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A�������. Open pit rubbish dumps generate serious environmental problems both in Brazil and elsewhere. 
The goal of this study was to evaluate the occurrence pa�erns of an assemblage of small flightless mammals 
in the area of a landfill deactivated 19 years ago. During nine campaigns, three different sites located in 
a subtropical protected area near the city of Matinhos, Paraná coast, southern Brazil, were sampled. The 
selected places were an artificial clearing where urban waste had previously been dumped (Area 1), a site 
with less anthropic influence with tree species and a poorly developed understorey (Area 2), and a site with 
well-formed vegetation, with herbaceous, shrubby and tree strata well developed (Area 3). The total capture 
effort was 5210 trap-nights; 109 captures were made of 82 individuals from five species of Rodentia (all from 
the subfamily Sigmodontinae) and three species of marsupials (Order Didelphimorphia). The most conserved 
site (Area 3) had higher abundance than areas 1 and 2 (binomial test; P<0.05). Area 1, considered the most 
affected, showed less species richness (n=6) than the other two areas (7 and 8 species), although this may be 
affected by the lower number of captures. The diversity in Area 1, estimated by the Shannon index, was lower 
than in areas 2 and 3 (Hutcheson’s t tests; H’=1.26 for Area 1 vs. 1.76 and 1.68 for Areas 2 and 3, respectively), 
although the composition of the assemblage did not differ significantly between the areas (PERMANOVA; 
P=0.085). Our results show that even after 19 years of inactivity, the deposited waste is still having a negative 
impact on the environment, and highlight the resilience of some native small mammal species in exploiting 
the resources of degraded areas.

[Keywords: bioindicator, impact, rubbish dump, natural regeneration, rainforest]

R������. Elegir entre basura humana y bosques impactados: Resiliencia en pequeños mamíferos no 
voladores del Bosque Atlántico. Los vertederos de residuos sólidos al aire libre (basurales) crean problemas 
ambientales serios en Brasil y en todo el mundo. El objetivo de este estudio fue evaluar los patrones de ocurrencia 
de un ensamblaje de pequeños mamíferos no voladores en el área de un vertedero desactivado hace 19 años. 
A lo largo de nueve campañas se muestrearon tres sitios diferentes, ubicados en un área natural protegida 
del Bosque Atlántico subtropical, cerca de la ciudad de Matinhos, costa de Paraná, sur de Brasil. Los lugares 
seleccionados fueron un claro donde se descartaban residuos urbanos (Área 1), un lugar con menor influencia 
antrópica, con especies arbóreas y un sotobosque poco desarrollado (Área 2), y un lugar con vegetación bien 
formada, con estratos herbáceo, arbustivo y arbóreo bien desarrollados (Área 3). Con un esfuerzo total de 
captura de 5210 noches-trampa, se realizaron 109 capturas de 82 individuos de cinco especies de Rodentia 
(todas de la subfamilia Sigmodontinae) y tres especies de marsupiales (Orden Didelphimorphia). La zona más 
conservada (Área 3) tuvo mayor abundancia que las áreas 1 y 2 (prueba binomial; P<0.05). El Área 1, considerada 
más impactada, mostró menos riqueza de especies (n=6) que las otras dos áreas (7 y 8 especies), aunque esto 
puede estar afectado por el menor número de capturas. La diversidad del Área 1, estimada por el índice de 
Shannon, fue menor que en las áreas 2 y 3 (prueba de Hutchenson; H’=1.26 para el Área 1 vs. 1.76 y 1.68 para 
las áreas 2 y 3, respectivamente), aunque la composición de los ensambles no resultó diferente entre áreas 
(PERMANOVA: P=0.085). Nuestros resultados indican que, incluso después de 19 años de desmantelamiento, 
los residuos depositados aún influyen negativamente en el medio ambiente, y resaltan la resiliencia de algunas 
especies nativas de pequeños mamíferos para explotar los recursos en áreas degradadas.
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I�����������
The generation of solid waste is a global 

problem. The world’s cities generate 2.01 billion 
tons of solid waste per year, and it is estimated 
that by 2050 this will increase to 3.4 billion 
t/year (Kaza et al. 2018). In Latin American 
and Caribbean countries, 45.3% of the solid 
waste generated up to 2002 was disposed in 
open pit garbage dumps (Espinoza et al. 2010). 
These dumps, also known as rubbish dumps, 
are sites for the final disposal of solid waste in 
an open space, usually without any sanitary 
control or treatment. Such sites often cause 
negative environmental impacts, including 
the release of greenhouse gases as a result of 
waste decomposition, contamination of soil 
and surface water, and negative impacts on 
local fauna and flora (Espinoza et al. 2010).

Although many rubbish dumps have been 
closed in recent years (Espinoza et al. 2010), 
the materials remain in place, influencing 
the process of plant recolonization (Trotter 
and Cooke 2005) and consequently, the 
ecology of the associated fauna. Studies 
on the environmental impacts of rubbish 
dumps have generally focused on assessing 
soil and/or water contamination (Pastor and 
Hernández 2012; Regadío et al. 2012) or the 
emission of polluting gases (Lyons et al. 2010; 
Penteado et al. 2012). Little is known about 
the impacts of rubbish dumps on the regional 
fauna and how long the effects last after the 
site is decommissioned.

In general, ecosystems are resilient (i.e., 
they are able to withstand a certain degree of 
disturbance without radically altering their 
functions and services Holling (1973) defined 
resilience as a measure of the persistence of 
the system, its ability to absorb change and 
disturbance, and to maintain the same type of 
relationship between populations and variable 
states after disturbance as existed before the 
disturbance. Studies of nonvolant small 
mammal assemblages have shown that some 
species are highly sensitive to anthropogenic 
change, while others are not. This has been 
shown for a variety of impacts, including 
fragmentation (Pardini 2004; Johnstone et al. 
2014), fire (Briani et al. 2004; Griffiths et al. 
2015), agriculture (Umetsu and Pardini 2007; 
Fischer et al. 2011; Martin et al. 2012), removal 
of shrub cover (Kutiel et al. 2000), seasonality 
(Naxara et al. 2009) and dam construction 
(Zhang et al. 2014). Given these differential 
responses, assemblages of small rodents and 
marsupials can act as bioindicators to help 

us assess the capacity of the environment to 
show resilience to the impacts of large-scale 
trash dumping.

The present study evaluated the composition 
of small non-flying mammals (rodents and 
marsupials) in a rubbish dump deactivated 
19 years ago in the Rio da Onça State Park, 
the first protected natural area in the Atlantic 
Coastal Forest on the coast of Paraná State, 
southern Brazil. Within this conservation 
unit, the degraded area was compared 
with two other areas with lower levels of 
disturbance. Two scenarios seem possible: 1) 
the assemblage of nonvolant small mammals 
associated with the abandoned rubbish dump 
will be distinct and less diverse than that 
found in similar adjacent areas which were 
not directly impacted by such deposits, or 2) 
after 19 years of natural regeneration in the 
area both impacted and unimpacted areas 
will have similar small mammal assemblages 
and diversity.

M�������� ��� M������

Study area
The study was carried out in the Rio de Onça 

State Park (Parque Estadual do Rio da Onça: 
PERO; 25°45’ S - 48°30’ W), located in the 
Matinhos municipality, in the coastal area of 
southern Paraná State, Brazil (Figure 1). By the 
time we conducted this study, PERO covered 
an area of 118.5 ha and included habitats 
typical of the Paraná coastal plain, with 
altitudes varying between 5 and 8 m a. s. l. 
and ~400 m from the sea. Forest cover includes 
Lowland Dense Ombrophylous Forest (49.9%) 
and Maritime-influence Pioneering Formations 
(41.5%), as well as areas under human impact 
(8.6%). The Ombrophylous Dense Forest 
secondary forestations in advanced stages of 
regeneration (86.8%) and capoeiras (13.2%) 
developed from old abandoned agricultural 
plantations (Roderjan 1988). 

Three different areas belonging to the 
same natural formation and presumably 
similar except for the anthropic alterations 
were sampled within the park (Figure 1, 
Supplementary Material-Figure S1). Area 1, 
characterized by the presence of an urban 
rubbish dump deactivated in 1995, was 
sampled mainly in a clearing colonized by 
undergrowth and shrubs, and in a forest 
formation adjacent to the clearing. Outcrops 
of solid waste, such as glass bottles and plastic 
packaging, were a common part of the soil 
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substrate throughout this study site. Area 2 
consisted of forest formations less affected 
than at Area 1, with secondary forest cover 
and high density of woody tree species, but a 
poorly developed understorey in most of the 
area and scarce human litter in the location. 
A sandy area of restinga vegetation (beach 
forest) and a small area of marsh were also 
present. Finally, Area 3 was located in the 
center of the park’s visitor trails, with closed 
forest, a well-developed understorey and an 
herbaceous strata, and a small stream. No solid 
waste was found at this location.

Sampling collection
Nine 6-day trapping campaigns were made 

between November 2013 and December 2014, 
sampling only one area per campaign in a fixed 
order; so, at the end of the study, the three 
areas were sampled three times each, once 
per season (see Supplementary Material-Table 
S1). We used three sizes of Sherman live traps 
(9×9×25 cm3; 9.5×9.5×31 cm3; 40×21×21 cm3) and 
two sizes of Tomahawk live traps (18×14.5×35 
cm3; 18×14.5×45 cm3) arranged along a 5×10 
grid of five 10-station lines spaced 10 m apart 
per area. The stations along each line were set 
20 m apart, each containing one Sherman and 
one Tomahawk trap, one installed at ground 
level (terrestrial) and one elevated (arboreal) at 

2-4 m height on a tree, alternating model and 
elevation in consecutive stations (i.e., each grid 
line had five Shermans on the ground and five 
on trees, and five Tomahawks on the ground 
and five on trees). Due to a lack of suitable 
trees in Area 1, some arboreal traps were 
placed lower, in the tallest shrub available. All 
traps were baited with a mixture of bananas, 
peanut candy, canned fish, and maize flour. 
The traps were checked once a day in the early 
morning for six consecutive days.

As some of the local species are cryptic, some 
individuals were collected for identification 
through cytogenetic analysis, following the 
methods and numbers described in Gatto-
Almeida et al. (2016). Traps containing animals 
to be collected were removed from the field 
for transport to the laboratory and replaced 
with empty, clean traps. Individuals that were 
not collected received a uniquely numbered 
aluminum ear tag and were immediately 
released into the wild. The capture and 
collection of small mammals in the area were 
authorized by the MMA/ICMBIO/SISBIO 
under License No. 35534-1.

Data analysis
Rarefaction curves and Shannon (H’) 

and Simpson (1-D) diversity indices were 

Figure 1. Location of the Rio da Onça State Park (PERO), Matinhos, Paraná State, Brazil. Highlighted areas mark the 
grids sampled for small nonvolant mammals. Modified by the authors from Google Earth® 2014.
Figura 1. Ubicación del Parque Estatal Rio da Onça (PERO), Matinhos, Estado de Paraná, Brasil. Las áreas resaltadas 
indican las grillas donde se muestrearon los pequeños mamíferos no-voladores. Modificado por los autores de Google 
Earth® 2014.
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calculated for each area using Past 2.17 
software (Hammer et al. 2001); Simpson’s 
index calculates the probability that two 
randomly selected individuals in the sample 
belong to different species. We tested for 
equality of Shannon’s diversity indices among 
areas with two-sided Hutcheson’s t-tests 
(Hutcheson 1970) according to the package 
EcolTest (version 0.0.1) (Salinas and Ramírez-
Delgano 2021) in the R statistical environment 
(version 3.6.1; R Core Team 2021).

To test for different abundance of individuals 
between areas, pairwise binomial tests were 
conducted using the BioEstat 5.3 software 
(Ayres et al. 2007). Recaptures were excluded 
from the analysis to avoid possible biases 
caused by individuals who had burrows close 
to where the traps were set, and also secondary 
biases caused by the removal of a few collected 
individuals of cryptic species. 

We used non-metric multidimensional 
scaling analysis (NMDS) using the Bray-
Curtis metric to evaluate dissimilarity in the 
species composition and abundance between 
areas, considering each line of the trapping 
grid as a replicate. The residual stress of the 
NMDS analysis (i.e., the measure of distortion 
of the data when represented in the reduced 

two-dimensional space) was 0.173; stress 
values under 0.2 are commonly accepted as 
good (see Dexter et al. 2018). The analysis 
was performed in an R environment (version 
3.6.1; R Core Team 2021) using the metaMDS 
function of the Vegan package for community 
analyses (version 2.5-6) (Oksanen et al. 2019). 
We plotted the data for each line and draw 
ellipses representing 95% confidence intervals 
around the mean of each area. We performed 
a PERMANOVA test, using Bray-Curtis 
index and 999 permutations with the adonis 
function in the package Vegan (version 2.6-6) 
(Oksanen et al. 2019) to test if the centroids 
for all areas were equivalent after checking 
for the assumption of homogeneity of their 
dispersions. 

R������
A total sampling effort of 5210 trap nights 

resulted in 109 captures of 82 different in-
dividuals. Area 3 had the highest number 
of captures (n=38) (i.e., number of captures 
minus number of recaptures), significantly 
higher than Area 1 (n=23; Z=1.86, p=0.03) and 
Area 2 (n=21; Z=2.21, p=0.01); Area 1 vs. Area 
2; Z=0.34, p=0.37) (Table 1). The species rich-
ness observed in the three areas after a very 

Taxon Area 1 Area 2 Area 3
Captures Rel. Ab. (%) Captures Rel. Ab. (%) Captures Rel. Ab. (%)

Order Didelphimorphia

Didelphis aurita
Wied-Neuwied, 1826

1(0) 3.8 2(1) 6.2 11(5) 21.6

Metachirus myosuros
Temminck, 1824

3(2) 11.5 5(3) 15.6 5(2) 9.8

Marmosa paraguayana
Tate, 1931

0 0 3(0) 9.3 4(0) 7.8

Order Rodentia

Akodon montensis
Thomas, 1913

15(1) 57.7 10(2) 31.2 20(3) 39.2

Euryoryzomys russatus
Wagner, 1848

5(0) 19.2 5(1) 15.6 2(1) 3.9

Nectomys squamipes
Brants, 1827

1(0) 3.8 6(4) 18.8 5(2) 9.8

Oligoryzomys nigripes
Olfers, 1818

1(0) 3.8 1(0) 3.1 3(0) 5.9

Thaptomys nigrita
Lichtenstein, 1829

0 0 0 0 1(0) 2.0

Total 26 (3) 32 (11) 51 (13)

Richness 6 7 8

Trap nights 1720 1740 1750

Capturability (%) 1.5 1.8 2.9

Table 1. Number of captured individuals (with number of recaptures in parentheses) of species of non-flying small 
mammals in the three sampled areas (Area 1 is the most impacted; Area 3, the less impacted). Rel. Ab.: relative abundance 
based on the percentage of captures in the area.
Tabla 1. Número de individuos capturados (con número de recapturas entre paréntesis) de especies de pequeños 
mamíferos no voladores en las tres áreas muestreadas (el Área 1 es la más impactada; el Área 3, la menos impactada). 
Rel. Ab.: abundancia relativa basada en el porcentaje de individuos capturados en el área.
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similar sampling effort differed: Area 1 had 
the lowest alpha diversity (n=6 species), Area 2 
had 7 species, and Area 3, 8 species. However, 
rarefaction curves based on total number of 
captures (Figure 2) showed very similar as-
ymptotical curves of species accumulation for 
areas 2 and 3, with Area 1 reaching a lower 
number of species with few individual cap-
tures. A comparison among the curves at this 
lower number of captures suggests that Area 
1 still has marginally lower richness than areas 
2 and 3, though their standard errors overlap. 
In terms of diversity, the Shannon index values 
were similar for areas 2 and 3 (H’=1.76 and 
1.68, respectively; 2 vs. 3: t=0.517, df=82.748, 
p=0.607), and areas 3 and 1 (H’=1.26, 3 vs. 1: 
t=1.946, df=42.329, p=0.058), but it was higher 
for Area 2 when tested against Area 1 (2 vs. 1: 
t=2.414, df=40.217, p=0.020). Likewise, Simpson 
diversity indices (1-D) were 0.61, 0.80 and 0.76 
for areas 1, 2 and 3, respectively. The distribu-
tion of the trapping lines of the three sampled 
areas overlap in the two-dimensional NMDS 
plot (Figure 3), and although the overlap be-
tween Areas 1 and 3 is small, the PERMANO-

VA test did not show significant differentiation 
between the three small mammal communities 
(F=1.752, df=14, p=0.085).

Five species were recorded from the 
Order Rodentia, all Sigmodontinae (i.e., 
Akodon montensis, Euryoryzomys russatus, 
Nectomys squamipes, Oligoryzomys nigripes 
and Thaptomys nigrita) and three marsupial 
species from the Order Didelphimorphia 
(Didelphis aurita, Metachirus myosuros and  
Marmosa paraguayana). Marmosa paraguayana 
and Thaptomys nigrita were absent from 
Area 1, and the latter not recorded in Area 
2. In Area 3, we had six of the seven arboreal 
captures (M. paraguayana, n=3; D. aurita, n=2, 
and A. montensis, n=1), with the other in Area 
2 (M. paraguayana); no arboreal captures were 
made in Area 1. Akodon montensis was the 
rodent most frequently captured in Area 1 
(57.7% of captures) and in general (Table 
1). D. aurita was the second most frequent 
species (six individuals, all subadults, and 
five recaptures) in Area 3, while only a single 
adult was captured in each of the two other 
areas (recaptured once in Area 2). 

Figure 2. Rarefaction curves for the three areas sampled in PERO Matinhos, in Paraná state, Brazil. Standard error of 
each curve is showed in gray.
Figure 2. Curvas de rarefacción para cada una de las tres áreas muestreadas en PERO Matinhos, en el estado de Paraná, 
Brasil. El error estándar de cada curva se muestra en gris.
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D���������
This is the first study to evaluate the long-

term effects of an urban household waste on 
the composition of a nonvolant small mammal 
assemblage in Brazil. Our results showed that 
the composition and richness of the species 
did not differ between the affected and control 
study areas, although the least affected area 
(Area 3) had a higher abundance than the other 
areas, indirectly estimated by the number of 
captured individuals.

Area 1 had little arborescent vegetation, 
and consequently, M. paraguayana, which has 
arboreal habit (Vieira and Camargo 2012), was 
not recorded and D. aurita, which is scansorial, 
appeared with low frequency. The same is true 
for T. nigrita, a semi-fossorial species, which 
was only recorded in Area 3, the less disturbed 
one. Some studies indicate that this is a species 
with very limited ecological flexibility, and 
is only common in well-preserved areas of 
mature forests (Pardini et al. 2005; Pardini 
and Umetsu 2006). While Grazzini et al. 
(2015) found high densities of T. nigrita in 
Araucaria (Araucaria angustifolia) and Pinus 
sp. plantations in a Mixed Ombrophilous 
Forest, the species occurred at low densities 
compared to other Akodontini in studies of 
lowland Atlantic Forest (Gatto-Almeida et al. 
2016). Therefore, the absence of some species 
in the most affected areas suggests an inability 
of these areas to maintain the full range of 
ecological functions. However, although the 
small mammal community was less abundant 
and diverse in the former rubbish dump area, 

these differences are quite small considering 
the large differences in landscape extent 
between the sampled areas (e.i., the presence 
of a cleared area colonized by undergrowth 
and shrubs in Area 1).

In contrast to our results, Pardini et al. 
(2005) analyzed a variety of forest fragments 
and reported an increase in small mammal 
abundance in areas with lower canopy cover 
and higher understorey leaf density. This was 
not the case for Area 1, where most of the soil 
is still covered with plastic and glass litter 
and herbaceous vegetation with low species 
richness. However, it must be emphasized that, 
unlike most studies that sampled fragments, 
edges or agricultural areas (e.g. Pardini 2004; 
Pardini et al. 2005; Santos-Filho et al. 2012), 
Area 1 is an open clearing in the middle of 
native vegetation in an advanced state of 
succession, a more complex environment 
that may serve as a preferred refuge for certain 
small mammals (Pianka 1994) and act as an 
ecological sink for other species (Pulliam 1988; 
Carballido et al. 2011). This may contribute to 
the resilience of the small mammal assemblage 
in this disturbed area.

Holling and Gunderson (2002) proposed a 
concept called adaptative cycle, which was 
used to describe and understand the long-term 
dynamics of change in a complex adaptive 
system. According to their proposal, a system 
is stable until its limits are exceeded; when 
this happens, the system switches rapidly into 
a phase called Ω (omega), where the system 
collapses and assumes a new condition, 

Figure 3. Nonmetric multidimensional scaling ordination of nonvolant small mammals in relation to the three areas 
sampled in PERO Matinhos, in Paraná state, Brazil. Ellipses represent 95% confidence intervals around the mean of 
each area. Squares represent Area 1 lines; circles are Area 2 lines; triangles are Area 3 lines.
Figura 3. Ordenamiento multidimensional no métrico de pequeños mamíferos no volátiles en relación con las tres 
áreas muestreadas en PERO Matinhos, en el estado de Paraná, Brasil. Las elipses representan intervalos de confianza 
del 95% alrededor de la media de cada área. Los cuadrados representan líneas del Área 1; los círculos son líneas del 
Área 2; los triángulos son líneas del Área 3.
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different from the original (Holling and 
Gunderson 2002). If disturbances in Area 1 
had led the small mammal fauna in Area 1 to 
phase Ω, we would have found a very different 
assemblage than in areas 2 and 3, which would 
have been evidenced by the PERMANOVA 
test. This difference would be reflected, for 
example, in a higher relative abundance of 
generalist species such as O. nigripes (Umetsu 
and Pardini 2007; Umetsu et al. 2008) or even 
the presence of opportunistic invasive aliens 
such as House mouse (Mus musculus), Black 
rat (Rattus rattus) or Norway rat (Rattus 
norvergicus), although the latter seems to be 
negatively affected by forests (Gatto-Almeida 
et al. 2020). In contrast, O. nigripes was 
similarly abundant in all areas and E. russatus, 
a disturbance-adverse species that is rare in 
altered areas (Olifiers et al. 2005; Pardini et 
al. 2005; Umetsu and Pardini 2007) was the 
second most abundant species in Area 1. As a 
result, the small mammal assemblage studied 
had probably already passed through the Ω 
phase, and was already in the next phase: the 
phase of renovation and reorganization called 
α (alpha) (Holling and Gunderson 2002).

The next stage of the adaptative cycle after 
reorganization (α) would be for the species 
assemblage to increase its complexity (r 
phase or exploitation) until it reaches the 
original state of composition (k phase or 
conservation), undistinguishable from other 
similar non-impacted, areas. Moro and 
Gadal (2007) concluded that the richness and 
abundance does not vary according to the 
time available for vegetation to regenerate, 
but according to the structural diversity of 
the area. So, it does not matter if the area has 
been recovering for 19 years if the waste that 
is still there continues to hamper the increase 
of complexity of the environment around it. 
From this point of view, fewer individuals 
in Area 1 may result from the lack of shelter 
offered by fallen logs and dense underbrush 
(Dueser and Shugart-Jr. 1978; Monamy and 
Fox 2000; Moro and Gadal 2007; Yamada et 
al. 2016). However, the growth and longevity 
of trees established on poorly remediated 
rubbish dumps depend to a great extent on 
the physical conditions, such as compaction 
levels and aeration of the soil (Dobson and 
Moffat 1999). The lack of remediation and 
the presence of solid residues in Area 1 could 

have impacted recolonization by woody 
vegetation that impacts both arboreal small 
mammals and semifossorial species. The 
rudimentary situation in which this rubbish 
dump was operated and its abandonment 
without any remedial treatment are also likely 
to have contributed to the still initial stage of 
recovery of the area, even 19 years after the 
waste disposal activities in the area ceased. 

C����������
Although the area affected by the abandoned 

rubbish dump had less abundance and 
diversity than the other two, close areas 
sampled, the composition of the small 
mammal community was not as radically 
affected as expected in an area that is still 
so obviously impacted by its previous use. 
Even so, those lower values suggests that 
even 19 years after deactivation, with native 
vegetation around the affected area at an 
advanced state of succession favoring faunal 
and floral recolonization, the deposited waste 
still negatively influences the environment.

At landfills, pre-installation and post-
decommissioning remediation measures could 
accelerate regeneration and recolonization 
by native fauna and flora. They should 
be adopted, particularly because most 
decommissioned dumps are not surrounded 
by valuable forested habitat as in this area, 
increasing and potentially prolonging their 
negative impacts.

Finally, because it is a protected conservation 
unit located within the Atlantic Forest, a 
severely threatened biome, and a global 
biodiversity hotspot, remediation measures 
must be prioritized for management programs 
that include areas with a history of anthropic 
use similar to PERO.
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