0 0 0 0 1 0.001
Chrysomya albiceps (Wiedemann, 1819) 0 1 0 0 0 0 0 0 1 0.001
Chrysomya megacephala (Fabricius, 1805) 1 0 0 0 0 0 0 0 1 0.001
Cochliomyia macellaria (Fabricius, 1775) 0 0 0 0 0 0 0 1 1 0.001

Mesembrinellidae Eumesembrinella quadrilineata (Fabricius,1775) 0 1 0 2 3 2 11 0 19 0.015
Eumesembrinella randa (Walker, 1849) 0 0 0 1 0 0 2 0 3 0.002
Lanela perisi (Mariluis, 1987) 0 0 0 0 2 4 3 3 12 0.010
Mesembrinella batesi (Mariluis, 1987) 0 0 0 1 1 1 1 0 4 0.003
Mesembrinella bellardiana (Aldrich, 1922) 0 0 0 0 0 0 2 0 2 0.002
Mesembrinella bicolor (Fabricius, 1805) 3 4 9 8 13 11 60 6 114 0.092

Neriidae Cerantichir peruana (Hennig, 1937) 0 0 0 0 0 2 2 0 0.003
Glyphidops etele Aczél, 1961 0 0 1 0 0 2 2 0 5 0.004
Glyphidops filosus (Fabricius, 1805) 6 1 9 64 14 22 11 22 149 0.120
Glyphidops flavifrons (Bigot, 1886) 0 0 0 0 0 0 0 1 1 0.001
Glyphidops vittatus (Cresson, 1912) 0 0 0 1 0 0 0 0 1 0.001
Nerius pilifer Fabricius, 1805 1 2 5 1 6 1 7 2 25 0.020
Nerius plurivittatus Bigot, 1886 0 0 0 0 3 0 4 0 7 0.006

Ropalomeridae Apophorhynchus amazonensis Prado (1966) 0 0 0 0 1 0 1 0 2 0.002
Rhopalomera clavipes (Fabricius, 1805) 1 0 1 0 1 0 0 0 3 0.002
Rhopalomera stictica (Wiedemann, 1828) 0 0 2 0 1 0 0 0 3 0.002
Rhopalomera tessellata Prado (1966) 0 0 0 0 0 1 0 0 1 0.001
Rhopalomera tibialis Walker, 1852 0 0 1 0 0 0 0 0 1 0.001
Willistoniella pleuropunctata (Wiedemann, 1824) 86 15 21 15 28 5 45 50 265 0.213

Sarcophagidae Argoravinia rufiventris (Wiedemann, 1830) 0 0 0 0 0 0 0 1 1 0.001
Dexosarcophaga carvalhoi (Lopes, 1980) 0 0 0 0 0 0 0 1 1 0.001
Helicobia borgmeieri Lopes (1939) 0 0 0 0 0 1 0 0 1 0.001
Helicobia morionella (Aldrich, 1930) 0 0 0 0 0 0 0 1 1 0.001
Helicobia pilifera Lopes (1939) 0 0 0 0 0 0 0 18 18 0.015
Helicobia sp. 0 0 0 0 0 0 0 2 2 0.002
Lepidodexia latifrons Kano & Lopes, 1969 0 0 0 0 1 0 0 0 1 0.001
Lepidodexia sp. 0 0 0 1 0 1 1 1 4 0.003
Oxysarcodexia amorosa (Schiner, 1868) 0 0 0 0 1 0 0 1 2 0.002
Oxysarcodexia avuncula (Lopes, 1933) 1 0 0 0 0 0 0 3 4 0.003
Oxysarcodexia bakeri (Aldrich, 1916) 1 1 0 0 0 0 0 14 16 0.013
Oxysarcodexia fringidea (Curran & Walley, 1934) 0 0 0 0 0 0 0 3 3 0.002
Oxysarcodexia intona (Curran & Walley, 1934) 0 0 0 0 0 0 0 1 1 0.001
Oxysarcodexia thornax (Wiedemann, 1830) 4 3 1 0 0 1 0 86 95 0.076
Peckia chrysostoma (Wiedemann, 1830) 2 2 12 1 1 0 0 5 23 0.019
Peckia collusor (Curran & Walley, 1934) 0 0 0 0 1 0 0 1 0.001
Peckia lambens (Wiedemann, 1830) 1 0 3 0 0 0 0 11 15 0.012
Ravinia belforti (Wiedemann, 1830) 14 0 0 0 2 0 0 18 0.015
Ravinia effrenata (Prado & Fonseca, 1932) 17 0 4 0 1 0 0 120 142 0.114
Retrocitomyia retrocita (Hall, 1933) 2 0 0 0 0 0 0 0 2 0.002
Titanogrypa luculenta (Lopes, 1938) 3 0 1 0 0 0 0 17 21 0.017
Tricharaea occidua (Fabricius, 1794) 16 1 2 1 0 4 1 223 248 0.199

Total abundance 160 31 72 96 80 58 153 595 1245

Total richness 17 10 14 11 17 14 15 25 45

using the Sorensen index (Baselga, 2010). Furthermore, to evaluate
which process contributes the most to the total dissimilarity decrease,
we separated dissimilarity into turnover and nestedness (Baselga, 2007;
Harrison et al., 1992). We then calculated three matrices: (i) fsor, which
represents the total compositional variation between all pairs of mod-
ules; (ii) Psmv, which represents the change in composition due to turn-
over; and (iii) Bgng, which is the dissimilarity resulting from nestedness,
calculated as the difference between fsor and fspv (Baselga, 2010,
2012). As for the abundance matrix, we calculated total dissimilarity
using the Bray-Curtis index (Baselga, 2013) and applied the same sep-
aration approach into two processes: balanced changes and abundance
gradients (Baselga, 2013). Therefore, we calculated three matrices: (i)
BBRrAY, an extension of the Sorensen index based on abundance; (ii) Ppar,
balanced variation in species abundance, which is analogous to species
replacement in incidence-based patterns, as the abundance of some
species declines from site 1 to site 2 in the same magnitude in which the
abundance of other species increases from site 1 to site 2; and (iii) fgra,
abundance gradients equivalent to species nestedness in
incidence-based patterns, as the abundance of all species equally de-
clines (or increases) from site 1 to site 2 (Baselga, 2013). To test the

significance of the relationship between geographical distance and
dissimilarity distance matrices we fitted negative exponential functions,
which are recognized as better descriptors for distance-decay patterns at
large spatial scales (Nekola and McGill, 2014; Nekola and White, 1999).

We performed all analyses in the R environment version 4.0.3 (R
Core Team, 2021). Additionally, we used the iNEXT (Hsieh et al., 2016)
and betapart packages (Baselga and Orme, 2012) for computing: i)
asymptotic diversity estimate curves, ii) additive partitioning - adipart
function, iii) incidence dissimilarity matrices — beta.pair function, iv)
abundance dissimilarity matrices — beta.pair.abund function, and vi)
negative exponential model for the distance-decay relationship — decay.
model function (Appendix A).

3. Results

We collected 1245 specimens from 45 species, distributed among 22
genera and five families, with an average + standard deviation of 15.37
+ 4.62 species and 101.25 + 50.31 individuals per module (Table 1).
Family richness and abundance followed an almost symmetrical distri-
bution, with Sarcophagidae as the most representative one (22 species —
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48 %; 620 individuals — 49.7 %), followed by Neriidae (7-15 %;
192-15.5 %), Ropalomeridae (6-13 %; 275-22.0 %), Mesembrinellidae
(6-13 %; 154-12.3 %), and Calliphoridae (4-8.8 %; 4-0.3 %).

Asymptotic diversity estimates by size-based rarefaction and
extrapolation curves showed that there was no stabilization for q = 0,
implying that the asymptote was far from being reached (Fig. 2a), except
for ¢ = 1 (Shannon diversity, i.e. common taxa richness) and q = 2
(Simpson diversity, i.e. dominant taxa richness). However, the coverage-
based rarefaction and extrapolation curves suggested that diversity at
the studied region was well represented with a sample coverage per-
centage above 95 % for all diversities (Fig. 2b).

The spatially hierarchical partitioning of phytosaprophytic fly di-
versities based on species richness showed that p-diversity contributed
with approximately 70 % of the diversity within the community (Fig. 3).
Additionally, a-diversity (average richness inside the transect — al)
represented around 30 % of the sampled community (Fig. 3). The p-di-
versity between transects within the module (1) represented about 14
%, while the p-diversity between modules in the Belo Monte region (2)
represented 55 % (Fig. 3). When analyzing the significance between the
observed and the expected species richness results, we showed that the
a-diversity is lower than the diversity expected at random (Spps = 9.18,
Sexp = 12.68, P < 0.001), while p2 is higher than the expected at random
(Sos = 16.50, Sgxp = 13.00, P < 0.001). On the other hand, 1 does not
differ significantly from the null hypothesis (Sops = 4.31, Sgxp = 4.37, P
= 0.95; Table 2). Moreover, the partitioning expressed by the Shannon
index showed that approximately 64 % is represented by the average
diversity inside the transect (a1; Fig. 3) and is lower than the expected at
random (H’opgs = 1.51, H’gxp = 2.10, P < 0.001). f1 and p2 represent
around 35 % of the p-diversity calculated with the Shannon index, and
both are higher than the expected at random (1H’ops = 0.25, p1H gxp
=0.12, P < 0.001; p2H’ ops = 0.60, p2H gxp = 0.14, P < 0.001; Table 2).

Patterns of pairwise dissimilarity with geographical distance for the
assemblage of phytosaprophytic dipterans are only significant when we
observe the abundance-based dissimilarity (Fig. 4d). Incidence-based
dissimilarity yields no significant relationship with geographical dis-
tance, whether for general dissimilarity (Sorensen index, Fig. 4a), spe-
cies substitution (turnover, Fig. 4b), or nestedness (Fig. 4c). The same
pattern was verified when we separated pairwise dissimilarity based on
the Bray-Curtis index into its components of balanced variation in spe-
cies abundances and abundance gradients as neither showed any sig-
nificant relationships (Fig. 4e and f).

4. Discussion

Many studies have been relevant to understanding the distribution
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Fig. 3. Contribution (%) of alpha (a) and beta (b) components to the total
gamma diversity, both species richness (left) and Shannon diversity (right)
(additive partitioning) for phytosaprophytic flies in different spatial scales. For
observed and expected values of alpha and beta components, see Table 2.

pattern and diversity of saprophytic flies in the Amazon biome (Esposito
et al., 2010; Sousa et al, 2010, 2010, 2016, 2010) and other tropical
Brazilian ecosystems (tropical rainforest: Cabrini et al. (2013); Vascon-
celos et al. (2015); tropical seasonally dry forest: Oliveira and Vascon-
celos (2018); Valverde Castro et al. (2017); savanna-like vegetation
(cerrado): Rosa et al. (2011). However, the present study is the first to
highlight the beta-diversity pattern of phytosaprophytic flies in a trop-
ical ecosystem in hierarchically-nested spatial scales. Here, we show
that the community of phytosaprophytic flies is differently affected by
the scales, i.e., larger scales have a higher contribution to the compo-
sition, whereas diversity is higher in smaller scales (Fig. 3). Second, the
community is not randomly generated at nearly all spatial scales, thus
indicating that ecological processes modulate the formation of phyto-
saprophytic fly communities (Table 2). Finally, spatial distance is an
important factor only for the abundance dissimilarity and not for the

Fig. 2. Asymptotic diversity curve of

phytosaprophytic flies for the Belo

Monte’s dam region, Amazon forest,
) Para state, Brazil. (a) Size-based rare-
faction (solid lines) and extrapolation
(dashed lines) curves, and (b) coverage-
based rarefaction (solid lines) and
extrapolation (dashed lines) curves up
to the corresponding coverage value.
The 95 % confidence intervals (shaded
areas) were obtained by a bootstrap
method based on 999 permutations.
(Color figure can be viewed in the on-
line version.). (For interpretation of the

0 500 1000 1500 2000 2500 0.0 0.2

Number of individuals

= Interpolated = Extrapolated

Ho Bl @

Sample coverage

04 06 08 1.0 references to color in this figure legend,

the reader is referred to the Web version
of this article.)
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Table 2
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Spatial partitioning of the assemblage of phytosaprophytic flies in Volta Grande region, Xingu River, Pard state, northern Brazil. Results highlighted in bold indicate
that the observed diversity is significantly different from that expected in a random distribution. For all diversity indexes, the expected value is the mean of the null
distribution by 999 randomizations (for more details, see Data analysis section). CI = 95 % confidence intervals.

Index Scales Observed (%) Expected CI P-value
Richness
® Within transect 9.18 0.30 12.68 12.06-13.31 0.001
p1 Among transects 4.31 0.14 4.37 3.68-5.06 0.959
p2 Between modules 16.50 0.55 13.00 12.00-13.87 0.001
y Total 30.00 1.00
Shannon
o Within transect 1.51 0.63 2.10 2.04-2.15 0.001
p1 Among transects 0.25 0.10 0.12 0.09-0.16 0.001
p2 Between modules 0.60 0.25 0.14 0.09-0.20 0.001
b Total 2.38 1.00
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Fig. 4. Relationship between biotic dissimilarity and geographic distances using incidence (a-c) and abundance (d-f) data. Total dissimilarity (Bsor and Pgray) and
its components (Bspv — turnover, Bsyg — nestedness, Ppar, - balanced variation, pgra-abundance gradients). Both determination coefficients (Pseudo-R?) and signifi-

cance (p, computed using decay.model function) for each relationship are shown.

incidence dissimilarity, which reinforces the idea that deterministic
processes (niche) are more important than stochastic ones (neutral) for

this assemblage (Fig. 4).

We encounter a species richness within transect (a-diversity) minor

those expected by the null model (Table 2), and a contribution higher
this scale to the regional species pool than the diversity among transects.
These results can be explained by three factors. First, can be an indicator
of a sampling method bias in to be selective in collecting certain groups,



A.B. Viana-Junior et al.

once we believe exist an underrepresentation of the Calliphoridae
family. Second, an effect of the aggregate distribution of resources on a
local scale, since the spatial aggregation is a common pattern from
different communities (Veech 2005; Ribeiro et al., 2008). Lastly, due to
the dispersal capacity of these flies at the 1-km scale (Amat, 2010; Chust
et al., 2004; Finch and Collier, 2004; Meats and Smallridge, 2007), thus
increasing species sharing between transects within the same module.
We do not have environmental data on the local scale to affirmative how
aggregate factors can drive diversity. These results establish open ave-
nues for further research on how environmental local factors affect the
a-diversity of phytosaprophytic flies in Amazon. The beta diversity
among transects (p1) was not significantly different from the expected
value, indicating that all phytosaprophytic flies assemblages of transects
are subsamples of the same species pool. The differences observed in the
Shannon index, in these same scales, suggest that structural differences
among transects affect the dominance patterns in these communities
since the Shannon index gives more weight for common species than
metrics that use species richness (Ribeiro et al., 2008).

The high contribution of beta-diversity for the composition of phy-
tosaprophytic flies (>70 %) shows how environmental and spatial fac-
tors at local and regional scales are determinant to the formation of this
community (Cottenie, 2005). However, this contribution is low at the
scale of approximately 1 km (B1), thus making the largest p2 scale
contribution (between 10 and 100 km). This high contribution of 2 can
is associated with the landscape attributes of Belo Monte, where local
environmental conditions (f1) are more similar when compared to the
region (B2). In other words, a possible explanation for the more
contribution of p2 is we have one heterogeneous mosaic of favorable and
unfavorable habitats for the entire community in this scale (Lemos et al.,
2015).

The pattern found for tropical phytosaprophytic flies is distinct from
patterns found for the same group in temperate environments, this is not
a novelty. Lévesque-Beaudin and Wheeler (2011) analyzed the f-di-
versity pattern of saprophytic flies in hierarchically nested spatial scales
in Canada and found an opposite pattern to that of the present study. In
the temperate region, the smaller scale (difference in fly communities
between trees from the same locality) contributed more than the scale of
approximately 1 km (B2 in Lévesque-Beaudin and Wheeler (2011),
which was similar to our 1) and <5 % for the scale of approximately 10
km (B3 in Lévesque-Beaudin and Wheeler (2011) and similar to our $2).
According to Lévesque-Beaudin and Wheeler (2011), this low p-diversity
at the 10-km scale can result from recent fragmentation processes of a
continuous forest, which separated the community into distinct sites,
maintaining the diversity in these areas. In our case, the high contri-
bution from p2 can be explained by the dispersion limitation at this
scale, since the flies’ movement capacity is limited to distances shorter
than 2 km (Finch and Collier, 2004; Meats and Smallridge, 2007).

This opposite B-diversity pattern between tropical and temperate
regions appears to be a feature of the latitudinal diversity gradient
(Brown, 2014). This phenomenon of the latitudinal diversity gradient is
explained primarily by increasing temperature, wherein tropics the
species occupy smaller geographical ranges and a narrower range of
abiotic environmental conditions (Rapoport’s rule). These patterns of
beta diversity are consistent with the effect of temperature on ecological
interactions and coevolutionary processes (Brown 2014). So, is probable
that the differences in productivity and niche relationships between
tropical and temperate be the factors that affect local (alpha) diversity,
the spatial turnover (beta diversity), and finally to geographical scale
species dynamics (gamma diversity) (Brown, 2014). This comparison
may even seem biased, but it opens up perspectives demonstrating the
need for further studies for assemblages of saprophytic flies that eval-
uate the beta diversity pattern in different spatial scales.

The p-diversity expressed by the Shannon index shows that certain
fly species are dominant within transects. The Shannon index considers
the species relative abundance and expresses the results according to the
dominance and rarity of species inside communities (Crist et al., 2003).
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In our results, both the local dominance and uniformity of several fly
species in the transects are due to a higher contribution of the « scale
relative to the f. In this case, the dominant species within the commu-
nity is Willistoniella pleuropunctata (Wiedemann, 1824) (Diptera: Ropa-
lomeridae). This is the most sampled genus of Ropalomeridae,
comprising about 50 % of specimens found in collections of this family,
and is widely distributed across Central and South America (Marques
and Ale-Rocha, 2005). However, the observed value was significantly
different from the value expected at random for all scales of the Shannon
index (o and B). Therefore, we can infer that the dominant species in
each scale are different. These results follow similar patterns to those of
other insect groups such as butterflies (Ribeiro et al., 2008), moths
(Braga and Diniz, 2015), beetles (Gering et al., 2003), herbivorous, and
parasitoids (Maia et al., 2019) (Fig. S2).

To the results on the distance-decay relationship, we argue that the
increase in community dissimilarity with geographical distance is one of
the most well-known and analyzed ecological patterns (Condit, 2002;
Nekola and White, 1999; Tuomisto, 2003). However, depending on the
scale, geographical distance is auto-correlated with environmental
dissimilarity (i.e., the bigger the spatial distance, the bigger the envi-
ronmental heterogeneity) (Chase, 2014; Jimenez-Valverde et al., 2010;
Legendre, 1993). At the scale between 10 and ~100 km, only the
abundance-based dissimilarity was significant with spatial distance
(Fig. 4d). The lack of relationship between diversity and its components
(turnover, nestedness, balanced variation, and abundance gradients)
with spatial distance highlights the lack of stochastic processes (Hubbell,
2001) in the structuring of phytosaprophytic fly assemblages. In
meta-community theory, neutral dynamics are associated with sto-
chastic processes, while species sorting is more associated with deter-
ministic processes, where both processes are not mutually exclusive and
are scale-dependent (Ovaskainen et al., 2019). This result, together with
the high contribution of p2 (largest scale, Fig. 3) shows us that the Volta
Grande region is heterogeneous regardless of spatial distances (i.e., the
pairs of the most distant modules are not necessarily the most envi-
ronmentally different ones). However, the abundance-based dissimi-
larity was significant in relation to spatial distance, thus showing that
distance matters in this community profile (species dominance and
rarity). Thus, examining communities’ spatial structure can provide a
strong approach to understand their dynamics, how they are structured,
and help explain species diversity patterns (Kneitel and Chase, 2004).

In summary, it appears that in the western Brazilian Amazon, envi-
ronmental processes are more important in structuring phytosapro-
phytic fly communities than spatial ones. Other studies demonstrate that
the diversity of saprophytic flies can be affected by ecological factors
such as anthropic activities (Carmo and Vasconcelos, 2016; Dufek et al.,
2016), urbanization (Barbosa et al., 2017; Valverde Castro et al., 2017),
food resources (Oliveira and Vasconcelos, 2018), and habitat type
(Esposito et al., 2010; Sousa et al, 2010, 2011a, 2016). In the current
scenario of biodiversity crisis and declining insect richness in the
Anthropocene (McGill et al., 2015; van Klink et al., 2020), under-
standing the beta-diversity pattern of communities is important before
they disappear. For conservation efforts, it is important to consider beta
diversity studies to propose mitigation actions (Socolar et al., 2016).
Within the Volta Grande region, the surrounding ecological impacts can
be both local and synergistic, possibly leading to extinctions, changes in
diversity and abundance and, consequently, to faunal homogenization
(Akama, 2017).

5. Conclusion

Since purely spatial aspects do not help to explain the structure of the
fly communities, we suggest that environmental filters (e.g.: configu-
ration and composition of the landscape, anthropogenic aspects, sea-
sonality, among others) are more important for the structure of fly
communities in the Volta Grande region of the Amazon. It is important
to maintain constant monitoring of areas influenced by the Belo Monte
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dam, since some of the flies sampled in this study are considered syn-
anthropic (associated with anthropic environments) and of medical-
sanitary interest (Cadavid-Sanchez et al., 2015; de Souza and Von
Zuben, 2016; Xavier et al., 2015), which can directly affect riverine
populations. The species Cochliomyia macellaria are of medical interest
because they cause secondary myiasis and nosocomial myiasis (Smith,
1986), while the species Chrysomyia albiceps, Chrysomyia megacephala,
and Sarcophagidae family have forensic interest and are transmitters of
pathogens (Buenaventura et al., 2009; Ferraz et al., 2010; Junqueira
et al., 2017; Vairo et al., 2011). Another relevant aspect of this study is
that beta-diversity patterns for phytosaprophytic flies are uncertain and
poorly studied, and the environmental factors which explain their
communities’ distribution and composition need further elucidation
(Lévesque-Beaudin and Wheeler, 2011). Thus, testing the effect of
habitat heterogeneity in fly dispersion within these landscapes can be
relevant to understanding the mechanisms underlying fly assemblages.
Finally, studies on larger scales can provide more robust evidence on
community distribution, both in preserved and highly impacted
environments.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

We thank Frederico de Siqueira Neves for the helpful comments on
drafts of this manuscript and the anonymous reviewer for useful sug-
gestions that helped improving this paper. This work was conducted in
cooperation with Norte Energia SA and STCP Engenharia de Projetos
LTDA running the PBA UHE Belo Monte. We acknowledge Coordenacao
de Aperfeicoamento de Pessoal de Nivel Superior (CAPES) — Finance
code 001 for the doctoral fellowship awarded to C.C. De-Souza. AB
Viana-Junior received a postdoctoral scholarship from the Biodiversity
Research Consortium Brazil-Norway (BRC), Hydro-Alunorte (#12/16
Ecological Interaction project).

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.actao.2021.103768.

References

Akama, A., 2017. Impacts of the hydroelectric power generation over the fish fauna of
the Tocantins river, Brazil: marabd dam, the final blow. Oecologia Aust 21, 222-231.
https://doi.org/10.4257 /0eco.2017.2103.01.

Ale-Rocha, R., Alves, V.R., 2006. Descricao do macho de apophorhynchus flavidus
williston E chave de identificacao, baseada em machos, para espécies de
apophorhynchus williston (Diptera, Ropalomeridae). Rev. Bras. Entomol. 50,
352-354.

Amat, E., 2010. Notes on necrophagous flies (Diptera: calyptratae) associated to fish
carrion in Colombian Amazon. Acta Amazonica 40, 397-400. https://doi.org/
10.1590/50044-59672010000200018.

Antao, L.H., McGill, B., Magurran, A.E., Soares, A.M.V.M., Dornelas, M., 2019.
p-diversity scaling patterns are consistent across metrics and taxa. Ecography 42,
1012-1023. https://doi.org/10.1111/ecog.04117.

Barbosa, T.M., Carmo, R.F.R,, Silva, L.P., Sales, R.G., Vasconcelos, S.D., 2017. Diversity
of sarcosaprophagous calyptratae (Diptera) on sandy beaches exposed to increasing
levels of urbanization in Brazil. Environ. Entomol. 46, 460-469. https://doi.org/
10.1093/ee/nvx059.

Barton, P.S., Cunningham, S.A., Manning, A.D., Gibb, H., Lindenmayer, D.B., Didham, R.
K., 2013. The spatial scaling of beta diversity: spatial scaling of beta diversity. Global
Ecol. Biogeogr. 22, 639-647. https://doi.org/10.1111/geb.12031.

Barwell, L.J., Isaac, N.J.B., Kunin, W.E., 2015. Measuring p-diversity with species
abundance data. J. Anim. Ecol. 84, 1112-1122. https://doi.org/10.1111/1365-
2656.12362.

Baselga, A., 2007. Disentangling distance decay of similarity from richness gradients:
response to Soininen et al. 2007. Andrés Baselga. Ecography 30, 838-841. https://
doi.org/10.1111/j.2007.0906-7590.05191.x.

Acta Oecologica 112 (2021) 103768

Baselga, A., 2010. Partitioning the turnover and nestedness components of beta diversity:
partitioning beta diversity. Global Ecol. Biogeogr. 19, 134-143. https://doi.org/
10.1111/j.1466-8238.2009.00490.x.

Baselga, A., 2012. The relationship between species replacement, dissimilarity derived
from nestedness, and nestedness: species replacement and nestedness. Global Ecol.
Biogeogr. 21, 1223-1232. https://doi.org/10.1111/j.1466-8238.2011.00756.x.

Baselga, A., 2013. Separating the two components of abundance-based dissimilarity:
balanced changes in abundance vs. abundance gradients. Methods Ecol. Evol. 4,
552-557. https://doi.org/10.1111/2041-210X.12029.

Baselga, A., Orme, C.D.L., 2012. betapart : an R package for the study of beta diversity:
Betapart package. Methods Ecol. Evol. 3, 808-812. https://doi.org/10.1111/j.2041-
210X.2012.00224.x.

Beck, J., Holloway, J.D., Schwanghart, W., 2013. Undersampling and the measurement
of beta diversity. Methods Ecol. Evol. 4, 370-382. https://doi.org/10.1111/2041-
210x.12023.

Bonatto, S.R., 2001. Revisao E Analise Cladistica De Mesembrinellidae Stat. Ver.
(Diptera: Oestroidea). Tese De Doutorado, Universidade Federal Do Parand, Curitiba.

Braga, L., Diniz, L.R., 2015. Importance of habitat heterogeneity in richness and diversity
of moths (Lepidoptera) in Brazilian savanna. Environ. Entomol. 44, 499-508.
https://doi.org/10.1093/ee/nvv026.

Brasil, L.S., de Lima, E.L., Spigoloni, Z.A., Ribeiro-Brasil, D.R.G., Juen, L., 2020. The
habitat integrity index and aquatic insect communities in tropical streams: a meta-
analysis. Ecol. Indicat. 116, 106495. https://doi.org/10.1016/j.
ecolind.2020.106495.

Brown, J.H., 2014. Why are there so many species in the tropics?. In: Svenning, J. (Ed.),
J. Biogeogr., vol. 41, pp. 8-22.

Brown, B., Borkent, A., Cumming, J., Wood, D., Woodley, N., Zumbado, M., 2010.
Manual of Central American Diptera. NRC Research Press, Ottawa.

Buenaventura, E., Pape, T., 2013. Revision of the new world genus peckia Robineau-
desvoidy (Diptera: sarcophagidae). Zootaxa 3622, 1-87.

Buenaventura, E., Camacho, G., Garcia, A., Wolff, M., 2009. Sarcophagidae (Diptera) de
importancia forense en Colombia: claves taxondmicas, notas sobre su biologia y
distribucién. Rev. Colomb. Entomol. 35, 189-196.

Cabrini, 1., Grella, M.D., Andrade, C.F.S., Thyssen, P.J., 2013. Richness and composition
of Calliphoridae in an Atlantic Forest fragment: implication for the use of dipteran
species as bioindicators. Biodivers. Conserv. 22, 2635-2643. https://doi.org/
10.1007/510531-013-0545-x.

Cadavid-Sanchez, 1.C., Amat, E., Gomez-Pinerez, L.M., 2015. Enterobacteria isolated
from synanthropic flies (Diptera, calyptratae) in medellin, Colombia. Caldasia 37,
319-332. https://doi.org/10.15446/caldasia.v37n2.53594.

Carmo, R.F.R., Vasconcelos, S.D., 2016. Assemblage of necrophagous Diptera in atlantic
insular environments and response to different levels of human presence. Neotrop.
Entomol. 45, 471-481. https://doi.org/10.1007/513744-016-0394-x.

Carvalho, C.J.B., Mello-Patiu, C.A., 2008. Keys to the adults of the most common forensic
species of Diptera in South America. Rev. Bras. Biol. 52, 390-406.

Carvalho-Filho, F.S., Esposito, M.C., 2008. Neriidae (Diptera: schizophora) of the
Brazilian Amazon: new records of genera and species, and key to species. Neotrop.
Entomol. 37, 58-62. https://doi.org/10.1590/51519-566X2008000100008.

Carvalho-Filho, F.S., Esposito, M.C., 2012. Revision of argoravinia townsend (Diptera:
sarcophagidae) of Brazil with the description of two new species. Zootaxa 3256,
1-26.

Castelli, L.E., Gleiser, R.M., Battan-Horenstein, M., 2020. Role of saprophagous fly
biodiversity in ecological processes and urban ecosystem services. Ecol. Entomol. 45,
718-726. https://doi.org/10.1111/een.12849.

Chao, A., Gotelli, N.J., Hsieh, T.C., Sander, E.L., Ma, K.H., Colwell, R.K., Ellison, A.M.,
2014. Rarefaction and extrapolation with Hill numbers: a framework for sampling
and estimation in species diversity studies. Ecol. Monogr. 84, 45-67. https://doi.
org/10.1890/13-0133.1.

Chase, J.M., 2014. Spatial scale resolves the niche versus neutral theory debate. J. Veg.
Sci. 25, 319-322. https://doi.org/10.1111/jvs.12159.

Chust, G., Pretus, J.Ll, Ducrot, D., Ventura, D., 2004. Scale dependency of insect
assemblages in response to landscape pattern. Landsc. Ecol. 19, 41-57. https://doi.
org/10.1023/B:LAND.0000018368.99833.f2.

Condit, R., 2002. Beta-diversity in tropical forest trees. Science 295, 666-669. https://
doi.org/10.1126/science.1066854.

Cottenie, K., 2005. Integrating environmental and spatial processes in ecological
community dynamics: meta-analysis of metacommunities. Ecol. Lett. 8, 1175-1182.
https://doi.org/10.1111/j.1461-0248.2005.00820.x.

Crist, T.O., Veech, J.A., Gering, J.C., Summerville, K.S., 2003. Partitioning species
diversity across landscapes and regions: a hierarchical analysis of a, b, and g
diversity. Am. Nat. 162, 734-743.

da Silva, P.G., Lobo, J.M., Hensen, M.C., Vaz-de-Mello, F.Z., Hernandez, M.I.M., 2018.
Turnover and nestedness in subtropical dung beetle assemblages along an
elevational gradient. Divers. Distrib. 24, 1277-1290. https://doi.org/10.1111/
ddi.12763.

de Sousa, J.R.P., da Silva Carvalho-Filho, F., Juen, L., Esposito, M.C., 2020. The effects of
cattle ranching on the communities of necrophagous flies (Diptera: Calliphoridae,
Mesembrinellidae and Sarcophagidae) in Northeastern Brazil. J. Insect Conserv. 24,
705-717. https://doi.org/10.1007/s10841-020-00246-y.

de Souza, C.R., Von Zuben, C.J., 2016. Synanthropy of sarcophagidae (Diptera) in
southeastern Brazil. Neotrop. Entomol. 45, 637-641. https://doi.org/10.1007/
513744-016-0411-0.

Dufek, M.I., Damborsky, M.P., Mulieri, P.R., 2021. Seasonal fluctuations in
sarcophagidae (Diptera: calyptratae) assemblages in the humid chaco ecoregion,
Argentina (ed C. Geden). J. Med. Entomol. 58, 320-332.


https://doi.org/10.1016/j.actao.2021.103768
https://doi.org/10.1016/j.actao.2021.103768
https://doi.org/10.4257/oeco.2017.2103.01
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref2
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref2
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref2
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref2
https://doi.org/10.1590/S0044-59672010000200018
https://doi.org/10.1590/S0044-59672010000200018
https://doi.org/10.1111/ecog.04117
https://doi.org/10.1093/ee/nvx059
https://doi.org/10.1093/ee/nvx059
https://doi.org/10.1111/geb.12031
https://doi.org/10.1111/1365-2656.12362
https://doi.org/10.1111/1365-2656.12362
https://doi.org/10.1111/j.2007.0906-7590.05191.x
https://doi.org/10.1111/j.2007.0906-7590.05191.x
https://doi.org/10.1111/j.1466-8238.2009.00490.x
https://doi.org/10.1111/j.1466-8238.2009.00490.x
https://doi.org/10.1111/j.1466-8238.2011.00756.x
https://doi.org/10.1111/2041-210X.12029
https://doi.org/10.1111/j.2041-210X.2012.00224.x
https://doi.org/10.1111/j.2041-210X.2012.00224.x
https://doi.org/10.1111/2041-210x.12023
https://doi.org/10.1111/2041-210x.12023
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref14
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref14
https://doi.org/10.1093/ee/nvv026
https://doi.org/10.1016/j.ecolind.2020.106495
https://doi.org/10.1016/j.ecolind.2020.106495
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref17
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref17
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref18
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref18
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref19
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref19
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref20
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref20
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref20
https://doi.org/10.1007/s10531-013-0545-x
https://doi.org/10.1007/s10531-013-0545-x
https://doi.org/10.15446/caldasia.v37n2.53594
https://doi.org/10.1007/s13744-016-0394-x
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref24
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref24
https://doi.org/10.1590/S1519-566X2008000100008
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref26
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref26
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref26
https://doi.org/10.1111/een.12849
https://doi.org/10.1890/13-0133.1
https://doi.org/10.1890/13-0133.1
https://doi.org/10.1111/jvs.12159
https://doi.org/10.1023/B:LAND.0000018368.99833.f2
https://doi.org/10.1023/B:LAND.0000018368.99833.f2
https://doi.org/10.1126/science.1066854
https://doi.org/10.1126/science.1066854
https://doi.org/10.1111/j.1461-0248.2005.00820.x
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref34
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref34
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref34
https://doi.org/10.1111/ddi.12763
https://doi.org/10.1111/ddi.12763
https://doi.org/10.1007/s10841-020-00246-y
https://doi.org/10.1007/s13744-016-0411-0
https://doi.org/10.1007/s13744-016-0411-0
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref38
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref38
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref38

A.B. Viana-Junior et al.

Dufek, M.I., Oscherov, E.B., Damborsky, M.P., Mulieri, P.R., 2019. Calliphoridae
(Diptera) in human-transformed and wild habitats: diversity and seasonal
fluctuations in the humid chaco ecoregion of South America. J. Med. Entomol. 56,
725-736.

Dufek, M.I., Oscherov, E.B., Damborsky, M.P., Mulieri, P.R., 2016. Assessment of the
abundance and diversity of Calliphoridae and sarcophagidae (Diptera) in sites with
different degrees of human impact in the ibera wetlands (Argentina). J. Med.
Entomol. 53, 827-835. https://doi.org/10.1093/jme/tjw045.

Esposito, M.C., Sousa, J.R.P. de, Carvalho-Filho, F. da S., 2010. Diversidade de
Calliphoridae (Insecta: Diptera) na base de extracao petrolifera da Bacia do Rio
Urucu, na Amazonia brasileira. Acta Amazonica 40, 579-583. https://doi.org/
10.1590/50044-59672010000300018.

Ferraz, A.C.P., Proenca, B., Gadelha, B.Q., Faria, L.M., Barbalho, M.G.M., Aguiar-
Coelho, V.M., Lessa, C.S.S., 2010. First record of human myiasis caused by
association of the species Chrysomya megacephala (Diptera: Calliphoridae),
Sarcophaga (liopygia) ruficornis (Diptera: sarcophagidae), and Musca domestica
(Diptera: muscidae). me 47, 487-490. https://doi.org/10.1603/ME09143.

Finch, S., Collier, R.H., 2004. A simple method - based on the carrot fly - for studying the
movement of pest insects. Entomol. Exp. Appl. 110, 201-205. https://doi.org/
10.1111/j.0013-8703.2004.00136.x.

Gallardo-Cruz, J., Meave, J., Pérez-Garcia, E., Herndndez-Stefanoni, J., 2010. Spatial
structure of plant communities in a complex tropical landscape: implications for
p-diversity. Community Ecol. 11, 202-210. https://doi.org/10.1556/
ComEc.11.2010.2.8.

Gering, J.C., Crist, T.O., Veech, J.A., 2003. Additive partitioning of species diversity
across multiple spatial scales: implications for regional conservation of biodiversity.
Conserv. Biol. 17, 488-499.

Gotelli, N.J., Graves, G.R., 1996. Null Models in Ecology. Smithsonian Institution Press,
Washington.

Guimaraes, J.H., 1977. A systematic revision of the Mesembrinellidae, stat. Nov.
(Diptera, cyclorrhapha). Arq. Zool. (Sao Paulo) 29, 1-109.

Harrison, S., Ross, S.J., Lawton, J.H., 1992. Beta diversity on geographic gradients in
britain. J. Anim. Ecol. 61, 151. https://doi.org/10.2307/5518.

Hsieh, T.C., Ma, K.H., Chao, A., 2016. iNEXT: an R package for rarefaction and
extrapolation of species diversity ( H ill numbers). Methods Ecol. Evol. 7,
1451-1456. https://doi.org/10.1111/2041-210X.12613.

Hubbell, S.P., 2001. The Unified Neutral Theory of Biodiversity and Biogeography,
Monographs in Population Biology. Princeton University Press, Princeton.

Jimenez-Valverde, A., Baselga, A., Melic, A., Txasko, N., 2010. Climate and regional
beta-diversity gradients in spiders: dispersal capacity has nothing to say? Insect
Conserv. Divers. 3, 51-60. https://doi.org/10.1111/j.1752-4598.2009.00067 .x.

Junqueira, A.C.M., Ratan, A., Acerbi, E., Drautz-Moses, D.I., Premkrishnan, B.N.V.,
Costea, P.1., Linz, B., Purbojati, R.W., Paulo, D.F., Gaultier, N.E., Subramanian, P.,
Hasan, N.A., Colwell, R.R., Bork, P., Azeredo-Espin, A.M.L., Bryant, D.A., Schuster, S.
C., 2017. The microbiomes of blowflies and houseflies as bacterial transmission
reservoirs. Sci. Rep. 7, 16324. https://doi.org/10.1038/541598-017-16353-x.

Kirst, F.D., Ale-Rocha, R., 2012. Taxonomic revision of the amazonian species of
ropalomera Wiedemann, 1824 (Diptera: Ropalomeridae). Zootaxa 3151, 1-27.
Kneitel, J.M., Chase, J.M., 2004. Trade-offs in community ecology: linking spatial scales
and species coexistence. Ecol. Lett. 7, 69-80. https://doi.org/10.1046/j.1461-

0248.2003.00551.x.

Kosmann, C., Mello, R.P., Harterreiten-Souza, E.S., Pujol-Luz, J.R., 2013. A list of current
valid blow fly names (Diptera: Calliphoridae) in the americas South of Mexico with
key to the Brazilian species. Entomobrasilis 6, 74-85.

Lande, R., 1996. Statistics and partitioning of species diversity, and similarity among
multiple communities. Oikos 76, 5. https://doi.org/10.2307/3545743.

Legendre, P., 1993. Spatial autocorrelation: trouble or new paradigm? Ecology 74,
1659-1673. https://doi.org/10.2307/1939924.

Lemos, Dan, Ferreira, Bga, Siqueira, Jdp, Oliveira, Mm, Ferreira, Am, 2015. Floristic and
phytosociology in dense “terra firme” rainforest in the Belo Monte Hydroelectric
Plant influence area, Pard, Brazil. Braz. J. Biol. 75, 257-276. https://doi.org/
10.1590/1519-6984.01814BM.

Lévesque-Beaudin, V., Wheeler, T.A., 2011. Spatial scale and nested patterns of beta-
diversity in temperate forest Diptera: beta-diversity of forest Diptera. Insect Conserv.
Divers. 4, 284-296. https://doi.org/10.1111/j.1752-4598.2010.00127 .x.

Lopes, H.S., Leite, A.C.R., 1991. Notes on the male genitalia of species of ravinia and
chaetoravinia (Diptera: sarcophagidae). Mem. Inst. Oswaldo Cruz 86, 95-101.

Lopes, H.S., Tibana, R., 1987. On oxysarcodexia (Diptera, sarcophagidae), with
descriptions of five new species, key, list and geographic distribution of the species.
Rev. Bras. Biol. 47, 329-347.

Lopes, H.S., 1939. Contribuicao ao conhecimento do genero helicobia coquillett (dipt.
Sarcophagidae). Rev. Entomol. (Rio J.) 10, 497-517.

Lopes, H.S., 1946. Contribuicao ao conhecimento das espécies do género oxysarcodexia
townsend, 1917 (Diptera, sarcophagidae). Bol. Esc. Nac. Vet. 1, 62-134.

Lopes, H.S., 1958. Descriptions of six new species of retrocitomyia Lopes (Diptera,
sarcophagidae). Bol. Mus. Nac. 309, 1-8.

Lopes, H.S., 1975. Sarcophagid flies (Diptera) from pacatuba, state of ceara, Brazil. Rev.
Bras. Biol. 34, 271-294.

Magnusson, W.E., Lima, A.P., Luizao, R., Luizao, F., Costa, F.R.C., Castilho, C.V. de,
Kinupp, V.F., 2005. RAPELD: a modification of the Gentry method for biodiversity
surveys in long-term ecological research sites. Biota Neotropica 5, 19-24. https://
doi.org/10.1590/51676-06032005000300002.

Maia, L.F., Franca, F.M., Nascimento, A.R., Faria, L.B.D., 2019. Do community and food-
web metrics temporally change in tropical systems? Responses from a four-trophic
level food web. Arthropod-Plant Interact. 13, 895-903. https://doi.org/10.1007/
s11829-019-09710-2.

Acta Oecologica 112 (2021) 103768

Marques, A.P.C., Ale-Rocha, R., 2005. Revisao do género Willistoniella mik, 1985
(Diptera, Ropalomeridae) da regiao neotropical. Rev. Bras. Entomol. 49, 210-227.

Marques-Costa, A.P.C., Ale-Rocha, R., 2005. Revisao do género neotropical
apophorhynchus williston (Diptera, Ropalomeridae). Rev. Bras. Entomol. 49,
512-521.

Marshall, S.A., 2012. Flies: the Natural History and Diversity of Diptera. Firefly Press
Ltd., Ontario.

McGill, B.J., Dornelas, M., Gotelli, N.J., Magurran, A.E., 2015. Fifteen forms of
biodiversity trend in the Anthropocene. Trends Ecol. Evol. 30, 104-113. https://doi.
org/10.1016/j.tree.2014.11.006.

Meats, A., Smallridge, C.J., 2007. Short- and long-range dispersal of medfly, Ceratitis
capitata (Dipt., Tephritidae), and its invasive potential. J. Appl. Entomol. 131,
518-523. https://doi.org/10.1111/j.1439-0418.2007.01168.x.

Medeiros, H.F., Klaczko, L.B., 1999. A weakly biased Drosophila trap. Drosoph. Inf. Serv.
82, 100-102.

Morlon, H., Chuyong, G., Condit, R., Hubbell, S., Kenfack, D., Thomas, D., Valencia, R.,
Green, J.L., 2008. A general framework for the distance-decay of similarity in
ecological communities. Ecol. Lett. 11, 904-917. https://doi.org/10.1111/j.1461-
0248.2008.01202.x.

Nekola, J.C., McGill, B.J., 2014. Scale dependency in the functional form of the distance
decay relationship. Ecography 37, 309-320. https://doi.org/10.1111/j.1600-
0587.2013.00407.x.

Nekola, J.C., White, P.S., 1999. The distance decay of similarity in biogeography and
ecology. J. Biogeogr. 26, 867-878. https://doi.org/10.1046/j.1365-
2699.1999.00305.x.

Oliveira, D.L., Vasconcelos, S.D., 2018. Diversity, daily flight activity and temporal
occurrence of necrophagous Diptera associated with decomposing carcasses in a
semi-arid environment. Neotrop. Entomol. 47, 470-477. https://doi.org/10.1007/
$13744-017-0540-0.

Orford, K.A., Vaughan, I.P., Memmott, J., 2015. The forgotten flies: the importance of
non-syrphid Diptera as pollinators. Proc. R. Soc. B Biol. Sci. 282, 20142934. https://
doi.org/10.1098/rspb.2014.2934.

Ovaskainen, O., Rybicki, J., Abrego, N., 2019. What can observational data reveal about
metacommunity processes? Ecography 42, 1877-1886.

Poos, M.S., Jackson, D.A., 2012. Addressing the removal of rare species in multivariate
bioassessments: the impact of methodological choices. Ecol. Indicat. 18, 82-90.
https://doi.org/10.1016/j.ecolind.2011.10.008.

Prado, A.P., 1966. Segunda contribuicao ao conhecimento da familia rhopalomeridae
(Diptera, acalyptratae). Stud. Entomol. 8, 209-268.

Qian, H., Ricklefs, R.E., White, P.S., 2004. Beta diversity of angiosperms in temperate
floras of eastern Asia and eastern North America: beta diversity in Asia and North
America. Ecol. Lett. 8, 15-22. https://doi.org/10.1111/j.1461-0248.2004.00682.x.

R Core Team, 2021. R: A Language and Environment for Statistical Computing. R
Foundation for Statistical Computing, Vienna, Austria.

Ribeiro, D.B., Prado, P.I., Brown Jr., K.S., Freitas, A.V.L., 2008. Additive partitioning of
butterfly diversity in a fragmented landscape: importance of scale and implications
for conservation. Divers. Distrib. 14, 961-968. https://doi.org/10.1111/j.1472-
4642.2008.00505.x.

Rosa, T.A., Babata, M.L.Y., Souza, C.M. de, Sousa, D., de Mello-Patiu, C.A., de Vaz-de-
Mello, F.Z., Mendes, J., 2011. Arthropods associated with pig carrion in two
vegetation profiles of Cerrado in the State of Minas Gerais, Brazil. Rev. Bras.
Entomol. 55, 424-434. https://doi.org/10.1590/50085-56262011005000045.

Salomao, R. de P., Vieira, I.C.G., Suemitsu, C., Rosa, N. de A., de Almeida, S.S., 2007. As
florestas de Belo Monte na grande curva do rio Xingu, Amazonia Oriental the forests
of Belo Monte on the great curve of the Xingu River. Eastern Amazon 2, 98.

Sepilveda, T.A., Wolf, M.I., Carvalho, C.J.B., 2013b. Revision of the neotropical genus
eoneria (Diptera: Neriidae) with description of A new species from Colombia.
Zootaxa 3636, 245-256.

Septlveda, T.A., Pereira-Colavite, A., Carvalho, C.J.B., 2013a. Revision of the
neotropical genus cerantichir (Diptera: Neriidae) with new records and A key to
species. Rev. Colomb. Entomol. 39, 125-131.

Si, X., Baselga, A., Leprieur, F., Song, X., Ding, P., 2016. Selective extinction drives
taxonomic and functional alpha and beta diversities in island bird assemblages.

J. Anim. Ecol. 85, 409-418. https://doi.org/10.1111/1365-2656.12478.

Smith, K.G., 1986. A Manual of Forensic Entomology. Trustees of the British Museum
(Natural History).

Socolar, J.B., Gilroy, J.J., Kunin, W.E., Edwards, D.P., 2016. How should beta-diversity
inform biodiversity conservation? Trends Ecol. Evol. 31, 67-80. https://doi.org/
10.1016/j.tree.2015.11.005.

Sousa, J.R.P. de, Carvalho-Filho, F.d.S., Esposito, M.C., 2015. Distribution and
abundance of necrophagous flies (Diptera: Calliphoridae and sarcophagidae) in
maranhao, northeastern Brazil. J. Insect Sci. 15 https://doi.org/10.1093/jisesa/
iev054, 70-70.

Sousa, J.R.P. de, Carvalho-Filho, F. da S., Juen, L., Esposito, M.C., 2016. Evaluating the
effects of different vegetation types on necrophagous fly communities (Diptera:
Calliphoridae; sarcophagidae): implications for conservation. PloS One 11,
e0164826. https://doi.org/10.1371/journal.pone.0164826.

Sousa, J.R.P. de, Esposito, M.C., Carvalho Filho, F. da S., 2010. Composi¢ao, abundancia
e riqueza de Calliphoridae (Diptera) das matas e clareiras com diferentes coberturas
vegetais da Base de Extracgao Petrolifera, bacia do Rio Urucu, Coari, Amazonas. Rev.
Bras. Entomol. 54, 270-276. https://doi.org/10.1590/50085-56262010000200010.

Sousa, J.R.P. de, Esposito, M.C., Carvalho Filho, F. da S., 2011a. Diversity of
Calliphoridae and Sarcophagidae (Diptera, Oestroidea) in continuous forest and gaps
at different stages of regeneration in the Urucu oilfield in western Brazilian
Amazonia. Rev. Bras. Entomol. 55, 578-582. https://doi.org/10.1590/S0085-
56262011000400014.


http://refhub.elsevier.com/S1146-609X(21)00067-9/sref39
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref39
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref39
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref39
https://doi.org/10.1093/jme/tjw045
https://doi.org/10.1590/S0044-59672010000300018
https://doi.org/10.1590/S0044-59672010000300018
https://doi.org/10.1603/ME09143
https://doi.org/10.1111/j.0013-8703.2004.00136.x
https://doi.org/10.1111/j.0013-8703.2004.00136.x
https://doi.org/10.1556/ComEc.11.2010.2.8
https://doi.org/10.1556/ComEc.11.2010.2.8
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref45
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref45
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref45
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref46
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref46
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref47
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref47
https://doi.org/10.2307/5518
https://doi.org/10.1111/2041-210X.12613
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref50
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref50
https://doi.org/10.1111/j.1752-4598.2009.00067.x
https://doi.org/10.1038/s41598-017-16353-x
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref53
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref53
https://doi.org/10.1046/j.1461-0248.2003.00551.x
https://doi.org/10.1046/j.1461-0248.2003.00551.x
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref55
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref55
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref55
https://doi.org/10.2307/3545743
https://doi.org/10.2307/1939924
https://doi.org/10.1590/1519-6984.01814BM
https://doi.org/10.1590/1519-6984.01814BM
https://doi.org/10.1111/j.1752-4598.2010.00127.x
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref60
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref60
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref61
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref61
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref61
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref62
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref62
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref63
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref63
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref64
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref64
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref65
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref65
https://doi.org/10.1590/S1676-06032005000300002
https://doi.org/10.1590/S1676-06032005000300002
https://doi.org/10.1007/s11829-019-09710-2
https://doi.org/10.1007/s11829-019-09710-2
http://refhub.elsevier.com/S1146-609X(21)00067-9/optfVVJ7yunPP
http://refhub.elsevier.com/S1146-609X(21)00067-9/optfVVJ7yunPP
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref70
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref70
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref70
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref71
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref71
https://doi.org/10.1016/j.tree.2014.11.006
https://doi.org/10.1016/j.tree.2014.11.006
https://doi.org/10.1111/j.1439-0418.2007.01168.x
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref74
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref74
https://doi.org/10.1111/j.1461-0248.2008.01202.x
https://doi.org/10.1111/j.1461-0248.2008.01202.x
https://doi.org/10.1111/j.1600-0587.2013.00407.x
https://doi.org/10.1111/j.1600-0587.2013.00407.x
https://doi.org/10.1046/j.1365-2699.1999.00305.x
https://doi.org/10.1046/j.1365-2699.1999.00305.x
https://doi.org/10.1007/s13744-017-0540-0
https://doi.org/10.1007/s13744-017-0540-0
https://doi.org/10.1098/rspb.2014.2934
https://doi.org/10.1098/rspb.2014.2934
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref80
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref80
https://doi.org/10.1016/j.ecolind.2011.10.008
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref82
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref82
https://doi.org/10.1111/j.1461-0248.2004.00682.x
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref84
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref84
https://doi.org/10.1111/j.1472-4642.2008.00505.x
https://doi.org/10.1111/j.1472-4642.2008.00505.x
https://doi.org/10.1590/S0085-56262011005000045
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref87
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref87
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref87
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref88
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref88
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref88
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref89
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref89
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref89
https://doi.org/10.1111/1365-2656.12478
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref91
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref91
https://doi.org/10.1016/j.tree.2015.11.005
https://doi.org/10.1016/j.tree.2015.11.005
https://doi.org/10.1093/jisesa/iev054
https://doi.org/10.1093/jisesa/iev054
https://doi.org/10.1371/journal.pone.0164826
https://doi.org/10.1590/S0085-56262010000200010
https://doi.org/10.1590/S0085-56262011000400014
https://doi.org/10.1590/S0085-56262011000400014

A.B. Viana-Junior et al.

Sousa, J.R.P. de, Esposito, M.C., Carvalho Filho, F. da S., 2011b. Composition, abundance
and richness of sarcophagidae (Diptera: oestroidea) in forests and forest gaps with
different vegetation cover. Neotrop. Entomol. 40, 20-27.

Sousa, J.R.P. de, Esposito, M.C., Carvalho Filho, F. da S., Juen, L., 2014. The potential
uses of sarcosaprophagous flesh flies and blowflies for the evaluation of the
regeneration and conservation of forest clearings: a case study in the Amazon forest.
J. Insect Sci. 14 https://doi.org/10.1093/jisesa/ieu077.

Sutherland, W.J., Freckleton, R.P., Godfray, H.C.J., Beissinger, S.R., Benton, T.,
Cameron, D.D., Carmel, Y., Coomes, D.A., Coulson, T., Emmerson, M.C., Hails, R.S.,
Hays, G.C., Hodgson, D.J., Hutchings, M.J., Johnson, D., Jones, J.P.G., Keeling, M.J.,
Kokko, H., Kunin, W.E., Lambin, X., Lewis, O.T., Malhi, Y., Mieszkowska, N., Milner-
Gulland, E.J., Norris, K., Phillimore, A.B., Purves, D.W., Reid, J.M., Reuman, D.C.,
Thompson, K., Travis, J.M.J., Turnbull, L.A., Wardle, D.A., Wiegand, T., 2013.
Identification of 100 fundamental ecological questions. J. Ecol. 101, 58-67. https://
doi.org/10.1111/1365-2745.12025.

Tibana, R., Xerez, R., 1985. Uma nova espécie de retrocitomyia Lopes, 1982, (Diptera,
sarcophagidae). Rev. Bras. Biol. 45, 485-488.

Tuomisto, H., 2003. Dispersal, environment, and floristic variation of western amazonian
forests. Science 299, 241-244. https://doi.org/10.1126/science.1078037.

Vairo, K.P. e, Mello-Patiu, de Carvalho, C.A., de, C.J.B., 2011. Pictorial identification key
for species of Sarcophagidae (Diptera) of potential forensic importance in southern
Brazil. Rev. Bras. Entomol. 55, 333-347. https://doi.org/10.1590/50085-
56262011005000033.

Valverde Castro, C., Buenaventura, E., Sanchez-Rodriguez, J.D., Wolff, M., 2017. Flesh
flies (Diptera: sarcophagidae: Sarcophaginae) from the Colombian Guajira
biogeographic province, an approach to their ecology and distribution. Zool. 34,
1-11. https://doi.org/10.3897/zoologia.34.e12277.

10

Acta Oecologica 112 (2021) 103768

van Klink, R., Bowler, D.E., Gongalsky, K.B., Swengel, A.B., Gentile, A., Chase, J.M.,
2020. Meta-analysis reveals declines in terrestrial but increases in freshwater insect
abundances. Science 368, 1-3.

Vasconcelos, S.D., Barbosa, T.M., Oliveira, T.P.B., 2015. Diversity of forensically-
important Dipteran species in different environments in northeastern Brazil, with
notes on the attractiveness of animal baits. Fla. Entomol. 98, 770-775. https://doi.
0rg/10.1653/024.098.0256.

Vasconcelos, S.D., Salgado, R.L., 2014. First record of six Calliphoridae (Diptera) species
in a seasonally dry tropical forest in Brazil: evidence for the establishment of
invasive species. Fla. Entomol. 97, 814-816. https://doi.org/10.1653/
024.097.0267.

Vaz-Silva, W., Oliveira, Rm, Gonzaga, Afn, Pinto, Kc, Poli, Fc, Bilce, Tm, Penhacek, M.,
Wronski, L., Martins, Jx, Junqueira, Tg, Cesca, Lcc, Guimaraes, Vy, Pinheiro, Rd,
2015. Contributions to the knowledge of amphibians and reptiles from Volta Grande
do Xingu, northern Brazil. Braz. J. Biol. 75, $205-S218. https://doi.org/10.1590/
1519-6984.00814BM.

Veech, J.A., Summerville, K.S., Crist, T.O., Gering, J.C., 2002. The additive partitioning
of species diversity: recent revival of an old idea. Oikos 99, 3-9. https://doi.org/
10.1034/j.1600-0706.2002.990101.x.

Whittaker, R.H., 1972. Evolution and measurement of species diversity. Taxon 21,
213-251.

Whittaker, R.H., 1960. Vegetation of the siskiyou mountains, Oregon and California.
Ecol. Monogr. 30, 279-338.

Xavier, A. da S., Barbosa, R.R., Barbosa, C.G., de Carvalho Queiroz, M.M., 2015. Bionomy
of two flies of sanitary and forensic importance: peckia (Sarcodexia) lambens
(Wiedemann) and Oxysarcodexia amorosa (Schiner) (Diptera, Sarcophagidae). Rev.
Bras. Entomol. 59, 229-233. https://doi.org/10.1016/j.rbe.2015.06.002.

Zhang, Z.-Q. (Ed.), 2011. Animal Biodiversity: an Outline of Higher-Level Classification
and Survey of Taxonomic Richness. Magnolia Press, Auckland, N.Z.


http://refhub.elsevier.com/S1146-609X(21)00067-9/sref97
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref97
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref97
https://doi.org/10.1093/jisesa/ieu077
https://doi.org/10.1111/1365-2745.12025
https://doi.org/10.1111/1365-2745.12025
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref100
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref100
https://doi.org/10.1126/science.1078037
https://doi.org/10.1590/S0085-56262011005000033
https://doi.org/10.1590/S0085-56262011005000033
https://doi.org/10.3897/zoologia.34.e12277
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref104
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref104
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref104
https://doi.org/10.1653/024.098.0256
https://doi.org/10.1653/024.098.0256
https://doi.org/10.1653/024.097.0267
https://doi.org/10.1653/024.097.0267
https://doi.org/10.1590/1519-6984.00814BM
https://doi.org/10.1590/1519-6984.00814BM
https://doi.org/10.1034/j.1600-0706.2002.990101.x
https://doi.org/10.1034/j.1600-0706.2002.990101.x
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref109
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref109
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref110
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref110
https://doi.org/10.1016/j.rbe.2015.06.002
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref112
http://refhub.elsevier.com/S1146-609X(21)00067-9/sref112

	Diversity partitioning and distance-decay relationship of saprophytic flies (Insecta: Diptera) in the western Brazilian Amazon
	1 Introduction
	2 Material and methods
	2.1 Study area
	2.2 Sampling methods, preparation of samples, and taxonomy
	2.3 Data analysis
	2.3.1 Description of the assemblage of phytosaprophytic flies
	2.3.2 Additive partitioning of diversity
	2.3.3 Distance-decay relationship


	3 Results
	4 Discussion
	5 Conclusion
	Declaration of competing interest
	Acknowledgements
	Appendix A Supplementary data
	References


