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Abstract: Choosing the nest site to raise a litter has consequences on female fitness in mammalian species with 
no male participation in the parental care. We accidentally video recorded a coati’s nest appropriation by a female 
opossum Didelphis aurita, at Parque Ecológico do Tietê, State of São Paulo, Brazil. For 29 days, from December 
22, 2011, to January 19th, 2012, the activity of the female was video recorded 24h/day with a camera trap installed 
close to the nest. At her first appearance, she had infants in her pouch. After taking leaves to the nest twice on the 
first night, she kept a routine of going out after sunset and returning to the nest before dawn, carrying leaves on the 
tail on seven occasions. During the last days of recording, infants were seen attached to the female’s body. Another 
episode of a female opossum with infants using a nest previously constructed by a coati was registered in 2013. To 
our knowledge, this is the first continuous description of the daily activity of opossums during the nesting phase.
Keywords: Nasua nasua, marsupial, nest appropriation, nidification, common opossum, parental behavior.

Comportamento de nidificação de Didelphis aurita: vinte dias de gravação contínua de 
uma fêmea em um ninho de quati

Resumo: A escolha de um ninho para criar uma ninhada tem consequências sobre o sucesso reprodutivo de fêmeas 
mamíferos que não compartilham com o macho o cuidado parental. Nós gravamos acidentalmente a apropriação 
de um ninho de quati por uma fêmea gambá Didelphis aurita, no Parque Ecológico do Tietê, São Paulo, Brasil. 
Durante 29 dias, de 22 de dezembro de 2011 a 19 de janeiro de 2012, a atividade da fêmea no ninho foi registrada 
24h/dia. Em sua primeira aparição, ela tinha os filhotes ainda no marsúpio, e preparou o ninho, trazendo folhas 
para forração duas vezes na primeira noite. Depois, ela manteve uma rotina de sair após o pôr-do-sol e retornar ao 
ninho antes do amanhecer. Em sete dessas vezes ela trouxe folhas largas na cauda. Nos últimos dias, três filhotes 
foram vistos agarrados ao corpo da fêmea. Outra fêmea de gambá foi observada no PET usando um outro ninho de 
quati, em 2013. Esta é a primeira descrição contínua conhecida da rotina diária do comportamento de nidificação 
de gambás.
Palavras-chave: Nasua nasua, marsupial, apropriação de ninho, nidificação, gambá, comportamento parental.
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Introduction

The Brazilian common opossum (Didelphis aurita Wied-Neuwied 
1826) is a large marsupial species, smaller (body weight: 670-1800g; 
Cerqueira & Lemos 2000) and less versatile than the big opossum D. 
albiventris, and a forest-dweller species of the Atlantic forest (Emmons 
1997; Paglia et al. 2012). It is an insectivorous-omnivorous animal that 
forages mostly during the early hours of the night, and whose diet is 
composed of insects (in 100% of collected feces, mainly Coleoptera, 
Diplopoda and Opiliones), solanaceous fruits (78%) and vertebrates 
(59%, primarily birds and mammals) (Cáceres & Monteiro-Filho 2001). 
Females almost exclusively maintain home ranges of 0.2 ha, a seemingly 
defensible territory (Cáceres 2003), selected according to resource 

availability (Loretto & Vieira 2005). The male home range is much 
more extensive (3.0 ha), and may vary in size during non-reproductive 
(larger) and reproductive seasons (smaller) (Cáceres & Monteiro-Filho 
2001; Loretto & Vieira 2005).

The nesting behavior of didelphids is known for some species. For 
instance, the woolly mouse opossum (Micoureus demerarae) prefer to nest 
on a spiny palm tree of 4.66ft, approx. 1.42m, in height, during daylight 
(Moraes Junior & Chiarello 2005). D. marsupialis and D. albiventris both 
use shelters on the ground (during wet seasons), tree cavities or nests, 
also during the day (Sunquist et al. 1987; Vaughan & Hawkins 1999; 
Astúa et al. 2015). Finally, the Brazilian mouse opossum (Monodelphis 
domestica) adopts a wooden box that it fills with paper and uses during 
daylight, in captivity (Unger 1982; Harrison 1985; Faden et al. 1986).

http://www.scielo.br/bn
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Abstract: The isotopic niche of Bagre bagre and Genidens barbus target of commercial fisheries in a marine 
coastal area from northern Rio de Janeiro State (~21ºS), south-eastern Brazil was compared to evaluate the feeding 
assimilation and the trophic relationship. The mean isotopic values of the catfishes and their food items in the 
δ13C-δ15N space were coherent with their respective trophic positions. The relative contributions of the food items 
highlighted the shrimp Xiphopenaeus kroyeri as the most assimilated item in the diet of B. bagre, while for G. barbus 
the model highlighted the fish Porichthys porosissimus. The absence of niche overlap together with the trophic 
evenness point to a reduced feeding overlap between B. bagre and G. barbus in northern Rio de Janeiro State.
Keywords: Ariidae, feeding assimilation, stable isotopes, trophic niche, tropical area.

Nicho isotópico dos bagres Bagre bagre e Genidens barbus em área costeira do 
sudeste do Brasil

Resumo: O nicho isotópico de Bagre bagre e Genidens barbus alvos de pescarias comerciais em uma área 
costeira marinha do norte do estado do Rio de Janeiro (~21ºS), sudeste do Brasil, foi comparado para avaliar a 
assimilação alimentar e a relação trófica. Os valores isotópicos médios dos bagres e de seus itens alimentares em 
δ13C-δ15N foram coerentes com suas respectivas posições tróficas. As contribuições relativas dos itens alimentares 
destacaram o camarão Xiphopenaeus kroyeri como o item mais assimilado na dieta de B. bagre, enquanto para 
G. barbus o modelo destacou o peixe Porichthys porosissimus. A ausência de sobreposição de nicho juntamente 
com a uniformidade trófica aponta para uma sobreposição alimentar reduzida entre B. bagre e G. barbus no norte 
do estado do Rio de Janeiro.
Palavras-chave: área tropical, Ariidae, assimilação alimentar, isótopos estáveis, nicho trófico.
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Introduction

The catfishes are Siluriformes that show a wide and complex 
geographic distribution throughout tropical, subtropical and temperate 
waters, in lagoons, rivers, estuaries and marine environment (Diogo, 
2004), being an important fish group in commercial fisheries worldwide 
(Marceniuk 2005, Froese & Pauly 2018). Among this primarily 
freshwater fish group, the family Ariidae is marine, generally more 
abundant in shallow coastal waters, in muddy or sandy bottoms 
(Marceniuk 2005, Silva et al. 2016). In general, the marine catfishes 
seek out river mouths and coastal lagoons during the spawning period, 
and they show reproductive adaptations as mouthbrooding (Chaves & 
Vendel 1996, Ferraris Jr. 2007).

The marine catfishes are generalistic benthophagous feeders, 
consuming fishes, crustaceans, molluscs and polychaetes (Mishima & 
Tanji 1982, Araújo 1984, Marceniuk et al. 2015). Tavares & Di Beneditto 

(2017) investigated the feeding habits of adult specimens of Bagre bagre 
(Linnaeus 1766) and Genidens barbus (Lacépède 1803) in northern Rio 
de Janeiro State, south-eastern Brazil. Both consumers are carnivorous 
with differences in feeding preference: the fish Trichiurus lepturus 
(Linnaeus 1758) and the shrimp Xiphopenaeus kroyeri (Heller 1862) 
were the most frequent prey species in the stomach contents of B. bagre 
and G. barbus, respectively.  Both catfish species occur in Southwest 
Atlantic, being sympatric from northern to southern Brazil, where they 
support important resources to artisanal coastal fisheries (Froese & 
Pauly 2018). The conservation status of G. barbus deserves concern 
along Brazilian waters, since it is considered an “endangered” species 
of economic interest (Portaria MMA nº 445 de 17/12/2014, available 
at http://www.icmbio.gov.br/portal/images/stories/biodiversidade/
fauna-brasileira/avaliacao-do-risco/PORTARIA_N%C2%BA_445_
DE_17_DE_DEZEMBRO_DE_2014.pdf).

http://www.scielo.br/bn
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Stable isotopes of nitrogen (δ15N) and carbon (δ13C) provide data on 
marine vertebrates feeding ecology, understanding feeding preferences 
and food assimilation, and integrating diet over time (e.g. Cherel et al. 
2005, Capelli et al. 2008, Di Beneditto et al. 2017, Navarro et al. 2017). 
The isotope values gradually increase with the trophic level, but the 
enrichment for δ15N is more evident than for δ13C (Hobson & Welch 
1992, Fry 2008). The δ13C values, in turn, are useful to indicate the 
carbon sources to the diet, as aquatic vs. terrestrial, pelagic vs. benthic 
and inshore vs. offshore (Peterson & Fry 1987). Isotopic models are 
particularly powerful when results of previous dietary studies are 
combined, reducing bias in data interpretation (Phillips et al. 2014). In 
tropical coastal areas where the availability of feeding resources is high, 
previous information on feeding preferences helps isotopic modelling 
(Di Beneditto et al. 2011).

The aim of this study is to compared the isotopic niche of adult 
specimens of B. bagre and G. barbus that are sympatric and target of 
commercial fisheries in a marine coastal area from northern Rio de 
Janeiro State, south-eastern Brazil, evaluating the feeding assimilation 
and the trophic relationship. We raised two assumptions: i) the main 
prey species recovered in the stomach contents are probably the most 
assimilated species by the consumers and ii) the isotopic niche of the 
consumers reflects their feeding preferences and assimilation.

Materials and Methods

1.	 Sampling

The sampling site is a marine coastal area from northern Rio 
de Janeiro State, southeastern Brazil (~21ºS; 41ºW) (Figure 1). The 
catfishes B. bagre and G. barbus are targets of commercial gillnet 
fisheries practised between 21º35’S and 22º00’S, from less than one to 
10 nautical miles from shore, in depths varying from 10 to 30 m. The 
specimens captured in these fisheries are classified as adults according 
to its total length: the asymptotic or maximum length recorded for B. 
bagre is 55.0 cm (Marceniuk et al. 2015), while for G. barbus it is 120 
cm, with the first maturity reached around 40.0 cm (Velasco et al. 2007, 
Froese & Pauly 2018).

In January 2016, 28 specimens of B. bagre (50.1 ± 4.2 cm of mean 
total length; 1,017.9 ± 248.0 g of mean total weight) and 16 of G. barbus 
(50.4 ± 4.4 cm of mean total length; 1,281.3 ± 263.9 g of mean total 
weight) were obtained from commercial fisheries. The back dorsolateral 
muscle samples (5 g) were collected for isotopic analysis.

Previous investigation about the local feeding habits of these 
catfishes done by Tavares & Di Beneditto (2017) guided the prey species 
selection for the present study. The prey species identified in the stomach 
contents of B. bagre were the fish T. lepturus (most frequent prey), 
Gymnothorax ocellatus (Agassiz 1831), Paralonchurus brasiliensis 
(Steindachner 1875) and the shrimp X. kroyeri. For G. barbus, the prey 
species recorded in the stomachs were the fish Porichthys porosissimus 
(Cuvier 1829) and Conodon nobilis (Linnaeus 1758) and the shrimps 
X. kroyeri (most frequent prey) and Farfantepenaeus sp. Besides the 
prey species identified in the stomach contents (excepting G. ocellatus, 
C. nobilis and Farfantepenaeus sp., whose sampling was not possible), 
bottom-associated fish species that are common along the sampling 
site (Di Beneditto et al. 2001, Gomes et al. 2003) were included in 

the isotopic analysis as potential prey to both catfishes: Isopisthus 
parvipinnis (Cuvier 1830), Steliffer brasiliensis (Schultz 1945) and 
Symphurus plagusia (Linnaeus 1766).

The prey species (or potential prey species) were collected by 
local fishermen through gillnet and bottom trawl net fisheries along the 
sampling site (Figure 1). A sample from the back dorsolateral muscle of 
fish (5 g) and abdomen muscle of shrimp (3 g) was removed from each 
prey (4-6 specimens) for isotopic analysis. All samples (consumers and 
prey species) were kept frozen (-20ºC) in acid washed vials, freeze-
dried and grounded into a fine, homogeneous powder using mortar and 
pestle for isotope analyses.

2.	 Isotopic analysis

Stable isotope measurements were determined on fine powdered 
freeze-dried samples (1 mg) using a Delta V Advantage isotope ratio 
mass spectrometer (Thermo Scientific) interfaced with Conflo IV and 
linked to Elemental Analyzer Flash 2000 (Thermo Scientific) from the 
Laboratório de Ciências Ambientais - UENF. Stable isotope ratios were 
expressed in δ notation as parts per thousand (‰) deviations from the 
international calibration standards. Pee Dee belemnite carbonate and 
atmospheric nitrogen were standard values for carbon and nitrogen 
analyses, respectively.

Quality control for muscle tissue was performed through the 
reference standard Elemental Microanalysis Protein Standard OAS 
of certified isotopic composition δ13C= -26.98‰ and δ15N= 5.94‰. 
Reproducibility was tested with triplicate analyses at each five samples 
(± 0.3 ‰ for δ15N and ± 0.2 ‰ for δ13C). Lipid content was not 
extracted from muscle samples prior to the analyses; however, the δ13C 
interpretation was not compromised because C:N ratios were lower than 
3.5 (low lipid levels) (Post et al. 2007).

A Bayesian approach with stable isotope mixing models in the 
SIAR (Stable Isotope Analysis in R) package (R Development Core 
Team 2016, Parnell & Jackson 2013) estimated the relative contribution 
of each food item to the diet of the catfishes. This package provides 
the probability density distributions, mean proportion and credibility 
intervals for each food item, incorporating uncertainty linked to 
elemental concentrations, isotopic signatures and discrimination factors 
(Parnell et al. 2010). Isotopic mixing models can have caveats when 
food items with similar isotopic values are included; however, Phillips 
et al. (2014) argued that when results of previous dietary studies are 
combined with isotopic approach the models are more powerful and 
the bias in data interpretation is reduced. Here, the previous description 
about the local feeding habits of B. bagre and G. barbus guided the 
isotope mixing models (Tavares & Di Beneditto 2017). Once the food 
items have been identified, stable isotope mixing models are consistent 
approaches to quantify the food assimilation (Phillips et al. 2014).

The Trophic Enrichment Factors (TEFs), or discrimination factors, 
are key parameters in isotopic mixing models, representing the 
isotopic differences between consumers’ tissue and their food sources 
after they reached equilibrium (Parnell et al. 2010). In the absence of 
species-specific TEFs values from controlled diet experiments, these 
values can be obtained in meta-analyses for species phylogenetically 
related, considering the same tissue (Newsome et al. 2007). In this 
sense, we calculated TEF15N and TEF13C based on equations from a 
meta-analysis of isotopic studies that considered muscle of fish species 
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Figure 1. Map of Brazil, indicating the Rio de Janeiro State and its northern coast, where the sampling site of Bagre bagre, Genidens barbus and their prey 
species is located (grey ellipse).

(Caut et al. 2009) (∆15N = –0.281δ15N + 5.879 and ∆13C = –0.248δ13C 
– 3.4770). The calculated values for our data were +2.1 ± 0.2‰ for 
TEF15N and +0.7 ± 0.1‰ for TEF13C.

3.	 Niche width analysis

The isotopic niche width of B. bagre and G. barbus was estimated by 
the quantitative metrics based on the position of individuals in the niche 
space (δ13C x δ15N) (Layman et al. 2007, Jackson et al. 2011). These 
metrics were calculated by the functions for Stable Isotope Bayesian 
Ellipses in R (SIBER - Jackson et al., 2011). The Bayesian assessment 
for the comparison of isotopic niche metrics proposed by Jackson et 
al. (2011) is appropriate for small sample sizes (at least 10 samples), 
as in the present study (n= 28 for B. bagre and n= 16 for G. barbus).

Five quantitative metrics derived from stable isotope data compared 
the trophic structure of the catfishes populations in the study area: a) 
δ15N range (NR) that is the distance between the two individuals with 
the highest and lowest δ15N value within a population, providing an 
indication of the total nitrogen range exploited by a population (a large 
NR might suggest omnivory); b) δ13C range (CR) that is the distance 
between the two individuals with the highest and lowest δ13C value 
within a population, providing an indication of the total carbon range 
exploited by a population and representing the variability of food sources 
consumed (a large CR implies difference in basal resources within food 

webs); c) Standard ellipse area (SEA) or trophic niche width, where 
the standard ellipse is centred on the group centroid and scaled to 
encompass a 40% chance (P = 0.40) of including a subsequently sampled 
datum; d) Mean distance to centroid (CD) that is the average Euclidean 
distance of each individual of a population to the δ15N-δ13C centroid 
for that population, used as a measure of population trophic diversity 
and e) Standard deviation of nearest neighbour distance (SDNND) that 
is the standard deviation of Euclidean distances of each individual to 
its nearest neighbor in the δ13C-δ15N scatterplot space, used to infer 
population trophic evenness (a low SDNND indicates a more even 
distribution of individuals in the trophic niche space).

The differences between the catfishes regarding mean δ15N and 
δ13C values were assessed via t-tests. The SEAs of the catfishes were 
compared probabilistically with the posterior Bayesian distributions, 
calculating the proportion of ellipses for group 1 that was larger than 
ellipses for group 2 in the simulated draws (Jackson et al. 2011). The 
percent of overlapping SEA between the catfishes was the measure 
of isotopic niche overlap. Mean differences between species in CD 
were assessed by t-tests. The statistic SDNND, a standard deviation, 
was compared between groups by an F-ratio test. Here, the P values 
were interpreted as strengths of evidence toward null hypotheses, 
rather than on the dichotomic scale of significance testing (Hurlbert 
& Lombardi 2009).
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Results
Considering B. bagre and G. barbus, the mean values for δ15N and 

δ13C were +13.6 ± 0.4‰ and +12.7 ± 0.4‰, and -16.8 ± 0.2‰ and -16.9 
± 0.2‰, respectively (Figure 2). The comparison between the mean 
values indicated that differences between δ15N (P= 6.03e-09) were more 
significant than δ13C (P= 0.07). The mean values for δ15N in the prey 
species identified from the stomach contents of B. bagre (T. lepturus, 
P. brasiliensis, X. kroyeri) were lower than those found in consumer, 
and the same pattern was noted for the prey species of G. barbus (P. 
porosissimus, X. kroyeri) (Figure 2).

Discussion
The most frequent prey species in the stomach contents of B. bagre 

and G. barbus were not the most assimilated species by the consumers, 
contradicting the first assumption of this study. Differences between 
ingestion and digestibility level (and assimilation) are not uncommon 
and can vary among different food items and consumers (Degani & 
Revach 1991, Fry 2008, Pereira et al. 2012), as within individuals of 
the same species (Di Beneditto et al. 2017). Considering fish species, 
for instance, the rainbow trout Oncorhynchus mukiss (Walbaum 1792) 
seems to digest better red algae, whereas the Nile tilapia Oreochromis 
niloticus (Linnaeus 1758) does better with green and brown algae 
(Pereira et al. 2012). Moreover, there are bias in traditional dietary 
studies performed only by stomach content analysis, such as sub- 
or superestimation of prey contribution to consumer’s diet, due to 
differences in their digestion rates (Pierce & Boyle 1991). Regardless 
the relevance of these traditional studies that allow the identification 
of the taxonomic level of prey species (e.g., Santos et al. 2002; Di 
Beneditto & Siciliano 2007; Krishnan et al. 2008), the evaluation of 
food items importance in the consumer’s diet should take in account 
ingestion, digestion and assimilation rates.

The main assimilated prey by B. bagre (X. kroyeri) is the most 
capture species by local shrimp fisheries (Fernandes et al. 2011, 2014), 
while P. porossissimus, the main assimilated prey by G. barbus, is by-
catch in these fisheries and it is also an important prey for a coastal 
dolphin that inhabits the study area (Di Beneditto & Lima 2003, Di 
Beneditto & Ramos 2004). All prey species recorded in the stomach 
contents of these catfishes are bottom-associated resources and common 
year-round along the coast of northern Rio de Janeiro State (Gomes et 
al. 2003, Fernandes et al. 2011, Tavares & Di Beneditto 2017). Thus, 
the local availability of these prey to the consumers is high.

The mean isotopic values of the catfishes and their prey species 
in the δ13C-δ15N space were coherent with their respective trophic 
positions; however, it might expect similar δ15N values between 
the catfishes, instead of higher values for B. bagre. The δ15N value 
has been widely considered a tool in establishing trophic levels and 
feeding interactions among species. Meanwhile, its efficiency as 
trophic marker is sensitive to consumers body size, nutritional status 
and excretion metabolism (Hobson et al. 1996, Jennings et al. 2002), 
as well as quantitative and qualitative differences in food ingestion and 
assimilation (Kurle & Worthy 2001, Das et al. 2003).

All catfish specimens analysed in the present study are comparable 
about size and nutritional status, measured as total body length and 
weight, respectively. The species B. bagre and G. barbus are probably 
similar regarding excretion metabolism because of physiological 
similarities since both belong to the Ariidae fish family. The biomass 
ingested of each prey species was not estimated to compare possible 
quantitative differences between the consumers (Tavares & Di Beneditto 
2017), but differences in feeding assimilation were recorded in the 
present study (X. kroyeri was the most important to B. bagre, while 
P. porosissimus to G. barbus). The mean δ15N value of X. kroyeri is 
higher than P. porosissimus, as showed in Figure 2, and it is reflecting 
in the nitrogen isotope value of the consumers. It is worth to say that 
the catfishes’ δ15N values did not represent differences in their trophic 
positions, but differences in their prey isotopic values. The interpretation 

Figure 2. Relationship between δ13C and δ15N of the catfishes Bagre bagre and 
Genidens barbus and their prey species. Error bars are standard deviations. 
Bb: Bagre bagre, Gb: Genidens barbus, Tl: Trichiurus lepturus, Ip: Isopisthus 
parvipinnis, Pb: Paralonchurus brasiliensis, Sb: Stellifer brasiliensis, Sp: 
Symphurus plagusia, Pp: Porichthys porosissimus, Xk: Xiphopenaeus kroyeri.

The Bayesian mixing model incorporated isotopic signatures of 
consumers and prey species, and elemental concentrations and TEFs 
values of prey species in the feeding assimilation analysis. The relative 
contributions of the prey species highlighted X. kroyeri as the most 
assimilated item in the diet of B. bagre, while for G. barbus the model 
highlighted P. porosissimus (Figure 3).

The SEAs of the catfishes were rather similar in position in the 
δ13C axis, but differences were noted in the δ15N axis (Figure 4). A 
probabilistic comparison between the ellipse areas based on the posterior 
distribution of simulated ellipses indicated that 93% of the SEAs of 
G. barbus are larger than B. bagre. Moreover, no SEAs overlap was 
detected between the catfishes (Figure 4).

The quantitative metrics to estimate the isotopic niche width of 
the catfishes are presented in Table 1. Trophic preference measure 
(δ15N range) indicated that B. bagre and G. barbus are comparable as 
consumers. The species are also comparable about variability of food 
sources (δ13C range). The metric CD did not present a clear difference 
between the catfishes (CD t= 0.91, df= 33.06, P= 0.37), indicating 
similarities in the trophic diversity. Meanwhile, the SDNND value of 
G. barbus was 3.5 times lower than the estimate for B. bagre (F= 3.65, 
df1= 27, df2= 15, P= 0.01), showing a more even distribution of G. 
barbus in the trophic niche space.
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Figure 3. Results of SIAR (Stable Isotope Analysis in R) showing 95, 75 and 25% credibility intervals of prey species contributions to the diet of the catfishes 
Bagre bagre and Genidens barbus in northern Rio de Janeiro State, south-eastern Brazil. The mean contribution values (%) for each prey species are showed 
above the credibility intervals.

Figure 4. Stable isotope values of the catfishes Bagre bagre and Genidens barbus 
in northern Rio de Janeiro State, south-eastern Brazil. Lines depict the standard 
ellipse (the 40% confidence interval) for the isotopic niches.

Table 1. Quantitative niche metrics of the catfishes Bagre bagre and Genidens barbus in northern Rio de Janeiro State, south-eastern Brazil. NR= δ15N range, CR= 
δ13C, CD= distance to centroid, SDNND= standard deviation of nearest neighbour distances, SEA= standard ellipse area, LQ = lower quartile and UQ = upper quartile.

NR CR CD SDNND
SEA (‰2)

LQ Median UQ
Bagre bagre 1.3 0.6 0.36 0.07 0.15 0.17 0.19
Genidens barbus 1.1 0.7 0.42 0.02 0.22 0.26 0.31

of consumers’ isotopic values without taking into account other food 
chain or web components can lead to misunderstandings about the 
species trophic role and/or their relationships in an ecosystem.

The second assumption that the isotopic niche of the consumers 
reflects their feeding preferences and assimilation was partially 
confirmed. The quantitative niche metrics indicated that specific 
differences are negligible regarding NR, CR and CD; however, SDNND 
and SEA were different between the species. The NR (δ15N range) 
pointed to comparable carnivore levels between the two species and the 
CR (δ13C range) indicated no difference in basal resources, with food 
web maintained mainly by bottom-associated resources. The metric 
CD (trophic diversity) revealed that these species are similar in terms 
of trophic function in the ecosystem (Layman et al. 2007). Although 
the SDNND values were low for B. bagre and G. barbus, indicating 
population trophic evenness for both species, the comparison showed 
a more even distribution of G. barbus in the trophic niche space. 
The trophic evenness reveals a more homogeneous feeding strategy 
among individuals from a population, which might minimise the 
interspecific competition. In turn, the possible increase of intraspecific 
competition in a homogeneous feeding strategy is compensated by 
ontogenetic differences in the diet, as widely reported in the literature 
for marine catfishes (e.g., Yanez-Arancibia & Lara-Dominguez 1988, 
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Mendonza-Carranza 2003, Mendonza-Carranza & Vieira 2009, Denadai 
et al. 2012). The larger SEA for G. barbus indicates a greater niche 
width in comparison with B. bagre, probably reflecting a greater use 
of the available food resources.

The comparison between the isotopic niche width of the adult 
specimens of B. bagre and G. barbus showed to what extent they are 
sharing or segregating feeding resources in a marine coastal area. The 
sampling included only adult specimens captured by coastal fisheries 
practised in the same space-time period, revealing fish specimens in 
the same ontogenetic phase sharing the habitat locally. The absence of 
niche overlaps together with the populations trophic evenness point to a 
reduced feeding overlap between these catfish species. Further analysis 
that include spatial, seasonal and ontogenetic differences regarding the 
feeding habits of B. bagre and G. barbus should be done for a more 
comprehensive understanding about their trophic relationships in 
northern Rio de Janeiro State, south-eastern Brazil.
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Abstract: Habitat loss and fragmentation are the main threats to the conservation of Cerrado biodiversity. The 
objective of this study was to evaluate the implications of habitat loss on the persistence of medium and large 
mammal species, considering the spatial and temporal changes (years 1985, 2000 and 2014) to the evaluated 
fragments. The study was carried out in 14 fragments (10.5 – 618 ha), located in Southeastern Goiás, Brazil. 
Records for 24 mammal species were obtained and revealed the two sites with the largest habitat amount in the 
landscape contained higher species richness than the remaining sites. The three mammal groups based on body 
mass (weight < 5 kg; weight between 5 and 20 kg; and weight > 20 kg) analyzed in this study showed different 
responses regarding landscape changes. For larger mammals (between 5 - 20 kg and > 20 kg), there was significant 
association between current species richness and the amount of habitat in 2014, while the species richness of 
smaller mammals did not significantly correlate with any of the variables assessed for any of the years. Therefore, 
the amount of habitat present within the current landscape was the most important variable regarding mammal 
species richness, especially for the larger species. The time lag was not evident at the time scale evaluated, and 
this delay in response may have occurred in a relatively short time (< 15 years). For the remaining fragments in the 
studied landscapes, most are too small to support populations of some larger mammal species and may also leave 
individuals more vulnerable to anthropogenic actions (e.g. hunting), whose effects may accelerate local extinctions.
Keywords: Biodiversity conservation, Landscape ecology, Mammal fauna, Species richness.

Efeitos da fragmentação de habitat na persistência de espécies de mamíferos de médio 
e grande porte no Cerrado em Goiás

Resumo: A perda e a fragmentação de habitats são as principais ameaças à conservação da biodiversidade no bioma 
Cerrado. O presente estudo objetivou avaliar as implicações da perda de habitat na persistência de espécies de 
mamíferos de médio e grande porte, levando em consideração as alterações espaciais e temporais dos fragmentos 
avaliados. O estudo foi realizado em 14 fragmentos (10,5 – 618 ha), localizados na região sudeste de Goiás, Brasil. 
Foram obtidos registros de 24 espécies de mamíferos, sendo que os dois locais com as maiores quantidades de 
habitat na paisagem apresentaram maior riqueza de espécies que as demais áreas. Os três grupos de mamíferos 
baseados na massa corporal criados neste estudo (peso < 5 kg; peso entre 5 e 20 kg; e peso > 20 kg) apresentaram 
respostas diferentes em relação às mudanças na paisagem. Para os mamíferos de maior porte, houve significativa 
associação entre a riqueza atual de espécies e a quantidade de habitat na paisagem de 2014, mas a riqueza de 
espécies de mamíferos de menor porte não apresentou relação significativa com nenhuma das variáveis das paisagens 
analisadas. Portanto, a quantidade de habitat presente na paisagem atual foi a variável mais importante para a 
riqueza de espécies de mamíferos, principalmente para as espécies de maior porte. O tempo de latência não ficou 
evidente na escala temporal avaliada, sendo que esse atraso na resposta pode ter ocorrido em tempo relativamente 
curto (< 15 anos), pois os fragmentos remanescentes nas paisagens estudadas em sua maioria são pequenos para 
suportar populações de mamíferos de maior porte e também podem deixar os indivíduos mais vulneráveis às ações 
antrópicas (e.g. caça), cujos efeitos podem acelerar as extinções locais.
Palavras-chave: Conservação da biodiversidade, Ecologia de paisagem, Mastofauna, Riqueza de espécies.
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Introduction
Natural preserved areas have decreased due to human activities and 

become restricted in tropical regions (Laurance et al. 2014). Expanding 
agriculture, pasture and increasing human population density are some 
of the causes responsible for the reduction of natural areas. The region 
of Central Brazil is subject to intensive agricultural activities which 
contribute to natural habitat loss. The Brazilian savanna (nationally 
known as the Cerrado biome) originally occupied approximately 2 
million km2 of Central Brazil (approximately 23% of the country’s 
territory), with vegetation physiognomy that includes forests, savannas 
and grasslands (Ribeiro & Walter 1998). This biome was included as 
one of the planet’s 34 hotspots due to its highly endemic biodiversity 
and threatened status (Myers et al. 2000, Mittermeier et al. 2005). 
Over the past five decades, the Brazilian savanna has experienced a 
rapid reduction in original vegetation cover due to the expansion of 
the agricultural frontier in central Brazil.

Estimates indicate that approximately half of the original Brazilian 
savanna coverage has been transformed into planted pastures, 
annual crops and other types of land use (Ratter et al. 1997, Klink & 
Machado 2005). This marked expansion of socio-economic activity 
has contributed to the large-scale landscape change of the Brazilian 
savanna, resulting in many highly fragmented areas (Sano et al. 2007, 
Carvalho et al. 2009). These processes of habitat loss and fragmentation 
have been identified as the main threats to biodiversity (Ahumada et al. 
2011, Gibson et al. 2011).

Habitat fragmentation can be defined as a process through which 
a continuous habitat is transformed into “small habitat pieces”, with 
the disconnection of a previously continuous area (Pires et al. 2006, 
Carvalho et al. 2009). Habitat fragmentation processes include 
landscape changes such as habitat loss, reduction in habitat patch size, 
connectivity alteration, increased edge effects and increased matrix area 
(Uezu et al. 2005, Michalski & Peres 2007, Norris & Peres 2008). The 
quantification of landscape variables has assumed a preeminent role in 
landscape ecology (MacGarigal & Ene 2013), providing a measure of 
fragmentation (Carvalho et al. 2009). The alterations in these landscape 
variables cause changes in local biodiversity at both the population 
level – such as changes in the number, distribution, reproduction, 
survival and recruitment of individuals (Wolff et al. 1997, Fahrig 2003), 
and at the community level, with changes in species composition and 
richness (Chiarello 1999, Santos-Filho et al. 2012). Fahrig (2003) 
points out that negative fragmentation effects arise from two main 
causes: 1) habitat fragmentation products are smaller fragments than 
the original; these small fragments generally do not possess sufficient 
habitat area to support most of the species, or even for one individual. 
In this way, the persistence of most species, especially those sensitive 
to matrix, are confined to fragments; 2) the level of fragmentation in 
a landscape is positively related to the amount of edge effects in that 
landscape. This may increase the probability of the most sensitive and 
specialized species leaving the habitat fragment in search of more 
suitable areas, which can lead to increased mortality rates and reduced 
reproductive rates of the population if environments with favorable 
conditions are not found (Fahrig 2003). Additionally, the introduction 
of new forms of land use in place of the original vegetation can cause 
negative alterations in environmental heterogeneity and consequently, 
in the resource supply for the species (Lion et al. 2016), because it leads 
to greater homogeneity.

Several changes in biodiversity can be observed within a short 
period of time following changes in landscape structure, however some 
species decline and disappear only after prolonged periods of time 
(Kuussaari et al. 2009). The number of species expected to eventually 
become extinct as the community reaches a new equilibrium after 
environmental disturbance, also called extinction debt, is an important 
factor to be considered in biodiversity conservation (Kuussaari et al. 
2009, Krauss et al. 2010). Extinction debt can be assumed when the 
past characteristics of a particular landscape explain the current species 
richness and composition better than current landscape characteristics 
(Kuussaari et al. 2009, Krauss et al. 2010). The likelihood and magnitude 
of extinction debt depend on the species’ life history (e.g. dispersion 
capacity, reproductive rates, habitat demands), the spatial and temporal 
configuration of the habitat fragment, the time since the habitat was 
changed and the nature of the change (Kuussaari et al. 2009). The 
local group of specialist species finds a new balance point after the 
disturbance, which may take some time for those with a long life 
cycle (Krauss et al. 2010). Therefore, many of the management and 
conservation strategies adopted today may not be effective, as the delay 
in response to landscape alterations is not taken into consideration.

Different mammal taxa should be affected in different ways as a 
consequence of environmental change. As a result, the different mammal 
groups (based on body mass) should exhibit different responses to 
habitat fragmentation (Keinath et al. 2018). Mammals with large 
home ranges and longer life cycles are usually more sensitive than 
those with smaller home ranges and shorter life cycles (Morris et al. 
2008). They need more resources and energy than smaller mammals 
to complete their life cycles and live in low densities and are exploited 
by humans (Cardilho et al. 2005). Therefore, conservation strategies 
consider mammals with a larger body mass as umbrella species, as 
protecting these species provides the indirect conservation of other 
species within the area.

Delayed response is still largely unexplored in researches 
investigating the effects of natural habitat change on species, especially 
in Brazil. Researches on extinction debt carried out so far have primarily 
evaluated plants and birds, whereas mammals have rarely been the 
object of study (Semper‐Pascual et al. 2018). Thus, the objective of this 
study was to assess the implications of habitat loss on the persistence of 
medium and large mammal species, considering the spatial and temporal 
changes in the evaluated landscapes. We tested the hypothesis that 
fragmentation processes occurring within landscapes negatively affect 
mammalian species richness, with those effects felt for long periods of 
time, leading to the local extinction of some species, particularly larger 
mammals. Such information may help reduce the knowledge gap on 
the long-term effects of fragmentation on medium and large mammal 
species richness.

Materials and Methods

1.	 Mammal study areas and data

The areas studied are located in southeastern Goiás (Brazil), 
comprised of Brazilian savanna and include some places considered 
Atlantic forest enclaves (Felfili 2003). The climate is classified as Aw 
(tropical seasonal) with annual rainfall of approximately 1600 mm and 
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is characterized by two distinct seasons, a dry winter and rainy summer, 
with temperatures averaging around 23° C (Alvares et al. 2014).

Data collection was conducted in two different methods: 1) 
secondary data surveys; and 2) primary data surveys in the field. By 
combining these methods, information was obtained from 14 savanna 
fragments located in southeastern Goiás (Figure 1). Recent studies 
carried out in the southeast of Goiás were used as secondary data 
sources on medium and large mammals, namely the mammal inventory 
of Parque Estadual Mata Atlântica - PEMA, Água Limpa municipality 
(Rocha et al. 2015). The secondary data was incorporated as it was 
derived from one of the largest protected areas in the region (PEMA), 
and could serve as a control for species richness. In addition, the data 
was collected (n = 16 days of sampling effort) during 2012 and 2013, 
the same period in which sampling took place at other locations.Thirteen 
Savanna fragments of different shapes and sizes were selected for field 
data collection (Appendix I). These habitat patches were situated in 
private properties containing native vegetation, with sampling sites 
located at areas of permanent protection along riverbanks and adjacent 
legal reserves. Fragments were chosen with the aid of satellite imagery, 
and areas were selected in the municipalities of Ipameri (n = 10), Catalão 
(n = 2) and Urutaí (n = 1).

Collection of field data was carried out between May 2011 and 
October 2014, with the 13 chosen fragments sampled four times each 
through direct (visual and vocal) and indirect (tracks, burrows and 
other signs) methods for recording mammal species. This sampling 
effort totalled 52 days of field data collection. Each fragment was 
randomly inspected. Roads, previously existing trails and riverbanks 
were searched for traces of mammal species. In addition, a camera trap 
was installed to complement the species inventory, with a total sampling 
effort of 72 traps*night.

Only mammal species that depend on the forest and dense savanna 
environment as an important habitat resource were included in this 
study, as alterations in this kind of habitat present in the landscape were 
evaluated. We used Reis et al. (2006) for this classification. Therefore, 
although they were recorded during field surveys, the species that 
prefer open habitats [e.g. hoary fox Lycalopex vetulus (Lund, 1842) and 
maned-wolf Chrysocyon brachyurus (Illiger, 1815)] and semi-aquatic 
habitat species [water opossum Chironectes minimus (Zimmermann, 
1780), otter Lontra longicaudis (Olfers, 1818) and Hydrochoerus 
hydrochaeris (Linnaeus, 1766)] were not included. Furthermore, species 
groups based on body mass were created in order to assess whether 
effect of fragmentation change between mammals with different sizes 
classes. Average animal weights from Paglia et al. (2012) were used. 
Mammals were divided into three groups: 1 – less than 5 kg (n = 9 
species); 2 – between 5 and 20 kg (n = 9 species); and 3 – greater than 
20 kg (n = 7 species).

2.	 Landscape data

Analysis of the landscape was carried out using land use maps 
obtained from visual satellite imagery classification. Landsat 5 satellite 
images from 1985, 2000 and 2014 provided by the National Institute for 
Space Research (INPE) were used. Two land use classes were visually 
created in the mapping: 1) habitat – forests and/or non-open savanna 
areas that were at least two pixels wide (60 m); 2) non-habitat – matrix 
with altered original vegetation, pastures, lakes, rivers and open savanna 
areas (open shrubland and grassland).

To analyze the structure of the landscape, buffers were created 
with a 2-km radius from the center of each sampled area (Krauss et al. 
2010). In a study that tested various scales, Lyra-Jorge et al. (2009) 
found a greater association between landscape and carnivore species at 
the highest scale assessed (buffer with 2-km radius). Furthermore, the 
chosen scale did not allow buffer overlapping, which avoided spatial 
autocorrelation. Based on the classified maps, landscape variables were 
generated [habitat amount (HA), number of habitat patches (NP), total 
edge (TE), largest patch index (LPI), landscape shape index (LSI), mean 
patch area (AREA_MN), contiguity index (CONTIG), total core area 
(TCA), mean Euclidean distance of nearest neighbors (ENN_MN), 
clumpiness index (CLUMPY) and splitting index (SPLIT)] for each 
year evaluated (1985, 2000 and 2014) using Fragstats 4.2 software 
(MacGarigal & Ene 2013). These variables, which are associated with 
all patches of habitat present in the landscape and measure the quantity 
and the spatial configuration of each patch, were used as measures of 
fragmentation (Carvalho et al. 2009, MacGarigal & Ene 2013).

3.	 Data analysis

Landscape variables generated for the years 1985, 2000 and 2014 
were subjected to Principal Component Analysis (PCA) in order to 
reduce data dimensionality and indicate the selection of those which 
were less correlated. The data was standardized for analyses, with a 
covariance matrix then used. Broken Stick criterion was used to select 
axes. From the PCA results, three variables were selected as the main 
landscape characteristics: the habitat amount (HA), number of habitat 
patches within the landscape (NP), and average Euclidean distance 
of nearest neighbors in the landscape (ENN_MN). A Permutational 
Multivariate Analysis of Variance – PERMANOVA (Anderson 2001), 
using Euclidian Distance as a dissimilarity measure, and a post-hoc 
Dunn’s test was applied to test if there was a difference in landscape 
structure between analyzed years. Association between mammal species 
richness and landscape characteristics, past and present, was tested by 
way of multiple regression analysis with a selection model (forward 
stepwise) used to select the best models. Statistical analyses were done 
in R program (R Development Core Team 2017), using the ‘vegan’ 
package (Oksanen et al. 2017).

Results

Landscape variables pointed to a significant change in landscape 
structure between 1985 and 2014 (Pseudo F = 2.70; p = 0.03). The 
average size of habitat patch (HA) within buffers was gradually reduced 
[year 1985 (mean = 477 ha, range = 144 – 943); year 2000 (mean = 397 
ha, range = 165 – 741); year 2014 (mean = 318 ha, range = 97 – 815)], 
while the average number of habitat patches (NP) increased from 2000 
to 2014 [year 1985 (mean = 11.9, range = 3 – 23); year 2000 (mean 
= 10.4, range = 4 – 18); year 2014 (mean = 18.8, range = 5 – 30)], 
and average Euclidean Distance of the nearest neighbors within the 
landscape (ENN_MN) increased from 1985 to 2000 and then has small 
reduction [year 1985 (mean = 156 m, range = 75 – 275); year 2000 
(mean = 192 m, range = 114 – 293); year 2014 (mean = 173 m, range 
= 78 – 368)] (Figures 2 and 3). The changes in these variables reveal 
the progress of fragmentation during this period, with the average 
percentage of habitat area within buffers reduced from approximately 
38% in 1985 to 32% in 2000 and 25% in 2014 (Figure 3).
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Figure 1. Location of the 14 fragments sampled in southeastern Goiás. Red circles represent the landscapes delimited with a 
radius of 2 km from the center of each fragment studied.

Records were obtained for 24 mammal species from eight orders 
that use the forest environment: Didelphimorphia (one species), Pilosa 
(two species), Cingulata (four species), Perissodactyla (one species) 
Artiodactyla (three species), Primates (three species), Carnivora (eight 
species) and Rodentia (two species) (Appendix II). Species were 
identified primarily by their tracks, but also by sightings, burrows, 
feces and camera trap. Among the recorded species, five are classified 
as endangered in Brazil (MMA 2014): Giant Anteater Myrmecophaga 

tridactyla (Linnaeus, 1758), Giant Armadillo Priodontes maximus (Kerr, 
1792), Tapir Tapirus terrestris (Linnaeus, 1758), Puma Puma concolor 
(Linnaeus, 1771), and Jaguarundi Puma yagouaroundi (É. Geoffroy, 
1803). Under IUCN criteria (IUCN 2017), the Giant Anteater, Giant 
Armadillo and Tapir are classified as vulnerable; the South American 
Red Brocket Mazama Americana (Erxleben, 1977) and Azara’s Agouti 
Dasyprocta azarae Lichtenstein, 1823 are classified as data deficient; 
and the remaining species are classified as least concern.
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Figure 2. Principal Component Analysis (PCA) and Permutational Multivariate 
Analysis of Variance (PERMANOVA) of landscape variables (habitat amount 
(HA, in hectares); number of habitat patch (NP, without unity); and average 
Euclidean distance of nearest neighbors (ENN_MN, in meters), with data from 
the 14 fragments in southeastern Goiás.

Figure 3. Box plot for the landscape variables analyzed [habitat amount (HA, in hectares); number of habitat patch (NP, 
without unity); and average Euclidean distance of nearest neighbors (ENN_MN, in meters)], with data from the 14 fragments 
in southeastern Goiás. For each variable, annual values accompanied by distinct letters differ by the Dunn’s test (p < 0.05).

The multiple regression model adjusted for all recorded mammal 
species indicated that landscape characteristics affected the actual 
species richness (F(3; 10) = 11.62; p = 0.001; adjusted R2 = 0.71). The 
partial coefficients indicated that only total habitat area within the 
landscape (HA) for 2014 presented a significant effect (p = 0.001) on 
total species richness (Table 1), showing a positive relationship with 
the current mammal species richness.

The mammal groups created in this study based on body mass 
presented different responses to landscape change. Multiple regression 

models pointed to a significant effect of landscape characteristics 
on the species richness of mammals with body mass between 5 to 
20 kg (F(3; 10) = 5.402; p = 0.018; adjusted R2 = 0.504) and species 
weighing over 20 kg (F(3; 10) = 5.400; p = 0.018; adjusted R2 = 0.504). 
For the species group with an intermediary body mass (5 to 20 kg), 
the variable HA for the year 2014 (positive effect) and the number of 
habitat patches within the landscape (NP) for the year 2000 (negative 
effect) exhibited a significant effect for partial coefficients (p = 0.026 
and 0.047, respectively). For the species group with a larger body mass 
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Table 1. Coefficients of multiple regression evaluating the relationship between mammal species richness and landscape variables in 14 fragments in southeastern Goiás.

Variables Beta Std. Error of Beta t value p level
Total species richness (F(5; 8) = 6.921; p = 0.009; adjusted R2 = 0.695)

Intercept 5.558 5.448 1.020 0.337
HA year 2014 0.017 0.005 3.510 0.008
NP year 2000 - 0.385 0.188 - 2.049 0.075
NP year 1985 0.304 0.139 2.186 0.060
ENN_MN year 2014 - 0.019 0.015 - 1.219 0.258
ENN_MN year 2000 0.031 0.028 1.110 0.299

Species richness < 5 kg (F(1; 12) = 4.255; p = 0.061; adjusted R2 = 0.200)
Intercept 2.158 0.738 2.926 0.012
HA year 2014 0.004 0.002 2.063 0.062

Species richness 5 - 20 kg (F(3; 10) = 5.402; p = 0.018; adjusted R2 = 0.504)
Intercept 5.025 1.621 3.101 0.011
HA year 2014 0.005 0.002 2.622 0.026
NP year 2000 - 0.213 0.094 - 2.262 0.047
NP year 1985 0.102 0.063 1.614 0.138

Species richness > 20 kg (F(3; 10) = 5.400; p = 0.018; adjusted R2 = 0.504)
Intercept - 0.240 1.755 - 0.137 0.894
HA year 2014 0.006 0.002 3.303 0.008
HA year 1985 0.002 0.002 1.296 0.224
NP year 1985 0.102 0.077 1.316 0.217

(> 20 kg), only the variable HA for the year 2014 indicated a positive 
and significant effect for partial coefficients (p = 0.008) and correlation 
analysis (r = 0.56; p = 0.037) (Table 1).

Discussion

The landscape alterations analyzed in this study highlighted an 
increase in fragmentation and a reduction of native vegetation in this 
region of the Brazilian savanna during the period 1985 to 2014 (Ratter et 
al. 1997, Carvalho et al. 2009). The species richness of medium and large 
mammals recorded in the studied fragments shows the importance of 
Parque Estadual Mata Atlântica and the fragments on private property in 
Southeast Goiás for the region’s in situ conservation of mammals. These 
areas are situated within a highly fragmented landscape where there are 
very few large areas of native vegetation that can serve as a safeguard 
for wildlife. By comparison with nearby areas: Alves et al. (2014) 
recorded 18 species of mammals in three fragments in Uberlândia, state 
of Minas Gerais; Estrela et al. (2015) recorded 25 species of mammals 
in a fragment in the municipality of Urutaí, state of Goiás.

Overall, the areas with the largest habitat amount (HA) within the 
landscape showed greater mammal species richness than areas with 
less habitat amount, which shows the importance of areas with greater 
habitat extent in the conservation of this fauna group. This result 
supports the habitat amount hypothesis presented by Fahrig (2013), 
who argues that total habitat in the landscape (HA) is the variable 
with the greatest influence on species richness. The trend of increasing 
species richness in parallel with increasing forest fragment size was 
found in studies with medium and large-sized mammals in Atlantic 
Forest areas in Espírito Santo State (Chiarello 1999) and Southern 

Brazilian Amazonia (Michalski & Peres 2007). Furthermore, while 
studying small non-flying mammals in 23 fragments of the Southern 
Amazon, Santos-Filho et al. (2012) also observed a positive correlation 
between fragment size and species richness. Among the measurable 
landscape variables in habitat fragmentation, habitat reduction has the 
greatest effect on biodiversity (Fahrig 2003, 2013), with this effect 
mostly in a negative form.

The importance of landscape variables on mammal species richness 
varied according to the size class considered. In our study it was 
important only for classes above five kilograms, particularly HA for 
the year 2014, which stood out above the other variables. To understand 
the reasons behind different responses between mammal groups, it is 
necessary to take into account the landscape variables as well as the life 
history of the animals that make up each group (Kuussaari et al. 2009). 
In general, smaller mammals have less mobility and need less habitat 
when compared to larger mammals. Furthermore, they tend to have 
shorter life cycles and possibly a more rapid response to environmental 
changes (Morris et al. 2008). A response delay was not detected in the 
evaluated time scale. Similarly, Metzger et al. (2009) did not found 
extinction debt for small mammals in the Atlântic Forest. In this sense, 
studies with short-life-cycle animals (such as butterflies) have shown 
that the current landscape explains species richness better than the 
former landscape, indicating short time response. Lindborg (2007) 
observed that short-life-cycle plants were positively correlated with 
the current characteristics of the landscape, while long-life-cycle plants 
were more associated with historical landscape characteristics. Some 
studies have identified extinction debt in plants occurring between 40 
and 160 years after environmental perturbation, depending on the degree 
of fragmentation and connectivity (Cousins & Vanhoenacker 2011).
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For larger mammals in this study (> 5 kg), there are indications that 
extinction debt is occurring in short period (< 15 years after alterations 
to the landscape), given the association between recent landscape 
characteristics and current species richness, especially regarding the 
habitat amount within the landscape (HA) in 2014. In a study carried out 
in Argentine Dry Chaco, Semper-Pacual et al. (2018) found relaxation 
time (the time needed to reach a new equilibrium) ranging from 10 to 
25 years for medium and large-bodied mammals. Detecting extinction 
debt may not be easy, as the length of time for extinction occurrence 
depends on the local ecosystem, the species group studied – due to 
species-specific time-lags that are affected by generation time and 
reproductive rate, the extent and pattern of fragmentation (Claudino et 
al. 2015, Kolk & Naaf 2015) and on the evaluated spatial scale (Cousins 
& Vanhoenacker 2011). Furthermore, the effects of hunting on mammals 
can influence local species extinction, particularly larger animals and 
those in smaller fragments (Chiarello 1999, Peres 2000). This effect is 
detected and shown to be important in other studies (Cullen Jr. et al. 
2000, Peres 2000). Isolated populations are often more accessible to 
both natural and human predators and these factors tend to alter the 
resilience of species to hunting and amplify the impact of hunting in 
small and isolated fragments (Cullen Jr. et al. 2000).

Local mammal extinctions can be seen in this study when noticing 
that in any of the sampled areas records were obtained of some species 
that are present in large areas of Brazilian savanna in Goiás state, such 
as the Jaguar Panthera onca (Linnaeus, 1758) and the Peccary Tayassu 
peccary (Link, 1795) recorded in Emas National Park (Rodrigues et al. 
2002). In this sense, landscapes with less habitat (HA) are not sufficient 
to support populations of large predators (e.g. big cats) and, in the 
absence of these apex predators, species richness may also decrease 
due to the strong competition between their prey and the increase in 
mesopredator abundance (Crooks & Soulé 1999, Prugh et al. 2009). The 
presence of Tapir Tapirus terrestris (Linnaeus, 1758) in only one area 
(A1) and South American Red Brocket Mazama americana (Erxleben, 
1777) in another (A2), which are currently the two sites with the largest 
habitat amount (HA) within buffers, indicates that these species are 
already extinct in places with smaller areas of forest habitat. In one of 
the studied fragments (A14), old Giant Armadillo Priodontes maximus 
(Kerr, 1792) burrows were found, however no recent records of this 
species have been obtained, suggesting the local and relatively recent 
extinction in this area. By comparison, in a study carried out in Atlantic 
forest fragments in the state of Espírito Santo, Brazil, Chiarello (1999) 
did not obtain any records of big cats, peccaries, Giant Armadillos or 
Anteaters Myrmecophaga tridactyla Linnaeus, 1758 in small fragments 
(e.g. less than 200 ha).

Our results allow us to substantiate the hypothesis that fragmentation 
processes in Southeast Goiás negatively affect mammal species richness, 
mainly for those with a larger body mass. Habitat amount (HA) of the 
current landscape affecting the richness of mammalian species more 
strongly than the other variables tested (Table 1). Although these results 
have not shown the exact amount of time to local disappearance of 
medium and large mammals due to habitat loss, they confirm that the 
amount of habitat is crucial for the persistence of mammals, especially 
for larger species.

It should be noted that the strategies for management and 
conservation of mammal species in fragmented locations based solely 
on the current habitat situation may not be effective for all mammal 

species. In our study, the time lag was not evident at the time scale 
evaluated, and this delay in response may have occurred in a relatively 
short time (< 15 years). For the remaining habitat patches in the studied 
landscapes, most are too small to support populations of some larger 
mammal species and may also leave individuals more vulnerable to 
anthropogenic actions (e.g. hunting), whose effects may accelerate 
local extinctions.

Supplementary material

Appendix I - Information on the 14 sampled fragments in the state 
of Goiás, Brazil.

Appendix II - Mammal species recorded in 14 fragments in 
southeastern Goiás. See more details on sampled areas in Appendix I.
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