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Organization of fish assemblages in blackwater Atlantic Forest streams

Katharina Eichbaum Esteves', Marcelo Horikoshi Candido Silva?,
Maressa Helena Nanini-Costa® and Maria Letizia Petesse?

This study aimed to determine whether fish species occupy different mesohabitats, as defined by specific criteria of substrate
types in Atlantic Forest blackwater streams. We sampled fourteen coastal blackwater rivers along the coast of Sdo Paulo
State, Brazil, during the low-flow season (June-September/2016). For each stream, we selected three mesohabitat types
(sand, leaf-litter and trunks) in a 100 m river stretch. We sampled 41 mesohabitats, 31 of which contained fish, resulting in 15
species. When multivariate analysis of variance (MANOVA) was applied to the mesohabitat abiotic variables, no significant
differences were indicated between them. ANOSIM for species density and biomass and Redundancy Analyses (RDAs) for
species density, biomass and fish community indexes showed similar patterns of community structure among mesohabitats.
Nevertheless, fish biomass, diversity and richness were associated with such unique environmental features as low shading
and shallow habitats. The observed dispersion among mesohabitats suggests that these communities are subject to some
level of disturbance, which may affect the value of patches as refugia. Thus, the sharing of these mesohabitat patches among
species may represent an opportunistic strategy to maximize the use of available resources for these low density populations
living in these unique environments.

Keywords: Community structure, Leaf-litter, Mesohabitat, Spatial distribution, Substrate types.

O objetivo do estudo foi testar se espécies de peixes ocupam diferentes mesohabitats definidos por critérios especificos de
tipos de substrato em riachos de adguas pretas de Mata Atlantica. Durante a estacdo de baixa vazdo (junho-setembro/2016),
foram amostrados quatorze riachos costeiros de aguas pretas no litoral de Sdo Paulo, Brasil. Para cada riacho, selecionamos
trés tipos de mesohabitats (areia, folhigo e troncos) em um trecho de rio de 100 m. Amostramos 41 mesohabitats, dos quais
31 com peixes, resultando em 15 espécies. A analise de variancia multivariada (MANOVA) aplicada as variaveis abioticas
dos mesohabitats, ndo indicou diferengas significativas entre estes. A ANOSIM para densidade de espécies e biomassa e
as Andlises de Redundancia (RDAs) para densidade de espécies, biomassa e indices da comunidade indicaram padrdes
semelhantes da estrutura da comunidade entre mesohabitats. No entanto, a biomassa, a diversidade e a riqueza de peixes
estiveram associadas a caracteristicas ambientais especificas tais como habitats rasos e sombreados. Os resultados sugerem
que estas comunidades estejam sujeitas a certo nivel de perturbagdo, o que afeta o valor dos mesohabitats como refugios.
Assim, a utilizagdo dos diferentes mesohabitats entre as espécies pode representar uma estratégia oportunista para maximizar
o0 uso de recursos por essas populacdes de baixa densidade que vivem nestes ambientes peculiares.

Palavras chave: Distribuicao espacial, Estrutura de comunidades, Folhigo, Mesohabitats, Tipo de substrato.

Introduction tems are dynamic mosaics of interconnected patches that

influence biological communities, as asserted by the Patch

Different spatial scales are important in structuring fish
communities, ranging from the influence of local processes,
such as water quality, substrate, and channel morphology,
to those at basin level, such as geology, soil type and use,
topography, and climate (Wang et al., 2003). Fluvial sys-

Dynamics Concept (Pringle ez al., 1988; Townsend, 1989), a
model which is now considered to represent just one of the
four distinct models of metacommunity dynamics (Leibold
et al.,2004), of which disturbance seems to be a key compo-
nent (Winemiller et al., 2010). Therefore, patches increase
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the diversity of habitat conditions, resulting in a more diver-
se biological community able to exploit the various niches
(Ricklefs, Schluter, 1993).

The Atlantic Forest biome is one of the 25 global bio-
diversity hotspots (Myers ef al., 2000) with levels of ende-
mism of 90% for some organisms, which is surpassed only
by Amazonia (Costa et al., 2000). Fish species richness is
high and represented by 89 genera and 269 species of whi-
ch 70% are endemic (Abilhoa et al., 2011). The percenta-
ge of fish species with restricted distribution is high in this
ecosystem because of the great number of short and inde-
pendent coastal river drainages and the unique basin cha-
racteristics squeezed between the mountains and the ocean
(Bizerril, 1994; Menezes et al., 2007). However, most stu-
dies on species distributions in Atlantic Forest streams were
conducted in Brazilian clear-waters (Rezende et al., 2010;
Terra et al., 2013a, 2013b; Terra et al., 2016; Wolff, Hahn,
2017), which are typically high-gradient streams that form
an intricate network of torrents and waterfalls (Por, 1992).

Blackwater streams represent important riverine habi-
tats in the Atlantic Forest biome, but they have been poor-
ly investigated up to now. They are slow-flowing streams
which drain the alluvial plain of the Restinga Forest (Por,
1992), also called Coastal Plain Forest, which represents
one of the faces of the Atlantic Forest biome (Marques et
al., 2015). Blackwater streams are also rich in humic acids,
having a dark color, low pH, low nutrient content, and low
species diversity of algae, invertebrates and fish, with a
very specific ichthyofauna (Por, 1992). These aspects are
shared with other blackwater rivers, such as the Amazonian
Rio Negro (Gessner, 1964) and Malaysian rivers where the
biomass of fish was only 0.5 g.m? compared to 18 g.m?
observed in other non-blackwater rivers (Johnson, 1968).

Mesohabitats are subjectively defined as uniform and
visually distinct habitat units (Armitage et al., 1995; Armi-
tage, Pardo, 1995), resulting from the interaction between
hydrological and geomorphological forces (Tickner ef al.,
2000; Jahnig et al., 2009). However, delimitation of bou-
ndaries between habitats corresponding with species dis-
tribution patterns is difficult because few examples can be
found in nature where habitat boundaries are strictly demar-
cated (Pardo, Armitage, 1997). Visual evaluation of the dis-
tribution of mesohabitats gives us one method of defining
the heterogeneity of the physical habitat of rivers, which
is important for estimating biodiversity and making bioe-
valuations (Boyero, 2003; Kubikova ef al., 2012).

The usefulness of mesohabitats as ecological study units
has been shown, especially for macroinvertebrates and
fishes (Buss et al., 2004; Reid, Thoms, 2008; Langeani et
al.,2005; Rezende et al., 2010; Montana, Winemiller, 2010;
Mendes et al., 2017). For invertebrates, roots, macrophy-
tes, marginal plants and inorganic substrates, such as silt,
sand, gravel and cobblestone, are considered key mesohabi-
tat components (Armitage, Cannan, 1998). For fish assem-
blages, different substrates (Montafia, Winemiller, 2010;
Schwartz, 2016) and surface flows (riffles, glides, pools)
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(Rezende et al., 2010; Kano et al., 2013; Schwartz, 2016;
Wolff, Hahn, 2017) seem to influence species distribution.
Many mesohabitat classification schemes present modifi-
cations to this basic terminology, even though delineation
criteria remain essentially the same (Schwartz, 2016).

The amount of pools and depth in tropical streams de-
pend on topographic gradients and substrates, suggesting
that the size and types of mesohabitats vary according to
their position in the river system. As small tributaries coa-
lesce into higher-order streams, they become larger, but of-
ten less differentiated, particularly in low-gradient landsca-
pes with deep alluvial substrates (Winemiller et al., 2008).
Atlantic Rainforest blackwater streams belong to this cate-
gory, having their origins at low altitude in the alluvial plain
of the Serra do Mar of Sao Paulo State. Thus, in view of the
particular conditions of low-flow rivers, the classification
of mesohabitats for blackwater streams may follow diffe-
rent criteria from those adopted for other studies and can
be based on water depth, visual turbulence, water velocity
or substrate characteristics (Montafia, Winemiller, 2010;
Schwartz, 2016).

Studies on the spatial patterns of the fish community in
Neotropical blackwater streams are especially important
because many studies have demonstrated high specificity
between fish species composition and the mesohabitat sca-
le that can be related to a species’ life history, including
evolutionary and behavioral processes, physiological and
morphological mechanisms (Wootton, 1999). Other authors
as Angermeier, Winston (1998) demonstrated that local
fish species richness was better predicted by fish diversi-
ty within relatively small regions (e.g., physiographic units
within river basins) than by fish diversity in larger regions
(e.g., river basin), suggesting that local assemblages are af-
fected by inter-stream connectivity and dispersal. Conside-
ring the peculiar conditions of blackwater streams, where
mesohabitat configuration differs from their clear-water
counterparts, at this study we aimed to 1) analyze whether
different mesohabitats, including trunk, leaf-litter and sand,
can be distinguished according to specific environmental
features and 2) test whether species assemblage structure
act as descriptors of these different mesohabitats types in
blackwater streams.

Material and Methods

Study area. The Atlantic Forest covers the entire east co-
ast of Brazil with vegetation consisting of Dense Ombro-
phylous Forest and Pioneer Formations, mangrove phy-
tophysiognomies and restingas, all of which have been
conserved in good condition in that portion of the Serra do
Mar located in the State of Sao Paulo (Instituto Ekos Brasil,
2008).

The present study was carried out in the coastal region
of Sao Paulo State in the Municipalities of Bertioga and
Sdo Sebastido, comprising the Conservation Unit “Restin-
gas de Bertioga State Park” (PERB), a private arca known
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as “Jimbuibas Farm”, and an area near the “Rio Silveira
Indigenous Reserve” in the Municipality of Sdo Sebastido
(Fig. 1). PERB comprises a total of 9312.32 hectares out of
which 98% are remnants of Restinga Forest. This forest is
quite heterogeneous, both floristically and structurally, with
distinct forms of vegetation, ranging from grasslands with
a predominance of herbaceous plants, shrubs, and forest
physiognomies, which feature a “complex” or “mosaic”
of vegetation (Marques et al., 2015). The Restinga Forest
typically occurs over the Brazilian coastal plains formed by
marine sediments originated from the Quaternary (CONA-
MA, 1999).

According to Koppen (1948), the region’s climate is
classified as Af type, i.e., tropical with year-round rainfall
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and an annual mean temperature around 24°C. It is one of
the wettest regions in Brazil with an average annual rainfall
013,200 mm. The lowest average rainfall occurs in July (111
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pality of Sdo Sebastido, the average temperature recorded
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For the present study, we sampled 14 blackwater stre-
ams, which belong to four subbasins: Itapanhati, Itaguaré,
Guaratuba and Una (Tab. 1). The criteria used for the selec-
tion of the sampling sites were accessibility, good conserva-
tion state and adequacy for sampling. The fieldwork occur-
red during the period of low rainfall (June-September/2016)
and allowed the identification of 41 mesohabitats.
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Fig. 1. Location of the study area in Sdo Paulo State, showing the distribution of the sampling sites in the Itapanhau, Itaguaré,
Guaratuba and Una River subbasins located in the Municipalities of Bertioga and Sdo Sebastido.
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Tab. 1. River Basins, catchment size (hectares), sampling locations and main characteristics of the sites located in the
Municipalities of Bertioga and S@o Sebastido, SP. In bold, sites located within the Parque Estadual Restingas de Bertioga
(PERB). HrDf - High Restinga Dry Forest; SF - Secondary Forest; t - tributary; * close to water supply pipes and/or road; **
close to small village. Vegetation types according to Franca, Rolim (2000); Girardi (2001) and Instituto Ekos Brasil (2008).

Catchment

Dominant vegetation/

Basin Area (ha) Stream Acronym Anthropic Influences Coordinates
Guaratuba 11.309 Jimbuibas 1 S7 HrDf/SF S 23°44'27.1" W 45°5028.5"
Jimbuibas 2 S8 HrDf/SF S 23°44'23.7" W 45°5024.6"
Jimbuibas 3 S9 HrD{f/SF S 23°43'47.6" W 45°50'07.9"
Jimbuibas 4 S10 HrD{f/SF S 23°44'08.0" W 45°50'18.3"
Jimbuibas 5 S11 HrDf/SF S 23°44'33.0" W 45°50'16.8"
Jimbuibas 6 S12 HrDf/SF S 23°44'33.0" W 45°50'11.8"
Itaguaré 9.040 Maneco Pinto S4 Mixed Forest * S 23°46'08.2" W 46°0020.4"
Perequé-Mirim (t) S5 Mixed Forest S 23°45'42.6" W 45°57'11.8"
Gumercindo S6 Mixed Forest ™ S 23°45'09.9" W 45°56'08.2"
Itapanhau 14.900 Joao Pereira 1 S2 Mixed Forest” S 23°47'06.6" W 46°03'01.2"
Jodo Pereira 2 S3 Mixed Forest S 23°47'03.0" W 46°03'03.6"
Vila Agad S1 Mixed Forest ™ S 23°49'03.8" W 46°07'25.3"
Una 12.060 Bora-Boral S13 Mixed Forest” S 23°4521.8" W 45°48'14.6"
Bora-Bora2 S14 Mixed Forest” S 23°45'19.4" W 45°48'13.6"

Mesohabitat selection and measurements. For mesoha-
bitat selection, we considered areas with different substra-
tes within 100m stretches of each river bed. The considered
substrate categories were sand (coarse and fine), leaf-litter
(heterogeneous litter from riparian vegetation) and trunks
(small and large woody debris). Mesohabitat selection oc-
curred by visual examination, adapting the methodology
proposed by Montafia, Winemiller (2010), where the pre-
sence > 75% of a particular substrate defined each mesoha-
bitat type. After identification, we isolated the three me-
sohabitats in the 100 m stretch of river, using 5 mm mesh
block nets.

For abiotic measurements, we divided each mesohabi-
tat into three equidistant transects for the registration of
width, depth, total length and the percentage of shading.
For flow rate, we measured water velocity along a cross
section at three depths, using a General Oceanics 2030R6
flowmeter, following Carvalho (2008) and Santos et al.
(2001). When water velocity was very low, we used the
float method (Marques, Argento, 1988) to provide an esti-
mate of the maximum surface water velocity. For this cal-
culation, we launched a float three times and measured the
time required to pass through each mesohabitat.

Fish sampling. We carried out the fish collection with
electrofishing equipment (HONDA EUi10 Generator, AC,
1000 watts). In each mesohabitat, we fished until no more
individuals were captured. Fish were anesthetized in euge-
nol solution, fixed in 10% formalin solution, and transfer-
red to 70% ethanol after 10 days. Specialists from the Mu-
seum of Zoology of the University of Sdo Paulo (MZUSP)
and the State University of Campinas (UNICAMP) confir-
med fish identification.
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Voucher specimens of Astyanax taeniatus (Jenyns,
1842) (ZUEC 16633), Hollandichthys multifasciatus (Ei-
genmann & Norris, 1900) (ZUEC 16629), Hyphessobrycon
griemi Hoedeman, 1957 (ZUEC 16637), Mimagoniates mi-
crolepis (Steindachner, 1877) (ZUEC 16632), Spinthero-
bolus broccae Myers, 1925 (ZUEC 16636), Characidium
lanei Travassos, 1967 (ZUEC 16630), Phalloceros harpa-
gos Lucinda, 2008 (ZUEC 16638), Gymnotus pantherinus
(Steindachner, 1908) (ZUEC 16631), Geophagus brasi-
liensis (Quoy & Gaimard, 1824) (ZUEC 16641), Dormita-
tor maculatus (Bloch, 1792) (ZUEC 16640), Scleromystax
barbatus (Quoy & Gaimard, 1824) (ZUEC 16635), Acen-
tronichthys leptos Eigenmann & Eigenmann, 1889 (ZUEC
16628), Cyphocharax santacatarinae (Fernandez-Yépez,
1948) (ZUEC 17004), Rhamdia quelen (Quoy & Gaimard,
1824) (ZUEC 16639), and Pseudotothyris obtusa (Miranda
Ribeiro, 1911) (ZUEC 16634) were deposited in the Museu
de Zoologia da Universidade Estadual de Campinas “Adao
José Cardoso”.

Data analysis. For environmental characterization, we
considered data from all mesohabitats (41), while for fish
assemblages, we included only data from 31 sites and 13
streams for which we had no-zero catches. To test if each
identified mesohabitat (sand, leaf-litter and trunk) belon-
ged to distinct groups based on their abiotic variables, we
applied multivariate analysis of variance (MANOVA). Va-
riables included in the MANOVA were length, mean wid-
th, mean depth, shading (percent) and water speed (m.s™).
Variables that did not satisfy the assumptions of normality
were normalized by log, , (x+1) transformation prior to the
analysis. Variables in percentages (i.e., shading) were arc-
sine \/x/100 transformed (Zar, 2010).
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To assess sampling efficiency, we calculated a sample-ba-
sed rarefaction curve using Estimates software 9.1 (Colwell,
2013) with 100 randomizations. We used this procedure to
compare similar fish assemblages collected with the same
sampling method, but showing different richness and spe-
cies abundance among the three mesohabitats. In agreement
with Colwell (2013), rarefaction curves show the number of
species in a survey as a function of the accumulated num-
ber of individuals or samples obtained by resampling of the
observed data. Also, we estimated species richness for each
mesohabitat using the non-parametric richness estimators
Chao 1 (Colwell, Coddington, 1994) based on the number
of rare species in a sample, such as singletons (number of
species represented by single individual in a sample) and
doubletons (number of species represented by two individu-
als in a sample) (Chao, 1987).

In order to standardize the fishing effort according to the
sampled area in the following analysis, we transformed fish
abundance and weight into density (ind. m?) and biomass
into g.m. Successively, we employed ANOSIM, a non-pa-
rametric analysis analogous to variance analysis and based
on distance measure (Clarke, Gorley, 2006) to test the null
hypothesis that the mesohabitat type did not influence the
densities (n.ind.m?) and biomass (g.m?) of the species. We
employed the Bray-Curtis distance as a measure of simila-
rity, and data were previously transformed into log,, (x+1).
We realized this analysis with the statistical software PRI-
MER 6 (Clarke, Gorley, 2006).

To calculate community indexes of Simpson dominan-
ce (A), Shannon Diversity (H”), Pielou evenness’ (J) (Kre-
bs, 1999), and Margalef richness, we employed the PAST
software, version 2.17 (Hammer et al., 2001). We examined
the relationship between community indexes and environ-
mental variables with a Redundancy Analysis (RDA) after
performing a Detrended Correspondence Analysis (DCA)
to distinguish between linear or unimodal species response.
The DCA result indicated a linear species response (length
of first DCA axis < 3 S.D.) to the environmental gradient,
allowing the use of the RDA. This is a canonical ordina-
tion technique, which explains variations in biotic attributes
using a matrix of environmental variables, while also preser-
ving the Euclidean distance among the objects (Legendre,
Legendre, 2012).

Before performing the RDAs, we tested the environmen-
tal variables for multicollinearity through VIF (Variance
Inflaction Factor). As all the variables showed VIF values
<5, this problem was excluded because according to Ger-
bing (2014), multicollinearity is found when VIF >5. This
analysis was performed on SPSS (SPSS Inc., 1998). We
performed two other RDAs using species density and bio-
mass, respectively, adopting the same procedures above. For
these three RDAs we employed the CANOCO (version 4.5)
software (ter Braak, Smilauer, 2002), centering and standar-
dizing sample and species data previously. To test the signi-
ficance of all canonical axes, we performed a Monte Carlo
permutation under a reduced model (999 permutations).

Results

Physical habitat characteristics. Mesohabitat water speed
was low, attaining maximum values of 0.21 m.s"!, while dep-
th ranged from 1.4 to 43 cm and length from 1.80 to 15.0 m.
The ranges of width and shading were similar among me-
sohabitats, varying between 0.83 and 5.16 m and 5% and
95%, respectively (Tab. 2). The multivariate analysis of
variance (MANOVA) indicated no significant differences
among the three mesohabitat typologies (Wilks’ lambda =
0.78; F=0.78; P=0.64).

Tab. 2. Range of the environmental variables measured for
each mesohabitat in 14 blackwater streams.

Sand Leaf-litter Trunks
Length (m) 1.80-10.20 2.82-8.50 2.28-15.0
Width (m) 0.83 -4.38 1.16-3.16 0.86-5.16
Depth (cm) 8.44 - 27.44 1.47 - 43.39 4.78 - 27.44
Speed (m.s™) 0.00 - 0.26 0.00-0.13 0.00 - 0.21
Shading (%) 5.0-90.0 10.0-90.0 20.0 -95.0

Ichthyofauna. We caught a total of 459 specimens in 31
mesohabitats, including 209 in the trunk mesohabitat, 195
in the leaf-litter mesohabitat and 55 in the sand mesoha-
bitat. Total density was 0.58 ind.m? in sand mesohabitat,
2.27 ind.m? in leaf-litter, and 1.42 ind.m? in trunks. Of
fifteen species recorded, M. microlepis was the most abun-
dant (46.2%). This species was present in all mesohabitats,
showing the highest density in leaf-litter mesohabitats. The
second most abundant species was the armored catfish P.
obtusa (17.21%) which showed high densities in trunks.
The banded cory S. barbatus and H. multifasciatus were
the third most abundant species (7.19%), with highest den-
sities in leaf-litter habitats (Tab. 3). Three species were
exclusive of leaf-litter mesohabitat (the pearl cichlid G.
brasiliensis, A. taeniatus and C. santacatarinae), while se-
ven were common to the three mesohabitats (H. griemi, C.
lanei, A.leptos, G. pantherinus, M. microlepis, P. harpagos
and P. obtusa).

Rarefaction curves for the three mesohabitats sugges-
ted that an increase in the sampling effort might increase
species richness, especially for sand and leaf-litter mesoha-
bitats since individual-based curves did not reach a steady
plateau (Fig. 2). As shown in Fig. 2, a plateau occurred for
the trunk mesohabitat with 11 species. The non-parametric
estimator of species richness Chao 1 confirmed this result,
showing an expected number of species of 12 (CI . :
12.0 -13.5), close to the observed (11) for the trunk me-
sohabitat. For leaf-litter and sand mesohabitats, the expec-
ted richness was 13.2 (CI :13.0-17.8)and 13 (CI

leaf-litter 95%"
wnd o5 91 -19.5), regpectlvely. Both were higher than the
observed, and the wider range of the confidence interval
(CI) indicated that the increase of the sampling effort may
improve the precision of the richness estimator in these

mesohabitats.

e180120[5]



Neotropical Ichthyology, 17(1): €180120, 2019

Fish communities in blackwater Atlantic Forest streams

Tab. 3. Population density, biomass (g.m?) and total abundance of individual fish species sampled in sand (S), leaf-litter (L)
and trunk (T) mesohabitats in 13 blackwater streams in the subbasins of the Itapanhat, Itaguaré, Guaratuba and Una Rivers
located in the Municipalities of Bertioga and S@o Sebastido, Sao Paulo, Brazil.

. . Species Acronym  Density (ind.m?)  Total abundance Biomass (g.m?) Size range (mm)
Order/Family Species
T L S T L S
CRAMACHONMES s i e e e e e
Characidae Astyanax taeniatus Aste 0.02 2 45 - 45
Hollandichthys multifasciatus Homu 0.09 0.23 33 0.05 0.08 17 - 95
Hyphessobrycon griemi Hygr 0.01 0.09 0.01 11 29 - 32
Mimagoniates microlepis Mimi 0.55 122 0.28 212 0.06 0.02 14 - 63
Spintherobolus broccae Spbr 0.07 0.08 17 20 - 26
Crenuchidae Characidium lanei Chla 0.07 0.08 0.04 22 0.01 30 - 60
Curimatidae Cyphocharax santacatarinae Cysa 0.01 1 0.02 132 - 132
Copnctoniomnes S
Poeciliidae Phalloceros harpagos Pha 0.02 0.02 0.02 7
T
Gymﬁbtidae """" Gymnotus pélﬁherinus Gypa
Percifbrmes """"""""
G T G
Eleotridae Dormitator maculatus 0.03 0.01 5 0.02 31 - 75
G I e e P 2D
Callohitne Selom T T
Heptapteridae ~ Acentronichthys leptos Acle 0.07 0.01 0.08 19 0.01 0.03 36 - 80
Rhamdia quelen Rhqu 0.03 0.01 5 0.09 115 - 152
Loricariidae Pseudotothyris obtusa Psob 042 0.09 0.09 79 0.01 27 - 41
Ne° of species 12 13 9
16 7 0.056 for the first and second axes, respectively, and spe-
cies-environment correlations of 0.580 and 0.567, respecti-
"1 . vely. The first axis explained 33.9% of the variation, and the
. et second axis explained 30.3%. Axis 1 was associated with
..... speed (r = 0.806) on the right half and shading on the negati-
104 A ve side (r =-0.219). Axis 2 was mainly related to width (r =
5 - 0.858), length (r = 0.559) and depth (r = 0.455). The analysis
E 81 revealed that some species, such as M. microlepis and C. la-
§ 6 nei, were associated with specific environmental conditions,
. such as a high percentage of shading and low water current.
44 [/ Sand Pseudotothyris obtusa, G. brasiliensis and P. harpagos were
Jo e Leaf associated with larger habitats, while H. griemi, R. quelen
21 Trunk and D. maculatus were mainly related to lower shading ha-
bitats. The analysis did not reveal a clear mesohabitat sepa-
9 50 100 150 200 250  ration, as confirmed by the non-significance of all canonical

N individuals

Fig. 2. Rarefaction curves calculated for each mesohabitat
category (sand, leaf-litter and trunks), considering a total of
31 mesohabitats sampled in 13 blackwater streams of the
alluvial plain of the Serra do Mar in the State of Sdo Paulo.
EstimateS 9.1 was used to plot species rarefaction curve
(100 runs).

According to ANOSIM, no significant differences for
species density (R = 0.022, p = 0.28) and biomass (R =
0.056, p = 0.16) were observed, indicating a high similari-
ty among mesohabitats. The RDA performed on the species
density matrix (Fig.3) produced eigenvalues of 0.063 and
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axes (F-ratio = 1.145; P=0.308).

The RDA, applied to the species biomass, showed a simi-
lar pattern (Fig.4). In this case, the eigenvalues were 0.069
and 0.050 for the first two axes, respectively, and species-en-
vironment correlations were 0.683 and 0.634, respectively.
The first axis, which explained 37.8% of the variation, was
associated with water speed (r = 0.746), width (r = 0.608)
length (r=0.537) and depth (0.488), while Axis 2, which ex-
plained 27.7% of the variation, was associated with shading
(r =-0.713). Species association was similar to the anterior
RDA, and, again, no clear pattern appeared among mesoha-
bitats, as shown by the non-significance of all canonical axes
(F-ratio=1.115; P=0.282).
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Fig. 3. RDA ordination biplot of the first and second RDA
axes based on fish density (ind.m?) of 31 blackwater
mesohabitats. Vector lines in bold type indicate the
relationship of the environmental variables to the ordination
axis; the line’s length is proportional to its relative
significance. For species codes, see Tab. 3.
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Fig.4.RDA ordination biplot of the firstand second RDA axes
based on fish biomass (g.m?) of 31 blackwater mesohabitats.
Vector lines in bold type indicate the relationship of the
environmental variables to the ordination axis; the line’s
length is proportional to its relative significance. For species
codes, see Tab. 3.

The RDA based on the community indexes for the three
mesohabitats showed eigenvalues of 0.086 and 0.060 for the
two first axes, respectively (Fig.5). The species-environment
correlations for the two axes were 0.496 and 0.519, respecti-
vely. The first axis explained 52.0% of the variation, and the

second axis explained 36.6%. The first RDA axis was asso-
ciated with speed (r = 0.818), length (r = 0.746) and width
(r = 0.593), and the second RDA axis was associated with
depth (r =0.558). Although no clear pattern for mesohabitat
types was detected (significance of canonical axes: F-ratio
=0.990; P = 0.478), Margalef’s richness was inversely re-
lated to speed, length and shading, and the dominance was
directly related to depth. Finally, many trunk and leaf-litter
mesohabitats showed higher total fish biomass and density
in association with lower depths, speed, shading and width.
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Fig. 5. RDA ordination biplot of the first and second
RDA axes based on the fish community attributes of
31 blackwater mesohabitats. Vector lines in bold type
indicate the relationship of the environmental variables to
the ordination axis; the line’s length is proportional to its
relative significance.

Discussion

The 13 studied blackwater rivers showed low species
diversity, homogeneity of mesohabitat conditions and high
species dispersion among the three mesohabitat types.
Although the structural complexity of rivers and streams
can be understood as a mosaic of mesohabitats delimited
by different combinations of current, depth and substrate
composition (Angermeier, Schlosser, 1989), in the present
study, we did not find any such differences in environmen-
tal conditions among the three mesohabitat typologies.
These results differ from other studies performed in the
Upper Parana River Basin (Teresa, Casatti, 2012) and in
whitewater Atlantic Forest streams (Rezende et al., 2010)
where mesohabitats were generally classified based on sur-
face water velocity (riffles, runs and pools). Our results in-
dicate a remarkable homogeneity of conditions among the
studied mesohabitats, at least during the low-water season
when the samplings occurred. This also agrees with the
observations of Winemiller et al. (2008), who found that
mesohabitats become larger, but more similar, particularly
in low-gradient landscapes.
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This environmental configuration can be analyzed from
the perspective of the Patch Dynamics Concept, as descri-
bed by Townsend (1989) and referenced above. This is true
because a higher level of patchiness in streams has been as-
sociated with higher slopes and, hence, velocity, particulate
matter accumulation and plant distribution (Pringle et al.,
1988). In addition, the scale of patchiness and the nature of
disturbances are different between headwaters and downs-
tream segments (Townsend, 1989), affecting their use as
refuge or for recolonization (Gjerlov et al., 2003). Other
abiotic characteristics of the studied streams, such as low
pH (3.7 - 6.3) and high Dissolved Organic Carbon (DOC)
(9.9 - 85.8 mg.") (Silva, 2017), indicated the high contribu-
tion of humic substances in these systems. In fact, as repor-
ted in the literature, pH may influence fish organization in
blackwater streams (Gongalves, Braga, 2012), while humic
substances protect freshwater fish against ionoregulatory dis-
turbances associated with acute low pH (Duarte et al., 2016).

Ichthyofauna. The number of species found (15) was lower
than that recorded in another study of four blackwater restin-
ga rivers in the State of Sdo Paulo (21) (Ferreira, 2007), but
similar to the results obtained by Gongalves, Braga (2012)
for the Ribeira de Iguape River, a coastal plain river of the
eastern lowlands (12). These results confirm the view that
these acidic blackwater streams hold an impoverished ich-
thyofauna as often stated in the literature (Por, 1992; Lowe-
-McConnell, 1999).

The comparison among rarefaction curves for mesoha-
bitat types indicated that the sampling effort was effective
only for the trunk. This could be explained by the fact that
this habitat provides appropriate substratum and structural
condition to satisfy multiple functional purposes as feeding,
refuge and reproduction for fishes (Matthews, 1998). In fact,
the accumulation of large woody debris has been identified
as a fundamental habitat for fishes throughout various stages
in their lifecycle (Gibbons, 1990), resulting in many benefi-
cial effects, especially in lowland rivers (Nagayama et al.,
2012). On the other hand, sand and leaf mesohabitats are
probably habitats temporarily explored by the ichthyofauna,
thus suggesting the necessity of a more consistent sampling
effort. These observations are in agreement with Zuanon et
al. (2006) who described sandy mesohabitats as structurally
very simple. They are also considered unstable habitats and
generally avoided by many invertebrates, thus resulting in
fewer food sources for fish (Krynak, 2012). Furthermore, the
ability to inhabit sandy areas requires a set of highly specia-
lized ecological characteristics, and few species exclusively
occupy this type of habitat (Schaefer et al., 2005). In fact,
species recorded in the sand mesohabitat, such as S. barba-
tus, A. leptos, R. quelen and P. obtusa, do not present any
adaptations for psammophily, an ability to inhabit sandy are-
as, which is more common in the northern region of South
America (Carvalho et al., 2013).

The set of results obtained by the ANOSIM and RDA or-
dinations for density, biomass and community indexes indi-
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cated no differences among mesohabitats. This result stands
in contrast to similar studies performed in other Neotropi-
cal rivers (Bilirnheim, Cox Fernandes, 2003; Langeani ef al.,
2005; Rezende et al., 2010; Wolff, Hahn, 2017) which com-
pared pool versus riffle and run fish species. In general, the-
se studies identified higher richness in pools, as specifically
related to greater depth and slower current, while riffles were
considered least hospitable because of the large amounts of
energy that fish must expend to keep themselves positioned
against the current (Power, 1984). Our results also differ from
studies in analogous blackwater Amazonian streams where
fish species have highly localized distributions within litter
banks, living in very restricted regions during the dry season
(Henderson, Walker, 1990). However, our results were simi-
lar to those obtained by Montafia, Winemiller (2010) who
examined cichlid fish diversity in a blackwater floodplain
river in Venezuela, finding high overlap in the assemblage
structure between mesohabitat patches. This floodplain river
undergoes gradual and predictable seasonal water-level fluc-
tuations (Montoya et al., 2006), forcing fishes of the littoral
zone to move frequently to new patches (Montafia, Winemil-
ler, 2010).

Although hydrological conditions of the studied rivers
are different from those observed in floodplains, field ob-
servations showed that the river level may vary up to two
meters during the year, indicating that the communities are
seasonally subject to some level of disturbance. Recalling the
statement of Townsend (1989), disturbance plays an impor-
tant role in structuring communities and may affect the value
of patches as refugia. Refuge size, disturbance intensity, and
mobility of organisms are all predicted to play a predomi-
nant role in population persistence and population dynamics
of fishes using refugia during drought (Magoulick, Kobza,
2003). Thus disturbance might remove all individuals from
a patch, but some local populations likely persist because of
the mass effect, a continuous or periodic influx of individuals
from adjacent or distant habitats (Schmida, Wilson, 1985).
Although samplings occurred during the dry season, when
the water level was low, this model might explain the simi-
larity in population structure observed among mesohabitats,
indicating that dispersion can be an important process, espe-
cially in a small scale. It can also represent an opportunis-
tic strategy, which may be important in maximizing the rate
of population increase, especially in these blackwater rivers
where population densities are very low (Silva, 2017).

Despite the similarity of fish density and biomass betwe-
en mesohabitats, the RDA showed that some species, such as
M. microlepis and C. lanei, were associated with some parti-
cular environmental conditions like low flow and shaded ha-
bitats. This can be explained by the behavior of the first spe-
cies, considered an insectivorous surface feeder, which forms
shoals usually associated with deep pools, low water flow
and under overhanging trees (Esteves, Lobon-Cervia, 2001).
Characidium lanei is also an insectivorous species (Aranha et
al., 2000) and thus may benefit from insect larvae associated
with the river bottom. On the other hand, D. maculatus was
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associated with higher water velocity, which may be related
to its amphidromous habit, essentially because this species
migrates between freshwater and the estuary (Riede, 2004).
Hollandichthys multifasciatus and G. pantherinus occurred
in shallow areas, as also observed in clearwater Atlantic Fo-
rest Rivers, where these species are usually associated with
vegetation along river banks (Esteves, Lobon-Cervia, 2001).

A similar pattern of community structure among me-
sohabitats in this study seems to reflect the above-mentioned
dispersion and patch occupation processes. However, higher
biomass, Shannon diversity and Margalef’s richness were, to
some extent, associated with particular environmental featu-
res, such as low shading and shallow habitats. In fact, chan-
ges in riparian canopy can affect communities by influencing
cover, habitat, instream temperature, and primary production
(Bojsen, Barriga, 2002), increasing fish biomass. This agrees
with Esteves et al. (2008) who examined the lower course of
a stream from the Parand River Basin and observed an incre-
ase of biomass and richness for several fish families at open
pasture sites characterized by open canopy, high water speed
and high sinuosity.

Richness has been associated with habitat size and in-
creased habitat heterogeneity, as reported for Panamanian
streams (Angermeier, Schlosser, 1989) and French Guiana
streams (Mérigoux et al., 1998). Our study found an inverse
relationship between richness and biomass and mesohabitat
length, speed, width and depth. This situation may be explai-
ned by the unique characteristics of these acidic blackwater
streams where food webs are heavily reliant on the input of
large amounts of organic matter from the surrounding ter-
restrial environment (Holland et al., 2012). During the dry
season, allochthonous inputs are low, as also observed in
other studies (Prejs, Prejs, 1987; Esteves, Galetti Jr, 1995);
therefore, we suggest that during the dry season, fish would
occupy the most productive patches, such as shallow open
areas where primary production and, consequently, inverte-
brate biomass would be higher. These environmental featu-
res apparently occurred in several trunk and leaf-litter me-
sohabitats, suggesting that the abundance of producers and
macroinvertebrates was higher at these sites. Similar findin-
gs were observed for deforested Ecuadorian streams where
omnivorous or insectivorous fishes became more abundant
at the deforested sites because of the increase in macroinver-
tebrate density (Bojsen, Barriga, 2002).

To summarize, in the studied alluvial plain blackwa-
ter streams, our results show that community is uniformly
distributed among mesohabitats during the dry season. In
agreement with Arrington et al. (2005), the occupation of
patches may result from dispersion processes, suggesting
that fish assemblages are continuously disassembled and
reassembled, as organisms vacate and recolonize patches,
especially during the water level recession period. Fine-sca-
le environmental factors, such as depth, shading and water
flow influenced the distribution of some species likely se-
arching for more favorable conditions during this period of
low food availability.
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