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ABSTRACT. 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. The diversity of Calliphoridae and Sarcophagidae in continu-
ous forest and gaps at different stages of regeneration was studied in the Urucu river basin, in Coari, state of Amazonas, Brazil. The
flies were collected at 16 sampling points, 12 in gaps at different stages of regeneration (early — C1, mid- C2 and late successional
— C3) and four in continuous forest — MT. The diversity of blowflies was similar in the two less regenerated habitats (C1 and C2),
and lower than that in the late successional (C3) and continuous forests (MT). By contrast, the diversity of flesh flies was much
higher in all three types of gaps (C1, C2 and C3) in comparison with continuous forest (MT). Ordination (NMDS) and similarity
(ANOSIM) analyses revealed that the blowflies communities were grouped by habitat type, which affected species composition
more than diversity. Analysis of the flesh flies revealed two main groupings, gaps (C1, C2 and C3) and continuous forest (MT), with
no evidence of any influence of successional stage on the diversity of the community.
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RESUMO. Diversidade de Calliphoridae e Sarcophagidae (Diptera, Oestroidea) em florestas continuas e clareiras com diferentes
estagios de regenerago no campo petrolifero Urucu no oeste da Amazonia brasileira. A diversidade de Calliphoridae e Sarcophagidae
em florestas continuas e clareiras com diferentes estagios de regeneracao foi avaliada na bacia do Rio Urucu, Coari, Estado do
Amazonas, Brasil. As moscas foram coletadas em 16 areas amostrais, 12 de clareira, em diferentes estagios de regeneragéo (pouco
recuperadas — C1, semi-recuperadas — C2, bem recuperadas — C3) e quatro em floresta continua— MT). A diversidade de Calliphoridae
foi similar nos dois habitats menos recuperados (C1 e C2), sendo menores do que as dos habitats de clareiras bem recuperadas (C3) e
florestas continuas (MT). Entretanto, a diversidade de Sarcophagidae foi muito maior nos trés tipos de clareiras (C1, C2 e C3) quando
comparada com a floresta continua (MT). As analises de ordenagdo (NMDS) e de similaridade (ANOSIM) demonstraram que as
comunidades de Calliphoridae foram agrupadas conforme os quatro tipos de ambientes, ¢ que a composi¢do de espécies foi mais
afetada do que a diversidade. A andlise de Sarcophagidae revelou a formacdo de dois grupos, clareiras (C1, C2 e C3) e florestas
continuas (MT), sem evidéncia de qualquer influencia dos estagios de recuperacdo das clareiras sobre a diversidade da comunidade.

PALAVRAS-CHAVE. Ecologia de comunidade; califorideos; impactos antropicos; regido Neotropical; sarcofagideos.

Many studies of ecological diversity have shown that
among-habitat comparisons of the homogeneity or hetero-
geneity in species composition are essential for the under-
standing and monitoring of both natural and anthropogenic
impacts on the biota of a given area (Lawton et al. 1998;
Moreno & Halffter 2001; Magurran 2004; Marinoni & Ganho
20006).

The blowflies (Calliphoridae) and flesh flies (Sarcopha-
gidae) are sarcosaprophagous dipterans, which develop in car-
casses, feces, and other types of organic material (Triplehorn
& Johnson 2011). The response of these flies to the effects of
anthropogenic impacts on the environment has been studied
by Centeno et al. (2004), Esposito et al. (2009, 2010), Ferraz
etal. (2009), and Sousa et al. (2010;2011). These studies have
shown that the species richness and diversity of blowflies de-
crease in areas that have suffered anthropogenic impact, in
comparison with natural environments. According to Sousa et
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al. (2010) this reduction in species richness may be related
primarily to the disappearance of species less tolerant of such
impact, and the increasing dominance of species better adapted
to anthropogenic conditions.

The area around Porto Urucu in Coari, located in the Bra-
zilian state of Amazonas, is characterized by dense non-flooded
forest with higher canopy, and including numerous forest clear-
ings at varying stages of regeneration (Lima & Rosario 2008).
The present study is based on the hypothesis that the diversity
of both blow- and flesh flies will be higher in the better-pre-
served habitats, i.e. continuous forest and gaps at an advanced
stage of regeneration, than in those with reduced vegetation
cover. In this context, the objective of the study was to evalu-
ate differences in the diversity of flies of the families Calli-
phoridae and Sarcophagidae in habitats representing varying
degrees of impact — from early, mid, and late successional gaps
to continuous forest — in the region of Porto Urucu.
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MATERIAL AND METHODS

Study area. The data were collected at the Base Opera-
cional Gedlogo Pedro de Moura (BOGPM) in the Petrobras
S.A. oilfield in the Urucu River basin, in the municipality of
Coari, in the Brazilian state of Amazonas. The study area is
located approximately 600 km west of the state capital, Manaus,
between the parallels 4°51°18” and 4°52°16”’S, and the merid-
1ans 65°17°58” and 65°20°01”W, at an altitude of 60-70 m
above sea level, and with a total area of 514,000 hectares.

A total of 16 sampling points were selected, of which 12
were located in forest gaps representing different stages of
regeneration, based on the height of the vegetation (C1, C2
and C3), and the remaining four in continuous primary for-
est — MT, as described for Sousa ef al (2011). The site de-
scription and collecting method were published in Sousa ef
al. (2011).

Data analysis. The alpha (a) diversity was analyzed us-
ing the Shannon-Wiener (H), equitability (Shannon J’), and
Simpson’s dominance (D) indices. Magurran (2004) pre-
sented a detailed description of these indices. The combined
application of these different indices is considered by some
authors, such as Ovreas & Torsvik (1998) and Staddon ef al.
(1997), to be a useful complementary approach for a better
understanding of both the diversity and the structure of com-
munities. Barrantes & Sandoval (2009) said that the imple-
mentation of different statistical methods will allow testing
particular hypotheses on patterns of species richness and
species abundance among communities. The indices were
calculated using Biodiversity Pro 2.0 (McAleece et al. 1997).

The a diversity (Simpson’s D) was compared among habi-
tats using a one-way analysis of variance, or ANOVA (Zar
1999), run in BioEstat 5.0 (Ayres ef al. 2007), considering a
p < 0.05 significance level. The normality of the data was
evaluated a prioriusing the Lilliefors test for £ samples (Ayres
et al. 2007). Simpson’s D has been used in many ecological
studies, and was chosen for this analysis due to its potential
to demonstrate the “concentration” of dominance within the
community, given that the larger the value, the greater the
dominance of one or a few species. Basically, this index ex-
presses the relative abundance of the most common species,
and is thus more sensitive to changes in the abundance of
these species (Magurran 2004).

The beta () diversity of blow flies and flesh flies be-
tween points was evaluated using Jaccard’s index of similar-
ity (IJ): IJ = (c)/(a+b+c)* 100, where ¢ = the number of species
found in both habitats, and a and b are the number of species
found exclusively in habitats a and b, respectively. This in-
dex is appropriate for the comparison of the species compo-
sition of communities (Magurran 2004).

In order to evaluate the 3 diversity of blow flies and flesh
flies among habitats, the presence/absence of each species
was analyzed using non-metric multidimensional scaling
(NMDS), using the Bray-Curtis index as a measure of simi-
larity (Legendre & Legendre 1998). The distortion of the
resolution of the ordination in two dimensions is represented

by a stress value (S). The closer this value is to zero, the
better the original distances are represented in the final ar-
rangement (Legendre & Legendre 1998).

Differences among habitats were evaluated using an analy-
sis of similarity (ANOSIM). In this analysis, the closer the
global R value is to the maximum (1), the less likely the dis-
tribution is random, in other words, the greater the probabil-
ity that the communities are different (Clarke 1993). For this
analysis, the significance level was p <0.001. The ANOSIM
was run in the PAST program (Hammer et al. 2001), while
the NMDS was produced by Primer, version 5 (Clarke &
Gorley 2001).

RESULTS AND DISCUSSION

Alpha (o) diversity of the Calliphoridae. A total of 7,215
blow flies, belonging to three subfamilies, eight genera and
16 species, were collected at the 16 sampling points distrib-
uted among the four habitats, as described for Sousa et al.
(2010). The « diversity for each point, as represented by the
Shannon-Wiener (H°), equitability (Shannon’s J”) and domi-
nance (Simpson’s D) indices, is described in Table I. In gen-
eral, the points in habitats C1 and C2 were the least diverse
(Fig. 1), according to all three indices, while those in C3 and
MT habitats were the most diverse. The results of the ANOVA
indicated significant differences in diversity (D) among habi-
tats (F=28.418, d.f. =3, p=0.0031), and the a posteriori test
identified significant differences (p < 0.01) between habi-
tats MT and C1, and MT and C2 (Table II).
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Fig. 1. Diversity of blowflies at the 16 sample points in the Urucu oilfield
in Coari, Amazonas, Brazil.

The higher diversity recorded in habitats MT and C3 is
related to the higher species richness and lower species domi-
nance recorded in these environments. In the same area, Sousa
et al. (2010) also recorded a higher species richness of blow
flies in the better-preserved habitats, and that Mesembrinella
batesi (Aldrich, 1922), M. bicolor (Fabricius, 1805) and
Hemilucilia segmentaria (Fabricius, 1805) were exclusive to
the late successional and continuous forest.

Beta (B) diversity of the Calliphoridae. The Jaccard
indices (Table II) indicate, in general, a greater similarity of
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Table 1. Diversity indices for the blowflies (Calliphoridae) and flesh fly
(Sarcophagidae) communities at each of the 16 sampling points surveyed
at the Urucu basin oilfield in Coari, Amazonas, Brazil.

Sampling Calliphoridae Sarcophagidae
Shannon  Shannon  Simpson Shannon  Shannon Simpson

(H) ) D) (H) ) (D)
(Cla) 0.286 0.177 0.880 1.604 0.669 0.298
(Clb) 0.363 0.262 0.845 1.522 0.661 0.325
(Cle) 0.592 0.427 0.710 1.742 0.726 0.237
(Cld) 0.242 0.175 0.900 1.574 0.716 0.284
(C2a) 0.217 0.104 0.923 1.68 0.700 0.296
(C2b) 0.281 0.128 0.893 1.574 0.656 0.322
(C2c) 0.530 0.272 0.776 1.792 0.747 0.239
(C2d) 0.307 0.147 0.874 1.515 0.59 0.349
(C3a) 0.480 0.218 0.821 1.715 0.69 0.262
(C3b) 0.556 0.286 0.78 1.901 0.825 0.187
(C3c) 1.079 0.450 0.502 1.859 0.748 0.205
(C3d) 0.788 0.379 0.591 1.327 0.517 0.417
(MTa) 1.027 0.573 0.434 1.028 0.741 0.421
(MTb) 0.633 0.325 0.712 0.536 0.488 0.708
(MTc) 1.398 0.672 0.34 0.883 0.637 0.523
(MTd) 1.122 0.51 0.413 1.088 0.607 0.459

Table II. Results of the ANOVA and Student-Newman-Keuls post-test for
the comparison of dominance indices (Simpson’s D) for the Calliphoridae
and Sarcophagidae communities surveyed in four environments types in
the Urucu oilfield, Coari, Amazonas. The values in bold type are
significant at the a < 0.05 level.

Degrees of Student-Newman-Keuls

Family F freedom P comparison

Calliphoridae 8.418 3 0.0031 Cl-C2 ns
Cl1-C3 ns
Cl -MT <0.01
C2-C3 ns
C2-MT <0.01
C3 -MT ns

Sarcophagidae  7.7731 3 0.0041 Cl-C2 ns
Cl1-C3 ns
Cl -MT <0.01
C2-C3 ns
C2-MT <0.05
C3 -MT <0.01

blowfly communities within habitats than between them. The
NMDS plot (Fig. 2) showed a clear differentiation between
the four habitat types. In this plot, habitats MT and C1 were
well-separated, while habitats C1 and C2, on the one hand,
and C3 and MT, on the other, presented a certain affinity.
The global R value for the ANOSIM (0.617) was highly sig-
nificant (p <0.001), confirming the differences among habi-
tats (Table IV).

In general, the composition of the blowflies fauna varied
among the habitats surveyed, as indicated by the ordination
analysis. In this analysis, the formation of two groups — C1/
C2 and C3/MT - reflects the differences in the adaptive ca-
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Table III. Values of the Jaccard index of similarity for the comparison of Calliphoridae and Sarcophagidae (in parentheses) communities at the 16 sampling points surveyed at the Urucu basin oilfield i n Coari,

Amazonas, Brazil.

Sampling

(MTc)

(C1d) (C2a) (C2b) (C2¢) (C2d) (C3a) (C3b) (C3c) (C3d) (MTa) (MTb)

(Clc)

(Clb)

Cla)

point

1.00 (1.00)
0.28 (0.75)
0.80 (0.83)
0.50 (0.81)
0.62 (0.83)
0.40 (0.83)

(Cla)
(Clb)

(Clc)

1.00 (1.00)
0.33 (0.75)
0.33 (0.72)
0.20 (0.75)
0.30 (0.75)
0.22 (0.75)
0.50 (0.64)
0.18 (0.69)
0.22 (0.81)
0.15 (0.57)
0.20 (0.64)
0.25 (0.16)
0.10 (0.18)
0.20 (0.27)
0.30 (0.23)

1.00 (1.00)
0.60 (0.81)
0.50 (1.00)
0.30 (0.83)
0.37 (1.00)
0.33 (0.71)
0.30 (0.76)
0.57 (0.90)
0.36 (0.76)
0.33 (0.71)
0.42 (0.25)
0.22 (0.27)
0.33 (0.36)
0.30 (0.41)

1.00 (1.00)
0.50 (0.82)
0.44 (0.82)
0.57 (0.82)
0.50 (0.69)
0.30 (0.75)
0.57 (0.90)
0.36 (0.75)
0.33 (0.69)
0.42 (0.30)
0.22 (0.33)
0.33 (0.44)
0.30 (0.36)

(C1d)
(C2a)
(C2b)
(C2¢)
(C2d)
(C3a)
(C3b)
(C3c)
(C3d)

(MTa)

1.00 (1.00)
0.70 (0.83)
0.66 (1.00)
0.60 (0.71)
0.54 (0.77)
0.66 (0.91)
0.58 (0.77)
0.60 (0.71)
0.55 (0.25)
0.36 (0.27)
0.45 (0.36)
0.41 (0.42)

1.00 (1.00)
0.60 (0.83)
0.70 (0.71)
0.38 (0.77)
0.45 (0.91)
0.53 (0.64)
0.54 (0.71)
0.50 (0.25)
0.33 (0.27)
0.41 (0.36)
0.50 (0.31)

1.00 (1.00)
0.66 (0.71)
0.60 (0.77)
0.75 (0.91)
0.63 (0.77)
0.50 (0.71)
0.44 (0.25)
0.27 (0.27)
0.50 (0.36)
0.33 (0.42)

0.50 (0.8)
0.44 (0.71)
0.40 (0.76)
0.50 (0.90)
0.45 (0.64)
0.44 (0.71)
0.37 (0.25)
0.20 (0.27)
0.30 (0.36)
0.27 (0.30)

1.00 (1.00)
0.41 (0.79)
0.50 (0.77)
0.46 (0.56)
0.45 (0.63)
0.40 (0.21)
0.25 (0.23)
0.33 (0.31)
0.41 (0.27)

1.00 (1.00)
0.60 (0.83)
0.66 (0.60)
0.54 (0.67)
0.50 (0.23)
0.45 (0.25)
0.70 (0.33)
0.50 (0.29)

1.00 (1.00)
0.63 (0.69)
0.50 (0.77)
0.62 (0.27)
0.40 (0.30)
0.66 (0.40)
0.45 (0.33)

1.00 (1.00)
0.58 (0.67)
0.54 (0.23)
0.63 (0.25)
0.72 (0.33)
0.53 (0.50)

1.00 (1.00)
0.75 (0.21)
0.50 (0.23)
0.60 (0.31)
0.54 (0.36)

1.00 (1.00)
0.62 (0.40)
0.75 (0.60)
0.66 (0.43)

1.00 (1.00)
0.66 (0.75)
0.60 (0.50)

(MTb)
(MTc)

1.00 (1.00)
0.54 (0.67)

1.00 (1.00)

(MTd)
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Fig. 2. Non-metric multidimensional scaling (NMDS) of the species com-
position of the blowflies communities at 16 sampling points located in the
Urucu oilfield, representing four habitat types (C1, C2, C3, and MT).

Table IV. Results of analyses of similarity (ANOSIM) for the comparison
of the Calliphoridae and Sarcophagidae (in parentheses) communities in
four environments types in the Urucu basin oilfield, Coari, Amazonas. The
r values indicate the level of similarity between pairs of habitats or across
all sites (global R). The values in bold represent the smallest distances
between environments for the blowflies (C1-C2 and C3-MT), and flesh
flies (C1-C2, C1-C3 and C2-C3).

Environments Cl1 C2 C3 MT
C1 0 (0)
C2 0.5365 (-0.04167) 0(0)
C3 0.6146 (0.005202)  0.5469 (-0.08854) 0(0)

MT 1 (0.9688) 0.9896 (0.9792)  0.2865 (0.9688) 0 (0)

pacity of the family, given that, for some species such as the
Mesembrinellinae, habitat characteristics may determine
range limits. Overall, the differences among the habitats was
demonstrated more clearly by the similarity index than the
diversity parameter, indicating that it is the composition of
species, rather than simply the number of taxa, that is most
affected by alterations to the environment.

The alpha (o) diversity of the Sarcophagidae. A total
of 3,547 flesh flies were collected at the 16 collecting points,
of which, 3,525 specimens were identified to the species level,
as described for Sousa ef al. (2011). In all, 23 species were
identified, distributed in 10 genera and six subgenera. The
indices defining the o diversity of this group are shown in
Table I. In general, the samples from the continuous forest
presented the lowest diversity (H’), and the highest domi-
nance (D), while all the gaps presented relatively high levels
of diversity (Fig. 3). The results of the ANOVA indicated
significant differences in diversity (D) among habitats (F =
7.773,d.f. =3, p=10.004), and the a posteriori test identified
significant differences between continuous forest and all three
categories of gaps: C1 (p <0.01), C2 (p <0.05)and C3, p <
0.01 (Table II). Overall, then, the gaps are characterized by
high levels of diversity, and are more similar to one another
than to the continuous forest.

2.0 = Shannon (H) —— Shannon (J') —&— Simpson (D)
1.84 - [T m

R
0.6/ =T Ne-T

N\

*/ ‘\t /

0.2 [

’b“OIO' Irz,l‘o'o‘ 'o“ololc‘rblolo‘ :
PO N 0\661,0‘1/ v Oq,()c)‘b e O%Q&Q& Q&@&b
Samples (Areas)

Fig. 3. Diversity of flesh flies at the 16 sample points in the Urucu oilfield
in Coari, Amazonas, Brazil.

While the flesh flies were only half as abundant as the
blow flies within the study area, their species richness was
fifty percent higher, and they presented an inverse pattern of
diversity, with higher levels of diversity in the more disturbed
habitats. In the same study area, Sousa et al. (2011) recorded
a similar pattern in the abundance and richness of flesh flies,
indicating that these flies are better adapted to more anthropo-
genic habitats, with reduced cover. The resources available
in these environments tend to be more ephemeral, implying
a competitive advantage for rapidly-developing species, such
as flesh flies, which are ovoviviparous.

The beta (B) diversity of the Sarcophagidae. The Jaccard
indices (Table I1I) indicate relatively high levels of similarity
among the impacted habitats (C1, C2, and C3), and much lower
levels between these habitats and the continuous forest. The
NMDS plot (Fig. 4) reinforces this pattern, with C1, C2, and
C3 closely grouped, and the continuous forest well separated.
The global R value for the ANOSIM (0.3776) was not signifi-
cant (p = 0.0014), further reinforcing the lack of differentia-
tion among habitats (Table IV and Fig. 4). The results of the
NMDS and ANOSIM analyses emphasize not only the dis-
tinction between the disturbed habitats and the continuous for-
est, but also the relative lack of variation among the different
types of gaps (C1, C2, and C3).
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Fig. 4. Non-metric multidimensional scaling (NMDS) of the species com-
position of the flash-flies communities at 16 sampling points located in the
Urucu oilfield, representing four habitat types (C1, C2, C3, and MT).
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The Calliphoridae fauna was more diverse in the better-
preserved habitats (continuous forest and late successional
gaps) within the study area at Porto Urucu, in the Brazilian
state of Amazonas, whereas the opposite pattern (higher di-
versity in more impacted habitats) was observed in the
Sarcophagidae. While anthropogenic impacts tend to reduce
the diversity of blowflies, the diversity of flesh flies is en-
hanced.
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