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Abstract: Floating structures, both natural and artificial, attract fish by providing shelter, feeding areas, and nesting
sites. Occupancy can be either more permanent, leading to a gradual gathering of the assembly, or transient,
occurring randomly. The ability of an attractor to hold a fish assemblage may depend on the availability of habitat
resources in the environment. New artificial attractors are more valuable when natural ones are scarce. Additionally,
fish characteristics play a role; young and small fishes may need new habitat for shelter more than adult fish. As
aquatic herbaceous areas are abundant during high water, coinciding with the period of fish reproduction, they are
particularly relevant for juveniles. We constructed fish attractors composed of natural materials to investigate the
structure of fish assemblages during the flood of an Amazonian floodplain lake. Our aim was to test the hypothesis
that assembly processes during the flood period would be random, with a predominance of juveniles in the attractors.
We collected fish at intervals of 5, 15, and 30 days, resulting in 39 observations, and classified them as either adult
or juvenile. Species composition was compared among treatments using Principal Coordinates Analysis (PCoA).
The assembly process was tested through species co-occurrence patterns employing null models and the C-score
index. The proportion of juveniles and adults was compared using a Chi-square test. Species composition remained
consistent throughout the experiment. The assembly was random, with a prevalence of juveniles, possibly serving
only as temporary shelter and feeding areas. Our study contributes to understanding the role of habitat availability
for floodplain fishes during high waters. The results suggest that floating attractors and new habitats may be more
valuable for the juveniles than adult fish and can be used as a management strategy for population recovery,
especially when floating herbaceous habitats are scarce.

Keywords: Artificial attractors, assembly of fish assemblage; field experiment, habitat use; seasonality.

Atratores de peixes quando os recursos sio abundantes: prevaléncia de juvenis e
falta de estrutura da assembleia em um experimento de campo na planicie
de inundacio amazonica

Resumo: As estruturas flutuantes, naturais ou artificiais, atraem os peixes, fornecendo abrigo, areas de alimenta¢ao
¢ locais de nidificagdo. A ocupacgdo pode ser mais permanente, resultando em um recolhimento gradativo da
assembleia, ou transitoria, ocorrendo aleatoriamente. A capacidade de um atrator de manter uma assembleia de peixes
pode depender da disponibilidade de recursos de habitat no ambiente. Novos atratores artificiais sdo mais valiosos
quando os naturais sdo escassos. Além disso, as caracteristicas dos peixes desempenham um papel, ja que peixes
jovens e pequenos podem necessitar de novos habitats como abrigo mais do que peixes adultos. Como as areas com
herbéceas aquaticas sdo abundantes durante as cheias, coincidindo com o periodo de reprodugio dos peixes, elas sdo
especialmente relevantes para peixes juvenis. Construimos atratores de peixes compostos de material natural para
investigar a estrutura das assembleias de peixes durante a cheia de um lago de varzea amazoénico, a fim de testar a
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hipédtese de que durante o periodo de cheia, os processos de montagem seriam aleatorios e com predominancia de
juvenis nos atratores. Os peixes foram coletados em intervalos de 5, 15 e 30 dias, resultando em 39 observagdes,

e classificados como adultos ou juvenis. A composi¢ao de espécies foi comparada entre os tratamentos usando
uma Analise de Coordenadas Principais (PCoA). O processo de montagem foi testado por meio de padrdes de
coocorréncia de espécies usando modelos nulos ¢ o indice C-score. A proporcdo de jovens e adultos foi comparada

usando um teste Qui-quadrado. A composi¢@o de espécies permaneceu a mesma ao longo do experimento. A

montagem da assembleia foi aleatoria com prevaléncia de juvenis nos atratores, que possivelmente serviam apenas

como abrigo temporario ¢ areas de alimentagao. Nosso estudo contribui para entender o papel da disponibilidade

de novos habitats para peixes de varzea durante a cheia. Os resultados sugerem que atratores flutuantes e novos

habitats podem ser mais valiosos para os peixes jovens do que para adultos e podem ser usados como estratégia

de manejo para a recuperacdo populacional, especialmente quando habitats de herbaceas flutuantes sdo escassos.

Palavras-chave: Atratores artificiais; experimento de campo; montagem da assembleia de peixes, sazonalidade;

uso do habitat.

Introduction

In an aquatic environment, floating habitats such as aquatic
macrophytes and underwater structures like wood branches increase
environmental complexity and heterogeneity, attracting fish fauna
(Freitas et al. 2002, Freitas et al. 2005, Thomaz and Cunha 2010; Rossoni
et al. 2014, Yamamoto et al. 2014). These floating and underwater
structures attract fish by providing shelter, feeding, and nesting sites
for reproduction (Junk and Piedade 1997, Esteves 1998, Agostinho
etal. 2003). The observation that fish aggregate near natural structures,
such as rocks, fallen trees, aquatic herbaceous, and floating detritus,
prompted the use of artificial structures that mimic the natural ones to
attract fish (Bolding et al. 2004, Rossoni et al. 2014). This technique
was first implemented in Japan in the late 1700s, aiming to increase the
efficiency of fishery activities and was later adopted worldwide (Meier
1989). Nowadays, this technique serves various purposes, including
habitat restoration, recreational diving and snorkeling activities, and
scientific research (Bohnsack et al. 1997).

These structures form an important substrate for the growth
of periphyton (consisting of algae, bacteria and associated micro-
invertebrates) and macroinvertebrates, representing a crucial food
source for many fish species (Aratijo-Lima et al. 1986, Forsberg
et al. 1993, Benedito-Cecilio et al. 2000) and allowing an assemblage
to assembly. The colonization by periphytivorous fish can attract
piscivores, triggering a process of assembling the local fish community
(Chase 2003, Meerhoff et al. 2003, Mazzeo et al. 2010, Thomaz and
Cunha 2010). Predation and interspecific competition are local-scale
factors that can determine the composition of fish fauna, influencing
the distribution of species (Hoeinghaus et al. 2007), and the local fauna
within the attractors (Arrington and Winemiller 2006). The occurrence
of a local assembly structure depends on how fish use these structures
and the environmental availability of habitat (Arrington and Winemiller
2006). Individuals may stay for long periods or might only temporarily
visit such places, either seasonally or occasionally during a period of less
than a day (Talbot et al. 1978). In seasonal environments, the temporal
pattern in the use of attractors is highly dependent on the availability
of food resources and habitat surrounding the attractors (Arrington and
Winemiller 2006).

Colonization in attractors can occur quickly or slowly (Bohnsack
et al. 1991). The moment of setting them can influence the initial
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colonization and the use of attractors, making them more or less
attractive in comparison to the surrounding environment (Bohnsack
et al. 1991, Arrington and Winemiller 2006). During the flood season,
these structures may not be as attractive due to the immense availability
of habitats (Arrington and Winemiller 2006). However, despite being
abundant during high-water periods, the availability of floating habitat,
mainly aquatic herbaceous banks, have been described as the most
important factor for fish recruitment in river floodplains (Sanchez-
Botero and Aratijo-Lima 2001). The observed higher juvenile survival
in years of large floods (Bayley et al. 2018, Castello et al. 2019) has
suggested that the availability of habitats for growth and feeding may
regulate density-dependent processes (Bayley et al. 2018) and determine
the occupation and fish assemblage structure in these habitats. We do not
yet fully understand the colonization ecology of natural habitats, such
as aquatic herbaceous banks, so experimental studies using artificial
habitats are important to understand successional processes, such as
community building (Bohnsack et al. 1991). Such processes depend on
the moment in which they occur, making them more easily observed in
artificial habitats than in natural ones.

This study examines fish assembly over 30 days in the high-water
period through a manipulative experiment using floating attractors. We
tested the hypothesis that during the flood period, assembly processes
would not occur due to the high variety of habitats and the abundance of
available food resources, and fish occupation in floating attractors would
be random. However, we would expect a predominance of juveniles
throughout the experiment as new habitat would be more valuable for
this set of individuals.

Material and Methods

Most natural habitats of floating aquatic macrophytes occur in
floodplain lakes and the border of flooding forests (Junk and Piedade
1997), serving as areas for fish growth and reproduction (Neves dos
Santos et al. 2008, Ropke et al. 2022). The study was carried out in
Lago do Padre, a floodplain lake at Ponta do Catalao, a lowland area
located near the confluence of the Solimdes and Negro rivers, about
10 km from the city of Manaus, Amazonas, Brazil (Figure 1). This
area has a high diversity of floating habitats (Bleich et al. 2014), most
available during high water. When the water level increases, typically
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between December and May, the pelagic area expands, providing habitat
for the growth of aquatic herbaceous plants, which form extensive banks
next to the edges of the surrounding flooded forest, as well as floating
banks that detach from the margins (Junk and Piedade 1997). In this
region, the most frequent and abundant aquatic plants are the emerging
Paspalum repens (Poaceae), and the floating Salvinia auriculata
(Salviniaceae), Pistia stratiotes (Araceae), and Lemna valdiviana
(Araceae) (Junk and Piedade 1993; Bleich et al. 2014). Additionally,
this area has a scientific station belonging to the National Institute for
Amazonian Research (INPA), providing logistic support for the study.
Fish samplings in macrophyte stands have been conducted in this
area (Cataldo project - CPD data not published), allowing easy fish
identification and addition to the monitoring dataset with future value.

To study fish colonization, we used artificial attractors aiming to
simulate floating aquatic herbaceous banks. Each attractor consisted

2°0's

3°30'S

of a 1.0 m? square frame (Figure 2), constructed with 40 mm diameter
PVC pipes, similar to the frame used by Santos et al. (2011). The pipes
were connected by PVC connectors to prevent water from entering
and allowing the structure to float. A black plastic screen was placed
on this frame as a substrate to the root-like tufts made of sisal rope.
Each tuft was composed of three pieces of sisal rope, each 60 cm long
and 6 mm thick, in which the threads were untwined, forming bulky
tufts to simulate the roots of floating plants (for instance, Eichhornia).
Each attractor contained twenty-five tufts (Figure 2). Sisal rope was
chosen because it is a natural product made from fibers of the species
Agave sisalana (Agavaceae) that, when untwined, resembles the roots
of aquatic herbs.

The attractors were placed in the water, close to the INPA research
base, to initiate the initial colonization by periphyton for a substrate
as close as possible to natural growth. Once the tufts were covered

Figure 1. Map showing the Catalao area, Amazonas, Brasil.
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Figure 2. Illustration of the attractor with its respective dimensions (A) and the actual attractor being immersed in the water at the experiment site (B).
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with periphyton, which could be observed with the naked eye (about
5-6 days), the attractors were removed from the water, checked for
the presence of macroscopic organisms adhered to the tufts (which
were then removed), and finally immersed in the water to begin the
experiment. The attractors were placed close to the natural banks of
aquatic herbaceous plants, anchored by rocks to prevent them from
moving due to wind or water current.

The experiment was conducted over a period of 30 days, from June
9 to July 10,2017, during a period of high water when the natural banks
of aquatic herbaceous plants were already formed. The attractors were
installed in the pelagic zone at standardized distances of at least 5 m
from each other and 2.0 m from the border of the banks of herbaceous
plants. To maintain the same distance from the marginal habitat, daily
visits were made to the experiment site, adjusting the positions of the
attractors when necessary.

The total number of attractors built and initially used in the
experiment was 28. Several attractors were reused during the experiment
and the removal of fish from the attractors after the intervals of 5, 15,
and 30 days was carried out. Each time the attractors were removed for
fish collection, the tufts of rope were meticulously inspected to ensure no
fish were left adhered to the strings, so as not to interfere with the results
of the next moment of colonization. The treatments were as follows:

1) Treatment 1 (5 days): five attractors were used. After 5 days
of colonization, the attractors were removed from the water,
the fish were collected, and the same attractors were returned
to the water to restart the 5-day treatment. This procedure was
repeated three times to obtain a total of 15 observations for the
first treatment of 5 days;

2) Treatment 2 (15 days): eight attractors were used, which, at the
end of 15 days, were reused for an equal period, totaling 16
observations for the second treatment of the 15 days;

3) Treatment 3 (30 days): 15 attractors were used, but two attractors
were lost during the experiment, thus obtaining 13 observations
for this third and last treatment.

To maintain the balance of the number of observations in the
treatments, 2 and 3 observations from the first and second treatments,
respectively, were excluded by drawing lots. Thus, in the end, each
treatment had 13 observations (Table 1). The attractors were always
inspected in the morning, and fish were collected using a 5 mm mesh
net between opposite nodes and 1.5 meters high, tied toa 1.5 x 1.5 m
square metal frame. The bottom of the seine net was closed to avoid fish
escape. For collection, each attractor was carefully enveloped (from the
bottom to the surface) with the adapted net and carefully removed from
the water (Figure S1). Then, the fish were collected and immediately

Table 1. Number of samplings and total number of observations for each treatment.

euthanized according to the CONCEA Euthanasia Practice Guidelines.
Fish were immersed in a solution of clove oil (Eugenol) in the proportion
of 1ml for each liter of water until the opercular movement ceased. After
euthanized, the fish were fixed in a 10% formalin solution and deposited
in containers containing information about the sample and the date of
collection. Samples were then taken to the Fish Population Dynamics
Laboratory at the National Institute for Amazonian Research (INPA) in
Manaus, where each fish was identified at the species level by taxonomic
specialists. Biometric data such as standard length (cm) and total weight
(g) were registered for each specimen (data available at Rocha et al.
2023). The total number of fish and species in each sample was recorded
(data available at Rocha et al. 2023). This study was authorized by
IBAMA n°101932 e n°® 74454-1and the Ethics Committee on the Use
of Animals at INPA (CEUA Authorization 037/2017).

Principal coordinate analysis (PCoA) was used to explore the
similarity in the composition of fish species among treatments, using a
Bray-Curtis distance matrix, which considers the abundance of species
in the samples. Species with only one occurrence in the dataset were
excluded from this analysis (6 species). The statistical significance of
the similarity among treatments was tested using the similarity analysis
(ANOSIM), with 999 permutations (Legendre and Legendre 1998).

To identify possible effects of biotic interactions on how fish
assembled on the attractors, species co-occurrence patterns were tested
using null models, through the C-score index (Stone and Roberts 1990).
For this, we created matrices of presence and absence of species for
each treatment/time interval, in which the lines represented the species,
and the columns represented the artificial attractors. Subsequently, the
original matrices were randomized, and the C-scores were calculated,
using the SIM9 algorithm, which maintains fixed sums of rows and
columns (fixed-fixed model) (Connor and Simberloff 1979) and has
good properties to avoid type I errors (Gotelli 2000). Therefore,
the occurrence of each species among the attractors was simulated
through randomizations, assuming the same probability of occurrence
of the species. Then, the C-scores obtained from the original matrices
were compared statistically with the values calculated from matrices
generated through a null distribution based on 5000 Monte Carlo
permutations, using the EcoSim program.

The average size of each species was compared to the maximum
and/or L50 sizes available in the literature to identify the life stage of
each fish occupying the attractors (Wolf 2014, Hernandes 2015, Ropke
et al. 2017). The proportion of juveniles and adults were tested among
treatments by a Chi-squared test based on pooled data. The expected
proportion of juveniles was set at 29% and adults 71%, these proportions
were estimated from 12 samplings in aquatic macrophytes between

Treatment 1* sampling 2 sampling 32 sampling 4* sampling Initial number of Number of observations
(5° day) (10° day) (15° day) (30° day) observations after exclusion

1 5 5 5 15 —2*=13

2 8 8 16 —3*=13

3 15 15 —2%*% =13

*attractors withdrawn from analyses by drawing lots.
**attractors lost during the experiment.
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May and August in 2009, 2011, and 2012 (Cataldo project, unpublished
data), to which collected fishes have the life stage determined.
A krukall-wallis test was applied to test differences in the average fish
size among treatments.

Results

Atotal of 208 specimens of 21 fish species, belonging to 9 families
and 2 orders, were captured. Characiformes contributed with 16 species
distributed among 7 families, being the predominant group in this study.
Serrasalmidae (Characiformes) and Cichlidae (Cichliformes) were

the families with the highest richness values, hosting 6 and 4 species,
respectively. The most abundant species were Mesonauta festivus
(Heckel 1840) and Serrasalmus maculatus Kner 1858, with 40 and
36 specimens, respectively, representing together 36.53% of the total
abundance (Table 2).

Out of the 21 species captured, 11 occurred throughout the
experiment (across all three treatments). These species are Cichla
monoculus Agassiz, 1831, Ctenobrycon spilurus (Valenciennes, 1850),
Hemigrammus diagonicus Mendonga & Wosiacki, 2011, Heros notatus
(Jardine, 1843), Hoplias malabaricus (Bloch, 1794), Mesonauta
festivus (Heckel, 1840), Moenkhausia intermedia Eigenmann, 1908,

Table 2. List of the species collected during the experiment at Catalao Lake with their respective abundances for each treatment (T).

ORDER/Family/species T1 T2 T3 Total
5 days 15 days 30 days

CHARACIFORMES

Anostomidae

Leporinus fasciatus (Bloch, 1794) 0 4

Rhytiodus microlepis Kner, 1858 0

Characidae

Ctenobrycon spilurus (Valenciennes, 1850) 1 1 1 3

Hemigrammus diagonicus Mendonga & Wosiacki, 2011 10 8 3 21

Moenkhausia intermedia Eigenmann, 1908 3 2 4 9

Curimatidae

Cyphocharax plumbeus (Eigenmann & Eigenmann, 1889) 1 0 0 1

Erythrinidae

Hoplias malabaricus (Bloch, 1794) 8 9 5 22

Lebiasinidae

Copella nigrofasciata (Meinken, 1952) 0 1 0 1

Prochilodontidae

Prochilodus nigricans Spix & Agassiz, 1829 1 0 1

Semaprochilodus taeniurus (Valenciennes, 1821) 0 1 1

Serrasalmidae

Mylossoma albiscopum (Cuvier, 1818) 2 0 0 2

Pygocentrus nattereri Kner, 1858 2 1 0 3

Serrasalmus elongatus Kner, 1858 4 10 8 22

Serrasalmus maculatus Kner, 1858 7 20 9 36

Serrasalmus rhombeus (Linnacus, 1766) 2 3 2 7

Serrasalmus sp “rob” 0 1 0 1

CICHLIFORMES

Cichlidae

Cichla monoculus Agassiz, 1831 3 7

Heros notatus (Jardine, 1843) 1 2 5

Mesonauta festivus (Heckel, 1840) 12 17 11 40

Pterophyllum scalare (Schultze, 1823) 4 11 5 20

Eleotridae

Microphilypnus ternetzi Myers, 1927 0 1 0 1

TOTAL 62 89 57 208
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Pterophyllum scalare (Schultze, 1823), Serrasalmus elongatus Kner,
1858, Serrasalmus maculatus Kner, 1858, and Serrasalmus rhombeus
(Linnaeus, 1766). Two species appeared in two treatments: Pterophyllum
scalare (Schultze, 1823) (T1 and T2) and Leporinus fasciatus (Bloch,
1794) (T1 and T3). Some species occurred only in one treatment, such as
Cyphocharax plumbeus (Eigenmann & Eigenmann, 1889), Prochilodus
nigricans Spix & Agassiz, 1829, and Mylossoma albiscopum (Cuvier,
1818), which appeared only in T1; Semaprochilodus taeniurus
(Valenciennes, 1821), captured only in T3; Rhytiodus microlepis Kner,
1858, Copella nigrofasciata (Meinken, 1952), Serrasalmus sp. “rob”,
and Microphilypnus ternetzi Myers, 1927 that were present exclusively
in T2 (Table 2).

PCoA analysis did not reveal different groups of species PCoA
(Figure 3), and the similarity analysis (ANOSIM) showed that the
composition of fish species remained similar in the three treatments
(ANOSIM, R =-0.03579, p = 0.792).

Species co-occurrence analysis (C-score) indicated that the
construction of fish assemblages during high-water occurred randomly
over time. The observed C-score values were not significantly different
from the expected values generated by null models for the time intervals
(Table 3).

The attractors were mostly colonized by juveniles (Chi-squared =
198.41,df =1, p <0.001) for all treatments. No difference in fish body

1.5 1

1.0 A

0.5 4

0.0 4

MDS2

—-0.5 A

—1.0 A

—1.5 1

_1.0 —05 0.0 05 10
MDS1

Figure 3. PCoA analysis for the treatments (time of colonization) using species
taxonomic composition and respective abundances. Green dots indicate five-day
treatment, red triangles a fifteen-day treatment and blue squares a thirty-day
treatment (n = 13 for each treatment).

Table 3. Co-occurrence analysis (C-score) using randomized matrices of
presence and absence of species, for each treatment. Obs. = observed value
with co-occurrence index; Exp. = expected value from the randomized matrices;
p (obs > exp) = probability of a value greater than the observed one, from the
randomization process. Level of significance: p < 0.05.

Index Values 5 days 15 days 30 days
Obs. 2,85 3,19167 4,47436

C-score Exp. 2,94763 3,15484 4,52778
p (obs > exp) 0,9098 0,3354 0,7096

http://www.scielo.br/bn

size was detected among treatments (Kruskal-Wallis = 3.7825, df = 2;
205, p = 0.1509), suggesting that fish were not resident and did not
grow in the attractors.

Discussion

In this experimental study conducted in a lowland area of the
Brazilian Amazon during the high-water season, the prevalence of young
fish in the attractors was observed, and there was no evidence of structure
in fish assemblages. Amazonian floodplains are dynamic environments
and rich in fish species (Lowe-McConnell 1999). Given this scenario, we
expected fish to assemble on the attractors through biotic interactions,
resulting in interspecific competition (MacArthur 1972, Pianka 1974).
Several studies suggest that biotic interactions are more influential in
assemblages of tropical fish with high species richness (Willis et al.
2005, Arrington and Winemiller 2006, Montaiia et al. 2014, Fitzgerald
et al. 2017). However, such observations more frequently occurred
during low-water periods when habitat availability decreases, and
predation pressure overall increases (Hoeinghaus et al. 2003).

Notably, during the high-water period, our results demonstrated
that the fish assemblages at the attractors did not exhibit a predictable
organizational structure throughout the colonization time. This indicates
that the occurrence of the species may have happened randomly, with
no evidence of competitive forces acting in the assembly of these
assemblages. Few studies carried out in the Amazonian floodplains have
found that fish assemblages are stochastically built, such processes seem
to be more likely in the high-water period (Goulding et al. 1988, Jepsen
1997, Saint-Paul et al. 2000, Santorelli et al. 2014). A general model of
community building predicts that this process must be neutral, where
both the effect of competition and habitat selection is weak (Weiher
and Keddy 1995). In the high-water period, the flooded area expands,
distributing the species over a larger area and reducing their competitive
and/or predatory interactions. Under these conditions, in the floodplains,
biological processes may have a weak influence, generating random
patterns of colonization.

The period of the experiment (high waters) may have influenced
this random pattern of colonization of the attractors, since the high
connectivity between environments, provided by the flood, allows
fish to disperse and colonize the newly available areas so that the
occurrence of species is common in several habitats (Arrington
et al. 2005, Freitas et al. 2010). Additionally, the habitat of aquatic
herbaceous abounds, representing no limiting resource and reducing
the environmental filtering effect. Thus, the high-water condition
seems to have enabled similar opportunities for the colonizing species
so that different combinations of species were possible, regardless of
the time interval considered. The increased mobility of fish during this
period may also increase the chances of fish only shortly visiting the
experiment. Despite that juveniles were present for the entire month
of the experiment. Although our results of the assembly process only
represent the taxonomic pattern of species assembly and regarding
the massive presence of juveniles as colonizers, the occupation may
not be totally random if other functional aspects are considered. This
result raises important insight that availability of floating habitat may
be always limited for juveniles in the early life stage and corroborates
the hypothesis that this is the limiting factor regulating fish recruitment
for many Amazonian fish (Bayley et al. 2018, Castello et al. 2019).
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In general, the fish assemblages in the attractors were characterized
by the occurrence of young individuals by both, small-sized (Mesonouta
festivus, Pyterophylum scalare) and larger or medium-sized species
(Hoplias malabaricus, Cichla monoculus, Serasalmus spp.); many
were sedentary species. Other experimental studies, using artificial
aquatic herbaceous, have also registered specimens of small fish, such
as the study by Teixeira-de-Melo et al. (2015), in which the specimens
measured 4.6 cm + 0.2 SE, and Santos et al. (2011), with fish measuring
10 cm on average. In natural aquatic macrophytes banks, Sanchez-
Botero and Aratjo-Lima (2001) and Ropke et al. (2014) found that
the fish assemblages collected in aquatic herb banks were represented
mainly by juveniles and small-sized species (90%). These results
confirm the role that aquatic herbaceous play as shelter for young fish
and small species, which use these environments mainly to prevent
predation (Aratjo-Lima et al. 1986).

In the Amazon, very few works used attractors (artificial
microhabitats) to study fish assemblage (Yamamoto et al. 2014,
Arrington and Winemiller 2006), usually using submerged reefs. The
use of midwater attractors made by a large tangle of branches has been
described as used by fishermen to capture the discus fish (Symphysodon
aequifasciatus, Pellegrin 1904) during the low-water in the Piagagu-
Purus Sustainable Development Reserve (RDS-PP), lower Purus River,
Amazonas (Rossoni et al. 2014). Attractors have been used and tested
in different environments to improve and restore fishery by increasing
fish abundance by enhancing recruitment (Schroeder 1987, Bolding
et al. 2004). Our results support the use of floating artificial habitat to
increase fish recruitment and support the restoration of fish population
when habitat availability was reduced by natural (short flood pulses due
to natural hydrological variation) or anthropogenic (flow control) causes.

It may be worth mentioning here that we tried to replicate this
experiment during the low-water season (October 2017) following the
same protocol implemented during the high-water period. Each attractor
was about 5 meters distant from each other and 2 m distant from the
marginal area once banks of aquatic herbaceous were absent. Five days
after the period of periphyton colonization, during the first sampling,
it was observed that tufts of sisal rope were present only as remains
and no longer were present after the 5 days (Figure S2). No fish were
captured, and the colonization process was not observed. One hypothesis
is that sisal was consumed by the detritivorous, periphytivous fishes
when foraging the periphyton and macroinvertebrates which colonize
the tufts of sisal rope in the attractors. Despite the experiment failure,
this observation raises important evidence for food limitation during
low-water (Lowe-McConnell 1987) and may help to design new studies
using attractors to understand the role of food and habitat availability
for fish assemblages in low-water season when floating habitats are
almost nonexistent.

Due to the advantages of the method, a discussion about the
material used is also current, mainly regarding the use of plastic
structures due to the problem of plastic residues (Wilbur 1978,
Baumann et al. 2016). Despite the lower durability, researchers have
argued that attractors made of natural material should be preferred
(Baumann et al. 2016). Bright gray curly ribbon and green light sticks
were used by Gentil et al. (2020) as floating attractors in the Araguaia
River and could be a non-natural option during low-water season. As
natural options, the use of midwater reefs made of wood and branches
should be considered.

https://doi.org/10.1590/1676-0611-BN-2023-1518

In this experiment, we tried to control many confounding factors
that would weaken the interpretation of the results. However, some
points may limit the experiment and should be improved in future study
replications. The small size of the attractors may have contributed
to these results, as fish would gather around the attractor in higher
numbers than it would support. Larger attractor should be used in the
future or different sizes tested. The number of days of experiment was
too short, and treatments should regard longer periods than 30 days
with larger periodos between samplings. Freitas et al. (2002) and
Yamamoto et al. (2014) conducted experiments with artificial reefs for
about one year, with at least two months between samplings. Arrington
and Winemiller (2006) repeated the experiments with the attractors
in low, falling, and rising waters, and sampling occurred always after
21-24 days. These authors identified a temporal effect, Yamamoto
et al. (2014) and Arrington and Winemiller (2006) found seasonal
differences in the species occupying the attractors. Linked to the
length of the experiment, the period of the peak of high water may also
limit the assembly processes and changes in species composition, and
future studies may start earlier. As already mentioned, our experiment
failed, having data for seasonality, and future studies would elucidate
the effect of seasonality on the attractors use. Finally, performing
experiments with attractors regarding interannual variation would
elucidate the effect of habitat limitation in juveniles’ colonization
of attractors, as well as the value of using these structures for fish
management and conservation.

Supplementary Material

The following online material is available for this article:

Figure S1 - Adapted fishing seine net used for fish collection during
the experiment.

Figure S2 - The remains of sisal tufts were observed on the attractors
during the first fish collection conducted in the low-water season
(October 2017).

Acknowledgments

We thank the National Institute for Amazonian Research
(INPA) for logistic support, the National Counsel of Technological
and Scientific Development (CNPq) and Amazonas Research
Funding Agency (FAPEAM) for financial support (PELD n°® 35736.
UNI678.1713.31102017). We also thank FAPEAM for the scholarships
(S.I.LB.R, grant #062.00125/2019; T.H.S.P, FIXAM: 062.01500/2018).
S.I.LB.R. thanks Dr Jansen Zuanon for discussions that inspired this
study.

Associate Editor

Rosana Mazzoni

Authors Contributions

Silvia I.B. da Rocha: Contribution to data collection; Contribution
to data analysis and interpretation; Contribution to manuscript
preparation; Contribution to critical revision, adding intellectual
content.

http://www.scielo.br/bn



Biota Neotrop., 24(1): €20231518, 2024

Rocha S.I.B. et al.

Tiago H.S. Pires: Substantial contribution in the concept and
design of the study; Contribution to data analysis and interpretation;
Contribution to manuscript preparation; Contribution to critical revision,
adding intellectual content.

Sidinéia A. Amadio: Contribution to data collection; Contribution to
data analysis and interpretation; Contribution to manuscript preparation;
Contribution to critical revision, adding intellectual content.

Cristhiana Ropke: Contribution to data analysis and interpretation;
Contribution to manuscript preparation; Contribution to critical revision,
adding intellectual content.

Claudia P. de Deus: Contribution to data analysis and interpretation;
Contribution to manuscript preparation; Contribution to critical revision,
adding intellectual content.

Conflicts of Interest

The author(s) declare(s) that they have no conflict of interest related
to the publication of this manuscript.

Data Availability

The data collected and generated during this study are available in
the Biota Neotropica Dataverse at https://doi.org/10.4833 1/scielodata.
LEUSDS. The authors confirm that all data necessary for reproducing
the study findings are available in the designated dataset.

References

AGOSTINHO, A.A., GOMES, L.C., SUZUKI, H.I. & JULIO JR, H.F. 2003.
Migratory Fishes of the Upper Parana River Basin, Brazil. In Migratory
fishes of South America: biology, fisheries and conservation status (J.
Carolsfeld, B. Harvey, C. Ross & A. Baer, eds). Ottawa: International
Development Research Centre and the World Bank, p.19-99. http://hdl.
handle.net/10986/14929

ARAUJO-LIMA, C.A.R.M., PORTUGAL, L.P.S. & FERREIRA, E.G. 1986.
Fish—-macrophyte relationship in the Anavilhanas archipelago, a black water
system in the Central Amazon. Journal of Fish Biology, 29(1):1-11. https:/
doi.org/10.1111/j.1095-8649.1986.tb04921.x

ARRINGTON, D. A. & WINEMILLER, K. O. 2006. Habitat affinity, the seasonal
flood pulse, and community assembly in the littoral zone of a Neotropical
floodplain river. Journal of the North American Benthological Society,
25(1):126-141. https://doi.org/10.1899/0887-3593(2006)25[126:HATSF
P]2.0.CO;2

ARRINGTON, D.A., WINEMILLER, K.O. & LAYMAN, C.A. 2005.
Community assembly at the patch scale in a species rich tropical river.
Oecologia, 144:157-167. https://doi.org/10.1007/s00442-005-0014-7

BAUMANN, J.R., OAKLEY, N.C. & MCRAE, B.J. 2016. Evaluating the
effectiveness of artificial fish habitat designs in turbid reservoirs using
sonar imagery. North American Journal of Fisheries Management, 36(6):
1437-1444. https://doi.org/10.1080/02755947.2016.1227401

BAYLEY, P.B., CASTELLO, L., BATISTA, V.S. & FABRE, N.N. 2018.
Response of Prochilodus nigricans to flood pulse variation in the central
Amazon. Royal Society Open Science, 5(6):172232. https://doi.org/10.1098/
150s.172232

BENEDITO-CECILIO, E., ARAUJO-LIMA, C.M., FORSBERG, B.R.,
BITTENCOURT, M.M. & MARTINELLI, L.C. 2000. Carbon sources of

Amazonian fisheries. Fisheries Management and Ecology, 7(4):305-314.
https://doi.org/10.1046/1.1365-2400.2000.007004305.x

BLEICH, M.E., PIEDADE, M.T.F., KNOPKI, P.B., CASTRO, N.G.D., JATI, S.R.
& SOUSA, R.N. 2014. Influéncia das condi¢des do habitat sobre a estrutura
de herbaceas aquaticas na regido do Lago Cataldo, Manaus, AM. Acta
Amazonica, 44(4):481-490. https://doi.org/10.1590/1809-4392201400023

http://www.scielo.br/bn

BOHNSACK, J., JONHSON, D. & AMBROSE, R. 1991. Ecology of Artificial
Reef Habitats and Fishes. In Artificial Habitats for Marine and Freshwater
Fisheries (W. Seaman & L. M. Sprague, eds). Academic Press, New York.

BOHNSACK, J.A., ECKLUND, A.M. & SZMANT, A.M. 1997. Artificial reef
research: is there more than the attraction-production issue? Fisheries,
22(4):14-23.

BOLDING, B., BONAR, S. & DIVENS, M. 2004. Use of artificial
structure to enhance angler benefits in lakes, ponds, and reservoirs: a

literature review. Reviews in Fisheries Science, 12(1):75-96. https://doi.
org/10.1080/10641260490273050

CASTELLO, L., BAYLEY, P.B., FABRE, N.N. & BATISTA, V.S. 2019. Flooding
effects on abundance of an exploited, long-lived fish population in river-
floodplains of the Amazon. Reviews in Fish Biology and Fisheries, 29:
487-500. https://doi.org/10.1007/s11160-019-09559-x

CHASE, J.M. 2003. Community assembly: when should history matter?.
Oecologia, 136:489-498. https://doi.org/10.1007/s00442-003-1311-7

CONNOR, E.F. & SIMBERLOFF, D. 1979. The assembly of species
communities: chance or competition? Ecology, 60(6):1132—1140. https://
doi.org/10.2307/1936961

ESTEVES, F.A. 1998. Fundamentos de limnologia (2nd ed). Interciéncia.

FITZGERALD, D.B., WINEMILLER, K.O., SABAJ PEREZ, M.H. & SOUSA,
L.M. 2017. Seasonal changes in the assembly mechanisms structuring tropical
fish communities. Ecology, 98:21-31. https://doi.org/10.1002/ecy.1616

FORSBERG, B.R., ARAUJO-LIMA, C.A.R.M., MARTINELLI, L.A.,
VICTORIA, R.L. & BONASSI, J.A. 1993. Autotrophic carbon sources
for fish of the central Amazon. Ecology, 74(3):643—652. https://doi.
0rg/10.2307/1940793

FREITAS, C.E.C., PETRERE JR, M. & ABUABARA, M.A. 2002. Artificial
reefs and their effects on fish assemblages in a Brazilian reservoir and
tailrace. International Journal of Ecohydrology and Hydrobiology, 1(02).

FREITAS, C.E.C., PETRERE JR, M. & BARRELLA, W. 2005. Natural
and artificially-induced habitat complexity and freshwater fish species
composition. Fisheries Management and Ecology, 12(1):63—67. https://doi.
org/10.1111/5.1365-2400.2004.00420.x

FREITAS, C.E.C., SIQUEIRA-SOUZA, FX., GUIMARAES, A.R., SANTOS,
F.A. & SANTOS, L.L.A. 2010. Interconnectedness during high water
maintains similarity in fish assemblages of island floodplain lakes in the
Amazonian Basin. Zoologia, 27(6):931-938. https://doi.org/10.1590/S1984-
46702010000600014

GENTIL, E., PRYSTHON, A., DIAS, C.R.G., SILVA, F.B. & PEDROZA
FILHO, M.X. 2020. Artificial attractors in small scale fisheries gillnets on
Araguaia river, Brazil. Agrarian and Biological Sciences, 9(8):1-19. https://
doi.org/10.33448/rsd-v9i8.6364

GOTELLI, N.J. 2000. Null models analysis of species co-occurrence
patterns. Ecology, 81(9):2606-2621. https://doi.org/10.1890/0012-
9658(2000)081[2606:NMAOSC]2.0.CO;2

GOULDING, M., CARVALHO, M.L. & FERREIRA, E.G. 1988. Rich life in
poor water: Amazonian diversity and foodchain ecology as seen through
fish communities. SPB Academic Publishing, The Hague, 200p.

HERNANDES, M.C. 2015. Variag@o temporal na reproducdo de espécies
de caracideos de pequeno porte (Characiformes) associadas a bancos de
herbaceas aquaticas em uma area de varzea na Amazonia Central brasileira.
Master’s thesis. National Institute of Amazonian Research, Manaus. https://
repositorio.inpa.gov.br/handle/1/11224

HOEINGHAUS, D.J., WINEMILLER, K.O. & BIRNBAUM, J.S. 2007. Local
and regional determinants of stream fish assemblage structure: inferences

based on taxonomic vs. functional groups. Journal of Biogeography,
34(2):324-338. https://doi.org/10.1111/j.1365-2699.2006.01587.x

HOEINGHAUS, D.J.,LAYMAN, C.A., ARRINGTON, D.A. & WINEMILLER,
K.0.2003. Spatiotemporal variation in fish assemblage structure in tropical
floodplain creeks. Environmental Biology of Fishes, 67:379-387. https://
doi.org/10.1023/A:1025818721158

JEPSEN, D.B. 1997. Fish species diversity in sand bank habitats of a
neotropical river. Environmental Biology of Fishes. 49:449-460. https://
doi.org/10.1023/A:1007371132144

https://doi.org/10.1590/1676-0611-BN-2023-1518


https://doi.org/10.48331/scielodata.LEUSD8
https://doi.org/10.48331/scielodata.LEUSD8
http://hdl.handle.net/10986/14929
http://hdl.handle.net/10986/14929
https://doi.org/10.1111/j.1095-8649.1986.tb04921.x
https://doi.org/10.1111/j.1095-8649.1986.tb04921.x
https://doi.org/10.1899/0887-3593(2006)25%5b126:HATSFP%5d2.0.CO;2
https://doi.org/10.1899/0887-3593(2006)25%5b126:HATSFP%5d2.0.CO;2
https://doi.org/10.1007/s00442-005-0014-7
https://doi.org/10.1080/02755947.2016.1227401
https://doi.org/10.1098/rsos.172232
https://doi.org/10.1098/rsos.172232
https://doi.org/10.1046/j.1365-2400.2000.007004305.x
https://doi.org/10.1590/1809-4392201400023
https://doi.org/10.1080/10641260490273050
https://doi.org/10.1080/10641260490273050
https://doi.org/10.1007/s11160-019-09559-x
https://doi.org/10.1007/s00442-003-1311-7
https://doi.org/10.2307/1936961
https://doi.org/10.2307/1936961
https://doi.org/10.1002/ecy.1616
https://doi.org/10.2307/1940793
https://doi.org/10.2307/1940793
https://doi.org/10.1111/j.1365-2400.2004.00420.x
https://doi.org/10.1111/j.1365-2400.2004.00420.x
https://doi.org/10.1590/S1984-46702010000600014
https://doi.org/10.1590/S1984-46702010000600014
https://doi.org/10.33448/rsd-v9i8.6364
https://doi.org/10.33448/rsd-v9i8.6364
https://doi.org/10.1890/0012-9658(2000)081%5b2606:NMAOSC%5d2.0.CO;2
https://doi.org/10.1890/0012-9658(2000)081%5b2606:NMAOSC%5d2.0.CO;2
https://repositorio.inpa.gov.br/handle/1/11224
https://repositorio.inpa.gov.br/handle/1/11224
https://doi.org/10.1111/j.1365-2699.2006.01587.x
https://doi.org/10.1023/A:1025818721158
https://doi.org/10.1023/A:1025818721158
https://doi.org/10.1023/A:1007371132144
https://doi.org/10.1023/A:1007371132144

Biota Neotrop., 24(1): €20231518, 2024

Fish attractors when resources abound

JUNK, W.J. & PIEDADE, M.T.F. 1993. Herbaceous plants of the Amazon
floodplains near Manaus: species diversity and adaptations to the flood
pulse. Amazoniana XII (3/4):467-484.

JUNK, W.J. & PIEDADE, M.T.F. 1997. Plant life in the floodplain with special
reference to herbaceous plants. In The Central Amazon floodplain: Ecology
of a pulsing system (W. J. Junk, ed.). Springer-Verlag, Berlin, p.147-185.

LEGENDRE, P. & LEGENDRE, L. 1998. Numerical Ecology. 2 ed. Elsevier,
Amsterdan, 853p.

LOWE-MCCONNELL. 1999. Estudos ecologicos de comunidades de peixes
tropicais. Sdo Paulo: EQUSP. 534p.

MACARTHUR, R.H. 1972. Geographical Ecology: Patterns in the distribution
of species. Harper and Row, New York, 269p.

MAZZEO, N.,IGLESIAS, C., TEIXEIRA-DE MELLO, F., BORTHAGARAY,
A., FOSALBA, C., BALLABIO, R., ... & JEPPESEN, E. 2010. Trophic
cascade effects of Hoplias malabaricus (Characiformes, Erythrinidae)
in subtropical lakes food webs: a mesocosm approach. Hydrobiologia,
644:325-335. https://doi.org/10.1007/s10750-010-0197-8

MEERHOFF, M., MAZZEO, N., MOSS, B. & RODRIGUEZ-GALLEGO,
L. 2003. The structuring role of free-floating versus submerged plants
in a subtropical shallow lake. Aquatic Ecology, 37:377-391. https://doi.
org/10.1023/B:AEC0.0000007041.57843.0b

MEIER, M.H. 1989. A debate on responsible artificial reef development. Bulletin
of marine science, 44(2):1051-1057.

MONTANA, C.G., WINEMILLER, K.O. & SUTTON, A. 2014. Intercontinental
comparison of fish ecomorphology: Null model tests of community assembly
at the patch scale in rivers. Ecological Monographs, 84:91-107. https://doi.
org/10.1890/13-0708.1

NEVES DOS SANTOS, R., FERREIRA, E.J. & AMADIO, S. 2008. Effect of
seasonality and trophic group on energy acquisition in Amazonian fish.
Ecology of Freshwater Fish, 17(2):340-348. https://doi.org/10.1111/j.1600-
0633.2007.00275.x

PIANKA, E.R. 1974. Niche overlap and diffuse competition. Proceedings of the
National Academy of Sciences, 71(5):2141-2145. https://doi.org/10.1073/
pnas.71.5.2141

ROCHA, S1BR., PIRES, T.H.S., AMADIO, S.A., ROPKE & C., DEUS, C.P.
2023. List of fish species captured during a field experiment in the Amazon
floodplain. 10.4833 1/scielodata. LEUSDS. Scielo Data. Draft version. https://
doi.org/10.48331/scielodata. LEUSDS

ROPKE, C., PIRES, T.H., ZUCHI, N., ZUANON, J. & AMADIO, S. (2022).
Effects of climate-driven hydrological changes in the reproduction of
Amazonian floodplain fishes. Journal of Applied Ecology, 59(4):1134-1145.
https://doi.org/10.1111/1365-2664.14126

ROPKE, C.P,, AMADIO, S., ZUANON, J., FERREIRA, E.J., DEUS, C.P.D.,
PIRES, T.H. & WINEMILLER, K.O. 2017. Simultaneous abrupt shifts in
hydrology and fish assemblage structure in a floodplain lake in the central
Amazon. Scientific Reports, 7(1):40170. https://doi.org/10.1038/srep40170

ROPKE, C.P., FERREIRA, E. & ZUANON, J. 2014. Seasonal changes in
the use of feeding resources by fish in stands of aquatic macrophytes
in an Amazonian floodplain, Brazil. Environmental Biology of Fishes,
97(4):401-414. https://doi.org/10.1007/s10641-013-0160-4

ROSSONL F., FERREIRA, E. & ZUANON, J. 2014. A pesca e o conhecimento
ecologico local dos pescadores de acara-disco (Symphysodon aequifasciatus,
Pellegrin 1904: Cichlidae) na Reserva de Desenvolvimento Sustentavel
Piagacu-Purus, baixo rio Purus, Brasil. Boletim do Museu Paraense Emilio
Goeldi. Ciéncias Humanas, 9:109-128. https://doi.org/10.1590/S1981-
81222014000100008

https://doi.org/10.1590/1676-0611-BN-2023-1518

SAINT-PAUL, U., ZUANON, J., CORREA, M.A.V., GARCIA, M., FABRE,
N.N., BERGER, U. & JUNK, W.J. 2000. Fish communities in central
Amazonian white- and blackwater floodplains. Environmental Biology of
Fishes, 57(3):235-250. https://doi.org/10.1023/A:1007699130333

SANCHEZ-BOTERO, J.I. & ARAUJO-LIMA, C.A.R.M. 2001. As macrofitas
aquaticas como bergario para a ictiofauna da varzea do rio Amazonas. Acta
Amazonica, 31:437-447. https://doi.org/10.1590/1809-43922001313447

SANTORELLI S., MAGNUSSON, W., FERREIRA, E., CARAMASCHL E.,
ZUANON, J. & AMADIO, S. 2014. Phylogenetic community structure:
temporal variation in fish assemblage. Ecology and Evolution, 4(11):2146—
2153. https://doi.org/10.1002/ece3.1026

SANTOS, L.N., AGOSTINHO, A.A., ALCARAZ, C., CAROL, J., SANTOS,
A.G.N., TEDESCO, P. & GARCIA-BERTHOU, E. 2011. Artificial
macrophytes as fish habitat in a Mediterranean reservoir subjected to
seasonal water level disturbances. Aquatic Sciences, 73:43—52. https://doi.
org/10.1007/s00027-010-0158-3

SCHROEDER, R.E. 1987. Effects of patch reef size and isolation on coral reef
fish recruitment. Bulletin of Marine Science, 41(2):441-451.

STONE, L. & ROBERTS, A. 1990. The checkerboard score and species
distributions. Oecologia, 85(1):74-79. https://doi.org/10.1007/BF00317345

TALBOT, F.H., RUSSELL, B.C. & ANDERSON, G.R. 1978. Coral reef fish
communities: unstable, high-diversity systems? Ecological Monographs,
48(4): 425-440. https://doi.org/10.2307/2937241

TEIXEIRA-DE-MELO, F., OLIVEIRA, V.A., LOVERDE-OLIVEIRA, S.M.,
HUSZAR, VL.M., BARQUfN7 J., IGLESIAS, C., SILVA, T.S.F., DUQUE-
ESTRADA, C.H., SILIO-CALZADA, A. & MAZZEO, N. 2015. The
structuring role of free-floating plants on the fish community in a tropical
shallow lake: an experimental approach with natural and artificial plants.
Hydrobiologia. 778 (1):167—178. https://doi.org/10.1007/s10750-015-2447-2

THOMAZ, SM. & CUNHA, E.R.D. 2010. The role of macrophytes in habitat
structuring in aquatic ecosystems: methods of measurement, causes and
consequences on animal assemblages’ composition and biodiversity.
Acta Limnologica Brasiliensia, 22:218-236. https://doi.org/10.4322/
actalb.02202011

WEIHER, E & KEDDY P.A. 1995. Assembly rules, null models, and trait
dispersion: new questions from old patterns. Oikos, 74:159—-164. https://
doi.org/10.2307/3545686

WILBUR, R.L. 1978. Two types of fish attractors compared in lake Tohopekaliga,
Florida. Transactions of the American Fisheries Society, 107(5):689-695.
https://doi.org/10.1577/1548-8659(1978)107<689: TTOFAC>2.0.CO;2

WILLIS, S.C., WINEMILLER, K.O. & LOPEZ-FERNANDEZ, H. 2004. Habitat
structural complexity and morphological diversity of fish assemblages in
a Neotropical floodplain river. Oecologia, 142(2):284-295. https://doi.
org/10.1007/s00442-004-1723-z

WOLF, D.D.F. 2014. Estrutura populacional, taticas reprodutivas e alocagao de
energia em peixes de igarapé da Reserva Ducke, Amazonia Central brasileira.
Master’s thesis. National Institute of Amazonian Research, Manaus. https://
repositorio.inpa.gov.br/handle/1/11268

YAMAMOTO, K.C., FREITAS, C.E.C.,ZUANON, J. & HURD, L.E. 2014. Fish
diversity and species composition in small-scale artificial reefs in Amazonian

floodplain lakes: Refugia for rare species? Ecological Engineering,
67:165-170. https://doi.org/10.1016/j.ecoleng.2014.03.045

Received: 12/07/2023
Accepted: 18/03/2024
Published online: 19/04/2024

http://www.scielo.br/bn


https://doi.org/10.1007/s10750-010-0197-8
https://doi.org/10.1023/B:AECO.0000007041.57843.0b
https://doi.org/10.1023/B:AECO.0000007041.57843.0b
https://doi.org/10.1890/13-0708.1
https://doi.org/10.1890/13-0708.1
https://doi.org/10.1111/j.1600-0633.2007.00275.x
https://doi.org/10.1111/j.1600-0633.2007.00275.x
https://doi.org/10.1073/pnas.71.5.2141
https://doi.org/10.1073/pnas.71.5.2141
https://doi.org/10.48331/scielodata.LEUSD8
https://doi.org/10.48331/scielodata.LEUSD8
https://doi.org/10.1111/1365-2664.14126
https://doi.org/10.1038/srep40170
https://doi.org/10.1007/s10641-013-0160-4
https://doi.org/10.1590/S1981-81222014000100008
https://doi.org/10.1590/S1981-81222014000100008
https://doi.org/10.1023/A:1007699130333
https://doi.org/10.1590/1809-43922001313447
https://doi.org/10.1002/ece3.1026
https://doi.org/10.1007/s00027-010-0158-3
https://doi.org/10.1007/s00027-010-0158-3
https://doi.org/10.1007/BF00317345
https://doi.org/10.2307/2937241
https://doi.org/10.1007/s10750-015-2447-2
https://doi.org/10.4322/actalb.02202011
https://doi.org/10.4322/actalb.02202011
https://doi.org/10.2307/3545686
https://doi.org/10.2307/3545686
https://doi.org/10.1577/1548-8659(1978)107%3c689:TTOFAC%3e2.0.CO;2
https://doi.org/10.1007/s00442-004-1723-z
https://doi.org/10.1007/s00442-004-1723-z
https://repositorio.inpa.gov.br/handle/1/11268
https://repositorio.inpa.gov.br/handle/1/11268
https://doi.org/10.1016/j.ecoleng.2014.03.045

