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Abstract
Anthropogenic habitat fragmentation directly affects ecological processes, leading to negative biodiversity 
impacts for insects and other biota. Increased edge effects are one consequence of fragmentation, and 
may alter the composition or abundance of species in the remaining habitat fragments. Understanding 
the ways in which edge effects impact upon the biota is essential for conservation decision-making in 
fragmented landscapes. Therefore, the aim of this study was to analyze the seasonal patterns of abun-
dance, richness, and composition of Drosophilidae in a Restinga forest fragment in the extreme south of 
Brazil, as a function of the distance from the edge to the interior of the fragment. The data were analyzed 
using SIMPER analyses, which showed that the edge and the forest interior were most dissimilar during 
winter, followed by spring, autumn and summer. An NMDS and the SIMPER analyses showed that the 
lower dissimilarity between the edge and interior in spring, autumn and summer, compared to winter, 
is driven by immigration of individuals from outside of the forest fragment. Furthermore, some species 
were asymmetrically distributed in the fragment, with some species restricted to the edge of the fragment 
and others to the interior. This information aids in the understanding of the functioning and dynamics of 
fragmentation, which is fundamental for the maintenance and integrity of environments and their fauna.

Neotropical Biology and Conservation  

16(2): 299–315 (2021)

doi: 10.3897/neotropical.16.e61481

Copyright Mayara Ferreira Mendes et al. This is an open access article distributed under the 
terms of the Creative Commons Attribution License (CC BY 4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original author and source are credited.

RESEARCH ARTICLE

mailto:ferreiramendesmayara@gmail.com
https://doi.org/10.3897/neotropical.16.e61481
http://creativecommons.org/licenses/by/4.0/


Mayara Ferreira Mendes et al.300

Keywords
Drosophilinae, environmental detectors, exotic species, habitat fragmentation, Neotropical forest, spe-
cies composition

Introduction

Habitat fragmentation, loss, and degradation are the most important causes of de-
clining insect assemblages, as a result of impacts on both ecological patterns, such 
as species diversity, and ecological processes, such as dispersal (Murcia 1995; New 
et al. 1995; New 1997). The impacts of habitat fragmentation on biodiversity include 
reduced dispersal rates, decreased effective population size, loss of genetic variabil-
ity, invasion of exotic species and increases in the total area subject to edge effects 
(Fahring 2003; Ewers and Didham 2007; Laurance et al. 2007). Edge effects are 
characterized by an increase in the proportion of forest edge relative to the propor-
tion of forest interior, which causes structural changes and increases the exposure 
of organisms that are inside the fragment to the conditions of a different ecosystem 
(Murcia 1995). Which means that we can define edge as the line used to demarcate 
two adjacent ecosystems where both are separated by an abrupt transition also re-
ferred to as ecotone (Murcia 1995; Lennon et al. 1997).

The strength of edge effects is related to the distance to the edge of the fragment, 
and can differ between environmental variables. For example, the increases in solar 
radiation levels, temperature variations, relative humidity and wind, are variables 
that have a stronger influence on the microenvironment (Kapos 1989; Bierregaard 
et al. 1992). These changes modify the composition of biotic communities and affect 
biological processes, including interactions between species (Laurence 2000).

Many insect species are used as ecological indicators, such that changes in their 
abundance are considered indicative of degradation in different habitats (Neto et al. 
1995; Ries and Debinski 2001; Wink et al. 2005, Gadelha et al. 2009; Oliveira et al. 
2014). Drosophilidae flies are especially sensitive to anthropogenic actions and as 
such are frequently used to monitor habitat degradation (Martins 1989; Ferreira and 
Tidon 2005; Gottschalk et al. 2007; Mata et al. 2008; Mata et al. 2010; Penariol and 
Madi-Ravazzi 2013; Cavasini et al. 2014). There are currently 76 described Droso-
philidae genera, with more than 4200 described species (Bächli 2021). In the Neo-
tropical region, Sturtevant (1921) studied the distribution of Drosophilidae species 
and found 82 species distributed across 13 genera. The family is morphologically 
diverse, and has diversified its use of trophic resources (mainly fruits, flowers and 
macroscopic fungi) (Powell 1997; Schmitz and Valente 2019), such that species of 
varying sizes and dispersal abilities are found within each biogeographical region.

The present study aims to examine how Drosophilidae assemblages are impact-
ed by edge effects in a Restinga forest fragment, and how these impacts vary season-
ally. To the best of our knowledge, this is the first study to examine these dynamics. 
Specifically, we seek to understand: (i) the impact of edge effects on the composi-
tion, abundance and species richness of Drosophilidae in a forest fragment, and 
(ii) whether the sensitivity of Drosophilidae to edge effects differs between seasons.
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Materials and methods

Study area

The study was conducted in the Horto Botânico Irmão Teodoro Luís (HBITL), a 
Restinga forest fragment located in the municipality of Capão do Leão (-31.815124S, 
-52.432228W, elevation about 16 m) in the state of Rio Grande do Sul, Brazil (Fig. 1, 
according to Google Earth and Geographic Information Science 2001). The HBITL 
has a total area of approximately 25 hectares (Guerra et al. 2015), lies approximately 
50 km inland from the coast, and is a permanent preservation area. In the study re-
gion, the predominant climate is humid subtropical “Cfa”, according to the Köppen 
classification (Alvares et al. 2013), and is made up of four distinct seasons (Spring: 
October to December, Summer: January to March, Autumn: April to June, and Win-
ter: July to September). Seasonal variation is marked by a reduction in temperatures 
in winter, while rainfall and relative humidity remain almost constant throughout 
the year (IBGE 1997). The environmental data used in this study (daily average tem-
perature, cumulative precipitation and relative humidity in each season) were col-
lected at the Estação Agroclimatológica de Pelotas (1988) between February/2013 
and January/2014 (see Figure 2).

The study area is composed of a mosaic of Restinga forest surrounded by wet-
lands and anthropogenic habitats, including pastures and a few low buildings. The 
forest consists of different strata: trees, shrubs, and herbaceous plants, with xero-
morphic, succulent and thorny vegetation (Rodrigues 2005). Large fig trees are 
common at the canopy level, which has a height of approximately eight meters.

Figure 1. Map data 2013 of South America highlighting Brazil (in gray) and the location of the Horto 
Botânico Irmão Teodoro Luís in Restinga Forest (HBITL - red dot) in the state of Rio Grande do Sul 
(in dark gray). Blue dots - indicate the location of each trap in the HBITL. According Google Earth, 
accessed in http://www.google.com.br/earth/

http://www.google.com.br/earth/
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Figure 2. Average A: mean daily temperature (°C), B: cumulative precipitation (mm) and C: relative 
humidity (%) of the seasons during the study (spring (Spr): October to December, summer (Sum): 
January to March, autumn (Aut): April to June, and winter (Win): July to September). In the box plots, 
the boundary of the gray box indicates the 50% central percentile, the black line within the box marks 
the median, and the whiskers above and below the box indicate the lower and higher 25% percentiles.

Restinga features and landscape data

Geologically, the most accepted definition for Restinga refers strictly to recent and 
unstable sandy strips in the coastal region, with practically no vegetation covering 
the sand, or with only undergrowth (Souza et al. 2005). However, in plant ecology, 
the coastal vegetation of Restinga is defined by different forms of vegetation estab-
lished on sandy soils that occur in the region of the coastal plain (Azevedo et al. 
2014). These soils originate predominantly through marine deposition during the 
sea-level retreat phases in different geological periods, not only recent depositions 
(Souza et al. 2005).
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The established vegetation is not homogeneous in the coastal plain since there 
are different factors defining the environmental conditions and, consequently, the 
type of vegetation that is established. Among these factors is the distance from the 
sea, as salinity, wind strength, and temperature varies along this gradient. Another 
factor is the topography of the terrain, which is associated with the processes of 
deposition and removal of soil in these regions (Araújo 1984; Souza et al. 2005; 
Scarano 2009; Azevedo et al. 2014). In addition, the vegetation itself, when estab-
lished, changes the environmental conditions and allows for the occurrence of veg-
etative succession, such that organisms can select microhabitats in which to live 
(Araújo 1984; Ricklefs 2003; Scarano 2009).

In this study, we described the vegetation structure at each compass point at a 
distance of 30 m from each trap (composition and landscape configuration) record-
ed for February 2013 to January 2014, which were defined according to Restinga 
ecology established in resolutions 07/1996 and 417/2009 of the National Environ-
mental Council (CONAMA) (Table 1).

Sampling and statistical analysis

Data were collected monthly between February 2013 and January 2014, inside the 
forest fragment. Adult Drosophilidae were sampled using 12 retention traps, accord-
ing to Tidon and Sene (1988), hung 1.5 m high, and spaced 60 m apart, over three 
days each month (Mendes et al. 2017). Each trap contained 150 grams of smashed 
banana mixed with 25 grams of fresh baker’s yeast (Saccharomyces cerevisiae). The 
shortest distance between each trap and the edge of the fragment was measured in 
the field using a measuring tape, and was later verified from satellite images cap-
tured in February 2013 (using Google Earth and Geographic Information System 
software). Unfortunately, we were not able to consider 0m from the edge of the frag-
ment in this study, due to anthropogenic activities around the fragment.

Table 1. Characterization of the vegetation around the twelve sampled points from the interior to 
the edge of a Restinga fragment in Southern Brazil, from February 2013 to January 2014, following 
Azevedo et al. 2014.

Trap Sites Latitude / Longitude Distance Phytophysiognomy
Point 1 edge -31.815987S, -52.432165W 68 m Arboreal with open canopy, high presence of exotic plant
Point 2 edge -31.815124S, -52.432228W 75 m Arboreal with closed canopy
Point 3 interior -31.814578S, -52.432152W 114 m Dense vegetation with arboreal phytophysiognomy
Point 4 interior -31.814299S, -52.431723W 101 m Dense vegetation with arboreal phytophysiognomy
Point 5 interior -31.814106S, -52.432241W 168 m Dense vegetation with arboreal phytophysiognomy
Point 6 interior -31.813892S, -52.432732W 153 m Dense vegetation with arboreal phytophysiognomy
Point 7 interior -31.813410S, -52.433035W 107 m Arboreal with closed canopy
Point 8 edge -31.813077S, -52.432518W 80 m Arboreal with open canopy, flooded
Point 9 edge -31.813302S, -52.431736W 78 m Arboreal with open canopy, flooded
Point 10 edge -31.813860S, -52.433489W 63 m Arboreal with closed canopy
Point 11 edge -31.814267S, -52.433704W 46 m Arboreal with closed canopy, high presence of exotic plant
Point 12 edge -31.814588S, -52.433527W 66 m Arboreal with closed canopy, high presence of exotic plant
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The sampled individuals were fixed in 70% ethanol and prepared according to 
Wheeler and Kambysellis (1966) and Kaneshiro (1969). The individuals were iden-
tified to species level based on external morphology and male genitalia, using an 
Olympus CL 6000 stereomicroscope, and following identification keys (Freire-Maia 
and Pavan 1949; Wheeler and Kambysellis 1966; Grimaldi 1987). Females of sibling 
species were identified by external morphology and, when possible, the species level 
was determined according to the quantities of males in each trap for analysis pur-
poses. Voucher specimens of all recorded species were deposited in the Drosophi-
lidae Collection of the Museum of Natural Sciences Carlos Ritter (MCNCR) of the 
Universidade Federal de Pelotas, in the state of Rio Grande do Sul, in Brazil.

The number of species (S) and total abundance of individuals (N) sampled per 
month were recorded for each trap. To increase the robustness of the data, the total 
S and N of the traps in the same geographical coordinate of all collection events 
was added and analyzed by season of the year. Most inventoried insect assemblages 
show temporal variation in abundance and species richness (Heimonen et al. 2013; 
Poppe et al. 2013; Haridas et al. 2016; Mateus et al. 2018), including those sampled 
in this study, thus we sampled three times per season. As such, we had larger sample 
coverage and, at the same time, did not overestimate the distance relations to the 
edge, replicating the traps inside the fragment.

When working with gridded biodiversity data there is always the potential for 
spatial autocorrelation, and as such we used Mantel tests (Mantel 1967) with Jac-
card and Morisita indices (Jaccard 1900; Krebs 1999) to check for spatial autocor-
relation of the species composition between the traps in each season of the year . 
In each analysis, the significance level was calculated with 999 permutations. To 
perform the tests, geographic coordinates in UTM (Universal Transverse Mercator) 
were determined for the position of each trap. The distances between traps were cal-
culated based on the Euclidean distance (Saito and Toriwaki 1994). We also tested 
spatial dependence of total N and S with Moran’s I tests (Moran 1950) with 999 
permutations. These analyses were conducted in program R version 3.1.2 (R Core 
Team 2013) using the vegan and ade4 packages (Dray and Dufour 2007; Oksanen 
et al. 2008, from Ecological Data Analysis 2002). As we did not detect differences 
between our observed data and a random pattern (with one exception in the spring 
samplings using a Mantel test with the Morisita index), the traps were used as the 
statistical sample unit for analysis (Suppl. material 1: Table S1).

To compare species composition between sample units as a function of the dis-
tance to the edge of the fragment, a non-metric Multidimensional Scaling (NMDS) 
analysis was performed using the Bray-Curtis similarity index, after a logarithmic 
transformation of the absolute abundance in each sample unit. Shepard’s plots (scat-
ter plots of the distances between data points), with stress values (that reflect how 
well the ordination summarizes the observed distances among the samples), were 
plotted. Subsequently, the values of the first two axes resulting from the analysis 
were compared with the distance between each trap and the edge of the fragment, 
using a Spearman correlation analysis.
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Finally, a SIMPER test was performed using the Bray-Curtis similarity index with 
the absolute abundances, where the distances were categorized as interior (> 100 m) 
and edge (< 100 m), to verify which taxa most contribute to explain the difference in 
species composition between the traps (Vickery 2002). These statistical analyses were 
conducted using the software PAST version 2.17c (Hammer et al. 2001).

Results

Over the study period, a total of 25,081 adult specimens were sampled (Suppl. mate-
rial 1: Table S2), distributed in 46 species belonging to five genera (Drosophila Fallen 
1823, Zygothrica Wiedemann 1830, Hirtodrosophila Duda 1923, Leucophenga Mik 
1886 and Zaprionus Coquillett 1901). Eighteen species were restricted to a particu-
lar microenvironment (Suppl. material 1: Table S2), with approximately 80% of the 
species being found in both the interior and the edge of the fragment (Suppl. mate-
rial 1: Table S3).

In winter, both species richness and absolute abundance of Drosophilidae were 
significantly positively correlated with distance to the edge of the fragment (Suppl. 
material 1: Table S3, Fig. 3, p < 0.05), such that both increase with increasing dis-
tance from the edge. The correlation is highest for absolute abundance where the 
points are closest to the trend line (Figure 3). In all other seasons, species rich-
ness and absolute abundance did not fluctuate as a function of the distance from 
the edge of the fragment. Overall abundance and species composition did not vary 
between the edge and the interior of the forest fragment, however, this pattern var-
ied between seasons. In winter, both species richness and absolute abundance of 
Drosophilidae were significantly positively correlated with distance to the edge of 
the fragment.

The results of the NMDS analysis differed between seasons, with a clear segrega-
tion of the interior and edge points only in winter (Fig. 4), when the distance to the 
edge of the fragment was one of the most important factors for the species compo-
sition of the Drosophilidae assemblage. Distance to the edge of the fragment was 
highly correlated with component 1 in winter (Table 2). The species composition of 
edge and interior assemblages did not differ significantly in the other seasons, nor 
was there a relationship between the components obtained in the NMDS analysis 
and the distance to the edge of the fragment (Table 2).

Table 2. Spearman’s correlation index values (Rs) and significance (p) of the correlations between 
coordinates 1 and 2 obtained in the NMDS analysis and the distance to the edge of a Restinga fragment 
in the South of Brazil, for the four seasons of the studied year.

Winter Spring Summer Autumn

Rs p Rs p Rs p Rs p

Coordinate 1 -0.888 0.0001 0.224 0.484 -0.021 0.948 -0.455 0.138

Coordinate 2 0.0559 0.863 -0.434 0.159 -0.014 0.966 -0.028 0.931
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Figure 3. Relationship between species richness (A) and absolute abundance (B) of Drosophilidae 
and the distance to the edge of a Restinga forest fragment in southern Brazil. Four seasons of the year 
were sampled and are represented by different colors - Blue line: winter; red line: spring; yellow line: 
summer; gray line: autumn.

The SIMPER analysis also showed that the dissimilarity between the assemblages 
at the edge and in the interior of the forest was highest in winter (71.32%), followed 
by Spring (46.73%), Autumn (33.09%) and Summer (21.98%). The two most impor-
tant species explaining the difference in species composition between the edge and 
interior assemblages in winter were the native species Zygothrica orbitalis and Dros-
ophila paraguayensis, contributing 33.9% and 17.9%, respectively, to the dissimilarity 
between the two environments. These species are followed by three further native 
species: Drosophila mediopunctata Dobzhansky and Pavan, 1943, Drosophila ornati-
frons Duda, 1927 and Drosophila griseolineata Duda, 1927, all of which were more 
abundant in the interior of the forest, and two exotic species: Drosophila simulans 
Sturtevant, 1919 and Drosophila immigrans Sturtevant, 1921, which were both more 
abundant at the edge of the forest fragment (Suppl. material 1: Table S4).
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Figure 4. NMDS ordering analysis with the Bray-Curtis similarity index for the Drosophilidae as-
semblages sampled in a Restinga fragment in southern Brazil for the four seasons of the year. A–B win-
ter; C–D spring; E–F summer; G–H autumn. A, C, E, F Coordinates 1 and 2 generated in the NMDS 
analysis and plotted. B, D, F, H Shepard’s plots with the stress values of each analysis.
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In the other seasons (Suppl. material 1: Tables S5–S7), the assemblage was 
dominated by D. simulans Sturtevant, 1919 and the Drosophila willistoni subgroup. 
In spring and autumn, D. simulans was the most abundant and contributed the 
most to the dissimilarity between the edge and the interior of the forest (55.3% 
and 59.1%, respectively), being more abundant at the edge of the forest than in 
the interior in both seasons (Suppl. material 1: Tables S5, S7). In Summer, the D. 
willistoni subgroup was the most abundant and contributed the most (71.9%) to 
the dissimilarity between the interior and the edge of the forest (Suppl. material 1: 
Table S6). Drosophila polymorpha Dobzhansky and Pavan, 1943 is the third most 
abundant species in spring, summer and autumn, however its abundance does not 
vary with distance from the edge of the fragment. It should also be noted that 
overall, in Spring, Summer, and Autumn, the differences between the edge and the 
interior of the forest are small.

Discussion

Studies have shown that some species of Drosophilidae can be used as indica-
tor species for monitoring environmental degradation (Ferreira and Tidon 2005; 
Gottschalk et al. 2007; Mata et al. 2008). However, although studies have verified the 
edge effect in forest areas (Döge, Valente and Hofmann 2008; Furtado and Martins 
2018), few have tried to identify which species are associated with edge habitats 
(Penariol and Madi-Ravazzi 2013). Our results suggest that some species present 
habitat use strategies, at least in the winter, leading to a significant difference in 
abundance and species composition between the edge and interior of the fragment. 
However, this difference did not exist in other seasons, where the fauna in the inte-
rior of the forest fragment is similar to that of the edge.

While previous studies have shown an association between dominance and 
temporal variation in species abundance and different environmental variables in 
distinct environments (Saavedra et al. 1995; Torres and Madi-Ravazzi 2006; De Toni 
et al. 2007; Poppe et al. 2013; Mendes et al. 2017; Mateus et al. 2018), here we show 
that other factors determine the distribution of Drosophilidae species in Restinga 
fragments, and that the edge effect is seasonal.

As Penariol and Madi-Ravazzi (2013) had previously found, our results show 
that the abundance of both Drosophila simulans Sturtevant, 1919 and the D. wil-
listoni subgroups are affected by the distance to the edge of the fragment, with the 
former being more abundant at the fragment edge and the latter in the interior. 
However, the differences in abundance were only significant in the winter. Among 
the exotic species present in the assemblage, Drosophila suzukii Matsumura, 1931 
was the only one able to more frequently use the interior of the forest and was also 
more likely to use areas of pristine vegetation than the other exotic species (Dros-
ophila ananassae, D. buscki, D. immigrans, D. melanogaster and D. simulans), which 
were restricted to the sample plots near the edge of the forest fragment. Drosophila 
suzukii Matsumura, 1931 is an invasive species that only recently arrived in Bra-
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zil and in recent years has considerably expanded its distribution in the American 
continent, establishing in habitats with different physiognomies (Hauser 2011; Cini, 
Loriatti, Anfora 2012; Deprá et al. 2014; Dos Santos et al. 2017).

The seasonal edge effect observed in this study may suggest two scenarios. First-
ly, the vegetation of the forest fragment may be less permeable for species associated 
with the matrix in periods of lower temperature. The species that invade degraded, 
high stress environments, such as Drosophila suzukii Matsumura, 1931, D. ananas-
sae Doleschall, 1858, D. buscki Coquillett, 1901, D. immigrans Sturtevant, 1921, D. 
melanogaster Meigen, 1830 and D. simulans Sturtevant, 1919 are, in their majority, 
exotic to the Neotropical region (Saavedra et al. 1995; Ferreira and Tidon 2005; Silva 
et al. 2005; Gottschalk et al. 2007). Gottschalk et al. (2007) have previously sug-
gested this scenario based on their study of Drosophilidae along an environmental 
gradient associated with urbanization in the south of Brazil. These authors observed 
that exotic species associated with the urban environments, like D. simulans Stur-
tevant, 1919, were not collected in non-urban or less urbanized areas during the 
winter, even when the species were present in the highly urbanized areas. However, 
in the other seasons of the year, they were highly abundant in all areas.

The second possible scenario to explain the seasonal edge effect observed is that 
abundances of exotic species are generally lower during the cooler seasons of the 
year, such that probability of capture/detection is lower and the pattern encountered 
during warmer times cannot be detected due to lower sample size. This variation 
in the abundance of Drosophilidae species is well documented for the state of Rio 
Grande do Sul (Franck and Valente 1985; Saavedra et al. 1995; Silva et al. 2005; 
Poppe et al. 2013). In addition, winter is the only season wherein species abundance 
and richness are greater inside the forest fragment, and is the only time of the year 
that the assemblage is dominated by native species. Thus, vegetation fragments may 
be functioning as a refuge for native species at these times of the year. Moreover, 
the ecological niche of Drosophilidae is not stable throughout the year, and their 
abundance and occurrence depend on climatic variations that influence the behav-
ior of flies and the phenology of plants which, in turn affect the availability of food 
resources and oviposition sites (Valente and de Araújo 1991).

In conclusion, the results of the present study show that Drosophilidae are sen-
sitive to edge effects in the Restinga fragment studied, and that their overall abun-
dance is significantly higher in the interior than at the edge of the fragment in the 
winter. In terms of species composition, we show that most of the species sampled 
use both environments near the edge and environments in the interior of the for-
est fragment, but with different intensities. Finally, we show that some species were 
restricted to edge or interior environments, suggesting that certain species have 
different habitat use strategies. Our results provide important direction for future 
research, and have broad implications for the conservation of Drosophilidae. Small 
Restinga forest fragments, such as the one studied here, can contribute to the persis-
tence of assemblages, thus improving the habitat quality of small fragmented forests 
that may be important for the maintenance of biodiversity.
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