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Abstract: Timing of activity is a consequence of adaptations to daily and seasonal changes in the environment and
examining these patterns is important to better understand the temporal niches of the species. Here we examine
temporal activity in the Red-rumped Agouti (Dasyprocta leporina) in two fragments of Atlantic Forest and those
factors that influence the circadian rhythm in the study areas. Camera traps were used to gather data in two protected
areas (one montane and other coastal) in the state of Espirito Santo, southeastern Brazil. A total of 49 photos were
taken in the mountains and 152 in the coastal area. Activity patterns were diurnal and bimodal, and animals were
active for 14—15 hours each day. Activity peaked in the morning soon after sunrise and then before and during
dusk. Activity patterns were different in the two study areas (W = 6.77, p = 0.034). There was a longer peak in
the morning in the coastal area, and a higher peak in the evening in the mountains, where activity starts later and
becomes less intense earlier. The difference between activity patterns in the two locations suggests plasticity
in agouti behavior. Because the two study areas are at about the same latitude, we suggest that the behavioral
plasticity is due to different temperature regimes associated with a local effect of altitude and topography of the
terrain on the incidence of solar rays inside the forest. The influence of other factors is also discussed. In addition
to a better understanding of the temporal niche of the Red-rumped Agouti, the behavior patterns we describe here
can be useful to optimize strategies for D. leporina conservation in southeastern Brazil once the species is more
susceptible to poaching at times when animals are most active.
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Plasticidade comportamental no horario de atividade de cutia, Dasyprocta leporina
(Mammalia: Rodentia), na Mata Atlantica do sudeste do Brasil

Resumo: O horario de atividade reflete adaptagdes e respostas das espécies as variagdes didrias e sazonais do ambiente,
sendo o entendimento destes padrdes importante para uma melhor compreenséo do nicho temporal das espécies. Este
trabalho objetivou caracterizar o horario de atividade da cutia (Dasyprocta leporina) em dois remanescentes de Mata
Atlantica e estabelecer os fatores que podem interferir no ritmo circadiano da espécie considerando peculiaridades das
areas amostradas. Foram analisados dados obtidos a partir de armadilhas fotograficas em duas areas protegidas, sendo
uma na regido serrana e outra proximo a costa, ambas no estado do Espirito Santo, sudeste do Brasil. Foram obtidos 49
registros na regido serrana e 152 registros na area costeira. A espécie apresentou padrdo de atividade diurno e bimodal,
mantendo-se ativa por 14-15 horas. Foi detectado um pico de atividade matutino, logo apds o nascer do sol, e outro
vespertino. O padrio de distribui¢ao didria dos registros foi diferente entre as 4reas amostradas (W = 6,766; p = 0,034),
ressaltando que o pico de atividade matutino apresentou maior duragdo na area costeira, enquanto o pico vespertino
foi proporcionalmente mais representativo na regido serrana, onde as atividades se iniciam mais tarde e se tornam
menos intensas mais cedo. Estas diferencas evidenciam a ocorréncia de plasticidade comportamental em D. leporina
no que se refere ao padrao de atividade local. Entretanto, a diferenga entre as areas estudadas ndo pode ser atribuida
a latitude, uma vez que a distancia entre as localidades ¢ de menos de um grau. Sugere-se que a variagdo do horario
de atividade de cutias nas areas amostradas seja devido a diferengas na temperatura ambiente, associadas a variagdes
locais decorrentes do efeito da altitude e da topografia do terreno na incidéncia de raios solares no interior da floresta.
A influéncia de outros fatores também ¢ discutida. Além do melhor entendimento do nicho temporal de cutias, os
padrdes comportamentais descritos no presente estudo podem ser Uteis para otimizar estratégias de conservagao de D.
leporina no sudeste do Brasil considerando que a espécie ¢ mais suscetivel a caca quando os animais estdo mais ativos.
Palavras-chave: Dasyproctidae, fatores abioticos, fotoperiodo, padrdo de atividade, ritmo circadiano.
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Introduction

Circadian rhythms are intervals of approximately 24 hours during
which the vital biological processes that maintain organisms occur
(Goldman 1999) and are part of the suite of adaptations of species to
their environments. These rhythms are physiological and behavioral
adjustments in response to changes in environmental conditions that are
consequence of the day-night cycle (Beltran & Delibes 1994, Goldman
1999). Thus, patterns of sleep-vigilance, variable body temperature,
hormone and enzyme secretions and regulation of cell cycles (among
others) are consequences of circadian rhythms (Kronfeld-Schor &
Dayan 2003, Pita et al. 2011). These patterns are due to as biological
clocks that provide the organisms with the mechanisms to anticipate
and prepare for daily changes that occur regularly in the environment
(Goldman 1999).

Timing of activity is one of the expressions of the circadian thythm
and is part of a species’ natural history and their manifestations have
ecological and evolutionary significance (Kronfeld-Schor & Dayan
2003). This is due to the fact that patterns of activity are molded
by selective forces (e.g., ecological interactions) and evolutionary
constraints (e.g., functional and morphological constraints, genetic
variability), that are the basis of time partitioning among species and
that, in turn, may allow or not species coexistence (Kronfeld-Schor &
Dayan 2003).

While daily activity patterns tend to be ubiquitous in terrestrial
mammals, some plasticity is often found in response to environmental
variations. Activity patterns may be influenced by abiotic factors, such
as light (photoperiod), moon cycle, temperature, precipitation and
latitude, and by biotic factors, such as food availability, interactions
with competitors and risk of predation (e.g. Bronson 1988, Beltran &
Delibes 1994, Goldman 1999, Kenagy et al. 2002, Kronfeld-Schor &
Dayan 2003, Wagner et al. 2008, Pita et al. 2011, Suselbeek et al. 2014,
Sassi et al. 2015). Thus, examining how organisms respond to daily
and seasonal variation in the environment and plasticity in behaviors
allows us to better understand patterns of community structure,
species coexistence, resource partitioning and predator avoidance
(Kronfeld-Schor & Dayan 2003).

Agoutis (genus Dasyprocta Illiger, 1811) are medium-sized
terrestrial rodents whose diet mainly comprises fruits, seeds and roots
(Oliveira & Bonvicino 2006). They often collect and bury fruits and
seeds in holes they excavate, and thus store for later consumption.
Because they do not always recover stored seeds and fruits, they are also
important in seed dispersal (Galetti et al. 2006, Oliveira & Bonvicino
2006). Agoutis are threatened in some localities due to illegal hunting
(Cullen Jr. et al. 2000), and their population decline results in reduced
seed dispersal and negative consequences for plant species whose seeds
are dispersed by agoutis (Galetti et al., 2006).

Here, we examine daily activity patterns of the Red-rumped Agouti,
Dasyprocta leporina (Linnaeus, 1758), in two Atlantic Forest fragments
in southeastern Brazil. Also, by comparing patterns in the two fragments,
we infer factors that may generate plasticity in the timing of agouti
activity patterns.
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Material and Methods

1. Study area

The study took place in two protected areas in the state of Espirito
Santo. One in the mountainous central-southern region of the state,
the Santa Lucia Biological Station (Estagdo Biologica de Santa Lucia
- EBSL, 19°57°-19°59’ S and 40°31°-40°32” W), in the municipality of
Santa Teresa. The other, in the northeastern coastal region of the state,
the Vale Natural Reserve (Reserva Natural Vale - RNV, 19°06°-19°18’
S and 39°45°-40°19° W), in the municipality of Linhares (Figure 1).

The EBSL comprises ca 440 ha and with adjacent private lands
they form a forest fragment of 900 ha (Srbek-Araujo & Chiarello
2005). This fragment includes primary forest that is predominantly
Ombrophilous Dense Forest (Thomaz & Monteiro 1997). It is a
mountainous region and elevation varies from 550 to 950 m (Srbek-
Araujo & Chiarello 2005). Annual temperature averages 19.9°C
(Thomaz & Monteiro 1997), varying between an average minimum
of 16.5°C and average maximum of 22.8°C (Alvares et al. 2013).
Annual rainfall is 1,868 mm (Thomaz & Monteiro 1997). Climate,
following Kdppen’s classification, is humid subtropical with temperate
summer (Cfb, Alvares et al. 2013). A network of trails allows access
to different areas in the reserve.

The RNV comprises 22,711 ha and is connected to the Sooretama
Biological Reserve (Reserva Bioldgica de Sooretama; 27,859 ha)
and two other smaller, private, protected areas (Reserva Particular do
Patrimonio Natural — RPPN Recanto das Antas and RPPN Mutum-
preto; Srbek-Araujo & Chiarello 2017). Together they form a remnant
of natural habitat of ca 50,000 ha (Linhares-Sooretama Block) and
comprise more than 10% of the remaining Atlantic Forest in the state
(based on data available in FSOSMA & INPE 2017). Most of the
RNV is dense lowland forest (Tabuleiro forest), classified as Perennial
Seasonal Forest (Jesus & Rolim 2005). Here the topography is relative
flat, varying from 28 to 65 m above sea level (Jesus & Rolim 2005).
Average annual temperature is 24.3°C, with average minimum of 18.7°C
and average maximum of 29.9°C (Kierulff et al. 2015). Annual rainfall is
1,214 mm and varies widely year to year (Kierulff et al. 2015). Climate
here, following Koppen’s classification, is tropical with a dry winter
(Aw; Alvares et al. 2013). The RNV has a network of unpaved roads
that permit access to various parts of the reserve.

2. Data collection

To record the activity of D. leporina, all data were gathered using
camera traps (hereafter, simply ‘camera’). Because animals have to be
active to trigger photographs, we assumed that the capture is indicative
of the activity of the species being photographed, then capture rate
is proportional to the level of activity in each place (Srbek-Araujo
& Chiarello 2013) as well as at each time of day (Rowcliffe et al.
2014). While the model of camera may differ in sampling efficiency
(Srbek-Araujo & Chiarello 2007), we also assumed that difference will
not affect the timing of the photographs obtained for the same species.
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Figure 1. Map illustrating the locations of the study areas in southeastern Brazil, with a circle indicating Santa Lucia Biological Station
and a star indicating Vale Natural Reserve, in the state of Espirito Santo.

In the EBSL, cameras were in the field from February 2002 to
January 2004 (~24 months). From February to November 2002 we
used three Wildlife Pro Cameras (Foresty Suppliers Inc., USA), after
which we used an additional three Deer Cam — Scouting Cameras (Non
Typical Inc., USA) for a total of six cameras during that time interval.
Cameras were setup on trails and over a total of 20 independent and
widespread points within the EBSL. Cameras were moved monthly
between sampling points.

In the RNV, cameras were installed from August 2007 to October
2008 (~14 months). At this time, we used 10 Tigrinus cameras
(conventional model; Tigrinus Research Equipment, Brazil). Cameras
were setup along trails 500 m from the nearest internal road. Cameras
were placed in 10 independent and distant sampling points in different
parts of the RNV and all 10 were sampled throughout the study period.

All cameras were set to function 24 hours/day, with an interval of 20
s between triggered events, and were loaded with 200 ISO 35 mm color
negative films with 36 exposures. The cameras were set to stamp the date
and the time of the record on each photo. Solar time was always used
for the time of day. We checked cameras once each month for general
maintenance and collecting records. We did not use bait and placed
cameras about 45 cm above the ground attached to tree trunks. For
details of camera protocol see Srbek-Araujo & Chiarello (2005, 2013).

3. Data analysis

To avoid double counting of photographs related to the same capture
event and insure independence of records, at each sampling point we
counted only the first capture of D. leporina when more than one record
was obtained within 1 hour interval (= independent record). Thus, a new,
independent observation was separated from the previous observation
by at least one hour (following Srbek-Araujo & Chiarello 2013).

http://dx.doi.org/10.1590/1676-0611-BN-2018-0625

We summed independent records in hourly intervals to characterize
the activity pattern at each reserve. We then calculated the percent of
records obtained at each one-hour interval to highlight differences
related to the pattern of records distribution, rather than differences
resulting from the distinct number of records obtained per locality.
We defined an activity peak as when the percentage of captures in
any given hour was greater than half that of the hour with the greatest
percent of captures.

To compare activity patterns between the two study areas, we used
Mardia-Watson-Wheeler test (circular statistics). This test uses the exact
time of each capture as an independent input for the analyzes. We used
the program Oriana (version 4.0; Kovach Computing Services 2009),
and alpha for tests was set at 0.05 (Zar 2010).

Results

In a total of 201 independent agouti captures, 49 were from EBSL
and 152 from RNV. Animals were active during about 15 hours
throughout the day and are clearly diurnal (Figure 2). The first capture
was at 04:52 h and the last at 18:50 h (Table 1). Activity was bimodal,
with the first activity peak in the morning, between 05:00 h and 08:00
h, and the second peak in the afternoon to dusk, from 14:00 h to 17:00
h (Table 1, Figure 2).

Agoutis had a total of about 14 hours of activity in the EBSL, most
of which occurred during two peaks. The morning peak was at 06:00
h and the afternoon peak at 14:00 h—15:00 h (Table 1, Figure 2). No
agoutis were captured here between 08:56 and 10:32 h (Figure 2). Agouti
activity lasted 15 hours, also with two peaks, at RN'V. The morning peak
was between 05:00 h—08:00 h and the evening peak between 16:00
h—17:00 h (Table 1, Figure 2). In both areas, activity declined greatly
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Figure 2. Hourly records of the Red-rumped Agouti (Dasyprocta leporina)
indicating the percent of the total activity and that at the Santa Lucia Biological
Station (EBSL) and the Vale Natural Reserve (RNV) in southeastern Brazil.

Table 1. Timing of activity of the Red-rumped Agouti (Dasyprocta leporina)
overall (Total) and by study area (Santa Lucia Biological Station — EBSL, Vale
Natural Reserve — RNV) in southeastern Brazil.

Event Total EBSL RNV
First record 04:52 05:01 04:52
Last record 18:50 18:50 18:49
First peak activity - 05:00-08:00  06:00  05:00-08:00
morning

Second peak activity - 4.0 17.00  14:00-15:00 16:00-17:00
afternoon

after the morning peak and the afternoon peak was preceded by two
small groupings of records (Figure 2). Agoutis were only captured three
times at night (19:48 h, 20:06 h, 23:53 h) all in the RNV.

Agouti activity patterns differed between the two study areas (W =
6.77, p = 0.034). The morning peak was longer in the RNV, while the
afternoon peak was higher in the EBSL, where activity starts later and
becomes less intense earlier (Figures 2 and 3).

18:00—10-8—6—4—2.

00:00

12:00

Discussion

The Red-rumped Agouti has a very clear diurnal and bimodal
pattern of activity in both study areas. The two intervals with the most
activity, after sunrise (morning) and then before and during dusk, are
similar to the daily activity patterns of agoutis in different parts of the
Americas (Oliveira & Bonvicino 2006, Lambert et al. 2009, Norris et
al. 2010, Suselbeek et al. 2014, Cid et al. 2015, Ferreguetti et al. 2018).
This pattern differs from that observed in Ecuador (Blake et al. 2012)
and Panama (Duquette et al. 2017), where the activity pattern was
unimodal. While the general bimodal pattern of activity seems to be
more common for the genus Dasyprocta, some plasticity in the timing
of activity is evident, such as the differences between EBSL and RNV.

Latitude is one of the main abiotic factors that can influence the daily
and seasonal activity in mammals because the incidence of light changes
with latitude, changing light intensity and daylength (Bronson 1988),
and altering the physiological response of the species due to variations
in the duration of day and night (Goldman 1999, Wagner et al. 2008). In
this study, the two study areas are less than one degree apart in latitude,
and therefore latitude is unimportant as a factor to explain the difference
of agouti activity patterns between EBSL and RNV.

We suggest that variation in patterns of agouti activity between the
study areas may be a consequence of the variation in luminosity due to
the differences in altitude (mountainous versus coastal) associated with
topography (shady slopes versus flat plains) between the study areas.
These factors result in differences in the incidence of light (solar rays)
inside the forest. In this sense, we emphasize the EBSL is at a minimum
of 500 m higher and has more complex topography than the RNV. The
relief on the EBSL area is composed of slopes with accentuated soil
declivity and small intermontane floodplains overlapping rivers and
streams, being the reserve subdivided by a deep valley in the direction
northwest to southwest in which runs the Timbui river (Mendes &
Padovan 2000).

Additionally, temperature also affects different aspects of the
biology of the organisms, controlling physiological adjustments to those
conditions, such as variation in metabolic rate, thermoregulation, and
coat properties (e.g. Walsberg 1988, Kenagy et al. 2002, Sassi et al.

12:00

Figure 3. Rose diagrams showing activity patterns of the Red-rumped Agouti (Dasyprocta leporina) with the total (A), for the Santa Lucia Biological Station

(B) and for the Vale Natural Reserve (C) in southeastern Brazil.
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2015), highlighting that behavior can also be influenced by variation
in solar radiation (Hinze & Pillay 2006). Even though mammals
thermoregulate, it is clear that climate regimes (mainly low or high
external temperatures) have consequences for energetics and therefore
can moderate the level of activity of both diurnal and nocturnal
species (Beltran & Delibes 1994, Kenagy et al. 2002). The influence
of temperature on agouti daily activity have already been proposed
for Central American Agouti (Dasyprocta punctata Gray, 1842) in
Panama (Lambert et al. 2009) and Azara’s Agouti (Dasyprocta azarae
Lichtenstein, 1823) in Brazilian Pantanal (Cid et al. 2015). In these
areas, the agoutis may use behavioral strategies to reduce the exposure
to heat during the hottest times of the day (Lambert et al. 2009), and
the activity pattern change across the temperature gradient during the
day (Cid et al. 2015). Nevertheless, the agoutis keep the daily activity
range constant, with similar amount of time performing their activities
regardless the temperature during the morning and in the afternoon (Cid
etal. 2015). Thus, we suggest agouti activity patterns in study areas may
also be influenced by differences in the ambient temperature, especially
lower temperatures at the beginning and at the end of the day in EBSL,
perhaps explaining why activity is different in the mountainous region
with a milder climate compared to the hotter coastal region (more than
4°C greater on average at RNV, noting that the daily thermal amplitude
may be even higher in mountainous regions). Behavioral plasticity in
response to environmental heterogeneity was also recorded to the small
rodent Phyllotis xanthopygus (Waterhouse, 1837), for which groups of
individuals collected at different altitudinal sites showed different rate
and pattern of activity under the influence of different experimental
temperatures (Sassi et al. 2015).

In addition to the abiotic factors cited, environmental perturbations,
such as habitat fragmentation, may also influence mammalian behavior
(Norris etal. 2010). Comparing remnants in a forested landscape of the
southern Brazilian Amazon, D. leporina had a more pronounced peak
of activity earlier in the morning in larger fragments, while activity
was distributed more evenly throughout the day in smaller fragments
(Norris et al. 2010). The patterns we observed in both areas are similar
to those reported in larger fragments (Norris et al. 2010), yet the peak
before dusk was higher in our study. Also, the overall level of activity
of D. punctata was inversely related to food availability in Panama
(Suselbeek et al. 2014), which help to explain the fact that agoutis tend
to be active for more time in forest fragments that have been isolated
longer (Norris et al. 2010). The risk of predation is another biotic factor
that affects the activity pattern, and D. punctata avoid periods of high
exposure to predators (Lambert et al. 2009, Suselbeek et al. 2014).
Despite the peculiarities among the studied reserves, the principal
predators of agoutis, the ocelot Leopardus pardalis (Linnaeus, 1758)
and puma Puma concolor (Linnaeus, 1771), are both present in EBSL
and RNV. Therefore, we assume that the risk of predation may not be
a factor that explains the differences in the activity pattern of the agouti
between areas.

Red-rumped Agouti activity lasted more or less the duration of
daylight (14—15 hours), similar to that of a previous study in the RNV
(14 hours, Ferreguetti et al. 2018). The Coiban Agouti (Dasyprocta
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coibae Thomas, 1902) and D. punctata were active, respectively, 15
and 14 hours each day in Panama (Suselbeek et al. 2014, Duquette
et al. 2017). The Black Agouti (Dasyprocta fuliginosa Wagler, 1832)
was active for 13 h in Ecuador (Blake et al. 2012). In the Pantanal, D.
azarae was active up to 17 hours each day (Cid et al. 2015). These data
demonstrate that factors other than latitude (and hence photoperiod),
as previously discussed, influence the agouti activity pattern also by
considering broader geographic scales.

In a previous study in the RNV, D. leporina was not recorded during
the hottest hours of the day, between 12:00 h and 13:30 h (more than
750 independent camera trap records; Ferreguetti et al. 2018). In this
study we found less activity between 10:00 h and 13:00 h in RNV, but
there was always some activity. This pattern has also been observed
elsewhere in agoutis (Norris et al. 2010, Blake et al. 2012, Suselbeek
et al. 2014, Cid et al. 2015, Duquette et al. 2017). No agouti activity
was observed during the 09:00 h interval in the EBSL (between 08:55
hand 10:18 h), but this can be attributed to the lower number of records
obtained in this area, associated with the reduction of the activities of
the species at this time, similar to that observed in RNV.

We only had three nocturnal captures of D. leporina, all in the RNV.
Occasional nocturnal activity of D. punctata occur in periods of fruit
abundance, even though foraging at night may have greater predation
risk (Lambert et al. 2009). In our study, the nocturnal captures were in
February (n = 1) and October (2), which are rainy months with greater
food availability.

Red-rumped Agouti was active throughout the day, with a bimodal
pattern of activity (morning and afternoon), and nocturnal activity
was rare. These activity characteristics are similar to that recorded for
agoutis in one or more localities. The study areas had somewhat different
activity patterns, demonstrating plasticity on the part of the agouti that
is probably due to differences in ambient temperature, associated with
local effects of altitude and topography of the terrain on the incidence
of light in the interior of the forest in the two locations. This shows
behavioral plasticity in the activity patter of D. leporina in the Atlantic
Forest can be influenced by factors other than latitude. In addition to a
better understanding of the temporal niche of the Red-rumped Agouti,
our data can also be used to help to optimize strategies for D. leporina
conservation in southeastern Brazil. We suggested the intensification
of activities to combat agouti poaching at the times of the day when the
species is most active and consequently more susceptible to hunting.
This would be applied particularly to areas where agouti is one of the
main hunting target species.
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Abstract: The objective of this study is to describe the ethnoecological aspects, valorization, and commercialization
of'target species caught by artisanal fishers on the northern coast of Rio de Janeiro, southeastern Brazil. The data were
obtained through semi-structured interviews conducted with 60 fishers from the fishing community of Guaxindiba
(21°29°S, 41°00°W), which is associated with the Z-1 fishers’ colony. Eighty-nine species were cited by the fishers
and 44.1% are important commercial fish in the region. The fishers cited five distinct zones used to fish: border
zone (68 species), estuary (41 spp.), artificial reef (27 spp.), “malacacheta” (24 spp.), and open ocean (10 spp.).
The fishery resources were classified according to their gastronomic and economic characteristics: primary fish (35
spp.), secondary fish (32 spp.), mixed fish (10 spp.), discarded fish (7 spp.), and fish used as bait (5 spp.). The price
of'the target species increases along the production chain due to the greater number of people involved, processing
costs, and improvement of the product. The data from this study can contribute to local fisheries management and
point out to the use of artificial reefs in the maintenance of fishery resources in northern Rio de Janeiro.
Keywords: artisanal fishing, traditional knowledge, fishery management.

Etnoecologia e socioeconomia em torno de um recife artificial: o caso da pesca
artesanal do sudeste do Brasil

Resumo: O objetivo desse estudo ¢ descrever os aspectos etnoecologicos, a valoracao e a forma de comercializagao
das espécies-alvo capturadas na pesca artesanal praticada na costa norte do Rio de Janeiro, sudeste do Brasil. Os
dados foram obtidos a partir de entrevistas semiestruturadas realizadas com 60 pescadores da comunidade pesqueira
Guaxindiba (21°29’S, 41°00°0), vinculados a colénia de pescadores Z-1. Oitenta e nove espécies foram citadas
pelos pescadores e 44,1% desse total sdo importantes para o comércio da regido. Os pescadores citaram cinco
zonas distintas que sdo utilizadas para a pesca: zona da “borda” (68 espécies), estuario (41 spp.), recife artificial (27
spp.), “malacacheta” (24 spp.) e mar aberto (10 spp,). Os recursos pesqueiros foram classificados de acordo com
suas caracteristicas gastrondmicas e economicas: pescado-de-primeira (35 spp.), pescado-de-segunda (32 spp.),
pescado-mistura (10 spp.), pescado-de-descarte (7 spp.) e pescado-isca (5 spp.). O prego das espécies-alvo aumenta
ao longo da cadeia produtiva em decorréncia do maior nimero de pessoas envolvidas, dos gastos com insumos e
do processo de beneficiamento do pescado. Os dados desse estudo podem contribuir para o manejo da pesca local
¢ apontam para o uso de recifes artificiais na manutengdo dos recursos pesqueiros no norte do Rio de Janeiro.
Palavras-chave: pesca artesanal, conhecimento tradicional, manejo pesqueiro.
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Introduction

Artisanal fishing is important to the economy in many fishing
communities, since it provides food security, employment and income,
and is part of the cultural identity of various social groups (FAO 2016).
In these practices, the fishermen explore the coastline with small
equipment that have low autonomy and capture species for subsistence
or small-scale commercialization (Clauzet et al. 2005, Oliveira et al.
2016). Artisanal fishermen usually are organized in fishing colony or
association with a local leader as representative (Brasil 2009, Brasil
2011). However, factors such as the use of active gears (e.g. trawls,
dredges and seine nets), overexploitation of fisheries resources,
degradation of coastal environments, and climate change have affected
local fishing communities and intensified the economic crisis in this
sector (Silvano & Valbo-Jorgensen 2008, Vasconcellos et al. 2011,
Santos & Alves 2016). In this context, ethnoecological studies have
provided relevant information about the environment and exploited
species, because they consider the knowledge of subjects that are
in direct and regular contact with natural resources (Johannes 2002,
Silvano et al. 2009). Based on local ecological knowledge (LEK) it
is possible to better understand, for example, aspects related to the
behavior and occurrence of species, as well as environmental impacts
that affect them, which often go unnoticed by researchers (Begossi et
al. 2000, Silvano 2004, Hanazaki et al. 2013).

The LEK of artisanal fishers provides knowledge about ecological,
taxonomic, and ethological aspects of aquatic communities that are
important for inventories, especially in places where scientific studies
are scarce (Mourdo & Montenegro 2006, Silvano & Begossi 2012, Pinto
et al. 2015, Pitcher & Lam 2015). Analyzing the interactions between
fishers and fishery resources is important to understand distinct forms
of'use, capture, categorization, and commercialization of target species
(Begossi 2006, Souza et al. 2007, Gerhardinger et al. 2009). Studies on
fishing dynamics through LEK are related to developing management
measures for the conservation of species that are the most vulnerable
or threatened with extinction.

Rio de Janeiro State is ranked as seventh fish producer in Brazil, and
the northern coast has six important artisanal fishing ports (Vianna 2009,
ICMBIO 2011). Despite management strategies for fishing in Brazil (e.g.,
regulation of fisheries and closed season, public benefits for fishers and
input subsidies), public policies for artisanal fishing in northern Rio de
Janeiro are still inefficient, due the impossibility of the State to ensure
legal presuppositions (Pérez et al. 2001, Castello, 2007, Brasil, 2009,
FIPERJ 2013, 2015). Co-shared management of fishing activities include
information about fisheries resources and how they are exploited, besides
the participation of fishers in the political and economic decision-making
process (Berkes et al. 2006, Pomeroy et al. 2007).

Several studies have contributed on this subject, through daily
observations of fishing activities, regular monitoring, and interviews
with fishers (Ota & Just, 2008, Silvano & Begossi 2012, Pinto et al.
2015, Pitcher & Lam 2015). Studies along the coast of Rio de Janeiro
(e.g., Di Beneditto et al. 1998, Di Beneditto 2001, Fernandes et al. 2014,
Oliveiraetal. 2016, Zappes et al., 2016) have been conducted to analyze
the activities of fishers and the management of fishery resources. These
studies aimed to describe the main boats, fishing gear and target species.

http://www.scielo.br/bn

However, little is known about the catching process of target species in
different fishing areas (“pesqueiros”), and the socioeconomics of fishing
resources in the north coast of Rio de Janeiro.

In 1996, an artificial reef complex (ARs) composed of reef balls
was installed on the north coast of Rio de Janeiro near the fishing
community of Guaxindiba. These modules were installed to increase
the abundance, biomass of fishing resources and improve the artisanal
fishing rates (Santos et al. 2010, Santos & Zalmon 2015). Over the years,
the local fishermen have used the area where the ARs were deployed
as an ancillary fishing area to capture some target species (Lima et al.
2018). However, there is little information about the species caught
in these artificial structures or in other fishing areas used for artisanal
fishermen in the northern Rio de Janeiro.

Thus, the objective of this work is to describe the ethnoecological
aspects and commercialization of target species caught by artisanal
fishers in different fishing areas on the northern coast of Rio de Janeiro
(especially in the ARs). The results will contribute to local fisheries
management, besides the evaluation of ARs usage to co-management
of species that are vulnerable and threatened.

Material and Methods

1. Study area

The northern coast of Rio de Janeiro is located in a transition zone
between hot, oligotrophic waters and the cold, resurgent, nutrient-rich
current from the South Atlantic (Valentin & Monteiro-Ribas 1993)
(Figure 1). The continental platform in this region has a seabed that
is composed of sand, mud, and biogenic sediment from Paraiba do
Sul River (PSR) (Murilo et al. 2009). During rainy season (January to
March), the estuarine plume of PSR reach up to 20 km offshore, which
affects the ecological processes of marine and local fish communities
(Ovalle et al. 2014).

Fishing community of Guaxindiba (21°29°S, 41°00°W) is
characterized by capture of shrimp, weakfish, croakers, catfish and
shark (Di Beneditto 2001, Vianna 2009). Fishing in this region is
predominantly artisanal and the fishers are represented by the Z-1
Fishers’ Colony, which has 328 associates (FIPERJ 2015). Most of
these operate in coastal marine areas of Campos Basin between the
municipalities of Sdo Francisco de Itabapoana (21°18’S, 40°57°W)
and Macaé (22°22°S, 41°47°W), from areas near the coast to 120 km
offshore.

In 1996, ARs were installed 5 km from the community of
Guaxindiba to increase coastal resources and improve artisanal fishing.
These ARs are composed of 36 reef balls (1 m®) covering an area of
60.000 m?, each module weight 500 kg with holes 20 cm diameter. The
reef balls are ideal for creating habitats for several marine species (fish,
lobsters, oysters) and also to prevent industrial fishing (Sherman et al.
2002, Young et al. 2012). Lima et al. (2018) showed that fishermen
on the northern coast of Rio de Janeiro have used the area where the
ARs were deployed as an ancillary fishing area to capture some target
species, using fishing gears that best suit the characteristics of that area
as bottom lines and hook, longlines and surface gillnets.

http://dx.doi.org/10.1590/1676-0611-BN-2018-0620
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Figure 1. Location of the community of Guaxindiba and delineation of fishing zones according to the local fishermen. Southwestern states:
MG - Minas Gerais, ES - Espirito Santo, SP - Sdo Paulo and RJ - Rio de Janeiro.

2. Data collection

This study was approved by the Human Research Ethics Committee of
the Federal Institute of Sergipe, Brazil (CAAE 64939116.1.0000.8042).
The permission to perform this study was granted by the president of
the Fishing Colony Z-1, an autocracy that represents the professional
category studied. The data were collected from November 2016 to May
2017 through 60 semi-structured interviews with artisanal fishers from
the fishing community of Guaxindiba. In the first phase of the study,
the participant observation method was used through observations of
the fishers routine (Malinowski 1984, Sieber et al. 2014).

The observations were recorded in a field diary to obtain data
about the structural and cultural characteristics of the community
(Clifford 1998). The interviews were conducted using a semi-
structured questionnaire (Kendall 2008) with open and closed questions
characterizing the local interviewees, description of artisanal fishing
and commercialization of fish (Box 1).

The interviewee selection was based on the following mandatory
aspects: 1) to be an artisanal fisher based in northern Rio de Janeiro, and
ii) having fishing as the main professional activity. The first interviewee
involved the collaboration of a local guide (president of the Z-1 Fishers’
Colony), and a snowball sampling was used with the second interview,
where the interviewee indicate the next one (Lyra-Neves et al. 2015).

http://dx.doi.org/10.1590/1676-0611-BN-2018-0620

At times the snowball sampling was interrupted, a fisherman was
randomly chosen in order to minimize the possible personal tendencies
of indicating someone (Silva et al. 2014).

To taxonomically identify the fishery resources mentioned by the
interviewees, fish were caught with gill nets or obtained from local
markets after verifying where they came from. Lobsters, oysters and
shrimps were sampled at local markets, upon confirmation with the
fisherman about the place of capture. The samples were preserved in a
solution of 10% formaldehyde. Fish were identified using taxonomic
keys (Figueiredo & Menezes 1977, 1978, 1980a, 1980b, 1985 and 2000,
Carvalho Filho 1994, Eschmeyer & Fong 2018, Froese & Pauly 2018),
and for mollusks and crustaceans, information was compared with
literature (Costa et al. 2003, Jereb & Roper 2010, Tudesco et al. 2012,
Amaral & Simone 2014, Giraldes & Smyth 2016). After the scientific
names identification, the species common names were confirmed with
the contribution of seven ‘local knowledge experts’. These ‘experts’
were defined as major holders of fishing knowledge.

3. Data analysis

The responses were organized into categories according to the
questionnaire (Ryan & Bernard 2000). This allowed the local knowledge
of the artisanal fishers to be described and compared, as well as the
ecological and economic characterization of the fishery resources in the
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Biota Neotrop., 19(2): €20180620, 2019

Lima, J.S. et al.

Box 1. Topics addressed in the semi-structured questionnaire addressed to fishers from the community of Guaxindiba, Brazil.

3. Characterization of fishing

4. Commercialization of fish

Topics Questions
1. Characterization of the interviewees Gender
Age
Education
2. Description of artisanal fishing Boats
Fishing gear

Fishing areas

Environmental interferences that influence fishing
Marine species that occur in the region

Habitat of target species

Categorization of target species

Main commercialized target species

Fishing season of the target species

Value of target species

Production chain of target species

region. The comparisons were made based on the percentage frequencies
of the responses to the questionnaire (Sieber et al. 2014). Topics that
fishermen responded more than one option included the percentage
frequency calculated by the number of total responses and not by the
number of interviewed.

Based on the interviews and in situ observations, a fishing calendar
was created including the months with the highest catch, average prices
of the main commercial species, and conservation status of the target
species according to the International Union for Conservation of Nature
(IUCN 2017) and the Ministry of the Environment of Brazil (MMA
2014). Subsequently, the calendar was shown to the artisanal fishers to
confirm the results. The LEK was analyzed through the triangulation
method, which consists of crossing information collected through field
diary, participant observation, and interview-questionnaire to compare
similarities and discrepancies in the data (Yeasmin & Rahman 2012,
Albuquerque et al. 2014).

Results

1. Description of artisanal fishing and environmental
interferences

The interviewed fishers were mostly male (n = 59); only one
professional fisher was female. Age varied from 40 to 78 years and the
amount of time fishing ranged from 22 to 60 years. Considering the
formal education, 61.7% (n=37) of the fishers did not finish elementary
school, 23.3% (n = 14) finished elementary school, and 15% (n = 9)
never went to school.

The most common boats in are trawlers and canoes (paddled or
motorized). Trawlers are used for short (up to 8 h) and long (up to 10
days) fishing trips. Motorized canoe is used for short fishing trips (up
to 6 hours), and paddled canoe is used to transport cargo to trawlers,
since there are no docks in the fishing community.

The most used fishing gear is the bottom trawl net (n =41, 32.5%),
followed by bottom line and hook (n = 21, 16.7%), longline (n = 19,
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15.1%), bottom gillnet (n =17, 13.5%), purse seine net (n =12, 9.5%),
trammel net (n=9, 7.1%), and surface gillnet (n = 7, 5.6%). The same
fisher sometimes uses more than one fishing gear, and consequently
the number of responses is greater than the number of interviewees.

The fishers mentioned five distinct zones that are used for artisanal
fishing in the region: border zone (0 to 30 km from the coast zone),
ARs (zone with reef balls), estuary zone (PSR mouth), “malacacheta”
(30 to 90 km), and open ocean (over 90 km) (Figure 1). According to
the interviewees, the border zone has the greatest number of species
that are caught (68 spp., 40%), followed by the PSR estuary (41 spp.,
24.1%), ARs (27 spp., 15.9%), “malacacheta” (24 spp., 14.1%), and
open ocean (10 spp., 5.9%). The same target species can be caught
in more than one zone, and consequently the number of responses is
greater than the species cited.

The fishers highlighted some environmental conditions (wind, tides,
and moon phases) as determining factors in planning fishing trips. Wind
direction is the main predictor used to conduct these activities in the
region. Winds from the north (n=26, 43.3%), northeast (n =22, 36.7%),
and southeast (n=12, 20.0%) are considered the best for fishing. Winds
from the north lead several target species to the coast and those from the
northeast increase the turbidity of the water making it possible to catch
shrimp and sharks. Winds from the southeast are less intense, which is
good for fishing in areas farther from the coast.

However, southern (n =31, 51.7%), southeastern (n = 18, 30.0%),
and continental (n= 11, 18.3%) winds cause the worst fishing conditions.
According to the fishers, wind from the south (“vento de viragdo”) is
very intense so they do not fish during this time (August and September).
Wind from the southeast is related to an increase in the availability of
target species; however, strong bottom currents hamper to handle the
fishing gear. Continental winds are considered calm, but they direct
the target species away from the coast, which increases the time and
cost of fishing.

The interviewers considered high (“alive” or syzygy) tide (n =
32, 53.3%) as the best condition to fish compared to low (“dead” or
quadrature) tide (n = 19, 31.6%). Full moon with a spring tide (n =24,
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40.0%) was reported as a favorable condition to fish for shrimp and
when fish species move to regions closest to the coast. Neap tide is
suitable for catching species such as mullet, snook, and sharks because
the moonlight is less intense on the water’s surface. Waxing moon
(n = 14, 23.3%) is characterized by fishing in regions further than
30 km from the coast due to weaker sea currents. Fishers commonly
associated waning moon (n = 13, 21.6%) with the fish spawning period
in PSR estuary region.

2. Characterization and commercialization of the fish

Eighty-nine species belonging to four classes and 44 families were
reported by the interviewees: Osteichthyes (69 species), Chondrichthyes
(11), Malacostraca (7), Cephalopoda (1) and Bivalvia (1). The most
representative families were Sciaenidae (14 species), Carangidae (7),
Ariidae (6), Haemulidae (6) and Carcharhinidae (5).

The fishers differentiated the fish habit by their vertical distribution
in the water column. The “peixes-boieiros” (surface fish) (12 spp.,
13.5%) are represented by species that feed on the water surface,
“peixes-meio-d’agua” (midwater fish) (39 spp., 43.8%) include species
that move a lot in the water column based on climatic conditions or to
feed, and “peixes-de-fundo” (bottom fish) are divided into “peixes-de-
lama” (mudfish) (23 spp., 25.8%) and “peixes-de-pedra” (rockfish) (15
spp., 16.9%), which inhabit and feed within soft and hard substrates,
respectively.

The fishing resources in the region were classified into five
categories by the interviewees: 1) Primary fish (35 spp., 39.3%),
which are the most preferred species by the fishers due to their better
flavor and high commercial value. These resources are exclusively for
commercialization and are only eaten by the fishers and their families
on special occasions. The sale price varies between US$ 2.90/kg and
USS$ 8.60/kg (Table 1). Secondary fish (32 spp., 36.0%), which are
less preferred by the consumer market due the presence of many small
bones (“espinhas”). In general, these fish are consumed by fishermen
and their families. The sale price varies between US$ 0.60/kg and US$
2.30/kg (Table 2).

Mixed fish (10 spp., 11.2%), which are less preferred by the
consumer market due to their rancid flavor and/or presence of many
small spines. The “mixed” category was designated by the fishers for
by-catch from shrimping. The fish are sold together for a single price,
which is US$ 0.20/kg. These species are also given to friends and
family (Table 3). Discarded fish (7 spp., 7.9%) include species that
lack commercial value and are discarded during fishing as the spotted
moray (Gymnothorax moringa Cuvier 1829) and ocellated moray
(Gymnothorax ocellatus Agassiz 1831), which the fishermen avoid
due to the bite of these fishes. Some fishers (n = 6, 6.7%) wait for
seabirds, such as the brown booby (Sula leucogaster Boddaert 1783)
and seagulls (Larus sp.) to discard this type of fish, which keeps the
birds from looking for fish on the boat that have a higher commercial
value. Fish used as bait (5 spp., 5.6%), which are species of small size
that are not consumed by humans in the region. This category includes
some species that are used as bait in bottom line, hook and longline
fisheries to catch commercially valuable fish species. The Atlantic
thread herring (Opisthonema oglinum Lesueur 1818) is used as bait to
catch the common dolphinfish (Coryphaena hippurus Linnaeus 1758)
and the American coastal pellona (Pellona harroweri Fowler 1917)
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is used to catch the grey triggerfish (Balistes capriscus Gmelin 1789)
and queen triggerfish (Balistes vetula Linnaeus 1758). Species of this
category are not commercialized.

Among the 89 species mentioned by the fishers, only 39 (43.8%) are
commercialized in the community of Guaxindiba (Table 4). Notable target
species are shrimp (Artemesia longinaris Bate 1888, Farfantepenaeus
paulensis Pérez Farfante 1967, Litopenaeus schmitti Burkenroad
1936 and Xiphopenaeus kroyeri Heller 1862), snook (Centropomus
parallelus Poey 1860 and Centropomus undecimalis Bloch 1792),
sharks (Carcharhinus porosus Ranzani 1839, Rhizoprionodon porosus
Poey 1861 and Rhizoprionodon lalandii Valenciennes 1839), weakfish
(Cynoscion microlepidotus Cuvier 1830, Cynoscion virescens Cuvier
1830, Nebris microps Cuvier 1830 and Isopisthus parvipinnis Cuvier
1830), mullet (Mugil liza Valenciennes 1836), “sargos” (Anisotremus
surinamensis Bloch 1791 and Archosargus probatocephalus Walbaum
1792), and lobsters (Panulirus argus Latreille 1804 and Panulirus sp.).

The data indicate that ARs are important in the context of local
fishing due to the ability to attract commercial fish to the fishing zone
closer to the port of Guaxindiba. According to the fishermen bluefish
(Pomatomus saltatrix Linnaeus 1766), lobsters (Panulirus sp. and P,
argus), atlantic spanish mackerel (Scomberomorus maculatus Mitchill
1815) and “sargos” (4. surinamensis and A. probatocephalus) are
captured in the coastal zone after the implantation of ARs in the north
coast of Rio de Janeiro.

Based on the information provided by the interviewees about fishing
periods, an ecological-economic calendar was created for the main target
species caught along the northern coast of Rio de Janeiro (Table 4). The
fishing season of commercialized target species is related to the rainy
period and variation in the flow of PSR: rainy period and greatest flow
(December to February); dry period and least flow (June to August).
The rainy period is the best time to fish for lobsters, weakfish, “sargos”
and mullet (except when the season is closed for fishing), and the dry
period is the best time to fish for shark and snook. Shrimp are caught
throughout year, except when the season is closed (March to May).

The market price for shrimp varies based on the time of year (season
vs. off season). During the fishing seasons (June and July; October to
January) shrimp are usually cheaper (-30%) compared to off seasons
(February, August, and September). For the fish species, there was a
relation between the average prices per kilo and the length of fishing
season; the target species with the highest added value are those whose
fishing season is the shortest.

Despite the lack of information on the conservation status of many
target species that are commercially fished on the northern coast of Rio
de Janeiro, some species are at risk (14 species) by the [IUCN (2017)
and the National List of Threatened (MMA 2014). The sharks are target
species whose decrease in numbers have been most noticed by the fishers
(n=41). Replacing shark fillet with catfish fillet (Bagre bagre Linnaeus
1766 and Bagre marinus Mitchill 1815) is an example of a utilitarian
substitution due to a stock decrease of sharks in the region. The similar
flavor of these species favored an increase in the catfish fishery and a
higher market value, resulting on a decrease on their stock population.

The production chain is a matrix of artisanal fishers that can
comprise up to six steps (n =47, 78.4%): 1) investment of goods and
inputs, 2) catching target species, 3) bringing the catch to shore, 4)
selling the species of commercial value (primary and secondary fish)
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Table 1. Species related as primary fish by artisanal fishermen from the community of Guaxindiba, Brazil.

Biota Neotrop., 19(2): €20180620, 2019

Common name N Scientific name Fishery gear Fishing zone
“Anchova” 15 Pomatomus saltatrix L,SG AR, M, OS
“Badejo” 9 Mpycteroperca microlepis B, SG M, OS
“Bicuda” 7 Sphyraena guachancho B,L B, M, OS
“Bijupird” 6 Rachycentron canadum B,L B,M
“Bonito” 8 Euthynnus alletteratus B, SG B,M
“Cagdo-anequim” 6 Isurus oxyrinchus L,BL B, M, OS
“Cagao-areia” 12 Carcharias taurus L,BL B,M
“Cagdo-barriga-d'agua” 6 Carcharhinus sp. L,BL, SG B, M, OS
“Cagdo-galha-preta” 27 Carcharhinus porosus L, BL, SG B,M
“Cagdo-olho-verde” 35 Rhizoprionodon porosus L,BL, SG AR, B
“Cagdo-panan” 6 Sphyrna sp. BL, BT, BG B
“Cagdo-tintureiro” 18 Prionace glauca L, BL, SG B,M
“Cagdo-torce-torce” 32 Rhizoprionodon lalandii L,BL, SG AR, B
“Cagao-viola” 15 Rhinobatos percellens BL, BT, BG B
“Camardo-barba-russa” 37 Artemesia longinaris BT B,E
“Camarao-branco” 31 Litopenaeus schmitti BT B,E,M
“Camarao-rosa” 35 Farfantepenaeus paulensis BT B,M
“Camarado-sete-barbas” 52 Xiphopenaeus kroyeri BT B,E
“Cherne” 6 Epinephelus niveatus B, SG (0N}
“Dourado” 15 Coryphaena hippurus B,L (0N}
“Garoupa” 6 Epinephelus marginatus B, SG M, OS
“Lagosta-marrom” 20 Panulirus sp. BT, BG AR
“Lagosta-rainha” 20 Panulirus argus BT, BG AR
“Lula” 9 Loligo sp. BT, PS B,M
“Namorado” 14 Pseudopercis numida BL, L (0N
“Pescada-banana” 16 Nebris microps BL, BG, BT B,E
“Pescada-branca” 25 Cynoscion microlepidotus BL, BG, BT B,E
“Pescada-selvagem” 45 Cynoscion virescens BL, BG, BT AR, B, E
“Prejereba” 10 Lobotes surinamensis L,SG B,M
“Robalo-fincudo” 42 Centropomus undecimalis BL, BG AR E
“Robalo-peva” 48 Centropomus parallelus BL, BG AR, E
“Sarda” 21 Scomberomorus maculatus L,SG AR, M, OS
“Sargo-de-beigo” 32 Anisotremus surinamensis BL, BG AR
“Sargo-de-dente” 26 Archosargus probatocephalus BL, BG AR
“Tainha” 42 Mugil liza RF, SG B,E

N - Number of citations. Fishery gear: L - longline, BL - bottom line and hook, BT - bottom trawl net, TN - trammel net, SG - surface gillnet, BG - bottom gillnet
and PS - purse seine net. Fishing zone: B - border area, E - estuary, AR - artificial reef, M - “Malacacheta” and OS - Open Sea.

to intermediaries or owners of local markets, 5) selling or donating

mixed fish to family and friends, and 6) commercialization of fish in

local markets. However, some fishers have tried to change the local

production chain by selling fish they catch out of their home. In this
new production chain model (n = 13, 21.6%) the fish is refrigerated,
processed and sold directly to consumers, avoiding the intermediaries

and owners of local markets.

http://www.scielo.br/bn

Discussion

interferences

1. Description of artisanal fishing and environmental

The artisanal fishers of Guaxindiba are mostly male, which is

common in many Brazilian fishing communities (Alencar & Maia 2011,

Cortes et al. 2014, Fonseca et al. 2016). In general, fishers have a low
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Table 2. Species related as secondary fish by artisanal fishermen from the community of Guaxindiba, Brazil.
Common name N Scientific name Fishery gear Fishing zone
“Bagre-amarelo” 39 Aspistor luniscutis BT, BG B,E
“Bagre-bandeira” 47 Bagre bagre BL, BT, BG B,E
Bagre marinus BL, BT, BG B, E
“Bagre-branco” 45 Genidens barbus BL, BT, BG B.E
“Bagre-calafate” 21 Notarius grandicassis BT, BG B,E
“Bagre-urutu” 39 Genidens genidens BT, BG B,E
“Baiacu-ara” 24 Lagocephalus laevigatus BL,L, BG B, AR
“Barana” 9 Elops saurus L, SG B
“Carapeba” 15 Diapterus rhombeus BL,L, BG B
“Castanha” 6 Umbrina canosai BT, BG, PS B,E
“Cororoca” Orthopristis ruber BL, BG B
“Corvina” 21 Micropogonias furnieri BL,L.BT, BG B.E
“Espada” 6 Trichiurus lepturus BL, BG B
“Goete” 34 Cynoscion jamaicensis BL, BG, BT B,E
“Goibira” 15 Oligoplites saliens BL, BG B,M
“Linguado” Syacium papillosum BT, BG B,E
“Olhete” Seriola sp. L, SG B,M
“Olho-de-cdo” Priacanthus arenatus BL, L, BG B
“Papa-terra” 16 Menticirrhus americanus BT, BG, PS B,E
“Pargo” 22 Lutjanus analis BL,L AR, M
“Part” 15 Chaetodipterus faber BL, BG, RF AR
“Peroa-leste” 32 Balistes vetula L,BL M
“Peroa-preto” 45 Balistes capriscus L,BL M
“Pescadinha” 56 Isopisthus parvipinnis BT, BG, PS AR,B,E
Macrodon ancylodon BT, BG, PS AR, B,E
“Raia-marrom” 15 Hypanus americanus L, BT, BG AR
“Raia-pintada” 9 Aetobatus narinari L, BT, BG B
“Sabaozinho” 11 Peprilus paru BT, PS, BG B.E
“Salema” 7 Anisotremus virginicus BT, BG B
“Xarelete” 11 Caranx crysos L, SG AR,B,M
“Xaréu” 11 Caranx latus L,SG AR, B,M
“Xixarro” 8 Trachurus lathami L, SG B,M

N - Number of citations. Fishery gear: L - longline, BL - bottom line and hook, BT - bottom trawl net, TN - trammel net, SG - surface gillnet, BG - bottom gillnet
and PS - purse seine net. Fishing zone: B - border area, E - estuary, AR - artificial reef and M - “Malacacheta”.

level of education and are highly dependent on fishing. Low education
level affects the fishers socioeconomic situation and can interfere in
the process of changing professions (Oliveira et al. 2016, Zappes et al.
2016). Artisanal fisheries involve fishers and their families as the main
labor force related to catching and processing the fish. Socioeconomic
data related to these fishers are similar to those recorded in other coastal
areas of Brazil (Diegues 2008, Cunha 2009, Colago 2012).

Fishing out of Guaxindiba port involves different gear related to the
target species. Surface gillnets, bottom gillnets, and trammel nets are
important to local fishing and are used to catch most of the commercially
important species. Bottom trawl net is the most used fishing gear in the
region to catch shrimp (X. kroyeri and A. longinaris) (Semensato & Di

http://dx.doi.org/10.1590/1676-0611-BN-2018-0620

Beneditto 2008, Fernandes et al. 2014). The boats have low or medium
autonomy, which limits the fishers to a few hours or days of consecutive
fishing. In addition, fishing gear is limited to the type of boat. Trawling
and purse seine nets, for example, are associated with larger boats with
more powerful engines due to the mechanical traction associated with
launching and pulling in the fishing nets. Many authors have noted that
use and type of fishing gear are associated with the boats used by the
fishing community (Diegues 2004, Begossi 2006, Oliveira et al. 2016).

Fishing effort in the region is concentrated along the coastal zone
(border, ARs and PSR estuary). Only the larger boats can reach the
farthest fishing grounds (“malacacheta” and open water) due to their
greater autonomy (high speed, capacity of displacement and space to

http://www.scielo.br/bn
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Table 3. Species related as mixed, discarded and bait by artisanal fishermen from the community of Guaxindiba, Brazil.

Common name N Scientific name Fishery gear Fishing zone C
“Boca-de-velho” 6 Anchovia sp. BT, SG AR, B, E B
“Cabeca-dura” 10 Stellifer brasiliensis BT, BG, PS AR, B, E M

Stellifer rastrifer BT, BG, PS AR, B, E M

Stellifer stellifer BT, BG, PS AR, B, E M
“Cangoa-relogio” 16 Larimus breviceps BT, BG, PS B,E M
“Cobra-caramuru” 3 Gymnothorax ocellatus BT, PS, BG B,E D
“Cobra-preta” 3 Gymnothorax moringa BT, PS, BG B,E D
“Folha-de-mangue” 6 Chloroscombrus chrysurus BT, OS B,E D
“Gurundeia” 5 Haemulon aurolineatum BT, BG B M
“Lingua-de-mulata” 5 Trinectes paulistanus BT, BG, PS B.,E D
“Manjuba” 5 Anchoviella sp. BT, SG B,E B
“Maria-luiza” 12 Paralonchurus brasiliensis BT, BG, PS AR, E M
“Maria-sapeba” 5 Symphurus plagusia BT, BG, PS B,E D
“Ostra” 3 Crassostrea sp. BG AR D
“Pargo-vermelho” 6 Haemulon steindachneri BT, BG B M
“Peixe-galo” 6 Selene setapinnis BT, BG AR, E M
“Peixe-voador” 6 Dactylopterus volitans BT, PS, BG B M
“Piaba-olhuda” 5 Pellona harroweri BT, PS B,E B
“Roncador” 6 Conodon nobilis BT, BG AR, B, E M
“Sardinha-de-vidro” 5 Odontognathus mucronatus BT, BG, PS B,E B
“Sardinha-laje” 8 Opisthonema oglinum BT, OS B,E B
“Siri” 9 Callinectes sp. BT B,E D

N - Number of citations. Fishery gear: BT - bottom trawl net, SG - surface gillnet, BG - bottom gillnet and PS - purse seine net Fishing zone: B - border area,
E - estuary and AR - artificial reef. C - Category: M - mixed fish, D - discarded and B - bait.

store the fish). By living in this marine environment, the fishers can
recognize and identify the best fishing grounds and environmental
conditions to catch various target species. The empirical knowledge
about the dynamics of environmental factors (winds, tides, currents and
moon phases) and the ethology of the target species allow the fishers
to understand the marine environment and consequently, increase their
chances of catching the fishery resources (Diegues 2004, Begossi 2006,
Berkes & Turner 2006).

2. Characterization and commercialization of fish

The fishers of Guaxindiba have vast LEK about fishing resources
on the northern coast of Rio de Janeiro, which is demonstrated by their
recognition of target species and their occurrence characteristics. In
this study, 39 species were recorded as having commercial value in the
region. This number is slightly greater than those recorded in previous
studies conducted for fishing ports near our local study (Di Beneditto
2001: 23 species of commercial importance, Oliveira et al. 2016: 17
species, Zappes et al. 2016: 29 species).

The spatial distribution of the fish in the water column allowed
some habitat categories to be assigned by the artisanal fishers. Studies
indicate that spatial location of fish in a marine environment influences
the definition of fishing strategies and fishing gear used by Brazilian
fishers (e.g., Diegues 1998, Silvano et al. 2006, Silvano & Begossi 2010,
Bezerra et al. 2012). Most of the target species caught is concentrated

http://www.scielo.br/bn

near the coast (border, ARs and estuary). Some species are caught 30 km
from the coast and have a high commercial value (some primary fish)
due to their quality and size, besides the higher fishing cost in remote
regions. In this context, the implementation of the ARs resulted in benefit
to the fishers and these structures emerge as an ancillary fishing area to
capture some commercial species as C. parallelus, C. undecimalis, R.
porosus and R. lalandii (Lima et al. 2018). After the implantation of ARs
the local fishermen captured some target species closer the coastal zone
with fewer inputs. The role of ARs in the enrichment of fish stocks is
demonstrated in others regions of the world (e.g., Portugal: Ramos et al.
2011, India: Kassim et al. 2013; France: Tessier et al. 2015, Philippines:
Macusi et al. 2017, Scotland: Rouse et al. 2018).

Another important question to consider is that categorizing the target
species is mainly based on their economic value, which is influenced by
gastronomic characteristics and the amount of each available species.
In Brazil, artisanal fishers use various emic systems to classify target
species, which is dependent on use and cultural significance; however
the fishermen preference may increase the pressure on certain target
species (Berry 1999, Berkes et al. 2006, Silvano & Begossi 2012,
Santos & Alves 2016).

Shrimp, especially the species X. kroyeri, is the main fishing
resource in Guaxindiba. However, shrimp fishing with bottom trawl
net capture a large number of young fish species and also some of
lower commercial value (Eayrs 2007). It is estimated that for each kilo
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Table 4. Annual calendar of the fish marketed by fishermen from the community of Guaxindiba, Brazil. Gray-light frames represent the months of capture of a target
species and dark-gray frames represent the closed seasons established by Brazilian legislation (IBAMA 189/2008” and MPA/MMA 04/2015®).

Common name Scientific name J F/ M| A M| ]J J A| S| O | N | D |US$S RS
“Anchova” Pomatomus saltatrix 29 VU
“Bagre-amarelo” Aspistor luniscutis 0.8 ND
“Bagre-bandeira” Bagre bagre 20 NT
Bagre marinus
“Bagre-branco” Genidens barbus 1.7 EN
“Bagre-calafate” Notarius grandicassis 14 LC
“Bagre-urutu” Genidens genidens 14 LC
“Baiacu-ara” Lagocephalus laevigatus 23 LC
“Cagao-galha-preta” Carcharhinus porosus 42 CR
“Cagdo-olho-verde” Rhizoprionodon porosus 42 VU
“Cag@o-torce-torce” Rhizoprionodon lalandii 37 NT
“Cagdo-viola” Rhinobatos percellens 29 NT
“Camarao-barba-russa” Artemesia longinarisV 3.0 ND
“Camardo-rosa” Farfantepenaeus paulensis™ 42 ND
“Camardo-sete-barbas”  Xiphopenaeus kroyeri®V 34 ND
“Camarao-branco” Litopenaeus schmittiV 8.6 ND
“Corvina” Micropogonias furnieri 23 LC
“Goete” Cynoscion jamaicensis 1.7 LC
“Goibira” Oligoplites saliens 40 LC
“Lagosta-comum” Panulirus spp 8.6 ND
“Lagosta-rainha” Panulirus argus 86 ND
“Papa-terra” Menticirrhus americanus 1.7 LC
“Pargo” Lutjanus analis 14 NT
“Para” Chaetodipterus faber 1.7 LC
“Pescada-banana” Nebris micros 29 LC
“Pescada-branca” Cynoscion microlepidotus 29 NT
“Pescada-selvagem” Cynoscion virescens 52 NT
“Pescadinha” Isopisthus parvipinnis 1.2 LC
Macrodon ancylodon
“Raia-marrom” Hypanus americanus 06 VU
“Robalo-fincudo” Centropomus undecimalis 57 NT
“Robalo-peva” Centropomus parallelus 5.7 NT
“Sabdozinho” Peprilus paru 06 LC
“Sarda” Scomberomorus maculatus 29 LC
“Sargo-de-beigo” Anisotremus surinamensis 29 NT
“Sargo-de-dente” Archosargus probatocephalus 29 LC
“Tainha” Mugil liza® T T T 1T 1 1 ] 29 LC
“Xarelete” Caranx crysos 1.7 LC
“Xaréu” Caranx latus 1.7 LC

USS - Average value of the species (one pound) in dollars. RS - Risk situation of target species established by IUCN (2017) and (MMA, 2014): LC - least concern,
NT - near threatened, VU - vulnerable, EN - endangered, CR - criticaly endangered and ND - no data.
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of shrimp there is about four to six kilos of by-catch (Beckman 2013,
Fernandes et al. 2014). In Guaxindiba, part of the by-catch (mixed fish)
is sold at a low price and the other part (bait fish) is used to fish for
species of higher commercial value. The shark species of the family
Carcharhinidae, for example, deserve the greatest attention because
they are particularly vulnerable to the effects of overfishing and also to
bottom gears (Lack & Sant 2011). Studies conducted in the Southeast
Region of Brazil have demonstrated that low-selectivity fishing gear
is considered one of the factors responsible for the decrease in fishing
stocks and degradation of the seabed (Sdo Paulo: Souza et al. 2007,
Rio de Janeiro: Vianna 2009, Fernandes et al. 2014, and Espirito Santo:
Musiello-Fernandes et al. 2017).

Despite the frequent use of bottom trawling, this equipment is not
used in the vicinity of the ARs. The ARs have provide refuge and feeding
areas for local species, since these artificial structures prevent the use
of bottom gears and their negative impact on seabed health (Seaman
& Jensen 2000, Concei¢do & Nascimento 2009). Practices that control
the use of active gears should be encouraged for the Guaxindiba coast.
Thus, this study and several researches along 20 years suggest that the
deployment of ARs can contribute to the sustainable management of
fishery resources in northern Rio de Janeiro (Zalmon et al. 2002, Brotto
et al. 2006, Santos et al. 2008, Santos et al. 2010, Rocha et al. 2014,
Santos & Zalmon, 2015).

Defining fishing seasons is one of the rules adopted to limit the
exploitation of fishery resources. In northern Rio de Janeiro, the
Normative Instruction n® 195/2008 by IBAMA defines the fishing
seasons and protection of reproductive periods of the ichthyofauna
(IBAMA 195/2008). Some species, such as mullet (MPA/MMA
04/2015) and shrimp (IBAMA 189/2008) have their own rules that
define off seasons when commercial fishing is prohibited. However,
most species caught in northern Rio de Janeiro do not have fishing
seasons defined and the seasons are determined by the fishers. In
Guaxindiba, fishing season of target species is defined according to
rainfall and outflow rates of Paraiba do Sul River. However, local
fishers recognize that fishing period can change due to environmental
variations that influence the life cycle (reproduction period) and
ontogenetic cycle (differences in habitat between juveniles and adults)
of some target species. Previous studies have also found an association
between fishing period and greater precipitation or drought period in
many communities along the Brazilian coast (e.g., southeastern Brazil:
Begossi 1996 and Silvano et al. 2010, northeastern Brazil: Costa-Neto
2001 and Pinto et al. 2015).

In general, the fish price in Guaxindiba has been influenced by the
availability of target species and also by the marketing chain of fish.
Intermediaries and owners of local markets that make up the end of the
production chain of fish in the region are responsible for increasing the
prices of target species caught by the artisanal fishers, which reduces the
profit made by the fishers (producer). Vianna (2009), through diagnosing
the production chain of fish in Rio de Janeiro, found that seasonality of
target species supply is one of the factors that influence the final price of
a fishing resource. In addition, the costs related to fishing include inputs
(fuel, fishing gear, ice, meals on the boat) and fish processing (salting,
filleting, deboning), which also influence the final price. Other studies
in Brazil point that the length of the production chain is included in the
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final cost of the fish; the longer the production chain, the higher the final
consumer price (Santos 2005, Rapozo 2011, Musiello-Fernandes et al.
2017). These studies demonstrated that higher price of commercialized
fish species is due to intermediaries and owners of local markets, as
occurs in Guaxindiba. Despite this usual way of commercializing
fish, there have been initiatives to shorten the production chain and
increase the profits of the producer (fisher). Thus, the creation of local
cooperatives should be encouraged in order to make artisanal fishing
socially just and environmentally less destructive. Long-term actions
that consider such recommendations could contribute to co-managing
fishery resources and maintaining artisanal fishing in northern Rio de
Janeiro.

Our results provide different contributions to the fishery
management on the northern coast of Rio de Janeiro related to the main
target species. In addition, we show some data about the vulnerability
of several local species. The use of these information’s and the annual
calendar of commercial species provide important data that can support
new proposals for fishing regulations, especially fishing species not
yet regulated by law. Our findings also provide new data about species
associated to artificial structures, mainly of commercial interest. These
results are important because it complements past data related to fish
assemblages associated with ARs on the northern coast of Rio de Janeiro
and reinforces the importance of these structures to local fishing.
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Abstract: Postnatal growth and development of the small Neotropical mouse Oecomys rutilus (Sigmodontinae:
Cricetidae) were investigated from birth to day 143, in the laboratory. Morphometric measurements at age of 3
days, of both sexes combined, revealed body weight to be 3.4 + 0.3 g, mean tail length as 27.4 + 1.1 mm, and mean
hind foot length as 9.3 + 0.7 mm. Body weight was found to increase steadily until at least 69 days, whereas the
instantaneous growth rates of other measurements declined earlier: the daily growth of hind foot length declined
to a minimum at age of 24 days, and the growth of tail and of ear declined by the age of 33 days. Average litter
size for 12 captive births was 2.5, ranging from 2 to 3. The preserved eye crystalline lens was weighted in 23
captive-born animals of known age, allowing a rough estimate of the age of reproduction in wild-caught animals.
Based on the inferred relation between eye-lens weight and age, the youngest reproductive (pregnant) wild-caught
females had an estimated age of 90 and 95 days.

Keywords: allometry, Gompertz model, rodents, eye-lens weight, life history.

Reproducio e crescimento de um rato arboreo neotropical: Oecomys rutilus
(Sigmodontinae: Cricetidae) na Guiana Francesa

Resumo: O crescimento pos-natal e o desenvolvimento do pequeno roedor neotropical Oecomys rutilus
(Sigmodontinae: Cricetidae) foram investigados desde o nascimento até o dia 143, em laboratoério. Mensuragdes
morfométricas na idade de 3 dias, de ambos os sexos combinados, revelaram a massa corporal de 3,4 +£ 0,3 g,
comprimento médio da cauda de 27,4 + 1,1 mm, e comprimento médio do pé de 9,3 = 0,7 mm. A massa do corpo
aumentou rapidamente até o dia 69, enquanto as taxas de crescimento instantdneo de outras medidas diminuiram
mais cedo: o crescimento didrio do pé diminuiu para o minimo na idade de 24 dias, e os crescimentos da cauda e
da orelha diminuiram na idade de 33 dias. O tamanho de prole médio para 12 nascimentos em cativeiro foi de 2,5,
variando de 2 a 3. As lentes preservadas do cristalino do olho foram pesadas em 23 animais nascidos em cativeiro
de idades conhecidas, permitindo fazer uma estimativa da idade de reprodug@o em animais capturados na natureza.
Baseado na relagdo inferida entre peso da lente do cristalino e idade, as mais jovens fémeas (prenhes) capturadas
na natureza tiveram uma estimativa de 90 a 95 dias de idade.

Palavras-chave: alometria, modelo de Gompertz, roedores, peso do cristalino do olho, historia de vida.

Article

Introduction

Being able to ascertain age is important in studies of mammals,
as the knowledge of age structures of populations is necessary for
understanding the life history strategies (Martin et al., 2011). When
samples of field-caught mammals are taken from a population, it is
usually impossible to assign a known age to any specimen unless
birth was observed and the individual was uniquely marked for later
identification. The procedures for establishing absolute and relative
ages can be standardized by study of individuals of known age (Morris
1972), and this is were captive-born animals can bring much useful data.
Increases in linear dimensions and weight may be useful indicators of

http://dx.doi.org/10.1590/1676-0611-BN-2018-0697

age during the earliest portions of a mammal’s life but rapidly lose
their usefulness once adult dimensions are reached (Hoffmeister and
Zimmerman 1967; Morris, 1972).

The weight of the eye crystalline lens increases with age and thus
many studies of age structures of populations have relied on weighing
the lenses removed from mammal specimens (see Lord 1959 and
review in Friend 1967; Morris 1972). Several investigators (Dapson
and Irland 1972; Myers et al. 1977) found eye lens weight increasing
linearly during approximately the first year of life in several species
of myomorph rodents. For example, Birney et al. (1975) have shown
that, in the cotton rat Sigmodon hispidus, both body weight and eye
lens weight were regularly growing with age during the first weeks
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of life, inasmuch that a strong (i.e. within 95% confidence intervals)
correlation between age and weight lasted much less for body (until to
ca. 70 days) than for the eye lens (until to ca. 150 days). In this study,
eye lens weights of 22 captive-born specimens with known age will
provide the first data linking age and eye lens growth in a small arboreal
Neotropical rodent.

Here we are interested in the reproduction and in ontogenetic
allometry, ie the description of differential growth in individual ontogeny
(Gould, 1966; D’Andrea et al., 1996) of a neotropical Cricetidae. By
rearing small arboreal mice in captivity, we aim at addressing changes
of one part to another during growth, through measurements taken in
six metric features at different ages after birth.

In early life, growth in most kinds of mammals is continuous,
but some structures cease growth sooner than others, hence not all
morphological features are useful for aging individuals in a population.
Growth rates of mammals are most commonly described by the
sigmoidal function of the Gompertz model, although other models
sometimes perform equally well (Zullinger et al., 1984).

It is a matter of common observation that not all parts of the body
grow at a uniform rate (D’ Andrea et al., 1996). A newborn mouse, for
example, is obviously short-tailed, relative to body length, as contrasted
with a mouse that has attained adult proportions (Green and Fekete,
1933).

The Neotropical Oecomys rutilus Anthony, 1921 (Sigmodontinae:
Cricetidae) is a small-sized oryzomyine (average weight of 18 - 22
g), externally characterized by soft fur, short and broad hindfeet with
relatively long toes, and a tail moderately longer than the head and body
(tail length about 115 % of head and body length). The fur is soft, and
moderately long in length. Dorsal coloration of adults varies from tawny
to reddish brown, bright in tone; ventral pelage color is pure white. Tail
hairs relatively long, typically concealing distal scale rows and forming
conspicuous terminal tuft (5— 11 mm per Voss et al. 2001). Females
possess eight mammae (Carleton and Musser, 2015).

In French Guiana (Voss et al. 2001; Catzeflis et al., 2014), nearly
all examples of O. rutilus were captured in primary forest, with few
animals in secondary growth. At Trois-Sauts Amerindian villages, the
arboreal O. rutilus has also been caught in traditional houses, together
with the more common and slightly larger O. bicolor (Catzeflis, 2012).
As so far documented, the geographic range of O. rutilus adheres to the
Guiana subregion of Amazonia, along with those of O. auyantepui and
O. rex (Carleton and Musser, 2015).

This study brings an additional taxon to the data base of growth
patterns in New World cricetid rodents examined by Creighton and
Strauss (1986), and it is the first case for an arboreal sigmodontine from
the Neotropical rainforests.

Materials and Methods

Wild-caught Oecomys rutilus come from the primary rainforest
(upland, terra firme) from Les Nouragues scientific station (municipality
of Regina, French Guiana), and were obtained in July 1998 and in May
1999, with due permission from the acting director of the campsite.

Two males (N-330; N-251) and one female (N-217) were caught
via canopy traps in large trees at heights 32, 14, and 15 m, respectively;
one female (N-351) was caught at 3 m height when visiting the food
stores of a wooden lodge of the camp. The four wild-caught breeders
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passed a routine health examination at the French Veterinary Services
(Department of Agriculture and Forests) at Cayenne in September 1998
and June 1999, respectively.

Animals were kept in a large terrarium (in cm: 400 length x 60
breadth x 80 height) filled by 5 to 7 cm of earth mixed with vegetable-
mould, and containing a few dry natural branches. Artificial wooden
nest-boxes (12 x 12 x 12 cm) with a single circular opening (diameter
30 mm) were randomly scattered on the ground, with always at least
two more nest-boxes than pairs of adult animals.

Food (various seeds, grains and fruits) and water were given ad
libitum.

We checked the content of the nest-boxes every 3 to 5 days. When
discovering a new litter, we refrained from handling the mother and
youngs until the third day of age. Then, at each control, we gently
seized each juvenile for taking the following measurements in six
metric features: weight (in grams), tail (without terminal hair-tuft; in
mm); hind foot (without claws), vibrissae from the muzzle (mystacial
vibrissae), vibrissae from above eye (superciliary vibrissae), and ear
(from inner notch).

Obviously many factors, such as litter size, age and condition of
the mother, differential mortality of smaller young, and laboratory
conditions, influence the growth rates of individual young (Myers and
Master, 1983). Yet, the mean values approximate the general pattern
of growth in these features for a typical individual (Creighton and
Strauss, 1986). Data were also recorded on the mean length of the
gestation period.

Upon termination of the breeding experiments (27 August 2000),
animals were sacrificed and preserved as vouchers deposited in the
collections of the Museum National d’Histoire Naturelle (MNHN,
Paris). For 23 specimens (see vouchers numbers in Appendix 1) with
known age, the eye-lens (eye crystalline) could be preserved, cleaned,
dried, and weighed with a dedicated analytical balance (model AE-240
of Mettler-Toledo company, Bekasi -Indonesia) to the nearest tenth of
mg. Among various “saturation” models available for linking eye-lens
weight and age, we selected the Gompertz equation as implemented
in the software PAST (Hammer et al., 2011). Other saturation models
do exist, such as Bertalanffy, or Michaelis-Menten models, or else
polynomial, but we used Gompertz’ for the sake of comparison with
published studies (see discussions in Creighton and Strauss, 1986;
Zullinger et al., 1984).

The parameters obtained for each metric feature were the asymptotic
length (mm) or mass (g) A; the constant growth rate (b) and the age
at the first inflexion point of the growth curve (c) in the Gompertz
equation. Estimates of adult size were based either on measurements
of wild-caught specimens or on the asymptotic size calculated from the
growth curves using the Gompertz model.

Choosing 90% of the asymptotic size provides a landmark from
within the range of observed data that indicates the age at which a constant
proportion of total exponential growth has occurred (further details
in Creighton and Strauss, 1986). For assessing the role of sexual size
dimorphism, parametric (paired t-tests) and non-parametric tests (Mann-
Whitney) were done with the software PAST (Hammer et al., 2011).

For comparing the estimated asymptotic growth values of the
captive-bred animals, we used biometric data for 40 wild-caught
Oecomys rutilus (20 females, 20 males) originating from different
localities in French Guiana (see Appendix 2 for details). Our data set
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includes 3 juveniles (with only two erupted molars), 4 sub-adults (with
three molars but no dental wear), and 33 adults. Adult wild-caught
females include 7 pregnant and 4 lactating individuals.

All procedures with animals (captures in the wild, rearing in
captivity, handling, euthanasy) followed the ethical guidelines of the
American Society of Mammalogists for the use of wild mammals in
research (Sikes and Gannon 2011).

Results

From the captive breeding colony, we obtained a total of 12 litters
(on average 2.5 young per litter, from 2 to 3) between 25 August 1998
and 13 June 2000. Five consecutive litters are separed by intervals of
26 to 31 days (average 28.8 days), which suggests a gestation time of
about four weeks. Reproduction in captivity occurred in May (2 births
oflitters), June (2), July (2), August (2), September (1), and October (3).

In French Guianan wild-caught animals, seven females were found
pregnant, with a mean of 2.3 embryos (range from 1 to 3); pregnant
and/or lactating females were caught in June (3 individuals), July (1),
September (1), October (4), and November (2).

As previously observed in other sigmodontine rodents (see Voss,
1991, for Zygodontomys; or Percequillo et al., 2008, for Cerradomys),
there is no sexual size dimorphism in wild-caught adult animals of
O. rutilus (17 females versus 16 males: t-tests and/or Mann-Whitney
tests: data not shown), thus growth measurements did not consider
each sex separately.

The growth pattern was examined in six external variables, for
which a minimum of 3 young animals could be measured at each of
25 different ages ranging from 3 to 143 days after birth, and the mean
values are detailed in Table 1. (For the body weight, data span a much
longer period up to 567 days, with 42 additional ages, each with at
least 3 measures).

Plotting the absolute values (in g for the body weight, otherwise in
mm for other variables) for the 25 age classes (Figure 1) indicates that
maximum size is essentially reached by the age of 55 days.

The Gompertz model provides the following asymptotic values: Tail
92.5 mm (correlation r =0.739); Hindfoot 18.3 mm (r=0.635), Ear 11.7
mm (r = 0.734), Mystacial vibrissae 36.3 mm (r = 0.680), Supraciliary
vibrissae 23.3 mm (r = 0.672), and Body weight 17.9 g (r = 0.862).

Relative growth values are plotted on Figure 2, which shows that
the first variable to reach 90% of its final (asymptotic) size is the Ear
(at age 22 days), followed by the Hindfoot (at 24 days), the Supraciliary
vibrissae (25 days), the Mystacial vibrissae and the Tail (30 days each).
Finally, the body weight continues to grow for a longer span, reaching
90% of asymptotic completion by the age of 50 days.

The weight of the eye lens in captive-born animals (Figure 3) has a
very steep growth during the first two months - from 0.9 mg at age of
11 days to 8.1 mg at age of 67 days -, and then the slope of the curve
diminishes but the growth continues during the next 12 months, at least.
The oldest animals (aged 405 and 430 days) have an eye lens weighting
14.4 and 15.4 mg, respectively. The examination of the growth of the
eye-lens in 23 captive Oecomys rutilus of known ages (N = 17 ages
ranging from 11 to 430 days) indicates a regular increase for that
organ, and there is a rather good fit of the data to the Gompertz model
(Akaike IC =27.0; r = 0.903). Wild-caught animals (sample size of 40
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individuals) have eye lens weights ranging from 3.0 mg (a juvenile with
only two erupted molars) to 14.1 mg (an adult male with worn molars).
After excluding 7 pregnant females from the data set of wild-caught
animals, there is a good linear correlation (r = 0.839, p < 0.0001, N =
52) between eye-lens weight and body-weight in the complete data set
(30 wild-caught and 22 captive-born: see Figure 4).

Discussion

In Oecomys rutilus, the average litter size measured in captivity
(mean of 2.5 youngs for 12 litters) is not different from the average
number of embryos in wild-caught females (mean of 2.3 for 7 pregnant
individuals; see also Catzeflis et al., 2018). And the values of this
study are comparable to those found in an other small species of the
genus - O. bicolor -, with mean values ranging from 2.1 to 2.6 (Patton
et al., 2000; Hice and Velazco, 2012; Catzeflis et al., 2018).

Interbirth intervals range from 26 to 31 days (average 29 days),
but we caution that we have only five data; in a breeding colony of
Zygodontomys brevicauda, interbirth intervals ranged from 24 to 28
days, with a mode at 25 days for 53 out of 71 observations (Voss et
al., 1992).

In O. rutilus, the growth of newborn animals is very intense during
the 30 first days, and then stabilizes around 52 to 55 days of age; a similar
pattern is illustrated for a few taxa of Sigmodontinae by Creighton and
Strauss (1986), as well as in various species of the Old-World murine
genus Apodemus (Pelz et al., 1996). Among the five metric variables
of this study, the length of the hind foot grows the fastest, as 90% of
its asymptotic value is reached by the age of 24 days, with an average
length of 16.6 mm to be compared with a mean of 18.5 mm in 33 adult
wild-caught animals. The slower growing measures, as illustrated on
Figure 2, are the Tail and the Ear length which reach 90% of their
asymptotic value by the age of 33 days.

Asymptotic values (A) derived from Gompertz model are in
adequacy with mean values for 33 adult wild-caught animals (W),
although three variables are clearly smaller in captive bred animals: Tail
length (A=92.5; W=98.6+5.5), Ear (A=11.7, W=14.2 +0.8), and
Weight (A =18.0, W = 21.1 £ 3.3). The other three measurements are
similar between captive-bred and wild-caught animals: Hindfoot (A =
18.3; W =18.5 + 0.8); Mystacial vibrissae (A =36.6; W=37.3 +2.9);
and Supraciliary vibrissae (A =24.3; W=25.2 +3.1).

During the younger ages of O. rutilus, no potential effect of sexual
differences could be evidenced, as shown by paired t-tests (p = 0.160
for mean; p = 0.199 for median) or Mann-Whitney unpaired tests (p =
0.809; U = 10°480) for comparing 26 males and 26 females aged 3 to
55 days after birth. This is similar to some other sigmodontine rodents,
like Akodon lindberghi (De Conto and Cerqueira, 2007), for which
no significant sexual size dimorphism is found during growth of the
young in captivity.

We interprete the gestation length as ranging from 26 to 31 days
(average of 29 days for 5 values), but this is only true if fecundation
was occurring just after parturition. A value of 29 days for gestation
in this arboreal oryzomyine compares well with other sigmodontine
data presented by Moscarella and Aguilera (1999) such as 30 days for
Sigmodon hispidus or Nectomys rattus, and 29 days for Holochilus
brasiliensis and H. sciureus.
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Table 1. Average values (in mm. except for weight in g) for six metric features in captive Oecomys rutilus aged from 3 to 143 days after birth.

Mystacial

Superciliary

Age (days) Tail Hind foot Ear vibrissae vibrissae ‘Weight Sample size
3 27.4 9.3 3.8 6.7 4.3 34 5
5 34.6 11.0 5.8 9.5 6.0 3.7 4
6 36.5 11.3 6.0 9.8 6.5 4.8 3
7 38.8 12.6 6.1 12.0 7.8 4.5 4
11 55.0 14.7 7.8 16.2 11.4 6.5 5
13 63.3 15.3 9.0 19.0 13.0 59 4
18 68.2 16.3 9.6 24.8 16.8 8.5 5
24 79.7 16.6 11.0 30.3 215 9.2 5
31 83.9 17.4 10.8 33.8 22.8 12.6 4
33 86.7 18.2 11.7 36.0 23.7 13.7 3
38 86.3 17.1 11.2 33.8 21.5 14.6 6
44 88.0 17.0 11.6 33.0 213 15.0 6
45 90.7 17.8 11.2 36.0 223 15.7 3
52 93.3 18.3 11.6 36.0 233 16.5 7
55 93.3 17.8 11.8 35.4 22.8 15.4 3
59 91.5 17.3 11.8 34.8 223 15.9 6
65 93.3 17.9 11.7 34.0 24.0 16.2 7
66 94.0 17.8 11.7 34.0 23.7 16.1 3
69 93.0 17.8 12.3 33.0 243 18.4 3
72 90.8 17.5 11.6 345 233 16.5 5
75 94.0 17.8 11.7 32.0 24.0 17.5 3
85 91.7 17.7 11.7 34.0 22.7 16.5 3
99 93.0 17.5 11.8 36.3 24.0 16.8 3

120 92.7 17.3 12.0 33.7 21.7 18.1 3
143 933 17.5 12.5 333 21.3 19.5 4

Figure 1. Growth values in captive bred Oecomys rutilus. Ages cover 25 classes ranging from 3 days after birth until 143 days, and each age class has at
least 3 individuals measured. For the sake of clarity along the vertical axis, the Tail values have been divided by 3.

Abbreviations: T = tail; HF = hind foot; Ea = ear; Vi = mystacial vibrissae; VP =superciliary vibrissae; W = weight. A mere visual inspection suggests that
maximum size is reached by the age of ca. 55 days.
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Figure 2. Relative growth values in captive bred Oecomys rutilus. Values expressed as percentage of maximum size reached after 55 days of age.

Abbreviations as in Figure 1.

Figure 3. Eye lens weight in 23 captive bred Oecomys rutilus of known age. The curve (red) is a fit through the Gompertz model, bordered by 95% confidence

intervals (blue).

Among the various “saturation” models available for linking eye-
lens weight and age, the Michaelis-Menten formula had the lowest
Akaike IC (10.67) as compared to other models (see under Methods): its
parameters (y = ax/(b+x)) were a = 17.4 (95% confidence interval 16.3
to 18.5) and b=81.5 (60.5 to 97.4). Since the Gompertz model seems to
be the one that best fits most mammalian growth curves (D’ Andrea et al.,
1996; Pillay, 2001; Zullinger et al., 1984), and for the sake of comparison
with published studies, we applied this model to our data which resulted
in a slightly higher Akaike IC (24.58) and in the following values for the
main parameter: a = 15.42 (95% confidence interval 15.40 to 15.44); b
=-1.82 (-2.17 t0 -0.62), and ¢ =-0.01 (-0.011 to -0.006).

http://dx.doi.org/10.1590/1676-0611-BN-2018-0697

Thus, it appears that the two wild-caught pregnant females with the
smallest eye-lens (7.7 and 8.2 mg) have an age of about 90 and 95 days,
respectively; our data would suggest that breeding can occur at an age
as early as three months in females of Oecomys rutilus.

In studies of relative age, the technique of regression analysis is
often used (Sokal and Rohlf 1995). With known-age individuals, age
is a non-random variable and thus the quantity measured - such as eye
lens weight - must be regressed on age. With samples of unknown age,
age can be estimated by the method of inverse prediction (Dapson and
Irland 1972; Sokal and Rohlf 1995) using values obtained from the
measured variable (e.g., eye-lens or body weight), and Rowe et al.
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Figure 4. Eye-lens weight versus body weight in 52 Oecomys rutilus (30 captive-born and 22 wild-caught), with a good linear correlation (r = 0.839;

p <0.0001) between these two variables.

(1985) have shown that, in house mice (Mus musculus), eye-lens weight-
age relationship were comparable in captive and wild-caught animals.

Thus, this study provides a first clue to assess the age in wild-caught
specimens of the arboreal Oecomys rutilus, in the case preserved specimen
have their eye-lens kept, cleaned, and dried for a precise weight. When
animals can not be sacrificed in the field, a careful measure of their body
weight can provide an indirect estimate of their age, via the rather good
correlation between body weight and eye-lens weight.

Supplementary material

The following online material is available for this article:
Appendix 1
Appendix 2
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Abstract: The aim of this study was to evaluate the diversity of Meliponini and anothers Apiformes (Apidae sensu
lato) from a Cerrado fragment and its surrounding. Malaise traps were installed in a pasture near a fragment of
Cerrado and its surrounding, from October to December 2010. Samples were collected at seven-day intervals and
preserved in Dietrich solution. The apiforms specimens from each sample were separated in morphospecies and
sent to identification. The tribe Meliponini was the most abundant in open areas of pasture than in the Cerrado
fragment. The Meliponini species present were Trigona gr. fulviventris, Paratrigona lineata, Trigona recursa,
Partamona sp, Trigona spinipes, Trigona gr. hyalinata, Trigona gr. fulviventris, Tetragonisca fiebrigi, Tetragona
clavipes, Frieseomelitta cf. flavicornis, Lestrimelitta rufipes. The dominant species was Paratrigona lineata,
comprising 82.47% of all species collected.

Keywords: native bees, pollinators, stingless bees.

Diversidade de Meliponini e demais Apiformes (Apidae sensu lato) em fragmento de
Cerrado e entorno, Campo Grande, MS

Resumo: O objetivo deste estudo foi avaliar a diversidade de Meliponini e demais apiformes (Apidae sensu lato)
de um fragmento de Cerrado e seus arredores. Armadilhas de Malaise foram instaladas em area de pastagem
proximas a fragmento de Cerrado, de outubro a dezembro de 2010. As amostras foram coletadas em intervalos
de sete dias e conservadas em solugdo de Dietrich. Das amostras foram separados os espécimes apiformes em
morfoespécies e enviadas para identificagdo. A tribo Meliponini foi a mais abundante em areas abertas de pastagem
que em dareas de fragmento de Cerrado. As espécies de Meliponini presentes foram de Meliponini Trigona gr.
fulviventris, Paratrigona lineata, Trigona recursa, Partamona sp, Trigona spinipes, Trigona gr. hyalinata, Trigona
gr. fulviventris, Tetragonisca fiebrigi, Tetragona clavipes, Frieseomelitta cf. flavicornis, Lestrimelitta rufipes. A
espécie dominante com 82,47% de individuos coletados foi Paratrigona lineata.

Palavras-chave: abelhas nativas, polinizadores, abelhas sem ferrdo.
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Introduction

Bees are responsible for the pollination of plants in general, ensuring
the fruit formation and the perpetuation of plant species. On the other
hand, bees are rewarded with nectar supply and pollen from the plant
flowers visited. According to Kerr et al. (1996), these insects are
responsible for 40 to 90% of the pollination of native plants in a tropical
environment. They are the best pollinator in Cerrado Biome, where
they pollinate 60 to 75% of all plants species (Silberbauer-Gottsberger
& Gottsberger 1988).

In Brazil there are about 3,000 bee (Apidae) species described,
from a total of 17,533 bee species described in the world, with recent
estimations of 20,000 (Michener 2007). Many species of native bees
are in danger of extinction for several reasons. Among the main factors
responsible for the extinction of bees are the fragmentation of original
vegetation and the use of non-selective insecticides (Turner 1996, Kerr
et al. 1996). Bees of the Tribe Meliponini, otherwise known as native
stingless bees, are important pollinators for plants like strawberry,
guarana, acai, coffee, and other cultivated species (Malagodi-Braga
& Kleinert 2004).

The maintenance of honeybees in the field is very important
for crop plants, but this practice is not very common in developing
countries. In the United States the annual value of pollination by bees
has been estimated at US$ 14,6 billion, thus justifying its importance for
agriculture (Morse & Calderone 2000). The levels of plant pollination
in Brazil are usually unsatisfactory, which cause reduction of crop
yields, particularly those that depend on pollinators such as bees
(Imperatriz-Fonseca 2010).

Currently, public policies are being discussed in order to assess
the necessity of maintain native vegetation areas, their efficiency in
maintaining beneficial organisms in adjacent areas, and how to measure
this efficiency or interference in the altered environment. According
to Freitas et al. (2009), the causes of pollinators’ population declining
in agricultural areas may be the deforestation of native vegetation,
inadequate use of agricultural practices, such as the use of pesticides
and monoculture. Native vegetation areas have nectar and pollen source
plants for pollinators, and continuously provide flowers throughout
the year for nesting and breeding (Larsen et al. 2005). However, little
attention has been given to the impact of agricultural products on
pollinators, especially in cultivated areas (Freitas & Pinheiro 2010).
Identifying the diversity of bees present in cultivation sites close to
native vegetation areas can become a tool in the evaluation of the effect
of agricultural practices.

Therefore, the aim of this work was to estimate the diversity of
Apidae family (sensu lato) in a Cerrado fragment and its surrounding
in Campo Grande, MS, Brazil.

Material and Methods

The experiment was performed at an experimental area on Sdo
José farm, Campo Grande, MS, in October, 2010. The experimental
area was divided into three sub areas in two different environments,
inside and outside the of the Cerrado fragment. Six Malaise traps
(Townes 1972) were installed, three in the outside fragment area (A)
and three inside the Cerrado fragment area (B). A distance of 100 meters
separated each Malaise trap installed. The geographical coordinates
per site of collection were: In Pasture area: 1) Latitude 20°24°13.16”S
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and Longitude 54°36°45.69”W,; 2) Latitude 20°24°09.60”S and
Longitude 54°36°47.32”W; 3) Latitude 20°24°03.62”S and Longitude
54°36°44.93”W. In the Cerrado fragment: 1) Latitude 20°24°11.87”’S
and Longitude 54°36°42.20”W, 2) Latitude 20°24°08.35”S and
Longitude 54°36°43.83”W; 3) Latitude 20°24°06.22”S and Longitude
54°36°42.63”W.

The samples were collected once a week, during a period of four
weeks. The collected material was packed in glass vials containing 70%
alcohol. In the laboratory the Apidae family (sensu lato) (apiforms)
were removed from the total samples and were separated in Tribe
Apini, Meliponini, Bombini and Euglossini. Dr. Gabriel Mello from
Universidade Federal do Parana, PR, carried out the Identification.

The type of soil is neossolo and the climate is humid tropical,
characterized by a pronounced dry season in the winter and rainy
season in summer, annual average temperature is 23.0 °C. At the time
the experiments were carried out the temperature was high and there
was a lot of rain. The seasonal climate date was obtained from a center
installed at the University Farm (Table 1).

The area has three remaining fragments of the original vegetation
of Cerrado Biome and constitute the Legal Reserve of the Property
according to the current Forest Code. These three areas have 9.9 ha,
5.2 ha and 0.6 ha respectively, comprising a total of 15.6 ha of native
vegetation. The most common trees in the area are Pau-terra-folha-
grande (Qualea grandiflora Mart.), pau-terra-folha-pequena (Qualea
multiflora Mart.), pau-pombo (Matayba ghuianensis Aubl.), Capororoca
(Myrsine ferruginea Spreng.), pimenta-de-macaco (Xylopia aromatica
(Lam.) Mart.) and lixeira (Curatella americana L). These species
together make up more than 50% of the wealth of the three fragments
of tree presents. Some species of figueira (Moraceae) and many
individuals of Alibertia sessilis Vell. K. Schum. (marmelinho do campo)
are common, and occurs in high frequency and have wide distribution.
In open areas (pasture), the lighting changes the composition edge,
favoring some individuals like Dipteryx alata Vogel (Cumbaru),
Cecropia pachystachya Trécul. (Embankment) and Annona crassiflora
Mart. (Marolo).

Results and Discussion

There were 994 bees of the Apinae subfamily (Corbiculate bees),
collected from two areas (Pasture and Cerrado) during four weeks.
In total, 726 individuals were sampled from pasture sites and 268
individuals were sampled from Cerrado fragment sites. The most
abundant tribe was Meliponini (n=672; 72% in Pasture and n=258;
26% in Cerrado), followed by Bombini (n=14; 12 in Pasture and 2 in
Cerrado), Apini (n=2, 2 in pasture and 0 in Cerrado), Euglossini (n=4;
2 in Pasture and 2 in Cerrado) and other Apiforms (n=44; 40 in pasture
and 4 in Cerrado) (Table 2).

In this study, nine species from Meliponini were found:
Frieseomelitta cf. flavicornis (Fabricius 1798), Lestrimelitta rufipes
(Friese 1903), Paratrigona lineata (Lepeletier 1836), Partamona sp.,
Tetragona clavipes (Fabricius 1804), Tetragonisca fiebrigi (Schwarz
1938), Trigona gr. fulviventris (Guérin 1844), Trigona gr. hyalinata
(Lepeletier 1836), Trigona recursa (Smith 1863), Trigona spinipes
(Fabricius 1793), one morphospecies from Bombini (Bombus sp. 1); one
specie from Apini (Apis mellifera Linnaeus 1758); two morphospecies
from Euglossini and seven from other Apidae s. lato, Tropidopedia
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Table 1. Weekly climate data, average temperature, total precipitation and average Wind velocity, in the experimental area, latitude 20°26°50”S and longitude

54°43°21”W, Campo Grande, MS, October, 2010.

Sampling date Average(l"l;le;;lf);li’::;ure °O) Total P::;c;gizglo)n (mm) Avera(iela\:’_i:l(iin()km/h)
04/10/2010 21.98(34.2-13.9) 12.4(2.2-0.0) 7.01(33.8-22.5)
11/10/2010 23.41 (32.8-25.3) 3.2(2.0-0.0) 8.34(11.6-3.1)
18/10/2010 24.40(34.8-17.2) 51.6(54.4-0.0) 7.0(12.9-2.3)
25/10/2010 21.83(34.3-13.4) 43.40(26.4-0.0) 7.72(13.4-3.3)

Table 2. Numbers of Apidae and other apiforms specimens, collected during four weeks, in Malaise traps, in pasture areas, around Cerrado fragment, Campo

Grande, MS, October, 2010.

Family/Tribe week 1 week 2 week 3 week 4
Pastage Cerrado Pastage Cerrado Pastage Cerrado Pastage Cerrado

Meliponini 129 38 158 98 209 76 176 46

Bombini 2 0 3 2 7 0 0

Apini 0 2 0 0

Euglossini 0 0 0 2

Others apiforms 2 0 4 22 0 12

Total 133 40 165 100 238 76 190 52

Meliponini (%) 96.99 95.00 95.76 98.00 87.82 100 92.63 88.46

Aavolineata (Aguiar & Melo 2007) (Tapinotaspidini), Exomalopsis sp.
1. (Exomalopsini), Halictinae — seven morphospecies. Meliponini was
the predominant tribe in the two environments, the Cerrado fragment
and pasture around.

In this area few individuals (2) of Apis mellifera (Apinae) were found.
Krug & Alves-dos-Santos (2008) reported from surveys in Santa Catarina
that the dominant bee was Peponapis fervens (Eurecini) showing 51%
of all visits to flowers, followed by 4. mellifera with 46% and the other
three species of native bees represented 3% of all visits to the pumpkin
flowers. D’Avila & Marchini (2008), working in a Cerrado area in
Sdo Paulo State, observed greater abundance of the subfamily Apidae,
or A. mellifera (55.8%), followed by Trigona spinipes (14.4%) and
Exomalopsis sp. (8.3%). The authors concluded that the low diversity of
bees might be due to fragmentation and the plantation of exotic species
(Pinus and Eucalyptus) in the surroundings areas of this fragment. In
a survey developed at the Private Reserve of Natural Heritage Eliezer
Batista, State of Mato Grosso do Sul, Aoki et al. (2012) reported bees
belonging to A. mellifera as the most abundant species (50% of total).

It was observed a variation according to the collection area (pasture
and cerrado fragment) and sampled week (Figure 1). This could be
explained by the fact that these insects are known as good flyers
and live in social colonies. As a consequence, it could increase the
probability of occasional catches in certain areas, with varying resource
availability. The local climate, temperature, rain and wind may also
help to understand the changes between different weeks of collection.
The predominance of stingless bees (Meliponini) in the pasture area
(Figure 1) may be due to a large capacity of flight to catch pollen from
the flowers, which is more accessible in open areas.

In the pasture area it was observed an increase in the abundance of
Meliponini at the three first weeks, with 129, 158, and 209 individuals
captured. But in the fourth week a reduction was observed (176)
(Figure 1). When fewer individuals were collected, it was observed a
decrease in temperature (Table 1).
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Figure 1. Abundance flutuation of Meliponini, collected during four weeks in
Malaise traps in Pasture area around a Cerrado fragment. Campo Grande, MS,
October, 2010.

The average temperature during the experiment ranged from 19 to
24°C, indicating excellent conditions for foraging. However, in the third
and fourth week, heavy rains occurred with a total of 51.6 and 43.40
mm (Table 1). This cannot be the cause of a reduction in the number of
collected individuals observed in all experimental areas.

Considering only Meliponini in the Cerrado fragment, it was
observed a small number of stingless bees compared to the pasture
area, for all traps, totalizing 258 individuals, whereas in the pasture
area, 672 individuals of stingless bees were collected. However, a
reduction was observed in the first and fourth week of collection (pasture
and Cerrado fragment). In addition, an increase in the third week was
observed (Figure 1).

The population dynamics of insects in the field is directly related to
weather conditions, rain, wind and especially temperature. According
to Silveira Neto et al. (1995) temperature is an important factor in the
activity of the bees, which prefer a time of the day when the temperature
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is around 25°C for foraging. Thomazini & Thomazini (2002) reported
that an increase in temperature and less rain, increased bee numbers,
at Rio Branco, Acre.

According to Kerr et al. (1996) around 400 species of Meliponini
were described and at least 100 are in danger of extinction due to human
activities, and to the loss of natural habitats. According to Imperatriz-
Fonseca (2010) it is necessary the conservation of the forest for the
maintenance of bee populations and pollination services on agricultural
landscapes.

The colonies of stingless bees, unlike Apini, have multiple queens
or bee masters, but only one queen is fertilized. In order to breed,
the worker bee stay in the alveoli, which is full of honey, pollen and
glandular secretions, where the larvae feed alone. The honey is deposited
in pots of wax nests of hollow trees, wood and abandoned termite
mounds. However, the species Trigona spinipes (Fabr.), bee Arapua,
is a citrus pest, which destroys leaves and flowers. In the case of native
bees, which are social insects, pollen is used to feed the larvae, after
collected from nearby plants. Therefore, the availability of flowers also
influences the dynamics of the population. Social bees have no food
preference, like Apis mellifera (Apinae) and 7. spinipes (Meliponini),
which explains the abundance of different species of plants (D’ Avila
& Marchini 2008).

In this study the most frequent species was Paratrigona lineata
(Lepeletier 1836) with 82% (n=767) of all Meliponini captured, 72%
in pasture and 28% in Cerrado area. A lower proportion was Trigona gr.
Sfulviventris with 15% (137) of individuals captured, 41% in pasture and
59% in Cerrado area. The other species identified were only occasionally
collected and in fewer numbers. Most individuals were captured in traps
in the pasture area, 100 meters from the Cerrado fragment, with a total of
672 individuals. For the traps in the forest, a total of 258 individuals were
captured, however, the same proportion of was maintained (Figure 2).

According to Caceres & Legendre (2009) ‘indicator species” are
recognized by ecologists when they are restricted to one or a few habitat
types. In this study all species of Meliponini occurred in both sites.
Therefore we were not able to point out an indicator species to monitor
environmental changes.

672

Pasture
u Cerrado fragment

258

81

56
. - S

Trigona fulviventris Others Meliponini TOTAL

Paratrigona lineata

Figure 2. Paratrigona lineata, Trigona fulviventris and another Meliponini
in two environments (Pasture and Cerrado fragment), October, 2010, Campo
Grande, MS.
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Lima & Silvestre (2017) cataloged 386 species of bees (Apidae
s. lato) in Mato Grosso do Sul, with citation of some species of
Meliponini also recorded in the present study, such as Paratrigona
lineata, Tetragonia clavipes, Tetragonisca fiebrigi, Trigona hyalinata.
In this context, this study presents four new occurrence records for the
state of Mato Grosso do Sul, Frieseomelitta cf. flavicornis (Fabricius
1798), Lestrimelitta rufipes (Friese 1903), Trigona gr. fulviventris
(Guérin 1844), and Trigona recursa (Smith 1863).

Conclusions

The Meliponini was the most abundant Tribe in the area of
study, most of them were captured in open areas around the Cerrado
fragment. The species present in this area were Trigona gr. fulviventris,
Paratrigona lineata, Trigona recursa, Partamona sp, Trigona spinipes,
Trigona gr. hyalinata, Trigona gr. fulviventris, Tetragonisca fiebrigi,
Tetragona clavipes, Frieseomelitta cf. flavicornis, Lestrimelitta rufipes.
The first most abundant species was Paratrigona lineata and the second
one Trigona fulviventris. Moreover, this study present new data on the
species occurrence for Mato Grosso do Sul state.
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Abstract: We provide an inventory checklist of the amphibians from Parque Nacional da Restinga de Jurubatiba
(PNRYJ), a sandy coastal environment in southeastern Brazil. As a result of three years of surveys, from August
2013 to June 2016, a total of 36 amphibians species were recorded — one Gymnophiona (Typhlonectidae) and 35
species of five anuran families: Bufonidae (2 species), Craugastoridae (1), Hylidae (21), Leptodactylidae (8), and
Microhylidae (3). One specie is reported for the first time for the restinga ecosystem (Chthonerpeton braestrupi) and
24 species were recorded for the first time to the PNRJ. This result reinforces the importance of long-term studies
for accurate knowledge of the biodiversity. Considering that the biodiversity of the fragments of the sandy coastal
environments in the state of Rio de Janeiro is poorly known, the present study provided a more detailed knowledge
about different aspects of the biodiversity in the PNRJ, contributing to the preservation of this threatened ecosystem.
Keywords: Herpetology, Anura, Inventory, Species Richness, Rio de Janeiro, Conservation.

Anfibios do Parque Nacional da Restinga de Jurubatiba, um ambiente costeiro no
sudeste do Brasil

Resumo: Nos fornecemos um inventario dos anfibios do Parque Nacional da Restinga de Jurubatiba (PNRJ), uma
zona costeira de ambiente arenoso no sudeste do Brasil. Como resultado de trés anos de pesquisas, no periodo
de Agosto de 2013 a Junho de 2016, foram registradas um total de 36 espécies de anfibios — uma Gymnophiona
(Typhlonectidae) e 35 espécies de cinco familias de anuros: Bufonidae (2 espécies), Craugastoridae (1), Hylidae
(21), Leptodactylidae (8) e Microhylidae (3). Uma espécie ¢ registrada pela primeira vez para o ecossistema de
restinga (Chthonerpeton braestrupi) e 24 espécies foram registradas pela primeira vez para o PNRJ. Este resultado
reforca a importancia de estudos de longo prazo para um conhecimento preciso da biodiversidade. Considerando
que a biodiversidade dos fragmentos dos ambientes costeiros no estado do Rio de Janeiro é pouco conhecida, o
presente estudo proporcionou um conhecimento mais detalhado sobre os diferentes aspectos da biodiversidade no
PNRJ, contribuindo para a preservagdo desse ecossistema ameagado.

Palavras-chave: Herpetologia, Anura, Inventario, Riqueza de Espécies, Rio de Janeiro, Conservagdo.
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Introduction

Brazil has the greatest amphibian richness in the world, with about
1080 species distributed in 25 families (Segalla et al. 2016; Frost,
2018). The morphoclimatic domain of the Atlantic Forest is known as
a conservation hotspot due to its high concentration and maintenance
of biodiversity (Myers et al. 2000), comprising about 540 species, of
which 88% are endemic to this ecosystem (Haddad et al. 2013). This
remarkable richness is related to the diversity of microenvironments
found in the biome, which possibly contributes to the evolution of
various reproductive modes and speciation events (Haddad & Prado
2005; Vasconcelos et al. 2010).

Originally, the Atlantic Forest extended over nearly the entire
coastline of Brazil, displaying different vegetation landscapes
throughout its distribution (Falkenberg 1999). One of the habitats
observed in this biome are the restingas, dating from the Quaternary,
and whose seasonal dynamic and morpho-physiological composition is
mostly shared with other ecosystems, such as Tabuleiros and Caatingas
(Freire 1990). Restingas extend over about 79% of the coast (Lacerda
etal. 1993), being one of the most extensive ecosystems in Brazil and
having multiple fragmented areas along its distribution (Teixeira et
al. 2002). The flora is adapted to withstand extreme environmental
conditions, such as sandy substrate with high salt concentration,
high exposure to sunlight and low water potential (Henriques et al.
1986; Assumpcao & Nascimento 2000; Scarano 2002). Bromeliads
are very common and widely distributed in this environment
(Cogliatti-Carvalho et al. 2001), being an essential element especially
for amphibians (Teixeira et al. 2002). They provide a significant
amount of rainwater in their central tube, serving as sites for foraging,
breeding and protection against possible predators (Peixoto 1995;
Schineider & Teixeira 2001).

Despite the great extension of the Brazilian coastline, the coastal
ecosystems are the most anthropically impacted (directly and
indirectly), mostly due to the unequal and unrestrained occupation of
the country initiated in the 16th century, from the sea towards inner
lands (Dean 1997; Tabarelli et al. 2010). In addition to the loss of natural
habitats, another issue concerning the conservation of amphibians
in the Atlantic Forest is that recent studies estimate the decline of
populations in the coming years, largely due to global climatic changes
and the contamination by the fungus Batrachochytrium dendrobatidis
(Fisher et al. 2012; Loyola et al. 2014; Jenkinson et al. 2016). Some
studies related to amphibians assemblage in restingas have been
carried out in the last years in order to provide a more detailed
inventory of their composition (e.g. Bastazini et al. 2007; Rocha et
al. 2008; Narvaes et al. 2009, Wachlevski & Rocha 2010; Vilela et al.
2011; Telles et al. 2012; Oliveira & Rocha 2015; Gondim-Silva et al.
2016; Oliveira et al. 2017).

The Parque Nacional da Restinga de Jurubatiba (PNRJ) was created
on April 29, 1998 with the main purpose of protecting and preserving
one of the most threatened ecosystems of the country since the colonial
period (Esteves & Lacerda 2000). Currently, despite being a federal
conservation unit, the PNRIJ is still under strong anthropic pressure
(Rocha et al. 2007). The taxocenosis of amphibians from the PNRJ
was previously studied by Van Sluys et al. (2004). Herein we provide
an updated checklist of amphibians for the PNRJ.

http://www.scielo.br/bn

Material and Methods

1. Study site

The present study was carried out in the Parque Nacional da
Restinga de Jurubatiba (22° 16’ S, 41° 39’ W) located on northern state
of Rio de Janeiro, southeastern Brazil (Fig. 1). It is one of the largest
remnants of restinga in Brazil with 14,992 hectares, extending through
the municipalities of Macaé, Carapebus, and Quissama. It is the only
fragment of restinga in the country to be titled as national park (Brasil
2016). As in most of the restingas found in Brazil, the vegetation is
composed of a mosaic of forested and open areas.

The study was carried out in the municipality of Carapebus, in three
distinct zones of the PNRIJ. These zones were selected and classified
based on phytophysiognomic characteristics as follow: Clusia spp. open
formation; dry forest of restinga; and an intermediate zone between these
two formations (Fig. 2). The Clusia spp. open formation is closer to
seashore and was defined by Aratijo et al. (1998) as “shrub vegetation of
Clusia” (SVC). It was characterized as having more sparse vegetation,
separated by strips of bare sand, with high solar incidence and low
potential of fresh water. The zone here classified as an intermediate area
also had its physiognomy defined by Aratjo et al. (1998), who called
it “open shrub of Ericaceae” (OSE). This region shows fragments of
irregular vegetation varying from shrubs to trees. It is located between
the Clusia spp. open formation and the dry forest of restinga. The
third zone, dry forest of restinga (DFR), corresponds to an area with
vegetation more densely distributed. In this area, one can find large trees
and a large ammount of decomposing plant material, forming a dense
litter. The availability of water is larger compared to the other zones,
with temporary swamps and periodically flooded areas (pers. obs).

2. Field methods and data analyses

Fieldwork consisted of quarterly surveys over three years, from
August 2013 to June 2016, in a total of 12 surveys lasting seven days
each. We applied two methods for sampling amphibians: pitfall traps
(according to the standard procedures of Cechin & Martins 2000) and
Complete Species Inventory (sensu Scott Jr. 2001). These methods were
chosen as they are the most effective for accessing anuran taxocenosis
in restingas (Rocha et al. 2004a). Twenty one pitfall traps arrays were
used, each one with four 60 L buckets. Seven arrays were placed
in each of the three zones previously determined (Fig. 1). Nineteen
pitfall arrays were Y-shaped (one central bucket linked to other three
peripherals forming angles of approximately 120°), and two pitfall
arrays were linked in one straight line with eight buckets. Buckets of
each pitfall array were connected by 4-5 m long and 0.5-1m high drift
fences. Each pitfall array was sampled once along the consecutive days
of each survey, corresponding to a total sample effort of 7,056 bucket
nights. Regarding the Complete Species Inventory, eight sampling areas
were selected and sampled in all surveys (Periodically sampled areas).
Two of these correspond to areas of “dry forest of restinga”, four are
located in “Clusia spp. open formations”, and two in areas of “open
shrub of Ericaceae” (Fig. 1). We occasionally performed Complete
Species Inventory on another twenty-six areas (extra sample areas) in
order to maximize sampling (Fig. 1). Everyday nocturnal Complete
Species Inventory was performed by three to five researchers, during two
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Figure 1. Localization of Parque Nacional da Restinga de Jurubatiba (PNRJ) in the state of Rio de Janeiro, southeastern Brazil. Sampling areas are indicated
by: White circles = Pitfall traps; Red circles = Periodically sampled areas of Complete Species Inventory; Yellow circles = Extra sample areas, occasionaly

sampled by Complete Species Inventory.

hours per night, resulting in a total effort of 722 hours person. Voucher
specimens were killed and fixed according to the usual techniques
described by McDiarmid (1994) and deposited in the amphibians
collection of Museu Nacional, Universidade Federal do Rio de Janeiro
(MNRJ). We also gathered data from specimens previously collected
within the PNRJ and deposited in the herpetological collection of MNRJ.
All voucher specimens (collected by us or already deposited at MNRJ)
are listed in Appendix.

http://dx.doi.org/10.1590/1676-0611-BN-2019-0727

Species richness was estimated by the extrapolation of the
accumulation curve through the Jackknife 1 estimator (Burnham &
Overton, 1979) for incidence data, in the software EstimateS Win
9.1.0 (Colwell 2013). Only species recorded during the surveys of the
present study were included in the Jackknife 1. Third-party records
(Itapotihyla langsdorffii [Duméril & Bibron, 1841]), species collected
close to the limits of the park (Physalaemus marmoratus [Reinhardt &
Lutken, 1862]) or data from herpetological collections (Chthonerpeton
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Figure 2. Sampled areas in the Parque Nacional da Restinga de Jurubatiba, state of Rio de Janeiro, southeastern Brazil: A = Shrub Vegetation of Clusia

(SVC); B = Open Shrub of Ericaceae (OSE); C = Dry forest of resting (DFR).

braestrupi Taylor, 1968; Dendropsophus meridianus [Lutz, 1954]) were
included in the species list, but were not included in the accumulation
curve. Jackknife 1 was used since this analysis takes into account the
number of uniques (samples with the only record of a species in the
area). The estimated species richness was compared to the total recorded
species richness, in order to check the accuracy of the richness estimator
and to predict the effort necessary to achieve a richness value much
closer to the “real” species richness.

Results

We recorded a total of 36 amphibian species occurring in the PNRJ
area (Table 1): one Gymnophiona (Typhlonectidae) and 35 species
of five anuran families: Bufonidae (2 species), Craugastoridae (1),
Hylidae (21), Leptodactylidae (8) and Microhylidae (3). The Complete
Species Inventory was the most effective survey method, recording 29
from the 36 species found in PNRJ, 21 of them recorded only by this
method (Table 1).

One taxa is reported for the first time in the restinga ecosystem:
Chthonerpeton braestrupi Taylor, 1968. Moreover, 24 species were
recorded for the first time to the PNRJ area. Some of the recorded species
present a well-defined distribution pattern within the decribed sampling
areas: 25 species were recorded in the phytophysiognomic zone
characterized as Shrub Vegetation of Clusia (SVC); 21 were recorded in

http://www.scielo.br/bn

the Open Shrub of Ericaceae (OSE); and 28 in the Dry Forest Restinga
(DFR). Two species (Scinax alter [Lutz, 1973] and S. tymbamirim
Nunes, Kwet & Pombal, 2012) were recorded in all the study sites.
However, species as Dendropsophus berthalutzae (Bokermamn, 1962),
Dendropsophus cf. haddadi, Stereocyclops parkeri (Wettstein, 1934),
Adenomera thomei (Almeida & Angulo, 2006), and Chiasmocleis
lacrimae Peloso, Sturaro, Forlani, Gaucher, Motta & Wheeler, 2014
were found only in phytophysiognomic zone characterized as Dry Forest
Restinga. C. lacrimae, S. parkeri and Physalaemus signifer (Girard,
1853) were recorded only by pitfall traps.

The steep slope in the rarefaction curve occurred until the
seventeenth day of sampling, when 29 species were recorded in the
PNRIJ area. From this day onwards, the rarefaction curve indicated a
high tendency to stabilize, with only five new records until the end of
the sampling. The species richness was estimated at 34.97 (Jacknife
1), a value quite close to the actual number of species registered to
PNRIJ (Fig. 3).

Discussion

Previous studies on amphibian composition in restinga habitats were
carried out by Silva et al. (1988) in the Restinga da Barra de Marica,
state of Rio de Janeiro. Since then, the number of studies concerning
restinga habitats increased significantly. Oliveira & Rocha (2015)
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Number of species

—Jack 1 Mean
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Sampling days

Figure 3. Extrapolation of the accumulation curve through the Jackknife 1 from

1000 randomizations on the order of samplings (grey line) and accumulation

curve (black line) for amphibiam species at the Parque Nacional da Restinga de
Jurubatiba, state of Rio de Janeiro, southeastern Brazil.

published a review on the anurofauna of the Brazilian sandy coastal
plains, recording the occurrence of 145 species at this ecosystem. The
36 species registered for the PNRJ in the present study correspond to
24.8% of all the amphibian richness found in the ecosystem comprising
restingas (Oliveira & Rocha 2015), standing out as the restinga
environment with the highest amphibian species richness recorded.
Some other areas of restinga with studied amphibian communities
are: Mata de Sdo Jodo, in the state of Bahia, with 34 recorded species
(Bastazini et al. 2007); restinga of the municipality of Conde, in the
state of Bahia, with 33 species (Gondim-Silva et al. 2016); Parque
Natural Municipal de Grumari, in the state of Rio de Janeiro, with 22
species (Telles et al. 2012); Estagdo Ecoldgica Juréia-Itatins, in the state
of Sado Paulo, with 20 species (Narvaes et al. 2009); Parque Estadual
da Ilha do Cardoso, in the state of Sdo Paulo, with 17 species (Vilela
etal. 2011); Baixada do Maciambu, in the state of Santa Catarina, with
15 species (Wachlevski & Rocha 2010); Restinga da Barra de Marica,
state of Rio de Janeiro, with 14 recorded species (Silva et al. 1988);
Praia das Neves, in the state of Espirito Santo, with 13 species (Rocha
et al. 2008), and Marambaia, in the state of Rio de Janeiro, with 12
species (Silva et al. 2008).

Although PNRIJ is the Restinga with the second most studied
anuran community (Oliveira & Rocha, 2015), the present study
registered 24 species not recorded to the region (Table 1). This result
reinforces the importance of long-term studies for accurate knowledge
of the biodiversity. The family Hylidae is the most representative,
corresponding to 60% of the total anuran species recorded for the PNRJ
(21 of 35). The greater representativeness of this family reinforces the
pattern found in all ecosystems studied within the Atlantic Forest Biome
(e.g., Heyer et al. 1990; Duellman 1999; Canelas & Bertoluci 2007,
Dias et al. 2014; Garey et al. 2014).

Some of the reported species (Fig. 4-5), such as Scinax tymbamirim
and S. alter, show a vast spatial distribution within of the PNRJ and
were not recorded for only two of the sampled microhabitats: leaf litter
(Lt) and sandy substrate (Ss) (Table 1). These species present plasticity
in relation to environmental changes, being able to inhabit different
ecosystems, a favorable aspect for species that live in degraded and
unstable environments (Vasconcelos et al. 2018). Others species such

http://dx.doi.org/10.1590/1676-0611-BN-2019-0727

as Dendropsophus berthalutzae, D. cf. haddadi, Stereocyclops parkeri,
Adenomera thomei, and Chiasmocleis lacrimae were found in only one
microhabitat each, all in the dry forest restinga study site (Table 1).

One of the 36 species registered, Chiasmocleis lacrimae, is
categorized as “Endangered” (EN) by the IUCN Red List (Pimenta
& Peixoto 2004), reinforcing the importance of the restingas as
conservation priority areas. One of the anurans registered in PNRJ
was recently described: Pseudopaludicola restinga Cardozo, Baldo,
Pupin, Gasparini & Haddad, 2018, compromising adequate avaliation
of its conservational status. In the present study, we report the first
record of this taxon outside the state of Espirito Santo, Brazil. This
record represents an increase of its known geographic distribution of
approximately 140 km to south from its nearest locality (Restinga de
Praia das Neves, municipality of Presidente Kennedy [21°14°41.53”S;
40°58°45.80”W; 6 m asl], state of Espirito Santo, Brazil; according
to Cardozo et al. 2018). The only species representative of the order
Gymnophiona, Chthonerpeton braestrupi, is categorized in the [UCN
Red Book as “Data Deficient” (DD) concerning its distribution, as well
as taxonomy and ecological parameters (Wilkinson et al. 2004). The
similarity with Chthonerpeton indistinctum (Reinhardt & Liitken, 1862),
arelatively close and better known species (Maneyro & Langone 2001;
Canavero et al. 2010), which is affected by urban occupation in coastal
and agricultural areas, corroborates that these anthropic impacts may
also affect populations of C. braestrupi in the Brazilian coastal zone.
The other 33 species are listed and considered as “Least Concern” (LC)
according to the [IUCN Red Book (IUCN 2018) (Table 1).

None of the species recorded to the PNRJ is endemic to the park,
reinforcing the pattern already described for the other restingas. Only
five anuran species are known as endemic to this environment (Rocha
etal. 2005; Peloso et al. 2012): Ololygon agilis (Cruz & Peixoto, 1983),
Ololygon littoreus Peixoto, 1988, Xenohyla truncata (1zecksohn, 1959),
Leptodactylus marambaiae 1zecksohn, 1976, and Melanophryniscus
setiba Peloso, Faivovich, Grant, Gasparini, & Haddad, 2012. Until
recently, Rhinella pygmaea (Myers & Carvalho, 1952) was considered
endemic to the restinga habitats. However, Silveira et al. (2009) recorded
the species at semideciduous seasonal forest formations in the states of
Rio de Janeiro and Espirito Santo. Considering that the biodiversity of
the fragments of the sandy coastal environments in the state of Rio de
Janeiro is poorly known, the present study provided a more detailed
knowledge about different aspects of the biodiversity in the PNRIJ,
contributing to the preservation of this threatened ecosystem.

Currently, the PNRIJ is the only area within the 72 Brazilian
national parks distributed throughout the country to enclose this
ecosystem (Brasil 2016). In addition, few restinga areas correspond to
other categories of conservation units and only a few receive integral
protection (Rocha et al. 2004b). Therefore, more studies are needed
to subsidize the maintenance and implementation of conservation
policies in other areas of restinga in Brazil. The PNRJ has a long
tradition regarding conservation initiatives, including protection
of threatened species and the socio-environmental development of
sustainable alternatives for those who live from the resources offered
by this ecosystem (Rocha et al. 2004b; Esteves 2011; Silva et al. 2012).
Many of these measures were supported by science-based conservation
planning (see Esteves 2011). According to Margules & Pressey (2000),
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Figure 4. Some anurans from Parque Nacional da Restinga de Jurubatiba, state of Rio de Janeiro, southeastern Brazil: A) Rhinella pygmaea; B) Aparasphenodon
brunoi; C) Boana albomarginata; D) Boana semilineata; E) Dendropsophus elegans; F) Dendropsophus marmoratus; G) Scinax eurydice; H) Scinax cuspidatus.
Photos from MNFoto/Setor de Herpetologia, Museu Nacional, UFRJ.
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Figure 5. Some anurans from Parque Nacional da Restinga de Jurubatiba, state of Rio de Janeiro, southeastern Brazil: A) Scinax tymbamirim; B) Sphaenorhynchus
planicola; C) Trachycephalus nigromaculatus; D) Physalaemus signifer; E) Leptodactylus fuscus; F) Leptodactylus mystacinus; G) Elachistocleis cesarii; H)
Stereocyclops parkeri. Photos from MNFoto/Setor de Herpetologia, Museu Nacional, UFRJ.
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one can only preserve what is known, and the first stage to conserve
biodiversity is to describe, to map and to measure it. In the last years,
several studies pointed to the occurrence of population declines in
different parts of the world (Stuart et al. 2004), mostly caused by the
destruction of natural areas. The PNRIJ is a region of special relevance
for the protection of the biodiversity from the coastal region of state
of Rio de Janeiro. According to Rocha et al. (2005), the areas between
the restingas of Marica and Jurubatiba are of great importance for the
maintenance of the biodiversity of local terrestrial vertebrates. Rocha
et al. (2007) identified 14 sites of degradation in restinga areas and
estimate that 1,257 hectares of the PNRJ are degraded, mostly due to
the removal of native flora communities for the establishment of grazing
areas for livestock and urban occupation. All these factors tend to cause
significant impacts on the faunal communities present in the park. It is
well known that amphibians comprise the most threatened vertebrate
group and this, coupled with the current dynamics of changes in this
ecosystem, will lead to the extinction of many species, some of them
even before being described (Howard & Bickford 2014).

In addition, the PNRJ is an important area for the protection of
different taxa, harboring some of the species that are endemic to the
restingas ecosystem, such as the lizard Glaucomastix littoralis (Rocha,
Bamberg Araujo & Vreibradic, 2000) (Squamata: Teiidae) (Cosendey et
al. 2016), the rodent Cerradomys goytaca Tavares, Pessda & Gongalves,
2011 (Rodentia: Cricetidae) (Lemos & Gongalves 2015), and the fish
Atlantivivulus jurubatibensis (Costa, 2008) (Cyprinodontiformes:
Rivulidae) (Costa, 2008).

In conclusion, the detailed knowledge about the diverse aspects
of the biodiversity existing in the PNRJ, provide means to subsidize
the maintenance and implementation of conservation policies to other
areas of restinga in Brazil. Ecosystems with high biodiversity, such as
the Atlantic Forest, demand a continuous expansion of protected areas
in the most diverse categories of Conservation Units according to the
federal legislation. The Atlantic Forest suffered severe deforestation as
a consequence of its geographic location, originally occupying most
of the coastal strip of the Brazilian territory, a place that sheltered and
consolidated the permanence of 80% of the Brazilian population and the
infrastructure for its development (Rocha et al. 2004b). Only about 11%
of'this biome remains preserved in Brazil, with very few native forested
fragments, while the rest of the fragments consist of secondary forest
(Ribeiro et al. 2009). It is necessary to expand these protected areas, as
well as their interconnections to the formation of biological corridors,
essential for maintaining and expanding the existing biodiversity bases.

Supplementary material

The following online material is available for this article:
Appendix
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Abstract: Testudinella is a taxon of Rotifera broadly distributed in Brazil. In a recent collection in marginal lakes
connected to the Paranapanema River (Sao Paulo, Brazil), we found specimens of Testudinella mucronata and
T. patina with concavities on their lorica. The objective of this study was to describe the concavities observed in
individuals of both species and discuss their possible causes. Plankton samples were collected at two sampling
stations, in the pelagic (PZ) and littoral (LZ) zones of the Panema and Coqueiral lakes; both of these lakes are
ultra-oligotrophic and not polluted. For T. mucronata, 4% of individuals with concavities were found in the PZ
of Coqueiral lake and 50% in the LZ of Panema lake. In T patina, the proportion of specimens with concavities
corresponded to 34% in the LZ of Panema lake and 17% in PZ of Coqueiral lake. In this study, we discussed that
low water temperatures, predation events and/or recent hatching are factors that may justify the concavities in the
lorica of specimens of our work.

Keywords: Freshwater environments, marginal lakes, morphology, rotifers, polymorphism.

Ocorréncia de concavidades na lorica de duas espécies de Testudinella (Rotifera,
Monogononta, Testudinellidae)

Resumo: Testudinella é um taxon de Rotifera amplamente distribuido no Brasil. Em recentes coletas em lagos
marginais conectados ao rio Paranapanema (Sdo Paulo, Brasil), nés encontramos espécimes de Testudinella
mucronata ¢ T. patina com concavidades em suas loricas. O objetivo do estudo foi descrever as concavidades
observadas em individuos de ambas as espécies e discutir suas possiveis causas. Amostras de plancton foram
coletadas em duas esta¢des de amostragem, na zona pelagica (PZ) e litoranea (LZ) dos lagos Panema e Coqueiral;
ambos os lagos sdo ultra-oligotréficos e ndo poluidos. Para T. mucronata, 4% dos individuos com concavidades
foram encontrados na PZ do lago Coqueiral e 50% na LZ do lago Panema. Em T. patina, a proporgao de espécimes
com concavidades correspondeu a 34% na LZ do lago Panema e 17% na PZ do lago Coqueiral. Nesse estudo,
nods sugerimos que baixas temperaturas da agua, eventos de predacdo e/ou recente eclosdo sdo fatores que podem
justificar as concavidades na lorica dos espécimes do nosso trabalho.

Palavras-chave: Ambientes de agua doce, lagos marginais, morfologia, rotiferos, polimorfismo.
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Introduction

Rotifera are small animals with two peculiar structures called
ciliated corona and mastax (Wallace et al. 2006). The representatives
of this Phylum are distributed globally in both marine and freshwater
ecosystems (e.g., Eriksen 1968; Sarma & Elias-Gutierrez 1997; Sharma
& Sharma 2005; Fontaneto et al. 2008). Segers (2008) reported 2,031
described species for Rotifera; currently this number is probably greater
due to numerous recent descriptions (e.g., Segers & Walsh 2017).

Many monogonont rotifers are well known to respond to
environmental factors with morphological variations in their body.
This phenomenon is known as polymorphism and is usually caused
by kairomones from predators, variations in water temperature and
food availability (see review of Gilbert 2017; 2018). In general,
polymorphism in rotifers has great relevance because morphological
variations can influence life history, population dynamics and
ecological interactions (Gilbert, 2017). Moreover, laboratory bioassays
demonstrated that environmental pollution of metals can change the size
and morphology of rotifers (Rios-Arana et al. 2007, Xue et al. 2017).

Testudinella Bory de St. Vincent, 1822 (Monogononta,
Testudinellidae) is a rotifer taxon composed of approximately 40
valid species (Segers 2007), of which 18 occur in Brazilian waters
(Garraffoni & Lourengo 2012). Among these species, Testudinella
patina (Hermann, 1783) and 7. mucronata (Gosse, 1886) are found in
lakes (e.g., Garcia et al 1998; Casanova et al. 2009; Maia-Barbosa et
al. 2014) and many freshwater ecosystems throughout the country (see
Garraffoni & Lourengo 2012).

During a study conducted in two marginal lakes to the Paranapanema
River (Sdo Paulo State, Brazil), we collected specimens of 7. patina
and T. mucronata with the presence of concavities on the lorica. In this
work, we describe the cases and discuss possible causes of the presence
of these concavities.

Material and Methods

1. Study area

Panema (23°31°29”S; 48°38°55.4”W) and Coqueiral lakes
(23°29°24”’S; 48°37°10.9”W) are marginal environments connected to
the Paranapanema River at its mouth zone, flowing into the Jurumirim
Reservoir (Sdo Paulo State, Brazil) (Figure 1). The average depth is
1.2 m for Panema lake and 2.5 m for Coqueiral lake; these lakes have
total areas of 0.07 and 0.582 km? (Silva & Henry 2013), respectively.
Coqueiral lake is dominated by extensive coverage of macrophytes,
while Panema lake has low abundance of aquatic vegetation.

2. Data collection and analysis

Samples were collected in April 2017 (rainy season), from two
sampling stations, in the pelagic (PZ) and littoral zones (LZ) of each
of the studied lakes. The water surface temperature was measured with
a Toho Dentam thermometer, pH with a Micronal B-380 pH meter and
the electrical conductivity with a Hach Mod. 2511 conductivimeter.
The dissolved oxygen concentration of the water was determined by
the method of Winkler, modified by Golterman et al. (1978). The total
phosphorus and nitrogen concentrations were determined according to
Strickland & Parsons (1960) and Mackereth et al. (1978), respectively.
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The chlorophyll-a concentration was determined using the 90% acetone
extraction method (Golterman et al. 1978). The trophic state index
was calculated to classify the trophic level in both zones of the lakes
(Cunha et al. 2013).

Rotifers were collected with a plankton net (50 um mesh size),
by means of a vertical trawl in the water column. The filtered
volume (V) was calculated by the formula V = m.r>.d, where r is
radius of plankton net opening and d is the distance traveled by the
net. Water sampling was conducted in order to result a filtered final
volume of 100 L. Subsequently, the organisms were fixed with a 4%
formaldehyde solution saturated with sugar. The counting of sampled
individuals was carried out in a minimum of four subsamples of 1
mL, in a Sedgewick-Rafter chamber under an optical microscope;
abundance was expressed in terms of individuals.m™. The organisms
were identified based on specialized literature (Koste 1978, Sharma
1990, Shiel 1995).

In order to estimate the frequency of individuals with concavities,
two categories were established based on the external morphology for
Testudinella mucronata (individuals were sorted based on the presence
and absence of concavities; see Figure 2). Three categories were
designated for 7. patina (absence of concavities; Type 1 - presence
of a concavity on the lorica; Type 2 - more than two concavities on
the lorica; Figure 3). This nomenclature (i.e., Type 1 and Type 2) was
used for Cladocera (see Melo et al. 2017) and adapted herein to apply
to Rotifera as well.

A student’s t-test was used to verify significant differences between
limnological variables and zones of each lake. Normality assumptions
were performed with the Shapiro-Wilk test. We used the level of
statistical significance of 95% (p<0.05). Statistical analyses were
performed in R software (R Development Core Team, 2016).

Results

In general, high mean values of water temperature and electric
conductivity were recorded in Panema lake, while low dissolved oxygen
concentrations were found in Coqueiral lake (Table 1). In both lakes,
the pH was neutral. Total phosphorus and nitrogen concentrations were
low in both lakes. In relation to the limnological variables between the
compartments of the lakes (pelagic and littoral zone), there was no
significant difference between both lakes (p>0.05). The trophic status
indexes showed that the lakes are composed of ultra-oligotrophic waters,
in both the pelagic and littoral areas (Table 1).

Concavities were observed in individuals of both species of rotifers.
In the case of Testudinella mucronata, several concavities were observed
on the lorica of the individuals (Figure 2). In both lakes, the densities
of affected organisms reached 59 ind.m in littoral zone of the Panema
lake and 33 ind.m? (pelagic zone) in Coqueiral lake (Figure 4). For
this species, 4% of individuals with concavities were found in the PZ
of Coqueiral lake and 50% in the LZ of Panema lake. In 7. patina,
the concavities were classified as Type 1 and Type 2 (Figure 3). The
total density of specimens with Type 1 and Type 2 concavities for this
taxon were 24 ind.m? in Coqueiral lake and 118 ind.m> in Panema
lake (Figure 5). The total proportion of organisms with both types of
concavities observed in 7. patina corresponded to 34% in LZ of Panema
lake and 17% in the PZ of Coqueiral lake.
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Figure 1. Localization of the sampling stations (red circle) in two marginal lakes on the Paranapanema River, Sdo Paulo, Brazil.

Figure 2. Testudinella mucronata with absence (a) and presence of concavities (b). The arrows indicate the locations of the concavities.
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Figure 3. Testudinella patina with absence (a) presence of Type 1 (b) and Type 2 concavities (c). The arrows indicate the locations of the concavities.

Table 1. Mean and standard deviation of the physical and chemical variables of water in the pelagic and littoral zones of Coqueiral and Panema lakes (April 2017).

. Pelagic Littoral
Variables - -
Coqueiral Panema Coqueiral Panema

Temperature (°C) 25.58 +£0.25 26.6+0.12 25.7+0.05 26.2+0.18
pH 7.0 £0.04 6.8 +£0.04 6.8 +£0.05 6.8 +£0.05
Electric conductivity (uS.cm™) 569+14 92.5+£0.86 56.9 £ 0.69 94.1 £0.95
Dissolved oxygen (mg.L") 2.9+0.05 5.1+0.05 24+0.29 49+0.10
Total phosphorus (png.L") 6.8 £3.08 7.4+5.68 6.6+3.43 5.7+2.05
Total nitrogen (pug.L") 309.3 +47.81 355.6 £ 65.19 320.2 + 64.48 401.9+17.65
Trophic status index 473 +0.45 45.9+0.86 45.1+0.96 47.4+0.62
Chlorophyll-a (ug.L") 0.69+0.17 0.21 +£0.08 0.19+0.01 0.10+0.03

Figure 4. Density of individuals (ind.m?) with absence and presence of
concavities in Testudinella mucronata collected in two marginal lakes (Sao
Paulo State, Brazil). PZ = pelagic zone and LZ = littoral zone.

Discussion

Morphological alterations in zooplankton may be caused by human
impacts on aquatic environments (e.g., Monta and Gloeden 1982,
Dias et al. 1999, Souza et al. 2011, Melo et al. 2017). In Rotifera,
for instance, Zurek (2006) recorded deformations on the spines of
Keratella cochlearis (Gosse, 1851) caused by the exposure to sulfides
or derivatives present in the water from a sulfur mine impoundment.
Ecotoxicological tests have also shown that heavy metals and pesticides
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Figure 5. Density of individuals (ind.m?) with absence and presence of
concavities of Type 1 and Type 2 in Testudinella patina collected in two marginal
lakes (Sao Paulo State, Brazil). PZ = pelagic zone and LZ = littoral zone.

induce morphological changes in the rotifer Plationus patulus (Miiller,
1786) (Rios-Arana et al. 2007) and Brachionus calyciflorus Pallas 1766
(Alvarado-Flores et al. 2015). In our study, concentrations of phosphorus
and total nitrogen in lakes were around 7 pg.L! and 355 pg.L!,
respectively. When comparing these values with the reference conditions
for nitrogen (300-350 pug.L") and total phosphorus (10-15 pg.L")
established in subtropical reservoirs with different levels of enrichment
(Cunha et al. 2012; Cunha & Calijuri 2011), we concluded that the lakes
studied here are relatively nutrient depleted. In addition, the trophic
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status index showed that the lakes were classified in ultra-oligotrophic
category, suggesting that the trophic state of the environments is not
related to the presence of concavities in Testudinella. While we did not
performed metal analyses, we believe that metals are not the cause of
the concavities. Both lakes, despite their riverine connections, are not
near any pollution sources and their environments are ultra-oligotrophic.

On the other hand, there are reports of polymorphism in some
Rotifera species of the Brachionidae family (Stemberger & Gilbert
1984, see Gilbert 1999). This phenomenon can be induced by several
environmental factors, including temperature variations (e.g., Gilbert
2018, Ge et al 2018). For example, some studies report that the
temperature is responsible for lengthening spines of lorica in B. falcatus
(Zacharias, 1898) and K. cochlearis (Bielafiska-Grajner 1995; Ahad
& Rao 2017). At low temperatures, the population growth rate of K.
cochlearis decreases, resulting in the occurrence of organisms with
longer caudal spines (Lindstrom & Pejler 1975). In the present study,
there was no significant difference in limnological variables between
the pelagic and littoral zones of the lakes. However, our study didn’t
include the temporal scale. The occurrence of concavities may also be
due to the colder riverine influx, since both lakes are connected to the
river channel. Studies carried out in lacustrine environments in the same
region related the influence of the lateral influx of water from the river
on the limnological variables and planktonic community (Casanova et
al. 2009; Henry et al. 2011).

Others factors responsible for the morphological differences
in rotifers are food availability and vulnerability to predation (e.g.,
Stemberger 1988; Garza-Mourifio et al 2005, Gilbert 2009). Gilbert
(1967, 1980) reported that the formation of defensive lateral spines in
B. calyciflorus were an induced response to the chemical presence (i.e.,
kairomone) of the predator Asplanchna. Similar results were observed in
B. quadridentatus Hermann, 1783 (Gilbert 2001), K. tropica (Apstein,
1907) (Gilbert 2009) and P. patulus macracanthus (Daday, 1905) (Sarma
et al 2011). In this study, we observed the occurrence of Asplanchna
brightwelli Gosse, 1850 in both environments, suggesting that some
individuals of Testudinella could develop concavities to avoid predation.

Lastly, concavities may be related to the stage of development. De
Smet (2009) suggests that the presence of concavities (called by this
author as “flattening”) on the lorica of T elliptica (Ehrenberg, 1834) is
related to the development of the vitellarium. It is likely that the same
occurrence is applicable to the organisms of both species of Testudinella.
We do not discard the possibility that individuals in this study may be
newly hatched.

In summary, here we described the presence of concavities in 7.
mucronata and T. patina, suggesting three possible causes for their
formation: (i) temperature; (ii) predation; (iii) or recent hatching.
However, additional studies are needed to investigate which of these
possibilities are responsible for presence of concavities in our exemplars.
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Abstract: In this study we described the diet of Hylaeamys megacephalus (G. Fisher, 1814) and investigated the
degree of individual variation in the diet of this species among the Amazon Forest and the oil palm plantation.
We analyzed the stomach contents of 36 individuals, of whom 11 were collected in the forest and 25 captured
in the palm oil palm plantation. The H. megacephalus diet consisted of 18 food items, of which 12 were animal
composition and eight were vegetable composition. The niche amplitude of the species was narrower in the forest
area (Ba \m = 0.478). This shows that individuals have
greater niche overlap in forest areas, while in the plantation areas the animals expand their food niche. In addition,

forest

=0.013) compared to the palm tree plantation area (Ba]Da

the values of the mean of the individual diet in relation to the diet of the entire population were lower in the palm
toress = 0-357), indicating a high
specialization in the palm oil plantation. These results indicate a population mechanism to reduce intraspecific

oil palm plantation environment (ISpa]m = 0.164) than in the Forest environment (IS

competition in response to scarce resources.
Keywords: Diet, food importance, individual specialization, niche amplitude, Rodentia.

Efeito das plantacdes de dendé (Elaeis guineensis Jacq.) sobre a variacio individual da
dieta de Hylaeamys megacephalus (G. Fisher 1814) (Rodentia, Cricetidae) na Floresta
Amazénica Oriental

Resumo: Neste estudo nos descrevemos a dieta de Hylaeamys megacephalus (G. Fisher, 1814) e investigamos o grau
de variagdo individual na dieta desta espécie entre os habitats de Floresta Amazonica e Plantagdo de Palmeira de
Dendé. Analisamos o conteudo estomacal de 36 individuos, dos quais 11 foram coletados na floresta e 25 capturados
na plantac@o de palmeira de dendé. A dieta de H. megacephalus consistiu em 18 itens alimentares, dos quais 12
de composicdo animal e oito de composicdo vegetal. A amplitude de nicho da espécie foi mais estreita na area de
m = 0,478). Isto sugere
que os individuos tém maior sobreposi¢do de nicho nas areas de floresta, enquanto que nas areas de plantacao os

floresta (Ba, . = 0,013) comparada com a area de plantagdo de palmeira de dendé (Ba

animais expandem seu nicho alimentar. Além disto, os valores da média de similaridade da dieta individual em
relagdo a dieta de toda a populag@o foi menor no ambiente de plantag@o de palmeira de dendé (ISpalm =0,164) do
que no ambiente de Floresta (IS, =0,357), indicando uma alta especializagdo individual na plantacdo de dendé.
Estes resultados indicam um mecanismo populacional para reduzir a competigdo intraespecifica em resposta a
escassez de recursos.

Palavras-chave: Dieta, importancia alimentar, especializacdo individual, amplitude de nicho, Rodentia.
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Introduction

The individual specialization has been considered as an endogenous
mechanism of population in response to several factors, such as
environmental variations (eg. habitat changes, seasonality or daily
periods), ecological pressures (eg. predation, competition, reproductive
period) and resource polymorphisms (Skulason & Smith 1995, Bolnick
etal. 2003). The resource polymorphism can be explained by the discrete
morphological discrepancies related to intraspecific differences in
resource use, which not only interferes with the size of a population’s
niche but may also influence the isolation reproductive behaviour of
individuals, representing an intermediate stage of speciation (Smith &
Skulasson 1996). The individual specialization would be a mechanism
to reduce intraspecific competition (Roughgarden 1972, Svanbéck &
Persson 2004) in populations with high rates of individual specialization,
where each individual typically uses a resource set significantly smaller
than the set of resources used by the population as a whole and with
less overlap of individual niches (Bolnick et al. 2003).

This scenario usually occurs when resources are meager, for
example, where individuals vary their diet in order to decrease
intraspecific competition (Svanbick & Bolnick 2005). The opposite
would occur when resources are abundant, where the overlap of
individual niches is high and individuals would use a pool of resources
close to the niche size of the population as a whole (Werner & Hall
1974, Bolnick et al. 2003). Most of these theories have been commonly
studied in communities of fish, insects and amphibians (Aratijo &
Gonzaga 2007, Araujo et al. 2009, Hannah et al. 2013, Bolnick et al.
2014, Costa et al. 2015), but in mammalian species the knowledge
about individual specialization and polymorphism of resources is scarce
(Olsson et al. 2007, Martins et al. 2008, Camargo et al. 2013, Pires et
al. 2013, Svanbick et al. 2015).

In the Amazon, the conversion of natural ecosystems into oil palm
monocultures (Elaeis guineensis) has expanded over the last 40 years
(Fitzherbert et al. 2008, Butler & Laurence 2009, Wilcove & Koh 2010).
The conversion of forest habitats to oil palm plantations causes loss
of environmental complexity and reduction of ecosystem resources.
Different from the original native forests, the oil palm plantations present
a uniform spatial distribution and tree age structure (Fitzherbert et al.
2008) with exposed soils, reduced leaf litter (Yeboua, 2000, Nelson
2002), low-density understory, highly volatile microclimate (Chung
et al. 2000), and a lower discontinuous canopy (Turner 2009). All
these drastic structural changes induced by the conversion to oil palm
plantation, have been affecting the fauna in different ways in the tropical
forests all over the world (Danielsen & Heegaard 1995, Chung et al.
2000, Peh et al. 2006, Barlow et al. 2007, Butler & Laurence 2009, Yaap
etal. 2010, Correa et al. 2015, Cunha et al. 2015, Ferreira et al. 2018).

Van Valen (1965) was one of the first ecologists to propose the
individual-level niche variation as a consequence of different genotypes
in the same population. Age classes and sex are factors that could
influence the individual variability of niche use in a population (Shine
1991, Bolnick et al. 2003, Martins et al. 2008). However, differences
in habitat and resource availability would also influence individual
variations (Lomnicki 1980, Bourke et al. 1997). Individual-level niche
variations have relevant effects, in the medium and long term, on
diversification of species, since they affect the stability of population
(Dieckmann & Doebeli 1999). Here we investigate the diet of the small
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rodent Hylaeamys megacephalus (G. Fisher 1814) and evaluated the
degree of individual variation in response to the difference of habitats,
including native Amazon Forest and oil palm plantation. We hypothesize
that in the oil palm plantation the individual variation of the Hylaeamys
megacephalus diet would be greater than in the forest, because of the
lower supply of food resources in the first habitat.

Material and Methods

1. Hylaeamys megacephalus

The species H. megacephalus (G. Fisher 1814) is a small rodent
from the Cricetidae Family, Subfamily Sigmodontinae (Figure 1).
According to this study, adults weight an average of 58g + 2g. They
are considered as frugivorous/gramnivorous (Paglia et al. 2012) and
are primarily terrestrial (Nitikman & Mares 1987) but also scansorial
(Voss et al. 2001). Despite the low sampling of this species in Amazon
Forest, it is probably widely distributed in this biome (Musser et al.
1998, Patton et al. 2000). In addition, its distribution is known for the
Cerrado and the Atlantic Forest (Paglia et al. 2012, Percequillo et al.
2015), always associated with forest habitats (Mares et al. 1986, Ochoa
et al. 1993, Percequillo et al. 2015).

2. Study Site

We collected the H. megacephalus (G. Fisher 1814) specimens
within the 103,000 ha Agropalma private landholding (01°55°57”
S/02°24°4” S, 48°45°49” W/48°48°2” W). The study area contains
39,000 ha of oil palm plantations and 64,000 ha of terra firme primary
forest (Figure 1). The remaining forest patches interspersed with oil
palm plantations ranged from 1,500 to 15,000 ha. The region of the
study is currently a mosaic of open habitat areas and natural forest
remnants under several other natural phytophysionomic types. The
height of the forest canopy range from 25 to 35 m, dominated by some
plant species, such as the Attalea maripa (inajé), Cecropia distachya,
Cordia scabrifolia, Tapiriri guianensis (tapiriri), Rollinia exsuca, Inga
thibaudiana (ingd) and Vismia guianensis (sealing). The climate in the
region is tropical humid, according to Koppen’s classification adapted
by Peel et al. (2007), with a rainy season from December to May and a
dry season from June to November. Mean temperature in the region is
26 °C and mean air humidity reaches up to 85% (Oliveira et al. 2002).
The Elaeis guineensis has an economic life of 20 to30 years, reaching
about 20 m in height. After that, the trees are cut for new planting, and
the remains of the previous planting are stacked in lines interspersed
with the new planting. These clumps of organic matter provide a good
environment for invertebrate and small vertebrate fauna. The oil palm
tree produces fibrous fruits most of the year, that are rich in beta-carotene
which gives them an orange color (Luskin & Potts 2011).

3. Specimens Collection and Procedures

We sampled the small non-flying mammals in the study area in
two field campaigns conducted in 2012, one in the rainy season and
the other in the dry season. Each campaign lasted about 25 days. We
installed 16 sampling points with a minimum of 1 km distance between
them, with eight points located in the Forest and eight points located
in the Oil Palm Plantation. At each sampling point we established a
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Figure 1. Location of the study area in the State of Para, Brazil, delimiting the forest fragments (in gray) and areas of oil palm plantation (in

white), and location of the sampling points (in black).

collection station, with a minimum distance of 500m from the edge of
each habitat (forest or oil palm plantation). At each collection station we
used pitfalls (Bury and Corn 1987; Ribeiro-Junior et al. 2011) and live
traps, like Sherman and Tomahawk (Voss and Emmons 1996). However,
we used only H. megacephalus specimens collected in pitfalls, since the
Sherman and Tomahawk traps were baited, and this would influence the
results. At each collection station we implemented a pitfall line with a
set of four buckets of 60 litters, buried with a distance of 15m between
them. The sampling effort was 2,240 traps/nights, divided between the
two types of habitats. All the points were sampled at the same time. We
collected the specimens of H. megacephalus just in 11 points from the
16 points sampled (Figure 1). The collection of samples was authorized
by ICMBIio/SISBIO, through the permanent license number 4628-1
assigned to Ana Cristina Mendes-Oliveira.

We withdraw the gastrointestinal tract from subjects using the
stomach and fecal contents for diet analysis. We measured the total
weight of the stomach and intestine, and the dry weight of the stomach
and intestinal contents using a high precision scale (20 g x 0.001 g). The
content was displayed on a petri dish using a microscope. We calculate
the frequency of occurrence (Hyslop 1980), and each food item was
weighted to calculate the mass frequency (Hahn et al., 1997) . We
sorted each item into categories within the groups of plants and animals.
The only plant item identified was palm oil. Plant items included the
following categories: plant fragments (bark, pulp and fiber), fragments
of palm oil (bark, pulp, fiber and almond) and whole seeds. Items of
animals were identified by order or by family.

http://dx.doi.org/10.1590/1676-0611-BN-2018-0597

4. Data analyses

We calculated the Frequency of Occurrence (FOi%) for each item.
We also calculated the mass frequency of each food item on the total
weight of all items of diet (Hynes 1950, Hyslop 1980). To evaluate the
relative importance of each food item in the diet, we calculated the
Food Index (IAi%) (Kawakami & Vazzoler 1980, Oliveira et al. 2004)
using the formula: IA % = (FO % * P.%/Y FO % * P %) * 100; Where
the [Ai% means food importance of item i, FOi% means frequency of
occurrence of item 7, and Pi% means the weight of item i. We calculated
the IAi for each food item recorded in each habitat separately, which
allowed us to analyze the food items consumed in each of the oil palm
and forest habitats.

We evaluated the effect of the environment (oil palm and forest)
on the niche width of the H. megacephalus species, using the Niche
Amplitude calculation (Hurlbert 1978), which includes the value of the
Levins index (Hurlbert 1978) ranging from O to 1. This index is equal
to 0 when each animal consumes a single type of food category and
equals 1 when the population consumes all available food categories
similarly (Hulbert 1978, Fugi et al. 2008). Important to mention that the
Levins’s measure does not allow for the possibility that the resource vary
in abundance (Krebs, 1999), but it’s still very usefully to standardize
the niche breath. To evaluate the variation in the diversity of items
consumed by the population of H. megacephalus, the Shannon Diversity
Index (H’) (Zar 1984) was performed. The higher the H’ value the
greater the diversity of food items in the diet. We performed a t-test to
analyze differences between each sampled environment. The t-test was
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performed in R (R Development Core Team 2016), using the diversity
function of the Vegan package (Oksanen et al. 2013).

We calculated the individual dietary variation through the
Proportional Similarity Index (PSI), which measures the overlap
between the diet of individual 7 and the menu of the population as a
whole (Bolnick et al. 2002, 2003). This index allowed us to compare
the degree of individual specialization among the sexes and the habitats
through the t-test. The measure of the degree of proportional similarity
among individuals of a population (IS) is calculated by averaging
the individual PSi values (Bolnick et al. 2002). The SI ranges from 0
(individual maximum specialization) to 1 (no individual specialization),
and we consider values below 0.6, suggested by Bolnick et al. (2002),
to represent high levels of individual specialization of the population.
These values were calculated using the RInSp (R Development Core
Team 2016) package.

Results

We collected 36 individuals (six in the dry season and 30 in the
rainy season), of which 11 were collected in the forest and 25 specimens
captured in palm oil planting. The H. megacephalus diet is composed of
18 food item of which 10 are of animal origin (Orthoptera, Coleoptera,
Dermaptera, Heteroptera, Lepdoptera, Blattaria, Formicidae,
Curculionidae, Cerambycidae and Araneae) and eight are of vegetal
origin, as plants fragments (peel, pulp, vegetable fiber and whole seeds)
and oil palm fragments (peel, pulp, fiber and almond) (Table 1).

In the whole study, we recorded 17 food items consumed in the oil
palm plantation areas and 13 in the forest areas (Table 1). Of the total
number of items consumed in the oil palm habitat, nine were of animal
origin, Coleoptera being the most frequent and also the most important
(Table 1). Among the eight ingested vegetable components, the palm
pulp had the highest importance in the diet of the species in the oil palm
habitat (Table 1). In the Forest environment, the most consumed animal
item was also Coleoptera, among the six registered animal components.
But unlike the oil palm plantation, the fibers and bark of native plant
species were more important in the diet of H. megacephalus in the forest
habitat. Whole seeds also had great importance in the diet, especially
in the forest environment (Table 1).

The niche amplitude calculated for H. megacephalus in the forest
habitat (Ba, = 0,013) was narrower than the oil palm plantation habitat
(Bamlm =0,478). These results show that forest individuals tend to limit
their niche and overlap their diet. The opposite occurs in the areas of
oil palm plantation.

The diversity of dietary items of the forest individuals (H, =
1.039) did not differ significantly from the diet of the oil palm plantation
(H’]Dalm =0.907) (t=0.686, df = 34, p = 0.497). However, the analysis
of ANOSIN showed differences between the diet composition and
abundance of oil palm and forest samples (p = 0.038, r = 0.206).

When we evaluated the individuals separately, we observed that in
the oil palm plantation the values of PSI are lower than in the forest
habitat, which means less overlapping of diet in relation to the diet of
the whole population, than the individuals in the oil palm plantation. The
t-test (t=-1.964; df =32; p=0,048) present an effect of the environment
on individual diet specialization of the population (Figure 2). The
average values of the degree of proportional similarity between the diet
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Table 1. Diet composition of the individuals of the species Hylaeamys
megacephalus. Legend: frequency of occurrence (FOi%) and food importance
index (IAi%) of each item in the two different habitats (oil palm plantation
and forest).

Food category Qil palm (n=25) Forest (n=11)

Items FOi% T1Ai% FOi% T1Ai%
Class
Insecta
Order
Orthoptera 0 0 18,2 2,666
Coleoptera 36 1,3 36,4 8
Dermaptera 4 0,022 0 0
Suborder
Heteroptera 16 0,244 9,1 1
Lepidoptera 4 0,005 0 0
Blattaria 12 0,05 9,1 0,666
Families
Formicidae 12 0,083 18,2 1,333
Curculionidae 0,005 0 0
Cerambycidae 0,005 0 0
Class
Arachnida
Order
Araneae 28 0,389 18,2 2
Plants (fragments)
Peel 36 0,85 63,6 16,333
Pulp 20 3,446 18,2 4
Vegetable fiber 44 1,773 72,7 37,333
Whole seeds 40 2,835 45,5 16,666
Oil palm (fragments)
Peel 36 0,65 9,1 0,333
Pulp 20 85,413 0 0
Fibra 52 2,529 9.1 1,666
Almond 20 0,333 36,4 8

of the individuals, considering the entire population (IS), were lower in
the oil palm (IS]Dalm =0,164) than in the forest (IS, = 0,357), indicating
greater individual specialization of the diet in oil palm plantation.

Discussion

We concluded that the changes in the environment has an effect
on the H. megacephalus diet, wherein the oil palm plantation has
an increase in the individual variation of the diet. This would be a
mechanism for reducing intrapopulation competition in response to
scarce resources (Roughgarden 1972, Svanback & Persson 2004). The
increase in individual variability reflected the increase in the niche
amplitude of the population as a whole, in the area of 0il palm plantation.
In the Forest, theoretically, individuals tend to overlap their diet and
decrease their niche breadth. The broader food niche observed in the
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Figure 2. Analysis of T-test comparing the variability in the diet of between
different habitats (oil palm plantation and forest).

plantation environment can also be determined by strong intraspecific
competition as a result of a higher population density, leading to a
behavioral change as a result of depletion of the preferred resources.
The description of these patterns for mammals, especially for rodents,
may be useful for a better understanding of the mechanisms that
promote evolutionary diversification through individual specialization
(Svanbédck & Bolnick 2007). The studied population is seen as a
generalist population composed of individual specialists. Thus, this
work reinforces the need to evaluate diet individually in studies that
consider evaluating the impacts on the use of these resources (Bolnick
etal., 2003). It is noteworthy that the increase in the amplitude of niche
population was disproportionally greater than the increase in individual
niche amplitudes, indicating that individual niches remain relatively
limited when the niche of the population expands on the oil palm habitat.

The reduction in the complexity of the oil palm plantation habitat
compared to the forest reflects on the increase of the individual
variability of H. megacephalus. This individual specialization is
considered an endogenous mechanism of the population, in response to
several factors, such as environmental variations (Bolnick et al. 2003,
Skulason & Smith 1995). Differences in habitat and resource availability
can influence individual variations (Lomnicki 1980, Bourke et al. 1997).
In this case, the individual specialization could reduce intraspecific
competition (Roughgarden 1972, Svanbick & Persson 2004). However,
in the medium and long-term, the high individual-level niche variations
can have as consequence the diversification of the species, as they
affect the stability of the population (Dieckmann & Doebeli 1999).

In this study, we suggest the change of the frugivorous/gramnivorous
diet defined to H. megacephalus by Paglia et al (2006) to frugivorous/
insectivorous. We observe that these animals feed on large quantities
of plant items such as bark, pulp, plant fiber and seeds, but also ingest
a wide variety of animal food items including insects and arachnids.
Other studies using close phylogenetically species, found arthropods
in 100% of samples and some seeds and other parts of plants (Palma
1996). Our results suggest that when these items were not available,
H. megacephalus increased the consumption of other items. This was
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evidenced by the frequency of occurrence of the palm kernel consumed
in the forest area. Due to the difficult investigation of the small rodent
diet, as these animals fragment food into very small parts (Hansson
1970), information about their eating habits is still limited. Few studies,
often superficial, elucidate little about food ecology and impacts on
communities. For the vast majority of rodent species, it is not known
what the true importance of food resources is and how these items
vary in their diet.

Although we have not done feasibility tests of the seeds ingested,
we suggest a dispersion potential of this species, as the IAi% values
for the whole seed item was the third highest among all food items
consumed. The high consumption of seeds by terrestrial rodents in the
neotropics makes this group of fauna essential in the maintenance and
recovery of forest habitats (Forget 1992), not only as dispersers, but
controlling some dominant plant species, allowing greater biodiversity.
Several small mammals are being considered as potential dispersers
in the neotropics (Pimentel & Tabarelli 2004). Consumption of fruits
and seeds, albeit in variable proportions, indicates a strong dispersal
potential for small mammals, although information on the dietary
memories of some genera may be scarce and, in some cases, associated
with phylogenetically close species (Lessa & Geise 2010, Casella &
Céceres 2006, Lessa & Costa 2009).

In general, we demonstrated that the niche used by the H.
megacephalus species is narrower in the forest since the individual
dietary variation is smaller. While in the oil palm plantation, where the
PSI values are lower, indicating a smaller individual niche overlap, the
whole niche of the population expanded. However, the richness and
composition of the items consumed by the individuals of both habitats
are not different. It means that populations of H. megacephalus in oil
palm plantation as well as in forest habitats are feeding on almost the
same food items. Individuals residing in the oil palm plantation further
diversify the use of these food items among themselves. In this way,
we can say that there is an impact of the oil palm plantation on the
individual variability of the H. megacephalus species diet. We reinforce
the importance of considering individual variability in the diet and niche
amplitude studies, since if we considered all specimens as ecologically
equivalents (DeAngelis & Gross 1992) in the H. megacephalus
population, we could erroneously conclude on the comparison of
intake between habitats. The description of these patterns for mammals,
especially for rodents, may be useful for a better understanding of
the mechanisms that promote evolutionary diversification through
individual specialization (Svanbéck & Bolnick 2007).
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In the article “Dragonflies and damselflies (Insecta: Odonata) from a Cerrado area at Triangulo Mineiro, Minas Gerais, Brazil” with the DOI
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Where it was written:

Tramea binotata (Rambur, 1842)
Should read:

Tramea calverti Muttkowski, 1910
In page 4, where it was written:

In general, the number of species in a single assemblage (pool) varies strongly in Brazilian Cerrado habitats, from as small as 26 and 31
species (Almeida et al. 2013, Vilela et al. 2016) to as numerous as 50-80, generally at sites with more sampled areas (Calvao et al. 2013, Carvalho
etal. 2013, Dutra & De Marco 2015, Ferreira-Peruquetti & Fonseca-Gessner 2013) (Table 3). The number of species recorded in our study can be
considered intermediary based on the small sampling effort, and the fact that we cover only half of the preserved area, indicating that the PANMC
can present a rich pool of odonates, when compared to other places in Minas Gerais (Almeida et al. 2013, Souza et al. 2013). Additionally, there
are many distinct Cerrado biotopes found around the aquatic habitats in the RLNMC, e.g., cerrado strictu sensu and campos de murundus, creating
a gradient that could increase the diversity of odonates (Bedé et al. 2015).

Should read:

Overall, the richness in an odonate community has a great disparity in Brazilian Cerrado habitats. In some areas, species richness is low,
between 26 and 31 species (Almeida et al. 2013, Vilela et al. 2016). In other areas, the richness of species is relatively high, between 50 and 80
species, probably due to the fact that these areas present more sampling points, which increases the species richness (Calvao et al. 2013, Carvalho
et al. 2013, Dutra & De Marco 2015, Ferreira-Peruquetti & Fonseca-Gessner 2013) (Table 3). The richness recorded in our study fits better on an
intermediary level taking in account the small sampling effort, and the fact that we cover only half of the preserved area. These results indicate
that the PANMC has the potential to hold a rich pool of odonates, in comparison to other places in Minas Gerais (Almeida et al. 2013, Souza et
al. 2013). Moreover, around the aquatic habitats in the LRNMC, there are other different Cerrado phytophysiognomies, such as, cerrado strictu
sensu and campos de murundus. These habitats can build a slope of environmental heterogeneity, which can boost the odonate diversity (Bedé
et al. 2015, Souza et al. 2017).

In page 9, where it was written:

SOARES, D.M., NASCIMENTO, A.R.T., SILVA, L.C. & DE-PINHO-JUNIOR, G.V. 2015. Natural Regeneration and Biological Invasion
by Pinus caribaca Morelet in Two Vereda Sites: Woody Vegetation Response. Am. J. Plant Sci. 6(17): 2708-2717.

SOUZA, M.M., SOUZA, B., PEREIRA, M.C.S.A. &« MACHADO, A.B.M. 2013. List of Odonates from Mata do Bau, Barroso, Minas Gerais,
Brazil. Check List 9(6):1367-1370.

Should read:

SOARES, D.M., NASCIMENTO, A.R.T., SILVA, L.C. & DE-PINHO-JUNIOR, G.V. 2015. Natural Regeneration and Biological Invasion
by Pinus caribaca Morelet in Two Vereda Sites: Woody Vegetation Response. Am. J. Plant Sci. 6(17): 2708-2717.
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wetland of the Rio Pandeiros, northern region of Minas Gerais State, Brazil, with a description of the male of Archacogomphus vanbrinki Machado
(Anisoptera: Gomphidae) Int J Odonatol 20(1):13-26.

SOUZA,M.M., SOUZA, B., PEREIRA, M.C.S.A. & MACHADO, A.B.M. 2013. List of Odonates from Mata do Bau, Barroso, Minas Gerais,
Brazil. Check List 9(6):1367-1370.
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Abstract: Biological assessments that use the reference condition approach are based on the concept of comparing a
site’s observed biology to sites where disturbance is minimal or absent. However, in many regions of the world, such
areas are scarce or nonexistent. In this study, an alternative approach proposed by Chessman and Royal for bioassessment
without reference areas based on environmental filters was tested in Brazil. This approach assumes that key environmental
features act in the selection of potential colonists, from a regional pool of taxa, based on the ecological traits (tolerances)
possessed by each taxon. We developed the approach by: 1) determining the regional pool, based on a large Atlantic
Forest biome database; 2) selecting environmental filters (elevation, original vegetation and soil type); and 3) including
information on the tolerance and preferences of aquatic insects to these filters. With this information we were able to
determine the expected taxon under natural conditions and compare with observed taxon, developing a predictive index
(Observed/Expected). Although the model was intended to predict the fauna in regions without reference sites, we included
reference areas to test the model responsiveness, precision and sensitivity. Our results indicated that the index was able to
discriminate impairment classes (F=56.9; p<0,001), it has high precision due to low standard deviation across reference
sites values (SD=0.098) and high sensitivity due the correlation with environmental variables that are sensitive to human
alteration (r=0.74, p<0.01). Also, it was strongly correlated with multimetric indices developed for multiple watersheds
in the state, showing agreement between the methods in relation to ecological quality classification. Even though the
predictive index had performed well in our study, we make some considerations that may help to improve its sensitivity
of similar methods that are being tested using the environmental filters approach.

Keywords: biomonitoring, environmental management, aquatic insects, macroinvertebrate, neotropical region.

Indice preditivo baseado em filtros ambientais para o biomonitoramento de rios em
bacias sem areas de referéncia no bioma Mata Atlantica, Brasil

Resumo: Avaliagodes biologicas que usam a abordagem de condicao de referéncia se baseiam na comparagio entre a biota
observada em locais teste e a presente em locais integros ou minimamente impactados. Entretanto, em muitas regides do
mundo, estes locais sdo escassos ou inexistentes. Neste estudo, a abordagem alternativa proposta por Chessman e Royal,
que consiste no biomonitoramento baseado em filtros ambientais sem o uso de areas de referéncia, foi testado para o Brasil.
Esta abordagem assume que caracteristicas ambientais chave agem na sele¢o de colonizadores potenciais, a partir do poo!
regional de taxons, baseado nos tragos ecoldgicos (tolerancia) de cada taxon. A abordagem foi desenvolvida através da:
(1) determinag@o do pool regional, baseado em uma ampla base de dados do bioma Mata Atlantica; 2) selegdo de filtros
ambientais (elevagdo, vegetagao original e tipo de solo); e 3) inclusdo de informagdes sobre a tolerancia e preferéncia
ambiental dos insetos aquaticos a esses filtros. Essas informagdes possibilitam determinar os taxons esperados sob condigdes
naturais (auséncia de impacto) e comparar com os taxons observados em cada local, desenvolvendo um indice preditivo
(Observado/Esperado). Embora esta abordagem proponha a predi¢ao da fauna na auséncia de areas de referéncia, estas areas
foram incluidas com o proposito de testar a resposta, precisdo e sensibilidade desta abordagem. Os resultados indicam que
o indice desenvolvido foi capaz de distinguir diferentes classes de impacto (F=56.9; p<0,001), obteve alta precisdo, o que
foi observado com o baixo desvio padrdo obtido para os valores de locais de referéncia (SD=0.098) e alta sensibilidade,
observado através da correlagdo significativa com variaveis ambientais sensiveis a alteragdes antropicas (r=0.74, p<0.01).
Além disso, o indice foi fortemente correlacionado com indices multimétricos desenvolvidos especificamente para diferentes
regides hidrograficas, mostrando concordancia entre diferentes métodos no que se refere a avaliagdo da integridade
ecologica. Apesar do bom desempenho do indice preditivo neste estudo, nés fizemos algumas consideragdes para melhorar
a sensibilidade e o potencial da abordagem de filtros ambientais em aplicagdes futuras.

Palavras-chave: avalia¢do biologica, gestao ambiental, insetos aquaticos, macroinvertebrados, regido neotropical.
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Introduction

Biological assessments are generally based on measurements of
attributes of biological assemblages, which are often characterized and
expressed as indices. Different types of indices have been developed
(Hawkins et al. 2010, Feio & Poquet 2011, Herman & Nejadhashemi
2015), but most of these methods share the need to use a benchmark (i.e.
a reference condition), from which the measured biological condition
will be compared. The impairment of a site is defined as how much
their biological attributes differ from those found at the benchmark’s
condition.

Ideally, reference benchmark conditions represent historical, pristine
conditions (Hawkins et al. 2010). However, in many regions of the
world due to a long history of anthropogenic alteration of the aquatic
ecosystems, those conditions are scarce or absent. In such cases, where
“minimally disturbed” or “historical condition” sites (sensu Stoddard
et al. 2006) are missing, some protocols relax the reference criteria and
use “best attainable ” or “least disturbed” sites as reference (Stoddard
et al. 2006). The misuse of this practice can generate a series of
problems (Chessman 2006, Labay et al. 2015, Elias et al. 2015). First,
these definitions are often arbitrary and inconsistent, thus impractical
to apply them in broad spatial scales (Cao & Hawkins 2011). Second,
these sites have human-altered hydrological, physical and chemical
conditions, that also affects their corresponding biological attributes.
Thus, an index based on those sites may differ from one developed
using natural benchmarks. This practice should be applied with great
prudence, otherwise can influence indices by incorporating increasing
degradation into the modelling.

The need to implement bioassessment programs in regions where
reference sites are absent or scarce have fostered the development and
testing of alternative methods (Chessman & Royal 2004, Carter & Fend
2005, Stranko et al. 2005, Chessman 2006, Blocksom & Johnson 2009,
Hawkins et al. 2010, Birk et al. 2012, Schoolmaster et al. 2013, Labay
et al. 2015, MiloSevi¢ et al. 2016, Elias et al. 2016). Some researchers
point that an approach that does not require the use of reference sites
should be explored (Olden et al. 2006, Feio et al. 2009, Feio & Poquet
2011, Elias et al. 2015). Recent literature reviews on bioassessment
(Dolédec & Statzner 2010, Hawkins et al. 2010) classified Chessman and
Royal’s (2004) approach, the Observed Proportion of Potential — OPP,
as promising, but lacking sufficient validation. This approach is based
on the environmental filters concept (Poff 1997), which assumes that
key environmental features act in the selection of potential colonists,
from a regional pool of taxa, based on the ecological traits (tolerances)
possessed by each taxon. The premise of the approach is ecologically
intuitive: a taxon from the regional pool (i.e. known to possibly occur
in a given area) that possess environmental tolerances that fit the
‘natural’ environmental conditions would occur in a site if those ‘natural’
conditions are found. If the environmental conditions are changed in a
way they extrapolate a taxon’s tolerance, they act as filters excluding
the taxon from that site. The use of multiple key environmental filters
would allow predicting the composition of the community potentially
occurring in a site (Poff 1997, Chessman & Royal 2004, Stranko et
al. 2005, Chessman 2006). Anthropogenic impacts can be viewed as
either modifying the natural filters (allowing more, fewer, or different
taxa to pass) or creating additional filters (Chessman & Royal 2004).
Thus, the comparison of the observed taxa with the expected taxa
provides a measure of the impairment level of a site. It results in an

http://www.scielo.br/bn

Observed/ Expected index (O/E index), similar to the type used in a
RIVPACS and AUSRIVAS (Feio & Poquet 2011), but Chessman and
Royal’s approach identify taxa expected to occur in each typology
based on life history information, rather than through reference-based
predictive modeling. This can be considered typological approach
(sensu Hawkins et al. 2010), because the expected taxa are identical to
all streams within each type listed.

In this study, we test the potential for environmental filters approach
to provide a basis for bioassessment of regions without reference sites.
The environmental filters predicted the natural potential distribution of
aquatic insect families, which was used as benchmarks for comparisons
with observed assemblages. The predictive index was tested for its
ability to determine the impairment condition of streams sampled in
southeast Brazil. Specifically, to assess index performance we tested
for its (1) responsiveness, in order to verify the ability to discriminate
impairment classes; (2) precision, to know the precision of filters
approach worked; (3) sensitivity to stressor gradient through evaluation
of the relationship between the OPP and environmental variables that
are highly sensitive to human alteration. Then, we compared OPP with
existing multimetric indices in order to verify the agreement between
methods in relation to ecological quality classification.

Material and Methods

1. Study Area

This study was carried out with data collected from seven of
the nine main river basins of Rio de Janeiro state, southeast Brazil
(Figure 1). The geomorphology of the state is composed of coastal
plains separated by hills and two mountain chains that run parallel to
the ocean (Serra do Mar, ranging from elevations 0-2,000 m.a.s.l and
Serra da Mantiqueira, ranging from 800-2,500 m.a.s.1). The state’s main
river, rio Paraiba do Sul, runs in the valley formed between the two
mountain chains at an elevation of about 800 m.a.s.l. According to a
recent review of Koppen'’s climate classification for Brazil most of Rio
de Janeiro state’s mid-to-lowland portions (44%) is classified as tropical
with a summer rainy season (Aw type), and the mountainous regions
and plateaus classified as humid subtropical zones with hot summer,
without dry seasons (Cfa type) or with a dry winter (Cwa type) (Alvares
et al. 2013). The temperature oscillates between 150C and 280C and
the mean annual rainfall is around 1000-1500mm. The Atlantic Forest,
which originally covered virtually the entire region, now represents
less than 12% of its original extent, and is mostly spread in the higher
parts of the mountains and in remnants interspersed with agriculture
and pasture (Ribeiro et al. 2011).

2. Development of the predictive model

A model to predict the natural distribution of macroinvertebrate
based on environmental filters was built using three main types of
information: 1) the regional pool of macroinvertebrate taxa; 2) the
environmental filters; 3) the preference and tolerance of each taxon to
the three filters.

The ‘regional pool’ of aquatic insects was based on a database of
both published and unpublished information. This database consisted of
over 400,000 individuals representing 100 macroinvertebrates families
from 370 stream sites distributed in five neighboring states (Rio Grande
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Figure 1. Locations of the macroinvertebrate sampling sites.

do Sul, Parand, Mato Grosso do Sul, Sdo Paulo and Rio de Janeiro)
in south and southeast Atlantic Forest region. To define the regional
pool, we identified the set of families that occurs in a region using the
database. All families within the database were included as part of the
regional pool and the list of families were confirmed with local experts.
In next step, we excluded the rare families, which occurred in less than
10% of total sites in the database. These families that occurs with low
frequencies could reduce model performance, because we couldn’t
define their preferences and environmental tolerances accurately or
their absence in the following analyses are probably due to rarity rather
anthropogenic degradation.

The environmental filters were used to generate a potential
natural macroinvertebrate assemblage for each site by selecting from
the regional pool the taxon which had the possibility (based on its
environmental tolerance) that allowed it to occupy each test site. To
obtain the local pool, we used a series of binary filters. Thus, a taxon
was considered as a potential colonizer at a given site if it was listed
in the regional pool and the site’s characteristics were compatible
with the environmental range described for the taxon. If a given taxon
were filtered (excluded) by a single environmental attribute it was not
considered to be potentially present in that location (‘“one-out-all-out”
principle). We obtained a list of families potentially present in each
combination of environmental filters (Appendix 1).

http://dx.doi.org/10.1590/1676-0611-BN-2018-0601

Ideally, the environmental filters should be relevant to the biological
assemblages, must have enough available information regarding their
biological tolerance ranges, and must not be strongly affected by
stressors (Chessman & Royal 2004, Chessman 2006, Walsh 2006). In
our study, the environmental variables that held these characteristics
were elevation, original vegetation and soil type. These three filters are
not directly influenced by human activities, they have been reported to
influence aquatic insects assemblage distributions (Walsh 2006, Dudgeon
2012, Olson & Hawkins 2012), and there was enough information to
map them and to calculate the tolerance range values for aquatic insects.
The elevation range was divided into low (0-200m.a.s.l.), medium
(>200-800m.a.s.1.) and high (>800m.a.s.l.), because these categories
were reported as holding different aquatic insects assemblages in our
studied region (Baptista et al. 2001, Henriques-Oliveira & Nessimian
2010). Original vegetation (Atlantic ombrophilous dense and semi-
deciduous forest) and soil type (Cambisols, Ferralsols and Podzols)
followed IBGE (http://mapas.ibge.gov.br).

The preferences and environmental tolerances of each taxon
regarding the elevation range, vegetation and soil type were based
on information obtained in the database and numerous publications.
We used the database to define occurrence frequency of taxa in each
category within the environmental filters. We used the database to define
occurrence frequency of taxa in each category within the environmental
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filters. Families which the occurrence was equal or more than 10% of
the streams in that category was considered potentially present in the
category of the environmental filter (Appendix 1). So, the probabilities
were transformed to binary presence (1) and absent (0). We used the
literature to avoid errors and the ones containing more information were
Baptista et al. (2001); Hepp & Santos (2009); Henriques-Oliveira &
Nessimian (2010); Suriano et al. (2011); Siqueira et al. 2012).

All taxa were identified to the lowest taxonomic level possible
(mostly to genus level), but data were aggregated to family level for the
modelling. The family level was chosen due to the lack of information
about the preferences and environmental tolerances (ecological traits)
on genus or lower levels. Also, this taxonomic level was shown to
present similar responses to impairment as lower levels in Brazil
(Buss & Vitorino 2010) and, due to practical reasons, family-level is
recommended as a starting point for bioassessments in regions with
taxonomic and resources constraints, such as Brazil (Buss et al. 2015).
Other studies developing predictive modelling based on environmental
filters (Chessman & Royal 2004, Stranko et al. 2005, Chessman 2006,
Walsh et al. 2010, Davies et al. 2012) have found that those approaches
may be applied successfully using family level.

3. Database used to apply and test the model

The dataset used to apply and test the model consisted of 106,088
individuals representing 67 families and 10 orders of insects, from
146 sites sampled in Rio de Janeiro state. The records from these 146
sites were excluded from model development so that they could be
independently used to assess the model performance. Aquatic insects
were sampled in streams of 1% to 4™ orders (of which less than 15%
were of 5™ to 6™ orders), representing elevations from sea level to 1,700
m.a.s.l. and under different land uses (reference, pasture, agriculture
or urban). The great majority of the samples were taken avoiding the
wet season (thus, sampled from April to October) between the years
of 2005 and 2010. All samples were taken and processed by the same
research team. In the field, twenty samples (around 20m?) were collected
proportionally to the microhabitats (substrates) available in each stream
reach using a Kick sampler (30x30cm; 500 um mesh size), following the
multi-habitat method (Barbour et al. 1999). The percentage of available
habitats was previously estimated by visual inspection and substrates
with less than 5% of the site area were not sampled. Samples were
obtained from a reach length of approximately 20 times the channel
width. Samples were conserved in the field in 80% ethanol and taken
to the laboratory for further inspection. In the laboratory, samples were
washed to remove coarse organic matter, such as leaves and twigs and
the remaining material was placed in a sub-sampler measuring 64 x 36
cm, divided into 24 quadrats, each measuring 10.5 x 8.5 cm, with area
0f 89.25 cm? (European patent number 2572576). Eight quadrats were
chosen at random and processed entirely, following the procedures
described in Oliveira et al. (2011a).

In the field, water was analyzed for pH (MPA 210p LabConte)
and dissolved oxygen (mg/L; YSI 550A). Cooled samples were taken
to the lab for further analysis. The parameters ammonia (mg/L NH,),
nitrate (mg/L NO,), and total phosphorus (mg/L P-total) were analyzed
using a spectrophotometer (HACH DR2500), following Standard
Methods protocols (APHA 2000). Sampling sites were also classified
in the field using the visual-based habitat assessment protocol (HAP;
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Barbour et al. 1999). The HAP analyzes ten environmental parameters,
such as substrate availability for colonization by benthic fauna, water
velocity and embeddedness, channel condition, sediment deposition,
margin stability and riparian vegetation extent and condition. For each
parameter a score between 0 and 20 is assigned. Sites are classified
according to the mean score obtained in the HAP, as follows: 0-5 “Poor”,
5.1-9.9 “Marginal”, 10-14.9 “Suboptimal” and 15-20 indicating an
“Optimal” environmental condition (Barbour et al. 1999). Landscape
variables (elevation, original vegetation and soil types) were obtained
for each site using the ArcGIS 10.3 software and their corresponding
digitalized 1:500,000 maps (IBGE http://mapas.ibge.gov.br).

Although our aim in this study was to develop a model to predict the
fauna in regions lacking proper reference sites, we included reference
areas to test the model. We hypothesize that if the model is robust enough
it should yield higher scores to reference sites in comparison to other
impairment conditions. Impairment classes were assigned based on
physical, chemical and environmental parameters, the latter following
Barbour et al. (1999). Sites were classified as reference if water had
dissolved oxygen >6.0 mg/L, an “Optimal” or “Good” environmental
condition according to the HAP, no sign of channelization locally
or upstream and if <25% area upstream land-use were urban (based
on recent satellite images). Most reference sites were within or in
buffer zones of protected areas and were thus classified as “minimally
disturbed” (sensu Stoddard et al. 2006). Impaired sites were classified
if they had “Poor” condition according to HAP and if recent satellite
images showed >40% of upstream area was affected by urban areas and/
or agriculture. Intermediate sites had characteristics between these two
classes. When in the field we noticed some intermediate sites had been
reforested or were in process of recovery. Those sites were classified as
“best attainable conditions” (sensu Stoddard et al. 2006), and we used
this subset of intermediate sites to refine the model testing.

4. Comparison of observed and expected taxa

The suite of families observed at each site was compared with the
suite that was attributed as potential colonizers of that site. This ratio
(number of observed within the expected/total expected) is termed as
“observed proportion of potential” (OPP; Chessman & Royal 2004).
The OPP scores range from 0 to 1, where scores close to zero indicate
few expected families were observed and scores close to one indicate
the opposite. The lower the OPP score the higher the impairment level
of a site.

5. Testing the model

The testing of the OPP was done threefold, aiming to verify: (1)
responsiveness, if the OPP scores statistically discriminate sites of the
four impairment classes (minimally disturbed reference, best attainable
conditions, intermediate and impaired) using an ANOVA followed by
a Tukey post-hoc; (2) precision, using standard deviation of scores
across reference sites; (3) sensitivity, if OPP scores correlated with
environmental variables that are highly sensitive to human alteration,
which allow to define a stressor gradient; (4) agreement between the
methods in relation to ecological quality classification, if OPP scores
correlated with multimetric indices previously developed for river
basins where those sites were located. To verify if the OPP scores
were correlated to environmental variables, first a PCA were calculated
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using environmental variables (ammonia, nitrate, P-total, and the HAP
index) for 110 sites where all those informations were available. Prior
to analysis, data were standardized by subtracting each value from its
mean and dividing it by its standard deviation to reduce the effects of
different scales used in the variables. Second, Pearson correlations
were calculated using the OPP scores for each site and the obtained
PCA first-axis values (environmental variables considered should
be positively correlated in the PCA first-axis). To verify if the OPP
scores were correlated with multimetric indices, Pearson correlations
were calculated between the OPP score for each site and the indices:
GMMI (Guapiagu-Macacu Multimetric Index; Oliveira et al. 2011b),
for 38 sites sampled in this basin; PPPMI (Paquequer-Piabanha-Preto
Multimetric Index; Baptista et al. 2011), for 22 sites; MISB (Serra da
Bocaina Mutimetric Index; Baptista et al. 2013) for 16 sites; IMMM
(Macaé Multimetric Index; unpublished data) for 29 sites; and ECMI
(East Coast Multimetric Index; Pereira et al. 2016), for 20 sites. Twenty-
one sites were sampled in basins without prior developed indices and
were not included in this analysis.

Results

Based on the criteria to determine impairment conditions, the 146
sampled sites were classified as follows: 35 reference sites, 20 with
best attainable conditions, 55 intermediate and 36 sites classified as
impaired. Physical and chemical parameters suggest a gradient of
impairment related to organic origin (as the values of ammonia and
P-total indicate) and to non-point source pollution and/or related to
environmental degradation (based on the HAP index; Table 1). The HAP
index classified reference sites as “optimal” or “good”, while impaired
sites were classified as “regular” or “poor” environmental condition.

1. Environmental filters

From the 146 stream sites analyzed in this study, cambisols had the
higher number of sites (104) among soil types, followed by podzols
and ferralsols (26 and 16 sites, respectively). The great majority of sites
(136) belonged to ombrophylous dense forest dominion, with the ten
remaining belonging to the Atlantic semi-deciduous forest dominion.
The elevation range separated sites in more even numbers: 51 sites
from 0-200m.a.sl., 60 sites in the 200-800m.a.s.] range and 35 sites
>800m.a.s.l. It is important to notice that the distribution of streams do
not follow the percentiles of each environmental condition in the state,
being an artefact of the database. The three environmental filters were
combined to determine the potential of occurrence of aquatic insects.

Sixty-seven families were identified as having the natural potential to
occur at one or more sites. The combination with the higher number of
families with potential to occur was cambisols covered by ombrophilous
dense forest and in the 200-800m.a.s.l. elevational range (53 families;
Table 2). The combinations with the lower numbers of families with
potential to occur were those at low elevation (0-200m.a.s.1) covered
by Atlantic semi-deciduous forest, both in ferralsols and podzols soil
types (35 families; Table 2). Sampled sites represented most possible
filters combinations. All combinations had at least one site sampled,
with the exception of sites >800m.a.s.l. in Atlantic semi-deciduous
forest on podzols and ferralsols, and in Atlantic ombrophilous dense
forest on ferralsols (Table 2).

2. Testing the model

The OPP scores for the 146 sites ranged from 0.02 to 0.75. Reference
sites had a high number of occasions where the expected families were
also observed (E+O+, Table 3). This contributed for the highest OPP
scores obtained by sites of this class (percentiles 25%-75% = 0.46
and 0.60, respectively; Figure 2). BAC sites scores were statistically
similar to those of reference sites (ANOVA Tukey post-hoc test p=0.11),
although 75% of BAC scores were lower than the median score of
reference sites (Figure 2). On the other hand, in impaired sites, a high
number of expected families were not observed (E+O-, Table 3). The
lower number of E+O+ occasions resulted in lower OPP scores for
impaired sites (percentiles 25%-75% = 0.12 and 0.32, respectively).
Intermediate sites scored between the two extremes (ANOVA Tukey
post-hoc test p< 0.01 for all those pairs of data; Figure 2). The scores
of reference sites had low standard deviation (0.54, SD= 0.098) which
indicates high precision of filters approach. In general, sensitive
taxa (Corydalidae, Grypopterygidae, Perlidae, Psephenidae and
Pyralidae) and the shredders — group particularly vulnerable to riparian
deforestation (e.g., Calamoceratidae, Leptoceridae and Tipulidae) —
were observed with higher frequency in reference sites (Table 3). Those
taxa, among others, had distinct presence patterns between reference
and impaired sites. For example, Grypopterygidae was observed in 34
of the 35 reference sites it had a natural potential of occurring, but it
was observed in only two of the 36 impaired sites it was expected. Some
very abundant tolerant or moderately tolerant taxa were observed in
most sites they were expected to occur (e.g., Elmidae, Chironomidae,
Simuliidae, Baetidae, Leptohyphidae e Hydropsychidae), regardless
the impairment condition (reference, BAC, intermediate or impaired;
Table 3). In very few occasions, some families unassigned by the filters
for occurring at a site were observed (E-O+, Table 3).

Table 1. Mean values (and standard deviation) of the physical, chemical and environmental parameters measured for stream sites classified as reference, best

attainable condition (BAC), intermediate and impaired.

Reference BAC Intermediate Impaired
Habitat Assessment Protocol (HAP) 17.38 (£2.39) 15.48 (£3.62) 11.71 (£4.77) 4.02 (£2.04)
HAP classes optimal-good optimal-good good-poor regular-poor
NH3-N (mg/L) 0.02 (£0.02) 0.02 (£0.02) 0.07 (£0.25) 0.54 (+£0.93)
P-total (mg/L) 0.50 (£0.22) 0.36 (£0.07) 0.46 (£0.22) 0.87 (+£0.69)
NO3 (mg/L) 1.99 (£1.71) 2.60 (£1.63) 1.90 (£1.28) 1.59 (£1.27)
Dissolved oxygen (mg/L) 6.83 (+1.85) 7.80 (£1.08) 7.15 (£1.83) 5.38 (£2.40)
pH 6.90 (£0.45) 6.68 (£0.29) 7.04 (£0.51) 6.96 (+£0.45)
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Table 2. Number of sampled sites and number of families with potential of occurring, according to environmental filters (soil types, original vegetation cover and
elevation ranges).

. Original vegetation . Number of stream sites  Number of families with
Soil types Elevation (m) . .
cover sampled potential of occurring
) ) <200 31 40
Cambisols Atlantic ombrophilous 200-800 39 53
dense forest
>800 34 51
) ) 0-200 4 36
Ferralsols Atlantic ombrophilous 200-800 7 47
dense forest
>800 0 46
) ) ) <200 1 35
Ferralsols Atlantic semi-deciduous 200-800 4 3
forest
>800 0 43
_ . <200 12 40
Podzols Atlantic ombrophilous 200-800 3 51
dense forest
>800 1 50
) ) ) <200 3 35
Podzols Atlantic semi-deciduous 200-800 ) 45
forest
>800 0 44

Table 3. Number of occasions of aquatic insect families with/without a natural potential of occurrence in a site based on environmental filters (E+, E-), and observed/
not- observed (O+, O-), at reference (bold letters) and impaired sites (italic letters). “E+O+" (number of occasions the family with potential was collected), “E+O-"
(number of occasions the family with potential was not collected); “E-O+” (number of occasions the family with no potential was collected); “E-O-" (number of
occasions the family with no potential was not collected).

E+O+ E+O+ E+O- E+O- E-O+ E-O+ E-O- E-O-

Aeshnidae 12 3 12 20 1 0 10 13
Bactidae 35 26 0 10 0 0 0 0
Belostomatidae 9 2 21 31 1 0 4
Blephariceridae 13 0 17 31 0 0 5 5
Caenidae 5 1 20 25 2 0 8 10
Calamoceratidae 34 4 1 32 0 0 0 0
Calopterygidae 21 18 14 18 0 0 0 0
Ceratopogonidae 18 13 17 23 0 0 0 0
Chironomidae 35 36 0 0 0 0 0 0
Coenagrionidae 5 26 31 0 0 0 0
Collembola 0 0 0 2 1 33 35
Cordullidae 1 18 22 1 3 13 10
Corixidae 0 0 4 5 0 0 31 31
Corydalidae 21 5 14 31 0 0 0 0
Culicidae 0 0 0 0 1 0 34 36
Dixidae 5 2 24 31 2 0 3
Dryopidae 4 0 20 23 2 1 12
Dytiscidae 1 0 23 23 1 0 10 13
Ecnomidae 0 0 0 0 33 33
Elmidae 35 27 9 0 0

Empididae 27 11 25 0 0

Ephrydidae 1 2 28 31 0 0

Euthyplociidae 1 0 17 20 1 0 16 16
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E+O+ E+O+ E+O- E+O- E-O+ E-O+ E-O- E-O-

Gerridae 0 0 0 0 3 0 32 36
Glossosomatidae 1 1 23 22 1 1 10 12
Gomphidae 17 12 18 24 0 0

Grypopterygidae 31 2 4 34 0 0

Gyrinidae 3 16 20 2 1 12
Hebridae 0 0 0 0 0 0 35 36
Helicopsychidae 24 3 11 33 0 0 0 0
Helotrephidae 9 2 1 8 9 1 16 25
Hydrobiosidae 16 1 15 35 2 0 2 0
Hydrophilidae 0 0 0 19 5 16 31
Hydropsychidae 35 24 12 0 0 0 0
Hydroptilidae 9 2 26 34 0 0 0 0
Leptoceridae 30 12 24 0 0 0 0
Leptohyphidae 35 23 13 0 0 0 0
Leptophlebiidae 31 15 21 0 0 0 0
Libellulidae 16 18 19 18 0 0 0 0
Lutrochidae 21 4 14 32 0 0 0 0
Megapodagrionidae 13 3 22 33 0 0 0 0
Mesoveliidae 1 0 9 11 7 1 18 24
Naucoridae 24 7 11 29 0 0 0 0
Noteridae 0 0 0 35 36
Notonectidae 0 0 0 35 36
Odontoceridae 13 3 11 20 3 0 8 13
Oligoneuriidae 0 10 0 0 26 26
Perilestidae 2 8 2 1 24 25
Perlidae 35 8 28 0 0

Philopotamidae 21 10 14 26 0 0

Pleidae 11 0 24 36 0 0

Polycentropodidae 4 2 31 34 0 0

Protoneuridae 1 16 21 2 1 14 13
Psephenidae 23 6 12 30 0 0

Psychodidae 11 31 25 0 0

Ptilodactylidae 0 20 21 2 0 13 15
Pyralidae 24 8 11 28 0 0 0 0
Scirtidae 0 0 0 0 2 0 33 36
Sericostomatidae 15 5 20 31 0 0

Simuliidae 34 31 1 5 0 0

Staphylinidae 16 9 19 27 0 0

Stratiomyidae 0 1 4 33 30
Syrphidae 0 0 0 0 35 36
Tabanidae 0 19 23 0 0 11 13
Tipulidae 25 9 10 27 0 0

Vellidae 30 13 23 0 0

Xyphocetronidae 0 0 0 0 1 0 34 36

Bold letters: Reference sites; ltalic letters: Impaired sites.
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Figure 2. OPP scores calculated for the four impairment classes: Reference (Ref.), Best Attainable Condition sites (BAC), Intermediate (Inter.),
and Impaired sites (Imp.). Different letters above the box-plots indicate significant difference, according to Tuckey post-hoc tests (ANOVA

F=56.9; p<0,001).

The axis 1 of the environmental PCA represented 54.04% of
the variance and it was the only significant one, according to the
broken-stick model. PCA axis 1 discriminated Reference and BAC sites
from intermediate and impaired conditions (Mann-Whitney test using
PCA axis 1 scores, p<0.01 for all pairs except Refx BAC, p=0.56). The
parameters ammonia and P-total had the highest eigenvalues (>0.50)
for this axis. The OPP scores responded to this gradient of impairment
conditions and were significantly correlated with the environmental
PCA axis 1 values (1=0.74, p<0.01). The OPP scores were also highly
correlated to all subsets of biological data, expressed by the multimetric
indices calculated for each basin (Table 4).

Table 4. Pearson correlations (R and p-level) between the OPP scores and the
multimetric indices for each stream basin.

Multimetric index n r p-level
GMMI 38 0.82 <0.01
PPPMI 22 0.95 <0.01
MISB 16 0.72 <0.01
IMMM 29 0.70 <0.01
ECMI 20 0.92 <0.01

n = number of sites.

Discussion

The OPP index developed in this study was sensitive to discriminate
a gradient of impairment conditions (reference, best attainable,
intermediate and impaired sites; Figure 2). The OPP scores were
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also correlated with a set of environmental variables, and it was
strongly correlated with all multimetric indices developed for multiple
watersheds in the state (Table 4). This latter result was unexpected, since
those multimetric indices were developed separately for each watershed,
incorporating their particular environmental and biological conditions.
Chessman and Royal (2004) found that OPP was significantly correlated
with different disturbance measures and with another biological index
(SIGNAL2; Stream Invertebrate Grade Number Average Level).
Chessman et al. (2006) reported the OPP had higher sensitivity to
distinguish the impairment gradient than the AUSRIVAS O/E index
(Australian River Assessment System Observed over Expected). Even
though the OPP had performed very well in our study, we believe it
could be improved if some of the following aspects is implemented:
using a taxonomic level lower than family-level; using more refined
environmental filters; and by incorporating more information about the
auto-ecology of aquatic insects taxa.

1. Considerations on taxonomic level

The taxonomic level to be used for bioassessment and monitoring
purposes is a topic of ongoing debate (e.g., Buss & Vitorino 2010,
Mueller et al. 2013). Some researchers argue that the identification
of aquatic insects to species-level have a higher sensitivity to detect
small differences among sites (Heino 2014), but some others argue
that in biomonitoring programs datasets are summarized in indices,
which do not necessarily require species data and are often robust to
taxonomic aggregation (Buss & Vitorino 2010, Whittier & Van Sickle
2010, Mueller et al. 2013). The original OPP index in Australia was also
developed in family-level (Chessman & Royal 2004). Those authors
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argued that this level was chosen because of the lack of taxonomic
keys, due to practical reasons (lower cost and skill requirements), and
because most bioassessments in the region has operated at family level.
In Brazil and other parts of Latin America the situation is the same.
The identification to the species-level is not always possible due to the
limited taxonomic knowledge for many insect groups, and although
taxonomic keys are being developed and becoming available (e.g.,
Dominguez & Fernandez 2009, Mugnai et al. 2010, Hamada et al. 2014)
there is still a lack of taxonomic keys for most regions and an insufficient
and decreasing number of experts in taxonomy. Still, if these limitations
may be overcome, the use of lower taxonomic levels (e.g., genus) could
hypothetically increase the precision of the model. Some neotropical
families are composed by genera that differ considerably regarding their
tolerance to stressors and ecological preferences (e.g., Chironomidae
— Roque et al. 2010; Baetidae — Buss & Salles 2007). In such cases, a
family may have been assigned as having the “potential of occurrence”
based on the distribution and preferences of a given genus ‘A’, while
the collected genus in one location was the ‘B’, incorrectly increasing
the OPP score for that site. Higher taxonomic levels (e.g., family) could
be used more consistently for families composed by few genera and/
or where the genera share similar ecological traits. Since the tolerance
and biological traits of many species or genera are still missing (see
discussion below), an interesting starting point could be using mixed
taxonomic levels —using the criteria above for the decision — instead of
losing information by using data aggregated to family level.

2. Considerations on environmental filters

In our study, OPP scores for some reference areas were relatively
low (OPP = 0.34 the lowest score for this condition), juxtaposing
with some impaired condition scores (OPP = 0.46, the highest score
for this condition). For the OPP, we used environmental filters at a
“landscape-" or “regional-scale” (elevation, original vegetation and
soil types). In part, we chose these filters based on Omernik’s (1987)
ecoregional approach, which have already been shown to have a good
response by the macroinvertebrate (Verdonschot & Nijboer 2004) and
fish fauna (Pinto et al. 2009). Also, these features are not subject to
human disturbance, which is an ideal condition for the use of the filters
approach (Poff 1997, Walsh 2006). On the other hand, some researchers
argue that macroinvertebrate faunal predictions based on filters should
be based on multiple spatial scales, mixing both “regional” and more
“local” features (Poff 1997, Olden et al. 2006). This is supported by
research based on diversity partitioning analyses, which indicate that
both scales help to explain macroinvertebrate assemblage distribution
in Brazil (Ligeiro et al. 2010, Macedo et al. 2014). However, the
use of local environmental filters has some limitations. There is an
increasing difficulty for extracting patterns from large databases since
local information are not widely available and may not be extracted
by GIS procedures — rather, they must be gathered on site — and most
importantly, that local features are strongly affected by anthropogenic
impacts, even relatively mild ones. The problem of using predictor
variables that are affected by human disturbance is that the modelling
will incorporate part of the disturbance, and it may misclassify sites
with some degradation as being undegraded (Walsh 2006). To correct
this, simulation models of human influences may enable to predict
natural features and they could be used instead of the observed features
(Chessman et al. 2006). The use of GIS-based information coupled with
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Self-organizing maps (SOM) techniques may aid further the prediction
of local-level features based on larger-scale data (e.g., Davies et al.
2000, Snelder et al. 2011).

3. Considerations on taxa preferences and tolerances

The virtual lack of information on biological traits hinders the
application of environmental filters approach in many regions (Helm
et al. 2015). In recent years, there was a greater focus on this subject
worldwide (Van den Brink et al. 2011, Culp et al. 2011, Mueller
et al. 2013). Still, more data on the autecological characteristics,
ecological preferences and biological traits are necessary, especially
for neotropic benthic fauna. The way forward includes the compilation
of bio/ecological traits in large databases, such as those developed
for Europe (Bonada & Dolédec 2011, Schmidt-Kloiber and Hering
2015), North America (Vieira et al. 2006), South America (Tomanova
& Usseglio-Polatera 2007), and New Zealand (Dolédec et al. 2006).
Several researchers highlight the potential of using biological traits
as metrics for bioassessments, since they can potentially reveal
additional information concerning ecosystem properties beyond
taxonomic composition (Poff et al. 2006, Dolédec & Statzner 2008,
Culp et al. 2011).

In our study, we found few occasions where an unexpected family
by the environmental filters analysis was, in fact, observed (E-O+,
Table 3). Chessman & Royal (2004) argue that such cases may occur
because of the model was based on inappropriate filters or incorrect
information on biological traits, or according to Helm et al. (2015) they
can indicate invasion of non-native species from different geographic
regions or opportunistic species that historically do not occupy this
particular habitat. Very little information is available on the historical
distributions of the aquatic insect assemblages included in this study.
However, this should be a concern when using this approach for the
whole macroinvertebrate assemblages, especially given the many cases
of mollusk and mosquito exotic species invasions in South America
(e.g. Thomaz et al. 2014).

4. Considerations on reference sites

Based on our judgment, the “best attainable areas” (BAC) in this
study would be classified as intermediate condition, or reference “on the
fringe”. The OPP approach was sensitive to detect this subtle change:
although BAC sites had OPP scores statistically similar to reference,
their scores were lower than most reference sites’ scores. Also, both
conditions were statistically different than intermediate and impaired
conditions (Figure 2). These results indicate that best management
practices (BMP) in these areas, such as maintaining or recovering the
riparian zone and the natural stream habitat features, were efficient to
partially sustain the aquatic insect fauna. We hope this can stimulate
and guide managers toward BMPs, even though the recovery could be
slow (Meals et al. 2010), and limited (Harding et al. 1998).

5. Further developments on environmental filters approach

Some alternative approaches were developed for the assessment
of streams without reference areas. In general, those methods select
from the population of sites the “least disturbed” ones —using physical,
chemical and/or biological data — and use them as benchmarks. This
can be achieved by using a pre-defined percentile of sites (Blocksom
& Johnson 2009) or by multivariate analyses with abiotic data to
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determine the “best” sites (Birk et al. 2012), or even through partitioned
least squares regressions to identify the highest biotic scores along an
impairment gradient (Carter & Fend 2005). Those approaches, however,
include some disturbance in their reference database, thus reducing the
sensitivity of indices to detect impairment in test sites. More recently,
methods based on artificial intelligence (e.g., species distribution
models) were employed to predict “null assemblages” from large
historical databases and then compared with contemporary distributions
to determine the ecological status of streams (Davies et al. 2012, Labay
etal. 2015, Milosevié et al. 2016). These tools rely on large, comparable
and sufficiently representative databases, something that unfortunately
are not available for many biological groups and regions around the
globe. Still, similar approaches based on environmental filters, like
the OPP, are promising alternatives for the bioassessment without true
reference sites, and they should be tested further.

Supplementary material

The following online material is available for this article:
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Abstract: The frugivorous bats of the genus Vampyressa include five neotropical species, and some of them are
considered relatively rare and uncommonly encountered. The northernmost distribution of this genus is in Mexico
where only one species, the monotypic Vampyressa thyone, is found. Here, we report the Northwesternmost
record for this species, extending its distribution range to the state of Guerrero, Mexico. This record extends the
limit of the species distribution by more than 153 km. We also compared this specimens with other V. thyone,
and using mitochondrial cytochrome-b sequences we detected three geographic clades within the species. The
new Mexican specimen represent the most divergent cytochrome-b sequence within V. thyone. We recommend a
taxonomic revision to validate the taxonomic status of the three groups detected within V. thyone, particularly the
differentiated Mexican clade. Additionally, we report a case of hypopigmentation in another V. thyone collected
in a mature tropical rainforest in Chiapas, Mexico.

Keywords: Mexico; Northern little yellow-eared bat,; pigmentation disorder; range extension, Stenodermatinae.

Notas sobre Vampyressa thyone (Chiroptera: Phyllostomidae): distribucion, genética e
hipopigmentacion

Resumen: Los murciélagos frugivoros del género Vampyressa agrupan a cinco especies neotropicales, algunas
de ellas consideradas relativamente raras y poco comunes de encontrar. Este género alcanza su distribucion mas
nortefla en México en donde solo una especie monotipica, Vampyressa thyone, habita. Reportamos el registro al
noroeste mas alejado para esta especie, extendiendo su rango de distribucion al estado de Guerrero, México. Este
registro extiende el limite de distribucion de la especie por mas de 153 Km. También comparamos este espécimen
con otros V. thyone, y utilizando secuencias mitocondriales de citocromo-b detectamos tres clados geograficos
dentro de la especie. El nuevo espécimen mexicano representa la secuencia de citocromo-b mas divergente dentro de
V. thyone. Recomendamos una revision taxondmica para validar el estatus taxonémico de los tres clados detectados
dentro de V. thyone, y en particular para el clado mexicano mas diferenciado. Adicionalmente, reportamos un caso
de hipopigmentacion en otro V. thyone colectado en una selva hiimeda tropical en Chiapas, México.

Palabras clave: México, murciélago norterio de orejas amarillas, desorden de pigmentacion, extension de
distribucion,; Stenodermatinae.
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Introduction

The yellow-eared bats of the genus Vampyressa Wagner, 1843 consist
of five different species, two of them recently described (Burgin et al.
2018). These bats are considered primarily or exclusively frugivorous,
though little is known of their feeding habitats or ecology (Tavares et
al. 2014). The distribution of this genus includes the Neotropical region,
from Argentina to Mexico (Lim et al. 2003). However, in Mexico only
one species of the genus is found, the Northern little yellow-eared bat
Vampyressa thyone Thomas, 1909.

Vampyressa thyone is a small bat with a tragus, entire base of the
ear, and upper edges of the ears yellow; and tail membrane short (6 -7
mm), edge lightly fringed at center (Reid 2009). This species roosts in
leaves of trees and shrubs, and these bats are found in very wet habitats,
such as streams in gallery forest (Téllez-Girdén 2014). Vampyressa
thyone is monotypic and is found in Bolivia, Brazil, Peru, Ecuador,
Colombia, Venezuela, Guyana, French Guiana, Panama, Costa Rica,
Nicaragua, Honduras, Belize, Guatemala and southern Mexico (Lim
et al. 2003). The species has been reported only in the Mexican states
of Campeche, Chiapas, and its northernmost records are located in the
states of Veracruz and Oaxaca (Lim et al. 2003, Téllez-Giron 2014). It is
not currently recognized in any threat category by Mexican authorities
or the [IUCN (SEMARNAT 2010, Tavares et al. 2015).

In Mexico and Central America it is uncommon (Reid 2009), and
in Mexico it is considered rare and few individuals have been collected
from only a few sites (T¢éllez-Girén 2014). Besides, the information
related with the geographic range of V. thyone is still fragmented or
incomplete, for example, new records available in biodiversity portals
have not been included in IUCN maps (Tavares et al. 2015). It is for
the foregoing that our goal was to update the knowledge about the
distribution of V. thyone based on a new northwestern record and the
available data of this species.

Materials and Methods

During a field expedition in Coacoyulichéan, in the municipality of
Cuautepec, Guerrero, Mexico (16°47°40.3”N; 98°55°59.9” W), at 418
meters above sea level (Figure 1) on April 16th 2014, when we used 3
mist nets (6, 6, and 15 meters during one night) set at ground level in
a riparian forest on the side of a rocky river, we trapped a specimen of
V. thyone and other phyllostomid and mormoopid bats. Coacoyulichan
has a mean annual precipitation of 5.09 mm, a mean annual maximum
temperature of 32.79 °C and a mean annual minimum temperature of
19.60 °C (SMN 2009).

We followed the recommendation and procedures proposed by the
American Society of Mammalogists (Sikes et al. 2011), and we collected
the specimen following Mexico’s wildlife legislation (SEMARNAT
SGPA/DGVS/08257). The specimen (field number GHC212) is
deposited in the Mammal Collection of the Zoology Museum, UNAM
(Facultad de Ciencias — Universidad Nacional Auténoma de México,
Mexico City, Mexico, MZFC-M). We preserved the specimen as a skin
with skeleton (MZFC-M 16012) (Figure 2A-B), and we preserved tissue
samples (heart, liver, and kidney; TN 6214).

To corroborate the identification of this specimen and to compare with
other V. thyone, we obtained external and cranial measurements of this
specimen, and we also sequenced the mitochondrial gene cyfochrome-b
(cyt-b, 1,140 bp) following the protocols used by Hernandez-Canchola
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and Leon-Paniagua (2017), which is available at GenBank (Accession
number MK409639). We also downloaded the sequences available of
other V. thyone (AY 157048 — AY 157054, DQ312428 — DQ312431)
and related species (Vampyressa pusilla: AY157046 — AY 157047,
DQ312428; Vampyressa melissa: DQ312426 — DQ312427, FJ154185;
Mesophylla macconnelli: AY157035 — AY157035; Vampyriscus
nymphaea: DQ312415 — DQ312418; Vampyriscus brocki: AY 157043,
DQ312419—-DQ312421; Vampyriscus bidens: AY 157044 — AY 157045,
AY157055, FJ154181; Ectophylla alba: AY157033). We selected the
best scheme of partition and evolution model (cyt-bm = SYM+I+4T;
cyt—bm =HKY+I; cyt—bm = GTR+]) in PARTITIONFINDER 2 (Lanfear et
al. 2017), and in MRBAYES 3.2.3 (Ronquist et al. 2012) we used 3 hot
and 1 cold chains, in two independent runs of 10 million generations,
sampling data every 1000 iterations. The final topology was obtained
using a majority tree consensus and considering a burn-in of 10%. We
checked the convergence of our results and a good sampling (ESS >
200) in TRACER 1.6. In Mega 6 (Tamura et al. 2013) we calculated the
genetic distances between species, using the Kimura 2-parameter model.

To analyze geographic records of V. thyone available in biodiversity
portals on the web, we downloaded this information from VertNet
(http://portal.vertnet.org), UNIBIO (http://unibio.unam.mx), and Remib
(http://www.conabio.gob.mx/remib/doctos/remib_esp.html), accessed
on March 21st, 2018. We also included the geographic information
from other specimens measured in this work: Mexico: Chiapas;
Zona Arqueoldgica Monumento Natural Yaxchildn [16°53°53.6”N;
90°57°52.5”W] (MZFC-M 7102, 7108); Porcién norte de la omega,
Monumento Natural Yaxchilan [16°53°52.8°N; 90°58°25.1”W]
(MZFC-M 7159); Campamento Arqueoldgico del INAH de Yaxchilan
[16°54°3.5”N; 90°58°9.8”W] (MZFC-M 7187). Oaxaca; San Isidro,
“La Gringa” [17°6’13”N; 94°7°21”W] (MZFC-M 7760); La Luz,
carretera rumbo a Rio Grande [16°6°36.4”’N; 97°35°41.35”W]
(MZFC-M 8651).

Results

Here, we report the new northwesternmost record of Vampyressa
thyone and the first record in the Mexican state of Guerrero. The V.
thyone reported here was an adult male with no scrotal testes, which
was found with Artibeus jamaicensis, A. lituratus, Carollia subrufa,
Dermanura phaeotis, Glossophaga commissarisi, G. leachii, G. soricina
and Pteronotus parnellii.

In the genus Vampyressa there is a craniodental character, a small
cusp in the lingual border of the longitudinal sulcus on posterior
crown of upper canines (Tavares et al. 2014), but in the V. thyone
specimens examined in the MZFC-M the accessory cusps seem to be
more developed in males than in females. Nevertheless, in the new
specimen the accessory cusp is even more developed than in the other
males. This specimen in general also has the largest measurements of
all measured specimens. External measurements, cranial measurements
and weight of this specimen and all other V. thyone in the MZFC-M
are shown in Table 1.

Our phylogenetic construction recovered the genera Vampyriscus,
Mesophylla and Vampyressa as monophyletic. Besides, our results
support that samples from Brazil and Paraguay recognized as
Vampyressa pusilla, are an independent clade sister to Vampyressa
thyone, which inhabits from Bolivia to Mexico. Nevertheless, we

http://dx.doi.org/10.1590/1676-0611-BN-2018-0621


http://portal.vertnet.org/
http://unibio.unam.mx/minero/index.jsp?accion=sc&colecciones=CNMA
http://www.conabio.gob.mx/remib/doctos/remib_esp.html

Biota Neotrop., 19(2): €20180621, 2019

Notes on Vampyressa thyone

Figure 1. Geographic distribution of Vampyressa thyone. The gray area follows the geographic range from the IUCN Red List (Tavares et al. 2015). The blue
dots are sites recorded by Lim et al. (2003) and Brosset and Charles-Dominique (1990), the gray dots are sites recorded in VertNet and UNIBIO, and the
red symbols are specimens in the MZFC-M. The new Northwesternmost record is indicated with a star, and the hypopigmentation record with a diamond.

detected three genetic — geographic clades within V. thyone: a first clade
with specimens from Peru to Panama, sister to a clade with specimens
from Costa Rica to Honduras, and finally a third lineage, represented
by the new Mexican record, sister to the two first clades (Figure 3).
The genetic divergences ranged from 14.53 — 15.5 % between V. thyone
and the genus Vampyriscus, 13.21 % with Mesophylla, 10.73 % with
Vampyressa melissa and 11.41 % with Vampyressa pusilla. Within V.
thyone the genetic distance between South and Central American clades
was 2.1 %, and between the Mexican sample and South and Central
American clades were 4.41 and 4.64 %, respectively.

In addition, there are records in VertNet and UNIBIO that have not
been considered as marginal records of V. thyone by IUCN (Tavares et al.
2015): this species has been previously recorded in the Mexican states
of Oaxaca and Veracruz; the specimen KU 143607 from Salado River,
Oaxaca and specimens FMNH (127108 —127111) and CNMA (TUX167
— TUX172, TUX315 — 322) from Sierra de los Tuxtlas, Veracruz,
represent the northernmost records of this species. Furthermore,
there are records from Suriname not previously considered by IUCN:
specimens TTU 106030 and ROM 120356 (Figure 1). To include
these records as part of V. thyone distribution is important to validate
the identification of these specimens. We validated samples hosted in
Mexican scientific collections (CNMA, MZFC-M), but we recommend
the same for V. thyone hosted in USA (KU, FMNH, TTU, ROM).
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During the review of specimens of V. thyone at the MZFC-M, we
also detected an individual (MZFC-M 7108) (Figure 2C) with signals
of hypopigmentation. The specimen is a female captured in the Zona
Arqueologica Monumento Natural Yaxchilan, in the municipality of
Ocosingo, Chiapas, Mexico (16°53°53.6”’N; 90°57°52.5°W) that was
collected on August 27th, 1998.

Discussion

The new specimen reported here represents the first record in the
Mexican state of Guerrero, according to the most recent mammal
checklist for the state (Espinosa-Martinez et al. 2017), the distribution of
the samples used in the systematic revision of V. thyone (Lim et al. 2003)
and in a previous range extension work (Brosset & Charles-Dominique
1990). This specimen extends the northwestern limit of the species’
distribution by more than 153 Km and increases the bat diversity of
Guerrero to 67 species. In Mexico, this state is considered one of the
most diverse in terms of mammal species, despite reduced sampling
effort by field researchers over the past 50 years due to social and
security problems (Espinosa-Martinez et al. 2017). Increased sampling
effort is necessary, mainly in Eastern Guerrero, because we suspect that
other Stenodermatinae species with ecological requirements similar to
V. thyone (such as Chiroderma villosum or Platyrrhinus helleri, which
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Figure 2. Vampyressa thyone reported in this study. The Northwesternmost specimen of V. thyone (MZFC-M 16012), from Coacoyulichan, Guerrero, Mexico: (A)
Dorsal, ventral and lateral views of the skull and lateral view of the mandible (Scale bar = 1 cm); (B) Dorsal view of skin (Scale bar = 1 cm). (C) The hypopigmented
specimen of V. thyone (MZFC-M 7108), from Zona Arqueoldgica Monumento Natural Yaxchilan, Chiapas, Mexico. The white spots are located on both wings.
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Table 1. Measurements (mm) and weight (g) of the Vampyressa thyone at the MZFC-M.
Specimen Sex GLS 7B 10B MB GWM MTL mTL FL W
MZFC-M 7102 M 17.8 10.56 4.65 8.70 7.40 5.40 6.10 - -
MZFC-M 7108* F 17.70 10.69 4.74 9.10 7.76 5.78 6.13 31.1 8.5
MZFC-M 7159 F 18.46 10.67 4.88 9.15 7.72 5.70 6.29 33.0 8.0
MZFC-M 7187 M 18.49 10.75 4.71 9.01 7.75 543 6.33 313 7.0
MZFC-M 7760 M 18.66 - 4.78 9.44 8.06 6.05 6.42 34.0 8.5
MZFC-M 8651 M 18.56 - 4.48 9.16 7.88 5.84 6.37 31.9 8.0
MZFC-M 16012* M 18.70 11.30 4.73 9.10 7.96 5.89 6.39 32.0 8.0

* Hypopigmentation record and * New Northwesternmost record. GLS: greatest length of skull, ZB: zygomatic breadth, IOB: interorbital breadth, MB: mastoid
breadth, GWM: greatest width across upper molars, MTL: maxillary toothrow length, mTL: mandibular toothrow length, FL: forearm length, and W: weight.

Figure 3. Topology obtained using a Bayesian inference that shows the phylogenetic relationships of V. thyone and related species. The height of enclosing
triangles is proportional to the number of samples they contain, and the numbers at the nodes represent posterior probabilities.

have their limits until Oaxaca state; Pacheco R., 2014; Tellez-Giron,
2014), could inhabit Guerrero due to the continuity of habitats and
absence of geographical barriers.

The topology of our Bayesian inference is similar to previous
phylogenies (Porter & Baker 2004, Hoofer & Baker 2006), despite
mixing both sets of data and including new sequences reported by
Velazco & Patterson (2008). On the other hand, the genetic clades
with geographic agreement within V. thyone have been reported in
other Stenodermatinae bats, such as the genus Platyrrhinus (Velazco &
Patterson 2008) and Sturnira (Hernandez-Canchola & Ledn-Paniagua
2017), and in some cases those clades represent different species.
Besides, the genetic distance of the new Mexican specimen is the highest
within V. thyone, so we recommend an integrative taxonomic revision
of the three groups detected, to properly define species boundaries.

The specimen with pigmentation disorder represents the first
record of hypopigmentation in V. thyone, and this atypical coloration
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of the wings has been reported in many other Neotropical bats species
(Zalapa et al. 2016, Lucati & Lopez-Baucells 2017). Nowadays there
is no consensus about the classification of chromatic disorders, but
according to recent proposals of chromatic disorders in bats, the category
of hypopigmentation in this V. thyone represents a case of white spots
(Zalapa et al. 2016) or piebaldism (Lucati & Lopez-Baucells 2017).
Failures in pigmentation differentiation or deposition, or infectious
diseases are possible causes of hypopigmentation (Rose et al. 2017),
though the causes and consequences of this phenomenon in bats are still
unclear (Zalapa et al. 2016). We agree with authors that suggest that
survival is not affected by hypopigmentation, as the specimen we report
was an adult when captured, and many other bats with hypopigmentation
even show signs of reproduction (e.g. Sdnchez-Hernandez et al., 2012).
Besides, this condition is a taxonomic character in the bat Diaemus
youngi, and there is no evidence that it can be detrimental to survival
and reproduction of the species (Greenhall & Schut 1996).
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Vampyressa pusilla was described by Wagner (1843), and V.
thyone was originally described as a species by Thomas (1909), but
the holotype of V. pusilla is a sub-adult male. For that reason, Goodwin
(1963) recommended that V. thyone be considered a subspecies of
V. pusilla, because he suggested that characters that distinguish both
entities were related to age rather than geographic variables (Lim et al.
2003). Later, the work of Lim et al. (2003) re-evaluated the systematic
relationship between V. pusilla and V. thyone. Based on quantitative
mensural data, quantitative morphological characters, chromosomal
differences, and mitochondrial synapomorphies, they recognized V.
thyone as an independent and valid species, and here we are increasing
the limited knowledge about the natural history of the Northern little
yellow-eared bat, V. thyone.
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Abstract: Orchid bees were surveyed at Parque Nacional do Iguagu, the largest remnant of Seasonal Semideciduous
Forest in Brazil. Seven species were collected, and Eufiiesea violacea (Blanchard) was the most common species,
followed by Euglossa annectans Dressler. The observed species richness and species composition agree with
what is known for the local euglossine faunas in fragments of Seasonal Semideciduous Forest of southern and
southeastern Brazil. On the other hand, the abundance of individuals was remarkably low. The occurrence of a
severe winter in 2013 and the collection of several males in other fragments suggest that this noteworthy low
abundance can be fortuitous.

Keywords: inventory, species list, Iguazu, Euglossini, Seasonal Semideciduous Forest, Atlantic forest.

Noticias do oeste: as abelhas-das-orquideas do Parque Nacional do Iguacu, Parana,
Brasil (Hymenoptera, Apidae, Euglossina)

Resumo: Abelhas-das-orquideas foram amostradas no Parque Nacional do Iguagu, o maior fragmento de Floresta
Estacional Semidecidual do Brasil. Sete espécies foram coletadas e Eufriesea violacea (Blanchard) foi a espécie mais
comum, seguida por Euglossa annectans Dressler. A riqueza e composigdo de espécies observadas concordam com
o que se conhece para as faunas locais de abelhas euglossinas em fragmentos de Floresta Estacional Semidecidual.
Por outro lado, a abundancia de individuos foi notavelmente baixa. A ocorréncia de um inverno severo em 2013 e
a coleta de muitos machos em outros fragmentos sugerem que tal baixa abundancia pode ser fortuita.

Palavras-chave: inventdario, lista de espécies, Iguagu, Euglossini, Floresta Estacional Semidecidual, Mata Atlantica.

Introduction

Orchid bees are a primarily Neotropical and monophyletic group of
bees (e.g Ramirez et al. 2010) distributed from southern United States
(Skov & Wiley 2005) to southern Brazil (Wittmann et al. 1988) and
northern and central Argentina (Pearson & Dressler 1985; Cordoba,
Central Argentina; FCVZ, personal observation). The importance of
these bees in the dynamics of forestry ecosystems are fairly recognized
for their role as pollinators of several plant clades, mainly Orchidaceae,
Gesneriaceae, Araceae, Euphorbiaceae, Apocynaceae and Solanaceae
(e.g. Ramirez et al. 2002, Cameron 2004). These bees are closely related
to forests (e.g. Moure 1967) and are by far recognized as key elements
in Neotropical forests (Dodson et al. 1969). Approximately 60 species
are known to occur in the Atlantic Forest domain (Nemésio 2009, Moure
etal. 2012). But, despite the considerable number of inventories carried
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out in this region, most of these studies are concentrated in coastal areas
of Brazil and neighboring sites (e.g. Sydney et al. 2010, see Gongalves
etal. 2014). This geographical caveat implies in a more limited appraisal
of the patterns of species richness, diversity and composition of orchid
bee faunas of interior forests, which seems even more relevant when one
considers the existence of a significant distinction between the faunas of
interior and coastal Atlantic Forest (Nemésio & Silveira 2007, Nemésio
2009, Sydney et al. 2010). Regarding the Semideciduous Seasonal
forests (from now on, SSF) of southern Brazil, efforts in systematic
inventorying orchid bees are quite punctual, restricted to studies in small
fragments of up to 680 ha, in the region of Londrina (Santos & Sofia
2002, Sofia & Suzuki 2004, Sofia et al. 2004, Ferronato et al. 2018),
Telémaco Borba (Giangarelli et al. 2015) and Palotina (Gongalves et al.
2014), all in Parana state.
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In this context, the Parque Nacional do Iguagu (PNI) could be
considered a key area, in view of its status as the largest fragment of
Atlantic Forest in southern Brazil (see Ribeiro et al. 2009), encompassing
ca. 185,000 ha in western Parana state (Conforti & Azevedo 2003), and
its position near the western boundaries of the hotspot (e.g. Paviolo et al.
2016). It is worth to mention that PNI, Iguaz National Park, Urugua-i
Provincial Park, and eight other smaller private and provincial reserves
in Argentina correspond to a continuous protected area of 340,800 ha
(Di Bitetti et al. 2003) separated only by the Iguagu river. Previous
studies in areas of SSF in southern Brazil have suggested that the local
orchid bee richness ranges from seven to nine species; see Santos &
Sofia 2002, Sofia & Suzuki 2004, Sofia et al. 2004, Giangarelli et al.
2015, Gongalves et al. 2014, Ferronato et al. 2018). If we consider that
fragmentation could be affecting the orchid bee species in the region
(Sofia & Suzuki 2004, Giangarelli et al. 2009), it seems reasonable to
assume that the chance of collecting the species naturally inhabiting
seasonal forests in southern Brazil would be higher at this large-sized
forest fragment. Herein, we present data from a survey of orchid bees
carried out at the Parque Nacional do Iguagu, Brazil.

Material and Methods

1. Study site

Fieldwork was carried out in the Parque Nacional do Iguagu
(PNI), located in the Triple Frontier (Argentina, Brazil and Paraguay)
region. PNI is the largest national conservation unity of Brazil within
the Atlantic Forest domain and comprises areas of SSF (most part of
the Park) and Mixed Ombrophilous forests (restricted to areas with
higher elevational quotas, at the western part of the park) (see Cervi
& Borgo 2007).

The climate in the region is the Cfa of Koppen, subtropical,
mesothermal, with average temperature in the hottest month >22°C,
average temperature in the coldest month <18°C, hot summers,
uncommon frosts, tendency of rainfall concentration in the summer
months but without a defined dry season (IAPAR 1994). Annual average
rainfall is about 1,700 mm and daily relative humidity is around 80%
(Salamuni et al. 2002).

2. Data collection

Two sample points, separated from each other by ca. 50 m, were
established near the Pogo Preto trail (25°37°31.9” S, 54°27°12.9” W,
inside the forest, and 25°37°28.2”’ S, 54°27°11.0” near the border of the
2 m wide trail), a 9 km long trail located near the park administration
in Foz do Iguagu. The region of the Pogo Preto trail was a farm about
30 years ago (Rodolfo et al. 2008). At each point two monthly samples
(one day per sample) were carried out from November/2013 to June/
2014. Seven aromatic compounds, known to be attractive to male
orchid bees, were employed during fieldwork: 1,8-cineole, B-ionone,
benzyl acetate, eugenol, methyl salicylate, trans-methyl cinnamate
and vanillin. Two collecting methods were employed, (i) hand nets,
where the collector remains on sampling site inspecting the baits and
collecting any bee approaching the chemical lures, and (ii) bait traps,
where a given aromatic compound is offered to bees inside traps and
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only the bees that enter and remain in the traps are actually collected. For
active collection (hand nets), the seven aromatic baits, made of cotton
waddings soaked with one of the presented substances, were placed ca.
1.5 m apart from each other and at ca. 1.5 m above the ground. Regarding
scent traps, we used a modified version of traps previously presented
(Mattozo et al. 2011, Gongalves et al. 2014) and, in the same way, a
single compound was placed at each trap. Traps were also arranged
ca. 1.5 m apart from each other and ca. 1.5 m above the ground. These
methods were alternated in the two monthly samplings carried out at
each point, so that in the same month each point was assessed one way
and the other. In all cases, daily sampling procedure was performed
from 08:00 to 15:00 h. This way, a total sampling effort of 112 h was
carried out considering both sampling points and methods.

A last relevant methodological detail regards that hourly
replenishments have been made on 1,8-cineole baits due to its volatility.

Bees attracted to those lures were killed with ethyl acetate (in the
case of traps after being gently removed from them) and kept apart in
paper bags. Posteriorly, they were mounted in entomological pins for
identification. Bees were identified with help of taxonomic keys (Rebélo
& Moure 1996, Faria & Melo 2007, Nemésio 2009) and by comparison
with specimens previously identified by specialists. Taxonomy follows
Moure et al. (2012) and the organization of the previous known
distribution of species follows Zanella et al. (2000).

In the labels of examined specimens transcribed in the species
list, quotations marks indicate distinct labels associated with a given
specimen, and one inverted bar (\) indicates distinct lines in a label.
When a label was very similar to other associated to a specimen, only
the different information (e.g. date, scent, etc.) is presented. All the
collected specimens are deposited in the entomological collection of
the Universidade Federal da Integragdo Latino-Americana (UNILA),
Foz do Iguagu, Parana, Brazil. The study was conducted under ICMBIO
permit 41.140-1.

Results

A total of 60 specimens belonging to seven species was sampled in
the Parque Nacional do Iguagu (Table 1). The most common species was
Eufriesea violacea, followed by Euglossa annectans and E. pleosticta.

The higher abundance of orchid bees, ca. 88% of the collected
specimens, and all the seven species were collected from December to
February. Moreover, the tripleton, the doubleton and all the singletons
were recorded only in this period. Eufriesea violacea, the most common
species, presented an even more restrict phenology, since it was only
collected in November and December. On the other hand, only one
species, Euglossa annectans, with only one individual, was collected
between April and June (Table 2).

The most attractive scent was cineole, where ca. 53% of the
specimens (32 individuals) were collected, followed by vanillin (21
specimens; 35%). All the species, excepting Eufriesea cfr. auriceps,
were registered in cineole baits, and regarding the other employed
attractants, two species were found in trans-methyl cynammate and
vanillin, and only one species at B-ionona and eugenol. The two
remaining scents, benzyl acetate and methyl salicylate, were not visited
by any orchid bee (Table 1).
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Table 1. Number of individuals of each species at an area of Seasonal Semideciduous Forest, Parque Nacional do Iguagu, according to attractive baits. BI: f-ionone;
C: 1,8-cineole; E: eugenol; MC: trans-methyl cinnamate; and V: vanillin. Benzyl acetate and methyl salicylate are not included as no specimens were collected at

these two scents.

Species Attractant Total
BI C E MC \%
Eufriesea violacea (Blanchard, 1840) 0 5 0 0 19 24
Euglossa (Glossura) annectans Dressler, 1982 4 16 1 0 2 23
Euglossa (Euglossa) pleosticta Dressler, 1982 0 6 0 0 0 6
Euglossa (Euglossa) cordata (Linnaeus, 1758) 0 2 0 1 0 3
FEuglossa (Euglossa) fimbriata Moure, 1968 0 2 0 0 0 2
Euglossa (Euglossa) truncata Rebélo & Moure, 1996 0 1 0 0 0 1
Eufriesea cfr. auriceps (Friese, 1899) 0 0 0 1 0 1
Total individuals/attractant 4 32 1 2 21
Grand total individuals 60
Table 2. Number of individuals of each species at an area of Seasonal Semideciduous Forest, Parque Nacional do Iguagu, collected by month.
Species Month Total
Nov Dec Jan Feb Mar Apr May Jun
Eufriesea violacea (Blanchard, 1840) 1 23 0 0 0 0 0 0 24
Euglossa (Glossura) annectans Dressler, 1982 2 0 9 8 3 0 1 0 23
Euglossa (Euglossa) pleosticta Dressler, 1982 0 0 1 5 0 0 0 0 6
Euglossa (Euglossa) cordata (Linnaeus, 1758) 0 1 0 2 0 0 0 0 3
Euglossa (Euglossa) fimbriata Moure, 1968 0 1 0 1 0 0 0 0 2
Euglossa (Euglossa) truncata Rebélo & Moure, 1996 0 1 0 0 0 0 0 0 1
Eufriesea cfr. auriceps (Friese, 1899) 0 1 0 0 0 0 0 0 1
Total individuals/attractant 3 27 10 16 3 0 1 0
Grand total individuals 60

Species list

1. Eufriesea cfr. auriceps (Friese, 1899)

Distribution (for Eufriesea auriceps, see additional comments
below). Brazil: Tocantins, Goias, Mato Grosso do Sul, Minas Gerais,
Espirito Santo, Rio de Janeiro, Sdo Paulo, Parana, Santa Catarina;
Paraguay; Argentina: Misiones (Moure et al. 2012). Sofia et al. (2004)
presented a record of a melanic Eufiiesea, named by them as E. auriceps,
collected in a fragment of semideciduous forest in northern Parana state.

Examined material. 1 male “Brasil, PR, Foz do Iguagu\ PNI 1A
Arm Cinam. Met.\ 25°37°28.2” 54°27°11.0”\ 01/X11/2013 207 m\ Arce
leg.”, “CE-UNILA\ HYEU 10025”.

Additional information. As stated by G.A.R. Melo (unpublished,
in Moure et al. 2012), “The systematics of the melanic forms in the
mussitans group is far from being resolved (...) and the entire group
needs a thorough revision, since many additional undescribed forms
remain”. It does not seem too much to say that any black-bodied
Eufriesea in this group has, at the moment, an uncertain identity. The
single male was collected in methyl trans-cynnamate.
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2. Eufriesea violacea (Blanchard, 1840)

Distribution. Brazil: Goias, Minas Gerais, Espirito Santo, Rio
de Janeiro, Sdo Paulo, Parana, Santa Catarina, Rio Grande do Sul;
Paraguay; Argentina: Catamarca, Cérdoba, Misiones, Tucuman (Moure
etal. 2012).

Examined material. 1 male “Brasil, PR, Foz do Iguagu\ PNI 1A Arm
Vanilina\ 25°37°28.2” 54°27°11.0”\ 15/X1/2013 207 m\ Clerici leg.”,
“CE-UNILA\HYEU 10019”; 1 male “Brasil, PR, Foz do Iguagu\ PNI
1B Rede Vanilina\ 25°37°31.9” 54°27°12.9”\ 1/X11/2013 194 m\ Faria
& Neves leg.”, “CE-UNILA\ HYEU 10001”; 1 male “Brasil, PR, Foz
do Tguagu\ PNI 1A Arm Vanilina\ 25°37°28.2” 54°27°11.0”\ 1/X11/2013
207 m\ Arce leg.”, “CE-UNILA\ HYEU 10002”; 1 male, idem, except
“10003”; 1 male, idem, except “10004”; 1 male, idem, except “10005”;
1 male, idem, except “10006”; 1 male, idem, except “10007”’; 1 male,
idem, except “10008”; 1 male, idem, except “10009”; 1 male, idem,
except “10011”; 1 male “Brasil, PR, Foz do Iguagu\ PNI 1A Arm Cineol\
25°37°28.2” 54°27°11.0”\ 1/X11/2013 207 m\ Arce leg.”, “CE-UNILA\
HYEU 10013”; 1 male “Brasil, PR, Foz do Iguacu\ PNI 1B Rede
Cineol\ 25°37°31.9” 54°27°12.9”\ 1/X11/2013 194 m\ Faria & Neves
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leg.”, “CE-UNILA\ HYEU 10010”; 1 male, idem, except “10012”; 1
male “Brasil, PR, Foz do Iguagu\ PNI 1A Rede Cineol\ 25°37°28.2”
54°27°11.0”\ 5/X11/2013 207 m\ Neves leg.”, “CE-UNILA\ HYEU
10014”; 1 male, idem, except “10017”; 1 male “Brasil, PR, Foz do
Iguacu\ PNI 1A Rede Vanilina\ 25°37°28.2” 54°27°11.0”\ 5/X11/2013
207 m\ Neves leg.”, “CE-UNILA\HYEU 10020”; 1 male, idem, except
“10021”; 1 male, idem, except “10022”; 1 male, idem, except “10023”;
1 male, idem, except “10024”; 1 male “Brasil, PR, Foz do Iguagu\ PNI
1B Arm Vanilina\ 25°37°31.9” 54°27°12.9”\ 5/X11/2013 194 m\ Faria
leg.”, “CE-UNILA\ HYEU 10015”; 1 male, idem, except “10016”; 1
male, idem, except “10018”.

Additional information. Eufriesea violacea is regarded as a species
typical of the semideciduous forests of the interior of the Atlantic forest
(Nemésio 2009). Moreover, in some fragments of semideciduous forests
of southern Brazil, this species appears as the dominant element of
the local faunas (e.g. Sofia & Suzuki 2002, Gongalves et al. 2014). A
relevant characteristic of species of the genus Eufriesea regards the fact
that most species has their activities restricted to some few months in
the rainy season (e.g. Kimsey 1982). Males were collected in cineole
and vanillin.

3. Euglossa (Glossura) annectans Dressler, 1982

Distribution. Brazil: Minas Gerais, Espirito Santo, Rio de Janeiro,
Sdo Paulo Parand, Santa Catarina, Rio Grande do Sul; Paraguay;
Argentina: Misiones (Faria & Melo 2007, Moure et al. 2012). Records
in semideciduous forests of Parana are provided by Giangarelli et al.
(2015), Gongalves et al. (2014) and Ferronato et al. (2018).

Examined material. 1 male “Brasil, PR, Foz do Iguagu\ PNI 1B Arm
B-ionona\ 25°37°31.9” 54°27°12.9\ 02/X1/2013 194 m\ Zanella leg.”,
“CE-UNILA\HYEU 10046”; 1 male “Brasil, PR, Foz do Iguagu\ PNI
1A Arm Cineol\ 25°37°28.2” 54°27°11.0”\ 15/X1/2013 207 m\ Clerici
leg.”, “CE-UNILA\HYEU 10047”; 1 male “Brasil, PR, Foz do Iguagu\
PNI 1B Rede Cineol\ 25°37°31.9” 54°27°12.9”\ 10/1/2014 194 m\ Faria
leg.”, “CE-UNILA\HYEU 10040”; 1 male “Brasil, PR, Foz do Iguagu\
PNI 1B Rede Eugenol\ 25°37°31.9” 54°27°12.9”\ 10/1/2014 194 m\
Faria leg.”, “CE-UNILA\ HYEU 10041”; 1 male “Brasil, PR, Foz do
Iguacu\ PNI 1A Arm Cineol\ 25°37°28.2” 54°27°11.0”\ 10/1/2014 207
m\ Arce leg.”, “CE-UNILA\ HYEU 10042”; 1 male “Brasil, PR, Foz
do Iguacu\ PNI 1 A Rede B-ionona\ 25°37°28.2” 54°27°11.0"\ 21/1/2014
207 m\ Arce leg.”, “CE-UNILA\HYEU 10037”; 1 male “Brasil, PR, Foz
do Tguagu\ PNI 1A Rede Cineol\ 25°37°28.2” 54°27°11.0"\ 21/1/2014
207 m\ Arce leg.”, “CE-UNILA\ HYEU 10038”; 1 male, idem, except
“10035”; 1 male, idem, except “10039”; 1 male “Brasil, PR, Foz do
Iguacu\ PNI 1A Rede Vanilina\ 25°37°28.2” 54°27°11.0”\ 21/1/2014
207 m\ Arce leg.”, “CE-UNILA\ HYEU 10034”; 1 male, idem, except
“10036”; 1 male “Brasil, PR, Foz do Iguacu\ PNI 1A Arm Cineol\
25°37°28.2” 54°27°11.0"\ 18/11/2014 207 m\ Clerici leg.”, “CE-UNILA\
HYEU 10031”; 1 male, idem, except “10033”; 1 male “Brasil, PR, Foz
do Iguacu\ PNI 1B Rede Cineol\ 25°37°31.9” 54°27°12.9"\ 18/11/2014
194 m\ Arce leg.”, “CE-UNILA\ HYEU 10032”; 1 male “Brasil, PR,
Foz do Iguagu\ PNI 1A Rede B-ionona\ 25°37°28.2” 54°27°11.0"\ 19/
11/2014 207 m\ Clerici leg.”, “CE-UNILA\HYEU 10026; 1 male, idem,
except “10030”; 1 male “Brasil, PR, Foz do Iguagu\ PNI 1B Arm Cineol\
25°37°31.9”54°27°12.9"\ 19/11/2014 194 m\ Clerici leg.”, “CE-UNILA\
HYEU 10027”; 1 male “Brasil, PR, Foz do Iguacu\ PNI 1A Rede Cineol\
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25°37°28.2”54°27°11.0\ 19/11/2014 207 m\ Clerici leg.”, “CE-UNILA\
HYEU 10028”; 1 male, idem, except “10029”; 1 male “Brasil, PR,
Foz do Iguacu\ PNI 1A Rede Cineol\ 25°37°28.2” 54°27°11.0"\ 16/
111/2014 207 m\ Arce leg.”, “CE-UNILA\ HYEU 10043”; 1 male,
idem, except “10045”; 1 male “Brasil, PR, Foz do Iguagu\ PNI 1B Arm
Cineol\ 25°37°31.9” 54°27°12.9”\ 16/111/2014 194 m\ Zanella leg.”,
“CE-UNILA\HYEU 10044”; 1 male, “PNI Arm\ Cineol\ 18-05-2014\
Zanella\ (annectans)”, “CE-UNILA\ HYEU 10048”.

Additional information. As stated by Faria & Melo (2007), available
locality records indicate that E. annectans is restricted to the southern
portion of the Atlantic forest in Brazil, including the inland forests of
the Parana basin, south to Misiones, in Argentina. The species can be
found in coastal areas (from Rio de Janeiro to Santa Catarina states)
and, regarding inland areas of southeastern Brazil, E. annectans have
been found both in semideciduous forests and savannas (see Faria &
Melo 2007 for details). Males were collected in B-ionona, cineole,
eugenol and vanillin baits.

4. Euglossa (Euglossa) cordata (Linnaeus, 1758)

Distribution. Mexico; Guatemala; Honduras; Costa Rica; Panama;
Jamaica; Trinidad and Tobago; Colombia; Venezuela; Guyana;
Suriname; French Guiana; Ecuador; Brazil: Amapa, Para, Amazonas,
Maranhdo, Ceara, Paraiba, Alagoas, Sergipe, Bahia, Goias, Minas
Gerais, Espirito Santo, Pernambuco, Rio de Janeiro, Sdo Paulo, Parana,
Rio Grande do Sul; Paraguay (Moure et al. 2012). Besides these
countries presented by Moure et al. (2012), Bembé (2007) also provided
a record of the species in Bolivia. Records regarding specifically the
semideciduous forests of Parana are presented by Sofia & Suzuki (2004),
Sofia et al. (2004), Giangarelli et al. (2015), Gongalves et al. (2014)
and Ferronato et al. (2018).

Examined material. 1 male “Brasil, PR, Foz do Iguacu\ PNI 1B
Rede Cineol\ 25°37°31.9” 54°27°12.9”\ 1/X1I/2013 194 m\ Faria &
Neves leg.”, “CE-UNILA\HYEU 10057”; 1 male “Brasil, PR, Foz do
Iguacu\ PNI 1 A Rede Cineol\ 25°37°28.2” 54°27°11.0”\ 19/11/2014 207
m\ Clerici leg.”, “CE-UNILA\HYEU 10060”; 1 male “Brasil, PR, Foz
do Tguagu\ PNI 1A Rede Cinam. Met.\ 25°37°28.2” 54°27°11.0"\ 19/
11/2014 207 m\ Clerici leg.”, “CE-UNILA\ HYEU 10053

Additional information. Males were collected in cineole and
trans-methyl cinnamate.

5. Euglossa (Euglossa) fimbriata Moure, 1968

Distribution. Brazil: Maranh@o, Bahia, Minas Gerais, Espirito
Santo, Rio de Janeiro, Sao Paulo; Bolivia: Santa Cruz (Moure et al.
2012). Nemésio (2009) stated that the species also reaches Paraiba and
Pernambuco states, northwards in the Brazilian Atlantic forest, and the
Maranhio state. Records in the semideciduous forests of Parana were
provided by Sofia & Suzuki (2004), Sofia et al. (2004), Giangarelli et al.
(2015), Gongalves et al. (2014) and Ferronato et al. (2018).

Examined material. 1 male “Brasil, PR, Foz do Iguagu\ PNI 1A
Arm Cineol\ 25°37°28.2” 54°27°11.0\ 01/X11/2013 207 m\ Arce leg.”,
“CE-UNILA\HYEU 10058”; 1 male “Brasil, PR, Foz do Iguacu\ PNI
1B Rede Cineol\ 25°37°31.9” 54°27°12.9”\ 18/11/2014 194 m\ Arce
leg.”, “CE-UNILA\ HYEU 10059”.

Additional information. The two males were collected in cineole.
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6. Euglossa (Euglossa) pleosticta Dressler, 1982

Distribution. Brazil: Bahia, Minas Gerais, Espirito Santo, Rio de
Janeiro, Sdo Paulo (Moure et al., 2012). Nemésio (2012) have also
presented records for the states of Maranh&o, Alagoas, Sergipe and Parana.
Regarding specifically the Parana state, the species was recorded both in
semideciduous forests (Sofia & Suzuki 2004; Sofia et al. 2004; Giangarelli
etal. 2015, Gongalves et al. 2014 and Ferronato et al. 2018) and in coastal
ombrophilous forests (Mattozo et al. 2011; Giangarelli et al. 2015).

Examined material. 1 male “Brasil, PR, Foz do Iguacu\ PNI 1B
Rede Cineol\ 25°37°31.9” 54°27°12.9”\ 10/I/2014 194 m\ Faria leg.”,
“CE-UNILA\HYEU 10056”; 1 male “Brasil, PR, Foz do Iguagu\ PNI
1B Rede Cineol\ 25°37°31.9” 54°27°12.9”\ 18/11/2014 194 m\ Arce
leg.”, “CE-UNILA\ HYEU 10054”; 1 male, idem, except “10055”; 1
male “Brasil, PR, Foz do Iguagu\ PNI 1A Rede Cineol\ 25°37°28.2”
54°27°11.0™\ 19/11/2014 207 m\ Clerici leg.”, “CE-UNILA\ HYEU
10051; 1 male, idem, except “10050”; 1 male, idem, except “10052”.

Additional information. Euglossa pleosticta seems to be more
common in areas in the drier portions of the interior of the Atlantic
Forest (e.g. Rebélo & Gardfalo 1997). Euglossa pleosticta appears as
the most common species in fragments of semideciduous forests in the
interior of Sdo Paulo state (Rebélo & Gardfalo 1997). The species is
also very common in semideciduous forests of Parana (Sofia & Suzuki
2004, Sofia et al. 2004). Nemésio (2007, 2009, 2012) have considered
this species inhabiting the Amazon Basin (records for the Brazilian states
of Amazonas and Acre). However, we follow here the interpretation of
Moure et al. (2012) considering E. pleosticta as a species endemic to
the Atlantic forest. Males were collected in cineole baits.

7. Euglossa (Euglossa) truncata Rebélo & Moure, 1996

Distribution. Brazil: Maranhdo, Bahia, Minas Gerais, Sdo Paulo,
Parana (Moure et al. 2012). Nemésio (2009, 2012) have also considered
the occurrence of this species in the states of Espirito Santo and Rio
de Janeiro, in Brazil, and have presented records of the species in
Argentina (province of Misiones). Euglossa truncata is also a very
common element in the local faunas of orchid bees in inland areas of
the Atlantic forest. In the Parana state, Euglossa truncata was recorded
by Sofia & Suzuki (2004), Sofia et al. (2004), Giangarelli et al. (2015)
and Ferronato et al. (2018). It is noteworthy that Gongalves et al. (2014)
did not collect the species in nearby Palotina.

Examined material. 1 male “Brasil, PR, Foz do Iguagu\ PNI 1A
Rede Cineol\ 25°37°28.2” 54°27°11.0"\ 5/X11/2014 207 m\ Arce leg.”,
“CE-UNILA\ HYEU 10049”.

Additional information. The single male was collected in a cineole
bait.

Discussion

Data collected at the Parque Nacional do Iguagu revealed an orchid
bee species richness comparable to what have been found elsewhere
in seasonal semideciduous areas in southern Brazil and, with regard
to species composition, results also suggested that the local orchid
bee fauna of PNI comprises elements that are very common in these
areas (Sofia & Suzuki 2004, Sofia et al. 2004, Giangarelli et al. 2015,
Gongalves et al. 2014, Ferronato et al. 2018). On the other hand, the
remarkably low abundance of orchid bees collected at PNI draws most
attention.
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An additional orchid bee species, Euglossa (Euglossella)
mandibularis Friese, 1899 is known to inhabit Parque Nacional do
Iguagu (Faria & Zanella 2015), bringing the number of species found
in PNI to eight. This value is comparable to the orchid bee richness
assessed in other SSF fragments in southern Brazil (Parana state), e.g.
in the region of Londrina, where species richness ranged from five to
nine (Sofia & Suzuki 2004, Sofia et al. 2004, Ferronato et al. 2018),
Telémaco Borba (seven species; Giangarelli et al. 2015) and Palotina
(seven species; Gongalves et al. 2014) (Table 3). When comparing these
values to the species richness found in lower latitude sites of SSF in
southeastern Brazil, where species richness ranges from ten up to 14
species (Rebélo & Gardfalo 1997, Silveira et al. 2011, Mateus et al.
2015) (Table 3), it is possible to perceive the alleged impoverishment of
orchid bee faunas southwards in the SSF (see e.g. Sydney et al. 2010),
which seems even more noticeable when considering the poor local
faunas of areas farther south in Brazil (Wittmann et al. 1988).

Regarding species composition, it is possible to realize that the
species found at PNI are, for the most part, the species commonly
collected in assessments catried out in SSF areas in southern Brazil.
The only species that was collected in PNI but is rare in other surveys
employing aromatic attractants in the Atlantic forest is Euglossa
mandibularis Friese. As far as we know, besides Faria and Zanella
(2015), only Costa and Francoy (2017) report the attraction of this
species to aromatic baits (even if the scent attracting the species was
not identified in this latter case). However, E. mandibularis is widely
distributed in southeastern and southern Brazil, southern Paraguay and
in the provinces of Corrientes and Misiones in Argentina (see Faria
& Zanella 2015). The occurrence of E. mandibularis at PNI seems to
regard much more a spatial variation concerning the attractiveness of
some aromatic compounds to males than any geographical restriction.

Some species that have commonly been found in the surveys
carried out in SSF areas in Southern Brazil was not collected in PNI.
The most noticeable case regards Eulaema nigrita Lepeletier, 1841 that
was surveyed in all the other studies in SSF areas in Parana state (Sofia
& Suzuki 2004, Sofia et al. 2004, Giangarelli et al. 2015, Gongalves
et al. 2014, Ferronato et al. 2018) and is one of the most widespread
euglossine species in the Neotropical region, whose distribution
stands from Costa Rica to northern Argentina (e.g. Nemésio 2009). It
is important to emphasize that this species is one of the most common
elements in some local faunas in SSF areas in southern Brazil, the
dominant species in a fragment in Telémaco Borba (Giangarelli et al.
2015), and the second most common species in a 680 ha fragment in
Londrina (Sofia et al. 2004).

Other three species recorded in these studies were also not collected
in PNI, Exaerete smaragdina (Guérin, 1844), Euglossa melanotricha
Moure, 1967 and Euglossa townsendi Cockerell, 1904 (see Sofia &
Suzuki 2004, Sofia et al. 2004, Gongalves et al. 2014 and Ferronato et
al. 2018). But, unlike E. nigrita, these species have always been sampled
with a very low number of individuals. Regarding E. smaragdina, nine
and five individuals were assessed in two fragments in northern Parana
state, in the region of Londrina by Ferronato et al. (2018). In the other
two studies where the species was recorded, it appears as a singleton in
fragments in Londrina (Sofia & Suzuki 2004) and Palotina (Gongalves et
al. 2014). The other two species, E. melanotricha and E. townsendi, seem
to be a common element in the local faunas of northern Parana, although
infrequent in the sites they occur (Sofia et al. 2004, Ferronato et al. 2018).
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Table 3. Surveys of orchid bee assemblages carried out in Seasonal Semideciduous Forest areas in the states of Parana and Sao Paulo.

Sampling effort

Latitude (h)/number of  Species
Locality (Degrees and Area description .p References
> compounds richness
minutes)
employed

Cajuru, SP 21°20'-21°27'S A fragment of ca. 99 ha 108/3 14 Rebélo & Garofalo 1997
Patrocinio Paulista, SP 20°46' S A fragment of 49 ha 48/3 13 Silveira et al. 2011
Pedregulho, SP 20°14'S Parque Estadual Furnas do Bom Jesus, 36/3 12 Mateus et al. 2015

2,070 ha

P il M s Gl Sttt 200, S
Londrina, PR 23927' 8% o ;4 ragment o ’ 276/8%* 11 & Suzuki 2004 and

fragment of 8.5 ha and a reforested

Ferronato et al. 2018

area of 20 ha
Sertaozinho, SP 21°8 §' A fragment of ca. 75 ha 108/3 10 Rebélo & Garofalo 1997
Alvorada do Sul, PR 20049 A forest fragment of 128.1 haand a 72/8 9 Ferronato et al. 2018

reforested area of 11.3 ha
Primeiro de Maio, PR 22°46'S A forest fragment. of 32.1 haand a 72/8 8 Ferronato et al. 2018

reforested area with 33.3 ha
Rancho Alegre, PR 22°59'S A forest fragment of 108.0 ha and a 72/8 8 Ferronato et al. 2018

reforested area of 11.8 ha
Telémaco Borba, PR 24°12'S A fragment of ca. 217 ha 76/8 7 Giangarelli et al. 2015
Palotina, PR 24°18'S Ezrque Estadual Sao Camilo, ca. 386 54/3 7 Gongalves et al. 2014
Foz do Iguagu, PR 25°37'S Parque Nacional do Iguacu, ca. 112/7 7 This study

185,000 ha; see methods

* Latitude and total area of Mata dos Godoy according to Sofia et al. 2004; ** Combined sampling effort and number of scents.

Considering that in PNI most of species was also represented by
few individuals, it seems reasonable to state that most of the difference
regarding the local faunas in the SSF of southern Brazil regards
the presence of these locally rare species. It seems also possible to
hypothesize that many of these species have naturally low populations
in southern Brazil, since the region is likely to represent the limit (or at
least close to it) of their distributions (for a discussion on the population
size towards species range limits see Gaston 2009). If this is the case,
we could expect that a long-term survey in PNI could also reveal the
occurrence of these nowadays unrecorded species in this large remnant.

With respect to species abundance, results found in PNI are
noteworthy. A rapid comparison among the number of individuals
collected per sampling hour in assessments in SSF areas in southern
Brazil (Sofia & Suzuki 2004: 12.66, 3.75 and 4.00 [sampling was
carried out in three fragments]; Sofia et al. 2004: 2.58; Giangarelli
et al. 2015: 3.50; Gongalves et al. 2014: 3.44; Ferronatto et al. 2018:
1.25,0.75, 0.85, 0.61, 0.98, 0.11, 0.70 and 0.78 [sampling was carried
out in six fragments; as they also have used both hand nets and traps
simultaneously, we consider duplicate number of sampling hours]
shows how few specimens were collected in PNI (this work: 0.53). In
comparison to our results, the only lower number of individuals per
sampling hour was found by Ferronato et al. (2018) in a 33 ha reforested
area in Primeiro de Maio, northern Parana.

http://www.scielo.br/bn

But it seems to us that this remarkably low abundance in PNI is
fortuitous, at least regarding Eufiiesea violacea a common species in
semideciduous forests. There are two main reasons leading us to this
interpretation: (i) the occurrence in 2013 of a winter with more severe
cold events than usual in southern Brazil (see Dolif Neto et al. 2016),
could lead to higher mortality of bees (e.g. Bosch & Kemp 2003).
This could be particularly relevant for the most common species at
PNI, Eufriesea violacea, a univoltine species whose adults emerge
in September-October (Wittmann et al. 1989, Peruquetti & Campos
1997); (ii) surveys carried out in western Parana in subsequent years,
even in small fragments, have resulted in the collection of several
individuals of Eufriesea violacea inclusive along a single day (F.C.V.
Zanella, pers. obs.).

Results found in PNI reinforces some observations on what seems
to be the main patterns regarding the local faunas of orchid bees in
SSF of southern Brazil: (i) species richness with values commonly
ranging from seven to nine species, with decreasing values along the
latitudinal gradient (mainly when compared to assessments carried out
in southeastern Brazil); (ii) local faunas consisting of widespread species
(e.g. Eulaema nigrita and Euglossa cordata) and species “typical of
the semideciduous forests of the interior” (sensu Nemésio 2009) (e.g.
Euglossa pleosticta and Eufriesea violacea); (iii) marked seasonality;
(iv) most species presenting low populations and possibly with local
extinction-colonization dynamics.

http://dx.doi.org/10.1590/1676-0611-BN-2018-0645
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Abstract: The Ctenuchina moths comprise 874 New World species. Here we provide a list of Ctenuchina species
from the Brazilian Amazon. The list was produced from specimens deposited in the most important Brazilian
collections and from literature data. Nearly 31% (273) of the New World Ctenuchina species were recorded,
including 28 new occurrences for the Brazilian Amazon. Santarém and Belém were the municipalities with the
highest number of species records, with 139 and 88, respectively. The high number of Ctenuchina records in the
Amazon is underestimated because this subtribe has never been sampled in the vast majority of the biome. This is a
worrying scenario because the Amazon has the world highest absolute rate of forest reduction. To suggest efficient
conservation policies for the Arctiinae fauna of Amazon, it is urgent to intensify the sampling effort in this biome.
Keywords: Amazon, Tiger moths, Inventory, Noctuoidea, Wasp Moths.

Arctiini Leach, [1815] (Lepidoptera, Erebidae, Arctiinae) da Amazonia Brasileira.
III — Subtribo Ctenuchina Kirby, 1837

Resumo: As mariposas Ctenuchina compreendem 874 espécies no Novo Mundo. Neste trabalho, nos apresentamos
uma lista das espécies de Ctenuchina que ocorrem na Amazodnia brasileira. A lista foi produzida através de
observagdo de espécimes depositados nas mais importantes cole¢des brasileiras ¢ também através de dados da
literatura. Aproximadamente 31% (273) das espécies de Ctenuchina que ocorrem no Novo Mundo foram registradas,
incluindo 28 novas ocorréncias para a Amazonia brasileira. Santarém e Belém foram os municipios com maior
numero de espécies registradas, com 139 e 88, respectivamente. Embora o numero de registros de Ctenuchina
seja considerado alto na Amazodnia, este valor ¢ subestimado visto que a fauna nunca foi amostrada na imensa
maioria do bioma. Este cenario ¢ preocupante, pois a Amazonia possui a maior taxa absoluta de redugéo florestal
do mundo. A fim de podermos sugerir politicas de conservagao eficientes para a fauna de Arctiinae da Amazonia,
¢ urgente que se intensifique o esfor¢o de coleta neste bioma.

Palavras-chave: Amazénia, mariposas-tigre, Inventdrio, Noctuoidea, mariposas-vespa.

Introduction

Arctiinae is distributed worldwide (Heppner 1991). With
approximately 11,000 species, the Arctiinae moths are divided in
four tribes (Zahiri et al. 2012), but only Arctiini and Lithosiini occurr
in the Neotropics. Arctiini is classified in seven subtribes: Arctiina,
Callimorphina, Ctenuchina, Euchromiina, Phaegopterina, Pericopina,
and Spilosomina (Weller et al. 2009, Vincent & Laguerre 2014).

The Ctenuchina moths are found in the “New World” and comprise
874 species (Weller et al. 2009). Several species have nocturnal activity,
but some species are exclusively diurnal (Hagmann 1938). Many

http://dx.doi.org/10.1590/1676-0611-BN-2018-0673

species of Ctenuchina form mimicry rings with several wasp species
(Simmons, 2009). They have a pair of tympanic organs located in the
metathorax, above the spiracles, covered by an operculum. The hind
wings are small or reduced, with absence of S_+ R veins and separated
C A branches (Kitching & Rawlins 1999, Jacobson & Weller 2002).
The larvae feed on Apocynaceae, Euphorbiaceae, Ebenaceaa, Moraceae,
Fabaceae, Ulmaceae, Poaceae, Loganiaceae, Urticaceae, Malpighiaceae,
Vochysiaceae, Malvaceae, Ochnaceae and Cyperaceae (Janzen &
Hallwachs 2005). The adults of several species are pharmacophagous
and feed on pyrrolizidine alkaloids (Conner & Jordan 2009).
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We here report a list of Ctenuchina moths occurring in the Brazilian
Amazon based on the specimens deposited in the most important
Brazilian collections and also from literature data. This study is a
continuation of Teston & Ferro (2016a, b) and aims to increase the
knowledge on Arctiinae in the Amazon region.

Materials and methods

We intensively searched the literature and examined specimens
from entomological collections of the Instituto Nacional de Pesquisas
na Amazonia (INPA; Manaus), Museu Paraense Emilio Goeldi (MPEG;
Belém), Colegdo Becker (VOB; Camacan), Cole¢do Entomologica
Padre Jesus Santiago Moure of the Universidade Federal do Parana
(DZUP; Curitiba), Fundagdo Instituto Oswaldo Cruz (FIOC; Rio
de Janeiro), Museu de Zoologia of the Universidade de Sado Paulo
(MZUSP; Sao Paulo), Museu Nacional of the Universidade Federal do
Rio de Janeiro (MNRJ; Rio de Janeiro), and Laboratoério de Estudos
de Lepidopteros Neotropicais (LELN) of the Universidade Federal do
Oeste do Para (UFOPA; Santarém). To identify the species, we used
literature (Hampson 1898, 1914, Seitz 1919-1925) and specimens
deposited in the visited collections. The systematic organization to
generic level follows Hampson (1898) and Weller et al. (2000), with
updates of the generic names according Watson et al. (1995) and
corrections of Pinheiro & Duarte (2013), Pinheiro & Gaal-Haszler
(2015) and Pinheiro (2016).

The geographical coordinates of the localities in the Brazilian
Amazon with Arctiinae records were obtained from the Geo Loc tool
of “Species Link date & tools” (http://splink.cria.org.br/geoloc) and
Google Earth (https://earth.google.com/web/). The list is organized
alphabetically. Species and records without precise location data, and
those from locations that belong to more than one biome (e.g., Cerrado
and Amazon) were not included in the list.

Results

Our research generated a list of 273 Ctenuchina species (Table 1),
including 28 new occurrences for the Brazilian Amazon (indicated
by “NEW?”). Twenty-three species appear as new records for the
municipalities and their respective States (indicated by “AMZ”). In
total, 75 (nearly 10%) Amazonian municipalities had Ctenuchina
species records (Table 2 and Figure 1). Santarém (PA), Belém (PA),
and Cacaulandia (RO) were the municipalities with the highest number
of species, with 139, 88, and 60, respectively.

We recorded 61 genera, of which 20 were monospecific. The genera
Eucereon Hiibner, 1819 had the highest number of species (37), followed
by Delphyre Walker, 1854 (20), and Heliura Butler, 1876 (17). The
species with the highest number of locality records were Eucereon varia
(Walker, 1854) (with 23), followed by Telioneura glaucopis R. Felder,
1869 (22), Correbidia calopteridia (Butler, 1878) (21) and Epidesma

http://www.scielo.br/bn

ursula (Cramer, 1782) (20). Eighty-nine species (32.6%) occurred in
only one locality (Table 1).

Discussion

The number of Ctenuchina species recorded for the Brazilian
Amazon reported on this study is high. It corresponds to 31.2% of “New
World” Ctenuchina fauna (Weller et al. 2009) and is more than two
times higher than what has been reported for Mexico (Hernandez-Baz
et al. 2013) and the Brazilian Cerrado (Ferro et al. 2010). The fact that
Santarém and Belém are the Amazon municipalities with the highest
number of Ctenuchina records is probably related to the proximity
and access to the collection sites. Belém is the capital of the state of
Para and has an important museum (Museu Paraense Emilio Goeldi,
founded in 1866) and other research institutions, as well as easy access
to sampling sites. Santarém has been widely sampled by H. Zerny and
G. Hagmann in the 1930s (Zerny 1931, Hagmann 1938). Hagmann
resided in Santarém and Zerny spent a season collecting in forests
and other natural areas nearby Santarém. Belém is also the second
municipality with the highest number of Phaegopterina and Pericopina
records (Teston & Ferro 2016a, b).

The Ctenuchina richness of Santarém and Belém is the largest
recorded in Brazil. For example, in Salesopolis it has been recorded 42
Ctenuchina species (Ferro & Diniz 2007) and in Joinville 57 species
(Ferro et al. 2012). These two last sites are located in the Atlantic Forest
biome and were intensively sampled in the recent past. In the Cerrado
sites, a much lower number of Ctenuchina species has been recorded,
ranging from 3 (Scherrer et al. 2013) to 26 (Moreno & Ferro 2016).
Moreover, the number of Ctenuchina species in a single Amazon site
(Santarém, 139) is higher than that recorded for the whole Cerrado
(133 species, Ferro et al. 2010). It may indicate that this taxon is more
diverse in rain-forest than in xeric environments.

Until now Teston and Ferro (2016b) have reported 819 Arctiinae
species in the Brazilian Amazon. Due to the new records reported in
this study (28) there has been an increase in richness for the biome,
and now a total of 847 tiger moth species are recorded for the Amazon.
Similarly to the the subtribes Phaegopterina (Teston & Ferro 2016a)
and Pericopina (Teston & Ferro 2016b), the number of Amazonian
species of Ctenuchina is underestimated because it has never been
sampled in the vast majority of the biome (less than 10% of the
municipalities has been sampled until now). In addition, the sampling
points are poorly distributed and usually restricted to more populated
cities and along major rivers. This is a worrying scenario because the
Amazon has the world highest absolute rate of forest reduction (Silva
etal. 2005). This biome has suffered from logging, fires, fragmentation,
mining, wildlife extinction, invasion of alien species, and wildlife
trafficking (Fearnside 2003). To suggest efficient conservation policies
for the Arctiinae moths in the Amazon, it is urgent to intensify the
collection effort in this biome.
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Table 1. Ctenuchina (Erebidae, Arctiinae, Arctiini) species of the Brazilian Amazon. The column with the records shows the Brazilian state in abbreviated form
followed by municipality. The name of the locality is enclosed in braces and the author of the first record is in parentheses. * New record. States abbreviations:
AC = Acre, AM= Amazonas, AP = Amapa, MA = Maranhao, MT = Mato Grosso, PA = Para, RO = Rondonia and RR = Roraima.

Species

Record

10.
11.
12.

13.

15.

16.

18.
19.

20.

21.
22.
23.

24.

Abrochia aequalis (Walker, [1865])

Abrochia atridorsata (Hampson, 1909)
Abrochia aurantivena (Hampson, 1918)
Abrochia consobrina (Walker, 1856)

Abrochia discoplaga (Schaus, 1905)

Abrochia eumenoides (Gaede, 1926)
Abrochia fulvisphex (Druce, 1898)

Abrochia mellina (Herrich-Schiffer, 1855)
Abrochia munda (Walker, 1856)

Abrochia postica (Walker, 1854)
Abrochia singularis (Walker, 1854)
Abrochia zethus (Hibner, 1827)

Aclytia albistriga Schaus, 1910AM2
Aclytia apicalis (Walker, 1854)
Aclytia gynamorpha Hampson, 1898

Aclytia heber (Cramer, [1780])

Aclytia hoffmannsi Rothschild, 1912

Aclytia petra Schaus, 18924M2
Aclytia punctata Butler, 1876

Aclytia reducta Rothschild, 1912

Aclytia terra Schaus, 18964M2
Aethria analis Schaus, 190 1NEW

Aethria haemorrhoidalis (Stoll, [1790])AM2

Aethria paula Schaus, 1894NEW

AM, Tefé {Ega} (Walker [1865]); AP, Serra do Navio*; MA, Acailandia*; PA,
Altamira {Serra do Pardo National Park} (Teston & Correa 2015), Santarém
{Taperinha} (Zerny 1931), Sao Félix do Xingu {Serra do Pardo National Park}
(Teston & Correa 2015)

AM, Sio Gabriel [da Cachoeira] {Taracua} (Bryk 1953)

PA, [Belém] (Zerny 1931)

[AM], Valley of Amazonas [river] (Zerny 1931); PA, [Belém] (Walker 1856),
Tapajos [river] (Hampson 1898)

MA, Agailandia*; MT, Sinop*; PA, Altamira {Serra do Pardo National Park}
(Teston & Correa 2015), Santarém {Taperinha} (Zerny 1931), Sao Félix do Xingu
{Serra do Pardo National Park} (Teston & Correa 2015); RO, Cacaulandia*
AM, [Boa Vista do Ramos] {Massauari} (Gaede 1926)

AM, Manaus (Bryk, 1953); MT, Sinop*; PA, Altamira {Serra do Pardo National
Park} (Teston & Correa 2015), Santarém {Taperinha} (Zerny 1931), Sao Félix do
Xingu {Serra do Pardo National Park} (Teston & Correa 2015); RO, Cacaulandia*

PA, Cameta (Hampson 1898)

PA, [Belém] (Walker 1854a), Santarém (Hampson 1898)

PA, [Belém] (Walker 1854a), Santarém (Hampson 1898)

PA, [Belém] (Hampson 1898)

PA, [Belém] (Walker 1854a), Santarém (Hampson 1898), Tapajos [river] (Walker
1854a)

PA, Belém*, Capitdo Pogo*

PA, [Belém] (Walker 1854a)

AM, [Jutai] {Jutai river} (Hampson 1898), Jurud river (Hampson 1898), Santa
Isabel do Rio Negro*; PA, Belém {Miramar}*, Belterra {National Forest of

Tapajos} (Freitas 2014), Breves*, Maraba* Santarém (Hampson 1898), Santarém
{Taperinha} (Zerny 1931)

AM, [Carauari] {Jurua river, [Lake of] Pupunha} (Butler 1878), [Jutai] {Jutai
river, Boa Vista} (Butler 1878), [Sdo Gabriel da Cachoeira] {Taracua} (Bryk
1953); MA, Agailandia*; MT, Sinop*; [PA], lower Amazonas [river] (Druce
1884), PA, Altamira {Serra do Pardo National Park} (Teston & Correa 2015),
Belterra {National Forest of Tapajos} (Freitas 2014), Maraba*, Santarém (Butler
1876), Sdo Félix do Xingu {Serra do Pardo National Park} (Teston & Correa
2015)

AM, Santa Isabel do Rio Negro*; PA (Hagmann 1938), Belém {Miramar}*,
Santarém*; RO, Porto Velho*

PA, Santarém*; RO, Ariquemes*, Cacaulandia*

AM, Manicoré*; MA, Agailandia*; PA, Altamira {Serra do Pardo National Park}
(Teston & Correa 2015), Belterra {National Forest of Tapajos} (Freitas 2014),
Santarém (Hampson 1898), Sdo Félix do Xingu {Serra do Pardo National Park}
(Teston & Correa 2015); RO, Cacaulandia*, Porto Velho*

AM, Manicoré {Madeira river} (Zerny 1931), Sdo Gabriel da Cachoeira*; PA,
Santarém (Hampson 1914)

MT, Sinop*; RO, Cacaulandia*
RO, Vila Rondonia*

AM, Borba*; AP, Mazagdo*; PA, Benevides*, Curralinho*, Parauapebas {Serra
Norte, Carajas}*, Santarém*; RO, Porto Velho*, RR, Alto Alegre*

AM, Manaus*
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Species

Record

25.

26.
27.

28.

29.

30.

31.
32.

33.

34.

35.
36.
37.

38.

39.

40.

41.
42.

43.
44,

45.

46.

Agyrta auxo Hiibner, 1817

Agyrta bifasciata Rothschild, 1912
Agyrta chena Druce, 1893

Agyrta dux (Walker, 1854)
Agyrta klagesi Rothschild, 1912NEW
Agyrta micilia (Cramer, 1780)

Agyrta pandemia Druce, 1893
Agyrta porphyria (Cramer, 1782)

Agyrtidia olivensis Machado Filho e Régo
Barros, 1970

Agyrtidia uranophila (Walker, 1866)

Agyrtiola niepelti Gaede 1926
Anaphlebia caudatula R. Felder, 1869
Androcharta diversipennis (Walker, 1854)

Androcharta hoffmannsi (Rothschild, 1912)

Androcharta meones (Cramer, 1780)

Androcharta stretchii Butler, 1876

Antichloris affinis (Rothschild, 1912)

Antichoris caca Hubner, 1818

Antichloris chloroplegia (Druce, 1905)NEW
Antichloris eriphia (Fabricius, 1776)

Antichloris scudderii Butler, 1876

Argyroeides flavicornis Rothschild, 1911

AM, Sédo Paulo de Olivenga*; AP, Serra do Navio*; PA, [Belém] (Zerny 1931),
Belém {Miramar}*, Ourém*, Santarém*

PA, Santarém {Moju} (Zerny 1931)

AM, Manaus (Bryk 1953), [Sao Gabriel da Cachoeira] {Taracua} (Bryk 1953);
PA, [Belém] (Druce 1893)

AM, [Eirunepé] {Jurua river, Sdo Felipe} (Zerny 1931), Manicoré*, Maués*; AP,
Serra do Navio*; PA, Anajas*, Belém*, Parauapebas {Serra Norte, Carajas}*,
Obidos*, Santarém {Taperinha} (Zerny 1931)

PA, Santarém*

AM, Manicoré*, Santa Isabel do Rio Negro*; PA, [Belém] (Hampson 1898); RO,
Cacaulandia*, Candeias do Jamari*

PA, [Belém] (Druce 1893)

AM, [Eirunepé] {Jurua river, Sdo Felipe} (Zerny 1931), Manaus (Zerny 1931),
Manicoré*, [Maués] {Rio Parauary}*, Sdo Paulo de Olivenga*, Tefé*; AP,
Santana*, Serra do Navio*; PA, [Belém] (Hampson 1898), Itaituba*, Santarém
{Taperinha} (Zerny 1931); RO, Vila Rond6nia*

AM, Sao Paulo de Olivenga (Machado Filho & Régo Barros 1970)

[AC], Alto Jurua (Machado Filho & Régo Barros 1970); AM, [Autazes] {Autaz
river, Campinhas} (Bryk 1953), Benjamin Constant*, Borba (Machado Filho &
Régo Barros 1970), [Eirunepé] {Rio Jurua, Sao Felipe} (Machado Filho & Régo
Barros 1970), [Sao Gabriel da Cachoeira] {Rio Negro, Jauareté} (Machado Filho
& Régo Barros 1970), Sao Paulo [de Olivenca] (Walker 1866); PA, Itaituba*,
Santarém (Machado Filho & Régo Barros 1970); RO, Cacaulandia*, Jara*

AM, Sao Paulo de Olivenca (Gaede 1926)
AM, Amazonas [river] (R. Felder 1869)

AM, Benjamin Constant*, [Carauari] {Jurua river, [Lake of] Pupunha} (Butler
1878), [Eirunepé] {Jurua river, Sdo Felipe} (Zerny 1931), [Jutai] {Barreiras de
Jutai} (Butler 1878), Manaus*, Sdo Paulo [de Olivenga] (Butler 1876), Tabatinga
(Butler 1876), Tefé {Ega} (Butler 1876); AP, Serra do Navio*; PA, Itaituba*,
Santarém {Moju and Taperinha} (Zerny 1931), Tapajos [river] (Walker 1854a)

AM, Benjamin Constant*, Humaitd (Hampson 1914), Sdo Paulo de Olivenga*;
RO, Cacaulandia*

AM, Negro river (Zerny 1931), Sao Paulo de Olivenca (Santos 1939); PA,
Altamira {Monte Santo} (Delfina & Teston 2013), Santarém {Moju and
Taperinha} (Zerny 1931)

AM, Benjamin Constant*, Maués*, Sao Paulo [de Olivenca] (Butler 1876); AP,
Serra do Navio*; PA, Itaituba*, Santarém*, Tucurui*
AM, Tefé (Rothschild 1912); PA (Hagmann 1938)

AM, Sio Paulo de Olivenga*, Tefé (Field 1975); AP, Serra do Navio*; PA,
[Belém] (Hampson 1898), Soure*

AM, Sido Paulo de Olivenga*; AP, Serra do Navio*

AC, Feijo*; AM, Benjamin Constant*, Manaus*, Manicoré*, Sao Paulo de
Olivenga*, Tefé*; PA, [Belém] (Butler 1876), Altamira {Monte Santo} (Delfina
& Teston 2013), Breves*, Santarém {Taperinha} (Zerny 1931), Tapajos [river]
(Walker 1854a); RO, Ariquemes*, Cacaulandia*, Porto Velho*

AM, Itacoatiara*, Manaus (Zerny 1931), Manicoré*, Sao Paulo de Olivenga*; PA,
Oriximina {Rio Cumina}*, Santarém (Butler 1876), Santarém {Taperinha} (Zerny
1931)

AM, Tefé (Rothschild 1911)
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Species

Record

47.
48.
49.

50.
51.
52.
53.
54.

55.
56.

57.
58.

59.
60.

61.
62.
63.

64.
65.
66.
67.

68.

69.
70.
71.

72.
73.

Argyroeides ophion (Walker, 1854)AM2
Argyroeides strigula Druce, 1896NW
Atyphopsis modesta Butler, 1878

Cacostatia buchwaldi (Rothschild, 1912)
Cacostatia discalis (Walker, 1856)
Cacostatia flaviventralis Dognin, 1909
Cacostatia germana (Rothschild, 1912)NW
Ceramidia fumipennis (Walker, 1854)

Ceramidia phemonoides (Moschler, 1854)
Ceramidiodes obscurus (Butler, 1877)

Cercopimorpha dolens Schaus, 1905
Cercopimorpha homopteridia Butler, 1876

Cercopimorpha postflavida (Rothschild, 1912)NEW

Clystea andromacha (Fabricius, 1775)

Clystea aner (Hampson, 1905)
Clystea carnicauda (Butler, 1876)
Clystea daltha (Druce, 1895)

Clystea eburneifera (R. Felder, 1869)
Clystea gracilis (Moschler, 1878)AM2
Clystea leucaspis (Cramer, 1775)
Clystea stipata (Walker, 1854)

Corematura chrysogastra (Perty, 1834)

Correbia elongata Rothschild, 19124M2
Correbia felderi Rothschild, 1912
Correbia lycoides (Walker, 1854)

Correbia obscura Schaus, 1905NEW

Correbia tristitia Kaye, 1911

AM, Manicoré*

MA, Santa Luzia*

AM, [Jutai] {Rio Jutai, Boaventura} (Butler 1878), Manicoré {Rio Madeira}
(Zerny 1931); AP, Serra do Navio*; MT, Sinop*; PA, Belém*, Santarém (Butler
1878), Santarém {Taperinha} (Zerny 1931); RO, Porto Velho*

RO, [Porto Velho] {Madeira river, Alianga} (Rothschild 1912)

[AM], Valley on the Amazon [river] (Walker 1856)

PA, Almeirim {Jari} (Hawes et al. 2009)

AM, Manaus*; PA, Belém*

AM, Fonte Boa (Field 1975), Humaita (Field 1975), Manaus (Field 1975),
Manicoré {Madeira river} (Field 1975), [Novo Airdo] {Igarapé Preto} (Field
1975), Solimodes [river] (Bryk 1953), Sao Paulo de Olivenca (Field 1975) Tefé
{Ega} (Walker 1854a), Tonantins (Field 1975); PA, Tapajos river (Field 1975);
RO, [Porto Velho] {Rio Madeira, Alianca} (Field 1975)

AM, Manaus (Zerny 1931); PA, Tapajos [river] (Butler 1876)

AM, Benjamin Constant*, Manaus*, Manicoré (Hampson 1898), [Tapaud] {Rio
Purus, [Lake] Sobral} (Butler 1877), Tefé (Rothschild 1912)

MT, Sinop*; PA, Santarém {Taperinha} (Zerny 1931)

AM, Manicoré*; MT, Sinop*; PA, [Belém] (Walker 1854a), Santarém
{Taperinha} (Zerny 1931)

PA, Santarém*; RO, Cacaulandia*

PA, [Belém] (Walker 1854a), Altamira {Monte Santo} (Delfina & Teston 2013);
RR, Alto Alegre*

PA (Hagmann 1938)

PA, [Belém] (Hampson 1898), Altamira{51°BIS} (Teston et al. 2012)

AM, Benjamin Constant*, [Eirunepé] {Rio Jurua, Matto Pyri} (Zerny 1931),
Manaus*, Manicoré, Sdo Paulo de Olivenga*; PA, [Belém] (Druce 1895),
Parauapebas {Serra Norte, Carajas}*, Santarém*; RO, Cacaulandia*

AM, Amazonas [river] (R. Felder 1869), Tefé*

PA, Benevides*, Parauapebas {Serra Norte, Carajas} *

PA (Hagmann 1938)

AM, Santa Isabel do Rio Negro*; MA, Santa Luzia*; PA, [Belém] (Walker

1854a), [Igarapé-Miri] {Estuary of Tocantins [river]} (Zerny 1931), Parauapebas
{Serra Norte, Carajas}*

AM, Benjamin Constant*, Borba*, Fonte Boa*, Rio Madeira (Butler 1878), [Santa
Isabel do Rio Negro] {Rio Preto}*, Sdo Paulo [de Olivenga] (Butler 1876), Sao
Paulo de Olivenga {Rio Solimdes, S. Jerénimo} (Travassos Filho 1952) and {Rio
Preto} (Travassos Filho 1938), Tefé*

AM, Manaus*; MA, Acailandia*; PA, Novo Progresso {Cachimbo}*, Santarém*
[AM], Amazonas (Rothschild 1912); PA, Santarém {Taperinha} (Zerny 1931)

AM, Barcelos {Moura}*, Benjamin Constant®, [Eirunepé] {Rio Jurua, Sao
Felipe} (Zerny 1931), S@o Gabriel da Cachoeira {Querari}*; AP, Serra do
Navio*;MT, Sinop*; PA, Altamira {Monte Santo} (Teston & Delfina 2010),
[Belém] (Walker 1854a), Belterra {National Forest of Tapajos} (Freitas 2014),
Capitdo Pogo*, Igarapé-Acu*, Maraba*, Santarém {Taperinha} (Zerny 1931),
Sdo Félix do Xingu {Serra do Pardo National Park} (Teston & Correa 2015); RO,
Cacaulandia*, Porto Velho*; RR, Alto Alegre*

RO, Porto Velho*

AM, Codajas (Rothschild 1912), Fonte Boa (Rothschild 1912), PA, Santarém
{Taperinha} (Zerny 1931)
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74.

75.

76.
77.

78.
79.
80.
81.
82.
83.

84.
85.
86.
87.

88.
89.

90.
91.

92.
93.

94.
95.
96.
97.
98.
99.

Correbidia assimilis (Rothschild, 1912)

Correbidia calopteridia (Butler, 1878)

Correbidia germana (Rothschild, 1912)
Correbidia notata (Butler, 1878)

Correbidia simonsi (Rothschild, 1912)
Correbidia steinbachi (Rothschild, 1912)
Ctenucha circe (Cramer, 1780)

Ctenucha mortia Schaus, 19014M?
Ctenucha tapajoza Dognin, 1923
Cyanopepla glaucopoides (Walker, 1854)

Cyanopepla hurama (Butler, 1876)
Delphyre aclytioides (Hampson, 1901)
Delphyre albiventus (Druce, 1898)
Delphyre discalis (Druce, 1905)

Delphyre distincta (Rothschild, 1912)
Delphyre dizona (Druce, 1898)

Delphyre fenestrata Bryk, 1953
Delphyre flaviceps (Druce, 1905)

Delphyre flaviventralis Hampson, 1901
Delphyre hampsoni (Rothschild, 1912)

Delphyre hebes Walker, 1854AM2
Delphyre macella (Dognin, 1911)NEW
Delphyre maculosa (Hampson, 1898)
Delphyre meridionalis (Rothschild, 1912)
Delphyre minuta (Mdeschler, 1877)
Delphyre parcipuncta Hampson, 1914

AM, [Atalaia do Norte] {Santo Antonio do Javari} (Rothschild 1912), PA,
Belterra {National Forest of Tapajos} (Freitas 2014), Santarém (Valente et
al.2018)

AM, Barcelos {Moura}*, Benjamin Constant*, Fonte Boa*, [Manaus] {Rio
Urubu} *, Santa Isabel do Rio Negro*, Sao Gabriel da Cachoeira {Querari}*, Sdo
Paulo de Olivenga*, Tefé (Zerny 1931); AP, Serra do Navio*; MA, Acailandia*;
MT, Aripuand*, Sinop*; PA, Altamira {Serra do Pardo National Park} (Teston

& Correa 2015), [Belém] (Butler 1878), Belterra {National Forest of Tapajos}
(Freitas 2014), Maraba*, Santarém {Taperinha} (Zerny 1931), Séo Félix do Xingu
{Serra do Pardo National Park} (Teston & Correa 2015); RO, Cacaulandia*, Porto
Velho*

PA, Santarém {Taperinha} (Zerny 1931)

AM, Barcelos {Moura}*, [Jutai] {Rio Jutai} (Butler 1878); PA, Altamira{51°BIS}
(Teston et al. 2012), Maraba*, Santarém {Taperinha} (Zerny 1931)

AM, Fonte Boa (Hampson 1914)
AM, Fonte Boa (Rothschild 1912)
PA, [Belém] (Walker 1854b)

RO, Candeias do Jamari*

PA, Tapajos river (Dognin 1923)

AM, [Eirunepé] {Jurua river, Sdo Felipe} (Zerny 1931), Manaus*, Maués*; PA,
[Belém] (Walker 1854b), Santarém*

PA, Itaituba (Staudinger 1894)
PA, Belterra {National Forest of Tapajoés} (Freitas 2014)
AM (Zerny 1912); PA, Paragominas*

MT, Sinop*; PA, Altamira {51°BIS} (Teston et al. 2012), Santarém {Taperinha}
(Zerny 1931), Sao Félix do Xingu {Serra do Pardo National Park} (Teston &
Correa 2015); RO, Cacaulandia*

RO, [Porto Velho] {Madeira river, Alianca} (Hampson 1914)

AM, Manicoré*; MA, Acailandia*; PA, Altamira {Serra do Pardo National Park}
(Teston & Correa 2015), Belém*, Belterra {National Forest of Tapajos} (Freitas
2014), Maraba*, Santarém {Taperinha} (Zerny 1931), Séo Félix do Xingu {Serra
do Pardo National Park} (Teston & Correa 2015); RO, Cacaulandia*, Porto
Velho*

AM, [Sao Gabriel da Cachoeira] {Taracua} (Bryk 1953)

AM, Manicoré (Zerny 1931); PA, Belém*, Belterra {National Forest of Tapajos}
(Freitas 2014), Maraba*, Santarém {Taperinha} (Zerny 1931), Sdo Félix do Xingu
{Serra do Pardo National Park} (Teston & Correa 2015); RO, Cacaulandia*,
[Porto Velho] {Madeira river, Alianga and Calama} (Rothschild 1912)

PA, Santarém {Taperinha} (Zerny 1931)

MA, Acailandia*; PA, Sdo Félix do Xingu {Serra do Pardo National Park} (Teston
& Correa 2015); RO, [Porto Velho] {Madeira river, Alianga} (Rothschild 1912)

RO, Cacaulandia*

PA, Maraba*

AP, Oiapoque*; PA, [Belém] (Hampson 1898)

RO, [Porto Velho] {Madeira river, Calama} (Rothschild 1912)
PA, Santarém {Taperinha} (Zerny 1931)

PA, Altamira {51°BIS} (Teston et al. 2012), [Breves] {Furos de Breves} (Zerny
1931); RO, [Porto Velho] {Madeira river, Alianga} (Rothschild 1912)
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Species

Record

100.
101.
102.

103.

104.
105.

106.
107.

108.
109.
110.

111.
112.
113.
114.

115.

116.

117.

118.

119.

120.
121.

Delphyre pieroides (Rothschild, 1912)
Delphyre pumila (Rothschild, 1912)
Delphyre pusilla (Butler, 1878)

Delphyre roseiceps Dognin, 1909

Delphyre varians Hampson, 1901
Dinia aeagrus (Cramer, 1779)

Dinia mena (Hiibner, [1827])AM2
Diptilon aurantiipes Rothschild, 1911

Ecdemus carmania (Druce, 1883)
Ecdemus fuliginosa (Rothschild, 1912)NEW
Ecdemus hypoleucus Herrich-Schiffer, [1855]

Ecdemus imbecillus (Zerny, 1931)
Ecdemus pereirai Travassos, 1940AM2
Ecdemus rubrothorax (Rothschild, 1911)
Epanycles imperialis (Walker, 1854)

Epidesma albicincta (Hampson, 1905)
Epidesma aurimacula (Schaus, 1905)
Epidesma hoffmannsi (Rothschild, 1912)AM2
Epidesma klagesi (Rothschild, 1912)

Epidesma lenaeus (Cramer, 1780)

Epidesma metapolia (Dognin, 1912)AMZ

Epidesma parva (Rothschild, 1912)

AM, Fonte Boa (Rothschild 1912)
RO, [Porto Velho] {Madeira river, Alianga} (Rothschild 1912)

AM, [Atalaia do Norte] {Rio Javary, Braga} (Butler 1878), Sdo Paulo de
Olivenga*; AP, Serra do Navio*; PA, Maraba*, Santarém {Taperinha} (Zerny
1931); RO, Cacaulandia*, Porto Velho*

AM, Fonte Boa (Rothschild 1912); PA, Santarém {Taperinha} (Zerny 1931); RO,
Ariquemes*, Porto Velho*

[AM] (Hampson 1901); PA (Hagmann 1938)

AC, Feijo {Rio Embira} (Travassos Filho & Urban 1967); AM, Benjamin
Constant*, Fonte Boa*, Humaita*, [Manaus] {Rio Urubu}*, Manicoré*, Sao
Paulo de Olivenca {Rio Preto} (Travassos Filho 1957), Tabatinga*; MA,
Agailandia*; MT, Aripuand*; PA, Altamira {Monte Santo} (Teston & Delfina
2010), Belém*, Capitdo Poco*, Parauapebas {Serra Norte, Carajas}*, Tucurui*,
Viseu*; RO, Porto Velho {Rio Madeira} (Travassos Filho & Urban 1967)

AM, Benjamin Constant*; MA, Agailandia*

[AM], Amazonas river (Rothschild 1911); RO, [Porto Velho] {Madeira river,
Calama} (Rothschild 1911)

PA, Santarém {Taperinha} (Zerny 1931)

PA, Santarém*

AM, [Jutai] {Rio Jutai} (Butler 1878), Manaus*, Santa Isabel do Rio Negro*;
AP, Serra do Navio*; MA, Acailandia*; PA, Cameta (Herrich-Schiffer [1855]),
Altamira {51°BIS} (Teston et al. 2012), Belém*, Belterra {National Forest of
Tapajos} (Freitas 2014), Santarém {Taperinha} (Zerny 1931)

PA, Santarém {Taperinha} (Zerny 1931)

PA, Santarém*

AM, Humaitd {Madeira river} (Rothschild 1911)

AM, [Carauari] {Rio Jurua, Pupunhazinho} (Butler 1878), Manicoré {Madeira
river} (Zerny 1931), Tefé {Ega} (Butler 1876); MA, Agailandia*, PA, Maraba*,
Novo Progresso {Cachimbo}*, Oriximina {Rio Cumina}*, Rio Tapajos (Butler
1876), Santarém (Walker 1854a), Santarém {Taperinha} (Zerny 1931), Sao

Félix do Xingu {Serra do Pardo National Park} (Teston & Correa 2015); RO,
Cacaulandia*, Porto Velho*

PA (Hagmann 1938), Altamira {Monte Santo} (Delfina & Teston 2013),
Santarém*

AM, Sao Paulo de Olivenga*; PA (Hagmann 1938), Altamira {Serra do Pardo
National Park} (Teston & Correa 2015), Maraba*, Santarém*, Sdo Félix do Xingu
{Serra do Pardo National Park} (Teston & Correa 2015)

RO, Cacaulandia*

AM, Fonte Boa (Rothschild 1912); PA, Santarém {Taperinha} (Zerny 1931); RO,
[Porto Velho] {Madeira river, Calama} (Rothschild 1912)

AM, Tefé (Zerny 1931); MA, Acailandia*; PA, Altamira {Serra do Pardo National
Park} (Teston & Correa 2015), Belém*, Maraba*, Santarém {Taperinha} (Zerny
1931), Sdo Félix do Xingu {Serra do Pardo National Park} (Teston & Correa
2015); RO, Cacaulandia*

PA, Maraba*; RO, Cacaulandia*, Jaru*, Porto Velho*

PA, Altamira {Monte Santo} (Delfina & Teston 2013), Maraba*, Santarém*,
Sao Félix do Xingu {Serra do Pardo National Park} (Teston & Correa 2015); RO,
Porto Velho*
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122.

123.
124.

125.
126.

127.

128.

129.
130.

131.

132.
133.

134.
135.

136.

137.

138.
139.
140.
141.

Epidesma perplexa (Rothschild, 1912)

Epidesma similis (Rothschild, 1912)
Epidesma ursula (Cramer, 1782)

Episcepsis capyscoides Dognin, 1911NEW
Episcepsis endodasia (Hampson, 1898)

Episcepsis frances Dyar, 1910

Episcepsis gnoma (Butler, 1877)

Episcepsis gnomoides Schaus, 1910
Episcepsis klagesi Rothschild, 1911

Episcepsis lamia (Butler, 1877)

Episcepsis littoralis Rothschild, 1911
Episcepsis melanitis (Hiibner, 1827)

Episcepsis nereus Zerny, 1931

Episcepsis luctuosa (Mdschler, 1877)

Episcepsis thetis (Linnaeus, 1771)

Episcepsis venata Butler, 1877

Eriphioides tractipennis (Butler, 1876)NEW
Euagra coelestina (Cramer, 1782)
Euagra intercisa Butler, 1876M*

Eucereon aeolum Hampson, 18984M2

AM, [Atalaia do Norte] {Santo Antonio do Javari} (Rothschild 1912), Fonte Boa
(Rothschild 1912), Tefé (Rothschild 1912)

AM, Fonte Boa (Rothschild 1912)

AM, [Jutai] {Rio Jutai} (Butler 1878), [Labrea] {Rio Purus, Man[aua]} (Butler
1878), Manaus*, Rio Sapo (Butler 1878), [Sdo Gabriel da Cachoeira] {Taracué}
(Bryk 1953), Séo Paulo de Olivenga*, Tefé {Ega} (Hampson 1898); MA,
Acailandia*; PA, Almeirim {Jari} (Hawes et al. 2009), Altamira {Serra do Pardo
National Park} (Teston & Correa 2015), Belterra {National Forest of Tapajos}
(Freitas 2014), Cameta™®, Maraba*, Novo Progresso {Cachimbo}*, Santarém
{Taperinha} (Zerny 1931), Sdo Félix do Xingu {Serra do Pardo National Park}
(Teston & Correa 2015), Tapajos [river] (Hampson 1898); RO, Cacaulandia*,
Porto Velho*; [RR], [Caracarai] {Branco river} (Bryk 1953)

RO, Cacaulandia*

AM, Borba*; PA, Sao Félix do Xingu {Serra do Pardo National Park} (Teston &
Correa 2015)

PA, Altamira {51°BIS} (Teston et al. 2012), Breves*, Santarém {Taperinha}
(Zerny 1931)

AM, [Barcelos] {Rio Pada[ua]r[i]} (Butler 1877), Santa Isabel do Rio Negro*,
Sdo Paulo de Olivenga*; PA, Belém*, Breves (Zerny 1931), Santarém
{Taperinha} (Zerny 1931), Sdo Félix do Xingu {Serra do Pardo National Park}
(Teston & Correa 2015)

PA, Santarém {Taperinha} (Zerny 1931)

AM, Sao Paulo de Olivenga*; PA, Belterra {National Forest of Tapajos} (Freitas
2014), Breves*, Santarém {Taperinha} (Zerny 1931); RO, Cacaulandia*

AM, Benjamin Constant*, Borba*, [Maués] {Rio Maués} (Butler 1877), [Tapaua]
{Rio Purus, Ta[u]aria} (Butler 1877); MA, Agailandia*; PA, Belém*, Belterra
{National Forest of Tapajos} (Freitas 2014), Breves*, Santarém {Taperinha}
(Zerny 1931), Sao Félix do Xingu {Serra do Pardo National Park} (Teston &
Correa 2015); RO, Ariquemes*

AM, [Sao Gabriel da Cachoeira] {Taracua} (Bryk 1953)

AM, Manaus*, Manicoré*, Santa Isabel do Rio Negro*, [Sdo Gabriel da
Cachoeira] {Taracua} (Bryk 1953), Tefé*; MT, Sinop*; PA, [Belém] (Hagmann
1938)

AM, Sdo Paulo de Olivenga*; PA, Belém*, Santarém {Taperinha} (Zerny 1931)
AM, Fonte Boa (Rothschild 1911); PA, Breves*, Santarém {Taperinha} (Zerny
1931), Sdo Félix do Xingu {Serra do Pardo National Park} (Teston & Correa
2015); RO, Cacaulandia*, [Porto Velho] {Madeira river, Alianga and Calama}
(Rothschild 1911)

MT, Sinop*; PA, Santarém*, Sdo Félix do Xingu {Serra do Pardo National Park}
(Teston & Correa 2015)

AM, [Jutai] {Rio Jutai near Rio Cur[uena]} (Butler 1877); PA, Belém*, Belterra
{National Forest of Tapajos} (Freitas 2014), Maraba*, Prainha to Monte Alegre
(Zerny 1931), Santarém {Taperinha} (Zerny 1931), Sdo Félix do Xingu {Serra do
Pardo National Park} (Teston & Correa 2015); RO, Ariquemes*, Cacaulandia*
PA, Santarém*

AM, Santa Isabel do Rio Negro*; PA, [Belém] (Walker 1854b), Santarém*

PA, Anajas*, Belém*

MA, Agailandia*
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Record

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.
153.

154.
155.

156.

157.

158.

159.

160.

Eucereon amazonum (Rothschild, 1912)

Eucereon aoris Moschler, 1877

Eucereon archias (Stoll, 1790)

FEucereon arenosa Butler, 1877

Eucereon atriguttum Druce, 1905

Eucereon brunnea (Hampson, 1903)
Eucereon complicatum Butler, 1877
Eucereon confinis Herrich-Schiffer, 1855
Eucereon dorsipuncta Hampson, 19054M2
Eucereon exprata Dognin, 1921

Eucereon fuscoirroratum (Rothschild, 1912)

Eucereon hagmanni (Travassos, 1952)

FEucereon hoffmansi (Rothschild, 1912)
Eucereon latifascia (Walker, 1856)

FEucereon maia Druce, 1884

Eucereon marmoratum Butler, 1877

Eucereon melanoperas Hampson, 1898

Eucereon metoidesis Hampson, 1905

Eucereon mitigatum Walker, 1857

AM, Fonte Boa (Rothschild 1912), Sao Paulo de Olivenca*; PA, Breves*,
Santarém {Taperinha} (Zerny 1931), Sdo Félix do Xingu {Serra do Pardo
National Park} (Teston & Correa 2015)

AM, Manicoré*; AP, Serra do Navio*; MT, Sinop*; PA, Altamira {Monte Santo}
(Teston & Delfina 2010), Belterra {National Forest of Tapajos} (Freitas 2014),
Santarém {Taperinha} (Zerny 1931)

AM, Manicoré {Rio Madeira} (Travassos 1959), Rio Javari (Butler 1878), Rio
Japura (Pinheiro 2016), Tefé (Zerny 1931), Purus river (Bryk 1953); PA, Ale[n]
quer (Pinheiro 2016), Gurupa to Almeirim (Zerny 1931), [Breves] {Furos de
Breves} (Zerny 1931), Santarém {Taperinha} (Zerny 1931)

AM, Sio Paulo de Olivenga*; PA, Santarém*; RO, [Porto Velho] {Rio Madeira,
Jam[a]ry} (Butler 1877)

AP, Serra do Navio*; PA, Maraba*, Santarém*, Sdo Félix do Xingu {Serra do
Pardo National Park} (Teston & Correa 2015), Sdo Miguel do Guamé*; RO,
Cacaulandia*

PA, Santarém {Taperinha} (Zerny 1931); RO, [Porto Velho] {Madeira river,
Alianga} (Rothschild 1912)

AM, Manicoré {Rio Madeira} (Zerny 1931); Rio Jurua (Butler 1877); PA,
Santarém {Taperinha} (Zerny 1931), Sdo Félix do Xingu {Serra do Pardo
National Park} (Teston & Correa 2015); RO, Cacaulandia*

[AM], Vale do [Rio] Amazonas (Travassos 1952)

RO, Cacaulandia*

PA, [Igarapé Agu] {Prata 100 km of Para [Belém]} (Dognin 1921)
PA, Santarém {Taperinha} (Zerny 1931)

AM, Borba {Lago Acara} (Travassos 1952), Sdo Paulo de Olivenca (Travassos
1952); PA, Belém {Bosque} (Travassos 1952), Santarém*

RO, [Porto Velho] {Alianga} (Rothschild 1912)

AM, [Autazes] {Autaz river} (Bryk 1953); MA, Acailandia*; PA, [Belém]
(Walker 1856), Altamira {Monte Santo} (Teston & Delfina 2010), Maraba*,
Santarém {Taperinha} (Zerny 1931), Sao Félix do Xingu {Serra do Pardo
National Park} (Teston & Correa 2015), [Novo Progresso] {Cachimbo}
(Travassos 1964a), Obidos (Zerny 1931); RO, Cacaulandia*

AM, Tefé*; PA, Altamira {Monte Santo} (Teston & Delfina 2010), Belém*,
Santarém {Taperinha} (Zerny 1931); RO, Cacaulandia*

AM, [Carauari] {Rio Jurua, Curimata and [Lake of] Pupunha) (Butler 1877),
Beruri {Rio Purus, Aruman} (Butler 1877), [Labrea] {Rio Purus, Mabid[e]r[i]}
(Butler 1877), [Novo Airao] {Rio Negro, Ayrdo} (Butler 1877), [Santa Isabel
do Rio Negro] {Rio Preto}*, Sao Paulo de Olivenga*; PA, Breves*, Santarém
{Taperinha} (Zerny 1931), Sdo Félix do Xingu {Serra do Pardo National Park}
(Teston & Correa 2015), [Oriximina] {Rio Trombetas, Cachoeira [da] Porteira}
(Butler 1877); RO, Porto Velho*

AM, Sao Paulo de Olivenca*, Purus river (Hampson 1898), Tefé {Ega} (Hampson
1898); PA, Santarém {Taperinha} (Zerny 1931)

AM, [Sdo Gabriel da Cachoeira] {Taracua} (Bryk 1953); AP, Serra do Navio*;
PA, [Belém] (Butler 1876), Belterra {National Forest of Tapajos} (Freitas 2014),
Santarém {Taperinha} (Zerny 1931)

AM, Benjamin Constant {Rio Javary, Alto Amazonas} (Pinheiro 2016), Fonte Boa
(Pinheiro 2016), [Jutai] {Rio Jutai, Boa Vista} (Butler 1877), [Labrea] {Rio Purus,
Huitanad} (Butler 1878), [Novo Airdo] {Igarapé Preto, Alto Amazonas} (Pinheiro
2016), Sao Paulo de Olivenga (Pinheiro 2016); PA, [Belém] (Pinheiro 2016)

Chaves {Marajo Island} (Hampson 1898), Santarém {Taperinha} (Pinheiro 2016)
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161.

162.
163.
164.
165.

166.

167.
168.
169.
170.

171.
172.

173.

174.
175.

176.

177.
178.
179.
180.
181.
182.

Eucereon obscura (Moschler, 1872)

Eucereon parascyton Hampson, 1914
Eucereon patrona Schaus, 1896*M2
FEucereon plumbicollum Hampson, 1898NEW

Eucereon pseudarchias Hampson, 1898

Eucereon punctatum (Guérin-Méneville, [1844])

Eucereon reniferum Hampson, 1898NEW

Eucereon rosa (Walker, 1854)
Eucereon rosina (Walker, 1854)NEW

Eucereon scyton (Cramer, 1777)

Eucereon setosa (Sepp, [1830])AM?
Eucereon simile (Draudt, 1915)

Eucereon sylvius (Stoll, 1790)

Eucereon taperinhae Dognin, 1923

Eucereon tarona Hampson, 1898

Eucereon varia (Walker, 1854)

Eucereon velutina Schaus, 1896NEW
Euceriodes wernickei (Draudt, 1917)
Eumenogaster affinis Rothschild, 1911NEW
Eumenogaster haemacera Hampson, 1898~NEW
Eumenogaster nigricauda Dognin, 1911NEW

Eumenogaster notabilis (Walker, [1865])

AM, Benjamin Constant*, Fonte Boa*, [Jutai] {Rio Jutai} (Butler 1877),
Manicoré*, Sdo Paulo de Olivenga*; AP, Serra do Navio*; MA, Agailandia*; PA,
Altamira {51°BIS} (Teston et al. 2012), Belém*, Belterra {National Forest of
Tapajos} (Freitas 2014), Breves*, Santarém {Taperinha} (Zerny 1931), Viseu*;
RO, Porto Velho*

AM, Sio Paulo de Olivenca*; PA, Santarém {Taperinha} (Zerny 1931)
RO, Cacaulandia*
AP, Serra do Navio*

AM, Jurué river (Hampson 1898); PA, Altamira {Serra do Pardo National

Park} (Teston & Correa 2015), [Belém] (Travassos 1964a), Belém {Miramar}*,
Santarém {Taperinha} (Zerny 1931), Sdo Félix do Xingu {Serra do Pardo
National Park} (Teston & Correa 2015); RO, Cacaulandia*

AM, Benjamin Constant*, [Eirunepé] {Rio Jurud, Sao Felipe} (Zerny 1931), Sao
Paulo de Olivenga*, Tefé*; PA, Breves*, Santarém {Taperinha} (Zerny 1931);
RO, Cacaulandia (Pinheiro 2016)

RO, Cacaulandia*
AM, Beruri {Rio Purus, Paricatuba} (Butler 1878)
MA, Agailandia*; RO, Cacaulandia*

AM, Benjamin Constant*; PA, Maraba*, Santarém {Taperinha} (Zerny 1931);
RO, Ariquemes*, Cacaulandia*, Jaru*, Porto Velho*

MA, Acailandia*; PA, Novo Progresso {Cachimbo}*

AM, Manicoré (Zerny 1931); PA, Santarém {Taperinha} (Zerny 1931); RO,
[Porto Velho] {Alianca} (Rothschild 1912)

[AC], Upper Jurua river (Zerny 1931); AM, [Jutai] {Rio Jutai, Barreira Branca}
(Butler 1878), [Eirunepé] {Rio Jurua, Sdo Felipe} (Zerny 1931), Rio Jurua
{Pupunhazinho} (Butler 1878), Rio Negro (Travassos 1959), Sdo Paulo de
Olivenca {Rio Preto} (Travassos 1959), Tefé (Zerny 1931); PA, [Belém]
“Amazonas inferior” (Travassos 1959), Breves*, Santarém (Hampson 1898),
Santarém {Taperinha} (Zerny 1931), Sdo Félix do Xingu {Serra do Pardo
National Park} (Teston & Correa 2015)

PA, Santarém {Taperinha} (Dognin 1923)

PA, Maraba*, Sao Félix do Xingu {Serra do Pardo National Park} (Teston &
Correa 2015); RO, Cacaulandia*

AM, [Atalaia do Norte] {Rio Quichito} (Travassos 1964a), Benjamin Constant™,
Borba {Rio Madeira e Lago Acar[4]} (Travassos 1964a), [Canutama] {Rio Purus,
Urucuri} (Butler 1878), [Carauari] {Rio Jurua, [Lake of] Pupunha} (Butler 1878),
[Eirunepé] {Jurua river, Sdo Felipe} (Zerny 1931), Manaus (Travassos 1964a),
Manicoré {Madeira river} (Zerny 1931), [Maués] {Rio Maués} (Travassos
1964a), Sao Paulo de Olivenga*, Rio Preto (Travassos 1964a), Rio Pauary
(Travassos 1964a); MT, Sinop*; PA, Altamira {Serra do Pardo National Park}
(Teston & Correa 2015), [Belém] (Walker 1854a), Breves*, Gurupa-Almeirim
(Zerny 1931), Maraba*, [Novo Progresso] {Cachimbo} (Travassos 1964a),
Santarém {Taperinha} (Zerny 1931), Sdo Félix do Xingu {Serra do Pardo
National Park} (Teston & Correa 2015); RO, Cacaulandia*

RO, Cacaulandia*

PA, [Novo Progresso] {Cachimbo} (Travassos 1964a)
PA, Belém*

AM, Manicoré*

PA, Belém*

AM, Manaus {Pensador} (Bryk 1953); PA, Belém*, Santarém {Taperinha} (Zerny
1931), Tapajos [river] (Walker [1865])
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183.

184.
185.

186.
187.

188.
189.

190.

191.

192.

193.

194.

195.
196.
197.

198.

199.
200.

201.
202.

203.

204.

205.

206.

Eumenogaster psedosphecia Hampson, 1898

Heliura amazonicum (Rothschild, 1912)
Heliura balia (Hampson, 1898)

Heliura cadroe Schaus, 1924NEW

Heliura excavata (Dognin, 1910)

Heliura hagmanni Zerny, 1931

Heliura marica (Cramer, 1775)

Heliura perexcavatum (Rothschild, 1912)

Heliura phaeosoma Druce, 1905

Heliura pierus (Cramer, 1782)

Heliura postcoeruleum (Rothschild, 1912)

Heliura rhodophila (Walker, 1856)

Heliura semihyalina (Rothschild, 1912)
Heliura stolli Rothschild, 1912
Heliura suffusa (Lathy, 1899)

Heliura tetragramma (Walker, 1854)

Heliura thysbodes Dognin, 1914

Heliura zonata Druce, 1905

Herea metaxanthus (Walker, 1854)
Herea ruficeps (Walker, 1854)

Hyaleucerea erythotela (Walker, 1854)

Hyaleucerea fusiformis (Walker, 1856)

Hyaleucerea lemoulti Schaus, 1905

Hyaleucerea leucosticta Druce, 1905

AM, Manaus (Bryk 1953), Tefé (Zerny 1931), Tonantins (Hampson 1898); PA,
Belém*, Santarém {Taperinha} (Zerny 1931)

AM, Fonte Boa (Rothschild 1912)

PA, Altamira {Monte Santo} (Teston & Delfina 2010), Sao Félix do Xingu {Serra
do Pardo National Park} (Teston & Correa 2015)

MA, Agailandia*; PA, Belém*, Capitdo Pogo*; RO, Cacaulandia*

AM, Benjamin Constant*; PA, Belterra {National Forest of Tapajos} (Freitas
2014), Igarapé Agu*, Santarém (Valente et al. 2018)

AM, Manicoré*; PA, Santarém {Taperinha} (Zerny 1931)

AM, Borba*, [Labrea] {Purus river, [S]epatiny} (Hampson 1898), Sdo Gabriel
da Cachoeira {Querari}*, Sdo Paulo de Olivenga*, Tefé*; AP, Serra do Navio*;
MT Sinop*; PA, [Belém] (Walker 1854a), Breves*, Santarém {Taperinha} (Zerny
1931)

AM, Borba*, Fonte Boa (Rothschild 1912); PA, Belterra {National Forest of
Tapajos} (Freitas 2014)

AM, Manicoré*, Santa Isabel do Rio Negro*; PA, Belém {Miramar}*, Breves*,
Maraba*, Santarém {Taperinha} (Zerny 1931); RO, Cacaulandia*

AM, Fonte Boa*, [Jutai] {Rio Jutai} (Butler 1878); AP, Porto Grande*, Serra do
Navio*; PA, Belém*; RO, Cacaulandia*, Porto Velho*

AM, Manicoré (Zerny 1931), Tefé (Zerny 1931); PA, [Belém] (Hampson 1914),
Santarém {Taperinha} (Zerny 1931); RO, [Porto Velho] {Rio Madeira, Alianga
and Calama} (Rothschild 1912)

AM, Manicoré*; MA, Acailandia*; PA, [Belém] (Butler 1876), Altamira {Monte
Santo} (Teston & Delfina 2010), Maraba*, Santarém {Taperinha} (Zerny 1931);
RO, Ariquemes™

AM, Fonte Boa (Rothschild 1912)
AM, Benjamin Constant*, Fonte Boa (Rothschild 1912), Tefé (Rothschild 1912)

PA, Santarém {Taperinha} (Zerny 1931), Sdo Félix do Xingu {Serra do Pardo
National Park} (Teston & Correa 2015); RO, Cacaulandia*

MA, Agailandia*; MT, Sinop*; PA, Belterra {National Forest of Tapajos} (Freitas
2014), Santarém (Walker 1854a), Santarém {Taperinha} (Zerny 1931), Sdo Félix
do Xingu {Serra do Pardo National Park} (Teston & Correa 2015)

AM, Sao Paulo de Olivenca (Dognin 1923)

AM, Benjamin Constant*, Fonte Boa*, Manaus*; MA, Agailandia*; MT, Sinop*;
PA, Obidos*, Santarém {Taperinha} (Zerny 1931), Sdo Félix do Xingu {Serra do
Pardo National Park} (Teston & Correa 2015); RO, Cacaulandia*

PA, [Belém] (Walker 1854a)

PA, [Belém] (Walker 1854a), Santarém {Taperinha} (Zerny 1931), Tapajos [river]
(Hampson 1898)

PA, Altamira {Serra do Pardo National Park} (Teston & Correa 2015), [Belém]
(Walker 1854a), Santarém {Taperinha} (Zerny 1931), Sao Félix do Xingu {Serra
do Pardo National Park} (Teston & Correa 2015)

AM, Valley of Amazonas [river] (Walker 1856), Sdo Gabriel [da Cachoeira]
{Taracua} (Bryk 1953); PA, Belterra {National Forest of Tapajos} (Freitas
2014), Santarém {Taperinha} (Zerny 1931), Sdo Félix do Xingu {Serra do Pardo
National Park} (Teston & Correa 2015)

PA, Belterra {National Forest of Tapajos} (Freitas 2014), Santarém {Taperinha}
(Zerny 1931)

PA, Belterra {National Forest of Tapajos} (Freitas 2014), Santarém {Taperinha}
(Zerny 1931), Sao Félix do Xingu {Serra do Pardo National Park} (Teston &
Correa 2015)
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207.

208.

209.

210.

211.
212.
213.

214.
215.

216.
217.
218.

219.

220.

221.

222.
223.

224.
225.
226.
227.

228.

Hyaleucerea manicorensis REégo Barros &
Machado Filho, 1971

Hyaleucerea trifasciata (Butler, 1877)

Hyaleucerea vulnerata Butler, 1875

Hypocladia elongata Druce, 1905

Hypocladia militaris (Butler, 1877)
Hypocladia parcipuncta Hampson, 1909
Loxozona lanceolata (Walker, 1854)

Lymire fulvicollis Dognin, 1914
Lymire metamelas (Walker, 1854)

Lymire nitens (Rothschild, 1912)NEW
Lymire strigivenia Druce, 1905
Metastatia pyrrhorhoea (Hiibner, 1827)

Paraethria angustipennis (Rothschild, 1911)

Paraethria mapiria Draudt, 1915

Patreliura capys (Cramer, 1775)

Philoros rubriceps (Walker, 1854)
Pseudaclytia opponens (Walker, [1865])

Pseudaclytia umbrica Druce, 18984Mz

Pseudaclytia unimacula (Schaus, 1905)
Pseudohyaleucerea romani (Bryk, 1953)

Pseudopompilia mimica Druce, 1898

Pseudosphenoptera basalis (Walker, 1854)

AM, Manicoré (Régo Barros & Machado Filho 1971)

AM, [Labrea] {Rio Purus, Jurucua} (Butler 1877), Solimdes [river] (Hampson
1898)

AM, Sao Paulo de Olivenga (Régo Barros & Machado Filho 1971); AP, Serra

do Navio (Régo Barros & Machado Filho 1971); MT, Sinop*; PA (Travassos
Filho 1940), Maraba*, Novo Progresso {Cachimbo}*, Parauapebas {Serra Norte,
Carajas}*, Santarém {Taperinha} (Zerny 1931), Sdo Félix do Xingu {Serra do
Pardo National Park} (Teston & Correa 2015); RO, Cacaulandia*

AM, Benjamin Constant*, Manaus (Zerny 1931), Tefé*; AP, Serra do Navio*; PA,
[Igarapé-Miri] {estuary of Tocantins [river]} (Zerny 1931), Santarém {Taperinha}
(Zerny 1931)

AM, Silves (Butler 1877); RO, Cacaulandia*

PA, [Breves] {Furos de Breves} (Zerny 1931)

PA, [Belém] (Walker 1854a), Sao Félix do Xingu {Serra do Pardo National Park}
(Teston & Correa 2015)

AM, Sao Gabriel [da Cachoeira] (Bryk 1953)

AM, Santa Isabel do Rio Negro*; AP, Serra do Navio*; PA, [Belém] (Walker
1854a), Breves*, Santarém {Taperinha} (Zerny 1931); RO, Porto Velho*

PA, Belém*

PA, Belterra {National Forest of Tapajos} (Freitas 2014)

AM, Manicoré*, [Maués] {Rio Parauary}*, Santa Isabel do Rio Negro*, Tefé*;
PA, Anajas*, [Belém] (Hampson 1898), Capitio Pogo*, Obidos*, Ourém*,
Santarém {Taperinha} (Zerny 1931)

PA, Itaituba to Obidos (Rothschild 1911)

PA, [Belém](Hagmann 1938), Belterra {National Forest of Tapajos} (Freitas
2014)

AM, Beruri {Rio Purus, Aruman} (Zerny 1931), Borba*, [Labrea] {Rio Purus,
Jurucud} (Zerny 1931), Rio Jurua (Hampson 1898), [Santa Isabel do Rio Negro]
{Rio Preto}*, [Sao Gabriel da Cachoeira] {Taracua} (Bryk 1953), Sao Paulo de
Olivenca*, Tefé {Ega} (Butler 1876); PA, Maraba*, Santarém {Taperinha} (Zerny
1931), [Rio] Tapajos (Butler 1876); RO, Porto Velho*; [RR], [Caracarai] {Rio
Branc[o]} (Bryk 1953)

[AM], (Zerny 1912); PA, Belém*

AM, [Autazes] {Rio Autaz} (Bryk 1953), Barcelos {Rio Negro , Carvoeiro}
(Butler 1878), Borba*, Manicoré*, [Maués] {Rio Maués} (Butler 1878), Rio Jurua
(Butler 1878), Rio Negro (Butler 1878), Rio Purus (Bryk 1953), Sdo Gabriel [da
Cachoeira] (Bryk 1953), Tefé {Ega}(Walker [1865]), Tonantins (Butler 1878);
AP, Serra do Navio*; PA, Breves*, Santarém {Taperinha} (Zerny 1931); RO,
Cacaulandia*, Porto Velho*; [RR], [Caracarai] {Rio Branco} (Bryk 1953)

AM, Fonte Boa*
PA, Belterra {National Forest of Tapajos} (Freitas 2014)
AM, Manaus (Bryk 1953)

[AM], Amazonas [river] (Druce 1898); AM, Fonte Boa*, Manicoré*, Tefé*; PA,
Belém*, Novo Progresso {Cachimbo} *, Parauapebas {Serra Norte, Carajas}*,
Santarém (Valente et al. 2018), Sao Félix do Xingu {Serra do Pardo National
Park} (Teston & Correa 2015); RO, Cacaulandia*, Jaru*

AM, Tefé¢ {Ega} (Walker 1854a)
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229. Pseudosphenoptera boyi Zerny, 1931
230. Pseudosphex aracia D. Jones, 1914NEW
231. Pseudosphex caurensis Klages, 1906

232.  Pseudosphex ichneumonea Herrich-Schiffer,
1854AM2

233.  Pseudosphex klagesi Rothschild, 1911
234.  Pseudosphex polistes Hiibner, 1827

1 AMZ

235.  Pseudosphex rubripalpus Hampson, 190
236. Ptychotricos fenestrifer Zery, 1931
237. Ptychotricos zeus Schaus, 1894

238. Riccia aliaria (Druce, 1890)
239. Schasiura mimica Butler, 1877

240. Sciopsyche tropica (Walker, 1854)
241. Sesiura smaragdina (Walker, [1865])

242.  Syntrichura sphecomorpha Bryk, 1953
243.  Syntrichura virens Butler, 1876NEW
244. Telioneura albapese (Druce, 1898)
245.  Telioneura brevipennis (Butler, 1877)

246. Telioneura fuliginosa (Rothschild, 1910)
247. Telioneura glaucopis R. Felder, 1869

248. Telioneura hypophaeus (Hampson, 1905)
249. Theages albidias (Rothschild, 1912)

250. Theages leucophaea Walker, 1855
251. Theages xanthura (Schaus, 1910)AM2

252.  Timalus leucomela (Walker, 1856)

PA, Santarém {Moju} (Zerny 1931)

PA, Belém*, Breves*, Santarém™*

PA, [Belém] (Rothschild 1931)

AM, Santa Isabel do Rio Negro*; PA, Novo Progresso {Cachimbo}*

PA [Belém] (Hagmann 1938), Santarém*

AM, Tefé {Ega} (Walker 1854a); PA, Belém*, Capitdo Pogo*, Santarém
{Taperinha} (Zerny 1931); RO, [Porto Velho] {Rio Machados} (Zerny 1931)
AM, Manicoré*; MT, Sinop*

PA, Santarém {Taperinha} (Zerny 1931)

MA, Agailandia*; MT, Sinop*; PA, Altamira {Serra do Pardo National Park}
(Teston & Correa 2015), Novo Progresso {Cachimbo}*, Parauapebas {Serra
Norte, Carajas}*, Santarém {Taperinha} (Zerny 1931), Sdo Félix do Xingu {Serra
do Pardo National Park} (Teston & Correa 2015)

AM, Borba*, Sdo Paulo de Olivenga (Travassos Filho 1953)

AM, Rio Solimdes {Barreira das Araras} (Butler 1877); MT, Sinop*; PA, Novo
Progresso {Cachimbo}*; RO, Cacaulandia*

AM, Tefé (Butler 1876); PA, Santarém (Butler 1876); RO, Cacaulandia*, Jara*

AM, [Autazes] {Rio Autaz} (Bryk 1953), Manicoré*, Tefé {Ega} (Walker
[1865]); PA, Belém*, Santarém*

AM, [Sao Gabriel da Cachoeira] {Taracua} (Bryk 1953)
AM, Sio Paulo de Olivenga*; PA, Belém*, Santarém*
AM, Manicoré*; MT, Sinop*; PA, Belém*, Santarém (Valente et al. 2018)

AM, Manicoré*, [Tapaua] {Rio Purus, Guajaratuba} (Butler 1877); MA,
Acailandia*; PA, Altamira {Monte Santo} (Delfina & Teston 2013), Belém*; RO,
Porto Velho*

AM, Fonte Boa (Rothschild 1910)

AM, Barcelos {Moura}*, Beruri {Rio Purus, Aruman} (Butler 1878), [Canutama]
{Rio Purus, Urucuri} (Butler 1878), [Carauari] {Rio Jurud, Curimatd} (Butler
1878), [Eirunepé] {Rio Jurua, Sao Felipe} (Zerny 1931), Fonte Boa*, [Labrea]
{Rio Purus, Jurucua e Man[aua]} (Butler 1878), Manicoré*, [Maués] {Rio
Parauary}*, Amazonas [river] (R. Felder 1869), Rio Negro (Butler 1878), Sao
Paulo de Olivenga*, Tefé*; AP, Serra do Navio*; PA, Altamira {Serra do Pardo
National Park} (Teston & Correa 2015), Parauapebas {Serra Norte, Carajas}*,
Santarém {Taperinha} (Zerny 1931); RO, Cacaulandia*, Candeias do Jamari*,
Jara*, Porto Velho*

PA, Santarém {Taperinha} (Zerny 1931)

AM, Fonte Boa (Hampson 1914), Manaus (Hampson 1914); PA, Maraba*, [Novo
Progresso] {Cachimbo} (Travassos 1964b), Santarém {Taperinha} (Zerny 1931);
RO, Cacaulandia*, Porto Velho*

PA, Sao Félix do Xingu {Serra do Pardo National Park} (Teston & Correa 2015)
AM, Benjamin Constant*; MT, Sinop*; PA, Santarém*; RO, Cacaulandia*,
Candeias do Jamari*

AM, Manicoré*; MT, Sinop*; PA, [Belém] (Walker 1856), Novo Progresso
{Cachimbo}*, Parauapebas {Serra Norte, Carajas}*, Santarém {Moji} and

{Taperinha} (Zerny 1931), Sdo Félix do Xingu {Serra do Pardo National Park}
(Teston & Correa 2015); RO, Cacaulandia*
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253.

254.

255.

256.
257.
258.
259.

260.

261.
262.
263.
264.
265.

266.
267.

268.

269.
270.
271.

272.
273.

Trichura aurifera Butler, 1876

Trichura cerberus (Pallas, 1772)

Trichura coarctata (Drury, 1773)

Trichura dixanthia Hampson, 1898NEW
Trichura esmeralda (Walker, 1854)
Trichura latifascia (Walker, 1854)

Trichura mathina Druce, 1898
Uranophora albiplaga (Walker, 1854)NEW

Uranophora alterata (Walker, [1865])
Uranophora atalanta (Druce, 1899)
Uranophora felderi (Zerny, 1912)NEW
Uranophora jynx (Hiibner-Geyer, 1832)
Uranophora leucotela (Butler, 1876)

Uranophora metamela (Dognin, 1911)

Uranophora quadrimaculata (Moschler, 1872)

NEW

Uranophora splendida (Herrich-Schéffer,
[1854])AMz

Uranophora superba (Druce, 1906)NW

Uranophora terminalis romani (Bryk, 1953)

Uranophora walkeri (Druce, 1889)

Urolosia brodea (Schaus, 1896)
Xanthopleura perspicua (Walker, 1856)

AM, Santa Isabel do Rio Negro*; AP, Serra do Navio*; MA, Santa Luzia*; PA,
[Belém] (Butler 1876), Altamira {Serra do Pardo National Park} (Teston & Correa
2015), Santarém {Taperinha} (Zerny 1931)

AM, Manaus*, Upper Amazon (Zerny 1912), Sdo Paulo de Olivenga*, Santa
Isabel do Rio Negro*; PA, Belém*, Breves*, Capitio Pogo*, Obidos*, Santarém
{Taperinha} (Zerny 1931); RO, Porto Velho*

AM, Manaus*, [Sdo Gabriel da Cachoeira] {Taracud} (Bryk 1953); PA, [Belém]
(Butler 1876), Santarém*

AM, Manaus*
AM, Anama*; PA, [Belém] (Draudt 1915)
PA, [Belém] (Walker 1854a), Santarém*

AM, [Eirunepé] {Rio Jurud, Sao Felipe} (Zerny 1931), Sdo Paulo de Olivenga*;
PA, [Belém] (Druce 1898), Santarém*

AM, Benjamin Constant*; MA, Acailandia*; PA, Parauapebas {Serra Norte,
Carajas}*; RO, Cacaulandia*

AM, Tefé (Walker [1865]); PA (Hagmann 1938); RO, Cacaulandia*
[AM], Amazonas [river] (Druce 1899)

AM, Manicoré*

AM, Amazonas [river] (Zerny 1912), Fonte Boa*, Sdo Paulo de Olivenga*

AM, Manaus*; PA, Altamira {Monte Santo} (Teston & Delfina 2010), Itaituba*,
Santarém {Taperinha} (Zerny 1931)

PA, [Belém] (Gaede 1926)
AM, Sido Gabriel da Cachoeira*

AM, Tefé*; RO, Candeias do Jamari*

MA, Santa Luzia*
AM, Manaus (Bryk 1953); RO, Porto Velho*

AP, Serra do Navio*; MA, Acailandia*; PA, Belterra {National Forest of Tapajos}
(Freitas 2014), Maraba*, Parauapebas {Serra Norte, Carajas}*, Santarém
{Taperinha} (Zerny 1931); RO, Cacaulandia*

PA, Santarém {Taperinha} (Zerny 1931)

AM, [Eirunepé] {Rio Jurua, Séo Felipe} (Zerny 1931), Manicoré*; PA, Altamira
{Monte Santo} (Delfina & Teston 2013), [Belém] (Walker 1856), Belterra
{National Forest of Tapajos} (Freitas 2014), Novo Progresso {Cachimbo}*,
Parauapebas {Serra Norte, Carajas}*, Santarém*; RO, Cacaulandia*

AMZ Species recorded for states within the Amazon biome by Ferro and Diniz (2010), but without precise location and biome information + species recorded in Ferro
and Diniz (2007). So these species are new records for the municipalities. ¥¥ New record for the Brazilian Amazon.
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Table 2. Geographic coordinates of municipalities and richness of the Ctenuchina species (Erebidae, Arctiinae, Arctini) in the Brazillian Amazon.

N° State  Municipality Richness Latitude Longitude
1 AC Feijo 2 08°09'52"S 70°21'13"W
2 AP Mazagio 1 00°06'55"S 51°1721"W
3 AP Oiapoque 1 03°50'35"N 51°50'05"W
4 AP Porto Grande 1 00°37'01"N 51°38'60"W
5 AP Santana 1 00°03'30"S 51°10'54"W
6 AP Serra do Navio 27 00°53'45"N 52°00'07"W
7 AM Anama 03°34'47"S 61°24'15"W
8 AM Autazes 03°24'02"S 58°57'00"W
9 AM Atalaia do Norte 04°25'46"S 70°15'41"W
10 AM Barcelos 01°27'01"S 61°37'59"W
11 AM Benjamin Constant 24 04°22'60"S 70°01'52"W
12 AM Beruri 4 04°44'09"S 62°09'01"W
13 AM Boa Vista do Ramos 03°03'19"S 57°3820"W
14 AM Borba 12 04°23'17"S 59°35'37"W
15 AM Canutama 06°32'02"S 64°22'59"W
16 AM Carauari 05°03'01"S 66°56'59"W
17 AM Codajas 03°50'13"S 62°03"25"W
18 AM Eirunepé 13 06°40'01"S 69°52'00"W
19 AM Fonte Boa 28 02°30'51"S 66°05'30"W

20 AM Humaita 4 07°30"23"S 63°01'14"W

21 AM Itacoatiara 03°08'36"S 58°26'39"W

22 AM Jutai 12 04°18'57"S 67°20'42"W

23 AM Lébrea 7 07°18'51"S 65°08'40"W

24 AM Manaus 31 03°06'07"S 60°01'30"W

25 AM Manicoré 41 05°48'34"S 61°18'00"W

26 AM Maués 9 03°23'01"S 57°43'07"W

27 AM Novo Airdo 3 02°37'37"S 60°57'00"W

28 AM Santa Isabel do Rio Negro 18 00°24'51"S 65°01'08"W

29A AM Sao Gabriel da Cachoeira 18 00°07'50"S 67°0520"W
29B AM Sdo Gabriel da Cachoeira {Querari} 3 01°04'60"N 69°50'59"W

30 AM Sao Paulo de Olivenca 46 03°22'42"S 68°52'20"W

31 AM Silves 02°50"20"S 58°12'33"W

32 AM Tabatinga 2 04°15'10"S 69°56'17"W

33 AM Tapaua 05°37'42"S 63°11'00"W

34 AM Tefé 38 03°21'16"S 64°42'40"W

35 AM Tonantins 3 02°52'24"S 67°48'08"W

36 MA Acailandia 28 04°56'49"S 47°30'17"W

37 MA Santa Luzia 03°57'48"S 45°3929"W

38 MT Aripuana 10°10'01"S 59°27'33"W

39 MT Sinop 24 11°52'51"S 55°30'08"W

40 PA Almeirim 2 01°3124"S 52°34'54"W
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41

42A

42B
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75

PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
RO
RO
RO
RO
RO
RO
RR
RR

Alenquer

Altamira’

Altamira {Serra do Pardo National Park}"
Anajas

Belém

Belterra {National Forest of Tapajos}’
Benevides

Breves

Cametd

Capitdo Pogo

Chaves

Curralinho

Igarapé Acu

Igarapé-Miri

Itaituba

Maraba

Novo Progresso {Cachimbo}
Obidos

Oriximina

Ourém

Paragominas

Parauapebas

Santarém

Séo Félix do Xingu {Serra do Pardo National Park}*
Sao Miguel do Guama

Soure

Tucurui

Viseu

Ariquemes

Cacaulandia

Candeias do Jamari

Jart

Porto Velho

Vila Rondonia

Alto Alegre

Caracarai

27
15

01°56'31"S 54°44'18"W
03°11'55"S 52°10'15"W
05°38'21"S 52°41'52"W
00°59'13"S 49°56'23"W
01°27'21"S 48°30'15"W
03°01'05"S 54°58'10"W
01°21'42"S 48°14'40"W
01°40'56"S 50°28'49"W
02°14'40"S 49°29'45"W
01°44'48"S 47°03'33"W
00°09'36"S 49°59'18"W
01°48'49"S 49°47'42"W
01°07'45"S 47°37'11"W
01°58'31"S 48°57'34"W
04°16'35"S 55°59'01"W
05°22'07"S 49°07'04"W
09°19'60"S 54°52'59"W
01°55'04"S 55°31'04"W
01°21'60"S 56°04'44"W
01°33'07"S 47°06'52"W
02°59'45"S 47°21'10"W
06°00'56"S 50°17'51"W
02°26'36"S 54°42'29"W
05°46'26"S 52°37'13"W
01°37'37"S 47°29'00"W
00°43'01"S 48°3124"W
03°42'01"S 49°42'00"W
01°11'49"S 46°08'23"W
09°54'48"S 63°02'26"W
10°2021"S 62°53'43"W
08°48'35"S 63°41'44"W
10°26'20"S 62°27'58"W
08°45'43"S 63°54'13"W
10°52'01"S 61°57'00"W
02°53'45"N 61°29'51"W
01°47'60"N 61°07'50"W

Geographic coordinates of municipality marked with T are the citations referred, other obtained by Google Earth or Geo Loc tool (see Materials and Methods).
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Figure 1. Geographic distribution of Ctenuchiina species records in Brazillian Amazon. The numbers refer to the municipalities of Table 2.
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Abstract: The ability of spiders to spread over contiguous areas (Arachnida: Araneae) is directly related to soil management
conditions. The objective of this work was to study the effect of land use system (LUS) on the abundance and diversity of soil
spider families and their relationship with soil physical and chemical properties. The evaluated LUS were: native forest, eucalyptus
reforestation, pasture, crop-livestock integration, and no-tillage crop. Samples were collected in three municipalities of Southern
Plateau of Santa Catarina, considered as true replicates, during winter and summer. A total of 270 samples was taken in each area
and season. The sampling points were arranged in a grid of 3 x 3 m, spaced by 30 m. We evaluated soil physical, chemical, and
microbiological attributes and the abundance and diversity of spider families, collected by soil monolith and soil traps. A total of
448 spiders were captured, 152 in winter and 296 in summer, distributed in 24 families and 52 species/morphospecies. There was
a seasonality effect related to the land use systems and the highest Shannon-Wiener diversity index was recorded in the native
forest in both sampling periods. Most families of spiders have a direct dependence on soil physical and chemical properties, such
as microporosity, exchangeable aluminum, calcium, magnesium, and potassium during the winter. Organic matter, nitrogen,
pH in water, weighted average diameter, soil density, and microbial biomass carbon exhibited dependence during the summer.
Vegetation type and soil management are the factors that seem to affect most the occurrence of spiders. The families Theridiidae
and Nemesiidae are dependent on sites with low human intervention.

Keywords: Agriculture, Biodiversity, Soil Biology, Soil Ecology.

Diversidade de aranhas edaficas em sistemas de uso e manejo do solo em Santa Catarina, Brasil

Resumo: A capacidade de dispersdo das aranhas em areas contiguas (Arachnida, Araneae) estd ligada diretamente as condigoes
de manejo do solo. Objetivou-se com o presente trabalho estudar o efeito do sistema de uso do solo (SUS) sobre a abundancia
e diversidade das familias de aranhas edaficas, bem como a relagdo dessas com os atributos fisicos e quimicos do solo. Os
SUS avaliados foram: floresta nativa, reflorestamento de eucalipto, pastagem, integragdo lavoura-pecuaria e lavoura com
sistema plantio direto. As amostras foram coletadas em trés municipios do Planalto Sul-Catarinense, considerados réplicas
verdadeiras, durante o inverno e o verdo. Um total de 270 amostras foi coletado em cada area e estagdo do ano. Os pontos de
amostragem foram dispostos em uma grade de amostragem de 3 x 3 distanciados 30 m entre si. Foram avaliados atributos
fisicos, quimicos e microbioldgicos do solo e abundancia e diversidade de familias de aranhas, coletadas pelo método de
monolitos e armadilhas de solo. Ao todo foram capturados 448 individuos, sendo 152 no inverno e 296 no verao, distribuidos
em 24 familias, 52 espécies/morfoespécies. Houve efeito da sazonalidade entre os sistemas de uso e a maior diversidade
de Shannon-Wiener foi registrada em floresta nativa em ambas as épocas de amostragem. A maior parte das familias de
aranhas possui dependéncia direta dos atributos fisicos e quimicos do solo, como: microporosidade e aluminio trocavel,
calcio, magnésio e potassio durante o inverno. Matéria orgénica, nitrogénio, pH em agua, didmetro médio ponderado,
densidade do solo e carbono da biomassa microbiana apresentaram dependéncia durante o verdo. O tipo de vegetagdo e
o manejo sdo fatores que mais afetam a ocorréncia de aranhas. As familias Theridiidae e Nemesiidae sdo dependentes de
locais com baixa intervengdo antropica.

Palavras-chave: Agricultura, Biodiversidade, Biologia do Solo, Ecologia do Solo.
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Introduction

Among the arthropods, spiders are one of the most well-known and
diversified groups, occupying different niches and with a cosmopolitan
distribution, a characteristic that is basically given by the capacity of
exploration and adaptation to various ecological conditions (Mader
et al. 2016). Spiders are active predators and directly help to control
populations, maintaining the balance of the ecosystems. However, the
effect of human action on the landscapes has led to increasing losses
in biodiversity on many scales, both vegetal and animal (Kovécs-
Hostyanszki et al. 2013, Sas-Kovacs et al. 2015).

Conventional agriculture is one of the main causes of
decline of biodiversity, basically for reducing the vegetal cover
and structural complexity of plant communities that are often
associated with the low biodiversity of other taxonomic groups
(Chen et al. 2011, Barsoum et al. 2014), because they are predators
and dependent on the organizational heterogeneity of the soil fauna.
Monoculture and the suppression of forest remnants represent a
challenge in terms of management of agroecosystems, especially
for reducing the diversity of the soil fauna, particularly of spider
communities (Camara et al. 2012).

On the other hand, more-diversified managements such as no-
tillage and crop-livestock integration can contribute to the sustainable
production of food, which generates diverse plant biomass in amount
and quality, attracting other organisms that serve as prey for spiders
(Liu et al. 2015). The fragments of forests are pointed by some authors
as buffer zones in areas impacted by the agricultural activity since they
work as a temporary refuge for soil organisms (Moraes et al. 2015,
Jesus et al. 2015).

Soil management leads to disturbances, irreversible in many cases,
for the soil fauna, and the patches of native forest act as a conditional
refuge for the establishment of spider populations (Mineo et al. 2010).
Many studies have demonstrated that spiders can be an effective
indicator of modified environments (Borchard et al. 2014, Haase &
Balkenhol 2015, Mumme et al. 2015, Balkenhol et al. 2016). The
presence of spiders is frequently associated with the structural quality
of the ecosystems, due to their effect of biological control over soil
animals. Despite this importance, little is known about the spider fauna
in the state of Santa Catarina, especially in agricultural areas.

The present study aimed to evaluate the diversity of spider families
in the southern Plateau of the state of Santa Catarina, under different
land use and management systems, identifying variations in richness and
abundance of these organisms related to an increasing gradient of land use.

Material and Methods

1. Characterization of the study site

The study was carried out in the Southern Plateau of Santa Catarina,
encompassing land use systems (LUS) with increasing intensity of human
intervention, namely: native forest (NF), eucalyptus reforestation (ER),
pasture (PA), crop-livestock integration (CLI), and no-tillage crop (NT). The
areas were selected according to the previously geographic characteristics,
relief, altitude, and soils representative of the region in three municipalities:
Campo Belo do Sul (50°39°W and 27°52°S; 1.016 m a.s.l.) and Lages
(50°35’W and 27°47°S; 895 m a.s.l.), in Humic Kandiudox, and in
Otacilio Costa (49°50’W and 27°35°S; 919 m a.s.1.), in Humic Dystrudept.
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Soil classification follows USDA Soil Taxonomy (Soil Survey Staff2014).
Further information on the history of use of the areas, sampling scheme,
coordinates and altitude by LUS can be obtained in Bartz et al. (2014)
and Rosa et al. (2015).

2. Sampling methods

For the collection of the spider, a 1-ha area was delimited in each
LUS, constituted of a 3 x 3 m sampling grid, spaced by 30 m with a border
of 20 m, in a total of 270 points (winter + summer) for each method,
totaling 540 sampling points. The sampling sites in each municipality
were considered as true replicates of the LUS. The spiders were collected
through the methods of soil monolith (Anderson & Ingram 1993) and soil
traps, according to the methodology described by Baretta et al. (2007);
with sampling during the winter of June and July of 2011 and during the
summer, in Dec. 2011 and Jan. 2012, periods in which the conditions of
temperature and rainfall are representative of the regional environment.
The sampling area for the soil monolith method in each point was 0.25
% (.25 m, excavating the soil up to 0.20 m depth. The collected soil was
placed in plastic bags and taken to the laboratory for hand sorting, under
artificial light. Soil traps with a diameter of 0.07 m were installed at the soil
level, 0.3 m away from the collection points of the soil monolith method
and left at the field for three days and then collected and taken to the
laboratory, where they were separated using 0.125-mm-mesh sieves. All
organisms found were fixed in 80% alcohol and sent for identification at
the Instituto Butantan. All the material is deposited in the Arachnological
Collection of the Laboratério Especial de Colegdes Zooldgicas in the
Instituto Butantan (Curator: A.D. Brescovit).

3. Evaluation of the explicative environmental variables

Around the spider collection points, 15 soil subsamples were
collected in the 0of 0.0-0.2 m layer and homogenized to form a composite
sample. This sample was used for the evaluation of organic matter
(OM), nitrogen (N), pH in water (pH), exchangeable aluminum (AI*),
calcium (Ca*"), magnesium (Mg*"), and potassium (K*), and sulfur (S),
according to the methodologies of Tedesco et al. (1995).

Soil granulometry was determined through the pipette method
in the same sample of the chemical analysis (Gee & Bauder 1986).
Undisturbed soil samples were also collected beside the points where
the spiders were collected. A portion of clods was used to determine
weighted average diameter (WAD), according to the wet sieving method
of Kemper & Chepil (1965). Volumetric rings collected in these points
were used to determine bulk density (Bd) and microporosity (Micro),
as described in Embrapa (2011).

For microbiological analysis, samples were collected from a depth
0f 0.10 m, sieved (<0.002 m), and kept refrigerated (4 °C) for analyses.
Determination of microbial biomass carbon (MBC) was performed with
the fumigation-extraction method (Vance et al., 1987).

4. Metrics of diversity

The Shannon-Wiener index (H”) was calculated according to Odum
(1988), in order to verify how the environmental pressures (intensification of
land use) might interfere with the distribution of spider families. Estimations
of Shannon-Wiener index were performed using Vegan Community
Ecology Package in R Core Team software, v. 2.12.2. The mean values of
H’ were compared point by point (n=27) by Tukey test at 0.05 probability
level, using Agricolae Package in R Core Team software, v. 2.12.2.
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5. Statistical analyses

Since the objective of the present study was not to compare the
collecting methods, the data of the total abundance of both methods
was summed to minimize the limitations of the methods. The
obtained values were used to determine the length of the gradient
(DCA). The total abundance of the spider families and studied types
of LUS were compared through the principal component analysis
(PCA). Physical, chemical, and microbiological attributes were
considered as explicative environmental variables, in which the
collinear parameters were removed from the statistical model and
later used to establish the correlation between them and the spider
families in the redundancy analysis (RDA). Multivariate analyses
were performed using CANOCO software, v. 4.5.

Results

In total, considering the collection methods and LUS, 448 spiders
were captured, 152 in the winter and 296 in the summer, distributed
into 24 families and 52 genus/species (Table 1). There were differences
(p <0.05) between the evaluated LUS. The highest diversity (H’) was
recorded in the NF, followed by PA>ER = CLI> NT during the winter.
In the summer, the diversities followed the anthropization gradient NF
>ER >PA> CLI > NT (Table 1).

The richness of the families obeyed the following order: NF, ER,
and PA with 11 families, CLI with 8 families and NT with 6 families
in the summer. During the winter, according to the use of intensity,
the richness of the families increased for NF (12) and decreased in all
remaining LUS, ER (9), PA (06), CLI (05), and NT (04), respectively,
evidencing that, in general, the modification in the vegetal complexity
reduces the biodiversity of soil spiders.

The principal component analysis explained 43% of the total
variation, 37% by the principal component 1 (PC1) and 7% by the
PC2 during the winter and 56% during the summer, in which the PC1
explained 37% and PC2 explained 19% (Figure 1). Among the land
use systems, Nesticidae, Mecicobothriidae, Pholcidae, Amaurobiidae,
Xenoctenidae, Lycosidae, and Nemesiidae were more associated
with the NF. Theridiidae, Zodariidae, Hahniidae, Gnaphosidae, and
Araneidae were associated with ER, while systems with a higher level
of human intervention (PA, CLI, and NT) grouped the families Ctenidae,
Palpimanidae, Tetragnathidae, Corinnidae, and Linyphiidae during the
winter (Figure 1A).

During the summer, Oxyopidae, Linyphiidae, Mysmenidae,
Lycosidae, Ctenidae, Prodidomidae, Theridiidae, Pholcidae, Salticidae,
and Nesticidae were more associated with the NF. Filistatidae,
Titanoecidae, and Amphinectidae were related to the PA system.
Palpimanidae, Hahniidae, and Gnaphosidae were more associated with
the systems NT, ER, and CLI (Figure 1B).

Among the soil physical and chemical attributes that showed
correlation with the spider families during the winter, the following ones
stood out: Micro, Al**, Ca**, Mg*, and K*. Among them, the contents
of Ca*", Mg*, and K* were correlated with the families Palpimanidae,
Tetragnathidae, Araneidae, Hahniidae, Lycosidae, Gnaphosidae,
and Salticidae, while the families Nesticidae, Amaurobiidae,
Mecicobothriidae, Zodariidae, Ctenidae, Xenoctenidae, Pholcidae,
Corinnidae, Nemesiidae, Theridiidae, and Linyphiidae showed
correlation with AI** and microporosity (Figure 2A).
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For the samplings made in the summer, the physical, chemical,
and microbiological attributes that showed correlation with the
spider families were: OM, N, pH, WAD, Bd, and MBC. From
these variables, pH and Bd were correlated with the families
Corinnidae and Palpimanidae, while WAD was strongly correlated
with the abundance of Salticidae, Prodidomidae, Gnaphosidae,
and Hahniidae. On the other hand, the N and OM favored the
presence of the Mysmenidae, Linyphiidae, Theridiidae, Nesticidae,
Amaurobiidae, Lycosidae, and Ctenidae, while MBC showed a
direct correlation with Amphinectidae, Titanoecidae, Oxyopidae,
and Filistatidae (Figure 2B).

Discussion

The richness of the spider families responded to the seasonality,
especially because of the modifications in the vegetation structure
of the evaluated land use and management systems. Similar results
were obtained by Marin et al. (2015), who found differences
between the sampling periods in the structure of spider communities
in coffee plantations in Mexico. In the present study, the most
abundant families were Linyphiidae (40%), Lycosidae (28%), and
Theridiidae (8%), regardless of the LUS, corroborating the findings
of Marin et al. (2015) and Lopes et al. (2009), who also found higher
proportions of Linyphiidae and Lycosidae in areas with different
types of vegetal cover.

The type of vegetation acts as a filter for spider families and this
was also reported by Buchholz (2016), who studied spider families
in peat areas with different flower compositions. He found that the
occurrence of larger spiders is correlated with denser vegetation
and of smaller spiders with areas where the predominant vegetation
was formed by mosses. According to this author, Linyphiidae
and Theridiidae occurred more frequently in the upper layers of
the vegetation, corroborating the results of the present study, in
which the native forest concentrated most individuals of from
these families.

The changes in the distribution pattern between the sampling
periods are probably due to the characteristic of each one of the
land use types and to the complexity of the vegetal structure in
each one of the ecosystems, which regulates the microclimate
and soil moisture. Attention should be paid to this latter, because
the positive correlation between the volume of micropores and
certain families of spiders (Pholcidae, Theridiidae, Xenoctenidae,
Zodariidae, and Nemesiidae) during the winter (Figure 2A)
indicates the dependence of these families on soil moisture. It
should be pointed out that this physical attribute (micropores) is
responsible for water retention in the soil.

However, during the winter, the areas of native forest (NF) showed
differences in terms of the composition of the spider families, compared
with the anthropized systems (ER, PA, CLI, and NT). During the
summer, this behavior was similar, but most families showed a positive
correlation with NF, which sheltered a large portion of the individuals.
In ER, NT, and CLI, only Gnaphosidae and Palpimanidae were more
abundant, which suggests that these two families easily adapt to areas
with high levels of human intervention. However, the lack of previous
studies in this region of the state does not allow any type of comparison
and discussion on this subject.

http://www.scielo.br/bn



ROSA, M.G. et al.

Biota Neotropica 19(2): e20180619, 2019

Table 1. Total abundance of spiders observed using two collection methods (soil monolith and soil traps) in systems of native forest (NF), eucalyptus reforestation
(ER), pasture (PA), crop-livestock integration (CLI), and no-tillage (NT) in the winter and summer in the Southern Plateau of the state of Santa Catarina.

Family/Genus/Species Winter Summer

NF ER PA CLI NT NF ER PA CLI NT
Amaurobiidae* 5 2 0 0 0 1 0 0 0 0
Amphinectidae** 0 0 0 0 0 0 0 1 0 0
Metaltella sp. 1 0 0 0 0 0 0 0 1 0 0
Araneidae* 0 1 0 0 0 0 0 0 0 0
Corinnidae** 1 2 1 0 0 0 4 2 1 0
NI*** 1 2 0 0 0 0 3 2 1 0
Castianeira sp. 1 0 0 0 0 0 0 1 0 0 0
Corinna sp. 1 0 0 1 0 0 0 0 0 0 0
Ctenidae** 0 0 0 1 0 2 4 0 1 0
NI 0 0 0 0 0 1 4 0 1 0
Isoctenus ordinario Polotow & Brescovit, 2009 0 0 0 0 0 1 0 0 0 0
Isoctenus sp. 1 0 0 0 1 0 0 0 0 0 0
Filistatidae** 0 0 0 0 0 0 0 1 0 0
Misionella mendensis (Mello-Leitdo 1920) 0 0 0 0 0 0 0 1 0 0
Gnaphosidae** 0 1 2 1 0 1 4 1 1 1
NI 0 1 2 1 0 0 3 0 0 0
Apopyllus sp. 1 0 0 0 0 0 1 0 1 0 0
Zimiromus sp. 1 0 0 0 0 0 0 1 0 1 1
Hahniidae** 0 2 1 0 1 4 4 3 4 9
NI 0 0 1 0 0 4 1 0 0 1
Neohahnia sp. 1 0 2 0 0 1 0 3 2 3 1
Neohahnia sp. 2 0 0 0 0 0 0 0 1 1 7
Linyphiidae** 11 7 11 25 4 51 18 12 19 18
NI 6 4 1 6 1 28 7 4 6 6
Agyneta sp. 1 1 0 1 2 2 3 7 3 2 2
Agyneta sp. 2 0 0 0 0 0 1 0 0 3 0
Erigone sp. 1 3 0 2 4 0 0 0 3 4 3
Erigone sp. 2 0 0 1 2 0 0 2 0 3 3
Exocora ribeiroi Lemos & Brescovit, 2013 0 0 0 0 0 0 1 0 0 0
Laminacauda sp. 1 0 0 0 1 0 0 0 0 0 0
Meioneta sp. 1 0 1 1 0 0 4 0 0 0 0
Mermessus sp. 1 1 0 4 2 0 6 0 0 1 0
Moyosi sp. 1 0 0 0 0 0 2 0 1 0 0
Neomaso sp. 1 0 1 0 0 0 0 0 1 0 0
Neomaso sp. 2 0 1 0 0 0 0 0 0 0 0
Ostearius sp. 1 0 0 1 8 1 0 1 0 0 4
Sphecozone novaeteutoniae (Baert, 1987) 0 0 0 0 0 7 0 0 0 0
Lycosidae** 12 3 4 10 7 27 9 16 23 12
NI 9 1 2 10 5 16 7 13 11 10
Allocosa sp. 1 0 0 0 0 0 1 9 0
Lobizon humilis (Mello-Leitao, 1944) 1 0 2 11 1 1 0 0

continued...
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...continuation

Lycosa erythrognatha Lucas, 1836 0 0 0 0 0 0 0 0 1 0
Schizocosa sp. 1 0 0 0 0 0 0 0 1 0 0
Trochosa sp. 1 0 1 1 0 0 0 1 0 2 2
Trochosa sp. 2 0 0 1 0 0 0 0 0 0 0
Mecicobothriidae** 1 0 0 0 0 0 0 0 0 0
Mecicobothrium baccai Lucas, Indicatti, 1 0 0 0 0 0 0 0 0 0
Brescovit & Francisco, 2006

Mysmenidae** 0 0 0 0 0 5 0 0 0 0
NI 0 0 0 0 0 1 0 0 0 0
Microdipoena sp. 1 0 0 0 0 0 4 0 0 0 0
Nemesiidae* 2 0 0 0 0 0 0 0 0 0
Nesticidae** 4 0 0 0 0 2 0 0 0 0
Nesticella sp. 1 4 0 0 0 0 2 0 0 0 0
Oxyopidae* 0 0 0 0 0 0 0 1 0 0
Palpimanidae* 0 1 0 0 0 0 1 0 0 0
Pholcidae** 3 0 0 0 0 1 1 1 0 0
NI 2 0 0 0 0 1 1 1 0 0
Mesabolivar aff. difficilis 1 0 0 0 0 0 0 0 0 0
Prodidomidae* 0 0 0 0 0 0 2 0 0 0
Salticidae®* 1 0 0 0 0 1 1 0 1 1
Corythalia sp. 1 1 0 0 0 0 1 1 0 0 1
Corythalia sp. 2 0 0 0 0 0 0 0 0 1 0
Tetragnathidae** 0 0 0 1 2 0 0 0 0 0
Glenognatha australis (Keyserling, 1883) 0 0 0 1 2 0 0 0 0 0
Theridiidae** 6 4 4 0 0 12 4 4 2 2
NI 1 3 0 0 0 1 0 0 0 2
Dipoena pumicata (Keyserling, 1886) 0 0 2 0 0 0 0 1 0 0
Euryopis sp. 1 0 0 1 0 0 4 0 3 1 0
Guaraniella sp. 1 3 1 1 0 0 3 3 0 1 0
Stemmops sp. 1 0 0 0 0 0 1 0 0 0 0
Styposis selis Levi, 1964 1 0 0 0 0 2 0 0 0 0
Styposis sp. 1 1 0 0 0 0 1 0 0 0 0
Thymoites sp. 1 0 0 0 0 0 0 1 0 0 0
Titanoecidae** 0 0 0 0 0 0 0 1 0 0
Goeldia sp. 1 0 0 0 0 0 0 0 1 0 0
Xenoctenidae** 6 0 0 0 0 0 0 0 0 0
Odo aft. blumenauensis 1 0 0 0 0 0 0 0 0 0
Odo sp. 1 5 0 0 0 0 0 0 0 0 0
Zodariidae* 1 0 0 0 0 0 0 0 0 0
Total 53 23 23 38 14 107 52 43 52 43
Diversity index (H') 0.44a 0.17b  0.18b 0.17b 0.03b 0.63a 0.4lab 0.31ab 0.30ab 0.22ab

* Unidentified specimens on any level below family. ** The number of individuals in families corresponds to the sum of the number of individuals of genus and/or species.
**% NI: Unidentified specimens on any level below family.
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Figure 1. Principal component analysis (PCA) (a = winter, b = summer), for soil spider families in the Southern Plateau of the state
of Santa Catarina (n = 27) in each land use system: native forest (NF), eucalyptus reforestation (ER), pasture (PA), crop-livestock
integration (CLI), and no-tillage (NT). Environmental properties: Organic matter (OM), Nitrogen (N), Microbial biomass carbon
(MBCQ), Bulk density (Bd), pH in water (pH), Weighted average diameter (WAD), Magnesium (Mg), Calcium (Ca), Potassium
(K), Aluminum (Al), Microporosity (Micro), and Sulfur (S).
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Figure 2. Redundancy analysis (RDA) (a = winter, b = summer), for soil spider families in the Southern Plateau of the state of
Santa Catarina (n = 27) in each land use system: native forest (NF), eucalyptus reforestation (ER), pasture (PA), crop-livestock
integration (CLI), and no-tillage (NT). Environmental properties: Organic matter (OM), Nitrogen (N), Microbial biomass carbon
(MBCQ), Bulk density (Bd), pH in water (pH), Weighted average diameter (WAD), Magnesium (Mg), Calcium (Ca), Potassium
(K), Aluminum (Al), Microporosity (Micro), and Sulfur (S).
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In a study conducted by Richman et al. (2011) in the Chihuahan
desert, in Mexico, Gnaphosidae and Salticidae were more abundant in
at least one period of the year. Although the desert is an inhospitable
environment for many species, for these two families the reduction
of resources does not seem to substantially affect their distribution,
because they can forage in many environments and cover long distances
searching for food and shelter.

The low relationship between the spider families and the
agricultural areas may be explained by the use of agrochemicals
in these sites, which can kill the spiders or reduce populations of
other arthropods, and this compromise foraging in the entire food
chain, affecting spiders, which are mostly secondary predators.
Marliac et al. (2016) demonstrated that the continuous application
of insecticides in apple orchards in southeast France negatively
influenced the spider fauna, compared with the organic production
of apple. Similar results were obtained by Mansour and Nentwig
(1988) and Lefebvre et al. (2016), who also found a direct relationship
between environments contaminated with chemical compounds and
reduction in the biodiversity of spiders. The lack of information on
the diversity of spiders in land use systems in the southern states of
Brazil, especially Santa Catarina, compromises comparisons and more
detailed discussions.

Besides the intrinsic conditions of the anthropized environment,
i.e., entry of chemical compounds and reduction in the fluctuation of
the population of other organisms, the composition of plants, their
architecture and the microclimate formed in the different forms of
land use system can affect the distribution of spiders (Peres et al. 2010,
Bizuet-Flores et al. 2015, Rivera-Quiroz et al. 2016). These aspects
tend to be more simplified in the cultivation areas, in relation to the
native vegetation.

Spider families that are largely associated to the soil or
vegetation, such as Theridiidae and Nemesiidae, are strongly
affected by the movement of animals and/or machines, which can
be an explanation for the reduction of these families in agricultural
areas or areas used also by farm animals. Comparing the observed
correlation of spider diversity with attributes such as Bd and WAD
(Figure 2B) with the literature, we found that Downie et al. (2000)
demonstrate that cattle grazing intensity drastically reduces the
populations of spiders. The entry of sheep and cattle in pasture areas
causes soil compaction and negatively interferes with the diversity
and abundance of spiders (Dennis et al. 2015). Baretta et al. (2007)
also report that the entry of production animals in pasture areas can
be an aggravating factor for the reduction in spider fauna biodiversity
as well as the effect of burning the vegetation.

The families Palpimanidae, Tetragnathidae, Araneidae, Hahniidae,
Lycosidae, Gnaphosidae, and Salticidae showed direct correlation
with the contents of Ca*", Mg?*, and K*. Those chemical attributes
are commonly altered by management conditions, such as liming to
correct acidity in agricultural areas, thus suggesting that these families
easily adapt to land use and management conditions.

The correlation of AI** contents with Nesticidae, Amaurobiidae,
Xenoctenidae, Dipluridae, Zodariidae, Ctenidae, Pholcidae,
Corinnidae, Nemesiidae, Theridiidae, and Linyphiidae indicates
adaptation to natural areas and acidic soils that have not been limed,
differing from many soil organisms, which respond to the use of
limestone (Baretta et al. 2011).

http://www.scielo.br/bn

During the summer, besides physical and chemical attributes, a
positive correlation was also found to at least one microbiological
attribute, indicating interdependence between the carbon from the
microbial biomass and the spider families. Thus, it should be pointed
out that the higher the biological diversity of the soil, the greater the
occurrence of secondary predators, with stabilization of the food chain
and of the processes of maintenance of terrestrial ecosystems.

The content of organic matter is directly related to the litter
decomposition rate, and these conditions are associated with some
families of spiders, attracting primary decomposers and detrital
fauna, and consequently favoring the appearance of predators, such as
spiders. This mechanism was also described by Liu ez al. (2015), who
found positive relationships between litter decomposition rates and
the abundance of spiders in native forest areas, reinforcing the results
obtained in the present study.

Soil physical attributes such as Bd and WAD have a positive correlation
with some families of spiders, which may be related to the effect of
management on soil structure. The relationship between physical and
chemical attributes and the diversity of spider families is proportional
to the intensification of land use, so that the more managed and altered
the environment, the greater the effects on the decrease in the diversity
of spiders and, eventually, on possible losses in physical and chemical
processes of the soil. Araujo et al. (2015), studying the relationship between
soil degradation and key groups of soil organisms, observed that Araneae
are strongly affected by the intensity of degradation of landscapes. Thus, a
more adequate soil management in agricultural production areas can favor
essential processes such as the biological control of pests and maintenance
of energy flows in the soil (Haase & Balkenhol 2015, Brunbjerg et al. 2015).

Conclusions

Spider families are affected by the type of land use and management
and by the seasonality in systems in the region of the Southern Plateau of
Santa Catarina. The families Theridiidae and Nemesiidae are dependent
on sites with low human intervention, being more abundant in the NF.
The type of vegetation and management are the factors that most affect
the spider families. Most spider families have a direct dependence on soil
physical and chemical attributes, especially pH, soil density, weighted
average diameter, organic matter, nitrogen, exchangeable aluminum,
calcium, magnesium, potassium, and microporosity.
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Abstract: Multimetric Indices (MMIs) have been widely applied for ecological assessment in freshwater ecosystems.
Most MMIs face difficulties when scaling up from small spatial scales because larger scales usually encompass great
environmental variability. Covariance of anthropogenic pressures with natural environmental gradients can be a
confounding factor in assessing biologic responses to anthropogenic pressures. This study presents the development and
validation of a predictive multimetric index to assess the ecological condition of Atlantic Forest wadeable streams using
benthic macroinvertebrates. To do so, we sampled 158 sites for the index development. We adjusted each biological metric
to natural variation through multiple regression analyses (stepwise-forward) and considered that the residual distribution
describes the metric variation in the absence of natural environmental influence. For metric selection we considered normal
distribution, variation explained by the models, redundancy between metrics and sensitivity to differentiate reference
from impaired sites. We selected five metrics to the final index: total richness, %MOLD, %Coleoptera, EPT richness and
Chironomidae abundance. The residuals were transformed into probabilities and the final index was obtained through
the mean of these probabilities. This index performed well in discriminating the impairment gradient and it showed a
high correlation (r=0.85, p <0.001) with a specific index developed for a particular basin indicating a similar sensitivity.
This index can be used to assess wadeable streams ecological condition in Atlantic Forest biome, so we believe that this
type of approach represents an important step towards the application of biomonitoring tools in Brazil.

Keywords: Biomonitoring, Bioassessment protocol, aquatic ecosystem, multimetric index, macroinvertebrate.

indice Multimétrico Preditivo baseado em macroinvertebrados para avaliagiao de
riachos vadeaveis da Mata Atlantica

Resumo: Indices Multimétricos (MMIs) sio ferramentas amplamente aplicadas ao monitoramento ecologico de
ecossistemas aquaticos continentais. A maior dificuldade na utilizagdo dos MMIs em amplas escalas espaciais consiste
no aumento da variabilidade ambiental associado a0 aumento da escala. A covariancia entre os impactos antropog€nicos
¢ o gradiente ambiental natural pode atuar como fator de confusdo, dificultando a avaliagdo das respostas bioldgicas as
pressdes antropogénicas. Este estudo consiste no desenvolvimento e validagdo de um indice multimétrico preditivo para
avaliar a condigdo ecologica de riachos vadeaveis da Mata Atlantica, utilizando macroinvertebrados bentonicos. Todas
as métricas bioldgicas foram ajustadas a variagdo natural através da analise de regressdo multipla (“stepwise-forward’)
e a distribui¢do dos residuos foi utilizada para descrever variagdo de cada métrica na auséncia de gradiente ambiental
natural. Para a selecdo das métricas foram considerados critérios de normalidade da distribuigdo, variagdo explicada
pelos modelos, redundéncia entre métricas e sensibilidade para diferenciar gradiente de impacto. Foram selecionadas
cinco métricas para compor o indice final: riqueza total, %MOLD (Mollusca+Diptera), %Coleoptera, riqueza de EPT
(Ephemeroptera+Plecoptera+Trichoptera) e abundancia de Chironomidae. Os residuos das métricas selecionadas foram
transformados em probabilidades e o valor final do indice foi obtido através da média dessas probabilidades. O indice
teve 6timo desempenho em discriminar o gradiente de impacto e mostrou alta correlagdo (r = 0.85, p <0.001) com um
indice desenvolvido especificamente para uma das bacias, indicando sensibilidade similar. O indice desenvolvido nesse
trabalho pode ser utilizado em todo o estado do Rio de Janeiro e acreditamos que este tipo de abordagem constitui uma
contribuigdo importante para o desenvolvimento e implementagao de um programa de monitoramento bioldgico no Brasil.
Palavras-chave: Biomonitoramento, Protocolo de Bioavaliagdo, ecossistemas aqudticos, macroinvertebrados.
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Introduction

The conservation and management of aquatic ecosystems is a great
challenge worldwide as these ecosystems are highly threatened by
several human activities. The knowledge and the accurate measurement
of these impacts is a fundamental part for the decision process in
conservation programs. Besides being based in ecological concepts,
the protocols and tools for carrying out biological monitoring must be
efficient, fast and consistently applied in different regions (Pont et al
2006). Also, the use of aquatic communities as biological indicators
requires a detailed knowledge of the composition patterns and
distribution of communities in water bodies in natural conditions and
of the natural gradients that explain these patterns (Oberdorft et al.
2002). This is essential to evaluate biologic responses to anthropogenic
pressures without the influence of natural environmental gradients.

Some studies in Brazil have shown the existence of a relationship
between macroinvertebrate communities and natural gradients such
as altitude (Henriques-Oliveira & Nessimian 2010) and river order
(Baptista et al. 2001, Melo 2009). For the development of predictive
indices, it is not enough to know the influence of environmental variables
in the community as a whole, but it is important that direct relationships
between these variables and metrics are studied.

At the moment the most used tool for assessment of biological
conditions in aquatic ecosystems are the multimetric indices (Buss et al.
2015) and predictive models (Feio et al. 2007, Feio & Poquet 2011). A
multimetric index (MMI) considers the effects of multiple impacts and
aggregates individual biological, ecological and functional measures
in a unique value that can be used to measure the general condition
of the ecosystem (Karr 1981, Karr et al. 1986, Hering et al. 2006,
Jun et al. 2012). The metrics based on multiple biological measures
(diversity, composition, tolerance and trophic) are a characteristic or
a measurable process of a biological system that alters in value along
a gradient of human influence (Karr & Chu 2000). The strength of the
MMI relies on its ability to integrate information of several aspects
of a community, in order to provide a general classification of the
ecosystem, without losing information from the individual metrics (Karr
1981, Karr et al. 1986, Hering et al. 2006). However, a great difficulty
in the identification of the metrics sensitivity to anthropogenic impact
is that they also can be affected by natural gradients such as altitude,
precipitation and temperature, among others. Therefore, MMIs are
generally developed for ecoregions or river typologies with the same
natural conditions (Kosnicki et al. 2016, Munne & Prat 2009). Factors
such as slope, altitude and type of substrate, for example, which may
vary internally in previously defined ecoregions, may also influence
the macroinvertebrate community and may even be more critical than
the larger scale factors (Hawkins & Vinson 2000, Munn et al. 2009).

Covariance of anthropogenic pressures with natural environmental
gradients can be a confounding factor in the evaluation of biologic
responses to anthropogenic pressures (Stoddard et al. 2008, Hawkins
etal. 2010, Moya etal. 2011). Aiming to overcome this methodological
bottleneck, predictive multimetric indices are being developed in a
way the metrics are adjusted to the variables that describe the natural
gradients (Oberdorft et al. 2001, 2002, Pont et al. 2006, Tejerina-Garro
et al. 2006, Moya et al. 2007, 2011, Chen et al. 2014, Macedo et al.
2016, Pereira et al. 2016, Chen et al. 2017). These indices take into
account the influence of different natural gradients and allow that the
metric value, in the absence of human interference, be predicted by
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the environmental characteristics of a specific locality. Besides the
environmental variables, spatial variables should be included to avoid
autocorrelation, which represents a problem for statistical inference and
ecological patterns (Suriano et al. 2011).

Developing biomonitoring tools for large spatial scales is far more
challenging than defining local tools for small regions, but this approach
has been developed and studied in the USA (Barbour et al. 1996,
Klemm et al. 2003, Blocksom & Johnson 2009, Flotemersch et al. 2014,
Kosnicki et al. 2016) and in the EU (B6hmer et al. 2004, Gabriels et al.
2010, Mondy et al. 2012). The development of a national biomonitoring
program as systematic management is under study in Brazil (Buss et al.
2015). The aim is to assess what would be the most appropriate tool to
be deployed at the national level and applied to all natural biomes of
Brazil. These studies have focused on developing mainly multimetric
indices using macroinvertebrates. We highlight representative works for
some Brazilian natural biomes: Amazon (Couceiro et al. 2012, Chen et
al. 2017), Savanna (Ferreira et al. 2011, Macedo et al. 2016, Silva et al.
2017), Atlantic Forest (Baptista et al. 2007, 2011, 2013, Oliveira et al.
2011a, Jiménez-Valencia et al. 2014, Pereira et al. 2016).

In this study, we developed and tested a MMI based in the
macroinvertebrate community that can discriminate natural from
anthropogenic variability in wadeable streams in the Atlantic Forest
in southeastern Brazil. This was the first predictive multimetric
index developed in Brazil, and it is an important step towards the
implementation of biomonitoring programs in the country.

Material and Methods

1. Study area

We sampled 158 sites in streams from 1st to 4th order (according to
Strahler classification using 1:50,000 scale maps) that were divided into
three categories: 64 minimally impaired areas, considered as reference
sites, 50 severally altered by human activities sites; and 44 sites
moderately affected by human influence in the Rio de Janeiro State. The
sampling campaigns were carried out between 2006 and 2011 (during
the dry season) using the same protocol and under the supervision of
the same team. All these sites were located in watersheds between 20
m and 1900 m above sea level (Figure 1).

The area corresponding to all Rio de Janeiro state is 43,696 km?.
According to Alvares et al. (2013), 44% of Rio de Janeiro state’s
mid-lower portions are classified as tropical with a summer rainy
season, with the most mountainous regions and plateaus classified as
humid subtropical with hot summer, without dry season or with a dry
winter. Temperatures oscillate between 15°C and 28°C, and annual
rainfall is around 1000 — 1500 mm. The Atlantic Forest biome, which
originally covered virtually the entire region, now represents less than
12% of its original extent and is mostly spread in the higher parts of
the mountains and remnants interspersed with agriculture and pasture
(Ribeiro et al. 2011).

2. Sampled sites

We classified the impairment classes of sampling sites using
physicochemical and environmental parameters. We classified sampling
sites in the field using the visual-based habitat assessment protocol
(HAP; Barbour et al. 1999). The HAP evaluates ten environmental

http://dx.doi.org/10.1590/1676-0611-BN-2018-0541
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Figure 1. Map of the study area, showing the sampling sites in the Rio de Janeiro State. Squares indicate reference sites, and triangles and circles indicate moderately
and severely impaired sites, respectively. Numbers represent river groups: 1- Ilha Grande Bay; 2- Central part Atlantic; 3- Central part Continental; 4- Northern

region; 5- Northern Fluminense; 6- Coastal lowland; 7- Itatiaia.

parameters (e.g., sediment deposition, margin stability, and riparian
vegetation) which the score ranges from 0 to 20. We used de mean
score to obtain the site classification, as follows: 0-5 “Poor”; 5.1-
9.9 “Marginal”, 10-14.9 “Suboptimal” and 15-20 an “Optimal”
environmental condition (Barbour et al., 1999). We classified as
references sites if dissolved oxygen> 6.0 mg/L, an “Optimal” or
“Suboptimal” environmental condition according to the HAP, no
sign of channelization locally or upstream and if <25% area upstream
land-use were urban (based on recent satellite images). We classified
as impaired sites if they had “Poor” condition according to HAP and if
recent satellite images showed >40% of the upstream area was affected
by urban areas and agriculture. Intermediate sites had characteristics
between these two classes.

The sampling sites were divided into groups for the development
and test of the index according to Table 1. The sites of the group REF-

Table 1. Sampling sites used to develop, validate and test the index.

CAL (reference calibration sites) were chosen in order to encompass
all the watersheds sampled and represent the different natural gradients
presented in the study area.

All these datasets were used in different steps of the process for
developing the index as explained further in Figure 2.

3. Sampling, screening, and identification of organisms

For sampling macroinvertebrates we followed multi-habitat
sampling procedure according to the availability of substrate in the
reach using a Kick net with mesh size of 500 um, using the protocol
of the RBP III (Barbour et al. 1999). Twenty samples (around 20
m?) were taken proportional to the substrates availability in each
site. The percentage of available habitats was estimated by visual
inspection. Substrates with less than 5% of the site area were not
sampled. Samples were composited and conserved in the field in

Name of the group Number of sampling sites Objective
REF-CAL 50 Reference sites used to develop and calibrate the models that generated the index
SI-MET 42 Severely impaired sites used to test the sensitivity of metrics
REF-VAL 14 Reference sites used to validate the index
SI-VAL 8 Severely impaired sites used to test the index
MI-VAL 44 Sites with moderate impairment used to test the index
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Figure 2. Overview of the process for developing the index and the groups of sampling sites used in each step.

80% ethanol and taken to the laboratory for further inspection. In
the laboratory, samples were washed to remove organic matter, such
as leaves and twigs in sieving of 500 um. The remaining material
was placed in a sub-sampler (64 X 36 cm), divided into 24 quadrats,
each measuring 10.5 x 8.5 cm placed in the sub-sampling equipment
— ESAM - Aquatic Macroinvertebrate Subsampling Equipment
(patent number: EU 2572576; USA 9,513,94 B2).

The equipment was tested for its efficiency, and the number of sub-
samples was defined for the metrics stability. After homogenization,
six quadrats were randomly selected for sub-sampling. More two sub-
samples were taken in case of the minimum number of 200 specimens
were not reached (Oliveira et al. 2011b). The organisms were identified
to the genus level, except Diptera, Hemiptera and Lepidoptera to the
family level and Annelida to class level using the available taxonomic
keys (Froehlich 1984, De Marmels 1990, Dominguez et al. 1992,
Angrisano 1995, Merrit & Cummins 1996, Wiggins 1996, Nieser & de
Melo 1997, Dorville & Froehlich 1999). For standardization, the level
of taxonomic identification is treated here as operational taxonomic
units (OTU).

4. Environmental variables

In each sampling site were taken measurements of environmental
variables such as altitude (m), water temperature (°C), precipitation
(mm/year) and physical and chemical variables such as dissolved
oxygen (mg/1), pH, conductivity (uS/cm), total dissolved solids (TDS).
Dissolved oxygen (DO) was determined by using a YSI 550A analyzer,
pH with a MPA 210p (LabConte) and conductivity and TDS by using
MCA 150p (LabConte). Water samples were taken in sterile plastic bags
(whirl-pak) according to APHA (2000). However, as recommended by
Pont et al. (2009), only the variables that are not easily influenced by
the anthropogenic impact such as channel slope and mean annual air
temperature were used in the models, as we cannot guarantee that the
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reference sites do not suffer any kind of impact from human activities.
Moreover, two variables were also measured: average width of the river
(trough the measuring of 6 transversal sections in the reach sampled,
considering only the wet width) and average depth.

The altitude was obtained using a digital model of ground elevation
based in SRTM, using the software ESRI ArcGIS 9.0®. The area of the
watershed was measured through the delimitation of polygons generated
by this digital model. The average precipitation in each site was obtained
from the map of total annual isoiets (period of 1968-1995) developed
by CPRM (Centro de Pesquisa dos Recursos Minerais - Brasil). The
temperature was obtained from the study of Aratijo et al. (2010) of
monthly spatial distribution of the temperature in the State of Rio de
Janeiro, based in linear models and SRTM.

A Shapiro-Wilk test was performed to test the normality of the data.
The variables that had non-normal distributions were transformed to
reach a normal distribution. For verification of redundancy between
the environmental variables, a Pearson correlation test was performed.
Variables with a correlation coefficient higher than 0.8 were considered
redundant, and the most difficult to measure was eliminated.

5. Identification of river groups determined by the fauna

Some predictive multimetric indices use a variable that represents
the river groups determined by their own fauna Pont et al. (2006).
Analyses used in the initial stages of the predictive model development
are performed to identify biologically relevant units. Other studies have
grouped rivers as ecoregions or according to river typologies, using
geographic, geologic and climatic characteristics (Moya et al. 2011,
Oberdorff et al. 2001). In the present study, we used a methodology
similar to Pont et al. (2006) for defining a variable called “river group”.
A Grouping Analysis (GA) was performed with macroinvertebrates
abundances (transformed in logx+1) for 55 reference sites using the
similarity of Bray-Curtis. After that, a Similarity Analyses (ANOSIM)
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Biota Neotropica 19(2): e 20180541, 2019

A predictive multimetric index for streams

was performed to verify the significance of the groups found in the
grouping analyses. The ANOSIM calculates R-value that reflects the
similarity between groups according to some factor, in this case, the
fauna. An R-value close to zero indicates low difference and close to
one a highly different fauna composition between river groups using
the Bray-Curtis index.

6. Metrics calculation, selection, and modeling

We show a flow diagram with the general overview of this process
and the datasets used in each step (Figure 2). Details regarding the
description of analysis used are given further in the text.

Initially, 35 metrics chosen were calculated following previous
studies of multimetric indices development (Barbour et al. 1996,
Baptista et al. 2007, Oliveira et al. 2011b). All metrics were tested to
verify the normality in the group REF-CAL. The metrics that even after
transformations did not present normal distribution were eliminated.
The metrics that had a small range were also eliminated (Klemm et al.
2003). Using the REF-CAL data, we generated models for each one of
the metrics (dependent variables), using the environmental variables
that represent the local factors (e.g., width and depth) and also the
variable “river group” representing the spatial variation as predictive
factors through multiple regression analyses (forward stepwise). The
squares of the environmental variables were also considered for the
identification of possible non-linear relationships. Each one of the river
groups identified was used as variables and codified between zero and
one. Only the river groups with determinant coefficients equal or higher
than 0.3 were considered as adequate models. Regression analyses were
performed in the software Statistica 7.0.

We also performed a regression analysis using the Akaike
Information Criteria (AIC) for the selection of the best model. This
analysis was carried out for confirming the selection of the model using
the minimum square method, verifying if the selected model presented
the lower values of AIC.

The residuals of each one of the metrics represent the metrics
variation in the absence of natural gradients interference. The residuals
were standardized subtracting the average of the residuals from the REF-
CAL group and dividing by the standard deviation of that same data
set, even when computed for the other groups of data (SI-MET, REF-
VAL; SI-VAL; MI-VAL). The residual expected value in a reference
site is equal to zero. For the metrics that decrease with the increase of
anthropogenic impact (especially in severely impaired sites) negative
residuals are expected and for metrics that increase with impact positive
residuals are expected.

Assuming that residuals in the reference sites present normal
distribution, with zero mean and standard deviation equal to one, it is
possible to compute the probability of finding a lower residual value
than the observed (for decreasing metrics) and higher than observed (for
increasing metrics). The probability represents the chance that a specific
site belongs to the distribution of the reference sites, that is, the lower
the value the higher is the impairment in that site. The transformation
of the residuals in probabilities makes the metrics comparable. All
probabilities will vary between 0 and 1 and decrease with the impact.
The expected probability distributions for a group of reference sites is
a uniform distribution with average 0.5.

Residuals normality and variance homogeneity were tested in the
reference sites. Metrics with non-normal residuals were eliminated. The
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models obtained were applied to the SI-MET data set and the residuals
standardized. The residuals of the groups REF-CAL and SI-MET were
compared by a paired t-test for verifying if the metrics are capable of
differentiating minimally impaired from severely impaired sites.

A Pearson Correlation Analysis was performed to verify the
redundancy of the metrics. If two metrics were highly correlated
(r>0.8 or <-0.8), the metrics with the lower p in the sensitivity test or the
metrics which facilitates the application of the index (i.e., metrics which
require identification only at the level of family or order) was retained.

7. Index development and test

The final index was obtained by the average of probabilities found
for the selected metrics. Thus the index varied between 0 and 1 and
was divided into five classes of anthropogenic impact. The index was
denominated Predictive Multimetric Index for Rio de Janeiro State
(PREMIER).

The index was validated in 3 independent data sets: REF-VAL,
SI-VAL, and MI-VAL. If the index is working properly two conditions
must be satisfied: (a) the average of the probabilities obtained for the
group REF-VAL cannot be different from 0.5, and (b) the mean value
of the group REF-VAL is higher than the mean value of the group MI-
VAL which is, in turn, higher than the mean value of the group SI-VAL.
Those conditions were tested by a unilateral t-test.

8. Comparison between PREMIER and GMMI

The Guapiagu-Macacu Multimetric Index (GMMI) was developed
by Oliveira et al. (2011a) for the drainage basins of the rivers
Guapimirim, Guapiagu e Macacu in Rio de Janeiro. The metrics
used in this index were: richness family, Trichoptera richness family,
Shannon index family, %Plecoptera, %EPT (Ephemeroptera+Plecopter
a+Trichoptera), %MOLD (Mollusca+Diptera), %oshredders, proportion
Chironomidae/Diptera and proportion Hydropsychidae/Trichoptera.

The MMIs developed for a specific drainage basin are very sensitive
to small disturbances in rivers of the same basin. However, they may not
work well when applied in other basins with different characteristics.
A predictive index based on a model developed for areas with distinct
characteristics could present an inferior performance compared to the
ones developed for specific areas when applied for the drainage basin
for which it was developed.

For verifying if the PREMIER presented a lower performance than
GMM]I, both indices were tested in 10 sites in the Guapiagu-Macacu
drainage basin with different levels of anthropogenic impact, which were
not used for the development of either index. The results were compared
by a correlation test between the final values of the two indices.

Results

In this study, more than 110,000 benthic macroinvertebrate
specimens were identified. In the reference sites that were used for
the definition of the “river groups” by the fauna, more than 40,000
specimens were identified. The grouping analysis showed that the fauna
is very similar in the following groups: Guapiagu-Macacu, Itatiaia,
Paquequer e Bocaina. Some sites located in lower areas (as Sdo Jodo
river drainage basin) also demonstrated higher similarity among them.
As the streams located in the northern Rio de Janeiro State are poorly
studied and have different climatic conditions from other places it was
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decided to keep this group of rivers as a separate group. Criteria adopted
here were both based on the analysis performed and in the knowledge
of several prior works done in the region.

The results of ANOSIM considering the “river groups” show that,
in most cases, the rivers did not differ significantly. The region that
covers the area of Itatiaia National Park, which has specific features of
a high degree of conservation of the aquatic ecosystems, was the most
differentiated from other rivers groups. According to the ANOSIM, the
following river groups were considered: coastal lowland (Maric4 and
Sdo Jodo rivers), northern Fluminense region (Maca¢ river), northern
region (Desengano State Park), central part of Serra do Mar mountain
region — continental side (drainage basin of the rivers Paquequer, Preto
and Piabanha), central part of Serra do Mar mountain region —Atlantic
side (drainage basin of the rivers Guapimirim, Guapiagu and Macacu);
“Ilha Grande” bay region (Bocaina National Park and Mambucaba
river), Itatiaia (Itatiaia National Park, Serra da Mantiqueira). The R
value obtained in the analysis was 0.48 (p<0.001), and all river groups
differed significantly among them, except for the northern region of the
State about the lowland coastal region (Table 2).

Characterizations of the sampling sites in the different determined
river groups are presented. The higher sites are located on the continental
side of the Serra do Mar, mainly in the Paquequer river basin. In this
same region, the lower average temperature was found. The largest
drainage basins are in the Macaé river basin, as well as the larger
average width. The highest average depth was found in the rivers of the
Itatiaia region. The region with the highest average precipitation was
the Atlantic side of the central part of Serra do Mar (Table 3).

1. Metric selection and index development

From the 35 metrics calculated, nine were eliminated for not
reaching normal distribution after transformations procedures. From
the remaining 26 metrics, 16 presented more than 30% of its variation
explained by the model. All 16 metrics with significant models
presented residuals with normal distribution after the Shapiro-Wilk test
(p>0.05). It was also performed a graphical analysis of residuals for
verification of the homogeneity of variances. The results indicate that
all metrics presented residuals randomly distributed around the mean.
The sensitivity test, which compared the values of residuals of the 16
metrics in the group of reference sites with the ones of the severely
impaired sites, showed that all were capable of significantly differentiate
the groups (t-test; p<0.01).

The metric %Trichoptera had a slight increase in intermediate
disturbance conditions and after that a decrease in severely impaired
sites. To avoid assessment errors in the final index the metric
Y%Trichoptera was eliminated (Table 4).

Several metrics presented a high correlation between each other.
Therefore, in the face of a redundant metric, the one with the best result
in the sensitivity test was chosen (t-test). In this step, five metrics were
selected: richness (Family), %MOLD, %Coleoptera, EPT richness
(OTU), Chironomidae abundance.

Using the dataset MI-VAL, a graphical evaluation was performed for
verifying the relation of the metrics with the increase of anthropogenic
impact, identifying if they were positively or negatively related with
the disturbance gradient and also how it behaves in intermediate
disturbance scenarios. All metrics presented a linear response to
impairment with %MOLD and Chironomidae abundance presenting a
positive relationship, and richness (Family), EPT richness (OTU) and
%Coleoptera showed a negative relationship with the impact gradient.
Finally, five metrics were kept for the index development (Figure 3).
The models of the five selected metrics were confirmed by regression
using the Akaike Information Criteria (AIC). The generated models
presented the lower values of AIC. Table 5 presents the models of the
five metrics retained to the final index.

The final value of the index was obtained by the average of the
probability values of the five metrics. As expected, the average values
obtained for the metrics of the group REF-CAL were not significantly
different from 0.5 (Figure 4; Figure 5) and were not also different from
the average obtained for the group REF-VAL (p=0.33). That means
that the index is adequately calibrated with reference areas values mostly
scoring over 0.5 and impaired sites scoring lower values (Figure 4). So,
it can adequately asses the level of impairment of wadeable streams
in Atlantic Forest.

2. Index test

The index was able to differentiate the classes of an impact since
the values in the REF-VAL group were significantly higher than the
MI-VAL group (P = 0.02) and the values MI-VAL were significantly
higher than in SI-VAL (p = 0.03) (Figure 5).

3. Comparison of the effectiveness of the predictive index
with a specific index

The GMMI and PREMIER indices were applied to 10 sampling
sites with distinct natural characteristics and degrees of anthropogenic
impact. It is noteworthy that the GMMI ranges from 0 to 100, divided
into five classes: Very good (80-100), Good (60-80), Regular (40-
60), Impaired (20-40) and Severely Impaired (0- 20). The PREMIER
ranges from 0 to 1, divided into five classes: Very Good (=0.5); Good
(0.4-0.5); Regular (0.2-0.4); Impaired (0.1-0.2); Severely impaired
(£ 0.1). The correlation between the results of two indices was high
(Pearson r = 0.85, p <0.001), indicating that the PREMIER showed a

Table 2. Results of ANOSIM similarity of Bray-Curtis for the groups determined by fauna in the 55 reference sites.

Overall R: 0.48 p<0.001 Lowland Northern-Fluminense Northern Central part- Atlantic Ilha Grande Bay Central part- Continental

Lowland

Northern-Fluminense 0.1957*

Northern 0.12697 0.2121*

Central part - Atlantic 0.6496* 0.4277* 0.7344*

Ilha Grande Bay 0.4434* 0.3975%* 0.2627* 0.925%*

Central part — Continental  0.4329%* 0.2618* 0.3022* 0.6948* 0.4839*

Itatiaia 0.4435% 0.2635* 0.631* 0.7049* 0.9487* 0.6706*
*p<0.05
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Table 3. Characterization of the sampling sites in the six river groups determined by the fauna in the reference sites (REF), moderately impaired (MI) and severely

impaired sites (SI). In parenthesis Mean and Standard Deviation.

Altitude (m) Temperature Upstream area Average depth  Average Precipitation
(°C) (Km2) (cm) width (m) (mm/year)
Ilha Grande Bay REF 32-547 21-24 4.7-15.8 14-35 8.7-13 1400-1850
(156.6+196) (22.6+1.14) (9.77+4.8) (20.1+8.8) (10.6£1.8)  (1666.7+213.7)
MI 8-546 5.7-50.5 14.4-35.5 6.5-17.5 1650-2150
(120.4+230.1) (23.7£18.2) (23.549) (12.1+4.6)  (1890+227.5)
SI 9-765 0.52-33.8 9.7-28.7 2.3-12 1400-2150
(226.3£337) (12.5+£11.7) (15.4+£7) (7.5€£3.1) (1850+286.3)
Central part —Atlantic REF 41-855 20-25 0.02-28.8 10-105 3-16 2100-2950
(462.9£296) (22.5+1.8) (5.7£7.6) (33.5+21.5) (7£3.4) (2622+297)
MI 8-470 1-487.4 16.3-75 4-16.5 1700-2650
(162.2+£139.9) (87.8+163.7) (38.3£20.1) (10+4.13)  (2255+304.1)
SI 24-254 0.2-140.4 98.7-68.7 1.7+16 1500-2600
(66.5+44.6) (34.4+42.3) (26.16£15.4) (7.7£5) (2073.1£292.7)
Central part —Continental REF 830-1194 15-19 0.17-65.2 20.2-68 5-15 1550-2750
(1016+158.2) (17.3£1.7) (12.1£23.5) (32.1+£16.9) (9.1£3.6) (2257.1+472)
MI 834-1258 0.9-18.4 15.6-76 4-15 1550-2700
(986.9£141.3) (8.9+6.8) (43+20.7) (7.5£3.6)  (2164.3£371.6)
SI 818-897 5.8-72.7 8-75 2-14.5 1750-2600
(867.1£28.1) (26.3+£21.6) (34.6+18.8) (8.16£3.5)  (2294.4+297.3)
Northern State REF 14-1054 18-25 1.1-56.3 20-98 3-20 1000-1250
(322.4+364.2) (22.6x2.4) (14.8+£20.1) (44.4+26.7) (8.4£5.6) (1121495.1)
MI 36-281 0.78-163.7 25.5-50 4.5-18.5 1000-1250
(113.9+89.5) (61+63.4) (36.4+£9.4) 9.3+4.7 (1085.74+90)
SI 35-468 0.3-155.1 20-55 4-10.5 1000-1450
(169+161.6) (48.9£56.7) (32.7+12.3) (6.9£2.5) (1200+161.2)
Northern-Fluminense REF 33-1060 18-24 0.2-123.7 15-60 4-26 1600-2400
(568+360.9) (20.442.3) (22.6+38.3) (30.1£14.2) (9.9+6.3) (2059+252.8)
MI 48-705 3.4-3294 17.4-55 5.3-123 1850-2300
(307.8+£239.6) (132.7£135.5) (33.1£9.8) (9.2+£2.8)  (2016.7+£152.1)
SI 33-784 1.4-178.8 15.8-34.5 3-13.5 1550-2000
(366.8+£303.7) (36£62.8) (23.5+£5.7) (6.5+3) (1794.4+157)
Coastal lowland REF 27-146 24-26 (25+0.8) 0.2-10.9 9-110 1-11 1250-2350
(76.4+41.6) (3.4+4.2) (30.5+£32.8) (4.7£3.4)  (1981.3£356.5)
MI 23-66 14.6-121.6 13.5-60 8.3-11 2200-2350
(41.5+18.9) (54.5+51) (38.8+23.3) (9.4£1.3) 2287.5£75
SI 15-69 9.7-132.2 21.5-46 5.5-13 1250-2300
(39.3+27.4) (59.6+64.3) (32.8+£12.4) (10.3+4.2)  (1900+567.9)
Itatiaia REF 838-1042 17-18 0.6-7.7 30-75 (57£23.8) 8-9 2000-2100
(881.3£54.1) (17.7+0.6) (4.9£3.8) (8.7+0.6) (2050+50)

similar sensitivity to the index developed specifically for the basin.
Regarding the differences in ratings, it is important to note that when
the classification was different, the PREMIER provided an inferior class
than the GMMI. However, there has been no reverse case (Table 6).

Discussion

The natural condition of a river is a combined product of factors
operating on different scales. On large scales, geological and climatic
factors are the major determinants of the characteristics of streams,
and the biota often responds to these factors along spatially distinct
regions (Mykré et al. 2004). In this work, environmental variables that
represent local factors were used (width and depth, for example) and
also the variable “river group” representing the spatial variation in wider
geographical range. As in the study of Pont et al. (2006) the variable
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“river group” additively participates in the model, that is, they are only
regional adjustments not changing the relationship between the metrics
with the other variables in the model.

A metric positively related to altitude in a region will be positively
related to altitude in the other region as well, requiring only the
adjustment coefficient generated by “river group” variable. This
variation among different river groups (the six regions defined in this
case) may be related to biogeographical and historical factors and the
natural gradients not measured by the variables used in the models (Pont
et al. 2006). Thus, it will take more studies to identify the factors that
are determining these regional differences and, preferably, turn them
into quantitative variables that can be included in the models.

The PREMIER was able to assess most of the anthropogenic
impacts on the macroinvertebrate community, regardless of various
natural gradients in streams of biome of Atlantic Forest in southeastern
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Table 4. Candidate metrics to integrate the PREMIER, response to impairment, if transformation to reach normal distribution, multiple regression analyses, if linear
response to impairment and final evaluation.. OTU- operational taxonomic units; EPT- Ephemeroptera, Plecoptera and Trichoptera; %MOLD- Mollusca + Diptera;

IBE-IOC- Indice Bidtico Estendido Instituto Oswaldo Cruz.

Category  Metric Response Transformation R? p Linear response to Final evaluation
impaiment
Diversity  Richness (OTU) Decrease log10 0.54 <0.001 Yes Valid
Richness (Family) Decrease 0.48 <0.001 Yes Valid
Trichoptera richness (OTU) Decrease 0.35 0.003 Yes Valid
Trichoptera richness (Family) Decrease 0.37 0.003 Yes Valid
EPT richness (OTU) Decrease 0.46 <0.001 Yes Valid
EPT richness (Family) Decrease 0.32  0.003 Yes Valid
Margalef (OTU) Decrease 0.45 <0.001 Yes Valid
Margalef (Family) Decrease 0.32 <0.001 Yes Valid
Shannon index (OTU) Decrease 0.25 0.008 - -
Shannon index (Family) Decrease 0.26 0.03 - -
Eveness (OTU) Decrease 0.28 0.003 - -
Eveness (Family) Decrease 0.13  0.027 - -
Dominance (OTU) Decrease - - - - -
Dominance (Family) Decrease log10 0.14 0.055 - -
Equitability J (OTU) Decrease - - - - -
Equitability J (Family) Decrease 0.23  0.05 - -
Composition %Ephemeroptera Decrease - - - - -
%Plecoptera Decrease Square root 0.24  0.02 - -
Y%Trichoptera Decrease Square root 0.35 <0.001 No -
%EPT Decrease 0.25 0.04 - -
%Coleoptera Decrease Square root 0.33  0.002 Yes Valid
%O0Odonata Variable - - - - -
%MOLD Increase Square root 0.46 <0.001 Yes Valid
%Diptera Increase Square root 0.46 <0.001 Yes Valid
%Chironomidae Increase Square root 0.37 <0.001 Yes Valid
Tolerance  Baetidae/Ephemeroptera Increase - - - - -
Hydropsychidae/Trichoptera ~ Decrease - 0.15 0.08 - -
Diptera abundance Increase log10 0.44 <0.001 Yes Valid
Chironomidae abundance Increase log10 0.36 <0.001 Yes Valid
Chironomidae/Diptera Increase - - - - -
IBE-IOC Decrease - - - - -
Trophic % Scrapers Decrease Square root 0.37 <0.001 Yes Valid
% Shredders Decrease Square root 0.27 <0.001 - -
% Predators Variable - - - - -
%Collector Variable - - - - -

Brazil. The metrics used in the index are known to be able to distinguish
between different impairment levels and have been used in other indices
(Baptista et al. 2007, Moya et al. 2007, Oliveira et al. 2011a, Lakew
& Moog 2015, Melo et al. 2015). The richness metrics (richness and
EPT richness) are considered useful due to their response to structural
changes impaired gradients in macroinvertebrate assemblages (Suriano
et al., 2013). The metrics that increase with impact (%MOLD,
Chironomidae abundance) are associated organic pollution caused
by untreated wastewater effluents in urban areas and to the increase
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of suspended organic particles in rural areas (Baptista et al. 2011).
The %Coleoptera metric is often associated with the increase in primary
production due to its function food web (Baptista et al. 2007).

Metrics based on trophic functional groups were not included in
the index. The metrics %predators and %collectors were not included
because it was not possible to normalize the data. The metric %shredders
did not have the R-squared of its model larger than 0.3. The metric
Y%scrapers had a high correlation with the metric %Coleoptera. Therefore
it is indirectly represented in the index. The metric %Coleoptera was
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Figure 3. Box-plots of the selected metrics for the composition of PREMIER in the groups REF-CAL and SI-MET. The horizontal bars represent the median, the
box represents the interquartile limits, and the vertical bars represent the minimum and maximum values.

Number of sites

___

x\§

0,1 0,2 0,

0.4

///

w

0,5

MI-VAL

DN\§

Y0000,

7

Yk
.

0,7 0,1 0,2

w

03 0,4

05

SI-MET

7

0,6

0,6

07

Figure 4. Histogram of PREMIER values for the calibration groups of the index, validation and selected metrics (REF-CAL, MI-VAL e SI-MET).

preferred because other studies found that functional metrics do not
always respond to the impact in tropical environments (Moya et al.
2011, Melo et al. 2015, Pereira et al. 2016). Moreover, there is much
debate about the feeding habits of some macroinvertebrate groups in the
tropics and classifications have been discussed (Tomanova et al. 2006,
Miserendino et al. 2007, Moya et al. 2007, Chara-Serna et al. 2012).
The metrics selected to compose the index require only that the
groups Ephemeroptera, Plecoptera and Trichoptera are identified to the
lowest taxonomic level. In the Diptera group, only Chironomidae should
be identified to the family level. The other groups may be identified
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only to the order level or, in the case of Mollusca, to the phylum level.
This is an important aspect for facilitating the use of the index for actual
monitoring programs since it reduces the level of expertise and the time
needed for applying it.

The results found in this study are very similar to other predictive
multimetric indices already developed (Pont et al. 2006, 2009, Moya
et al. 2011). It is noteworthy that, even using different groups of
bioindicators, the final results of the indices are very similar. In the
REF-CAL group the index ranged between 0.2 and 0.8, with an average
of 0.502 (Figure 4). In the study of Moya et al. (2011) the index, also
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Table 5. Description of the model for the five selected metrics in the index construction and standard deviation values for the group REF-CAL.

Transformation Richness %MOLD %<Coleoptera EPT richness Chironomidae abundance
(Family) (OTU)
Transformation Square root ~ Square root logl10
Intercept 12.40242 4.29491 5.16658 12.43302 0.32836
Average depth Logl0 1.08272
Average depth squared Logl0 0.16777
Altitude Elevated 0.2 3.94061 0.52146 -0.27175 2.29832
Altitude squared Elevated 0.2 0.03019
Precipitation 0.00128
Island Grande Bay 8.94388 1.86319 -0.58559 8.38662 1.57858
Northern 2.87168 1.07025
Northern-Fluminense 3.07517 0.57919 0.60490
Serra do Mar- Atlantic 1.39732 0.50598
Serra do Mar - Continental -0.54982 1.43151 4.11806 0.83984
Coastal lowland 2.03961 1.98121 -2.66389 1.06934
Standard deviation REF-CAL 3.60272 1.02755 1.007 4.06217 0.34953
Table 6. Comparison of the classifications obtained with the GMMI and PREMIER indices.
GMMI value GMMI class PREMIER value PREMIER class
Site 1 90 Very Good 0.43 Good
Site 2 80 Very Good 0.41 Good
Site 3 99 Very Good 0.70 Very Good
Site 4 39 Impaired 0.11 Impaired
Site 5 88 Very Good 0.42 Good
Site 6 57 Regular 0.31 Regular
Site 7 97 Very Good 0.52 Very Good
Site 8 87 Very Good 0.68 Very Good
Site 9 52 Regular 0.29 Regular
Site 10 80 Very Good 0.73 Very Good
Site 11 34 Impaired 0.05 Severely Impaired
50 based on macroinvertebrates, varied in the calibration reference group
0.9+ between 0.3 and 0.8, with mean 0.5. In the study of Pont et al. (2006)
the index based on fish community ranged from 0.1 to 0.8, averaging 0.5
0.81 in the reference sites. It is worth mentioning that in this study the index
0.7 T was developed to the whole Europe and the calibration group had 1000
' reference sites distributed in several different countries. In the study of
5 0.61 Pont et al. (2009) the index for aquatic vertebrates varied between 0.1
3 and 0.8 in the reference sites, having an average of 0.5. It is noticeable
l&.l 0.51 that the results are quite similar, especially that of Moya et al. (2011)
o g4 that also developed using benthic macroinvertebrates.
For the development of PREMIER only variables that are not affected
0.3 __ = by disturbances were used. The altitude was kept in almost all models. The
altitude gradient in small streams of mountainous regions tend to reflect other
= gradients such as water temperature (Pearson’s correlation tested for the
0.14 reference sites of 0.95) and slope. Both the temperature and slope gradients
== are known factors that affect the benthic community (Vinson & Hawkins
0.0 = e = 1998, Mykri et al. 2008). Rivers groups were also retained in most of the
§ g % models since the fauna actually appear to be different at these locations. Moya
E b= 0 et al. (2011) also found that regions are important to determine the fauna.

Figure 5. Box-plots of the PREMIER values in the groups REF-VAL, MI-
VAL e SI-VAL. The horizontal bars represent the median, the box represents
the interquartile limits, and the vertical bars represent the minimum and
maximum values.
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The test showed that the PREMIER is able to differentiate between different
levels of impact and is sensitive to different types of disturbances. Ideally,
it would be important to have a group of independent reference sites in the
group used to calibrate the model, which presented different environmental
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characteristics, to verify if the index remains unchanged along the changes
of natural gradients. However, priority was given to assemble a group of
robust calibration and to ensure the spatial representation of the index. The
test shows that even if there are still unmeasured natural gradients affecting
the macroinvertebrate community, the index can assess the impact.

The PREMIER had its performance compared to a specific index
developed for a particular basin (GMMI). The two indices agreed in
most of the ratings and showed a high correlation, showing that the
PREMIER has good sensitivity to different sources of disturbance. This
shows that the PREMIER is a robust index and had the same sensitivity
to disturbance as an index developed specially for the region.

One issue to be considered in the predictive multimetric approach is
that the variance of the metrics not explained by the model must be the
result of other unmeasured variables and also from human degradation
gradients (Pont et al. 2006). That is, there must be natural gradients that
covary with gradients of impact, or there are impact gradients, even in
reference sites, influencing the variation of metrics. This brings us to
another crucial aspect in the development of multimetric indices which
is the definition of the reference condition. Even though the criteria are
strict and equal for all sites, the ecological integrity of reference sites
in certain regions may be higher than others. In the case of the State of
Rio de Janeiro, it is much more difficult to find reference sites in the
lower regions that meet the minimum established criteria. It is possible
that in higher areas, due to the greater difficulty of occupation, the
ecological integrity of reference sites is higher than the lower sites. A
similar conclusion was also pointed out by Pinto et al. (2009).

It is noteworthy that in this study the temporal variation of the benthic
community was not analyzed. As in Pont et al. (2006), samples collected at
different times were used to increase the spatial representativeness of the
index. However, Baptista et al. (2007) tested the stability of the selected
metrics in Atlantic Forest streams to form a Multimetric index in three
seasons and found that all had relative temporal stability.

Protecting the biotic integrity of our ecosystems depends on our
ability to identify, measure and predict the effects that human activities
have on them. This depends primarily on our ability to distinguish
between natural variations and variations induced by anthropogenic
disturbances (Oberdorff et al. 2002). The indices adjusted for natural
variation has been shown to be more responsive and sensitive than
standard indices (Chen et al. 2014, Macedo et al. 2016, Pereira et al.
2016). Using the methodology presented here is possible to assess the
ecological status of Atlantic Forest wadeable streams. This allows that
the monitoring can be performed on a large scale generating comparable
data to facilitate management.

Brazil’s National Water Agency launched in 2013 the National
Water Quality Monitoring Network which will be operated in a
decentralized manner with partnerships established with states agencies
(ANA 2014). At the moment, there is no goal within this network to
include biological indicators. However, it may represent an important
forum for discussion on the progress necessary for monitoring in the
country, considering that some states already have biomonitoring
in their programs. Furthermore, the use of cost-effective analysis
(sampling, sorting, and identification) and the selection of a cost-benefit
indicator group would be a great step forward for the development of
practical biomonitoring programs. In this study, the protocols combined
simple and inexpensive field equipment with optimized techniques for
processing samples in the laboratory. The cost regarding time to process

http://dx.doi.org/10.1590/1676-0611-BN-2018-0541

each sample generally is high, but the subsampling represented a saving
of money, human resources and time (approximately 11 h in processing
each sample) (see Oliveira et al. 2011b).

In Brazil, different multimetric indices were developed for the
study area (Baptista et al. 2007, 2011, 2013, Oliveira et al. 2011a).
However, these indices were developed specifically for each basin,
considering specific characteristics. The PREMIER is an improvement
over multimetric indices by considering the natural variability (e.g.,
topographic and climatic) and its application on wider geographical
scale. The PREMIER index represents a robust methodology that can
be easily reproduced in different areas and can easily be tested and
applied for wadeable streams in Atlantic Forest. It can be an important
tool for conservation and managing restoration areas in this important
and severely damaged biome. Also, adequate water quality assessment
is key to resolve, prevent and anticipate water conflicts in Brazil and
can also be an important guide to financial investment in sanitation and
conservation policies. We hope that the initiative of this study to produce
a standardized protocol and an index that can be used on a broader scale
contribute to improve ecological assessment in our country.
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Abstract: Atotal of 1,471 specimens of 16 species of flatfishes (Pleuronectiformes) were caught during 48 sampling
campaigns between July 2005 and June 2007 at ten stations in Guanabara Bay, Rio de Janeiro, Brazil. Paralichthyidae
was the dominant family, with Etropus crossotus as the dominant species. The outer stations, especially those on
the western side of the lower estuary, were distinguished as a result of their higher abundance of flatfishes and
number of species. The spatial distribution of E. crossotus and its population structure indicate that this species is an
estuarine resident despite the apparent reduction in its area of occupation within the estuarine complex. Among the
other species, nine were classified as marine stragglers (Achirus declivis, Bothus ocellatus, Cyclopsetta chittendeni,
Etropus longimanus, Paralichthys orbignyanus, P. patagonicus, Syacium micrurum, Symphurus diomedeanus and
Trinectes paulistanus) and three as estuarine opportunists (Bothus robinsi, Citharichthys macrops and Syacium
papillosum); another three could not be classified due to the small number of captures or lack of previous data (S.
tessellatus, A. lineatus and C. spilopterus).

Keywords: biodiversity, community, estuarine fishes, flatfishes, Paralichthyidae.

Uso de um estuario tropical rico em espécies e altamente eutrofizado no Atlantico Sul por
Pleuronectiformes (Teleostei: Acanthopterygii)

Resumo: Um total de 1.471 espécimes de 16 espécies de linguados (Pleuronectiformes) foram capturados durante
48 campanhas de amostragem entre julho de 2005 e junho de 2007 em dez estagdes na Baia de Guanabara, Rio
de Janeiro, Brasil. Paralichthyidae foi a familia dominante, com Etropus crossotus como a espécie dominante. As
estagdes externas, especialmente aquelas no lado ocidental do baixo estudrio, foram distinguidas como resultado
de sua maior abundancia de linguados e niimero de espécies. A distribui¢@o espacial de E. crossotus e sua estrutura
populacional indicam que esta espécie ¢ uma residente estuarina, apesar da aparente reducdo em sua area de ocupagao
dentro do complexo estuarino. Dentre as outras espécies, nove foram classificadas como migrantes marinhos (Achirus
declivis, Bothus ocellatus, Cyclopsetta chittendeni, Etropus longimanus, Paralichthys orbignyanus, P. patagonicus,
Syacium micrurum, Symphurus diomedeanus e Trinectes paulistanus) e trés como oportunistas estuarinos (Bothus
robinsi, Citharichthys macrops e Syacium papillosum); outras trés ndo puderam ser classificados devido ao pequeno
numero de capturas ou falta de dados prévios (S. tessellatus, A. lineatus e C. spilopterus).

Palavras-chave: biodiversidade, comunidade, peixes estuarinos, linguados, Paralichthyidae.
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Introduction

The species of Pleuronectiformes, commonly known as flatfishes,
can be easily identified by their asymmetrically compressed body,
being usually pigmented on the side with eyes and depigmented on the
blind side. They are demersal fishes with a carnivorous diet and have
no swim bladder (Nelson et al. 2016). Pleuronectiformes is composed
of 772 living species, primarily marine, distributed among 129 genera
and 14 families (Nelson et al. 2016). In Brazilian waters, 56 marine
species have been recorded and are distributed in 20 genera and five
families (Menezes et al. 2003).

Despite the economic importance of Pleuronectiformes, their
interactions with the varied ecosystems in which they are found are
poorly understood. This is evident in environments such as estuaries,
essential ecosystems for fish populations that are used as breeding and
feeding grounds for several species, many of commercial value (Silva-
Junior et al. 2012, Blaber 2013). Pleuronectiformes contains species of
high abundance in estuarine ecosystems (Vieira et al. 1998, Chaves et al.
2003), and these species undergo part or all of their reproductive cycle
within these environments (Allen & Baltz 1997, Vieira et al. 1998, West
et al. 2003, Chaves & Bouchereau 2004). Furthermore, flatfishes play
an important role in the trophic chain of estuaries by acting as top or
second-order predators (West et al. 2003, Bouchereau & Chaves 2003,
Chaves & Bouchereau 2004).

Despite the ecological and socioeconomic importance of estuaries,
they experience constant processes of degradation caused by human
activities. However, studies on the biology of estuarine fishes have
attracted the attention of researchers (e.g., Silva-Junior et al. 2012,
Bodin et al. 2014). Some studies have explored the interaction between
flatfishes and the estuary environment, both tropical and temperate
(Martinho et al. 2010, Oliveira & Favaro 2011), despite only a few being
from estuaries located in the western South Atlantic coast.

In the tropical estuary of Guanabara Bay (Rio de Janeiro State,
Brazil), the harvest of flatfishes is associated with intense fishing as
bycatch of shrimp trawl fisheries (Jablonski et al. 2006). However, very
little information is available on the fish fauna of this estuary (Rodrigues
etal. 2007; Andrade-Tubino et al. 2009; Rosenfelder et al. 2012; Silva-
Junior et al. 2012; Franco et al. 2014). The scarcity of information about
the flatfish community of Guanabara Bay, a tropical estuary with a
history of environmental degradation, demands a thorough assessment
of the fish community. Continuous efforts have been undertaken to
understand the ecological processes and patterns that drive the local
ichthyofauna, leading to relevant contributions to the comprehension of
composition and abundance of Tetraodontiformes (Andrade et al. 2015,
Santos et al. 2015) and Gerreidae (Correa & Vianna 2016), as well as the
population biology of Genidens genidens (Silva-Janior et al. 2013) and
the whitemouth croaker (Micropogonias furnieri) (Mulato et al. 2015).

The present study aims to determine the specific composition and
abundance of flatfishes in Guanabara Bay. The data collected from all
sampled species are compared to the data in the literature in order to
classify the use of the estuarine complex and identify temporal and
spatial changes in richness and evenness. Previous studies of other
taxonomic fish groups occupying a large variety of niches in Guanabara
Bay have shown a high diversity when compared to other Brazilian
estuaries, but with a distinct predominance of one species over all others
from each group (Andrade et al. 2015, Santos et al. 2015, Silva-Junior
et al. 2013, Silva-Junior et al. 2016).
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Materials and Methods

1. Study area

The tropical estuary of Guanabara Bay is located on the western
South Atlantic coast (22°40°-23°00°S and 043°00°-043°20’W).
The Guanabara Bay is considered to be a large estuarine complex,
covering approximately 324 km? and with an estimated water
volume of 1.87 x 10° m?. It is supplied by a drainage basin that
extends over 4,000 km? and includes 35 rivers. The opening of the
bay is 1,500 m wide and is divided into two channels by Cotunduba
Island. The estuary is located in the metropolitan region of the city
of Rio de Janeiro, the fourth largest city in Latin America, with
over 11 million inhabitants (Forstall et al. 2009). The tidal regime
is semidiurnal, with a maximum height of 1.4 m. The depths range
from less than 1 m to over 30 m in the central channel. The bay
suffers from continuous and extensive land reclamation (recent
and historical), silting, solid waste and sewage disposal (Carreira
et al. 2004), intense industrial activity (Soares-Gomes et al. 2016),
unplanned urban growth with continual deficiencies in sanitation
(Costa et al. 2018), and pollution by heavy metals (Neto et al. 2006)
and petroleum and its by-products (Soares-Gomes et al. 2010). The
relevance of such impacts increases as a result of the importance of
this ecosystem to the inhabitants of the metropolitan region of Rio
de Janeiro because of its various uses, such as fishing, shipping,
port activities, recreation, and tourism.

The sampling stations were selected on the basis of Mayr et al.
(1989), who characterized the hydrobiology of Guanabara Bay and
divided it into five areas according to the water quality. Sampling
was conducted at ten stations, two in each of the five predefined areas
(Figure 1):

Area 1 — The upper estuary, north of Governador Island. This region
is severely impacted by pollution from domestic sewage, industrial
waste and garbage dumps. This area also suffers from impaired
circulation caused by historical land reclamation, which reduces the
removal of pollutants by coastal waters (Carreira et al. 2004; Silva Jr.
et al. 2016). It is distinguished by muddy sediment and low salinities
(27.0-29.5) and temperatures between 24.0 and 25.9°C at the bottom
(Mayr et al. 1989).

Area 2 — The upper estuary near Paquetd Island. This area is
characterised by (i) the discharge of the least polluted rivers, (ii)
the presence of a large extent of the remaining original mangrove
coverage, which is protected under a Federal Conservation Unit (EPA of
Guapimirim), and (iii) the influence of the central channel, a main source
of less polluted waters and the origin of the salt wedge, which favours
a less degraded environment than that found in Area 1 (Carreira et al.
2004). This portion of the estuary is characterised by muddy sediment
and waters with salinities and temperatures at the bottom ranging from
27.0 to 29.5 and 22.5 to 23.9°C, respectively (Mayr et al. 1989).

Area 3 — The middle estuary, which is directly influenced by the
central channel and is an area with a greater exchange of water and
better environmental conditions than the upper estuary (Carreira et al.
2004). The substrate is composed of muddy sediments and fine sand,
and the waters have high salinity, above 30.0, and bottom temperatures
below 25°C (Mayr et al. 1989).

Area 4 — As the most exposed portion of the bay, the lower estuary
is strongly influenced by the coastal waters and marine conditions.
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Figure 1. Map of Guanabara Bay, an estuary in the southeastern Brazil. The map shows all ten sampling stations divided into five areas (1 to 5) and distributed
from the upper estuary to the lower estuary. The limits of the Guapimirim Environmental Protected Area are also indicated.
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The stations are located near the estuary mouth, and this area is subjected
to contributions of raw sewage from the cities of Rio de Janeiro (4.2)
and Niterdi (4.1) (Figure 1) (Silva Jr. et al. 2016). Fine or medium
sand covers the bottom of this area, while water in the region has high
salinity (always > 32.0) and low temperatures (always < 25°C), closer
to the conditions found in the adjacent coastal waters (Mayr et al. 1989).
Area 5 - South of Governador Island. This area is subjected to high
intake of the sewage produced on the island. Despite these conditions,
the close proximity to the central channel allows relatively good water
circulation and the dilution of pollutants (Carreira et al. 2004; Silva Jr.
etal. 2016). The waters found in this area are characterised by salinities
ranging from 29.5 to 32.0 and temperatures similar to those in Area 2.
The substrate is composed of muddy sediment (Mayr et al. 1989).

2. Biological sampling

Specimens were collected every two weeks between July 2005 and
June 2007 at ten stations (two per area), for a total of 48 campaigns and
480 hauls. The campaigns were organised in seasons: winter (July, August
and September), spring (October, November and December), summer
(January, February and March), and autumn (April, May and June).
Samplings were conducted with a commercial fishing boat. The wooden
trawler was 9.5 m long and had a 36 hp motor. The fishing gear included a
7.0 m-long net with a 14 m ground rope and mesh of 18 mm. Each trawl
lasted 30 min at a constant speed of 1.5 knots. The depth, temperature
and salinity were measured at the bottom using a YSI multiparameter.

All flatfishes caught were identified, and the total length (TL, cm)
and total weight (TW, g) were recorded for each individual. Identification
was based on the literature (Gutherz 1967, Figueiredo & Menezes 2000,
Carpenter 2002). The original descriptions of Citharichthys spilopterus
(Giinther, 1862) and Citharichthys arenaceus (Evermann & Marsh,
1902) and the voucher specimens from the Ichthyological Collection of
the Museu Nacional / Universidade Federal do Rio de Janeiro (MNRJ)
were consulted in order to check for precise identification of specimens.
The following lots were examined: C. arenaceus — MNRJ 18234, MNRJ
30616 and MNRJ 30768; C. spilopterus — MNRJ 9135, MNRJ 25695,
MNRJ 29412, MNRJ 30628 and MNRJ 30672. A voucher specimen
of C. spilopterus from this study was deposited in the Ichthyological
Collection of the MNRJ.

The catch per unit effort (CPUE), based on the number of individuals
(ind./h) and weight (g/h), and the seasonal and spatial distribution were
calculated. The evaluation of the distribution of species per station
was based on absolute frequencies. The effectiveness of the sampling
design and the number of campaigns was determined based on the
stabilisation of the sample-based rarefaction curve (Gotelli & Colwell
2010). Furthermore, for each station, Margalef’s richness and Shannon’s
diversity and evenness were calculated using the natural logarithm
(Magurran 2004).

A principal component analysis (PCA) was performed in XLSTAT
statistical software for Excel using Pearson’s r as an index of similarity. In
addition, a hierarchical cluster analysis (HCA) was conducted to identify
the associations among the different areas of the tropical estuary. UPGMA
was employed to group species and areas and the Bray-Curtis dissimilarity
index was calculated with the program PAST 3.08 (Hammer et al. 2001).
We used the Bray-Curtis similarity index expressed as 1-B. A cophenetic
correlation coefficient, a measure of the accuracy of the dendrogram using
the matrix of distances, was also calculated for each index (Valentin 2012).
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Multivariate clustering analysis and ordination were applied using
the total number of individuals per species as descriptors of the
ten sampling points. The normality of the data was verified using
Shapiro-Wilk’s test. Given the non-normal distribution of the data, the
Wilcoxon signed-rank test was chosen and conducted using PAST 3.08
and IBM SPSS Statistics 22. The results were considered significant
at the 95% level.

When possible, each species was classified in a functional group
and according to its use of the estuary, based on observations of this
study and the available literature (Allen & Baltz 1997, Reichert 1998,
Chaves & Serenato 1998, Walsh et al. 1999, Reichert 2003, Chaves &
Bouchereau 2004, Dias et al. 2005). The functional group classification
followed Elliott et al. (2007).

Results

1. Species composition, abundance and spatial distribution

The trawl survey resulted in the capture of 1,471 flatfishes
belonging to 16 species, nine genera, and four families, with a total
weight of 31.1 kg. There was a clear predominance of Paralichthyidae
in terms of both number of individuals and richness, followed by
Achiridae, Bothidae and Cynoglossidae (Table 1). The most abundant
species was Etropus crossotus, with 49.7% of all specimens caught
and occurring in all samples, followed by Symphurus tessellatus,
with 23.7% of all specimens caught and occurring in 97.9% of the
samples (Table 1). The collector’s curve suggests that the number of
samples was sufficient to provide a reasonably accurate inventory
of the flatfish assemblage in Guanabara Bay, as it was stabilised on
the 16th campaign, with just one additional species added in the
following campaigns (Figure 2). Only three species were distributed
across all five areas of the estuary: E. crossotus, S. tessellatus and C.
spilopterus. Other species of Pleuronectiformes were rare (less than
10 specimens) or had restricted distributions (Table 2). Five species
showed a frequency of occurrence that was greater than 50% in all
studied months: E. crossotus, S. tessellatus, Citharichthys macrops,
Syacium papillosum and C. spilopterus. While Bothus robinsi was
captured in 42% of the samples, the other species were present in
fewer than 20%.

Taxa
=
1

0 T T T T T v T T T
5 10 15 20 25 30 35 40 45
Samples

Figure 2. Sample-based rarefaction curve of species of Pleuronectiformes
collected during each campaign conducted between July 2005 and June 2007
in Guanabara Bay, southeastern Brazil.
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Table 1. Number of individuals (N), frequency of occurrence (%), and amplitude of the length (TL) and weight (TW) of the pleuronectiform species captured
between July 2005 and June 2007 in Guanabara Bay, south-eastern Brazil.

Species N FO% TL(em) MeanTL Std.TL TW(g) MeanTW Std.TW
PARALICHTHYIDAE

Citharichthys macrops Dresel, 1885 112 72.9 11.2-18.5 13.07 3.13 14.3-66.6 27.82 18.96
Citharichthys spilopterus Giinther, 1862 59 52.1 9.9-14.7 12.81 3.27 9.3-30.3 24.24 20.55
Cyclopsetta chittendeni Bean, 1895 3 6.3 6.4-14.4 9.70 4.18 2.2-274 11.73 13.68
Etropus crossotus Jordan & Gilbert, 1882 731 100.0  5.0-18.8 11.66 2.44 1.2-76.6 19.82 12.18
Etropus longimanus Norman, 1833 4 6.3 8.1-10.7 9.50 1.12 4.6-12.0 7.93 3.19
Paralichthys orbignyanus (Valenciennes, 1837) 3 6.3 5.8-25.3 18.37 10.90  1.8-190.0 119.60 102.66
Paralichthys patagonicus Jordan, 1889 5 6.3 7.9-10.6 9.60 1.42 3.6-9.2 7.80 4.13
Syacium micrurum Ranzani, 1842 19 16.7 5.6-12.4 8.63 2.59 3.1-22.6 8.63 8.45
Syacium papillosum (Linnaeus, 1758) 112 66.7 5.2-20.7 15.65 4.31 1.7-105.6 51.24 31.80
BOTHIDAE

Bothus ocellatus (Agassiz, 1831) 10 16.7 6.8-14.4 10.56 2.59 7.7-47.9 19.90 13.83
Bothus robinsi Topp & Hoff, 1972 40 41.7 4.9-13.2 9.14 2.22 1.2-34.5 12.25 8.38
ACHIRIDAE

Achirus declivis Chabanaud, 1940 3 6.3 9.7-12.7 10.80 1.65 5.5-41.2 17.90 20.19
Achirus lineatus (Linnaeus, 1758) 11 16.7 4.6-9.6 7.75 3.30 1.8-19.4 15.08 26.88
Trinectes paulistanus (Miranda-Ribeiro, 1915) 6 12.5 7.7-17.4 10.95 2.32 6.4-50.9 30.83 18.93
CYNOGLOSSIDAE

Symphurus diomedeanus (Goode & Bean, 1885) 5 8.3 10.9-14.9 12.78 2.11 12.4-32.9 19.20 12.12
Symphurus tessellatus (Quoy & Gaimard, 1824) 348 97.9 7.3-17.4 12.24 1.48 2.0-37.0 12.69 5.34
TOTAL 1,471

Table 2. Abundance per sampling station of all Pleuronectiform species collected between July 2005 and June 2007, in five areas of Guanabara Bay, Brazil
(ER — Estuarine Resident, MO — Marine estuarine opportunist, MS — Marine straggler).

Species Guild 1.1 1.2 2.1 2.2 3.1 3.2 4.1 4.2 5.1 5.2
A. declivis MS 2 1
A. lineatus ER 3 4 2 1 1
B. ocellatus MS 10
B. robinsi MO 12 28
C. macrops MO 76 36
C. spilopterus ER 4 1 11 7 4 12 1 18 1
E. crossotus ER 3 2 2 3 61 26 92 451 45 46
E. longimanus MS 1 3
P. orbignyanus MS 1 1 1
P. patagonicus MS 5
C. chittendeni MS 2 1
S. micrurum MS 2 17
S. papillosum MO 59 53
S. diomedeanus MS 4 1
S. tessellatus ER 9 15 3 2 33 197 2 26 39 22
T. paulistanus MS 1 1 1 2 1
TOTAL 22 23 16 15 929 244 245 653 85 69
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The spatial analysis of the CPUE indicated a clear distinction
between the lowest values found in the upper estuary (1.1, 1.2,2.1 and
2.2) and the highest values in the lower estuary (3.2, 4.1 and 4.2). The
middle estuary (3.1, 5.1 and 5.2) indicated CPUE values slightly above
those found in the upper estuary (Figure 3). The seasonal variation
in the CPUE revealed that the highest values in terms of number of
individuals and TW were found during spring. While the difference in
CPUE-n values between the first and second years showed a slightly
larger number of individuals captured in the first year, there was a clear
difference in CPUE-g, with larger values found in the second year. This
indicates that the specimens caught during the first year, especially
during spring, were smaller than those captured in the second year
(Figure 4).

15 4
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Figure 3. Spatial variation in CPUE in terms of the number and total weight of
specimens of Pleuronectiformes captured in Guanabara Bay, an estuary in the
southeastern Brazil, between July 2005 and June 2007.

CPUE-g —@—CPUE-n

Figure 4. Seasonal variation in CPUE in terms of number and total weight of
specimens of Pleuronectiformes captured in Guanabara Bay, an estuary in the
southeastern Brazil, between July 2005 and June 2007.

The analysis of the CPUE values and percentage of individuals per
sampling station showed that station 4.2, located on the western side of
the lower estuary, was the locality where most of the pleuronectiforms
(44.4%) were captured, with the abundance and biomass being far
greater than those recorded in other stations (Figures 3 and 4). While
a significant difference was found in terms of the total length for the
total catch of Pleuronectiformes between the two years of the study
(Wilcoxon, p<0.001), the data reflect a significant change in size
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(Wilcoxon, p<0.001) and mass (Wilcoxon, p=0.006) for Syacium
papillosum in the second year, with means of 11.7 cm TL and 28.0 g
TW for the first year, increasing to 17.2 cm TL and 60.6 g TW in the
second year.

2. Richness, evenness and diversity

A total of 15 species was represented among specimens collected
in the first year, while 16 were recorded in the second year (Table 3).
Margalef’s species richness was 2.06 when considering both sampled
years; specifically, 2.09 in the first year and 2.31 in the second year.
The highest richness was obtained during the summer of 2006, with a
value of 2.26 (13 species), and the lowest was recorded in the winter
of 2006, with a value of 1.21 (7 species). The sampling station with
the highest richness was 4.2, with a value of 2.16 (15 species), and the
lowest richness values were found at stations 5.2 and 5.1, with values
0f 0.47 and 0.45, respectively (3 species each).

The diversity value obtained for the two years was 1.55; 1.44 in the
first year and 1.60 in the second. The period with the highest diversity
value (1.83) was autumn of 2006, and the lowest value (1.14) occurred
in the winter of the same year. The station with the highest diversity
was 1.1 (1.58), and the lowest value was found at 5.2 (0.70) (Table 3).
The evenness obtained for the first and second years was 0.53 and 0.58,
respectively, whereas the value for both years was 0.56. The period with
the highest value of evenness was autumn of 2006, with a value of 0.76,
and the lowest occurred during the spring of 2005, with a value of 0.52.
The stations with the highest values of evenness were 1.1 and 2.2, with
values of 0.88 and 0.87, respectively. The lowest values were recorded
at stations 3.2 (0.35) and 4.2 (0.47) (Table 3).

3. Principal component analysis (PCA) and hierarchical clustering
(HC4)

The PCA (Figure 5) helped to characterise the sampled area
using the correlations between different values of abundance among
species. The factorial plan 1-2 explains 72% of the variability (50%
and 22% for axes 1 and 2, respectively). Stations 3.2 and 4.2 have a
characteristic distribution and are isolated in the graph. To a lesser
extent, station 4.1 was also isolated from the other stations. Three
sampling stations could be defined based on their distinct groups
of species: 4.2 was distinguished because of the dominance of E.
crossotus and the presence of Paralichthys patagonicus, Bothus
ocellatus, B. robinsi, Etropus longimanus and Syacium micrurum,
species that occurred only or primarily at this site. Station 3.2 was
segregated by the dominance of S. tessellatus and the exclusive
presence of Symphurus diomedeanus and Cyclopsetta chittendeni.
Lastly, station 4.1 showed a dominance of C. macrops and S.
papillosum and a low frequency of S. tessellatus.

The HCA (Figure 6) identified three large groups. The first was
composed of areas 3 and 5, representing the middle estuary; the second
was composed of area 4 in the lower estuary; and areas 1 and 2 were
associated with the third group, representing the upper estuary. When
considering the more closely related stations, six other associations
were identified. Station 3.1 and area 5 (5.2 and 5.1) shared a similarity
greater than 0.80. Area 1 (1.1 and 1.2) had a similarity of 0.65, and area
2 (2.1 and 2.2) scored 0.70. The remaining stations, 3.2, 4.1 and 4.2,
were isolated from the others. The cophenetic correlation coefficient
for this analysis was 0.91.
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Table 3. Seasonal and spatial variation in the values of richness, diversity and evenness of Pleuronectiform species collected between July 2005 and June 2007, in

five areas of Guanabara Bay, Brazil (standard deviation in parenthesis).

Species Richness Diversity Evenness
winter/05 8 1.35 (£0.25) 1.24 (£0.16) 0.60 (+0.04)
spring/05 10 1.61 (£0.20) 1.19 (£0.12) 0.52 (+£0.02)

summer/06 13 2.26 (+£0.27) 1.43 (£0.33) 0.56 (+0.14)
autumn/06 11 2.14 (£0.20) 1.83 (£0.13) 0.76 (+0.06)
winter/06 7 1.21 (£0.30) 1.14 (£0.26) 0.59 (£0.11)
spring /06 10 1.65 (+0.43) 1.55 (£0.04) 0.67 (+0.19)
summer /07 11 1.99 (+0.37) 1.47 (+0.22) 0.61 (+£0.09)
autumn /07 12 2.13 (£0.14) 1.50 (£0.17) 0.60 (+0.08)
1.1 6 1.62 (+0.75) 1.58 (£0.50) 0.88 (+0.03)
1.2 5 1.28 (+0.60) 1.07 (£0.33) 0.66 (+0.10)
2.1 3 0.72 (£0.51) 0.83 (+£0.25) 0.76 (<0.01)
2.2 5 1.48 (+0.63) 1.40 (+0.32) 0.87 (+£0.06)
3.1 4 0.65 (+0.33) 0.84 (+0.30) 0.61 (+0.13)
3.2 8 1.27 (+0.55) 0.73 (£0.41) 0.35 (+0.14)
4.1 8 1.27 (£0.57) 1.33 (+0.40) 0.64 (+£0.12)
4.2 15 2.16 (£0.48) 1.26 (+0.28) 0.47 (+0.19)
5.1 3 0.45 (+0.54) 0.75 (0.31) 0.68 (+0.09)
52 3 0.47 (+£0.40) 0.70 (+£0.30) 0.63 (+0.08)
*3.2
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Figure 5. Principal component analysis (PCA) of the Pleuronectiformes species captured in Guanabara Bay, an estuary in the southeastern Brazil, between July 2005

and June 2007.
Discussion

1. Composition

The sampling strategy was based on a trawl net due to the
low selectivity of this fishing gear, thus enabling a fairly accurate
characterisation of the diversity of demersal fish associated
with unconsolidated substrates (Vianna & Almeida 2005).
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The same sampling design was used in a previous study by Rodrigues
et al. (2007), who identified only six species (all at low abundance)
of pleuronectiforms in Guanabara Bay. The results presented
here, a total of 16 flatfish species, indicate that the Richness of
Pleuronectiformes in the Guanabara Bay was not properly assessed
by earlier studies. The specific composition and predominance of
Paralichthyidae in Guanabara Bay was similar to the diversity of
flatfishes found in other tropical estuaries from South-eastern Brazil.
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Figure 6. Hierarchical cluster analysis (HCA) of species of Pleuronectiformes
recorded in Guanabara Bay, an estuary in the southeastern Brazil, between July
2005 and June 2007, showing the three main identified groups.

Andreatta et al. (2002) identified 11 pleuronectiform species in Ribeira
Bay (22°59’S / 44°22°W), while Mendonga & Aratjo (2002) found
14 species in Sepetiba Bay (22°59’S / 44°22°W); in both studies,
Paralichthyidae was the most speciose family, with eight and nine
species, respectively. Further north, in the bay of Vitoria (20°17°S /
40°16°W), seven Paralichthyidae species were recorded among a total
of 14 flatfishes (Chagas et al. 2006; Catelani et al. 2014).

Guanabara Bay is an open ecosystem that experiences the periodic
influence of different water masses. Nevertheless, even with the
stabilisation of the species rarefaction curve, the addition of another
species, Etropus longimanus, in the 37th sampling campaign was not
unexpected. Different water masses allows the presence of species
associated with coastal waters and colder and deeper water masses.
Consequently, it is likely that other species may be recorded in the future.
A thorough analysis of the abiotic data for the same samples but extended
to all fish community can be seen in Silva Jr. et al. (2016). The comparison
of the species composition among estuaries showed an interesting
difference. The flatfish Citharichthys arenaceus was the only species
absent in this study but present in other tropical estuaries along the Rio de
Janeiro coast. This inconsistency may be due to difficulties associated
with the taxonomy of the species. There are problems in distinguishing
C. arenaceus and Citharichthys spilopterus, which have overlapping
morphometric and meristic characters (Carpenter 2002). There is a lack of
comparative studies between both species (Figueiredo & Menezes 2000). The
comparison of the specimens captured in Guanabara Bay in this study with
many specimens of both species from the Ichthyological Collection of the
MNRJ allowed us to conclude that the specimens previously identified as C.
arenaceus in Guanabara Bay corresponded to C. spilopterus. No significant
change in total length or total weight was identified between the first
and second years of the study, except in Syacium papillosum.
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2. Abundance

The decline in abundance of species of Pleuronectiformes collected
between the two years was a direct reflection of the strong decrease in the
capture of E. crossotus. The highest captures occurred during springtime
due to various factors. The peak in the spring of 2005 was a consequence
of the increased abundance of E. crossotus, which is in contrast to the
peak during the spring of 2006, characterised by increased captures of
other species of flatfishes despite the low abundance of E. crossotus.
The lowest capture rate for all flatfishes occurred on the autumn of
2006. There was no marked seasonality among the pleuronectiform
species in Guanabara Bay. However, Barletta et al. (2003) reported an
increase in the abundance of species in the rainy season and identified
it as a pattern that is common in tropical estuaries.

The high abundance of flatfishes in the lower estuary (4.2) was
due to the elevated capture of specimens of E. crossotus along with
the presence of species associated with coastal waters, such as Bothus
ocellatus, B. robinsi, Citharichthys macrops, Syacium micrurum and
S. papillosum (Figueiredo & Menezes 2000). This behaviour was not
recorded on the other side of the bay mouth (4.1), presumably due to the
different environmental conditions. Originally, it was expected that the
two sampling stations would be similar in terms of their fish assemblages
due to their location at the entrance of the bay and the predominant marine
environmental conditions (high salinity and sandy bottom). The source
for this unexpected difference may be the disposal of organic matter
through an outfall located close to the sampling station. Banks covered
in algae and bryozoans are indicative of the disposal of organic matter in
wastewater and were recorded during sampling at station 4.1 but not at 4.2.

Even though the central channel (3.2) had the same abundance in
terms of the number of specimens as the lower estuary station (4.1),
the recorded biomass was lower. This result reflects the dominance
of Symphurus tessellatus, a species that is smaller than the more
abundant species at station 4.1 (E. crossotus, S. papillosum and
C. macrops). The highest abundance of S. tessellatus found in the
central channel may be a consequence of the characteristics of the
area, especially the muddy bottom. This species naturally inhabits
areas with such characteristics (Figueiredo & Menezes 2000), which
contrasts with the sandy bottom found at the entrance of the bay.

3. Richness

Seasonally, lower values of richness were recorded in the winter
and spring of both sampling years, with the lowest values found
during the winter. Conversely, the highest values of richness occurred
in the rainy season, during the summer and autumn. This seasonal
variation in richness was consistent with the pattern observed by
Barletta et al. (2003), with more species found in the rainy season.
Results, however, differ from those presented by Vendel et al. (2002),
which reported larger values of fish richness in the autumn and winter
in a Brazilian subtropical estuary. In another subtropical estuary from
South-eastern Brazil, Pinheiros Bay (Parana), Schwarz-Junior et al.
(2006) found no seasonal pattern in the richness of the fish fauna.

Spatially, the number of species followed the same pattern observed
for the abundance, with considerably higher values detected in the
western part of the estuary mouth (4.2) than in any of the other sampling
stations, including the central channel (3.2) and the eastern part of the
lower estuary (4.1). However, Margalef’s richness, which considers
the number of individuals in the sample, showed a different picture;
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the western lower estuary was the richest, followed by stations 1.1 and
2.2. This result is a consequence of the low abundance and relatively
high number of species in the upper estuary. An increase in the number
of species in the outermost regions of the estuary, in addition to an
increased presence of marine species, has been observed in Guanabara
Bay (Rodrigues et al. 2007), Sepetiba Bay (Aratjo et al. 1998), both in
the State of Rio de Janeiro, and Guaratuba Bay, in the State of Parana
(Bouchereau & Chaves 2003) and appears to be a trend in tropical and
subtropical estuaries (Blaber 2000; Blaber 2013; Catelani etal. 2014). A
two-way ANOVA based on fish metrics (CPUE, richness, diversity and
equitability) was conducted by Silva Jr. et al. (2016) based on the same
two years of sampling but including all fishes caught. While changes
in abundance, diversity and equitability were independently associated
with differences in area and season, shifts in richness were exclusively
related to spatial variability. The greatest diversity and abundance values
for Pleuronectiformes were found in the lower estuary and the central
channel, which is in accordance with what was reported for other trophic
fish groups (Silva Jr. et al. 2016). No seasonal pattern was observed in
the variation of the diversity and evenness indices. The lack of patterns
in these indices was also recorded by Vendel et al. (2002) and Spach
et al. (2003) in two estuaries in Paranagué Bay, by Schwarz-Junior et
al. (2006) in Pinheiros Bay and by Chagas et al. (2006) in Vitoria Bay.

4. Principal component analysis and hierarchical cluster analysis

Eutrophic environments commonly present conditions of hypoxia
or anoxia in their deeper layers, which do not mix with the upper layers
due to the formation of a cline (Breitburg 2002). Intense eutrophication
and consequent hypoxia are reported to occur in large portions of
Guanabara Bay (Ribeiro & Kjerfve 2002; Aguiar et al. 2011). While
the lower estuary is characterized by greater exposure to less polluted
coastal waters, the upper portions of the bay, especially the western
and northwestern sectors, receive the majority of the drainage from
metropolitan Rio de Janeiro (Ribeiro & Kjerfve 2002). The existing
facilities for sewage treatment and waste disposal are insufficient to
halt the environmental degradation. Ribeiro & Kjerfve (2002) estimated
that in order to achieve pre-1950 conditions, it would be necessary to
properly treat 80-90% of all domestic and industrial sewage, far from the
15% that is presently treated. The data presented in this study therefore
address flatfish populations that have been exposed to a long history of
human impacts in an already naturally stressed environment.

The PCA analysis separated the three stations (3.2, 4.1 and 4.2) that
had the most diverse environmental features, while the remaining seven
stations were grouped in a single cluster. At these three stations, the
number of species was higher than at the others. Coincidentally, these
are the stations with the best estuarine environmental conditions, where
the dissolution of the organic load is higher due to the action of the tidal
regime. The isolation of the western (4.2) and eastern (4.1) sides of the
lower estuary and central channel (3.2) was expected based on the field
observations. The hierarchical cluster analysis showed some similarity,
albeit small, between 4.1 and 4.2 and grouped areas 1 and 2 and 3.1 and
5. This result indicated that the composition of Pleuronectiformes varied
between four zones: the upper estuary, above Governador and Paqueté
islands, represented by areas 1 and 2; the middle of the estuary, formed
by stations 5 and 3.1; the lower estuary, indicating the difference between
the eastern (4.1) and western (4.2) sides of the estuary mouth; and the
central channel (3.2), which is variable in size according to rainfall.
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The spatial distribution observed for the pleuronectiform species
follows the pattern recorded by Rodrigues et al. (2007) for the entire
demersal fish assemblage of Guanabara Bay. Patterns of distribution
influenced by local rainfall are supported by data from other species in
the same estuary. This is the case with the abundance and distribution
of the pink shrimp Farfantepenaeus brasiliensis (Gomes et al. 2013)
and the blue crab Callinectes ornatus (Keunecke et al. 2012) with
differences according to environmental conditions, among them the
seasonal spawning peaks in the first and distinctive patterns of sexual
distribution in the latter.

5. Use of the estuary

Despite the recent review of the classification of estuarine fish guilds
(Potter et al. 2013), due to the scarcity of data on the fish community
of the Guanabara Bay, this study follows Elliot et al. (2007). The most
abundant species, Etropus crossotus, was classified as an estuarine
resident in this study and in Guaratuba Bay, which is a subtropical
estuary in southern Brazil (Chaves & Bouchereau 2004). This close
relationship between E. crossotus and the estuarine environment is
supported by the present study due to its regular presence throughout
the sampling campaigns, high relative abundance, various size classes
and wide distribution in the estuary. Sanchez-Gil et al. (2008) considered
E. crossotus to be an estuarine species but found recruitment in the
estuarine plume on the inner continental shelf off an estuary of the
southern Gulf of Mexico. The reduction in the abundance of E. crossotus
between the first and second years was responsible for the observed
decrease in the whole flatfish assemblage. This decrease in catch should
be investigated through continuous monitoring of the area; it may
indicate an early depletion of the population or only a natural fluctuation.

The reduction in the abundance of E. crossotus, despite the lack of
a seasonal pattern, may be associated with its life cycle. This reduction
coincides with the presence of larger individuals prior to the recruitment
observed in the second year. It should be noted, however, that no
population data are available for the species in coastal areas besides
studies on bycatch of the shrimp fishery, where E. crossotus was the
most abundant species among the pleuronectiforms (Vianna & Almeida
2005), indicating that the estuarine resident Etropus crossotus may also
explore areas outside of the estuary. Differences in rainfall patterns may
affect the living conditions and the annual cycle of flatfish populations.
Increased freshwater inflow in the rainy season, usually with a high
content of organic matter, deteriorates the environmental conditions in
the bay (Valentin et al. 1999) and increases the size of the area under
hypoxia, forcing individuals of E. crossotus to move to areas with better
conditions in the estuary and adjacent coastal areas (the species was
found up to 40 m deep) (Vianna & Almeida 2005).

The wide size range and presence of larvae (Castro et al. 2005)
suggest that E. crossotus completes its life cycle in the estuary. A
similar pattern was described for the south-eastern United States,
where it was observed that the species development had a strong
dependency on a nursery area with plenty of resources (Reichert
1998). Other groups of species were also observed: Marine stragglers,
characterised by rare species, were represented only in low abundance
and did not show dependence on estuaries in the literature. This
group includes the majority of the collected species: A. declivis,
B. ocellatus, C. chittendeni, E. longimanus, P. orbignyanus, P.
patagonicus, S. micrurum, S. diomedeanus and T. paulistanus.
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Marine estuarine opportunist species are present in varying abundance,
are restricted to the lower estuary and include smaller, most likely
young, individuals. This group is composed of B. robinsi, C. macrops
and S. papillosum. Three other species, two rare and one abundant (S.
tessellatus, A. lineatus and C. spilopterus), are indicated as estuarine
residents by Chaves & Bouchereau (2004); however, in Guanabara Bay,
the data led to a different classification or precluded any determination.

The tonguefish S. tessellatus was represented mostly by adults and
a few small, most likely young, specimens. However, the population
of S. tessellatus may have been subsampled since young individuals of
this species can escape through the mesh of the net. Achirus lineatus
and C. spilopterus had low capture rates in Guanabara Bay; hence, the
ability to classify these two species was hindered. However, both are
commonly found in Brazilian estuaries and were considered as estuarine
residents in previous studies (Allen & Baltz 1997, Chaves & Serenato
1998, Mendonga & Araujo 2002, Chaves & Bouchereau 2004, Chaves
& Bouchereau 2004, Chagas et al. 2006, Schwarz-Junior et al. 2006).
The conclusion that A. lineatus as a resident estuarine species is also
supported by the presence of larvae in the Guanabara Bay (Castro
1998). The results presented here revealed a relatively high diversity of
Pleuronectiformes in the Guanabara Bay estuary. This diversity included
species of flatfishes at different niches as indicated by different trophic
levels and their distinct morphologies, which has already been indicated
in other estuaries, including in Brazil (Guedes & Aratjo 2008; Russo et
al. 2008; Lima et al. 2018). The pattern observed in this study is similar
to the reports for other fish groups, in which a high diversity of species
was accompanied by the biomass being predominantly represented by
a single species: Etropus crossotus for Pleuronectiformes, as revealed
by this study, Chilomycterus spinosus for Tetraodontiformes (Andrade
et al. 2016), Genidens genidens for Siluriformes (Silva Jr. et al. 2013),
Eucinostomus argenteus for Gerreidae (Corréa & Vianna 2016) and
Micropogonias furnieri for Sciaenidae (Silva Jr. et al. 2016).

In conclusion, pleuronectiform species have a number of unique
characteristics, such as limited swimming ability due to the absence
of a swim bladder and demersal habits, which make them especially
vulnerable to low-oxygen environments (Tallqvist et al. 1999, Breitburg
2002, Bell & Eggleston 2005). In the present study, the sensitivity to
these adverse conditions appears to affect the distribution of flatfishes.
The specific composition shows that, in Guanabara Bay, the main
species caught are small in size and that while the species with the
highest market value are present, Paralichthys spp. and Syacium spp.,
they are not commercially attractive because of their small size and
low abundance. The greatest diversity was found in areas of the lower
estuary, while both the middle and upper estuary showed low richness
and abundance. New studies are necessary to establish the extent to
which flatfish populations are affected by the ongoing environmental
degradation, such as urban pollution and dredging, and the effects on
the observed distribution patterns.
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Abstract: Cetaceans were monitored along ca. 700 km of the southeast coast of Brazil (22°S to 25°S) from 1995 to 2014 using
photo-identification. The objective of this study was to identify any presence of long-distance movements for monitored cetacean
species and discuss implications. Data on long-range movements of four of the monitored species are presented after the analysis
of 321,765 photographs taken for individual identification. Seven individuals from four populations of Guiana dolphins (Sotalia
guianensis) considered resident to particular estuaries or bays were reported in dispersal involving movement between pairs
of protected areas over long-range distances varying between 86 and 135 km. Three cataloged rough-toothed dolphins (Steno
bredanensis), first seen in Guanabara Bay, Rio de Janeiro state (22°46’S) in November 2011, were sighted 240 km southwards as
members of the same group in coastal waters of Sdo Paulo state (23°46°S) in July 2014. Water depth for those sightings ranged
from 16 to 52.7 m; local sightings of rough-toothed dolphins in Brazil have frequently been in shallow waters, but the species
global distribution is usually associated with deeper waters. In a 27-day interval in the spring of 2012, a group of 16 orcas (Orcinus
orca) travelled ca. 277 km in shallow coastal waters ranging from 20 to 30 m deep. Orcas are commonly observed between
November and February in southeast Brazil, probably in search for prey. In summer months between 2012 and 2014, three
Bryde’s whales (Balaenoptera edeni) sighted in waters ranging from 14 to 49 m deep, moved between 218 and 327 km. Bryde’s
whales are usually found in local coastal waters where they spend summer months feeding on sardines. To date, these are the
longest estimated movements reported to S. guianensis, S. bredanensis, O. orca and B. edeni in the Southwestern Atlantic Ocean.

Keywords: Movements; Sotalia guianensis, Steno bredanensis; Orcinus orca; Balaenoptera edeni.
Movimentos de cetaceos pelas aguas costeiras do sudoeste do oceano Atlantico

Resumo: Cetaceos foram monitorados em cerca de 700 km da costa sudeste do Brasil (22°S a 25°S) entre 1995 ¢ 2014 com o uso
da fotoidentificagdo. O objetivo deste estudo foi de identificar quaisquer presengas de movimentos de longa distancia de individuos
das espécies monitoradas e discutir suas implicagdes. Dados de movimentos de longa distancia de quatro das espécies monitoradas
sdo apresentados apods a andlise de 321.765 fotos obtidas para identificagdes individuais. Sete individuos de quatro populagdes
de boto-cinza (Sotalia guianensis) consideradas residentes a estuarios e baias particulares foram reportados em movimentos de
dispersdo envolvendo pares de areas protegidas em distancias que variaram entre 86 e 135 km. Trés golfinhos-de-dentes-rugosos
(Steno bredanensis) catalogados e avistados primeiramente na Baia de Guanabara, Rio de Janeiro (22°46’S), em novembro de 2011,
foram avistados 240 km mais ao sul como membros de um mesmo grupo nas aguas costeiras do Estado de Sao Paulo (23°46°S)
em julho de 2014. A profundidade da agua onde essas avistagens aconteceram variou entre 16 e 52,7 m; avistagens de golfinhos-
de-dentes-rugosos tém sido efetuadas em aguas rasas na costa sudeste do Brasil, embora a distribui¢do global da espécie esteja
associada a aguas profundas. Em um intervalo de 27 dias na primavera de 2012, um grupo de 16 orcas (Orcinus orca) se desclocou
cerca de 277 km em 4guas rasas variando entre 20 e 30 m. Orcas sdo comumente avistadas entre novembro e fevereiro no sudeste
do Brasil, possivelmente em busca de presas. Nos meses de verdo entre 2012 e 2014, trés baleias-de-Bryde (Balaenoptera edeni)
avistadas em 4guas de 14 a 49 m de profundidade, moveram-se entre 218 e 327 km. baleias-de-Bryde sdo encontradas em aguas
costeiras locais onde passam os meses de verdo se alimentando de sardinhas. Até o presente momento, esses sao os deslocamentos
estimados como os de maiores distancias observados para S. guianensis, S. bredanensis, O. orca and B. edeni no Atlantico Sudoeste.

Palavras-chave: Movimentos; Sotalia guianensis, Steno bredanensis; Orcinus orca; Balaenoptera edeni.
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Introduction

Movement is a hallmark of marine mammal behavior and an
important component to understanding how they use their world (Stern
2009). Movements play pivotal roles in shaping biodiversity across
spatiotemporal scales, determining patterns in species distribution
and interactions, changing genetic traits and diversity, and modifying
habitat structures and resource levels (Jeltsch et al. 2013). It is thus not
a coincidence that “movement ecology” turned into a new ecological
discipline, rapidly expanding worldwide (see Nathan et al. 2008).

As of October 2018, 47 cetacean species were reported in Brazilian
aquatic environments (Santos et al. 2010a, Cypriano-Souza etal. 2017),
which represents ca. 50% of all described species worldwide (see
Committee on Taxonomy 2017). Among cetacean species found in the
Southwestern Atlantic Ocean (SAQ), four are of interest in this study
due to the lack of prior focus on their long-range movements in this
region: the Guiana dolphin - Sotalia guianensis (Van Bénéden 1864),
Bryde’s whale - Balaenoptera edeni Anderson 1879, orca - Orcinus
orca (Linnaeus 1758), and rough-toothed dolphin - Steno bredanensis
(G. Cuvier in Lesson 1828). The most common cetacean species found
within Brazilian waters is the Guiana dolphin, dwelling in shallow
coastal and estuarine waters; Brazilian occurrences extends from the
country’s northern border shared with French Guiana down the coast
to the southern limit of the species distribution, in the state of Santa
Catarina in southern Brazil (Da Silva et al. 2010).

Bryde’s whales are usually found in coastal waters of southeast
Brazil, where they spend mainly spring and summer months feeding on
sardines (Siciliano et al. 2004). Stranding events of adults and juveniles
are reported year-round in this region without a marked seasonality
(Moura & Siciliano 2012). Bryde’s whales are amongst the least known
of the larger baleen whales and are commonly found in tropical and
subtropical waters worldwide (Kato & Perrin 2009). Along the northeast
coast of Brazil, a few sightings and catches in whaling operations with
possible misidentifications with sei (B. borealis) and Omura’s whales
(B. omurai) were reported in the past decades (Andriolo et al. 2010).
Little is known about movements and migration patterns of all stocks.

Orcas are cosmopolitan cetaceans found in all oceans, most
commonly observed in coastal and temperate waters, especially in
areas of high productivity (Heyning & Dahlheim 1988, Ford 2009).
They are known to display both short and long-scale movements, the
latter reaching ca. 5,400 km to cope with biological and ecological
requirements such as finding food patches, adapting to a seasonally
changing environment, and investing in interactions with other social
units (Dahlheim et al. 2008, Matthews et al. 2011, Fearnbach et al. 2014).
Migration was recently attributed to orcas in the southern hemisphere,
possibly evidence of coping with physiological requirements (Durban
& Pitman 2012). Sightings have been occasionally observed along the
Brazilian coast, with a higher number of records in southeastern waters
between November and February (Siciliano et al. 1999). Unpublished
aerial images have been showing orcas preying on rays in local shallow
waters. However, no information is available on their local abundance,
movements and distribution.

While rough-toothed dolphins are widely distributed throughout
tropical and warm-temperate waters worldwide, little is known about
this species anywhere in their range (Baird et al., 2008). Their global
distribution is usually associated to deeper waters, but they have been
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frequently sighted in shallow waters in southeast Brazil (Lodi 1992,
Lodi & Hetzel 1999, West et al. 2011). The only known information on
rough-toothed dolphin movements in the SAO was reported by Lodi
et al. (2012). Those authors witnessed the movement of four cataloged
individuals along the coast of Rio de Janeiro, reaching up to 119.7 km
in a short window of time between August and September 2011.

A large proportion of what is known about cetaceans in Brazilian
waters comes from studies using dead individuals collected from
stranding events (e.g. Zerbini et al. 1997, Greig et al. 2001; Ramos
et al. 2001, Costa et al. 2017) and/or incidental catches in fishing
operations conducted since the end of the 1970s (e.g. Siciliano 1994).
Starting only at the end of the 1980s, live cetaceans are now also being
studied in their element along the ca. 8,500 km shoreline. Based on
their distribution and close proximity to scientific institutions, long-
term studies have been conducted on resident bottlenose dolphin
populations in southern Brazil (e.g. Simdes-Lopes & Fabian 1999,
Fruet et al. 2011; 2015) and resident Guiana dolphin populations in
southern and southeastern Brazil (e.g. Flores 1999, Santos et al. 2000,
Azevedo et al. 2004).

For the most part, these studies focused on several aspects of
behavioral observations, then most used the technique of photo-
identification to follow individuals on a relatively restricted spatial and
temporal scale. Throughout its range, investigations on area utilization
by S. guianensis was based on photo-identification and showed that
surveyed populations are resident to the investigated sites (see Flores
1999, Santos et al. 2001, Azevedo et al. 2007), with travel distances
reaching up to 30 km, and home ranges averaging between 13.5 to 72.4
km? (Flores & Bazzalo, 2004, Oshima & Santos 2016). Most studies
on S. guianensis have been conducted in protected bays and estuaries,
a different scenario when compared to cetacean species found in open
waters. Open water investigations have recently been providing the
first insights on the occurrence, movements and relation to physical
ocean conditions for several other cetaceans (see Di Tullio et al. 2016),
but insignificant in scope when compared to the larger body of work
devoted to S. guianensis and T. truncatus in bays and estuaries. As a
consequence, information on individual movements out of the home
ranges of considered resident populations is still scarce over an extensive
area of the (SAO), where more than half of the global cetacean species
had already been reported.

Photo-identification is the most economically accessible
technique in developing regions across the globe to gather important
information regarding cetacean ecology, but until now has not been
used comprehensively to understand long-range movements. In recent
years, satellite tags have been used as one of the main tools to analyze
movements of long-ranging aquatic species such as cetaceans (see
Hussey et al. 2015), but such techniques would be limited to a small
pool of individuals due to economic and import restrictions. Sampling
a considerable number of individuals of different gender, age and
personality is essential to avoid bias when describing population traits.
Improvements in photo quality in recent years have made image analysis
more robust due to the higher density of pixels available to identify
features (Urian et al. 2015). This study thus provides new information
on long-range movements of four cetacean species (S. guianensis, B.
edeni, O. orca and S. bredanensis) along the southeast coast of Brazil
using photo-identification to follow cataloged individuals.
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Materials and Methods

Data were collected in different studies conducted from 1995 to 2014
dedicated to investigating cetacean ecology using photo-identification
in estuaries, bays and coastal waters of southeast Brazil (Fig. 1), all
based on onboard observations.

Four studies were undertaken in four protected bays and estuaries
to investigate population parameters and aspects of ecology of Guiana
dolphins (Sotalia guianensis). The Lagamar Estuary is composed of the
Paranagua Estuarine Complex (PEC), 3,870 km? on the northern coast of
Parana state (Noernberg et al. 2006), and the Cananéia Estuary (CE), a
234 km?area on the southern tip of Sdo Paulo state (SMA, 1991). Both
areas are connected through a 5 km long man-made channel dug in the
1950s. Investigations in the CE took place from 2000 to 2010 in 132
km? of inner estuarine waters used by Guiana dolphins (see details in
Oshima et al. 2010, Oshima & Santos 2016). In the PEC, investigations
on Guiana dolphins were conducted between 2006 and 2009 in 124 km?
of protected estuarine waters (see Santos et al. 2010b). The Sepetiba
Bay (SPB), on the coast of Rio de Janeiro state, is 526 km?, with ca. 425
km? of that area surveyed for Guiana dolphins since 2005 (see Flach et
al. 2008, Dias et al. 2009). Also along the coast of Rio de Janeiro, the
328 km? Guanabara Bay (GB) (Kjerfve et al. 1997) and adjacent coastal
waters have been surveyed for Guiana dolphins since 1995 (details in
Azevedo et al. 2007).

Three investigations have been directed towards mapping the
occurrence, movements and sound emissions of cetaceans along the
shoreline of Parana, Sdo Paulo and Rio de Janeiro states. Since 2008,
GB and adjacent coastal waters up to the 50 m isobath have been
surveyed for a cetacean multi-species study to describe their distribution,
movements and sound emissions. Moving southwards, the marine
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protected area known as Parque Estadual Marinho da Laje de Santos
(PEMLS), on the Sao Paulo state coast, was the target of a two-year
cetacean multi-species monitoring program conducted between May
2013 and June 2015 to map their occurrence (see Santos et al. 2017).
From December 2012 to December 2014, ca. 650 km of coastal waters
in a straight line along the states of Sdo Paulo and Parana was covered
by another multi-species study of cetaceans. The area was surveyed
using 6-day cruises screening a corridor of water depths ranging
between 15 m and 40 m. The aims were to map cetacean occurrence,
movements and sound emissions. In Table 1, efforts and results gathered
to multi-species surveys along the coast of Sdo Paulo were merged, as
they were conducted in the same area. These listed efforts were not
evenly distributed in time and space.

Outboard-powered vessels with sizes ranging from 5 to 16 m
were the mobile platforms used in all studies. All surveyed subsets
of the monitored estuaries, bays and coastline had specific tracks
to be followed to optimize the chances of encountering cetaceans.
Cruises were undertaken in sea states up to 3 Beaufort on the wind
scale. When cetaceans were found, the specific sighting location (GPS
position), water depth, salinity and superficial temperature at most
occasions were recorded. Afterwards, vessels approached cetaceans
to estimate group size and invest in gathering photographs to identify
individuals. Photographs of dorsal fins of all sighted cetaceans and
flukes for humpback whales were taken using film (1995 to 2005) or
digital SLR cameras with 300 to 400 mm zoom lenses. Printed photos
of past catalogs were scanned. Catalogs were organized by each
species to check for the addition of new identified individuals of the
investigated populations/stocks and to confirm re-sightings of known
and previously sighted individuals following procedures described by
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Figure 1. Map of the surveyed area used to investigate cetacean movements along the southeast coast of Brazil, covering part of Parana (PR) state coast,
Séao Paulo (SP) state coast, and Rio de Janeiro (RJ) state coast. The following subsets were the main targets of Guiana dolphin investigations: The Paranagua
Estuarine Complex (PEC) in PR state, the Cananéia Estuary (CE) in SP state, and the Sepetiba (SPB) and Guanabara (GB) Bays in RJ state. PEMLS means

“Parque Estadual Marinho da Laje de Santos”, a coastal Marine Protected Area.
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Table 1. Summarized efforts invested in the investigation of cetacean movements along the southeast coast of Brazil from 1995 to 2014 using photo-identification.
Target species (SG means Sotalia guianensis; Multi means multi-species surveys), length of time of surveys in years, main surveyed regions, their estimated area, the
number of photographs taken and analyzed, and the number of identified individuals are presented. Acronyms: CE = Cananeia Estuary; PEC = Paranagua Estuarine
Complex; SPB = Sepetiba Bay; GB = Guanabara Bay; SP = Sao Paulo; RJ = Rio de Janeiro.

Region Species Years Area (km?) # Photos #Ids
CE SG 2000-2010 132 85,925 199
PEC SG 2006-2009 124 49,921 188
SPB SG 2005-2014 425 130,000 820
GB SG 1995-2014 328 12,154 108
Coast RJ Multi 2008-2014 1,200 13,224 181
Coast SP Multi 2012-2014 11,000 30,541 397
TOTAL Multi 1995-2014 13,209 333,919 1,893

Wiirsig & Jefferson (1990). Photographs were analyzed and compared
by at least two investigators using the Nikon View software and, more
recently, Darwin (Stewman et al. 2006). Catalogs were compared among
areas to find matches of identified individuals, the main evidence of
movement between two different locations. Distances travelled by
cetaceans were estimated using ArcGIS 9.1 (ESRI), linking distant
locations involving a sighting and a re-sighting of the same individual.
When bays and estuaries were included in the analysis, the estimate
evaluated the shortest distance to connect the inner location to the further
distant location in another protected area, leaving the protected site and
travelling along the coast. For sightings reported exclusively in open
shoreline waters, only the shortest connection between the two most
distant locations was used to estimate the travelled distance.

Results

1. Guiana dolphins, Sotalia guianensis

Considering the surveyed bays and estuaries where Guiana dolphins
were found, four catalogs were organized for PEC, CE, SPB, and GB.
The number of identified individuals, showing the number of analyzed
photographs in parenthesis, were: PEC = 188 (49,921), CE = 199
(85,925), SPB = 820 (130,000), and GB = 108 (12,154) (see Table 1).
Overall, 1,315 Guiana dolphins were cataloged after the analysis of
278,000 dorsal fin photographs. Two individuals (KN 159 and 194)
from the considered resident population of Guiana dolphins, sighted
between 2000 and 2008 in CE inner waters, were reported for the first
time in coastal waters in May 2005, ca. 10 km distant from the main
estuarine entrance. This short-range movement is the first evidence of the
plasticity in the use of coastal waters by Guiana dolphins monitored in
local protected inner estuaries. Both individuals were female adults and
had at least two calves in eight years, with several sightings in the same
group, close to the main entrance of the CE. In an interval ranging from
one to seven years, another four individuals switched between the PEC
and CE estuaries (Table 2, Figure 2). Their movements, considering the
most distant locations in inner estuarine basins through coastal waters,
ranged between 86 and 124 km, the longest distances reported so far
for the species in local waters. The first cataloged dolphin sighted once
in the PEC (PR 001) in May 2002 was re-sighted in August 2009 in the
CE, where it was cataloged as KN 363. Two adult dolphins, sighted
on one (KN 251) and four (KN 300) occasions at the main entrance of
the CE in 2001, between 2005 and 2007, respectively, were seen in the

http://www.scielo.br/bn

same group in the PEC (PR 116 and 115) in October 2008. An adult
female (KN 209), sighted on 10 different occasions all over the CE
between 2000 and 2006, was seen in November 2008 in the PEC (PR
121). This dolphin had a calf in 2003, which was previously seen with
its mother up to 2006 in the CE. The mother was again observed with
another calf in 2008 in the PEC.

Three adult individuals (SEP 411, 481 and 783), sighted from one
(SEP 783) to seven (SEP 481) distinct occasions in the SPB between
March 2006 and January 2012, were photographed in the same group
135 km northwards in December 2012 at the main entrance of the GB,
where they were assigned as BG 097, 096 and 098, respectively (Table
2, Figure 3). In previous sightings, SEP 411 and 481 shared the same
group on at least three occasions, while SEP 783 was sighted only once
in the SPB. These three Guiana dolphins have been sighted in the same
group inside the GB. For S. guianensis, the estimated range of 135 km
is so far the longest distance reported for an individual dolphin.

2. Multi-species

Along the coast of Sdo Paulo state, eleven cetacean species (23% of
the total reported in Brazilian waters) were reported between December
2012 and December 2014 after 13 cruises. The analysis of 30,541
photographs resulted in 11 catalogs, with the number of identified
individuals represented in parenthesis: Guiana dolphin, S. guianensis (2),
common bottlenose dolphin, Tursiops truncatus (121), Atlantic spotted
dolphin, Stenella frontalis (162), long-beaked common dolphin, Delphinus
delphis (14), rough-toothed dolphin, Steno bredanensis (71), orca, Orcinus
orca (6), La Plata dolphin, Pontoporia blainvillei (1), humpback whale,
Megaptera novaeangliae (1), Bryde’s whale, Balaenoptera edeni (6),
dwarf minke whale, Balaenoptera acutorostrata (3), and Antarctic minke
whale, B. bonaerensis (1). On the Rio de Janeiro state coast, the following
species (n=4; 8% of the total reported in Brazilian waters) were reported
to have individually marked individuals: T truncatus (21), S. bredanensis
(139), O. orca (9), and B. edeni (12). These individuals were identified
from the analysis of 13,224 photographs.

3. Rough-toothed dolphins, Steno bredanensis

Three cataloged rough-toothed dolphins (SBRJ 005, 025 and 030),
first seen in coastal waters of Rio de Janeiro state in November 2009,
were reported in the same group in December 2013 in areas closer to
shore and 240 km southwards near the shoreline of Sdo Paulo state (SB
027, 029 and 030) in July 2014 (Table 2, Figure 4). Water depth where
these dolphins were observed ranged from 16 to 52.7 m.
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Table 2. Matching of 15 cataloged individuals of 4 cetacean species monitored along the southeast coast of Brazil from 1995 to 2014. Catalog numbers are presented

Cetacean movements in coastal waters of the southwestern atlantic ocean

(ID), as well as date and locations of first and last sightings related to the longest travelled distances, which is shown in the last column.

Species D Date 1% Lat/Long 1% D Date Last Lat/Long Last Distance
P Sighting Sighting Sighting Sighting (km)
PR 001 10 MAY 02 25°17'S/48°19'W | KN 363 210AUG 09 24°58'S/47°56'W 124
KN 300 23JANO5  25°03'S/47°54'W PR 115 10 FEB 08  25°28'S/48°19'W 86
. KN 251 210CTO01  25°03'S/47°54'W PR 116 10 FEB 08 25°20'S/48°14'W 89
gz;;’zgnsis KN 209 09NOV 00  25°04'S/47°56'W PR 121 11 FEB08  25°19'S/48°12'W 121
SEP 481 18 MAR 06 23°00'S/43°57S'W | BG 096 12NOV 14 22°50'S/43°09'W 135
SEP 411 19FEB 08  22°59'S/43°57S'W |  BG 097 12NOV 14 22°50'S/43°09'W 135
SEP 783 19JAN 12 22°59'S/43°58S'W | BG 098 12NOV 14 22°50'S/43°09'W 135
SBRJ 005 SB 027
Steno SBRJ 025 12NOV 09 22°46'S/43°08'W SB 029 31JUL 14 23°46'S/45°00'W 240
bredanensis
SBRJ 030 SB 030
ORJ 003 00 006
Orcinus orca I5NOV 12 22°59'S/43°05'W 07DEC 12 23°58'S/45°33'W 277
ORJ 004 00 002
BE 001 06 DEC 12 23°43'S/45°07'W RJ 002 22FEB 13 22°58'S/42°52'W 250
55£anop tera BE 004 27NOV 13 24°23'S/46°04'W RJ 005 04 APR 14 23°04'S/43°12'W 327
BE 005 29JAN 14 23°31'S/45°05'W RJ 008 16 MAR 14 23°00'S/43°02'W 218

Figure 2. Map showing the estimated distances precluded by four Guiana dolphins switching between the Paranaguéa Estuarine Complex in the
state of Parana (PR) and the Cananeia Estuary in the state of Sdo Paulo (SP), southeastern Brazil, from November 2000 to August 2009. Each
symbol represents one individual dolphin. The first sighting date is shown at the left column and the latest at the right one. Icons (¥) and (**)
represent individuals sighted in the same date but in different groups.
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Figure 3. Map showing the estimated distances precluded by three Guiana dolphins switching between the Sepetiba bay and the Guanabara bay, both in the
state of Rio de Janeiro (RJ), southeastern Brazil. The first sightings of each cataloged individual occurred in Sepetiba bay between March 2006 and January
2012, and the latest sighting of the three cataloged individuals in the same group occurred in November 2014.

Figure 4. Map showing the estimated distances precluded by two identified rough-toothed dolphins in the same group in both sightings (A), two killer whales
(o) also in the same group in both sightings, and three Bryde’s whales never reported together (o) between 2009 and 2014 along the coast of the states of
Sao Paulo (SP) and Rio de Janeiro (RJ), southeastern Brazil.
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4. Orcas, Orcinus orca

In a 27-day interval between November and December 2012, a
group of 16 orcas travelled approximately 277 km in shallow coastal
waters ranging from 20 to 30 m deep. Two cataloged individuals of the
monitored group on the coast of Rio de Janeiro (OORJ 003 and 004)
were re-sighted in Sdo Paulo coastal waters (OO 002 and 006) (Table
2, Figure 4).

5. Bryde s whales, Balaenoptera edeni

In summer months between 2012 and 2014, three Bryde’s whales
sighted in waters ranging from 14 to 49 m deep, travelled distances
between 218 and 327 km (Table 2, Figure 4). All movements occurred
northwards from S&o Paulo to Rio de Janeiro coastal waters in late spring
and summer. One adult individual (BE 001), sighted in December 2012
on the northern coast of Sdo Paulo state, was re-sighted in the same
summer season in February 2013 on the Rio de Janeiro state coast (RJ
002), travelling an estimated distance of 250 km after the first sighting.
This adult individual was also re-sighted in February 2014 close to the
same spot on the coast of Rio de Janeiro. The longest travelled distance
was reported for the adult individual BE 004 (=RJ 005), which covered
around 327 km between November 2013 and February 2014. Another
re-sighting on 04 April 2014 was reported at an intermediate location
almost at the same place. The last of the re-sighted individuals was an
adult female followed by a young calf, seen in January 2014 on the
northern coast of Sdo Paulo state (BE 005), both re-sighted on three
occasions from February to March 2014 on the coast of Rio de Janeiro
state (RJ 008), after travelling ca. 218 km in 28 days.

Discussion

1. Photo-identification technique and gathered results

To evaluate cetacean movements in coastal waters of southeast
Brazil, the authors relied on photo-identification. Although it seems
to be cheaper when compared to the use of telemetry to gather
information on individual movements, the cost involved in regular
cruises conducted in time and space should be considered if the
aim is to conduct longer-term studies. The time spent organizing
and examining photographs, updating catalogs and looking for
matches after seasons of field campaigns is considerably higher when
compared, for instance, to analyzing satellite tagging location data
(see Hammond et al. 1990, Hussey et al. 2015). However, photo-
identification provides data on movements over a longer window of
time when compared to tagging, and allows investigators to gather
additional information on social organization, population abundance,
calving intervals, etc. (see Hammond et al. 1990). One of the drawbacks
of photo-identification is because it is not always guaranteed that all
individuals in a group are precisely photographed, which adds to bias
on results imposed by the selection and manipulation of images (Urian
et al. 2015). Even with several drawbacks, photo-identification is the
modus operandi to investigate cetaceans in their element in developing
countries. However, it is not always guaranteed that research groups
will be able to gather financial support to invest in longitudinal studies
in those countries. This is the main reason why research efforts are
usually unevenly distributed in time and space, as shown in this study.
Notwithstanding, the results presented here are highly valuable based
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on the persistence of a few cetacean research groups working in a long
stretch of coastal waters (ca. 700 km) in Latin America over the past
20 years.

To date, the presented data and results are the outcome of the
longest-term and largest-range photo-identification cetacean multi-
species survey along the coast of Brazil. The authors analyzed 278,000
photographs to identify and follow 1,315 Guiana dolphins: possibly
the largest numbers throughout the whole distribution of this shy and
relatively small cetacean species. Movements of individuals belonging
to four poorly known cetacean species in coastal waters of the SAO were
detected, providing important clues to how they use the area. Added to
the observations of Guiana dolphins, the analysis of 43,765 photographs
helped to identify 578 individuals of 11 cetacean species, including
rough-toothed dolphins, orcas and Bryde’s whales, which were the
other targets of the present study. Considering the whole study, authors
analyzed 333,919 photographs to identify a total of 1,893 individuals.

2. Guiana dolphins, Sotalia guianensis

Even though the Guiana dolphin is the most common cetacean
species dwelling along the coast of Brazil, the knowledge on individual
movements is restricted to several bays and estuaries. In the present
study, not only were visits to coastal waters by dolphins considered
resident to bays and estuaries observed, but also longer-range
movements between protected sites. The observed switches of
individuals using two of the surveyed estuarine basins (CE and PEC)
possibly occurred through coastal waters, as Guiana dolphins have never
been reported in the man-made inner connective waters between the
two larger monitored estuarine sites. The same pattern of coastal water
movement was observed for three individuals that switched between the
two surveyed protected bays in Rio de Janeiro (SEP and GB). Longer
travel distances ranged from 86 to 135 km, when individuals left one
surveyed estuary/bay and entered another, representing the longest
reported travelled distances by Guiana dolphins to date.

This leads to whether these long-range movements observed for
several Guiana dolphins should be considered dispersal, defined as
a permanent displacement of an individual from one area to another
(Stern 2009). The most striking difference between dispersal and
foraging movements lies in spatiotemporal scales, where the latter is
performed within a home range and several times per day (Jeltsch et
al. 2013). Dispersal is closely related to the metapopulation conceptual
framework, which is defined as “populations connected by the dispersal
of several individuals between them” (Hanski & Gaggiotti, 2004).
Dispersal reduces the risk of population extinction and maintains genetic
heterozygozy (Stern 2009), which, in turn, is important in changing
environments facing anthropogenic influences and/or climate change.
All the reported seven individuals that moved between two estuaries/
bays have, so far, made permanent switches. The observed dispersal
movements are likely to be the first data leading to an understanding
of Guiana dolphins in a metapopulation context, providing better
understanding of their distribution and area utilization in part of their
geographic range.

3. Rough-toothed dolphins, Steno bredanensis

In the present study, a longer-range movement (270 km) on a larger
time scale (3 years) was observed, showing that researchers chose
reliable natural marks to catalog and follow individuals in time and
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space. Both sightings and re-sightings occurred in shallow depths (16
to 52.7 m), reinforcing the use of shallower waters by S. bredanensis
in southeastern Brazil. The three monitored individuals were seen in
the same group on three occasions in five years, interesting evidence
of close associations among them. The first support for strong bonds
among individually marked rough-toothed dolphins was found in a
survey conducted around Utila Island, Honduras (Kuczaj & Yeater,
2007). In that study, a total of 12 individuals monitored through
photo-identification showed strong site fidelity to local waters, as well
as high association indices among themselves. Rough-toothed dolphins
have been sighted in all seasons in the surveyed area. They may use a
wider area, ranging from coastal to neritic waters, to cope with their
biological and ecological requirements to survive. The movement of
two rough-toothed dolphins of around 480 km was observed in Hawaii
using photo-identification (Baird et al. 2008), showing clues that these
dolphins are likely to have large home ranges.

4. Orcas, Orcinus orca

In this study, in a 27-day interval, a group of 16 orcas travelled
around 277 km after sightings in shallow coastal waters (20 to 30 m). To
date, this is the only available information on movement of a group of
orcas along the Brazilian coast. Orcas are social mammals and usually
form social units containing a few to 20 or more individuals (Ford
2009). Thus, information on movements should be properly associated
with these social units when the aim is to evaluate the importance of
these movements to specific populations/stocks. Caution should thus
be taken when considering the movement of ca. 600 km by a lone
individual male reported in southeast Brazil (Santos & Netto, 2005,
Lodi & Farias-Junior 2011), where it was witnessed killing and feeding
on a La Plata dolphin (Santos & Da Silva 2009). The feeding habits
of orcas usually drive the range of their movement patterns, with fish
specialists generally showing relatively shorter ranges when compared
to mammal-eating orcas (Bigg et al. 1990, Baird & Dill 1995, Ford &
Ellis 1999). The available data on feeding items, identified from both
washed ashore individuals and live individuals, witnessed foraging and
feeding activities along the Brazilian southern/southeastern coast to
include cephalopod, fish (e.g., stingrays, weakfish, tuna and swordfish)
and cetacean species (see a review in Santos & Netto, 2005). A more
detailed evaluation on the feeding habits of orcas, based on the use of
additional tools such as stable isotopes and fatty acids, may possibly
drive the investigators to the description of the existence of different
social units/stocks in the coast of Brazil. Although orcas were witnessed
attacking and killing Bryde’s whales elsewhere (Silber et al. 1990, Alava
etal. 2013), and both species have been commonly found in late spring
and summer in the surveyed waters, this kind of interaction was still
not reported in the studied area.

5. Bryde’s whales, Balaenoptera edeni

Three adult Bryde’s whales travelled distances ranging from 218 to
327 km in a two-year period, sighted in shallow coastal waters from 14
to 49 m. These are the largest known ranges reported for B. edeni in the
SAO. A previous investigation witnessed shorter-range movements of
three individually marked Bryde’s whales over a maximum distance of
126 km along the coast of Rio de Janeiro (Figueiredo et al. 2014). In all
three sightings reported here, individuals were first sighted on the Sdo
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Paulo state coast at the end of spring and early summer, then moved
northwards to the coast of Rio de Janeiro where they were sighted from
mid to the end of summer. The considerably small sample size drives
us to avoid assessing seasonal patterns. A general pattern of migration
towards the Equator in winter and to higher latitudes in summer was
described elsewhere for other ocean basins (see Kato & Perrin 2009).
Their destination in colder months in southeast Brazil remains a mystery.
However, the influence of a cold and highly productive water mass,
known as the South Atlantic Central Water (Sverdrup et al. 1942, Castro
etal. 2006), may be responsible for the aggregation of their food supply
in southeast Brazil in late spring and summer months, which is likely
to represent the main trigger for their seasonal higher sighting rates.

6. Final outcomes

In conclusion, with the support of photo-identification, the
first insights on long-range movements of four cetacean species
were described for a poorly known area of the SAO. The reported
observations regarding 15 individuals of four species represent
important insights on cetacean movements in southeast Brazil. So
far, these are the longest-range movement estimates reported for S.
guianensis, S. bredanensis, O. orca and B. edeni in the surveyed area.
Except for Guiana dolphins in a few estuarine basins, for the three other
cetacean species presented here, there is no available information on
their abundance, seasonality of local coastal water utilization, or even
data on life history traits in the SAO. As a consequence, the clues
presented here begin to pave the next steps to better understand the
dynamics related to cetacean movements in local coastal waters, as well
as to better investigate further aspects of their biology and ecology. Other
cetacean species have also been found in the surveyed area (see Santos
etal. 2017). Their shorter-range movements are under investigation and
should provide clues on the role they play in spatiotemporal cetacean
biodiversity patterns.

For the four cetacean species studied here, two are categorized
as “data deficient” by the IUCN (O. orca and B. edeni), one as “near
threatened” (Sotalia guianensis) and, although still poorly known, S.
bredanensis is listed in the category “least concern” (see Hammond
et al. 2012, Reilly et al. 2012, Taylor et al. 2013, Secchi et al., 2018).
That makes absolutely clear that studies on the dynamics of cetacean
movements are still in need in most ocean basins.
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Abstract: Trechopper assemblages were sampled in four semi-arid areas of caatinga in Northeast Brazil during the
rainy seasons of 2016 and 2017, using three different capture methods. The areas are located in two Ecoregions of
the Caatinga: “Depressdo Sertaneja Setentrional” (Northern Sertaneja Depression) and “Planalto da Borborema”
(Borborema Plateau). A total of 2,394 individuals of 43 species were sampled, corresponding to approximately
87% of the mean estimated species richness for all four areas. The species richness varied among the areas from
14 to 21, while the abundance of individuals ranged from 129 to 1860. Eighteen species were shared among areas,
of which only Enchenopa eunicea, Sundarion sp. 1, Ceresa vitulus and Erosne parvula occurred in all four due to
the general behavior of the first three and the wide distribution of host plant of Erosne parvula - Mimosa tenuiflora.
Twenty-five species occurred only in one area, of which 23 were categorized as rare with a maximum of eight
individuals sampled, and seven with only one individual collected (singletons). Considering that the Caatinga
Domain possesses at least nine Ecoregions with different climates, geomorphology and vegetation, along with
marked endemism of plants, it is expected that the species richness of treehoppers will increase substantially on
a regional scale.

Keywords: biodiversity, Neotropical Region, host plants, treehoppers.

Taxocenoses de membracideos (Membracidae, Auchenorrhyncha) de quatro areas de
caatinga do semi-arido do nordeste do Brasil

Resumo: As taxocenoses de membracideos foram amostradas em quatro areas de Caatinga do semiarido do Nordeste
brasileiro, durante a estagdo chuvosa de 2016 ¢ 2017, utilizando trés métodos distintos de captura. Essas areas
estdo inseridas em duas Ecorregides da Caatinga, Depresséo Sertaneja Setentrional e Planalto da Borborema. Um
total de 2.394 individuos pertencentes a 43 espécies foram amostrados, correspondendo a aproximadamente 87%
da riqueza de espécies média estimada para o conjunto das quatro areas. A riqueza de espécies por area variou
de 14 a 21, enquanto a abundéncia de individuos variou de 129 a 1860. Dezoito espécies foram compartilhadas,
mas apenas Enchenopa eunicea, Sundarion sp. 1, Ceresa vitulus e Erosne parvula ocorreram em todas as areas,
em decorréncia do comportamento generalista das trés primeiras espécies e da distribuicdo ampla da planta
hospedeira de Erosne parvula - Mimosa tenuiflora. Vinte cinco espécies foram exclusivas, ocorrendo em apenas
uma das areas, sendo 23 dessas categorizadas como raras, com no maximo oito individuos amostrados, e sete
com apenas um Unico individuo coletado (singletons). Tendo em vista que o Dominio da Caatinga possui, pelo
menos, nove Ecorregides, com diferentes caracteristicas de clima, geomorfologia e vegetagdo, inclusive com uma
marcante taxa de endemismo de plantas, ha expectativa que a riqueza de espécies de membracideos possa aumentar
substancialmente numa escala regional.

Palavras-chave: biodiversidade, Regido Neotropical, plantas hospedeiras, membracideos.
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Introduction

Treehoppers (Membracidae) are phytophagous hemiptera of the
suborder Auchenorrhyncha. They frequently go unnoticed by most
people because the elaborated form of the pronotum often resembles
parts of the plant son which they occur Deitz 1975. They are mostly
found on the most sun-exposed parts of their host plants (Funkhouser
1951), such as new branches, inflorescences and infructescences
(Haviland 1925), where they suck sap and, as result, excrete honeydew,
which attracts mainly bees and ants with which they establish mutualistic
relationships (Loye 1987, Del Claro & Oliveira 1999, Delabie 2001).

The treechopper fauna, and their geographic distributions, were
initially recorded systematically by Funkhouser (1927). Supplements
to this first catalog have since been published (Metcalf & Wade
1965, McKamey 1998). The last supplement included about 3,300
species distributed in six zoogeographic regions, the richest being the
Neotropical Region with about 43% of the total species. Currently,
686 species have been recorded in Brazil (Evangelista et al. 2018),
but the real richness is likely much higher considering the low number
of researchers in the country devoted to the group, numbers gaps in
sampling of the main phytogeographic domains of Brazil and difficulties
accessing canopy fauna, where most of the species occur.

The Caatinga encompasses an area of 912,529 km?, representing
10.7% of'the area of Brazil, and is composed of Seasonally Dry Tropical
Forests (SDTFs) of the Neotropical Region (Silva et al. 2017). A
significant proportion of the country’s population lives in this region, but
since no public policy for maintaining ecosystems was in effect during
their occupation, less than 2% of the area is protected as full protection
Conservation Areas (Tabarelli et al. 2000). The rhetoric that prevailed
in the past, that the Caatinga harbored few species and therefore had
low conservation priority, no longer finds support among the scientific
community. The high number of endemic species described each year
is a testament to their differentiated diversity and, at the same time,
to the lack of knowledge about them (Bellini 2014, Mariano & Costa
2014, Carvalho & Bravo 2014, Lecci et al. 2014, Vasconcellos & Moura
2014, Credo-Duarte et al. 2017, Ernesto et al. 2018).

The climate of the Caatinga is marked by two well-defined seasons
(drought and rain) that affect the dynamics of all the biotic components
of the ecosystem. Precipitation and relative humidity are the main
climatic variables that predict an increase in plant biomass, which in
turn substantially alter the life cycle of animals and, consequently, all
the biological activities performed by these organisms (Vasconcellos
et al. 2010). The rainy season determines significant changes in the
abundance of insects (Gusmao & Credo Duarte 2004, Iannuzzi et al.
2006, Vasconcellos et al. 2010, Liberal et al. 2011) and, consequently,
increases in reproduction, predation, parasitism (Fogden 1972, Wolda
1978) and foraging (Janzen & Schoener 1968).

Research on treehoppers (Membracidae) of the Caatinga has had the
aim of describing new species (Credo-Duarte & Rothéa 2006, Rothéa
& Credo Duarte 2007) or emphasizing aspects of their ecology, such as
insect/host plant relationships (Credo-Duarte et al. 2012, 2016). Strictly
speaking, the present study represents the first systematized effort to
inventory the fauna of Membracidae in the Caatinga by describing
its abundance and species richness in four areas of located in two
Ecoregions of Northeast Brazil.

http://www.scielo.br/bn

Material and Methods

1. Study areas

The study was developed in four areas of caatinga in the
state Paraiba, Brazil. (i) RPPN Fazenda Almas (RPFA) (centered
approximately at 7°28°12”’S, 36°53°52”W): this area is located in the
municipalities of Sdo José dos Cordeiros and Sumé, has an area of 3,505
ha and a maximum elevation of 720 m. The mean annual precipitation
is 600 mm, and the climate is classified as BSh (Koppen 1948). The
vegetation is open arboreal, with low levels of anthropic disturbance
(Lima & Barbosa 2014, Barbosa et al. 2015). (ii) Serra de Santa Catarina
(SESC) (centered at approximately 7°00°46”’S, 38°11°12”’W): this
area is located in the municipalities of Nazarezinho and Sao José¢ da
Lagoa Tapada, has an area of 11,210 ha, and a maximum elevation of
830 m. The mean annual precipitation is 892 mm, and the climate is
classified as 4ath, that is, hot tropical and markedly dry (Bagnolds. &
Gaussen 1963). Seasonal deciduous caatinga occurs in areas at higher
elevations, and possess high aerial biomass and great potential for
conservation of Caatinga biodiversity (Giulietti et al. 2003, Ernesto et al.
2018). (iii) Parque Ecoldgico Engenheiro Avidos (PEEA) (6°59°12”S,
38°27°22”W): this area is located in the municipality of Cajazeiras, has
area of 181.98 ha and a maximum elevation of 290 m. The mean annual
precipitation is 870 mm, and the climate is classified as 4w (K&ppen).
The vegetation is shrubby and open, and exhibits clear signs of recent
anthropic impacts (Feitosa et al. 2002). (iv) Parque Estadual da Pedra
da Boca (PEPB) (6°27°32”S, 35°40°38”W): this area is located in the
municipality of Araruna, has an area of 157 ha and a maximum elevation
of 400 m. The mean annual precipitation is 950mm, and the climate is
classified as BSh (Koppen). The vegetation is shrubby with high levels
of anthropic disturbance. The first three study areas are located in the
“Depressao Sertaneja Setentrional” (Northern Sertaneja Depression) and
the last in “Planalto da Borborema” (Barborema Plateau), according
to the classification of Caatinga Ecoregions proposed by Velloso et
al. (2002).

2. Collection protocol

Treehoppers were captured in each area during four expeditions
during the rainy season of 2015 (PEEA and PEPB) and 2016 (RPFA
and SESC), using three methods: yellow adhesive cards, light traps and
active collection. The two-sided (11 x 21cm) adhesive cards (PROMIP®)
were arranged in the study areas at two heights — up to 1.5m and the
tree canopy — separated from each other by at least 20m and from the
edge by 50m. The cards were thrown into the canopy with the help of
a slingshot, (Durepox®) spheres and throwing lines. Thirty cards were
placed at each height for a total of 60 cards per area. Each card was
considered a sample unit and remained in the field for five days. The
insects collected with adhesive cards were removed from the glue using
Varsol® solvent for 24h followed by acetone.

The light trap was equipped with a 250w and 220v mixed mercury
light, powered by a 60Hz and ~700W portable gasoline generator,
against a white fabric background (2.0 x 2.0m). For this method, 90
minutes of collection was considered a sample unit, with 10 sample
units being performed in each area. The distance between traps was
100m.
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Active collection was performed along a transect of about
1,200m, distributed along trails and in the edges of the forest, using an
entomological net, plastic bags and killing-jars to capture insects seen
up to the reach height of the entomological net (about 4m). Active
collection sampled a total of 30 sampling units of 30m each spaced at
10m intervals along the transect.

The entire collection protocol employed four people experienced
in collecting trechoppers over the course of five days at a cost $200 per
area, including food, adhesive cards and fuel. After mounting and drying,
the specimens were incorporated into the Coleg¢do (Entomoldgica) do
Departamento de Sistematica e Ecologia (DSEC)/UFPB.

3. Data analysis

EstimateS 9.1 software (Colwell 2000) was used to estimate species
richness through the Chaol estimator and to construct the collector
curve. In this case, as the abundances are very different between the
areas, we chose to relate the richness to the number of samples, which
had the same strength per area, one hundred samples. In all cases the data
were submitted to 1000 randomizations without replacement (Walther &
Moore 2005, Colwell 2006). The amount of additional effort, in terms
of individuals required to reach 95% (g = 0.95) and 100% (g = 1) of
the estimated richness was calculated by Chao et al. (2009). Finally,
differences in species composition between areas were illustrated using
a Venn diagram constructed with Venny 2.1 software (Oliveros 2015).

Results

Atotal of 2,394 treehoppers, belonging to 43 species and 24 genera,
were collected in the four caatinga areas (Table 1). The total species
richness sampled (43 spp.) corresponded to 93,26% of total estimated
richness (46.11 spp.) (Table 2) and the additional effort to reach 95%
(g=10.95) and 100% (g = 1) of the species richness in the areas would
require an increase in the collection effort to 1,300 and 4,391 individuals,
respectively.

The observed species richness varied among areas, ranging from
14 to 21, with estimates ranging from 14.0+0.1 to 26.0+5.5 (Chaol)
(Table 1 and 2). The trend-lines produced (the species accumulation
curves) suggest that increased sampling effort in SESC and PEPB would
have a high likelihood increasing significantly the species richness of
these areas (Figure 1).

The number of individuals per area ranged from 129 (RPFA) to
1,860 (SESC), with Melusinella nervosa being the most abundant in
two of the areas. More broadly, dominance of the assemblages was
such that only three species, Melusinella nervosa, Ervosne parvula and
Sundarion sp. 1, were responsible for approximately 79% of all the
individuals (Table 1). In the set of assemblages, seven species had only
one individual collected (singletons), with areas possessing 1 (PEEA),
2 (PEPB) and 4 (SESC).

Eighteen species were shared between two, three or four areas,
with Erosne parvula, Sundarion sp. 1, Enchenopa eunicea and Ceresa
vitulus being the species that were collected in all areas or, in other
words, 9.3% of the species. However, the number of exclusive species
was 25, with SESC being the area with the highest number of species
(12) in this category (Figure 2).
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Discussion

When the species richness of the present study (43 spp.) is combined
with other pre-existing records in DSEC Entomological Collection, the
total treehopper species richness for the Caatinga in Paraiba reaches 64.
Furthermore, 30 (46,8%) of these species represent exclusive records
for the Caatinga Domain of this state and so have a high likelihood of
being endemic species. In addition, 20 species of this total may be new
to science, although only two Ecoregions of the Caatinga have been
explored: “Depressdo Sertaneja Setentrional” (RPFA, SESC and PEEA)
and “Planalto da Borborema” (PEPB).

Treehoppers are phytophagous insects and the dominance of
these species in an environment is a function of an equally abundant
occurrence of plants (resources) that hosts these Hemiptera (Wallace,
2008). Melusinella nervosa was the most abundant species in the
present study, having been recorded in three of the four areas and with
1,509 individuals having been captured in RPFA alone, where its most
important host plant, Sida galheirensis Ulbr. (Malvaceae), occurs in
abundance as well. In a study of niche overlap in the Caatinga, using
only active collection, Enchenopa concolor, E. eunicea and E. minuta
were found to be the most abundant species, and were collected in
association with eight, nine and four species of host plants, respectively
(Credo-Duarte et al. 2012).

The number of species shared by two or more areas (18) was less
than the number of exclusive species (25). We believe that the sharing
of species between areas may be more likely for generalist species or
when a species-specific host is widely distributed. Enchenopa eunicea,
Erosne parvula, Sundarion sp. 1, and Ceresa vitulus, were the only
species shared by all four areas of the present study. Of these, E.
eunicea is a generalist species, Sundarion sp. and Ceresa vitulus have
been recorded for four host plants, and Erosne parvula was collected
on Mimosa tenuiflora (Wild.) Poiret (Fabaceae), a common Caatinga
plant, with eight species of treehoppers already recorded using it as a
host in this domain (Credo-Duarte et al. 2012).

Among the exclusive species (25), 23 were represented by eight
or fewer individuals; that is, they were rare species in the assemblage
(Table 1), but host specificity among treehoppers is more relevant
to species of temperate regions, since tropical species tend to be
polyphagous (Wood 1984, 1993). Lopes (1995) listed 26 species of
treehoppers for the Cerrado, which occurred on 40 species of host
plants, about 27% of which were recorded for a single host plant.
The scope of this study, however, did not seek to identify host plants,
although a study of Membracidae niche overlap in the Caatinga found
that only about 15% of the species were associated with a single host;
thus, the generalization of Wood (1984, 1993) also applies to Caatinga
treehoppers.

Comparing the 26 species collected in a locality of the Cerrado by
Lopes (1995) with the 43 species collected in the Caatinga reveals that
only three species are common to both biomes: Enchenopa concolor,
Enchenopa gracilis and Prorcyrta pectoralis. The two species of
Enchenopa have broad distributions, ranging from Central America
to southern Brazil (McKamey 1998). In the Cerrado, E. concolor was
only recorded on Bauhinia holophylla Steud (Leguminosae), while E.
gracilis was recorded on six host plants from six different botanical
families. In the Caatinga, E. concolor was recorded on eight different
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Table 1. Species richness and abundance of Membracidae in four areas of caatinga in the state of Paraiba, Brazil.

Species RPFA SESC PEEA PEPB N N (%) N ac (%)
Melusinella nervosa (Fairmaire) 1509 0 14 53 1576 65.83 65.83
Erosne parvula Evangelista & Sakakibara 145 1 69 4 219 9.15 74.98
Sundarion sp.1 68 10 4 89 3.72 78.7
Paraceresa sp.1 0 23 55 78 3.26 81.96
Tolania sp. 5 27 0 31 11 69 2.88 84.84
Stictopelta sp. 29 0 18 11 58 2.42 87.26
Enchenopa eunicea Rothéa & Credo-Duarte 16 1 9 29 55 2.3 89.56
Procyrta pectoralis (Fabricius) 3 37 0 1 41 1.71 91.27
Notocera sakakibarai Credo-Duarte & Rothéa 12 0 2 9 23 0.96 92.23
Hygris beckeri Sakakibara 0 1 18 22 0.92 93.15
Micrutalis diminuta Sakakibara 0 19 0 0 19 0.79 93.94
Ceresa vitulus (Fabricius) 1 2 13 1 17 0.71 94.65
Peltosticta yonkei Sakakibara 15 0 0 2 17 0.71 95.36
Enchenopa gracilis (Germar) 4 0 0 11 15 0.63 95.99
Tolania sp. 4 15 0 0 0 15 0.63 96.62
Enchenopa minuta Credo-Duarte & Rothéa 0 0 8 0 8 0.33 96.95
Amastris sp. 1 2 0 0 4 6 0.25 97.2
Ceresa ustulata Fairmaire 1 5 0 0 6 0.25 97.45
Enchenopa concolor (Fairmaire) 0 5 0 0 5 0.21 97.66
Euwalkeria sp. 0 5 0 0 5 0.21 97.87
Heteronotus sp. 1 0 4 0 0 4 0.17 98.04
Sundarion sp. 2 1 0 2 1 4 0.17 98.21
Tolania sp. 2 4 0 0 0 4 0.17 98.38
Tolania sp. 1 1 0 0 3 4 0.17 98.55
Cymbomorpha sp. 1 0 3 0 0 3 0.13 98.68
Heteronotus sp. 2 0 3 0 0 3 0.13 98.81
Notocera colavitei Credo-Duarte & Rothéa 0 3 0 0 3 0.13 98.94
Tolania sp. 3 1 2 0 0 3 0.13 99.07
Amastrini sp. 0 0 0 2 2 0.08 99.15
Amastris sp. 2 0 0 2 0 2 0.08 99.23
Amblyophallus sp. 2 0 0 0 2 0.08 99.31
Cymbomorpha sp. 2 0 0 0 2 2 0.08 99.39
Darnis sp. 0 0 2 0 2 0.08 99.47
Micrutalis sp. 0 0 0 2 2 0.08 99.55
Paraceresa sp. 2 0 2 0 0 2 0.08 99.63
Philya longicauda Sakakibara 0 0 0 2 2 0.08 99.71
Cymbomorpha nigrofasciata (Fairmaire) 0 0 0 1 1 0.04 99.75
Lycoderides olivae Sakakibara 0 1 0 0 1 0.04 99.79
Micrutalis binaria Fairmaire 1 0 0 0 1 0.04 99.83
Ramedia pauperata Credo-Duarte & Sakakibara 0 1 0 0 1 0.04 99.87
Smiliorachis sp. 2 0 1 0 0 1 0.04 99.91
Smiliorachis sp. 3 0 1 0 0 1 0.04 99.95
Tynelia longula Burmeister 0 0 0 1 1 0.04 99.99
Abundance 1860 129 230 175 2394 100

Species richness 21 20 14 21 43
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Table 2. Values of richness observed and estimated.
RPFA SESC PEEA PEPB TOTAL

Species Richness 21 20 14 21 43
Singletons 6 6 1 5 7
Doubletons 2 3 4 5 8
Chao 1 = SD 26.0£5.5 23.7+4.2 14.0£0.1 22.742.2 46.11+£3.1
Sampled richness % 80.77 84.39 100.00 90.09 93.26

The column “TOTAL” represents the combining of the four areas into 400 sample units.

Figure 1. Species accumulation curves for four areas of caatinga in the state
of Paraiba, Brazil.

Figure 2. Venn diagram for species of Membracidae, exclusive and shared, in
four areas of caatinga in the state of Paraiba, Brazil.

plant species, the most common being Indigofera suffruticosa Mill.
(Fabaceae) (Credo Duarte et al. 2012). The low proportion of common
species found between the domains may be historical and indicate that
the Caatinga and Cerrado are not the result of a single ancestral area,
as stated by Zanella (2010).

The species accumulation curves for each area translate the richness
estimates obtained with the Chaol estimator. The PEEA curve was the
only one that approached the asymptote, but the stopping rule was not

http://dx.doi.org/10.1590/1676-0611-BN-2018-0602

met due to the occurrence of a singleton, Hygris beckeri. In the other
three areas it was not possible to identify any stability trend and the
curves indicate that additional sampling efforts should be directed to
them in order to reach 95% and 100% of the estimated richness.

The Caatinga Domain makes up the richest area of Dry Seasonal
Tropical Forest in the New World, where more than 3,000 plant species
are found with an estimated endemism of 23% (Queiroz et al. 2017).
In this domain, which corresponds to 10.7% of the national territory,
there are at least 13 compositions of different vegetal physiognomies
distributed among nine distinct ecoregions (Veloso et al. 2002, Silva
et al. 2017). The heterogeneity of the Caatinga, the low similarity
between the sampled assemblages of treehoppers in different areas and
the large sampling gaps in this domain suggest that the biodiversity of
these insects will increase substantially with increased sampling effort,
especially in ecoregions not yet explored.
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Abstract: In order to assess the influence of the Trés Marias dam on the reproduction of the white piranha,
Serrasalmus brandtii, 1569 specimens captured from June 2011 to May 2012 in three sections of the Sdo Francisco
River basin were analyzed: section 1 = Trés Marias reservoir (TMR); section 2 = Sao Francisco River (SFR)
segment immediately downstream of TMR; and section 3 = SFR segment at the confluence with the Abaeté River.
Total length (TL), body weight (BW), gonadosomatic index (GSI), and gonadal maturation stages were determined
for each specimen, while vitellogenic follicle diameter, and absolute (AF) and relative (RF) fecundities were also
determined for females. Reproductive activity, including spawned females and spermed males, was recorded
throughout the year in the three river segments. Higher frequencies of females and males at the maturing/mature
stage were found in the November/December and January/February, which coincided with the period of higher
temperature, rainfall, and dissolved oxygen concentration. Mean GSI and vitellogenic follicle diameter were
higher in sections 1 and 3 than in section 2 (P <0.05), while AF and RF were higher in section 1 (P <0.05) than in
sections 2 and 3. The results of the present study showed that S. brandtii had lower reproductive performance in
section 2, probably due to thermal disturbances caused by the dam, thus confirming the influence of dams on the
reproduction of fish downstream from hydroelectric plant reservoirs.

Keywords: environmental impact, thermal disturbances, gonadal maturation.

A influéncia de um grande reservatério na atividade reprodutiva da piranha branca,
Serrasalmus brandtii (Liitken, 1875) no sudeste do Brasil

Resumo: Com o objetivo de avaliar a influéncia da barragem de Trés Marias na reprodugio da piranha branca,
Serrasalmus brandtii, foram analisados 1569 exemplares capturados de junho de 2011 a maio de 2012 em trés
trechos da bacia do rio Sao Francisco: se¢do 1 =reservatodrio de Trés Marias (RTM); se¢éo 2 =segmento do rio Sdo
Francisco (SRF) imediatamente a jusante do RTM; e secdo 3 = segmento RSF na confluéncia com o rio Abaeté.
O comprimento total (CT), peso corporeo (PC), indice de gonadossomatico (IGS) e estagio de maturacéo gonadal
foram determinados para cada amostra, enquanto o didmetro do foliculo vitelogénico, fecundidade absoluta (FA) e
relativa (FR) foram determinadas para fémeas. Nas trés se¢des estudadas, a atividade reprodutiva foi registrada ao
longo do ano, incluindo fémeas desovadas e machos espermiados. Maiores frequéncias de fémeas e machos na fase
de maturagdo/maduro foram encontradas nos meses de novembro/dezembro e janeiro/fevereiro, coincidindo com o
periodo de maior temperatura, precipitacdo e concentracdo de oxigénio dissolvido. O IGS médio e o diametro do
foliculo vitelogénico foram maiores nas se¢des 1 e 3 do que na sec¢do 2 (P <0,05), enquanto FA e FR foram maiores
na se¢do 1 (P <0,05) do que nas se¢des 2 e 3. Os resultados do presente estudo mostraram que S. brandtii teve
menor desempenho reprodutivo na se¢do 2, provavelmente devido a perturbagdes térmicas causadas pela barragem,
confirmando a influéncia das barragens na reproducdo de peixes a jusante de reservatorios de usinas hidrelétricas.
Palavras-chave: impacto ambiental, disturbios térmicos, maturagdo gonadal.
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Introduction

Most of the world’s major rivers have some kind of damming that
causes negative impacts to entire fish communities (Olden & Naiman
2010). Although important for economic development, dams cause
serious and irreversible impacts to the natural hydrological regime of
rivers including altering the downstream flow (Agostinho et al. 2010,
Nunes et al. 2015). Such impacts have been detected downstream of
several hydroelectric plants in different parts of the world (Clakson
& Childs 2000, Todd et al. 2005, Olden & Naiman 2010). In the Sao
Francisco River in the Southeast Region of Brazil, negative impacts of
the Trés Marias dam on the reproductive activity of the ichthyofauna
have been detected in migratory species, such as Prochilodus argenteus
(Arantes et al. 2010), Leporinus reinhardti (Weber et al. 2013) and
Brycon orthotaenia (Nunes et al. 2015), and foraging species, such as
Astyanax fasciatus and A. bimaculatus (Normando et al. 2014), but there
have been no studies evaluating impacts on typically sedentary species
or species pre-adapted to lentic environments such as Serrasalmus
brandtii.

Among Brazilian carnivorous fish, piranhas and pirambebas exhibit
a higher degree of agility in catching prey than other species due to their
voracity, especially when they inhabit lentic waters (Braga 1981). The
white piranha, S. brandtii, is native to Brazil and endemic to the Sao
Francisco River basin. It belongs to the Serrassalmidae family (Mirande
2010), which includes piranhas and pirambebas, which are voracious
carnivorous freshwater fish that are restricted to South America and
occur in Brazilian reservoirs (Jégu 2003). Males of the species perform
uni-parental care and the species is pre-adapted to lentic environments
(Braga 1981, Agostinho 2003).

Considering that studies related to the reproduction of S. brandtii
have only been conducted in lentic environments (Honorato-Sampaio et
al. 2015), the objective of the present study was to comparatively analyze
the reproduction of S. brandtii in three sections of the Sdo Francisco
River basin — the Trés Marias reservoir, a lentic environment, and two
lotic sections of the Sdo Francisco River — and to evaluate the impact
of the dam on the reproduction of the species.

Materials and methods

1. Study area

A total of 1569 specimens of S. brandtii were captured in three
sections of the Sdo Francisco River (SFR) basin: section 1 = Trés Marias
reservoir (TMR) (18°23°27” S, 45°13°12” W); section 2 = SFR in the
first 34 km downstream of the TMR (18°07°59” S, 45°14°01” W); and
section 3 = 34 to 54 km downstream of the TMR, after the confluence
of the SFR with the Abaeté River (18°00°49” S, 45°10°51” W) (Figure 1
and Table 1). Fish were sampled bimonthly from June 2011 to May
2012 using gill nets with meshes ranging from 3.0 to 7.0 cm between
opposite knots. The fish, if still alive, were killed by cross-sectioning
the cervical cord, following the ethical principles for animal handling
established by the Brazilian College of Animal Experimentation -
COBEA (www.cobea.org.br).

2. Sampling, biological indices, and biometry

All fish were dissected and measured for total length (TL), body
weight (BW), and gonad weight (GW). These biometric data were
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Figure 1. Study area in the Sao Francisco River (SFR) basin, showing the
locations of the studied sections: section 1 = Trés Marias Reservoir; section 2 =
section of the SFR above the confluence with the Abaeté River, extending from
the dam 34 km downstream to the confluence with the Abaeté River; and section
3 = section below the confluence with the Abaete River, extending from 34 to
54 km downstream from the dam.

used to calculate the gonadosomatic index (GSI = GWx100/BW) and
the Fulton condition factor (K = BWx100/TL?) for each of the three
river sections.

3. Histology, gonadal maturation stage and spawning type

For histological analysis, fragments from the middle region
of the ovaries and testes were fixed in Bouin’s fluid for 24 hr,
embedded in paraffin, sectioned at 5 pm thickness, and stained with
haematoxylin-eosin (HE). Stages of gonadal maturation, spawning
type, and the frequency distribution were established based on the
macro- and microscopic characteristics of the gonads and on variation
in the gonadosomatic index (Honorato-Sampaio et al. 2009, Weber et
al. 2013, Normando et al. 2014, Nunes et al. 2015, Brandao et al. 2017).

Size at first gonadal maturation was determined as the smallest
total length of females and males with gonads in the maturing/mature
stage from each section (Boncompagni-Junior et al. 2013, Brandao et
al. 2017).

4. Histometry, fecundity and sex ratio

The diameter of 50 vitellogenic follicles, with little shrinkage and
intact spherical shape, at the maturating/mature stage of development
was measured from histological slides using an Olympus BX 50 light
microscope with Olympus CellSens Standard 1.9 software.
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Table 1. Water temperature, dissolved oxygen concentration and pH for the three studied sections of the Sao Francisco River Basin (SFR) from June 2011 to May
2012: section 1 = Trés Marias dam; section 2 = SFR immediately downstream of the Trés Marias dam; and section 3 = confluence between SFR and Abaeté River.

Section 1 Section 2 Section 3
Mean = SD Mean = SD Mean + SD
Temperature (°C) 28.83£0.01 23.21+£0.57 2431 +£0.71
Oxygen (mg L") 9.65+0.01 5.55+1.67 7.97 +0.55
pH 6.58 +£0.06 5.83+£0.46 6.35+0.51
Flow (m® s) - 5702 £61.2 630.8 = 60.4

In order to determine fecundity, sub-samples of mature ovaries
(n=10 from for each section) were collected. Samples from the middle
region of the ovaries were fixed in a modified Gilson solution (100 ml
of 60% ethanol, 880 ml of distilled water, 15 ml of 80% nitric acid, 18
ml of glacial acetic acid, and 20 g of mercuric chloride). Dissociated
vitellogenic follicles were separated and counted under a stereoscopic
microscope. The number obtained in the sub-sample was extrapolated
for the total weight of the ovaries through the simple rule of three.
Absolute fecundity (AF) was calculated using the equation: AF =
OVA x GW, where OVA is the number of follicles per gram of ovary.
Relative fecundity (RF) was calculated using the equations TL (AF/
TL) and GW (AF/GW).

The sex ratio in the three sections of the basin was determined as
the ratio of the absolute frequency of females to that of males. The
chi-square test (x* p <0.05) was applied to detect possible differences
in the proportions between the sexes.

5. Statistical analysis

The variables of the three sections were tested for normality
(Shapiro-Wilk) and subjected to an analysis of variance to test for
significant differences in mean values of TL, BW, GSI, K, DF, AF,
AF/TL and AF/GW. The parametric Duncan test was used to compare
mean values. When the assumption of normality was not met, even
after appropriate transformations, the data were subjected to the
nonparametric Kruskal-Wallis test. A significance level of P < 0.05
was employed for all tests.

Results

A total of 992 specimens was collected in section 1 (522 females,
470 males), 349 in section 2 (216 females, 133 males), and 228 in section
3 (118 females, 110 males). There were slightly more females than males
in sections 1 and 3, but not significantly so (section 1 =2.72, section 3
=0.28), whereas females predominated in section 2 (section 2 = 19.74).

Females and males had statistically higher values for TL, BW,
and GSI in the section immediately downstream from the Trés Marias
reservoir (section 1), than in sections 2 and 3 (Table 2).

Three stages of gonadal maturation were established for adult
females (F) and males (M): F1 (16.87 £ 2.80)/M1 (16.43 £5.23 cm) =
resting; F2 (22.75 + 8.80 cm)/M2 (18.19+ 6.60 cm) = maturing/mature;
and F3 (20.79 £ 6.23 cm)/M3 (19.90 £ 6.80 cm) = spawned for females
and spent for males (Figures 2 and 3).

Fish in reproductive activity, including spawned females and
spermed males, were recorded throughout the year in all three sections.
The peak for spawned females and spermed males in the three sections
occurred in the bimonthly periods of November/December and January/
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February. A long reproductive period (Figure 4) and the occurrence of
spawning females with follicles in all stages of development, including
post-ovulatory folicles, confirm that S. Brandtii is a partial spawner.

Sections 1 and 3 had greater vitellogenic follicle diameters (p <
0.05) than section 2 (Table 2).

The size at first gonadal maturation for each section was: section
1 = females 14.2 cm and males 12.5 cm; section 2 = females 12.1 cm
and males 11.8 cm; and section 3 = females 12.8 cm and males 11.6
cm. Absolute fecundity (AF) and relative fecundity (RF), calculated
using TL and GW, were greater in section 1 (P < 0.05) than in sections
2 and 3 (Table 2).

Discussion

The results of the present study showed that S. brandtii reproduces
in all three of the analyzed sections of the Sdo Francisco River basin,
although with lower performance in section 2 immediately downstream
of the Trés Marias dam. The physical and chemical conditions of the
water in this section are known to be unfavourable for the reproduction
of several fish species (Sato et al. 2005). The lower reproductive
performance of S. brandtii in this section may be related to the
low dissolved oxygen and temperature of the water due to thermal
stratification of the reservoir during the summer and to water of the
hypolimnion entering the turbines, as well as the anthropic impact of
flow control (Santos et al. 2012). Impacts caused by the release of cooler
water with low dissolved oxygen have been detected downstream of
several other dams in different locations throughout the world (Clarkson
& Childs 2000, Donaldson et al. 2008).

Fish from sections 2 and 3 had significantly lower lengths and
weights than those from section 1, which may also be due to the negative
environmental impacts (Nikolsky 1963) immediately downstream of
the dam, as was also observed for Schizodon knerii (Brandao et al.
2016). Larger size at first gonadal maturation was observed for females
in section 1, which may be related to differences in environmental
conditions and food availability (Nikolsky 1963, Pawson et al. 2000).
It could also be related to the production of sex hormones, such as 17-
oestradiol, which is responsible for both the somatic growth and gonadal
development (Blazquez et al. 1998, Arantes et al. 2010).

The morphological characteristics of the ovaries and testes of S.
brandtii we found to be similar to those of other species of the family
Serrassalmidae (Honorato-Samapio et al. 2009). As has been reported for
other piranhas, the mature ovaries of S. brandtii exhibited asynchronous
development with follicles in different growth stages (i.e. perinucleolar,
cortical alveolar and vitellogenic follicles; Honorato-Samapio et al.
2009, Marcon et al. 2017). Three gonadal maturation stages for females
and males were established in the present study, which are similar
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Table 2. Biological variables for females and males of S.brandtii captured in three sections of the Sao Francisco River basin (SFR) from June 2011 to May 2012.
Section 1 = Trés Marias dam; section 2 = SFR immediately downstream of the Trés Marias dam; and section 3 = confluence of the SFR with the Abaeté River.
N =number of fish caught; TL = total length; BW = body weight; GSI = gonadosomatic index at maturing/mature stage; K = Fulton condition factor; DF = diameter

of the vitellogenic follicle; AF = absolute fecundity; relative fecundity RF = AF/TL and AF/gonadal weight (GW).

Females
Section 1 (n=522) Section 2 (n=216) Section 3 (n=118)
Range Mean + SD Range Mean + SD Range Mean + SD
TL 10.2-34.7 18.7£4.9 14.0-22.5 154 +2.6° 13.8-29.0 15.4+4.2°
BW 30.0 - 480.0 143.0 £ 104.0° 23.0-219.7 83.7+42.5° 26.0 - 432.0 85.0 +70.8°
GSI 0.7-3.6 2.1+0.9* 0.6-2.6 1.40 £0.6° 05-1.6 1.42+0.3%
K 1,2-32 1.90 £0.3 03-23 1.70 £ 0.4° 03-4.6 1.90 + 0.6
DF 622.9 - 1124.7 866.7 = 156.3* 544.6-1031.3 729.2 + 112.4° 619.3 -984.4 859.9 £ 112.5%
AF 6011.0 - 8700.0 7041.6 + 1105.5° 3277.0 - 4436.0 3856.5+579.5° 5393.0 - 5822.0 5607.5 £ 303.3%®
AF/TL 248.3 - 330.6 302.4 +£46.9° 192.7 - 208.2 200.4 +10.9° 190.8 - 199.0 194.9 +£5.8°
AF/GW 464.7 - 542.0 503.3 + 54.6° 272.3 - 360.6 316.4 + 62.4° 3733-377.2 3752 +£2.7%®
Males

Section 1 (n=470) Section 2 (n=133) Section 3 (n=110)
TL 10.0-31.5 17.4+£4.2° 13.0-22.0 149 +£2.8° 13.0-26.0 15.5+2.7°
BW 25.1-312.0 103.2 + 66.3° 22.4-216.0 77.2+42.7° 25.0-182.0 85.0 £40.8°
GSI 04-29 1.3+0.9° 0.3-0.9 0.4 +£2° 03-1.0 0.5+0.2°
K 04-29 2.0+0.42 04-32 1.8+0.6 1.0-3.5 1.9+0.3°

Data expressed as mean + standard deviation (SD); different letters in the same row indicate statistically significant differences between sections (p < 0.05).

Figure 2. Histological sections of ovaries of S. brandtii in different gonadal maturation stages and stained with HE. a F1 = resting stage: ovary containing initial
(O1) and advanced (02) perinucleolar follicles. b presence of pre-vitellogenic follicles (O3) with cortical alveoli (CA) in a moment of rapid development,
which is rare to find in ovarian tissue prior to F2. ¢ F2 = maturing/mature stage: ovaries with pre-vitellogenic (O3) and vitellogenic (O4) follicles. d F3 =
spawned stage: with post-ovulatory follicles (POF). Legend: Vitellogenic follicles (O4) filled with yolk globules (Y), and zona radiata (ZR). d F3 = spawned
stage: with post-ovulatory follicles (POF). Bars: a, b and ¢ =200 pm; d = 50 um.
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Figure 3. Histological sections of testes of S. brandtii in different gonadal maturation stages and stained with HE. a M1 = resting stage: containing only
spermatogonia (SPG). b small amount of spermatozoa (SPZ) in the lumen of the seminiferous tubules in a moment of rapid development, which is rare to
find in testis tissue prior to M2. ¢ M2 = maturing/mature stage: with seminiferous tubules filled with spermatozoa (SPZ). d M3 = spent stage: empty lumen
of the seminiferous tubules or with a small amount of residual spermatozoa. Bars: a =20 um; b and ¢ = 80 pm; d = 40 um.

to those that have been reported for other species of Serrassalmidae
(Honorato-Samapio et al. 2009) and for fish of other groups (Weber et
al., 2013, Normando et al. 2014, Nunes et al. 2015, Brandao et al. 2017).

The GSI can reflect environmental quality since it is directly linked
to energy reserves available for breeding (Le Cren, 1951, Yoda &
Yoneda 2009, Thomé et al. 2012). The GSI for three sections followed
gonad development, with higher values in section 1, thus confirming
that S. brandtii preferentially favors lentic environments (Braga 1981).
The higher GSI values for females caught above the Trés Marias dam
may be a consequence of the greater number of vitellogenic follicles
produced (fecundity) and/or the larger vitellogenic follicles (diameter)
for the females of this section.

The highest frequency of spawned females and spent males for
the three sections occurred in the bimonthly periods of November/
December and January/February, which coincide with high temperatures
and rainfall, and longer photoperiods. Indeed, high values for these
environmental factors are known to favor the reproductive activity of
fish in the Neotropical Region (Lowe McConnel 1987).

The Fulton condition factor (K) provides important information on
the physiological state of fish, assuming that individuals with higher
K values are in better health (Nikolsky 1963, Vazzoler 1996, Froese
2006). In the present study, the highest K values for females and males
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were recorded in section 1 where water temperature, and oxygen quality
were more favorable.

Histometric analysis of maturing/mature ovaries showed four
classes of vitellogenic follicle diameter, indicating asynchronous
folliculogenesis with distinct populations of vitellogenic follicles
that will be spawned in batches. These findings are consistent with
that observed for other teleosts that have fractioned spawning and
batch fecundity (Melo et al. 2011, Armstrong & Witthames 2012).
Asynchronous folliculogenesis is characteristic of species with
long reproductive periods, multiple or fractioned spawning or batch
fecundity. As are histological characteristics of spawned females,
frequency of maturation stages and variation in the gonadosomatic index
(Nikolsky 1963, Nuiiez & Duponchelle 2009; Lubzens et al. 2010), as
is the case for S. brandltii of the present study.

The present study found batch fecundity and statistically higher
fecundity relative to total length and gonadal weight in section 1,
followed by section 3, showing that, as with GSI and vitellogenic
follicle diameter, fecundity may be influenced by more favorable
reproductive conditions for S. brandltii, particularly in section 1. Physical
and chemical conditions of water are known to be the main factors
influencing reproductive potential, as evidenced by vitellogenic follicle
number and diameter (Yoda & Yoneda 2009, Armstrong & Witthames
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Figure 4. Bimonthly (May-June = M/J; July-August = J/A; September-October = S/O; November-December = N/D; January-February = J/F; March-April =
M/A) relative frequency of gonadal maturation stages of female and male S. brandtii captured June 2011 to May 2012 in the Trés Marias reservoir (section 1),
Sao Francisco River immediately downstream of the Trés Marias reservoir (section 2), and after the confluence of the Sao Francisco River with the Abaeté
River (section 3). F1 = resting, F2 = maturation/mature, F3 = spawned, M1 = resting, M2 = maturing/mature, and M3 = spermiated.
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2012). In addition to the known effects of the hypothalamic-pituitary
axis on reproduction, Jensen et al. (2004), Chakrabarty et al. (2012),
and Marcon et al. (2017) found differences in the concentrations of
vitellogenin, estradiol and aromatase, and in vitellogenic follicle
diameter, in impacted environments, indicating impairment of follicular
development. The present results showed that fish in section 2 may be
experiencing endocrine alteration in the advanced secondary follicles;
however, further investigation into the pathways leading to this change
are needed.

Sex ratio may be related to differences between the sexes, selectivity
of the sampling apparatus, food availability, and/or population
stratification (Carvalho et al. 2009). Furthermore, male parental care
of eggs and larvae, a behavior peculiar to piranhas and pirambebas
(Braga 1981, Agostinho 2003), make them less readily captured by
gill nets. On the other hand, a 1:1 sex ratio has been reported for the
piranha Pygocentrus piraya in the Trés Marias Reservoir (Cruz et
al., 1996, Ferreira et al., 1996). In general, the present study sampled
slightly more females than males in the three studied sections of the
Sdo Francisco River Basin.

The results of the present study showed that S. brandtii, a sedentary
species, reproduces in all three of the studied sections of the Sao
Francisco River basin, although with lower reproductive performance
in section 2, which is immediately downstream of the Trés Marias dam
and where fish had lower values for TL, BW, GSI, K, FD, AF, and RF.
These findings are probably related to the thermal disturbances caused
by the release of cooler water from the hypolimnion of the reservoir
since tropical fish decrease their feeding activity under low temperatures,
which negatively affects their health (Lowe McConnel 1987). Indeed
fish are able to find favorable conditions for reproduction by moving
away from dams, such as in section 3, thus confirming the negative
impact of dams on fish reproduction downstream of reservoirs of
hydroelectric power plants.
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Abstract: The global biodiversity loss is a consensus. The biodiversity conservations shortfalls make conservation
of biological diversity even more challenging. For many taxa, the knowledge about their distributions is deficient,
and this is called the Wallacean shortfall. This situation is no different within algae biodiversity, especially in
Brazil. There is still an enormous inequity of sample effort, as is the case of the Parnaiba River Basin (Northeast
region), which had only 10 algal species in published (the lowest number of algal species reported among the
main Brazilian basins). The present work had the objective of increasing the knowledge of algal flora in Brazil
by conducting a taxonomic study of the stream macroalgal species of the Parnaiba River Basin. The sampling of
macroalgae was carried out in 21 segments of streams from the Middle and Lower Parnaiba Basin, in the Piaui
and Maranhdo states. Macroalgae were manually removed and preserved in 4% formaldehyde. Environmental
characteristics of each segment were measured in order to describe the sampling sites. The taxonomic survey of
the macroalgal communities resulted in the identification of 38 taxa in total, of which 32 at a specific level; three
vegetative groups; two sporophytic stages of red algae and one unidentified species. Among the 38 species recorded,
37 are new records for the Parnaiba River Basin. Following the same pattern, 23 species are new records for the
Brazilian Northeast region, and Microcoleus lacustris represented the first report in Brazil. Despite the fact that
it remains the Brazilian basin with the lowest number of algal species documented, this study contributed to the
increase of almost five times the number of species sampled in the Parnaiba River Basin (from only 10 to 47 species).
These data reinforce that the differences presented in algal diversity in the Brazilian regions are more related to
the sampling effort than other factors (e.g. environmental characteristics, geographic distribution, biomes, among
others). In addition, this survey illustrates not only the group’s lack of information in the region but also shows
the importance of this type of study as a tool for expanding the knowledge about biodiversity and its conservation.
Keywords: Northeast region, Piaui, Maranhdo, filamentous algae, taxonomy.

Flora de macroalgas de riachos da Bacia Hidrografica do Rio Parnaiba, Brasil:
reduzindo o déficit Wallaceano

Resumo: A perda de biodiversidade ¢ um consenso. Os déficits de conservagao tornam a conservagao da diversidade
bioldgica ainda mais desafiadora. Para muitos taxons, o conhecimento sobre suas distribuigdes ¢ escasso, o que
¢ chamado de Déficit Wallaceano. Essa situagdo ndo ¢ diferente quando tratamos da biodiversidade de algas,
especialmente no Brasil. Ainda hd uma enorme desigualdade no esfor¢o amostral, como é o caso da Bacia
Hidrografica do Rio Parnaiba (regido Nordeste), a qual possui apenas 10 espécies de algas (o menor numero
de espécies de algas dentre as principais bacias brasileiras). O presente trabalho teve como objetivo aumentar o
conhecimento da flora algal no Brasil, através da realizagdo de um estudo taxondmico das espécies de macroalgas
de riachos da Bacia do Rio Parnaiba. A amostragem das macroalgas foi realizada em 21 segmentos de riachos das
Bacias do Médio e Baixo Parnaiba, nos estados do Piaui e Maranhdo. As macroalgas foram removidas manualmente
e preservadas em formaldeido 4%. Caracteristicas ambientais de cada segmento foram tomadas com o intuito de
descrever a area de estudo. A pesquisa taxondmica das comunidades de macroalgas resultou na identificagdo de
38 taxons no total, nos quais 32 em nivel especifico; trés grupos vegetativos; dois estagios esporofiticos de algas
vermelhas e uma espécie nao identificada. Dentre as 38 espécies, 37 delas sdo novos registros para a Bacia do
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Rio Parnaiba. Seguindo o mesmo padrio, 23 espécies sao novos registros para a regido Nordeste, e Microcoleus

lacustris representou o primeiro registro para o Brasil. Apesar do fato de permanecer como a bacia brasileira com

o menor numero de espécies de algas documentadas, este trabalho contribuiu para o aumento de quase cinco vezes

o numero de espécies amostradas na Bacia do Rio Parnaiba (de apenas 10 para 47 espécies). Estes dados reforgam

que as diferengas apresentadas na diversidade algal nas regides brasileiras estdo mais relacionadas com o esfor¢o

amostral do que com outros fatores (e.g. caracteristicas ambientais, distribui¢do geografica, biomas, entre outros).

Além disso, este trabalho ilustra ndo s a falta de informagao do grupo na regido, mas também mostra a importancia

deste tipo de estudo como ferramenta para expandir o conhecimento sobre a biodiversidade e conservagao.

Palavras-chave: regido Nordeste, Piaui, Maranhdo, algas filamentosas, taxonomia.

Introduction

It is a consensus that global biodiversity is threatened and the
species loss is taking place at an accelerated level (Whittaker et al.
2005). The main factors associated with this loss of biodiversity have
an anthropogenic origin (Brown & Lomolino 1998). In addition to the
anthropic impacts, the Biodiversity Conservations Shortfalls make
conservation of biological diversity even more difficult (Mace 2004).
For many taxa, the knowledge about their global, regional, or even local
distributions is insufficient, a problem that Lomolino (2004) has named
the Wallacean shortfall. As a result of this lack of knowledge that many
areas of the globe still remain poorly sampled, which for most taxa
results in scarce basic information (Whittaker et al. 2005). In contrast,
this gap could be circumvented, or at least mitigated, by investing in
biodiversity inventories (Whittaker et al. 2005, Bini et al. 2006).

This scenario is no different when the algal biodiversity is
approached, especially in Brazil. Despite the total number of described
algae for the whole Brazilian territory (4700 species, Flora do Brasil
2020 under construction, 2018) be close to the estimated number of
5600 species in the country (Menezes et al. 2015), no doubt there’s
still an enormous inequality of sampling effort, with huge regions
without any type of surveys. This fact not only makes it impossible for
adequate management and the proposal of local conservation strategies
but also creates an illusion that different regions present more species
richness than others. In terms of Brazilian Hydrographic Basins (sensu
Agéncia Nacional de Aguas 2015), most surveys with this algal group
cover only two basins: Southeast Atlantic (ASe) and Parana (Pr). Both
basins, according to Menezes et al. (2015), are the richest in number
of species in Brazil, reaching values that exceed a thousand species.
In contrast, little sampled Hydrographic Basins have a modest number
of recorded species, as is the case of the Parnaiba River Basin (Pnb),
which has only 10 species of algae (Menezes et al. 2015, Flora of
Brazil 2020 under construction, 2018) (Figure 1). Among these species,
seven are planktonic microalgae (four euglenoids, two diatoms and
one cyanobacteria) and three are filamentous algae (Chara martiana,
Cladophora glomerata and Hapalosiphon pumilus).

Particularly for stream macroalgae (sensu Sheath & Cole 1992), the
floristic surveys have focused basically only the Southeastern (Branco
& Necchi Janior 1996, Necchi Janior et al. 1997, Pereira & Branco
2010, Almeida et al. 2011) and Southern regions of Brazil (Krupek et al.
2008, Peres et al. 2008, Branco et al. 2008, 2009, 2011). Although these
efforts have contributed profoundly to the knowledge of Brazilian flora,
there is a huge gap in the knowledge of the distribution of organisms
throughout the territory, thus clearly contributing to the Wallacean
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shortfall in the group. Studies in different regions and biogeographic
provinces are essential, not only providing occurrence information but
also allowing an increase of reference material in herbaria. The increase
of reference collections constitutes a valuable asset (Pyke and Ehrlich,
2010), also making possible future studies re-evaluating species and
taxonomic positions.

In this context, the present investigation had the objective of
increasing the knowledge of algal flora in Brazil by conducting a
taxonomic study of the stream macroalgae species of the Parnaiba
River Basin. This basin comprises a very interesting biogeographic
region with the contact of three major Brazilian biomes (Cerrado,
Caatinga, Amazonia, and its ecotones) and has a wide land use gradient.
Moreover, as this basin presents the lowest number of algal species
recorded so far (among the main Brazilian basins), it is considered as
of greater relevance and a valuable contribution to the reduction of the
Wallacean shortfall.

Material and Methods

The Parnaiba River Basin (Agéncia Nacional de Aguas 2015) is
located in the northeastern region of Brazil between latitudes 02°21°S
and 11°06’S and longitudes 47°21°W and 39°44’W, encompassing the
states of Ceara (4.1% of the total area of the basin), Maranhdo (19.8%)
and Piaui (75.3%) (MMA 2006). The region is an ecotone between the
Cerrado and Caatinga biomes, also influenced by Amazonian and coastal
vegetation (MMA 2006). It presents a well defined seasonal water
regime (rainy and dry period) with several streams being intermittent
(MMA 2006). Most of the selected streams are placed in areas disturbed
by the extensive farming use, typical of this region. Nevertheless, some
sampled streams are inserted in low disturbed landscapes while others
are inserted in very disturbed areas with an urban influence.

The sampling of macroalgae was carried out in 21 segments of
streams belonging to Parnaiba River Basin, in the Piaui and Maranhao
states (Figure 2, ICMBio License number 58717-3), during a period of
drought and after a period of regular precipitation. The selected segments
are 1st to 3rd stream order and comprised microbasins in different parts
of the Middle and Lower Parnaiba River Basin. The collection and
preservation of the algal samples followed the standard procedures
described by Necchi Junior et al. (1991). Each sampling unit consisted
of a stream segment of 10 meters long. Using a transparent underwater
viewer it was possible to observe and remove macroalgae, which were
preserved in 4% formaldehyde. Environmental characteristics were
taken in field, such as water temperature (Temp.) using a thermometer
Akso™, pH using a pHmeter Akso™, conductivity (Cond.) using a
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Figure 1. Species richness of epicontinental algae and cyanobacteria for each Brazilian hydrographic regions, with emphasis on the increase of species in
the Parnaiba Basin. (Amz - Amazon, AL - East Atlantic, AOc - Occidental Northeast Atlantic, AOr - Oriental Northeast Atlantic, ASe - Southeast Atlantic,
AS - South Atlantic, Pgi - Paraguay, Pr - Parana, Pnb - Parnaiba, SF - Sdo Francisco, T-A - Tocantins-Araguaia, and Uru - Uruguay).

conductivimeter Akso™, predominant substrate type (Subst.) by visual
observation, according Gordon et al. (1992) classification, average
current velocity (Vel.) using the floating object method, average width
and depth of each segment using a measuring tape. The range and
mean of these variables are presented for each species. In addition
to these variables, the geographic coordinates and the estimate of
incident irradiance (Shading) were taken by canopy photos in each
segment, which were analyzed through ImageJ™ (software that allows
quantifying pixel area with presence or absence of canopy cover) and
expressed as a percentage to describe each sampling site.

http://dx.doi.org/10.1590/1676-0611-BN-2018-0685

The identification of the macroalgae was carried out with a Zeiss
trinocular microscope (model AxioLab.A1™) equipped with an image
capture system (AxioCam). Using a software (ZEN), photomicrographs
were obtained to perform ten randomized morphometric measurements
of each structure of the populations. For the algae with larger structures,
the photomicrographs were obtained with a stereomicroscope (model
Zeiss Discovery V.12™). Macroalgae were identified at the specific
level whenever possible, and appropriate references were used for each
taxonomic group (e.g. Senna & Ferreira 1987, Necchi Junior 1990,
Azevedo et al. 1996, Necchi Junior et al. 2001, Skinner & Entwisle 2001,
Branco et al 2002, Kumano 2002, Novis 2004, Bicudo & Menezes 2006,
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Figure 2. Location map of the Parnaiba basin (A) with its sub-basins and the sampling area (B) showing the distribution of sampling points in relation to

Teresina (PI) (C).

Peres & Branco 2014). The samples were kept in formaldehyde 4%
and deposited in the Herbarium of the Universidade Estadual do Oeste
do Parana (UNOP). New records of the species are marked before the
name of each species, single asterisk (*) represent a new record for the
Rio Parnaiba basin, two asterisks (**) mean that the species is a new
record for the northeastern region of Brazil, and three asterisks (***)
show that the species is a new record for Brazil.

The following informations are presented: i) descriptions of the
species; ii) photomicrographs of the main structures; iii) location of the
sampling points; iv) environmental information for each taxon and; v)
taxonomic comments (when applicable). The classification system was
based in Guiry & Guiry (2018).
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Results

The taxonomic survey of the macroalgal communities from the
Parnaiba River Basin resulted in the identification of 38 taxa in total,
of which 32 at a specific level; three vegetative groups of: Spirogyra,
Oedogonium and Batrachospermum; two sporophytic stages of red
algae: ‘Chantransia’ macrospora and ‘Chantransia’ pygmaea and one
unidentified species of the genus Phormidium. The best represented
taxonomic group was Chlorophyta with 12 taxa (31.6% of the total),
followed by Cyanobacteria with 10 taxa (26.3%), Bacillariophyta with
nine taxa (23.7%), Rhodophyta with six species (15.8%) and finally
Charophyta with only one taxon sampled (2.6%).
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PHYLUM BACILLARIOPHYTA

CLASS BACILLARIOPHYCEAE

ORDER EUNOTIALES

1.* Eunotia didyma Grunow ex Zimmermann, Broteria, Ser. Bot. 13(2):
51. 1915.

Plate 1. Figure B.

Pseudo-filamentous colonies formed by the union of the frustules
by the valvar face; valvar face with biondulate dorsal margin and
slightly concave ventral margin, 55.6-75.0 pm long and 10.9-13.4 um
wide; sharp apices and parallel transapical striations; cellular content
yellowish-green.

Distribution in the Parnaiba River Basin (n=2): Sites PI-10, PI-15.
BRAZIL, MARANHAO: 05°3°36.68” S and 42°53°38.29” W, 67 amsl,
31.V.2017, M.R.Auricchio (UNOP 5790-1); idem, 05°0°36.97” S and
43°1°12.97” W, 111 amsl, 31.V.2017, M.R.Auricchio (UNOP 5801-1).
Environmental conditions (n=2): Temp. 26.9-27.6°C (X = 27.2°C);
Cond. 49-51 puS.cm™ (X =50 uS.cm™); pH 6.6-7.3 (X=6.9); Vel. 0.8-1.2
m.s?(X=1m.s"); Depth 11.7-25.2 cm (X = 18.4 cm); Width 3.0-12.1 m
(X =7.5 m); Subst. bedrock and boulders; Shading 32-86% (X = 59%).
Taxonomic comments: the population presented slightly smaller width
than described by Costa et al. (2017) and Metzeltin & Lange-Bertalot
(1998), but polymorphism of the species is widely recognized.

2.%* Eunotia formica Ehrenberg, Ber. K. Akad. Wiss. Berlin, 414. 1843.
Plate 1. Figure C.

Pseudo-filamentous colonies formed by the union of the frustules by
the valvar face; valves slightly arcuate with swollen central region,
51.4-105.0 pm in long and 10.1-11.3 pum wide; cuneate or rounded
ends; regularly spaced parallel transapical striae; cellular content
yellowish-green.

Distribution in the Parnaiba River Basin (n=3): Sites PI-11, PI-13,
PI-15. BRAZIL, MARANHAO: 05°0°30.99” S and 43°1°2.38” W, 82
amsl, 31.V.2017, M.R.Auricchio (UNOP 5792-1); idem, 04°57°4.608”
S and 43°7°57.21” W, 82 amsl, 31.V.2017, M.R.Auricchio (UNOP
5794); idem, 05°0°36.97” S and 43°1°12.97” W, 111 amsl, 31.V.2017,
M.R.Auricchio (UNOP 5801).

Environmental conditions (n=3): Temp. 26.9-27.4°C (X = 27.1°C);
Cond. 26-49 uS.cm” (X = 40.3 pS.cm™); pH 5.8-6.9 (X = 6.4); Vel.
0.8-1.2 m.s' (X = 0.96 m.s'); Depth 20.6-26.6 cm (X = 24.1 cm);
Width 2.4-7.0 m (X = 4.1 m); Subst. bedrock and sand; Shading 0-87%
(X =40%).

3.*%*% Eunotia meridiana Metzeltin & Lange-Bertalot, Iconogr.
Diatomol., 5: 67-68. 1998.

Plate 1. Figure D.

Pseudo-filamentous colonies formed by the union of the frustules by
the valve face; arched valves with convex dorsal margin and slightly
concave ventral margin, 22.5-34.6 um long and 6.1-7.7 um wide;
rounded valvar extremity, non-detached from the valvar body; cellular
content olive green.

Distribution in the Parnaiba River Basin (n=1): Site PI-10. BRAZIL,
MARANHAO: 05°3°36.68” S and 42°53°38.29” W, 67 amsl, 31.V.2017,
M.R.Auricchio (UNOP 5790).

Environmental conditions (n=1): Temp. 27.6°C; Cond. 51 uS.cm’;
pH 7.3; Vel. 0.8 m.s!; Depth 11.7 cm; Width 12.1 m; Subst. bedrock;
Shading 86%.
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4. **Eunotia transfuga Metzeltin & Lange-Bertalot, Iconogr. Diatomol.
5:84-85.1998.

Plate 1. Figure K.

Pseudo-filamentous colonies of branched chains formed by the union of
the ends of the valves; linear, slightly arcuate valves, 175.2-191.1 pm
in long and 8.5-11.1 pm in wide, margins with spines; dilated, cuneate-
rounded and valvar extremities; parallel transapical striations to slightly
irradiated towards the extremities; cellular content yellowish-green,
filling approximately the entire cell.

Distribution in the Parnaiba River Basin (n=1): Site PI-13. BRAZIL,
MARANHAO: 04°57°4.608” S and 43°7°57.21” W, 82 amsl, 31.V.2017,
M.R.Auricchio (UNOP 5796-1).

Environmental conditions (n=1): Temp. 27.5 °C; Cond. 26 pS.cm™'; pH
5.8; Vel. 0.8 m.s™!; Depth 26.6 cm; Width 7 m; Subst. sand; Shading 87%.

5. **Eunotia xystriformis Manguin, Soc. d’Edi. d’Enseig. Supérieur,
p- 49.1952.

Plate 1. Figure L.

Pseudo-filamentous colonies formed by the adhesion of the frustules
through the valve face; linear to slightly curved valves, with slightly
swollen median portion, 63.9-89.2 um in long and 9.0-13.4 um in
diam.; sub-capitated rounded or slightly cuneate extremities; parallel
transapical striae; cellular content yellowish-green.

Distribution in the Parnaiba River Basin (n=1): Site PI-11. BRAZIL,
MARANHAO: 05°0°30.99” S and 43°1°2.38” W, 82 amsl, 31.V.2017,
M.R.Auricchio (UNOP 5792).

Environmental conditions (n=1): Temp. 27.0 °C; Cond. 46 uS.cm™;
pH 6.9; Vel. 0.8 m.s!; Depth 20.6 cm; Width 2.4 m; Subst. boulders
and sand; Shading 0%.

ORDER FRAGILARIALES

1.** Fragilariforma javanica (Hustedt) C.E.Wetzel, E.Morales &
L.Ector

Plate 1. Figure I-J.

Pseudo-filamentous colonies formed by the diagonal connection of
the frustules, forming a zigzag chain, with rare connections by the
valve face; linear valves with sub-capitated apices and central region
slightly belted, 49.7-62.3 um long and 5.0-6.9 pm in wide; granulated
cell contents yellow-green, filling the whole cell.

Distribution in the Parnaiba River Basin (n=1): Site PI-13. BRAZIL,
MARANHAO: 04°57°4.608” S and 43°7°57.21” W, 82 amsl, 31.V.2017,
M.R.Auricchio (UNOP 5796).

Environmental conditions (n=1): Temp. 27.5°C; Cond. 26 pS.cm™'; pH
5.8; Vel. 0.8 m.s™!; Depth 26.6 cm; Width 7.0 m; Subst. sand; Shading
87%.

ORDER NAVICULALES

2.** Diadesmis confervacea Kiitzing, Die Kiesels. Bacil. oder
Diatomeen, p. 109. 1844.

Plate 1. Figure E.

Pseudo-filamentous colonies formed by a connection between frustules
by the valvar face; lanceolate valves with sharp to slightly rounded ends,
20.2-24.4 um long and 6.7-9.7 um in wide; filiform raphe and rounded
central nodule; cellular content yellowish-green.
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Plate 1. Photomicrographs of the macroalgae species found in the Parnaiba River Basin (PI/MA), Brazil. A. Common view of the Funotia colonies found
as macroalgae in this study. B. Eunotia didyma; C. Eunotia formica; D. Eunotia meridiana; E. Diadesmis cofervacea; F-G. Pleurosira laevis: F. Valvar face
showing ocelli; G. General view of the colony; H. Terpsinoe musica; 1-J. Fragilariforma javanica: 1. Valvar face; J. General view of the colony; K. Eunotia
transfuga; L. Eunotia xystriformis. Scale bars = 20 pm (Figures B-G, I-L); 100 um (Figure A, H).

Distribution in the Parnaiba River Basin (n=1): Site PI-02. BRAZIL, CLASS MEDIOPHYCEAE

PIAUI: 05°19°16.35” S and 42°48°29.01” W, 64 amsl, 29.V.2017, ORDER ANAULALES

M.R.Auricchio (UNOP 5775-2). 1.* Terpsinoe musica Ehrenberg. Ber. K. Akad. Wiss. Berlin 425. 1843.
Environmental conditions (n=1): Temp. 26.8°; Cond. 321 pS.cm’; Plate 1. Figure H.

pH 7.8; Vel. 0.5 m.s’; Depth 5 cm; Width 14.4 m; Subst. bedrock; Pseudo-filamentous colonies forming linear chains by the union of
Shading 63%. the frustules by the valvar face; valves usually triondulated in valve
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eyesight, (52.7-) 126.5-136.7 pm long and 28.5-46.7 um wide; silica
bars between the ripples in the form of a musical note; cellular content
olive green, filling approximately the entire interior of the cell.
Distribution in the Parnaiba River Basin (n=1): Site PI-02. BRAZIL,
PIAUI: 05°19°16.35” S and 42°48°29.01” W, 64 amsl, 29.V.2017,
M.R.Auricchio (UNOP 5774-1).

Environmental conditions (n=1): Temp. 26.8°; Cond. 321 pS.cm’;
pH 7.8; Vel. 0.5 m.s™!; Depth 5 cm; Width 14.4 m; Subst. bedrock;
Shading 63%.

Taxonomic comments: the population showed a great variation in length,
being possible the existence of another species of Terpsinoe co-occurring
in the sample. However, it was not possible to clearly define it using
optical microscopy.

ORDER EUPODISCALES

1.* Pleurosira laevis (Ehrenberg) Compere, Bacillaria 5: 177. 1982.
Plate 1. Figure F-G.

Basionym: Biddulphia laevis Ehrenberg 1843.

Pseudo-filamentous colonies connected by ocelli and forming zigzag
chains; cylindrical to subcylindrical frustule; circular to subcircular
valves, with a larger diameter of 53.6-76.8 um and the smaller diameter
0f 47.6-62.7 um; cellular content olive green to yellow-green.
Distribution in the Parnaiba River Basin (n=1): Site PI-02. BRAZIL,
PIAUIL: 05°19°16.35” S and 42°48°29.01” W, 64 amsl, 29.V.2017,
M.R.Auricchio (UNOP 5774-2).

Environmental conditions (n=1): Temp. 26.8°; Cond. 321 uS.cm’;
pH 7.8; Vel. 0.5 m.s™!; Depth 5 cm; Width 14.4 m; Subst. bedrock;
Shading 63%.

PHYLUM CHAROPHYTA

CLASS CHAROPHYCEAE

ORDER CHARALES

1.** Nitella furcata (Roxburgh ex Bruzelius) C.Agardh emend.,
Systema algarum p.124. 1824.

Plate. 2. Figure A-B.

Basionym: Chara furcata W.Roxburgh ex A.Bruzelius 1824.

Plants 9-12 cm high; internodes equal to or longer than branchlets, 1-1.6
cm long; 5-6 monomorphic whorled branchlets, 2-4 furcated, 0.9-1.5 cm
long; 1-3 dactyls, 1-2 celled, abbreviated or elongated, 241.5-801.7 um
long and 84.4-100.9 pm diam., L/D 4.1-8.5; gametangia sessile, present
in first and/or second branchlets furcation; 1-2 nucules, 8 convolutions,
328.6-533.8 um long and 274.2-407.9 um diam., L/D 0.9-1.3; globules
scarce, 208.9-218.7 um long and 204.9-214.9 um diam., L/D 1.0-1.1.
Distribution in the Parnaiba River Basin (n=3): Sites PI-10, PI-14,
PI-18. BRAZIL, MARANHAO: 05°3°36.68” S and 42°53°38.29” W,
67 amsl, 31.V.2017, M.R. Auricchio (UNOP 5786); idem, 04°55°41.37”
S and 43°14°40.48” W, 98 amsl, 31.V.2017, M.R.Auricchio (UNOP
5798); idem, PIAUL: 05°22°27.19” S and 42°38°40.05” W, 71 amsl.
01.VI.2017, M.R.Auricchio (UNOP 5815).

Environmental conditions: (n=3): Temp. 27.6-29.4°C (X = 28.2°C);
Cond. 22-79 uS.cm” (X = 50.6 pS.cm™); pH 5.8-7.3 (X = 6.7); Vel.
0.11-0.8 m.s' (X=0.3 m.s™"); Depth 11.3-73.5 cm (X = 32.1 cm); Width
2.2-12.1 m (X = 6.4 m); Subst. bedrock and sand; Shading 62-86%
(X =78%).
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CLASS CONJUGATOPHYCEAE

ORDER ZYGNEMATALES

1.* Spirogyra sp.

Plate 3. Figure C.

Free long unbranched filaments, olivaceous, mostly slippery; cylindrical
cells, 78.8-242.5 pm long and 31.7-117.4 pm diam., L/D 0.7-7.0; plastids
in spiral parietal bands, with two to five bands; zygospores not observed.
Distribution in the Parnaiba River Basin (n=4): Sites P1-02, PI-10,
PI-15, PI-17. BRAZIL, PIAUI: 05°19°16.35” S and 42°48°29.01” W, 64
amsl, 29.V.2017, M.R.Auricchio (UNOP 5776); idem, MARANHAO:
05°3736.68” S and 42°53°38.29” W, 67 amsl, 31.V.2017, M.R. Auricchio
(UNOP 5789); idem, 05°0°36.97” S and 43°1°12.97” W, 111 amsl,
31.V.2017, M.R.Auricchio (UNOP 5801-2); idem, 05°21°20.8” S and
42°45°20.91” W, 59 amsl, 01.V1.2017, M.R.Auricchio (UNOP 5809).
Environmental conditions (n=4): Temp. 26.8-29.1°C (X = 27.6°C);
Cond. 47-321 puS.cm™ (X = 183.5 uS.cm™); pH 6.6-8.0 (X = 7.4); Vel.
0.4-1.2 m.s' (X = 0.7 m.s™"); Depth 5.0-25.2 cm (X = 15.6 cm); Width
2.0-14.4 m (X = 7.8 m); Subst. bedrock and gravels; Shading 32-83%
(xX=57.2%).

Taxonomic comments: were found only sterile specimens being
impossible to identify them at the specific level.

PHYLUM CHLOROPHYTA

CLASS CHLOROPHYCEAE

ORDER CHAETOPHORALES

1.** Chaetophora elegans (Roth) C.Agardh, Dispositio Algarum
Sueciae, p. 42. 1812.

Plate: 2. Figure C.

Basionym: Rivularia elegans Roth 1802.

Heterotrichous tufts formed by branched filaments immersed in a
gelatinous matrix relatively firm, pale green, spherical or hemispherical;
basal system composed by prostrate branched filaments with cylindrical
cells, producing erect filaments and rhizoids; erect filaments di- or
tricotomically branched; lateral branches lax and sparse, fasciculated
near the apex; cells of erect system cylindrical, 25.1-63.3 pm long and
4.5-9.1 pm diam., L/D 3.3-9.1; terminal branches densely grouped,
tapering at the towards the apex or ending abruptly at an acute apex.
Distribution in the Parnaiba River Basin (n=1): Site PI-14. BRAZIL,
PIAUI: 04°55°41.37” S and 43°14°40.48” W, 98 amsl, 31.V.2017,
M.R.Auricchio (UNOP 5797).

Environmental conditions: (n=1): Temp. 27.8°C; Cond. 22 uS.cm™;
pH 5.8; Vel. 0.1 m.s'; Depth 73.5 cm; Width 2.2 m; Subst. gravels;
Shading 86%.

2.%% Chaetophora pisiformis (Roth) C.Agardh, Dispositio Algarum
Sueciae, p. 43. 1812.

Plate 2. Figure D.

Basionym: Rivularia pisiformis Roth 1802.

Heterotrichous tufts formed by branch filaments immersed in a
gelatinous matrix relatively firm, pale green, spherical or hemispherical;
basal system composed exclusively by rhizoids which arise from basal
cells of erect filaments or rarely from median region of filaments; erect
filaments di- or tricotomically branched; lateral branches lax and sparse,
non fasciculated near the apex; cells of erect system cylindrical, rarely
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Plate 2. A-B. Nitella furcata: A. Branchlet apex (dactyl); B. Gametangia (oogonia); C. Chaetophora elegans; D. Chaetophora pisiformis; E-F. Schizomeris
leiblenii: E. Basal cell; F. Mature multiseriate filament; G. Stigeoclonium amoenum; H. Stigeoclonium helveticum; 1. Oedogonium sp. with ring-like caps
(arrow). Scale bars =200 pm (Figures A-D); 20 pm (Figures E-I).

http://www.scielo.br/bn http://dx.doi.org/10.1590/1676-0611-BN-2018-0685




Biota Neotrop., 19(2): €20180685, 2019

Stream macroalgal flora from Parnaiba

Plate 3. A. Microspora tumidula; B. Microspora willeana; C. Spirogyra sp.; D. Aegagropilopsis sterrocladia; E-F. Cladophora glomerata: E. Branched
filamento; F. Rhizoids; G. Rhizoclonium hieroglyphicum. Scale bars = 20 um (Figures A-B, G); 100 um (Figure C, E-F); 200um (Figure D).

inflated 12.9-58.3 pm long and 5.2-11.2 pm diam., L/D 1.9-6.4; branches
ending abruptly at an acute or rounded apex.

Distribution in the Parnaiba River Basin (n=3). Sites PI-15, PI-16,
PI-18. BRAZIL, MARANHAO: 05°0°36.97” S and 43°1°12.97”
W, 111 amsl, 31.V.2017, M.R.Auricchio (UNOP 5804); idem,
PIAUIL: 05°16°33.73” S and 42°42°53.23” W, 38 amsl, 01.V1.2017,

http://dx.doi.org/10.1590/1676-0611-BN-2018-0685

M.R.Auricchio (UNOP 5806); idem, 05°22°27.19” and 42°38°40.05”
W, 71 amsl, 01.V1.2017, M.R.Auricchio (UNOP 5816).
Environmental conditions: (n=3): Temp. 26.9-29.4°C (x=28°C); Cond.
51-95 uS.cm™ (Xx=75 puS.cm™); pH 6.4-7.0 (X =6.7); Vel. 0.1-1.2 m.s!
(X=0.5 m.s); Depth 11.3-29.0 cm (X = 21.8 cm); Width 2.7-5.1 m (X
= 3.6 m); Subst. boulders and sand; Shading 32-62% (X =47%).
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3.** Schizomeris leibleinii Kiitzing, Phycologia Generalis, p. 247. 1843.
Plate: 2. Figures E-F.

Isolated unbranched filaments with slight constrictions in regular
interval, olivaceous; basal region attached to substratum by a basal
rhizoid-like cell, 28.4-48.3 um long and 13.4-25.0 pm diam., L/D 1.3-
2.8; basal portion uniseriate, cylindrical cells, 5.8-25.9 pm long and
9.9-14.8 um diam., L/D 0.3-1.0; middle and apical portion multiseriate
with quadratic cell in evident rows, 8.3-18.9 um long and 10.3-31.4
pm diam., L/D 0.4-1.0; apical cell rounded to acute; parietal plastids,
forming a band in uniseriate region and perforated in multiseriate region.
Distribution in the Parnaiba River Basin (n=1): Site PI-03. BRAZIL,
PIAUIL: 05°9°2.484”S and 42°48°6.444” W, 59 amsl, 29.V.2017,
M.R.Auricchio (UNOP 5777-1).

Environmental conditions (n=1): Temp. 32.3°C; Cond. 432 uS.cm’;
pH 7.3; Vel. 0.4 m.s!; Depth 6.6 cm; Width 2.1 m; Subst. gravels;
Shading 0%.

4.%* Stigeoclonium amoenum Kiitzing, Phycologia Germanica, p. 198.
1845.

Plate: 2. Figure G.

Heterotrichous tufts formed by branched filaments, bright green;
well developed erect system and reduced prostrate system, composed
exclusively of profuse mass of rhizoids emerging from the basal part
of erect filaments; main axis differentiated in short and long cells; short
cells cylindrical, quadratic to slightly inflated, 4.8-14.0 pm long and
6.5-13.5 pm diam., L/D 0.6-1.2; long cells cylindrical, 6.9-23.8 pm
long and 5.4-13.8 um diam, L/D 0.7-1.5; single, parietal chloroplast;
branches alternate or opposite, often with two or three branches from
the same short cell, lateral branches formed by cylindrical cells; apex
of main branches acuminate with occasional multicellular hyaline hairs.
Distribution in the Parnaiba River Basin (n=1): Site PI-03. BRAZIL,
PIAUL: 05°9°2.484” S and 42°48°6.444” W, 59 amsl, 29.V.2017,
M.R.Auricchio (UNOP 5777).

Environmental conditions (n=1): Temp. 32.3°C; Cond. 432 uS.cm’;
pH 7.3; Vel. 0.4 m.s!; Depth 6.6 cm; Width 2.1 m; Subst. gravels;
Shading 0%.

Taxonomic comments: the morphometric measurements are slightly
lower than those described in Branco et al. (2002) to Brazilian streams,
however, all morphological characteristics agree with that described
for this species.

5.%% Stigeoclonium helveticum Vischer, Beihefte zum Botanischen
Centralblatt 51: 56. 1933.

Plate 2. Figure H.

Heterotrichous tufts formed by branched filaments, bright green;
well developed erect system and reduced prostrate system, composed
exclusively of profuse mass of short rhizoids emerging from the erect
filaments; axial cells cylindrical, similar in shape and size, 5.0-10.6 pm
long and 5.8-10.6 um diam., L/D 0.5-1.3; single parietal chloroplast;
alternate branches and rarely opposite or with multiples branches;
branch cells, 12.6-28.9 um long and 4.2-8.0 um diam., L/D 1.9-6.0; apex
of main branches acuminate with occasional multicellular hyaline hairs.
Distribution in the Parnaiba River Basin (n=1): Site PI-21. BRAZIL,
MARANHAO: 05°9°32.76” S and 42°50°16.44” W, 69 amsl,
02.V1.2017, M.R.Auricchio (UNOP 5822).
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Environmental conditions (n=1): Temp. 30.0°C; Cond. 48 puS.cm’'; pH
7.3; Vel. 0.05 m.s™!; Depth 21 cm; Width 5.4 m; Subst. sand; Shading 0%.

ORDER OEDOGONIALES

1.%* Oedogonium sp.

Plate 2. Figure I.

Entangled unbranched filaments, olivaceous to brown; cylindrical
cells, slightly constricted in septa, 25.9-174.9 um long and 10.4-49.3
um diam., L/D 1.1-4.0; chloroplast parietal, netlike with several
pyrenoids; sometimes with ring-like caps near the cross wall; oogonia
and antheridia not observed.

Distribution in the Parnaiba River Basin (n=2): Sites PI-10, PI-13.
BRAZIL, MARANHAO: 05°3°36.68” S and 42°53°38.29” W, 67 amsl,
31.V.2017, M.R. Auricchio (UNOP 5790-2); idem, 04°57°4.608” S and
43°7°57.21” W, 82 amsl, 31.V.2017, M.R.Auricchio (UNOP 5794-1).
Environmental conditions (n=2): Temp. 27.4-27.6°C (X = 27.5°C);
Cond. 26-51 puS.cm™ (X = 38.5 puS.cm™); pH 5.8-7.3 (X =6.5); Vel. 0.8
m.s™'; Depth 11.7-26.6 cm (X = 19.1 cm); Width 7.0-12.1 m (X=9.5 m);
Subst. bedrock and sand; Shading 86-87% (X = 86.5%).

Taxonomic comments: were found only sterile specimens, being
impossible to identify them at the specific level.

ORDER SPHAEROPLEALES

1.%* Microspora tumidula Hazen, Memoirs of the Torrey Botanical
Club 11: 177. 1902.

Plate 3. Figure A.

Entangled unbranched filaments, constricted in septa with evident H
pieces; cylindrical cells, 9.7-15.2 um long and 8.8-11.2 um diam., L/D
0.9-1.4; cell wall thin to moderately thick, 0.5-1.0 um diam.; plastids
reticulated, completely surrounding the cell lumen.

Distribution in the Parnaiba River Basin (n=2): Sites PI-12, PI-13.
BRAZIL, PIAUI: S 05°1°52.82” S and 43°3°35.02” W; 126 amsl.
31.V.2017, M.R.Auricchio (UNOP 5793); idem, MARANHAO:
04°57°4.608” S and 43°7°57.21” W, 82 amsl. 31.V.2017, M.R.Auricchio
(UNOP 5795-1).

Environmental conditions (n=2): Temp. 27.4-27.6°C (X = 27.5°C);
Cond. 24-26 pS.cm (X =25 pS.cm™); pH 5.4-5.8 (X =5.6); Vel. 0.3-0.8
m.s! (X=0.5m.s"); Depth 18.0-26.6 cm (X=22.3 cm); Width 2.3-7.0 m
(X =4.6 m); Subst. sand and macrophytes; Shading 84-87% (X =85%).

2.*%*% Microspora willeana Lagerheim, Berichte der Deutschen
Botanischen Gesellschaft 5: 414. 1887.

Plate 3. Figure B.

Entangled unbranched filaments, non or constricted in septa with
non-evident H pieces; cylindrical cells, 9.1-178 um long and 9.3-11.9
um diam., L/D 0.8-1.8; cell wall thin to moderately thick, 0.5-1.2 pm
diam.; plastids in perforated plate, completely surrounding cell lumen.
Distribution in the Parnaiba River Basin (n=4): Sites P-06, PI-07,
PI-12, PI-13. BRAZIL, PIAUI: 04°50°57.66” S and 42°47°46.89” W,
90 amsl, 30.V.2017, M.R. Auricchio (UNOP 5783); idem, 04°47°21.22”
S and 42°48°27.18” W, 79 amsl, 30.V.2017, M.R.Auricchio (UNOP
5784); idem, MARANHAO: 05°1°52.82” S and 43°3°35.02” W, 126
amsl, 31.V.2017, M.R.Auricchio (UNOP 5793); idem, 04°57°4.608” S
and 43°7°57.21” W, 82 amsl, 31.V.2017, M.R.Auricchio (UNOP 5795).
Environmental conditions (n=4): Temp. 27.4-28.7°C (X = 28.0 °C);
Cond. 24-492 pS.cm™ (X = 192 uS.cm™); pH 5.4-6.1 (X = 5.8); Vel.
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0.1-0.8 m.s' (X = 0.4 m.s"); Depth 5.2-26.6 cm (X = 14.0 cm); Width
0.4-7.0 m (X = 3.5 m); Subst. sand and macrophytes; Shading 18-88%
(X =69%).

CLASS ULVOPHYCEAE

ORDER CLADOPHORALES

1.*¥* Aegagropilopsis sterrocladia (Skuja) Boedeker, Journal of
Phycology 48(3): 822. 2012.

Plate 3. Figure D.

Basionym: Cladophora sterrocladia Skuja 1949.

Tufts of long branched filaments, olivaceous; multinucleate cells; fixed
in substrate by primary or secondary rhizoids; principal axis poorly
branched, only primary branches, elongated, generally unilateral;
lateral branches insert in apical or slightly subterminal cellular pole;
axis cells cylindrical, 363.3-1194.9 um long and 49.7-63.1 pum diam.,
L/D 6.0-18.9; apical cells very longer than axis cells, 1261.2-3289.9
long and 52.3-58.7 diam., L/D 22.7-60.2; zoosporangia not observed.
Distribution in the Parnaiba River Basin (n=1): Site PI-10. BRAZIL,
MARANHAO: 05°3°36.68” S and 42°53°38.29” W, 67 amsl, 31.V.2017,
M.R.Auricchio (UNOP 5788).

Environmental conditions (n=1): Temp. 27.6°C; Cond. 51 uS.cm’;
pH 7.3; Vel. 0.8 m.s!; Depth 11.7 cm; Width 12.1 m; Subst. bedrock;
Shading 86%.

Taxonomic comments: the diameter of the cells was slightly narrower
and the apical cell slightly larger than that described by Peres & Branco
(2014, as Cladophora sterrocladia) (axis cell diameter: 61.0-137.7 pm;
apical cell length: 778.0-2045.3 pum [-2413.0 um], apical cell width:
62.6-109.9 pm) for the Brazilian material.

2. Cladophora glomerata (Linnaeus) Kiitzing, Phycologia generalis
oder Anatomie, Physiologie und Systemkunde der Tange: 266. 1843.
Plate 3. Figure E-F.

Basionym: Conferva glomerata Linnaeus 1753.

Tufts of branched filaments, brownish; multinucleate cells; profusely
branched, branches inserted laterally or obliquely in apical portion of
cell, alternated, unilateral or opposite; axial cells cylindrical, 164.0-
412.8 um long and 27.7-41.6 pm diam., L/D 5.5-12.8; apical cells
longer than axis cells, 87.8-1660.3 pm long and 26.5-38.9 um diam.,
L/D 14,3-42,6.

Distribution in the Parnaiba River Basin (n=2): Sites PI-02, PI-17.
BRAZIL, PIAUIL: 05°19°16.35” S and 42°48°29.01” W, 64 amsl,
29.V.2017, M.R.Auricchio (UNOP 5772); idem, 05°21°20.8” S and
42°45°20.91” W, 59 amsl, 01.V1.2017, M.R.Auricchio (UNOP 5813).
Environmental conditions (n=2): Temp. 26.8-29.1°C (X = 27.9°C);
Cond. 312-321 puS.cm” (X =316 pS.cm™); pH 7.8-8.0 (X = 7.9); Vel.
0.4-0.5 m.s' (X = 0.5 m.s™"); Depth 5.0-20.6 cm (X = 12.8 cm); Width
2.0-14.4 m (X = 8.2 m); Subst. bedrock and boulders; Shading 48-63%
X =55%).

3.*%% Rhizoclonium hieroglyphicum (C.Agardh) Kiitzing, Phycologia
germanica: 206. 1845.

Plate 3. Figure G.

Basionym: Conferva hieroglyphica C.Agardh 1827.

Long unbranched filaments, flexuous; multinucleate cells; cylindrical
cells, 150.0-289.0 um long and 85.3-95.7 pm diam., L/D 1.6-3.1, cell
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wall narrow to thick and stratified, 2.8-4.0 um diam.; plastids net-like
with several pyrenoids; sporangia not observed.

Distribution in the Parnaiba River Basin (n=1): Site PI-17. BRAZIL,
PIAUI: 05°21°20.8” S and 42°45°20.91” W, 59 amsl, 01.V1.2017,
M.R.Auricchio (UNOP 5810).

Environmental conditions (n=1): Temp. 29.1°C; Cond. 312 pS.cm™'; pH
8.0; Vel. 0.4 m.s™'; Depth 20.6 cm; Width 2 m; Subst. boulders, pebbles
and sand; Shading 48%.

PHYLUM CYANOPHYTA

CLASS CYANOPHYCEAE

ORDER OSCILLATORIALES

1.* Geitlerinema splendidum (Greville ex Gomont) Anagnostidis, Plant
Syst. And Evolut. 164: 43. 1989.

Plate 4. Figure A.

Basionym: Oscillatoria splendida Greville ex Gomont 1892.

Mats of filaments, bluish green; trichomes straight or bent, distinctly
attenuated at the apex (with proboscis), unconstricted; granulated septa,
one or two granules each side; intercalar cells longer than wide, 3.1-4.4
pm long and 1.3-2.6 um diam., L/D 1.4-2.4; apical cell capitate, (6.9)
9.7-14.5 pm long and 1.0-2.2 ym diam., L/D (3.6) 6.5-11.3; cellular
content homogeneous, blue-green.

Distribution in the Parnaiba River Basin (n=4): Sites PI-11, PI-15, PI-
16, P1-19. BRAZIL, MARANHAO: 05°0°30.99” S and 43°1°2.38” W,
82 amsl, 31.V.2017, M.R.Auricchio (UNOP 5791); idem, 05°0°36.97”
S and 43°1°12.97” W, 111 amsl, 31.V.2017, M.R.Auricchio (UNOP
5803); idem, PIAUI: 05°16°33.73” S and 42°42°53.23” W, 38 amsl,
01.V1.2017, M.R.Auricchio (UNOP 5808-2); idem, 05°22°45.37” S and
42°39°1.548 W, 68 amsl, 01.V1.2017, M.R.Auricchio (UNOP 5820).
Environmental conditions (n=4): Temp. 26.9-29.4°C (x = 27.7°C);
Cond. 46-130 uS.cm™ (x=80 pS.cm™); pH 6.4-6.9 (X=6.6); Vel. 0.2-1.2
m.s! (X=0.7 m.s™"); Depth 17.6-29.0 cm (X = 23.1 cm); Width 2.1-3.0
m (X = 2.5 m); Subst. boulders and sand; Shading 0-48% (X = 32%).

2.* Lyngbya aff. majuscula Harvey ex Gomont, Annales des Sciences
Naturelles, Botanique, Série 7 16: 131. 1892.

Plate 4. Figure B.

Mats of filaments, dark yellowish green; thick and hyaline sheath, 3.3-
5.7 um; trichomes cylindrical, 46.4-51.4 pm diam., unconstricted in
septa; intercalar cells short, discoids, shorter than long, 3.5-8.3 pm long
and 36.6-46.7 pym diam., L/D 0.08-0.1; apical cells rounded, without
calyptra, 6.9-10.4 pm long and 30.4-39.0 um diam., L/D 0.1-0.2; cellular
content homogeneous, olivaceous to dark reddish-green.

Distribution in the Parnaiba River Basin (n=1): Site PI-17. BRAZIL,
PIAUI: 05°21°20.8” S and 42°45°20.91” W, 59 amsl, 01.V1.2017,
M.R.Auricchio (UNOP 5811).

Environmental conditions (n=1): Temp. 29.1°C; Cond. 316 uS.cm™;
pH 8.0; Vel. 0.4 m.s'; Depth 20.6 cm; Width 2.0 m; Subst. boulders;
Shading 48%.

Taxonomic comments: According to Komarek & Anagnostidis (2005),
L. majuscula is a typical species of marine environments. However,
the identification of this material is consistent with the description
proposed by the same authors. In addition, other authors have already
described the species in freshwater environments (e.g. Desikachary
1959) and, for this reason, we maintained the identification. In spite of
this, we consider that the environmental variation between freshwater
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Plate 4. A. Geitlerinema splendidum; B. Lyngbya aff. majuscula; C. Microcoleus autumnalis; D. Microcoleus lacustris; E. Phormidium aerugineocaeruleum; F.
Phormidium retzii,; G. Phormidium corium; H. Phormidium sp.; 1. Phormidium tergestinum; J. Oscillatoria princeps. Scale bars = 10 um (Figure A); 20 um (Figures B-J).
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and marine environments probably selects lineages with very different
physiological characteristics. Thus, future studies involving molecular
biology may clearly support a new taxonomic configuration.

3.%* Microcoleus autumnalis (Gomont) Strunecky et al., Journal of
Phycol. 49(6): 1176. 2013.

Plate 4. Figure C.

Basionym: Phormidium autumnale Gomont 1892.

Mats of filaments, greenish blue; trichomes with cellular content
homogeneous, unconstricted and granulated septa; intercalar cells wider
than long, 1.9-3.8 um long and 3.4-4.4 pm diam., L/D 0.5-0.9; apical
cell rounded to capitate, 3.3-5.9 um long and 2.4-3.9 um diam., L/D
0.9-2.0, cellular content homogeneous, blue-green.

Distribution in the Parnaiba River Basin (n=1): Site PI-21. BRAZIL,
MARANHAO: 05°9°32.76” S and 42°50°16.44” W, 69 amsl,
02.V1.2017, M.R.Auricchio (UNOP 5821).

Environmental conditions (n=1): Temp. 30.0°C; Cond. 48 uS.cm’;
pH 7.3; Vel. 0.05 m.s'; Depth 21.0 cm; Width 5.4 m; Subst. sand;
Shading 0%.

4. *** Microcoleus lacustris Farlow ex Gomont, Annales des Sciences
Naturelles, Botanique, Série 7, 15: 359. 1892.

Plate 4. Figure D.

Mats of filaments, dark greenish blue; filaments formed by one to
various trichomes in a wider hyaline sheath; sheath open in apex, with
free trichomes; trichomes cylindrical, constricted in septa; intercalar
cells granulated, quadratic to longer than wide, 4.1-9.4 pm long and
4.5-6.2 pm diam., L/D 0.8-1.8; apical cells no capitate, conical rounded,
6.2-9.5 um long and 3.7-5.5 pm diam., L/D 1.4-2.3; cellular content
granulated, dark greenish blue.

Distribution in the Parnaiba River Basin (n=1): Site PI-16. BRAZIL,
PIAUIL: 05°16°33.73” and 42°42°53.23” W, 95 amsl, 01.VL.2017,
M.R.Auricchio (UNOP 5808).

Environmental conditions (n=1): Temp. 27.8°C; Cond. 95 uS.cm’;
pH 6.4; Vel. 0.1 m.s™!; Depth 29 cm; Width 2,7 m; Subst. gravels and
sand; Shading 48%.

Taxonomic comments: the identification is consistent with the one
proposed by Komarek & Anagnostidis (2005) for M. lacustris, however,
in his description, the species has no granulation as reported here.

5.* Oscillatoria princeps Vaucher ex Gomont, Annales des Sciences
Naturelles, Botanique, Série 7 16: 206. 1892.

Plate 4. Figure J.

Mats of filaments, dark green; sheath absent; trichomes cylindrical,
unconstricted; intercalar cells discoids, very wider than long, 2.9-7.5
pm long and 22.2-46.1 um diam., L/D 0.08-0.2; apical cell truncate,
sometimes with a distinct thickening in cell wall, 5.0-10.5 um long
and 20.9-33.4 um diam., L/D 0.1-0.3; cellular content homogeneous,
olivaceous to dark green.

Distribution in the Parnaiba River Basin (n=1): Site PI-04. BRASIL,
PIAUI: 05°1°58.87” S and 42°46°41.44” W, 43 amsl, 30.V.2017,
M.R.Auricchio (UNOP 5780).

Environmental conditions (n=1): Temp. 28.1°C; Cond. 301 puS.cm™;
pH 6.6; Vel. 0.9 m.s!; Depth 5.4 cm; Width 19.0 m; Subst. bedrock;
Shading 31%.
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6.%* Phormidium aerugineocaeruleum (Gomont) Anagnostidis &
Komarek, Algolog. Stud., 50-53: 407. 1988.

Plate 4. Figure E.

Basionym: Lyngbya aerugineo-caerulea Gomont 1892.

Mats of filaments, greenish blue to dark blue; sheath thin, hyaline,
homogeneous, generally absent; trichomes unconstricted in septa or
rarely with weak constriction; intercalar cells wider than long, 4.2-6.1
pm long and 5.6-7.4 pm diam., L/D 0.6-0.8; apical cells rounded, 3.3-5.4
pum long and 5.0-6.5 pm diam., L/D 0.5-1.1; cellular content granulated,
bright blue-green, granules greenish, small and large.

Distribution in the Parnaiba River Basin (n=1): Site PI-09. BRAZIL,
PIAUI: 04°34°46.12” S and 42°50°24.72” W, 55 amsl, 30.V.2017,
M.R.Auricchio (UNOP 5785).

Environmental conditions (n=1): Temp. 30.2°C; Cond. 54 pS.cm’;
pH 6.7; Vel. 3.3 m.s!; Depth 15.0 cm; Width 27.7 m; Subst. bedrock;
Shading 0%.

7.%* Phormidium corium Gomont ex Gomont, Annales des Sciences
Naturelles, Botanique, Série 7 16: 172. 1892.

Plate 4. Figure G.

Mats of filaments, greenish blue; sheath thin, hyaline, homogeneous,
sometimes absent; trichomes unconstricted, non granulated in septa;
intercalar cells shorter or longer than wide, 2.3-5.9 pm long and 3.8-4.8
pm diam., L/D 0.6-1.3; apical cells conical rounded, 3.4-4.3 um long
and 3.3-4.8 pum diam., RC/D 0.8-1.6; cellular content homogeneous,
greenish blue, with few small granules.

Distribution in the Parnaiba River Basin (n=1): Site PI-04. BRAZIL,
PIAUL: 05°1°58.87” S and 42°46°41.44” W, 43 amsl, 30.V.2017,
M.R.Auricchio (UNOP 5779).

Environmental conditions (n=1): Temp. 28.1°C; Cond. 301 uS.cm™;
pH 6.6; Vel. 0.9 m.s!; Depth 5.4 cm; Width 19.0 m; Subst. bedrock;
Shading 31%.

Taxonomic comments: this population was collected in a transitional
environment at the stream border, which confers with the description
proposed by Komarek & Anagnostidis (2005), in which P. corium is
common in subaerophytic environments.

8.%*% Phormidium retzii Kiitzing ex Gomont, Annales des Sciences
Naturelles, Botanique, series 7 15: 175. 1892.

Plate 4. Figure F.

Mats of filaments, greenish blue to dark green; sheath thin, hyaline,
sometimes absent; trichomes unconstricted and not granulated in septa;
intercalar cells shorter or longer than wide, 3.8-8.1 um long and 5.2-11.4
pm diam., L/D 0.4-1.4; apical cell truncate or rounded, 3.7-11.2 pm
long and 5.1-11.4 pm diam., L/D 0.6-1.4; cellular content homogeneous,
blue-green, with few small granules.

Distribution in the Parnaiba River Basin (n=3): Sites PI-02, PI-15,
PI-16. BRAZIL, PIAUI: 05°19°16.35” S and 42°48°29.01” W, 64
amsl, 29.V.2017, M.R.Auricchio (UNOP 5773); idem, MARANHAO:
05°0°36.97” S and 43°1°12.97” W, 111 amsl, 31.V.2017, M.R.Auricchio
(UNOP 5800); idem, PIAUI 05°16°33.73” S and 42°42°53.23” W, 38
amsl, 01.V1.2017, M.R.Auricchio (UNOP 5807, UNOP 5805).
Environmental conditions (n=3): Temp. 26.8-27.8°C (X = 27.1°C);
Cond. 51-321 puS.cm™ (X = 156 puS.cm™); pH 6.4-7.8 (X = 6.9); Vel.
0.1-1.2 m.s' (X = 0.6 m.s™"); Depth 5.0-29.0 cm (X = 19.7 cm); Width
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2.7-14.4 m (X = 6.7 m); Subst. bedrock and boulders; Shading 32-63%
(x=48%).

9.%* Phormidium tergestinum (Rabenhorst ex Gomont) Anagnostidis
& Komarek, Archiv fiir Hydrobiologie, Supplement 80: 406. 1988.
Plate 4. Figure 1.

Basionym: Oscillatoria tenuis var. tergestina Rabenhorst ex Gomont
1892.

Mats of filaments, dark blue; sheath thin, hyaline, homogeneous,
generally absent; trichomes unconstricted, granulated in septa; intercalar
cells wider than long, 2.2-4.6 um long and 4.6-6.3 um diam., L/D
0.3-0.8; apical cells rounded, 2.5-5.5 pum long and 4.2-5.9 pm diam.,
L/D 0.5-1.0; cellular content homogeneous, bright greenish blue.
Distribution in the Parnaiba River Basin (n=2): Sites PI-04, PI-06.
BRASIL, PIAUI: 05°1°58.87” S and 42°46°41.44” W, 43 amsl,
30.V.2017, M.R.Auricchio (UNOP 5778); idem, MARANHAO:
04°50°57.66” S and 42°47°46.89” W, 90 amsl, 30.V.2017, M.R. Auricchio
(UNOP 5781, UNOP 5782).

Environmental conditions (n=2): Temp. 28.1-28.5°C (X = 28.3°C);
Cond. 301-492 puS.cm™ (X = 396 uS.cm™); pH 5.9-6.6 (X = 6.2); Vel.
0.3-0.9 m.s' (X = 0.6 m.s"); Depth 5.4-6.3 cm (X = 5.8 cm); Width
4.3-19.0 m (X = 11.6 m); Subst. bedrock and sand; Shading 31-88%
(X=59.5%).

Taxonomic comments: the identification agrees with the description of
P, tergestinum by Komarek & Anagnostidis (2005), however, according
to these authors, this concept is broad, being likely to correspond to a
set of species.

10.%** Phormidium sp.

Plate 4. Figure H.

Mats of filaments, dark green; sheath thin, hyaline, generally absent, not
lamellated; trichomes unconstricted, not granulated in septa; intercalar
cells wider than long, 4.4-8.9 pm long and 9.6-11.8 pm diam., L/D 0.4-
0.8; apical cell truncate or rounded, 5.9-11.0 um long and 10.0-11.9
pm diam., L/D 0.6-1.0; cellular content homogeneous, blue-green, with
few small granules.

Distribution in the Parnaiba River Basin (n=2): Sites PI-10, PI-18.
BRAZIL, MARANHAO: 05°3°36.68” S and 42°53°38.29” W, 67 amsl,
31.V.2017, M.R.Auricchio (UNOP 5787); idem, PIAUI: 05°22°27.19”
S and 42°38°40.05” W, 71 amsl, 01.V1.2017, M.R.Auricchio (UNOP
5818).

Environmental conditions (n=2): Temp. 27.6-29.4°C (X = 28.5°C);
Cond. 51-79 pS.cm™ (x=65 pS.cm™); pH 7.0-7.3 (x=7.1); Vel. 0.11-0.8
m.s! (X=0.45m.s"); Depth 11.3-11.7 cm (X = 11.5 cm); Width 5.1-12.1
m (X = 8.6 m); Subst. bedrock; Shading 62-86% (X = 74%).
Taxonomic comments: although the cellular dimensions are within
the predicted in the description of P. retzii proposed by Komarek
& Anagnostidis (2005), the other characters (e.g. coloration and
granulation) present considerable differences with the populations
of P. retzii identified here. On the other hand, the characteristics of
the material do not allow identification in other species. Thus, it is
quite likely that this is a new species to be confirmed by future studies
including ultrastructural or molecular characters.
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DIVISION RHODOPHYTA

CLASS COMPSOPOGONOPHYCEAE

ORDER COMPSOPOGONALES

1.* Compsopogon caeruleus (Balbis ex C. Agardh) Montagne, Sciences
physiques. Botanique. Cryptogamie 1: 154. 1846.

Plate 5. Figure A.

Basionym: Conferva caerulea Balbis ex C.Agardh 1824.

Branched filamentous, dark blue to reddish brown; apical filament
uniaxial, uncorticated and branched, older mid and basal filaments
corticated, without rhizoidal filaments; axial cells doliform or
sub-spherical, 53.5-190.0 um long and 132.0-335.1 um diam., L/D
0.4-0.6; cortication formed by regular divisions of the axial cells;
external cortical cells generally polygonal, 17.8-27.6 um long and
12.9-21.5 um diam., L/D 1.0-1.7.

Distribution in the Parnaiba River Basin (n=2): Sites PI-02, PI-17.
BRAZIL, PIAUIL: 05°19°16.35” S and 42°48°29.01” W, 64 amsl,
29.V.2017, M.R.Auricchio (UNOP 5774); idem, 05°21°20.8” S and
42°45°20.91” W, 59 amsl, 01.V1.2017, M.R.Auricchio (UNOP 5812).
Environmental conditions (n=2): Temp. 26.8-29.1°C (X = 27.9°C);
Cond. 316-321 pS.cm™ (X = 318 pS.cm™); pH 7.8-8.0 (X = 7.9); Vel.
0.4-0.5 m.s™' (X = 0.5 m.s™"); Depth 5.0-20.6 cm (X = 12.8 cm); Width
2.0-14.4 m (X = 8.2 m); Subst. bedrock and boulders; Shading 48-63%
(X =55%).

CLASS FLORIDEOPHYCEAE

ORDER BATRACHOSPERMALES

1.* ‘Chantransia’ macrospora

Plate 5. Figure B.

Uniseriate branched filaments forming tufts. Branches with angles
greater than 25°; generally greyish green to reddish brown; cells of
the main filaments cylindrical with 25.2-85.0 pm long and 9.2-20.1
pm diam., L/D 2.2-4.7; monosporangia spherical, or in a few cases,
obovoidal, 22.5-34.5 pm in diameter.

Distribution in the Parnaiba River Basin (n=2): Sites PI-15, PI-19.
BRAZIL, MARANHAO: 05°0°36.97” S and 43°1°12.97” W, 111 amsl,
31.V.2017, M.R.Auricchio (UNOP 5799); idem, PIAUIL: 05°22°45.37”
S and 42°39°1.548” W, 68 amsl, 01.V1.2017, M.R.Auricchio (UNOP
5819).

Environmental conditions (n=2): Temp. 26.9-29.4°C (x = 28.1°C);
Cond. 51-130 uS.cm™ (X = 90 uS.cm™); pH 6.6; Vel. 0.7-1.2 m.s™!
(X = 0.9 m.s"'); Depth 17.6-25.2 cm (X = 21.4 cm); Width 2.1-3.0 m
(X =2.5 m); Subst. boulders; Shading 32-48% (X = 40%).

2.* ‘Chantransia’ pygmaea

Plate 5. Figure C.

Uniseriate branched filaments forming tufts. Branches with angles
lower than 25°; generally greyish green to reddish brown; cells of the
main filaments cylindrical with 24.8-48.4 pm long and 5.2-10.9 pm
diam., L/D 3.5-5.7; monosporangia obovoidal to spherical, 11.7-25.8
um in diameter.

Distribution in the Parnaiba River Basin (n=2): Sites P1-02, PI-19.
BRAZIL, PIAUIL: 05°19°16.35” S and 42°48°29.01” W, 64 amsl,
29.V.2017, M.R.Auricchio (UNOP 5771); idem, 05°22°45.37” S and
42°39°1.548” W, 68 amsl, 01.V1.2017, M.R.Auricchio (UNOP 5819).
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Plate 5. A; Compsopogon caeruleus; B. ‘Chantransia’ macrospora with monosporangia (arrow); C. ‘Chantransia’ pygmaea with monosporangia (arrow); D-F.
Batrachospermum ctf. macrosporum: D. B. cf. macrosporum associated with ‘Chantransia’ macrospora; E. General view of the whorls; F. Primary fascicle.
Scale bars = 100 um (Figures A, D, F); 20 um (Figures B-C); 200 um (Figure E).
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Environmental conditions (n=2): Temp. 26.8-29.4°C (x = 28.1°C);
Cond. 130-321 puS.cm™ (X =225 uS.cm™); pH 6.6-7.8 (X = 7.2); Vel.
0.5-0.8 m.s! (X = 0.6 m.s™); Depth 5.0-17.6 cm (X = 11.3 cm); Width
2.1-14.4 m (X = 8.2 m); Subst. bedrock; Shading 48-63% (X = 55%).

3.* Batrachospermum cf. macrosporum Montagne, Annales des
Sciences Naturelles, Botanique, Troisiéme série 14: 293. 1850.

Plate 5. Figure D-F.

Multiseriate filaments moderately mucilaginous, irregularly and
abundantly branched; straight apex, whorls well developed, lax,
spherical or doliform, generally contiguous, 577.6-1642.1 pm diam.;
internodes with 234.1-715.6 pm long and 37.1-71.8 ym diam., L/D
5.9-10.1; primary fascicles with 5-7 cells, 2-4 di- or trichotomously
branched; proximal cells ellipsoidal or cylindrical, 55.4-97.7 pm
long and 6.9-12.5 um diam., L/D 4.4-11.8; distal cells ellipsoidal or
obovoidal, 16.7-35.5 um long and 7.9-15.5 pm diam., L/D 1.2-3.9;
carposporophytes and carpogonia non observed.

Distribution in the Parnaiba River Basin (n=1): Site PI-15. BRAZIL,
MARANHAO: 05°0°36.97” S and 43°1°12.97” W, 111 amsl, 31.V.2017,
M.R.Auricchio (UNOP 5802).

Environmental conditions (n=1): Temp. 26.9°C; Cond. 51 uS.cm’;
pH 6.6; Vel. 1.2 m.s'; Depth 25.2 cm; Width 3.0 m; Subst. boulders;
Shading 32%.

Taxonomic comments: the population sampled did not have
carposporophytes and carpogonia, which would make identification
impossible. However, based on vegetative morphology (particularly
shaped and size of primary fascicles) and specimens were closely
associated with ‘Chantransia’ macrospora, which is the sporophyte
phase of B. macrosporum (Necchi Junior & Zucchi 1997). Thus, we
indicate this species as conferatum until a more precise identification.

4.*% Batrachospermum sp.

Plate 6. Figure A-C.

Multiseriate filaments moderately mucilaginous, irregularly and
abundantly branched; straight apex, whorls well developed, dense or
lax, obconical or doliform, generally contiguous, 202.4-350.5 um diam.;
internodes 110.4-531.6 pm long and 32.0-72.0 pm diam., L/D 3.4-10.0;
primary fascicles with 6-9 cells, 2-3 di- or trichotomously branched;
proximal cells cylindrical, 16.5-26.8 pm long and 4.7-7.2 um diam.,
L/D 3.2-5.5; distal cells elliptical or obovoidal, 8.6-11.7 pm long and
5.2-7.3 pm diam., L/D 1.2-1.8; numerous secondary fascicles along
the internode length, usually reach the length of the primary fascicles;
symmetrical carpogonia with 28.7-47.6 um long and 6.1-9.0 um diam.,
L/D 3.1-7.8; carposporophytes not observed.

Distribution in the Parnaiba River Basin (n=1): Site PI-15. BRAZIL,
MARANHAO: 05°0°36.97” S and 43°1°12.97” W, 111 amsl, 31.V.2017,
M.R.Auricchio (UNOP 5802-1).

Environmental conditions (n=1): Temp. 26.9°C; Cond. 51 uS.cm’;
pH 6.6; Vel. 1.2 m.s'; Depth 25.2 cm; Width 3 m; Subst. boulders;
Shading 32%.

Taxonomic comments: no carposporophytes were observed in the
population, making it impossible to identify the material at a specific
level.

5.*%* Kumanoa abilii Necchi (Reis) Necchi Junior & Vis, Phycologia
49(1): 101. 2010.

http://www.scielo.br/bn

Plate 6. Figure D-G.

Basionym: Batrachospermum abilii M.P. dos Reis 1965.

Free multiseriate filaments with moderate mucilage, irregularly and
abundantly branched; straight apex, whorls well developed, dense or
lax, obconical or doliform, generally contiguous, with 199.3-451.9 um
diam. internodes with 56.7-459.5 um long and 15.9-60.5 pm diam., L/D
2.3-10.5; primary fascicles with 5-11 cells, 2-4 di or trichotomously
branched; proximal cylindrical cells with 16.1-30.1 pm long, 4.1-9.0
pm diam., L/D 1.8-6.1; distal cells elliptical, obovoidal or spherical
with 4.8-13.2 um long and 4.3-7.8 um diam., L/D 0.9-2.2; numerous
secondary fascicles along the internode length, usually reach the length
of the primary fascicles; curved carpogonial branches, differentiated
from fascicles, on pericentral cells; asymmetrical carpogonia, 25.7-44.1
pm long, 4.0-8.6 um diam., L/D 3.7-7.8; carposporophytes sessile,
1 per whorl, dense, semi-spherical, 112.8-194.1 um diam; compact
mass of gonimoblast filaments, carposporangia formed at apices with
9.5-10.2 pm diam.

Distribution in the Parnaiba River Basin (n=1): Site PI-18. BRAZIL,
PIAUIL: 05°22°27.19” S and 42°38°40.05” W, 71 amsl, 01.V1.2017,
M.R.Auricchio (UNOP 5817).

Environmental conditions (n=1): Temp. 29.4°C; Cond. 79 uS.cm’'; pH
7.0; Vel. 0.1 m.s™!; Depth 11.3 cm; Width 5.1 m; Subst. rock, boulders,
gravel; Shading 62%.

Taxonomic comments: the carposporophytes measures were
slightly smaller when compared to what was described by Kumano
(2002) (150.0-300.0 pm) to Batrachospermum abilii, however, the
morphological characteristics confer with what was described for the
species.

Discussion

The total number of taxa found in the present study (38) can be
considered high when compared to studies carried out in other Brazilian
regions that used similar methodology, namely: i) 13 taxa (Pereira &
Branco 2010) and 21 taxa (Almeida et al. 2011) in the northwest of the
Sédo Paulo State; ii) 23 taxa (Branco et al. 2008) and 34 taxa (Krupek et
al. 2008), in the central-southern region of the Parana State; iii) 24 taxa
(Branco et al. 2009) in the mid-western region of the Parana State, and,
iv) 19 taxa (Peres et al. 2008) reported to the eastern region of Parana
State. Likewise, when considering the relative richness, found 1.81 taxa
per sampling point, which is also higher when compared to what was
reported in those other regions (taxa per sampling point and respective
studies: 1.09 in Branco et al. 2009, 1.23 in Almeida et al. 2011, 1.35
in Peres et al. 2008, 1.78 in Krupek et al. 2008, 2.09 in Branco et al.
2008). Studies in tropical streams have shown that biomes without a
dense canopy cover can sustain richer macroalgae communities (Necchi
Junior et al. 2003, 2008). Apparently, a larger radiation area in the
drainage basin (which is typical in the Caatinga and Cerrado biomes,
here sampled) may provide support for a bigger regional species pool
that enables greater local richness (as demonstrated for green algae in
Peres et al. al. 2017).

In terms of the algal groups that are commonly found in streams,
there were predominant species of green algae (Chlorophyta plus
Charophyta) (13 taxa, 34.2%) followed by Cyanophyta (10 taxa, 26.3%).
These data corroborate the pattern observed by Sheath & Cole (1992,
35% and 24%, green algae and cyanobacteria, respectively), Vis et al.
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Plate 6. A-C. Batrachospermum sp.: A. Carpogonia (arrow); B. Primary fascicle; C. General view of the whorls. D-G. Kumanoa abilii: D. General view of
the whorls with a carposporofite (arrow); E. Carpogonia (arrow); F. Gonimoblast filaments with carposporangia at apices (arrow); G. Primary fascicle. Scale
bars =20 pum (figs. A-B, E-G);100 um (fig. D); 200 um (fig. C).
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(1994, 47% and 32%), Branco et al. (2008, 52.2% and 26.1%), Branco
et al. (2009, 54% and 21%), Almeida et al. (2011, 43% and 38%) and
Krupek & Branco (2014, 58.4% and 25%). Most surveys cited above
include disturbed regions or open riparian vegetation. It appears that
this predominance of green algae species in these regions occurs due
to the better adaptation of the group to high light intensity regimes due
to characteristics of its photosynthetic complex (Branco et al. 2017).
Although Bacillariophyta was not the richest group, in this study a bigger
number of diatom species was found than conventionally for stream
macroalgae studies (e.g. Necchi et al. 2000, Branco et al. 2008, 2009).
Even though unicellular, diatoms can form monospecific macroscopic
colonies (Biggs & Kilroy 2000, as shown in the Plate 1, Figure A in
this study) that can dominate the streambed - hence macroalga, sensu
Sheath & Cole (1992).

The results of this work make very clear the importance of floristic
surveys to the reduction of the algae biodiversity conservation shortfalls,
specially the Wallacean Shortfall (Whittaker et al. 2005). Of the 38
species recorded by this taxonomic survey, 37 are new records for the
Parnaiba River Basin where only Cladophora glomerata was already
registered for the basin. Following the same pattern, 23 species are
new records for the Brazilian Northeast region (60.5% of the total)
and Microcoleus lacustris represented the first record for the Brazilian
territory. Despite the fact that it remains the Brazilian watershed with
the lowest number of algal species documented, this work contributed
to the increase of almost five times the number of species sampled in
the Parnaiba River Basin (from only 10 to 47 species, Flora do Brasil
2020 under construction 2018). These data reinforce that the differences
presented in the algal diversity in the Brazilian regions are much more
related to the sampling effort than to environmental differences. In
addition, this study illustrates not only the group’s lack of information
in the region but also shows the importance of this type of study as a
tool for expanding knowledge about biodiversity and its conservation.
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Abstract: Local and regional environmental variations lead to different species composition, creating transitional
areas. An example is the Araucaria and Seasonal forest in southern Brazil. Our objectives were (1) to describe
the tree community structure and composition of a subtropical forest in southern Brazil and (2) to compare the
floristic relationships between two forest typologies (Araucaria and Seasonal forest) in order to characterize the
study area and the distribution patterns of tree species. We conducted a survey at Chapecod National Forest (in
southern Brazil) in an area of 1.2 ha, where all individuals > 30 cm of circumference at breast height were sampled.
Community structure was described using the traditional phytosociological parameters. The floristic relationships
were obtained by comparing our results with compiled data from other scientific papers through cluster analyses
using an unweighted average linkage method, based on Jaccard similarity coefficient. We sampled 809 individuals
belonging to 61 species and 28 families. The richest family was Fabaceae and Coussarea contracta (Walp.) Milll. Arg.
was the most abundant species. Taxonomic diversity was 3.06 and the evenness was 0.74. The floristic similarity
revealed that species composition of our study area is more similar to Seasonal forest. Species composition is
related to environmental factors such as great thermal amplitude and seasonality. This subtropical forest is well
structured, highly diverse and extremely important for the local and regional biodiversity conservation.
Keywords: Araucaria forest, Biodiversity conservation, Floristic similarity, Phytosociology, Seasonal forest,
Transitional forest.

Estrutura da comunidade e diversidade de espécies arboreas em uma floresta
subtropical no sul do Brasil

Resumo: Variagdes ambientais locais e regionais levam a composicao de espécies diferentes e areas de transigdes.
Um exemplo ¢ a floresta com araucaria e a floresta estacional no sul do Brasil. Nossos objetivos foram (1)
descrever a composico e estrutura da comunidade arbérea de uma floresta subtropical no sul do Brasil e (2)
comparar as relagdes floristicas entre duas tipologias florestais (Floresta com Araucaria e Floresta Estacional) a
fim de caracterizar a area de estudo e o padrdo de distribui¢do de espécies arbdreas. Nos realizamos uma pesquisa
na Floresta Nacional de Chapecd (no sul do Brasil) em uma area de 1.2 hectares, onde todos os individuos com
circunferéncia a altura do peito > 30 cm foram amostrados. A estrutura da comunidade foi descrita utilizando os
parametros fitossocioldgicos tradicionais. Obtivemos as relagdes floristicas através da comparacdo dos nossos
resultados com dados compilados de outros trabalhos cientificos, através de analises de agrupamento (método de
ligacdo de distancia média ndo ponderada, UPGMA, baseado no coeficiente de similaridade de Jaccard). Foram
amostrados 809 individuos pertencentes a 61 espécies e 28 familias. A familia mais rica foi Fabaceae e Coussarea
contracta (Walp.) Milll. Arg. a espécie mais abundante. A diversidade taxonomica foi de 3.06 e a equabilidade foi
de 0.74. A similaridade floristica revelou que a composi¢do de espécies da nossa area de estudo ¢ mais similar a
da floresta estacional. A composigdo de espécies esta relacionada a fatores ambientais como a amplitude térmica e
sazonalidade. Esta floresta subtropical é bem estruturada, altamente diversa e muito importante para a conservagao
da biodiversidade local e regional.

Palavras-chave: Floresta com araucaria, Conservagdo da biodiversidade, Similaridade floristica, Fitossociologia,
Floresta estacional, Floresta de transigdo.
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Introduction

The community species composition results from processes that
rule the assemblages. In general, the processes are related to neutral
models (Hubbell 2001), niche-based models (Cornwell & Ackerly
2009) or both, in different scales (Xu et al. 2017). In general, the first
are related to stochastic variations in the community (eg. dispersal
limitations), and the second, to the influence of the environmental filters
on species. These environmental filters are related to abiotic factors
that prevent the establishment or persistence of a species in a location
(eg. temperature, precipitation, and soil conditions) (Kraft et al. 2015,
Oliveira-Filho et al. 2001).

The environmental characteristics can vary along the extent of
an area, creating some special conditions to the development and
occurrence of a set of species. Factors such as soil composition, rainfall
patterns, latitudinal and altitudinal ranges lead to floristic differentiations
(Liebsch et al. 2008). These variations create gradients (or ecotones),
known as transitional areas with great biodiversity, especially because of
the overlap of different physiognomies (Risser 1995). In general, studies
in these areas are mainly in the transition of forested and non-forested
areas (Junyan et al. 2014), and the forest-forest dynamics is poorly
documented, especially because of the gaps in knowledge about the
capacity of rearrangement of species distribution (Oliveira-Filho et al.
2014).

The Brazilian Atlantic Forest is one of the biodiversity hotspots of
the world, because of the great endemism of species in this area (Myers
et al. 2000). Originally, it covered more than 1,400.000 km? of Brazilian
territory (Joly et al. 2014) and the geographical location ranges from
the northeastern to southern Brazil (Morellato & Haddad 2000, Joly
etal. 2014). The Atlantic Forest is defined by Oliveira-Filho and Fontes
(2000) as sensu stricto (s.s.) and sensu lato (s.1.). The first is related
to the forests along the Atlantic Ocean and the second, as a biome, to
a set of physiognomies present at the extent of its distribution. In this
study, we considered the concept of Atlantic Forest s./., including the
forest physiognomies (Oliveira-Filho & Fontes 2000).

The floristic differences can be generated by local environmental
factors, such as river valleys (important corridors of arboreal species
dispersal) (Spichiger et al. 2004), edaphic factors, local topography and
disturbances (Higuchi et al. 2012, Gongalves & Souza 2014, Estevan
et al. 2016). In the southern Brazil region, heterogeneous climatic
conditions allow the occurrence of many different groups of species
(Higuchi et al. 2012). In general, they are a mixture of tropical elements
from Amazon region and temperate Austral-Antartic and Andean floras
(Rambo 1951).

As a consequence of this heterogeneity, many transitional areas are
found in this region. For example, the Araucaria forest is surrounded
by the Atlantic forest s.s. (i.e. Dense ombrophilous forest), Seasonal
forest, grasslands and other vegetation types (Klein 1978; Overbeck
et al. 2007; IBGE 2012). However, little is known about the floristic
patterns of the arboreal components of these forests (Higuchi et al.
2012), especially in transitional areas. In order to answer these questions,
we had two objectives in this study. In the first, we aimed at describing
the tree community structure and composition of a subtropical forest
in southern Brazil. In the second, we aimed at comparing the floristic
relationships between two forest typologies (Araucaria and Seasonal
forests) in order to characterize the study area and to contribute to the
knowledge on the distribution patterns of tree species.

http://www.scielo.br/bn

Material and Methods

1. The southern Brazilian Atlantic Forest: the Araucaria and
Seasonal forests

The forest typologies in Santa Catarina state were initially described
in an extensive fieldwork by the botanists Raulino Reitz and Roberto
Miguel Klein (Klein 1978, 1960, Reitz et al. 1978, Klein 1963). Their
results were summarized in two publications — the “Flora Ilustrada
Catarinense” (in many papers since 1965) and the “Projeto Madeira
de Santa Catarina” (Reitz et al. 1978), who became important for the
knowledge about Santa Catarina’s flora. Recently, another project was
conducted in the state (“The Floristic and Forest Inventory of Santa
Catarina State” (Vibrans et al. 2010)) and resulted in many papers and
books about the species occurrence, plant genetic information and
economic aspects of the population surrounding the forest (Vibrans
etal. 2013a, b, 2010).

The results obtained from the inventory for Araucaria forest (AF)
and Seasonal forest (SF) were summarized by Gasper, Uhlmann, et al.
(2013) and Gasper, Sevegnani, et al. (2013) where they recorded 366
and 204 tree species, respectively. In the southern Atlantic forest s./.,
the presence of the conifer Araucaria angustifolia (Bertol.) Kuntze
characterizes the AF. This species occurs at the Santa Catarina’s plateau
in elevations between 500 m to 1,500 m above sea level (a.s.l.) (Backes
2009). The climatic conditions for its occurrence are low temperature
(12 °C in average) and high humidity (1.830 mm in average) (Rambo
1953, Backes 2009). Other species frequently associated with this forest
are Nectandra lanceolata Nees, Eugenia involucrata DC., Ocotea
diospyrifolia (Meisn.) Mez, llex paraguariensis A.St.-Hil. and Cupania
vernalis Cambess. (Klein 1978; Jarenkow and Budke 2009). Otherwise,
the Seasonal forest, also known as “Upper Uruguay River Basin” forest,
is characterized by deciduous species (who lose their leaves in the cold
season). It occurs in elevations between 150 m to 800 m a.s.l (Klein
1978, Gasper, Uhlmann, et al. 2013) and the temperature in the region
is lower than 15 °C in average. Other species associated with this forest
are Apuleia leiocarpa (Vogel) J.F.Macbr., Diatenopteryx sorbifolia
Radlk., Peltophorum dubium (Spreng.) Taub. and Myrocarpus frondosus
Allemao (Gasper, Uhlmann, et al. 2013, Klein 1978).

The west of the Santa Catarina state was traditionally characterized
as a transitional area, composed by Araucaria and Seasonal forests.
According to IBGE (2012), this region is substantially covered by
Seasonal forest; However, Klein (1960) described it as Araucaria forest,
mainly. Furthermore, many authors agree that the dynamics of these
forests follow a west-east pattern and the species that compose the SF
advances over the AF (Backes 2009; Waechter 2009; Jarenkow and
Budke 2009; Gasper et al. 2013b, 2015).

2. Study area

The sampling was conducted at Chapec6 National Forest (glebe
one), a Conservation Unit for sustainable use located in the west of
Santa Catarina, southern Brazil (27°05°19.9”’S and 52°46°47.3”W)
(Figure 1) (see details in Lucas & Fortes 2008). The climate is
subtropical (Nimer 1989); the annual rainfall is well distributed during
the year (the average rainfall is 2000 mm) and the average temperature
ranges from 22 °C to 14 °C for the hotter and coldest month, respectively
(http://www.inmet.gov.br). The regional landforms are characterized
by the hilly topography of the Araucarias’ Plateau, between 520 m
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Figure 1. Location of the study area, at Chapec6 National Forest, west Santa Catarina, southern Brazil (code number 8 - *). Information about
Araucaria forest is presented as quadrats (numbers 9-12) and Seasonal forest as circles (numbers 1-7). Complete information about data sources

data can be accessed in Table 1.
and 617 m a.s.1. and the predominant soils are Inceptisols and Oxisols
(ICMBio 2013).
3. Sampling units and data analysis

The survey was conducted in a secondary forest, with more than
60 years without disturbance (in 2017). There, 24 permanent plots
were systematically selected with 500 m? each one (50 m x 10 m),

http://dx.doi.org/10.1590/1676-0611-BN-2018-0606

corresponding to a total area of 1.2 ha. To describe the community
structure we measured trees > 30 cm of circumference at breast height
(c.b.h.) (which means > 9.54 cm of diameter at breast height, d.b.h.).
The maximum height was estimated for all individuals. Whenever
possible, the individuals had species determination in field. For those
which determination was not possible, we collected material for
determination in laboratory. Voucher specimens were deposited in the
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UNO Herbarium (UNO, at Universidade Comunitaria da Regido de
Chapecd). The circumscription adopted for angiosperm families are
in accordance with Angiosperm Phylogeny Group (The Angiosperm
Phylogeny Group 2016).

The community structure was described using the phytosociological
parameters (Mueller-Dombois & Ellenberg 1974). We evaluated the
sample adequacy using a rarefaction curve (Magurran 2004) with the
software Estimates 8.2, considering o < 0.05. Taxonomic diversity was
estimated using the Shannon-Weiner Index (H”) and Pielou’s evenness
Index (J) (R version 3.3.1, vegan package) (R Core Team 2016).

To evaluate the floristic similarity we compiled information from
scientific papers. Our selection criterion followed the conditions: a)
survey at Araucaria or Seasonal forests and b) range of study restricted
to southern Brazil, with the maximum distance of 350 km from the
Chapeco National Forest (our study area) and more than 50 km between
the surveys (data sources) to remove a possible effect of proximity,
also considering, as possible, studies with similar sampling method
and data collection effort (Fig. 1). We selected 12 papers, and most
part of surveys employed plots for vegetation sampling; once a study
used point-centered quarters (Benvenuti-Ferreira & Coelho 2009). The
studies differ in regard to sampling effort and size criteria for individual
inclusion (minimum c.b.h.). The information about each study is
described in Table 1. We integrated our results to the matrix of compiled
data and used an abundance matrix. The final matrix was composed by
145 arboreal species (genus and families identifications were excluded).
We performed cluster analyses using an unweighted average linkage
method (UPGMA) based on a Jaccard similarity coefficient (Legendre
& Legendre 2012) (R version 3.3.1, vegan package).

Results

We sampled 809 individuals belonging to 61 species and 28
families. Families with the largest number of species were: Fabaceae
(11), Lauraceae (5), Rutaceae (5), Salicaceae (4) and Sapindaceae
(4) (Table 2). The mean density was 674 individuals/ha. Coussarea
contracta (Walp.) Miill.Arg., Ocotea diospyrifolia (Meisn.) Mez,
Cupania vernalis Cambess., Araucaria angustifolia, Casearia
sylvestris Sw., Diatenopteryx sorbifolia Radlk. and Myrocarpus
frondosus Allemao were the species with biggest relative density,
representing 62.7% of the individuals sampled. These species even
had the biggest relative dominance in basal area (more than 54%),
relative frequency (37.9%), coverage value (58.2%) and importance
value (51.5%) (Table 2). According to the Shannon index, the
taxonomic diversity was 3.06 and the evenness (J) was 0.74 (Table 1).
However, the rarefaction curve did not reach an asymptotic richness
level (Figure 2).

The diameter structure followed the traditional inverted-J curve,
with most of the individuals at the first diameter class (almost 50%)
(Figure 2). Individuals with largest diameter are represented by Luehea
divaricata Mart. & Zucc. (107 cm d.b.h) and 4. angustifolia (81.5 cm
d.b.h.). Most of the individuals were from six to 15 meters height and, in
general, the abundance decreased as the height grew up (Figure 2). The
emergent species (over 20 m height) were A. angustifolia, D. sorbifolia,
M. frondosus, O. diospyrifolia, Helietta apiculata Benth., Lamanonia
ternata Vell., Matayba elaeagnoides Radlk., Parapiptadenia rigida
(Benth.) Brenan, Peltophorum dubium (Spreng.) Taub. and Prunus
myrtifolia (L.) Urb.

Table 1. Data compiled from studies at Araucaria and Seasonal forests in order to evaluate the species similarity. Source: papers where the data were obtained; SL:
sampling location; CO: site code; A: total sampled area (in hectares); c¢.b.h: minimum tree circumference criteria (cm); N: number of species sampled; RF: Richest
families at community; Abundant species: Most abundant species at community; Total abundance: number of individuals sampled at community; RD: Araucaria
angustifolia relative dominance at community; H’: Shannon-Wiener diversity index; J: Pielou’s evenness index.

Source SL CcO A c.b.h. N RF Abundant species (N) abfx?tizilce (l}z H’ J
Fabaceae (11); Coussarea contracta (177);
Lauraceae (5); Ocotea diospyrifolia (110);
This study SC 8 1,2 30 61 Rutaceae (5); Cupania vernalis (84); 809 5,5 3,06 0,74
Salicaceae (4); Araucaria angustifolia (45);
Sapindaceae (4) Casearia sylvestris (32).
Seasonal forest
Myrtaceac (7); Euge(u'a ram?)oi (397);
Lindenmaier & Meliaceae (4); Cordia americana (111);
RS 1 1 15 49 . ’ Sorocea bomplandii (94); 1097 - 2,68 0,66
Budke (2006) Salicaceae (5); . . .
Fabaceae (5). Casearia sylv?strts (68);
Cabralea canjerana (56).
Fabaceae (7);
Jarenkow Myrtaceae (6); Gymnanthes concolor (632);
& Waechter RS 2 1 15,7 55 Euphorbiaceae (5); Euterpe edulis (434); 1855 - 2,24 0,56
(2001) Lauraceae (5); Sorocea bomplandii (255).
Meliaceae (5)
Fabaceae (11); Cordia americana (45);
. Myrtaceae (4); . P
Benvfznutl— Rutaceae (4): Dlatenopteryx‘ sorbifolia (39);
Ferreira & RS 6 0,25 15,7 63 Sapindaceac ’( 4); Prunus myrtifolia (27); 508 - 3,68 0,89
Coelho (2009) ’ Matayba elaeagnoides (26);

Lauraceae (4);

Euphorbiaceae (4)

Machaerium stipitatum (22).
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. Total RD s
Source SL CcO A c.b.h. N RF Abundant species (N) abundance (%) H J
Fabaceae (14); Syagrus romanzoffiana (130);
Balbinot et al Myrtaceae (4); Sebastiania commersoniana (53);,
(2016) ’ RS 7 1 31,4 83 Euphorbiaceae (4); Nectandra megapotamica (49); 842 - 3,72 -
Rutaceae (4); Lonchocarpus muehlbergianus (44);
Meliaceae (4) Eugenia subterminalis (30).
Fabaceae (9);
Myrtaceae (5); Sorocea bomplandii (52);
Schneider & Meliaceae (5); Nectandra megapotamica (50);
Rocha (2014) sC 1 04 2 o Sapincaceae (4); Syagrus romanzoffiana (27); >12 ) 347 087
Lauraceae (4); Trichilia claussenii (27).
Fabaceae (10);
Gris et al Meliaceae (7); Euterpe edulis (159);
2014) ' PR 12 0,4 15 70 Myrtaceae (5); Sorocea bomplandii (99); 518 - 3,37 0,79
Lauraceae (4); Guarea kunthiana (57).
Rutaceae (4)
Araucaria forest
Myrtaceae (9); Araucaria angustifolia (217);
Rondon-Neto Lauraceae (3); Sebastiania commersoniana (43);
etal. (2002) RS 3 0,8 15,7 37  Sapindaceae (3); Lithraea brasiliensis (41), 673 322 2,77 -
’ Asteraceae (2); Zanthoxylum rhoifolium (39);
Rutaceae (2) Mpyrcia sp. (38)
Myrtaceae (10); Lithraea braszlzenxzs”(176);
Ferreira et al Asteraceae (5); Podocarpus lambertii (125);
’ SC 4 1 15,7 55 . ’ Araucaria angustifolia (97); 1457 6,6 3,21 0,79
(2016) Anacardiaceae (4); . P
Lauraceae (4) Blepharocalix salicifolius (97);
U Acca sellowiana (96).
Myrtaceac (18); Arauc"arta angustifolia (.198);
Silva et al Asteraceae (6); Myreia splendens (19);
’ SC 5 1 15,7 87 ’ Podocarpus lambertii (139); 1783 11,1 3,60 0,82
(2012) Lauraceae (5); ;
Salicaceae (5) Jacaranda puberula (103);
Myrcia bombycina (78).
Lauraceae (7); Prunus myrtifolia (80);
Santos et al Myrtaceae (4); Cupania vernalis (37);
2012) ’ SC 9 0,66 30 36 Bignoniaceae (3);  Nectandra megapotamica (30); 439 3,5 2,79 -
Fabaceae (3); Matayba elaeagnoides (25);
Sapindaceae (3) Ocotea spixiana (21).
Myrtaceae (5); Araucaria angustifolia (162);
Linener et al Asteraceae (3); Ocotea porosa (75);
g ' SC 10 2,5 60 41 Sapindaceae (3); Cupania vernalis (62); 502 32,2 2,54 -

(2007)

Cunoniaceae (2)

Euphorbiaceae (2);

Capsicodendron dinisii (33);
Matayba elaeagnoides (23).

Floristic similarity revealed that our study area (code number
8 - *) was more similar to the species composition of Seasonal forest
(cophenetic correlation coefficient: 0.9092) (Figure 3). The cluster
indicated two groups, and the first division was between species
composition from both two forest typologies. Seasonal forest group
was divided according to the hydrography: forests from the upper
Uruguay and Parana and Jacui river basins. On the other hand, the
higher altitude was important for the Araucaria forest in the southern
Brazilian mountains. Furthermore, surveys geographically closer were
more similar in species composition; Fabaceae has a greater richness in
Seasonal forests from Uruguay and Parand river basins, Myrtaceae is
highly represented in Araucaria forests from northeastern Rio Grande
do Sul, and Lauraceae is well distributed in both forest typologies
(Table 1, Fig.1). In terms of species composition, M. elaeagnoides,
P. myrtifolia, Allophylus edulis (A.St.-Hil., Cambess. & A. Juss.)
Radlk, Campomanesia xanthocarpa O.Berg, Cedrela fissilis Vell. and

http://dx.doi.org/10.1590/1676-0611-BN-2018-0606

Nectandra megapotamica (Spreng.) were registered in most part of
the studies and also in our sampling. Otherwise, A. angustifolia was
sampled only in Araucaria forests, broadly associated to higher altitudes
in Santa Catarina and Rio Grande do Sul states.

Discussion

1. Tree community structure and composition in a subtropical
forest in southern Brazil

The tree taxonomic diversity and evenness indexes found in this
study had intermediate values when compared to other surveys in
southern Brazil (Table 1). These indexes indicated the balance of few
dominant species and many species with lower abundance. This result
reflects the ecological stability and maturity of the community (Wright
2007, Warring et al. 2016).
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Table 2. Structural parameters of the tree community surveyed at Chapecé National Forest, west Santa Catarina, southern Brazil. Species: identification of the
species sampled in this study; N: number of individuals; RD: relative density (%); RF: relative frequency (%); RDo: relative dominance (%); IV: importance value

(%); CV: coverage value (%).

Family Species N RD RF RDo v Ccv
Rubiaceae Coussarea contracta (Walp.) Miill. Arg. 177 21,88 6,6 5,56 11,3 13,72
Lauraceae Ocotea diospyrifolia (Meisn.) Mez 110 13,6 7,2 20,52 13,8 17,06
Sapindaceae Cupania vernalis Cambess. 84 10,38 6,3 6,46 7,7 8,42
Araucariaceae Araucaria angustifolia (Bertol.) Kuntze 45 5,56 6,0 14,79 8,8 10,18
Salicaceae Casearia sylvestris Sw. 32 3,96 42 1,38 3,2 2,67
Sapindaceae Diatenopteryx sorbifolia Radlk. 30 3,71 42 2,80 3,6 3,25
Fabaceae Myrocarpus frondosus Allemao 27 3,34 3,6 2,54 3,2 2,94
Myrtaceae Campomanesia xanthocarpa (Mart.) O.Berg 20 2,47 3,9 1,31 2,6 1,89
Rutaceae Helietta apiculata Benth. 19 2,35 3,0 1,70 2.3 2,02
Sapindaceae Matayba elaeagnoides Radlk. 19 2,35 3.9 4,21 3,5 3,28
Primulaceae Myrsine umbellata Mart. 18 2,22 3,6 0,83 2,2 1,53
Boraginaceae Cordia americana (L.) Gottschling & J.S.Mill. 17 2,1 1,5 3,50 2,4 2,80
Salicaceae Banara tomentosa Clos 16 1,98 2,7 0,52 1,7 1,25
Meliaceae Cedrela fissilis Vell. 16 1,98 4,2 3,92 34 2,95
Sapotaceae Chrysophyllum marginatum (Hook. & Arn.) Radlk. 16 1,98 3,0 1,24 2,1 1,61
Malvaceae Luehea divaricata Mart. & Zucc. 12 1,48 1,8 6,71 3,3 4,10
Salicaceae Casearia decandra Jacq. 11 1,36 2.4 0,32 1,4 0,84
Fabaceae Ateleia glazioveana Baill. 10 1,24 1,8 2,47 1,8 1,85
Lauraceae Nectandra megapotamica (Spreng.) Mez 9 1,11 L5 0,79 1,1 0,95
Rutaceae Pilocarpus pennatifolius Lem. 9 1,11 0,6 0,24 0,7 0,68
Fabaceae Peltophorum dubium (Spreng.) Taub. 7 0,87 1,8 2,73 1,8 1,80
Loganiaceae Strychnos brasiliensis Mart. 7 0,87 1,2 0,34 0,8 0,60
Meliaceae Cabralea canjerana (Vell.) Mart. 6 0,74 1,8 0,29 0,9 0,51
Sapotaceae Chrysophyllum gonocarpum (Mart. & Eichler ex Miq.) Engl. 6 0,74 0,9 0,25 0,6 0,50
Annonaceae Annona rugulosa (Schltdl.) H.Rainer 5 0,62 1,5 0,17 0,8 0,40
Salicaceae Casearia obliqua Spreng. 5 0,62 1,5 0,25 0,8 0,43
Aquifoliaceae llex paraguariensis A.St.-Hil. 5 0,62 1,2 0,57 0,8 0,59
Fabaceae Parapiptadenia rigida (Benth.) Brenan 5 0,62 1,5 3,34 1,8 1,98
Moraceae Sorocea bonplandii (Baill.) W.C.Burger et al. 5 0,62 0,9 0,12 0,6 0,37
Lauraceae Nectandra lanceolata Nees 4 0,49 0,9 0,91 0,8 0,70
Euphorbiaceae Gymnanthes klotzschiana Miill.Arg. 4 0,49 0,9 0,34 0,6 0,42
Sapindaceae Allophylus edulis (A.St.-Hil. et al.) Hieron. ex Niederl. 3 0,37 0,6 0,26 0,4 0,31
Rutaceae Balfourodendron riedelianum (Engl.) Engl. 3 0,37 0,3 0,11 0,3 0,24
Boraginaceae Cordia trichotoma (Vell.) Arrab. ex Steud. 3 0,37 0,9 0,49 0,6 0,43
Myrtaceae Eugenia involucrata DC. 3 0,37 0,9 0,08 0,5 0,23
Fabaceae Muellera campestris (Mart. ex Benth.) MLJ. Silva & A.M.G. 3 0,37 0,9 0,74 0,7 0,55
Azevedo
Polygonaceae Ruprechtia laxiflora Meisn. 3 0,37 0,9 0,26 0,5 0,32
Rutaceae Zanthoxylum petiolare A.St.-Hil. & Tul. 3 0,37 0,9 0,22 0,5 0,29
Apocynaceae Aspidosperma australe Miill. Arg. 2 0,25 0,6 0,42 0,4 0,34
Fabaceae Calliandra foliolosa Benth. 2 0,25 0,6 0,04 0,3 0,14
Fabaceae Erythrina falcata Benth. 2 0,25 0,6 0,51 0,5 0,38
Fabaceae Holocalyx balansae Micheli 2 0,25 0,6 0,73 0,5 0,49
Aquifoliaceae llex brevicuspis Reissek 2 0,25 0,6 0,40 0,4 0,32
Bignoniaceae Jacaranda micrantha Cham. 2 0,25 0,6 0,39 0,4 0,32
Cunoniaceae Lamanonia ternata Vell. 2 0,25 0,3 1,77 0,8 1,01
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Family Species N RD RF RDo v CvV
Lauraceae Ocotea puberula (Rich.) Nees 2 0,25 0,6 0,56 0,5 0,40
Euphorbiaceae Sebastiania brasiliensis Spreng. 2 0,25 0,3 0,11 0,2 0,18
Euphorbiaceae Actinostemon concolor (Spreng.) Milll. Arg. 1 0,12 0,3 0,02 0,2 0,07
Annonaceae Annona neosalicifolia H.Rainer 1 0,12 0,3 0,02 0,2 0,07
Fabaceae Apuleia leiocarpa (Vogel) J.F.Macbr. 1 0,12 0,3 0,22 0,2 0,17
Erythroxylaceae  Erythroxylum deciduum A.St.-Hil. 1 0,12 0,3 0,24 0,2 0,18
Myrtaceae Eugenia pyriformis Cambess. 1 0,12 0,3 0,12 0,2 0,12
Fabaceae Inga virescens Benth. 1 0,12 0,3 0,03 0,2 0,07
Fabaceae Machaerium stipitatum Vogel 1 0,12 0,3 0,05 0,2 0,08
Lauraceae Ocotea pulchella (Nees & Mart.) Mez 1 0,12 0,3 0,03 0,2 0,08
Simaroubaceae Picrasma crenata (Vell.) Engl. 1 0,12 0,3 0,03 0,2 0,07
Rosaceae Prunus myrtifolia (L.) Urb. 1 0,12 0,3 0,84 0,4 0,48
Rubiaceae Randia ferox (Cham. & Schitdl.) DC. 1 0,12 0,3 0,04 0,2 0,08
Styraceae Styrax leprosus Hook. & Arn. 1 0,12 0,3 0,07 0,2 0,09
Apocynaceae Tabernaemontana catharinensis A.DC. 1 0,12 0,3 0,08 0,2 0,10
Rutaceae Zanthoxylum kleinii (R.S.Cowan) P.G.Waterman 1 0,12 0,3 0,02 0,2 0,07

Figure 2. Tree community structure of Chapeco National Forest, west Santa Catarina, southern Brazil. a) Sample adequacy represented by a rarefaction curve
standardizing a number of species and individuals. Upper and lower line estimates are also showed. b) Height distribution from three to 26 meters height. c)
Diameter classes from 9.54 cm to 107 cm, with intervals of five centimeters each class. The first class presents all individuals with 9.54 cm to 15 cm d.b.h.
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Figure 3. Cluster analysis, using the unweighted pair group method with
arithmetic mean (UPGMA) and Jaccard similarity coefficient demonstrating the
floristic similarities of 12 studies sampled at Araucaria and Seasonal forests, in
southern Brazil. Cophenetic Correlation Coefficient = 0.9092. See table 1 and
fig 1 for site codes.

The species with higher importance values are common and
important in other surveys in the Araucaria and Seasonal forests of
Santa Catarina (Gasper, Uhlmann, et al. 2013, Gasper, Sevegnani, et
al. 2013, Gasper et al. 2015, Vibrans et al. 2011, Schneider & Rocha
2014, Vibrans et al. 2013a, 2012). Ocotea diospyrifolia, Cupania
vernalis, Casearia sylvestris, Diatenopteryx sorbifolia and Myrocarpus
frondosus are common at Seasonal forest (Fontana & Sevegnani 2012)
and 4. angustifolia, Coussarea contracta e Cupania vernalis, are typical
from components of early and intermediate successional stages in
the Araucaria forest of Santa Catarina (Klauberg et al. 2010, Vibrans
et al. 2011). According to Gasper et al. (2015), Cupania vernalis,
Diatenopteryx sorbifolia and Myrocarpus frondosus characterize the
transitional forests from the west of Santa Catarina.

We did not observe the asymptotic richness level in the
rarefaction curve. It was found in other studies and was justified by
the environmental heterogeneity or human influence in the landscape
(Ruschel et al. 2007, Benvenuti-Ferreira & Coelho 2009). Also, it is
important to remember that forest communities are dynamic entities,
where species are associated with some spatial and temporal variations
(Schilling & Batista 2008). In our study, this result is probably related
to this dynamic and either the small number (24) and big size of each
sampling unit (500 m?), whereas the usually recommended for these
studies are sampling units that maximize the sampling area (e.g. more
sampling units with a smaller size).

The inverted-J curve of diameter classes found in this study is common
for different forest typologies and it indicates the forest regeneration and
permanence of the species in forest structure (Balbinot et al. 2016). Most
individuals sampled are small trees of the forest understory and it is also
indicative of forest regeneration capacity (Cunha & Silva Jr. 2012). On
the other hand, individuals in the biggest size classes usually represent
species with greater longevity (Chao et al. 2008) and their mortality
contributes to de gap dynamics in forests (Yamamoto 2000).

http://www.scielo.br/bn

Fabaceae frequently exhibits great species richness at Seasonal
forests in southern Brazil (Jurinitz & Jarenkow 2003, Benvenuti-Ferreira
& Coelho 2009). It is related to the immigration corridor of the Uruguay
and Parana river basins, which connects the species of Fabaceae from
the north to southern Brazil. However, further from the corridor towards
the south, the number of species of this family decreases (Budke et al.
2005, Benvenuti-Ferreira & Coelho 2009, Jurinitz & Jarenkow 2003).
On the other hand, Lauraceae species are usually described as highly
abundant in the Araucaria forest, acting as indicator species associated
to this forest typology (Gasper, Sevegnani, et al. 2013). Leyser et al.
(2009) demonstrated high species richness of Fabaceae and Lauraceae in
the transitional area between Araucaria and Seasonal forest, as found in
this study, which may also indicate an association between these families
in ecotonal areas. In general, Myrtaceae species are widely distributed
in Atlantic forest s./., but with lower abundance in the SF of Santa
Catarina, leading to a rare occurrence specially driven by the climatic
filters in the region (Fontana et al. 2014). These associations reflect
complex species interactions which may also contribute powerfully to
forest structuring and patterns of species distributions, leading to more
studies and efforts in ecotonal areas.

2. Floristic relationships between two forest typologies

Despite the presence of A. angustifolia, the transitional forest of this
study has great floristic similarity to the Seasonal forest. According to
the cluster analysis, the vegetation type was the main grouping factor,
followed by geographical proximity, as observed by other authors
(Oliveira-Filho et al. 2001, Gongalves & Souza 2014, Estevan et al.
2016). The species composition of our study area must be also related to
the altitude of the region, which is close to Uruguay river valley (around
600 m a.s.l.). In general, altitude is considered an important variable for
the species distribution in the Atlantic forest s./. (Eisenlohr et al. 2015),
especially for Araucaria forest species, which occurrence is conditioned by
higher altitudes, leading to higher local densities (Backes 2009, Higuchi et
al. 2012, Viani etal. 2011). In our case, the lower altitude could be acting
as an environmental filter (Higuchi et al. 2012), associated with the great
amplitude and thermal seasonality and higher maximum temperature in
the hottest month leading to the limitation of the species range of the
Araucaria forest and with a pronounced presence of the Seasonal forest
species (Gasper, Uhlmann, et al. 2013, Gasper et al. 2015).

Among the potential drivers associated to species occurrence and
distribution, the biogeographic factor is another important driver related
to actual species occurrence and communities diversity in southern
Brazil (Rezende et al. 2016). It may be thus related to the species
composition of Seasonal forests, which is also promoted by dispersal
from Parana river basin and the Misiones forests (Gasper et al. 2012)
and leads to higher species diversity and great floristic similarity to
rainforests (Eisenlohr & Oliveira-Filho 2015; Rezende et al. 2016).
In the other hand, the Araucaria forest has a low number of unique
species (Eisenlohr & Oliveira-Filho 2015) and presents physiognomic,
floristic and structural differences throughout its distribution (Jarenkow
and Budke 2009; Higuchi et al. 2012), leading to a particular forest
structure and composition, different from other forest types (Eisenlohr
& Oliveira-Filho 2015). This forest occurs mainly in regions with higher
altitude and has a gradual overlap of the species towards southwestern
Brazil, making contact with the Seasonal forest species on Uruguay
and Parana river basins (Jarenkow and Budke 2009).
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Regard to the 4. angustifolia dynamics along the time in this forest,
there is a clear pattern of reduction of the population (Bordin 2018),
which reinforces the Seasonal forest species turnover on the Araucaria
forest species. Paleoecological analysis in the Araucaria forest areas
at Rio Grande do Sul state revealed that population of A. angustifolia
was much larger than today, where we can find typical semi-deciduous
species occurring in these areas (Behling et al. 2016). It indicates that
same pattern of turnover from Araucaria to Seasonal forest species
composition is a trend found in other Atlantic Forest s./. areas.

The subtropical forest presented here is well structured and highly
diverse. Also, is an extremely important forest fragment for the local
and regional biodiversity conservation, especially due to the presence
of Seasonal forest species (Bergamin et al. 2017).

Concerning to forest characterization, despite the presence of
Araucaria angustifolia, the species composition is closely related to
the Seasonal forests, reinforcing the strong west-east pattern of species
composition. Briefly, Seasonal forest is the floristic classification that
should be considered in further analysis. This turnover of species
along the regions strengthens the conservation necessity for protecting
this pool of species and remaining forested areas, especially in this
conservation unit.
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Abstract: Knowledge of biodiversity in oligotrophic aquatic ecosystems is fundamental to plan conservation
strategies for protected areas. This study assessed the diatom diversity from an urban reservoir with oligotrophic
conditions. The Piraquara I reservoir is located in an Environmental Protection Area and is responsible for the
public supply of Curitiba city and the metropolitan region. Samples were collected seasonally between October
2007 and August 2008. Periphytic samples were obtained by removing the biofilm attached to Polygonum
hydropiperoides stems and to glass slides. The taxonomic study resulted in the identification of 87 diatom taxa. The
most representative genera regarding the species richness were Pinnularia (15 species) and Eunotia (14 species).
Five species were registered for the first time in Brazil and seven in the State of Parana. Taxonomic and ecological
comments of the species registered are provided.

Keywords: artificial substrate, diatom ecology, macrophytes, reservoirs.

Diatomaceas perifiticas de um sistema léntico oligotrofico, reservatorio do
Piraquara I, estado do Parana, Brasil

Resumo: O conhecimento da biodiversidade em ecossistemas aquaticos oligotroficos ¢ fundamental para planejar
estratégias de conservacdo de areas protegidas. Este estudo teve como objetivo conhecer a diversidade de
diatomdaceas em um reservatorio urbano com condigdes oligotréficas. O reservatério do Piraquara I esté inserido em
uma Area de Protecdio Ambiental em regifio de manancial e é responsavel pelo abastecimento piblico de Curitiba
e regido metropolitana. Foram realizadas coletas estacionais entre os meses de outubro de 2007 e agosto de 2008.
As amostras perifiticas foram obtidas pela remogao do biofilme aderido a caules de Polygonum hydropiperoides e
de laminas de vidro. O estudo taxondmico resultou na identificagdo de 87 taxons. Os géneros mais representativos,
considerando a riqueza de espécies, foram Pinnularia (15 espécies) e Eunotia (14 espécies). Cinco espécies de
diatomaceas foram registradas pela primeira vez no Brasil e sete no estado do Parand. Comentarios taxondmicos
e ecologicos também sdo apresentados para as espécies encontradas.

Palavras-chave: substrato artificial, ecologia de diatomdceas, macrofitas, reservatorio.
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Introduction

Diatoms are considered one of the most representative groups of
microalgae due to the number of described species. Approximately
12,000 species of diatoms have been described hitherto (Guiry 2012)
although the estimated number of species is thought to be at least 30,000
(Mann e Vanormeligen 2013). Diatoms are excellent bioindicators of
water quality, being sensible to environmental pollution and a number of
anthropogenic pressures, such as the increase in nutrient concentrations,
acidification, land use, and the presence of toxic chemicals dissolved
in water (Leskinen & Hallfors 1990, Lowe & Pan 1996, Lobo et al.
2002, Rimet et al. 2015).

Diatoms release mucilage through raphe, rimoportulae and apical
pore fields, facilitating the frustule adhesion to different types of
substrates. This strategy contributes to diatoms representativeness
in the periphytic community (Round et al. 1990, Lowe 1996). The
species composition of periphytic assemblages can be influenced by
the substrate micro-topography (Murdock and Dodds 2007, Souza
& Ferragut 2012). Inventories using substrates with different surface
types usually hold a great algal diversity (Acs et al. 2000). Therefore,
diatom inventories should be carried out in a great number of different
environments and using diverse substrates to maximize the recovery
of new species, extend the distribution of known species and better
define their ecological preferences, which increase the reliability of
environmental diagnostics.

Man-made lentic environments with oligotrophic conditions are rare
in urban areas and are examples of environmental health. Unfortunately,
human activities in the surrounding watershed have been accelerating
the processes of eutrophication, affecting the water quality and the
biodiversity, leading to the loss of important ecological functions
(Tundisi 2003, Torrisi et al. 2010). Due to the undesirable impact of
these activities on the water physical and chemical conditions, efforts
have been generally focused on studying eutrophic environments rather
than on preserving oligotrophic water bodies. For this reason, there
is usually a gap in the knowledge of the algal diversity of protected
areas, which creates exceptional opportunities to study the remaining
oligotrophic environments (Kociolek & Stoermer 2009).

Recent studies in oligotrophic Brazilian reservoirs contributed to
the description of new diatom species in the genera Kurtkrammeria
and Encyonema (Marquardt et al. 2016, Marquardt et al. 2017) and
extended the geographic distribution of the already known species
(Canani et al. 2011). Paleolimnological studies with diatoms are
important in providing a further understanding of biodiversity, detecting
the response of the assemblages over time. Generally, a decrease in the
diatom diversity during the eutrophication process can be observed
when comparing environments that were oligotrophic but are currently
eutrophised (Faustino et al. 2016, Wengrat et al. 2017).

Previous diatom inventories were carried out in urban reservoirs of
the Iguacu river basin along a trophic gradient ranging from mesotrophic
(Passauna, Bertolli et al. 2010 and Piraquara II, Marra et al. 2016),
eutrophic (Irai, Silva et al. 2010) to hypereutrophic (Itaqui, Faria et al.
2010). The Piraquara I reservoir, which was surveyed in the present
study, is connected to Piraquara II reservoir. The macrophyte Polygonum
hydropiperoides Michaux and glass slides were used as substrates to
assess the periphytic diatoms in these reservoirs.

The present study aimed at assessing the composition of periphytic
diatom assemblages from the oligotrophic reservoir Piraquara 1. We

http://www.scielo.br/bn

provided measures, illustrations, taxonomical comments and ecological
data based on scientific literature, in order to contribute to the knowledge
of Brazilian diatoms from oligotrophic environments.

Material and Methods

The Piraquara I Reservoir (25°30°24.16 S, 49°1°29.4” W) is a
man-made public water supply of the Iguagu River basin located in an
Environmental Protection Area which is in a transition zone between
the dense and mixed ombrophilous forest. The Cayuguava river was
dammed to construct the reservoir in 1979 (Figure 1) (Guimaraes 2008).
The reservoir has a 3.3 km? of flooded area, 7 meters in depth, a flow rate
of 600 /s, and a water residence time of 438 days (Junior et al. 2005).

The physical and chemical data were provided by the Parana
Environmental Institute (IAP) (unpublished data) and by the water
company of Parana State (SANEPAR) (unpublished data). The Trophic
State Index (TSI) was calculated according to Lamparelli (2004)
(Zorzal-Almeida et al. 2017).

Samplings were carried out seasonally (i.e. in spring, summer,
autumn, and winter) from October 2007 to August 2008, at two sampling
stations. Periphytic samples were obtained from natural and artificial
substrates. As natural substrates, we used stems of the macrophyte
Polygonum hydropiperoides Michaux that were collected near the
reservoir margin. The periphyton was obtained by scraping the stems
with a razor blade wrapped in foil. Glass slides (7.5 cm x 2.5 cm) were
used as artificial and inert substrates fixed to woody frames that were
left submerged in the water column for 30 days. The artificial substrates
were placed at about 80 meters far from the margin of the reservoir to
prevent being eventually trapped in the macrophytes by the wind action.

Substrate fragments were fixed in Transeau’s solution (6:3:1)
(Bicudo & Menezes 2017). The samples were treated by oxidation
according to the method of Simonsen (1974) modified by Moreira-
Filho & Valente-Moreira (1981). The material was air-dried onto glass
slides and mounted in Naphrax® resin. Observations, measurements,
and diatom photomicrographs were performed at 1000 magnification
in an Olympus BX40 microscope equipped with a DP71 Olympus
camera. Diatom identification was performed up to the lowest level
of taxonomic hierarchy based on recent and classic literature (e.g.
Lange-Bertalot 1993, 1999, 2001, Lange-Bertalot & Metzeltin 1996,
Metzeltin & Lange-Bertalot 1998, 2002, 2005, 2007, Bahls 2015). For
each taxon, we included information on morphometry, remarks on the
autoecology (when available in literature) as well as on the occurrence
in the samples (see also table 2). Taxonomic comments were provided
only for poorly known species in Brazil. We considered that a species is
recorded for the first time in Brazil and in the state of Parand if it was not
previously recorded in a published article. The studied materials were
deposited at the herbarium of the State University of Parana (UPCB)
under the numbers 63371 to 63374 (glass slides) and 63375 to 63378
(macrophyte P. hydropiperoides).

Results and Discussion

The Piraquara I reservoir was classified as oligotrophic by the
TSI index, characterized by low concentrations of phosphorus and
nitrogen, high transparency of the water column (up to 3.2 meters),
and a slightly acid to nearly neutral pH. Summer showed the highest
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Figure 1. Sampling site in Piraquara I reservoir, Parana state, Brazil. Artificial Substrate (AS) and Natural Substrate (NS). (shapefile map from SUDERHSA

2007).

values of temperature and accumulated rainfall occurred in the summer
sample (27°C and 326.9 mm, respectively). The physical and chemical
water parameters are shown in Table 1.

We identified 88 infrageneric taxa that belong to 35 genera.
Pinnularia Ehrenberg (15 spp.) and Eunotia Ehrenberg (14 spp.) were
the most representative diatoms in both substrates. The macrophyte
P. hydropiperoides showed the highest richness (77) and the highest
number of exclusive species (35) that represented 45.4% of the total
substrate richness, whereas the artificial substrate presented 52 species
and 10 exclusive taxa, which corresponded to 19.2% of the total
substrate richness.

The species first recorded in Brazil were Achnanthidium
neomicrocephalum Lange-Bertalot & Staab, Craticula riparia var.
mollenhaurei Lange-Bertalot, Frustulia australocrassinervia Casa,
Mataloni & Van de Vijver, Gomphonema spiculoides Gandhi and
Stauroneis neohyalina Lange-Bertalot & Krammer. Seven diatoms are
recorded for the first time in Parana State: Craticula acidoclinata Lange-
Bertalot & Metzeltin, Fragilaria billingsii Wengrat, Wetzel & Morales,
Eunotia longicamelus Costa, Bicudo & Wetzel, Eunotia pseudoimplicata
Lange-Bertalot, Costa & Wetzel, Humidophila biscutella (Moser,
Lange-Bertalot & Mezeltin) Lowe, Kociolek, Johansen, Van de Vijver,

Table 1. Physical and chemical characteristics of the Piraquara I reservoir registered seasonally between October 2007 and August 2008.

Abiotic Variables spring summer autumn winter
(October/2007) (February/2008) (May/2008) (August/2008)

Temperature (°C) 20.8 27 18.6 16
Accummulated rainfall (mm) 96.6 326.9 200.5 104.7
Transparency (m) 32 2.6 2.9 23
Conductivity (uS.cm™) 24.0 24.5 22.5 24.5
Turbidity (NTU) 1.9 1.9 1.5 2.0
pH 6.85 6.75 6.7 6.0
NO, (ug.L™") 95 40 45 35
NH," (ug.L'™") 120 175 180 100
TN (pg.L1 1500.0 2400.0 800 600
TP (ug.L") 12 15 17 17
OD (mg.L") 6.05 5.35 7.77 7.7
Chl-a (ug.L") 3.06 3.09 1.55 1.55
TSI 50.9 51.6 50.3 50.3
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Lange-Bertalot & Kopalova, Nitzschia semirobusta Lange-Bertalot and
Pinnularia viridiformis var. minor Krammer.

Pinnularia and Eunotia (15 and 14 species, respectively) presented
a higher species richness in Piraquara I reservoir. The presence of
these genera was favored by the slight acidity, low conductivity and
water oligotrophy conditions of the studied reservoir (Round et al.
1990, Metzeltin & Lange-Bertalot 1998, Spaulding & Edlund 2009,
Costa et al. 2017). Eunotia was also the most representative genus in
a eutrophic reservoir (Silva et al. 2010) located near to the Piraquara
1. However, only three Eunotia species (E. naegelii, E. minor and E.
subarcuatoides), which have a wide tolerance to trophic gradients (Van
Dam et al. 1994, Silva et al. 2010, Costa et al. 2017) and they are able
to occur under oligotrophic and eutrophic conditions, were common
to both reservoirs.

The genera Navicula, Gomphonema, and Nitzschia, which are
commonly registered in nutrient-rich environments (Goldsborough &
Robinson 1996), showed a high species number in both substrates at the
mesotrophic and hypereutrophic reservoirs located nearby to Piraquara
I (Bertolii et al. 2010, Faria et al. 2010, Marra et al. 2016).

The richest assemblage was obtained from Polygonum
hydropiperoides (natural substrate), 77 species, and can be explained
by the glabrous or pubescent petiole of this macrophyte (Melo 2008),
which offers a greater architectural complexity than the smooth and
uniform surface of glass slides. The roughness difference between
substrates usually does not contribute to an increase in algal biomass,
but it is an important factor in selecting the species composition of the
periphyton (Burkholder 1996, Souza & Ferragut 2012).

The diatom species richness found in the oligotrophic Piraquara
I reservoir was lower than in the mesotrophic reservoirs Piraquara
II and Passauna (135 and 106 taxa, respectively), the eutrophic
reservoir Irai (96 taxa) and the hypereutrophic reservoir Itaqui (124
taxa) (Bertolli et al. 2010, Silva et al. 2010, Faria 2010, Marra et al.
2016). The Piraquara II is a mesotrophic reservoir located downstream
from Piraquara I. Both reservoirs shared the presence of 31 diatom
species, of which 11 were recorded from oligotrophic to mesotrophic
environments and 20 species had a wide trophic tolerance. The diatom
assemblage had more species that are tolerant in Piraquara II than in
Piraquara I. Although eutrophication might lead to a loss in diatom
diversity (Wengrat et al. 2017), the species richness in shallow lakes
might be also influenced by the presence, abundance and diversity of
macrophytes (Sayer et al. 1999, Bicudo et al. 2007). Piraquara II and
Itaqui had more diatom richness than the other reservoirs, which can
be related to the fact that in the former reservoir were sampled three
different species of macrophytes (Marra et al. 2016), and that the latter
reservoir was almost totally covered by the floating macrophyte Pistia
stratiotes L. (Faria et al. 2010, Faria et al. 2013).

Summer showed the highest accumulated rainfall (326.9 mm) during
the sampling period and the lowest species number in both substrates.
High rainfall lead to the detachment of the periphyton from the substrates
(Casartelli et al. 2016), which certainly contributed to the less number
of species registered in Piraquara I. We registered nine diatom species
(Spicaticribra kingstonii, Eunotia intermedia, Eunotia parasiolii,
Eunotia pseudoimplicata, Encyonopsis subminuta, Cymbopleura
naviculiformis, Planothidium incuriatum, Capartogramma crucicula
and Nitzschia nana) that occurred in spring on both substrates, but were
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not recorded in summer. These species release mucilage and remain
attached to the substrates and are therefore commonly observed from
the periphytic samples (Round et al. 1990, Santos et al. 2011, Montoya-
Moreno et al. 2011). In summer, we registered temporary losses of
species that were retrieved again during the sampling period. As shown in
Table 2, the planktonic and benthic diatoms registered were Aulacoseira
ambigua, Cyclotella meneghiniana, Fragilaria recapitellata, Fragilaria
sp., Ulnaria delicatissima, Eunotia intricans, Eunotia paratridentula,
Encyonopsis schubartii, Achnanthidium minutissimum, Achnanthidium
sp., Sellaphora tridentula, Pinnularia brauniana, Pinnularia divergens
var. media, Pinullaria obscura, Pinnularia pseudosudetica, Navicula
leptostriata, Nitzschia acidoclinata and Nitzschia semirobusta.

Diatoms taxonomy and ecology

Family STEPHANODISCACEAE

Spicaticribra kingstonii Johansen, Kociolek & Lowe

Figure: 2A

Valve diameter: 14.8-15.2 pm; areolae: 13 in 10 um; fultoportulae: 3-5
per valve; rimoportulae: 1-3 per valve.

In Brazil, this species was described by Ludwig et al. (2008) as
Thalassiosira rudis Tremarin, Ludwig, Becker & Torgan and later
synonimized with S. kingstonii by Rivera & Cruces (2013).

Ecology: previously registered in Brazilian tropical and subtropical
reservoirs with oligotrophic to eutrophic conditions (Bartozek et al.
2018, Silva et al. 2010, Bertolli et al. 2010), and neutral pH with
moderate conductivity (Ludwig et al. 2008). In our samples, it occurred
in circumneutral pH (6.85), low conductivity (24 uS cm-') and
oligotrophic conditions, only in spring (temperature < 21°C),
Occurrence in samples: artificial substrates (UPCB 63371).

Cyclotella meneghiniana Kiitzing

Figure: 2B

Valve diameter: 10-12 pum; striae: 16 in 10 pm; rimoportulae: 1-2 per
valve.

Ecology: it is recorded in oligotrophic to eutrophic environments,
with a higher abundance in eutrophic waters (Bartozek et al. 2018,
Silva et al. 2010) and in acidic waters (van Dam et al. 1994). In our
samples, it occurred in slightly acid to circumneutral pH (6-6.85), low
conductivity (24-24.5 uS cm') and oligotrophic conditions, in spring
and winter (temperature < 21°C).

Occurrence in samples: artificial (UPCB 63374) and natural (UPCB
63375; UPCB 63378) substrates.

Discostella stelligera (Cleve & Grunow) Houk & Klee

Figure: 2C

Valve diameter: 12-21 pm; striae: 9.6-18.3 in 10 pm.

Ecology: common in oligo-mesotrophic environments (Yang &
Dickman 1993, Potapova & Charles 2007), and in alkaline waters with
high conductivity (Bartozek et al. 2018). It was common in our samples,
in slightly acid to circumneutral pH (6-6.85), low conductivity (24-24.5
uS cm-') and oligotrophic conditions.

Occurrence in samples: artificial (UPCB 63371; UPCB 63372; UPCB
63373; UPCB 63374) and natural (UPCB 63375; UPCB 63376; UPCB
63377; UPCB 63378) substrates.
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Table 2. Diatom species and seasonal occurrence on artificial and natural substrates in Piraquara I reservoir.
Artificial substrates natural substrates
Species spring summer autumn winter spring summer autumn winter

(October/2007) (February/2008) (May/2008) (August/2008) (October/2007) (February/2008) (May/2008) (August/2008)

Spicaticribra kingstonii
Cyclotella meneghiniana
Discostella stelligera
Aulacoseira ambigua

A. tenella

Fragilaria billingsii

F. capucina

F. recapitellata

F. tenera

Fragilaria sp.

Staurosira construens
Staurosirella pinnata
Ulnaria delicatissima

U. ulna

Eunotia desmogonioides
E. intermedia

Eunotia intricans

E. longicamelus

E. minor

E. naegelii

E. parasiolii

E. paratridentula

E. pseudoimplicata

E. pseudosudetica

E. pyramidata f. capitata
E. rabenhorstii var. monodon
E. subarcuatoides

E. yanomami

Placoneis elginensis
Encyonema neogracile
E. silesiacum
Encyonopsis cf. reichardtii
E. schubartii

E. subminuta
Gomphonema gracile

G. lagenula

G. pantropicum

G. spiculoides
Cymbopleura naviculiformis
A. minutissium

A. neomicrocephalum
Achnanthidium sp.
Planothidium incuriatum
Humidophila biscutella
Luticola simplex

Luticola permuticoides

X

X
X

Moox X o

o

XX

XX

MR X

X X
- X
- X
X X
X X
X X
X X
- X
X -
X X
. X
X X
- X
X X
X X
X X
X X
X X
- X
- X

LT T B

Il

Il X

Fol

HooXooX XX

X

XXX

Fol

X X
X X
X X
X X
X X
X X
X R
X X
- X
X -
X X
- X
X X
X X
- X
X X
X R
X X
- X
X X
- X
X X
- X
X X
X R

T T R o B T

X

HooR X

o

X

X
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Continuation Table 2.

Artificial substrates natural substrates

Species spring summer autumn winter spring summer autumn winter
(October/2007) (February/2008) (May/2008) (August/2008) (October/2007) (February/2008) (May/2008) (August/2008)

Frustulia australocrassinervia X X X X X X X X
F undosa - - X X - X
Brachysira neoexilis X X X X X X
Neidium affine - - - - - -

X

Sellaphora rectangularis - - X X - -

XXX X X

S. tridentula - - - -
Pinnularia borealis - - -

P. brauniana X - X

XXX

P. divergens var. divergens - - - -

XX X

P. divergens var. media - - - -
P. grunowii - - X -
P. obscura - - - -

P. pseudogibba X - - X

XX X X X
oo

ol

P. rumrichae - - X -

o

P. schoenfelderi - - - - - -
P, subcapitata var. elongata - - - X - - - _
P, subcapitata var. subrostrata - - X
P, subgibba var. undulata - - X -
P. submicrostauron - - X

P, viridiformis - - - - X

XX X X
XXX

P, viridiformis var. minor - - - - - - - X

Chamaepinnularia
brasilianopsis

C. mediocris - X - - - - X

X

Kobayasiella sp. - - - - - - X _
Navicula cryptocephala

Fol

N. cryptotenella
N. leptostriata - - -
N. veneta - - - - - -
Capartogramma crucicula X - - - - - - -
Stauroneis neohyalina - - X - - X - X
S. gracilis - - - - _ _ X
S. phoenicenteron - - X X - - X

Craticula acidoclinata - - - - - - X -
C. riparia var. mollenhaurei - - - - - - X

C. submolesta - - - - - - X

Nitzschia acidoclinata - - X X X

N. nana - - - - X - - -
N. semirobusta X - - X X

Hantzschia amphyoxis - - - - - X - -

Rhopalodia gibberula var.
vanheurckii

Surirella grunowii X - - - - - X -
Iconella curvula - - - - - X - -

Total of species 30 18 34 31 42 35 49 41
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Figure 2. A. Spicaticribra kingstonii; B. Cyclotella meneghiniana; C. Discostella stelligera; D-E. Aulacoseira ambigua; F-G. Aulacoseira tenella; H-1. Fragilaria
billingsii; J. Fragilaria capucina; K-L. Fragilaria recapitellata; M—O. Fragilaria tenera; P. Staurosirella pinnata; Q-R. Fragilaria sp., S-T. Staurosira construens;
U-V. Eunotia parasiolii; W-X. Eunotia pseudosudetica; Y—Z. Eunotia paratridentula; AA—AB. Eunotia intermedia; AC. Eunotia pyramidata f. capitata; AD. Eunotia
rabenhorstii var. monodon; AE. Ulnaria delicatissima; AF. Ulnaria ulna; AG-AH. Eunotia desmogonioides; Al. Eunotia intricans; AJ-AK. Eunotia pseudoimplicata;
AL-AN. Eunotia longicamelus; AO-AP. Eunotia minor; AQ. Eunotia subarcuatoides; AR. Eunotia naegelii,; AS. Eunotia yanomami.
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Family AULACOSEIRACEAE

Aulacoseira ambigua (Grunow) Simonsen

Figures: 2D-2E

Valve diameter: 4-9.4 um; striae: 8-17 in 10 um; areolae: 8-17 in 10 pm.
Ecology: this species has a wide ecological tolerance, registered in
oligotrophic (Stenger-Kovacs et al. 2007), mesotrophic (Bicudo et al.
2016) and meso-eutrophic (Gémez & Licursi 2001, Ivanov & Kirilova
2004, Dela-Cruz et al. 2006) environments. In our samples, it occurred
in slightly acid to circumneutral pH (6-6.85), low conductivity (24-24.5
uS cm-') and oligotrophic conditions.

Occurrence in samples: artificial (UPCB 63371; UPCB 63373; UPCB
63374) and natural (UPCB 63375; UPCB 63376; UPCB 63377; UPCB
63378) substrates.

Aulacoseira tenella (Nygaard) Simonsen

Figures: 2F-2G

Valve diameter: 6.3-8 pm; striae: 15 in 10 pm.

Ecology: common in oligotrophic to mesotrophic environments (Bicudo
etal. 2016, Siver & Kling 1997). In our samples, it occurred in slightly
acid to circumneutral pH (6-6.85), low conductivity (24-24.5 uS cm-')
and oligotrophic conditions.

Occurrence in samples: artificial (UPCB 63373; UPCB 63374) and
natural (UPCB 63375; UPCB 63376; UPCB 63377, UPCB 63378)
substrates.

Family FRAGILARIOPHYCEAE

Fragilaria billingsii Wengrat, Wetzel & Morales

Figures: 2H-21

Length: 66-73.6 um; width (central region): 2-2.3 pm; striae: 22 in
10 pm.

Fragilaria billingsii is characterized by long and narrow valves with a
bilaterally inflated central area. The striae are distinct and the specimes
found in the present study have a higher striae density than those
registered by Wengrat et al. (2016) (striae 17-20 in 10 pm).

Ecology: previously registered only for meso-eutrophic environments,
with slightly acid pH and low conductivity (Wengrat et al. 2016) In our
samples, it occurred in slightly acid to circumneutral pH (6-6.85), low
conductivity (24-24.5 pS cm™) and oligotrophic conditions.

This is the first record for Parana state.

Occurrence in samples: artificial (UPCB 63371; UPCB 63372; UPCB
63373; UPCB 63374) and natural (UPCB 63375; UPCB 63376; UPCB
63377; UPCB 63378) substrates.

Fragilaria capucina Desmaziéres

Figure: 2J

Length: 27-34.2 pm; width: 2.8-2.9 um; striae: 15-16 in 10 um.

The taxonomy of Fragilaria capucina is very confusing. Based on the
type materials, there are three different morphotypes of F. capucina
documented in the literature. One of the morphotypes has lanceolate
valves; the second one has linear to lanceolate valves that are shorter
than in the other two morphotypes, and the third one has a linear valve
with a rhombic central area and slightly rostrate valve ends (Tuji &
William 2006, Krammer & Lange-Bertalot 1991a).

Ecology: probably cosmopolitan, found in oligo-mesotrophic (Delgado
et al. 2015) to mesotrophic (vam Dam et al. 1994) and eutrophic

http://www.scielo.br/bn

environments (Hofmann 1994). Considered as a planktonic, benthic
and terrestrial species (Delgado et al. 2015). In our samples, it occurred
attached to artificial substrates and macrophytes, in slightly acid to
circumneutral pH (6-6.75), low conductivity (24-24.5 pS cm-') and
oligotrophic conditions.

Occurrence in samples: artificial (UPCB 63372; UPCB 63373;
UPCB 63374) and natural (UPCB 63376; UPCB 63377; UPCB 63378)
substrates.

Fragilaria recapitellata Lange-Bertalot & Metzeltin

Figures: 2K-2L

Length: 22.2-30.4 pm; width: 2-4 um; striae: 16-18 in 10 pm.

This species has lanceolate valves with capitate ends and a unilateral
central area (Metzeltin et al. 2009).

Ecology: this species is fairly common in alpha-mesosaprobic and
eutrophic conditions (Cantonati et al. 2017, van Dam et al. 1994). In
contrast to previous studies, it was common in our samples, indicating
a tolerance to oligotrophic waters, poor in nutrients, with slightly acid
to circumneutral pH (6-6.85), and low conductivity (24-24.5 uS cm-1).
Although it is cosmopolitan and often present in periphyton samples
from lakes, rivers, and streams of temperate regions (Delgado et al.
2015), it is rarely found in tropical regions (Silva et al. 2010, Tremarin
et al. 2009).

Occurrence in samples: artificial (UPCB 63371; UPCB 63372;
UPCB 63373; UPCB 63374) and natural (UPCB 63375; UPCB 63378)
substrates.

Fragilaria tenera (W. Smith) Lange-Bertalot

Figures: 2M-20

Length: 38.8-51.8 um; width: 2.3-2.8 pm; striae: 15 in 10 pm.

The specimens analyzed in the present study are shorter, with a lower
striae density, and the absence of a central area. Hofmann et al. (2013)
referred specimens of 30-100 pm long, 2-3 um wide and with a striae
density of 17-20 in 10 um, and the often absence of a central area.
Ecology: this species was registered for oligo-mesotrophic environments
(van Dam et al. 1994). In our samples it occurred attached to the
substrates in slightly acid to circumneutral pH (6-6.85), low conductivity
(24-24.5 uS cm™) and oligotrophic conditions.

Occurrence in samples: artificial (UPCB 63371; UPCB 63372;
UPCB 63373; UPCB 63374) and natural (UPCB 63376; UPCB 63377)
substrates.

Fragilaria sp.

Figures: 2Q-2R

Length: 24.5-31.7 pm; width: 2.3-3.1 pm; striae: 16-17 in 10 pm.
Fragilaria sp. resembles Fragilaria austriaca (Grunow) Lange-Bertalot
in the outline but has wider valves (3-4 pm) and a lower striae density
(12-15 pum). Fragilaria pararumpens Lange-Bertalot, Hofmann &
Werum has similar dimensions to Fragilaria sp., but a more lanceolate
valve with subcapitate ends (Cantonati et al. 2017).

Ecology: In our samples, it occurred only in temperatures < 21°C,
slightly acid to circumneutral pH (6-6.75), low conductivity (22.5-24.5
uS cm) and oligotrophic conditions.

Occurrence in samples: artificial (UPCB 63371; UPCB 63373; UPCB
63374) and natural (UPCB 63378) substrates.
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Family STAUROSIRACEAE

Staurosira construens Ehrenberg

Figures: 2S-2T

Length: 15.7 pm; width: 8.6 pm; striae: 18 in 10 um.

Ecology: this species is registered for meso-eutrophic environments
(van Dam et al. 1994) and is considered as tolerant to different water
conditions (Hofmann 1994). In our samples, it occurred in slighltly acid
pH (6), low conductivity (24.5 uS cm-') and oligotrophic conditions,
only in winter (temperature 16°C).

Occurrence in samples: natural substrates (UPCB 63378).

Staurosirella pinnata (Ehrenberg) Williams & Round.

Figure: 2P

Length: 8-14.4 pm; width: 3.3-3.8 um; striae: 8-11 in 10 um.
Ecology: this species is considered as tolerant (Hofmann 1994) to
indifferent (van Dam et al. 1994) to the trophic state. In our samples, it
occurred in slighltly acid pH (6), low conductivity (24.5 uS cm-') and
oligotrophic condition, only in winter (temperature 16°C).
Occurrence in samples: artificial substrates (UPCB 63374).

Family ULNARIACEAE

Ulnaria delicatissima (Smith) Aboal & Silva

Figure: 2AE

Length: 62.4-109.5 um; width: 2.4-4.7 um; striae: 13-16 in 10 um.
Ecology: common in oligo-mesotrophic environments (van Dam et
al. 1994, Hofmann 1994). In our samples, it occurred in slighltly acid
to circumneutral pH (6-6.85), low conductivity (24-24.5 uS cm-') and
oligotrophic conditions.

Occurrence in samples: artificial (UPCB 63371; UPCB 63372; UPCB
63374) and natural (UPCB 63375; UPCB 63378) substrates.

Ulnaria ulna (Nitzsch) Compére.

Figure: 2AF

Length: 90-189 um; width: 4-4.8 um; striae: 9-14 in 10 um.
Ecology: considered as indifferent to tolerant to the trophic state of the
environment (van Dam et al. 1994, Hofmann 1994). In our samples, it
occurred in circumneutral pH (6.75), low conductivity (24.5 uS cm-')
and oligotrophic conditions, only in summer (temperature of 27°C and
accumulated rainfall 326.9 mm).

Occurrence in samples: natural substrates (UPCB 63376).

Family EUNOTIACEAE

Eunotia desmogonioides Metzeltin & Lange-Bertalot

Figures: 2AG-2AH

Length: 99-159.3 pm; width: 3.5-5 um; striae: 17-20 in 10 pm.

This species has a valve outline similar to Eunotia flexuosa (Brébisson)
Kiitzing, although with narrower valves and a higher striae density.
Eunotia rabenhorstiana var. elongata (Patrick) Metzeltin & Lange-
Bertalot is similar to E. flexuosa but has wider valves with more inflated
ends (Costa et al. 2017).

Ecology: previously registered for Brazilian oligo- to mesotrophic
reservoirs, with low conductivity and slightly acidic to neutral pH
(Costa et al. 2017). In our samples, it occurred in slightly acid to
circumneutral pH (6-6.85), low conductivity (22.5-24.5 pS cm™) and
oligotrophic conditions.
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Occurrence in samples: artificial (UPCB 63371, UPCB 63372, UPCB
63373) and natural (UPCB 63375, UPCB 63376, UPCB 63377, UPCB
63378) substrates.

Eunotia intermedia (Krasske ex Hustedt) Norpel & Lange-Bertalot
Figures: 2AA-2AB

Length: 13.3-16.8 pm; width: 3.1-3.3 pum; striae: 14-15 in 10 pm.
Ecology: previously registered for slightly acidic waters with low
conductivity (Lange-Bertalot et al. 2011). In our samples, it occurred in
circumneutral pH (6.85), low conductivity (24 uS cm-") and oligotrophic
conditions, only in spring (temperature < 21°C).

Occurrence in samples: artificial substrate (UPCB 63371).

Eunotia intricans Lange-Bertalot & Metzeltin

Figure: 2Al

Length: 35-51.7 pm; width: 4.5-5.1 um; striae: 11-13 in 10 pm.
Eunotia intricans is similar to Eunotia parasiolii Metzeltin & Lange-
Bertalot in the valve outline, although it has a lower striae density
(6.5-11/10 um, according to Metzeltin & Lange-Bertalot 1998). In
Piraquara reservoir, the specimens were longer than the type specimen
(17-48 um, according to Lange-Bertalot & Metzeltin 2009), but have
a similar length to other specimens registered in Brazilian reservoirs
(Costa et al. 2017).

Ecology: previously registered for oligo-mesotrophic environments,
with a preference for acid waters with low conductivity (Costa et al.
2017). In our samples, it occurred in circumneutral pH (6.7-6.85), low
conductivity (22.5-24 uS cm™) and oligotrophic conditions, in spring
and autumn (temperature < 21°C).

Occurrence in samples: natural substrates (UPCB 63375, 63377).

Eunotia longicamelus Costa, Bicudo & Wetzel

Figure: 2AL-2AN

Length: 16.2-52.6 um; width: 5.4-5.26 pm; striae: 11 in 10 pm; valvar
undulations: 2-4.

Similar to Eunotia camelus Ehrenberg, but differs in the type and number
of undulations on the dorsal margin (two undulations subdivided into
two more) and the presence of wider valves (length: 22-30 um; width:
6-8.8 pm; striae density 8-12 in 10 pm and two undulations) (Costa
et al. 2017, Reichardt 1995).

Ecology: previously registered for mesotrophic environments, with
a preference for slightly acidic waters (pH 6.6) with medium values
of conductivity (71 uS cm™) (Costa et al. 2017). In our samples, it
occurred only in winter (temperature 16°C) and expanded the occurrence
to oligotrophic environments with slightly acid pH (6), and low
conductivity (24.5 uS cm™).

This is the first record for Parana state.

Occurrence in samples: natural substrates (UPCB 63378).

Eunotia minor (Kiitzing) Grunow.

Figures: 2AO-2AP

Length: 17-24.7 pm; width: 3.8 pm; striae: 17-18 in 10 pm.
Ecology: considered as tolerant to different trophic states, ranging
from oligo- to eutrophic (van Dam et al. 1994, Hofmann 1994). In our
samples, it occurred in slightly acid pH (6), low conductivity (24.5 uS
cm™) and oligotrophic conditions, only in winter (temperature 16°C).
Occurrence in samples: natural substrates (UPCB 63378).
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Eunotia naegelii Migula.

Figure: 2AR

Length: 40-48.4 pm; width: 1.8-3 um; striae: 21-24 in 10 pm.
Ecology: considered as acidophile; registered for ultra-oligotrophic to
oligotrophic environments (Costa et al. 2017, van Dam et al. 1994). In
our samples, it occurred in slightly acid pH (6), low conductivity (24.5
uS cm™) and oligotrophic conditions, only in winter (temperature 16°C).
Occurrence in samples: natural substrates (UPCB 63378).

Eunotia parasiolii Metzeltin & Lange-Bertalot.

Figures: 2U-2V

Length: 18.5-32.6um; width: 3-4.7 pm; striae: 9-12 in 10 pm.
Ecology: previously registered for acidic waters (pH 4.4-5.3) with a low
conductivity (9.4-12.6 puS cm™) (Ferrari et al. 2007) to slightly acidic
(pH 6.6-6.8) and oligotrophic environments (Costa et al. 2017). In our
samples, it occurred in circumneutral pH (6.85), low conductivity (24 puS
cm™) and oligotrophic conditions, only in spring (temperature <21°C).
Occurrence in samples: natural substrates (UPCB 63375).

Eunotia paratridentula Lange-Bertalot & Kulikovskyi.

Figures: 2Y-2Z

Length: 13-17.6 pm; width: 2.8-4 pm; striae: 14-16 in 10 pm;
undulations: 3-4.

Previously reported for Parana State as Eunotia muscicola Krasske var.
tridentula Norpel & Lange-Bertalot (Tremarin et al. 2009). It differs
from E. muscicola Krasske by the lower striae density; and from E.
paramuscicola Krsti¢, Levkov & Pavlov by the broadly protracted
apices (Krsti¢ et al. 2013).

Ecology: considered as acidophile (van Dam et al. 1994); registered
for mesotrophic environments (Marra et al. 2016). Our study expanded
its occurrence to environments with pH ranging from slightly acid
to circumneutral (6-6.85), low conductivity (22.5-24.5 pS cm™') and
oligotrophic conditions.

Occurrence in samples: artificial (UPCB 63371; UPCB 63373) and
natural (UPCB 63375; UPCB 63376; UPCB 63378) substrates.

Eunotia pseudoimplicata Lange-Bertalot, Costa & Wetzel

Figures: 2AJ-2AK

Length: 28.7-43 pm; width: 4.2-5.3 um; striae: 14-16 in 10 pm.
Ecology: oligo-mesotrophic reservoirs, with slightly acid to neutral
waters (Costa et al. 2017). In our samples, it occurred in circumneutral
pH (6.85), low conductivity (24 uS cm™) and oligotrophic conditions,
only in spring (temperature < 21°C).

This is the first record for Parana state.

Occurrence in samples: artificial (UPCB 63371) and natural (UPCB
63375) substrates.

Eunotia pseudosudetica Metzeltin, Lange-Bertalot & Garcia-Rodriguez
Figures: 2W-2X

Length: 30.4-33.26 um; width: 4.9-5.4 um; striae: 12 in 10 pm.
Ecology: this species occurred in slightly acidic to circumneutral
pH (6-6.85), low conductivity (22.5-24 uS cm) and in oligotrophic
conditions, in agreement with previously studies (Costa et al. 2017),
but can also be registered for nutrient-rich environments (Bertolli et
al. 2010, Faria et al. 2010, Marra et al. 2016). Usually found in the
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periphyton, but can be also registered from phytoplankton (Bartozek
et al. 2013) and surface sediments (Costa et al. 2017).

Occurrence in samples: artificial (UPCB 63371; UPCB 63372; UPCB
63373) and natural (UPCB 63375; UPCB 63376; UPCB 63377; UPCB
63378) substrates.

Eunotia pyramidata f. capitata Krasske

Figure: 2AC

Length: 25.5 um; width: 4.6 um; striae: 15 in 10 um; undulations: 3.
It differs from Eunotia rabenhorstii var. triodon Cleve & Grunow by
the presence of a more pronounced mark in the central undulation
(Costa et al. 2017).

Ecology: previously registered for moody pools with sphagnum moss
(Krasske 1948), and from samples of surface sediments collected in
environments with acid pH and poor in nutrients (Costa et al. 2017).
In our samples, it occurred in circumneutral pH (6.7), low conductivity
(22.5 puS em™) and oligotrophic conditions, only in autumn (temperature
18.6°C).

Occurrence in samples: natural substrates (UPCB 63377).

Eunotia rabenhorstii var. monodon Cleve & Grunow

Figure: 2AD

Length: 20 pm; width: 6.2 pm; striae: 17 in 10 um.

Ecology: previously registered for a mesotrophic reservoir in Parana
state (Bertolli et al. 2010, Marra et al. 2016) and for ultraoligotrophic
to eutrophic reservoirs with slightly acidic to alkaline waters (pH 6.2-
7.3) in Sao Paulo state (Costa et al. 2017). In our samples, it occurred
in circumneutral pH (6.7-6.75), low conductivity (22.5-24.5 uS cm™)
and oligotrophic conditions, in summer and autumn (temperature from
18.6-27°C).

Occurrence in samples: natural substrates (UPCB 63376; UPCB
63377).

Eunotia subarcuatoides Alles, Norpel & Lange-Bertalot

Figure: 2AQ

Length: 13.5-17.3 pm; width: 2.4-2.9 pm; striae: 23-24 in 10 pm.
Similar to the small forms of Eunotia bilunaris (Ehrenberg)
Schaarschmidt, but with a lower density of striae (13-17 in 10 um) that
are less conspicuous (Costa et al. 2017). The specimens found herein
presented a less width than the type material (3-4.5 pm, according
to Alles et al. 1991), but presented a similar width to the specimens
(2.5-3.3 um) registered by Costa et al. (2017) in Brazilian reservoirs.
Ecology: considered as acidobiontic (van Dam et al. 1994). In Brazil, it
was previously registered for ultraoligo to eutrophic conditions (Costa et
al. 2017, Silva et al. 2010), with acid to alkaline pH (Costa et al. 2017).
In our samples, it occurred in slightly acid to circumneutral pH (6-6.85),
low conductivity (22.5-24.5 uS cm) and oligotrophic conditions.
Occurrence in samples: natural substrates (UPCB 63375; UPCB
63376; UPCB 63377; UPCB 63378).

Eunotia yanomami Metzeltin & Lange-Bertalot

Figure: 2AS

Length: 120 um; width: 13.5 um; striae: 15 in 10 pm; undulations: 4.
Similar to Eunotia zygodon Ehrenberg in the valve outline, but E.
zygodon has a smaller size (less than 55 pm in length, according to
Metzeltin & Lange-Bertalot 1998).
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Ecology: previously registered for oligotrophic to mesotrophic
environments (Marra et al. 2016, Costa et al. 2017), with slightly acid
waters (pH 5.4-6.4) and low to medium conductivity (12-70 pS cm™)
(Bicca & Torgan 2009). In our samples, it occurred in circumneutral
pH (6.7), low conductivity (22.5 uS cm™) and oligotrophic conditions,
only in autumn (temperature 18.6°C).

Occurrence in samples: natural substrates (UPCB 63377).

Family GOMPHONEMATACEAE

Placoneis elginensis (Gregory) Cox

Figure: 3A

Length: 34.7 um; width: 10 um; striae: 13 in 10 pm.

Ecology: previously registered for highly alkaline waters, and for
mesotrophic and eutrophic environments (van Dam et al. 1994,
Hofmann 1994, Poulickova et al. 2008). In our samples, it occurred in
circumneutral pH (6.7), low conductivity (22.5 uS cm™) and oligotrophic
conditions, only in autumn (temperature 18.6°C).

Occurrence in samples: artificial substrates (UPCB 63373).

Encyonema neogracile Krammer.

Figures: 3B-3C

Length: 35.5-56.6 um; width: 6.5-7.5 um; dorsal striae: 14 in 10 um;
ventral striae: 15-16 in 10 um.

Ecology: this species was frequent in our samples and occurred in
slightly acid to circumneutral pH (6-6.85), low conductivity (22.5-24.5
uS cm') and oligotrophic conditions, but was also previously registered
for oligo-mesotrophic and mesotrophic environments (van Dam et al.
1994, Marra et al. 2016).

Occurrence in samples: artificial (UPCB 63371; UPCB 63372; UPCB
63373; UPCB 63374) and natural (UPCB 63375; UPCB 63376; UPCB
63377; UPCB 63378) substrates.

Encyonema silesiacum (Bleisch) Mann.

Figure: 3D

Length: 17.4-21.5 pm; width: 5-7.5 um; dorsal striae: 11-17 in 10 pm;
ventral striae: 12-16 in 10 um.

Ecology: widely distributed, considered as a circumneutral species (van
Dam et al. 1994), occurring in waters ranging from oligo to eutrophic
(van Dam et al. 1994, Hofmann 1994, Bertolli et al. 2010, Silva et al.
2010, Marra et al. 2016). This study expands its occurrence to slightly
acid pH (6-6.85), low conductivity (24-24.5 uS cm™) and oligotrophic
conditions.

Occurrence in samples: artificial (UPCB 6371) and natural (UPCB
63375; UPCB 63376; UPCB 63378) substrates.

Encyonopsis cf. reichardtii Krammer

Figures: 3Q-3S

Length: 36.5-40 pm; width: 5.8-6 um; maximum ratio L/'W=6.8; dorsal
striae: 18-20 in 10 pm; ventral striae: 17-21 in 10 pm.

The specimens from Piraquara I reservoir presented the valve outline,
striation pattern, and isolated punctum near the central striae similar
to Encyonopsis reichardtii Krammer. As the type specimens have a
slightly more rhombo-lanceolate contour, wider valves (7-7.7 pm) and
a maximum ratio L/W of 6.1 (Krammer 1997b: 131) we preferred to
identify the taxon as conferatum.
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Ecology: this species occurred in slightly acid to circumneutral pH (6-
6.75), low conductivity (22.5-24.5 uS cm) and oligotrophic conditions.
Occurrence in samples: artificial (UPCB 63372; UPCB 63373) and
natural (UPCB 63376; UPCB 63377; UPCB 63378) substrates.

Encyonopsis schubartii (Hustedt) Krammer

Figure: 3E

Length: 29.5-33.6 pm; width: 6-6.4 pm; dorsal striae: 9-11 in 10 um;
ventral striae: 9-12 in 10 um.

Ecology: previously registered for oligotrophic (Krammer 1997b), and
mesotrophic environments, with acid pH (Wengrat et al. 2015). In our
samples, it occurred in circumneutral pH (6.7-6.85), low conductivity
(22.5-24.5 pS cm') and oligotrophic conditions.

Occurrence in samples: artificial (UPCB 63371; UPCB 63372; UPCB
63373) and natural (UPCB 63375; UPCB 63377) substrates.

Encyonopsis subminuta Krammer & Reichardt.

Figure: 3F

Length: 15.3-21.3 pm; width: 3.7-4.8 pm; striae: 26 in 10 pm.
Ecology: common in oligo- and mesotrophic environments, and rare
in electrolyte-poor environments (Bertolli et al. 2010, Cantonati et al.
2017). In our samples, it occurred in circumneutral pH (6.85), low
conductivity (24 uS cm™) and oligotrophic conditions, only in spring
(temperature 20.8°C).

Occurrence in samples: artificial substrate (UPCB 63371).

Gomphonema gracile Ehrenberg

Figure: 3J-3K

Length: 28-43 pm; width: 5.8-7.2 um; striae: 14-16 in 10 pm.

The Gomphonema gracile species-complex includes representatives
with valves of diverse forms, sizes and measures. Gomphonema
naviculoides Smith is very similar to G. gracile in the valve outline
and striae density, but they differ in the width range, being of 4.2-9 pym
in G. gracile and of 7.8-9.5 pm in G. naviculoides (Reichardt 2015a).
Ecology: typical of environments with low conductivity and nutrients
(Krammer & Lange-Bertalot 1986). It occurred in all our samples, in
slightly acid to circumneutral pH (6-6.85), low conductivity (22.5-24.5
uS ecm') and oligotrophic conditions.

Occurrence in samples: artificial (UPCB 63371; UPCB 63372; UPCB
63373; UPCB 63374) and natural (UPCB 63375; UPCB 63376; UPCB
63377; UPCB 63378) substrates.

Gomphonema lagenula Kiitzing

Figures: 3L-3M

Length: 17.2-21.7 pm; width: 4.5-4.8 pm; striae: 18-19 in 10 pm
Ecology: considered as tolerant (Hofmann 1994), this species is widely
distributed in environments ranging from oligotrophic to hypereutrophic
(Bertolli, et al. 2010, Silva et al. 2010, Faria et al. 2010, Marra et al.
2016, Bartozek et al. 2018). In our samples, it occurred in slightly acid
to circumneutral pH (6-6.7), low conductivity (22.5-24.5 uS cm™) and
oligotrophic conditions, in autumn and winter (temperature < 19°C).
Occurrence in samples: natural substrates (UPCB 63377; UPCB
63378).
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Figure 3. A. Placoneis elginensis; B-C. Encyonema neogracile; D. Encyonema silesiacum; E. Encyonopsis schubartii; F. Encyonopsis subminuta; G-1. Gomphonema
spiculoides; J-K. Gomphonema gracile; L-M. Gomphonema lagenula; N-O. Gomphonema pantropicum; P. Cymbopleura naviculiformis; Q-S. Encyonopsis
cf. reichardtii; T-W. Achnanthidium minutissimum; X—AD. Achnanthidium neomicrocephalum; AE—-AH. Achnanthidium sp.; AI-Al. Planothidium incuriatum;
AK. Humidophila biscutella; AL. Luticola permuticoides; AM. Luticola simplex; AN-AP. Frustulia australocrassinervia; 3AQ-3AS. Frustulia undosa; AT-AV.
Brachysira neoexilis; AW—AX. Neidium affine.
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Gomphonema pantropicum Reichardt

Figure: 3N-30

Length: 35.2-38 pm; width: 6-6.3 um; striae: 10-11 in 10 pm.

Valves lanceolate, with constricted round apices. Spaced and convergent
striae towards the middle part of the valves and parallel to the apices.
In Brazilian environments, Gomphonema pantropicum is often
misidentified as Gomphonema subtile Ehrenberg (Osorio et al. 2017,
Marra et al. 2016, Marquardt & Bicudo 2014). Gomphonema subtile
presents the valves with broadly capitate ends, a long and narrow “neck”
and flatly-rounded apices (Reichardt 2015b).

Ecology: distributed in South America and in tropical Africa, India,
and Southeast Asia (Reichardt 2015b); the ecology of this species is
little known. In Brazil, it was previously registered from epiphytic
samples in the North and South region (Medeiros et al. 2018, Azevedo
et al. 2018). In our samples, it occurred in slightly acid pH (6), low
conductivity (24.5 uS cm™) and oligotrophic conditions, only in winter
(temperature 16°C).

Occurrence in samples: artificial substrates (UPCB 63374).

Gomphonema spiculoides Gandhi

Figures: 3G-31

Length: 54.2-69 pm; width: 7.3-8 um; striae: 14 in 10 um.

This species presents valve ends clearly apiculate, a central area weakly
delimited, a narrow axial area, undulate and lateral raphe, and striae
slightly radiate.

The specimens recorded in the present study have striae slightly radiate
and a less width than the specimens found by Karthick & Kociolek
(2012), resembling the Gandhi’s original draw and description.
Gomphonema spiculoides can be mistaken with large valves of
Gomphonema gracile Ehrenberg.

Ecology: this species has a low tolerance to alkaline conditions and
it was previously registered for oligotrophic and slightly acid waters
(Riato et al. 2017). It occurred in all our samples, in slightly acid to
circumneutral pH (6-6.85), low conductivity (22.5-24.5 pS cm™) and
oligotrophic conditions.

This is the first record for Brazil.

Occurrence in samples: artificial (UPCB 63371; UPCB 63372; UPCB
63373; UPCB 63374) and natural (UPCB 63375; UPCB 63376; UPCB
63377; UPCB 63378) substrates.

Family CYMBELLACEAE

Cymbopleura naviculiformis (Auerswald) Krammer

Figure: 3P

Length: 32.1 pm; width: 9 pm; dorsal striae: 13 in 10 pm; ventral
striae: 15 in 10 pm.

Ecology: previously registered for oligotrophic to eutrophic waters
(Bertolli et al. 2010, Silva et al. 2010, Marra et al. 2016, Cantonati et
al. 2017). In our samples, it occurred in circumneutral pH (6.85), low
conductivity (24 uS cm™) and oligotrophic conditions, only in spring
(temperature 20.8°C).

Occurrence in samples: natural substrates (UPCB 63375).

Family ACHNANTHIDIACEAE

Achnanthidium minutissimum (Kiitzing) Czarnecki
Figures: 3T-3W

Length: 9.6-15.4 pm; width: 2.6-2.8 pm; indistinct striae.
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Ecology: very wide range of ecological preferences (Cantonati et al.
2017). In our samples, it occurred in temperature < 21°C, slightly acid
to circumneutral pH (6-6.85), low conductivity (22.5-24.5 uS cm') and
oligotrophic conditions.

Occurrence in samples: artificial (UPCB 63371; UPCB 63374) and
natural (UPCB 63375; UPCB 63377; UPCB 63378) substrates.

Achnanthidium neomicrocephalum Lange-Bertalot & Staab

Figures: 3X-3AD

Length: 21.6-25.3 pm; width: 2.5-2.8 um; indistinct striae.

Valves linear-lanceolate with subcapitate apices. Axial area narrow.
Central area variable in shape.

Achnanthidium neomicrocephalum has narrower valves than
Achnanthidium gracillimum (Meister) Lange-Bertalot (3.4-4.5 pum)
and A. caledonicum (Lange-Bertalot) Lange-Bertalot (2.7-3.8 um).
Achnanthidium caledonicum presents broader valve ends than A.
neomicrocephalum.

Ecology: previously registered for oligotrophic environments, mainly
springs and lakes (Cantonati et al. 2017, Cantonati & Lange-Bertalot
2010). In our samples, it occurred in slightly acid pH (6) and low
conductivity (24.5 uS ecm™), and oligotrophic condition, only in winter
(temperature 16°C).

This is the first record for Brazil

Occurrence in samples: artificial substrates (UPCB 63374).

Achnanthidium sp.

Figures: 3AE-3AH

Length: 13.3-15.4 pm; width: 2.4-2.5 pm; indistinct striae.

Valves linear-lanceolate, with parallel margins and capitate apices.
Narrow and linear axial area. Central area bordered by one striae on
both sides. Resembles Achnanthidium tropicocatenatum Marquardt,
Wetzel & Ector although the central portion is not inflated (Marquard
etal. 2017).

Ecology: this species was frequent in ours samples, and occurred in
slightly acid to circumneutral pH (6-6.85), low conductivity (22.5-24.5
uS ecm) and oligotrophic conditions.

Occurrence in samples: artificial (UPCB 63371; UPCB 63373) and
natural (UPCB 63375; UPCB 63376; UPCB 63377, UPCB 63378)
substrates.

Planothidium incuriatum Wetzel, Van de Vijver & Ector

Figures: 3AI-3AJ

Length: 20 um; width: 7 pm; striae: 14 in 10 pm.

Planothidium incuriatum is widely reported in Brazil as P. biporomum
(Hohn & Hellerman) Lange-Bertalot, characterized by the rostrate
apices that differ from the capitate to subcapitate apices of P. biporomum.
Planothidium incuriatum is also misidentified as P. rostratum (Qstrup)
Round & Bukhtiyarova but it can be distinguished by its smaller
dimensions (Wetzel et al. 2013).

Ecology: widely distributed in a broad range of environmental conditions
(Wetzel et al. 2013). In our samples, it occurred in circumneutral pH
(6.85), low conductivity (24 uS cm™) and oligotrophic conditions, only
in spring (temperature 20.8°C).

Occurrence in samples: natural substrates (UPCB 63375).
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Family DIADESMIDACEAE

Humidophila biscutella (Moser, Lange-Bertalot & Mezeltin) Lowe,
Kociolek, Johansen, Van de Vijver, Lange-Bertalot & Kopalova
Figure: 3AK

Length: 9.5 pm; width: 2.3 um; indistinct striae.

Valves linear with concave margins and broadly rounded apices; the
central area is elliptical and not forming fascia. It is possible that
Humidophila biscutella has been previously reported as Humidophila
contenta (Grunow) Lowe, Kociolek, Johansen, Van de Vijver, Lange-
Bertalot & Kopalova. It differs from the latter species by the absence
of wide apices and of the central area with fascia (Moser et al. 1998).
Humidophila deceptionensis Kopalova, Zidarova & Van de Vijver is
similar to H. biscutella, but has wider valves (2.7-3.2 um) (Kopalova
etal. 2015). In Brazil, it was previously registered for reservoirs in Sdo
Paulo state (Marquardt et al. 2018).

Ecology: the ecology of this species id little known. In our samples, it
occurred only in temperatures < 19°C, slightly acid to circumneutral
pH (6-6.75), low conductivity (22.5-24.5 uS cm™) and oligotrophic
conditions.

This is the first record for Parana state.

Occurrence in samples: artificial (UPCB 63373; UPCB 63374) and
natural (UPCB 63378) substrates.

Luticola permuticoides Metzeltin & Lange-Bertalot

Figure: 3AL

Length: 13.5-19.1 pm; width: 6.4-7.8 pm; striae: 19 in 10 pm.
Ecology: found in epiphytic samples collected in rivers with slightly
acidic waters (Straube et al. 2017). In our samples, it occurred in slightly
acid pH (6), low conductivity (24.5 uS cm") and oligotrophic conditions,
only in winter (temperature 16°C).

Occurrence in samples: natural substrates (UPCB 63378).

Luticola simplex Metzeltin, Lange-Bertalot & Garcia-Rodriguez
Figure: 3AM

Length: 12.8-16 pm; width: 4.8-5 um; striae: 24 in 10 pm.

Ecology: previously recorded from sediment samples of subfossil
assemblages in oligotrophic conditions and from modern assemblages
in eutrophic conditions (Faustino et al. 2016). In our samples, it
occurred in circumneutral pH (6.75), low conductivity (24.5 pS cm™)
and oligotrophic conditions, only in summer (temperature of 27°C and
accumulated rainfall of 326.9 mm).

Occurrence in samples: natural substrates (UPCB 63376).

Family AMPHIPLEURACEAE

Frustulia australocrassinervia Casa, Mataloni & Van de Vijver
Figures: 3AN-3AP

Length: 32-43.2 pm; width: 8-9.6 um; delicate striae, ratio 3.8-4.6.
This taxon has lanceolate valves, with slightly triundulate margins,
protracted and rostrate apices. It differs from Frustulia crassinervia
(Brébisson) Lange-Bertalot & Krammer by the presence of wider valves
(11.5-12.5 pm) (Casa et al. 2018).

Ecology: previously registered for acidic waters with low conductivity
(Casa et al. 2018). It occurred in all samples, in slightly acid to
circumneutral pH (6-6.85), low conductivity (22.5-24.5 uS cm™') and
oligotrophic conditions.

This is the first record for Brazil.
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Occurrence in samples: artificial (UPCB 63371; UPCB 63372; UPCB
63373; UPCB 63374) and natural (UPCB 63375; UPCB 63376; UPCB
63377; UPCB 63378) substrates.

Frustulia undosa Metzeltin & Lange-Bertalot

Figures: 3AQ-3AS

Length: 24.5-44.1 pm; width: 7.5-10 um; delicate striae.

It differs from Frustulia crassinervia (Brébisson) Lange-Bertalot &
Krammer by the presence of a narrower and longer tri-undulated valve
(Metzeltin & Lange-Bertalot 1998).

Ecology: previously registered for a mesotrophic reservoir (Marra et
al. 2016). In our samples, it occurred in slightly acid to circumneutral
pH (6-6.75), low conductivity (22.5-24.5 uS cm™) and oligotrophic
conditions.

Occurrence in samples: artificial (UPCB 63373; UPCB 63374) and
natural (UPCB 63376; UPCB 63377) substrates.

Family BRACHYSIRACEAE

Brachysira neoexilis Lange-Bertalot

Figures: 3AT-3AV

Length: 16-32 pm; width: 4-5.6 um; striae: difficult to distinguish
Wolfe & Kling (2001) have suggested that Brachysira neoexilis is
a synonym of Brachysira microcephala (Grunow) Compére. Some
authors consider that both species differ significantly (Cantonati et al.
2017) since the latter species presents clearly capitate apices and usually
wider valves than B. neoexilis.

Ecology: considered as a species distributed in oligotrophic and acidic
conditions (Lange-Bertalot & Moser 1994, Cantonati et al. 2017), and
previously registered for mesotrophic and eutrophic reservoirs (Bertolli
et al. 2010, Silva et al. 2010, Marra et al. 2016). It occurred in all our
samples, in slightly acid to circumneutral pH (6-6.85), low conductivity
(22.5-24.5 pS cm') and oligotrophic conditions.

Occurrence in samples: artificial (UPCB 63371; UPCB 63372; UPCB
63373; UPCB 63374) and natural (UPCB 63375; UPCB 63376; UPCB
63377; UPCB 63378) substrates.

Family NEIDIACEAE

Neidium affine (Ehrenberg) Pfitzer

Figures: 3AW-3AX

Length: 42.9-46.1 pm; width: 10-10.8 um; striae 25-26 in 10 pm.
Ecology: previously registered for oligotrophic and mesotrophic
environments (Hofmann 1994, Marra et al. 2016). In our samples, it
occurred in circumneutral pH (6.7), low conductivity (22.5 uS cm™)
and oligotrophic conditions, only in autumn (temperature of 18.6°C).
Occurrence in samples: natural substrates (UPCB 63377).

Family SELLAPHORACEAE

Sellaphora rectangularis (Gregory) Lange-Bertalot & Metzeltin
Figure: 4C

Length: 31.3-48.8 pm; width: 7.1-11.7 pm; striae: 21-27 in 10 um.
Ecology: previously registered for oligotrophic to eutrophic
environments (van Dam et al. 1994, Lange-Bertalot & Metzeltin
1996). In our samples, it occurred in autumn and winter samples
(temperature < 19°C). Thys study extends its occurrence to slightly
acid to circumneutral pH (6-6.7), and low conductivity (22.5-24.5 pS
cm') conditions.
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Figure 4. A-B. Sellaphora tridentula; C. Sellaphora rectangularis; D. Pinnularia borealis; E. Pinnularia brauniana; ¥. Pinnularia divergens var. divergens;
G. Pinnularia divergens var. media; H. Pinnularia grunowii; 1-J. Pinnularia obscura; K. Pinnularia pseudogibba; 1L-M. Hantzschia amphioxys; N. Pinnularia
schoenfelderi; O. Kobayasiella sp.; P-Q. Capartogramma crucicula; R-T. Nitzschia semirobusta; U-V. Nitzschia acidoclinata; W. Nitzschia nana; X. Pinnularia
viridiformis var. viridiformis; Y. Pinnularia viridiformis var. minor; Z. Pinnularia rumrichiae; AA. Pinnularia subcapitata var. elongata; AB. Pinnularia subcapitata
var. subrostrata; AC—-AD. Pinnularia subgibba var. undulata; AE. Pinnularia submicrostauron; AF. Navicula cryptocephala; AG. Navicula cryptotenella; AH.
Navicula leptostriata; Al. Navicula veneta; AJ-AK. Chammaepinularia brasilianopsis; AL—AP. Chammaepinnularia mediocris.
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Occurrence in samples: artificial (UPCB 63373; UPCB 63374) and
natural (UPCB 63377) substrates.

Sellaphora tridentula (Krasske) C.E.Wetzel

Figure: 4A-4B

Length: 17.5-20.8 um; width: 4-4.6 pm; striae: difficult to distinguish.
Ecology: considered as an acidophile species (van Dam et al. 1994). In
our samples, it occurred in spring and autumn (temperature < 21°C).
This study extends the occurrence of this species to circumneutral
pH (6.7-6.85), low conductivity (22.5-24 uS cm™) and oligotrophic
conditions.

Occurrence in samples: natural substrates (UPCB 63375; UPCB
63377).

Family PINNULARIACEAE

Pinnularia borealis Ehrenberg var. borealis.

Figure: 4D

Length: 31-31.2 pm; width: 7-7.2 um; striae: 7 in 10 pm.

Ecology: considered as indifferent to environmental conditions
(Hofmann 1994) P. borealis is common in oligo and mesotrophic
environments (van Dam et al. 1994, Bertolii et al. 2010), while rarely
registered for eutrophic conditions (Silva et al. 2010). In our samples, it
occurred in temperature s < 21°C, slightly acid to circumneutral pH (6-
6.85), low conductivity (24-24.5 pS cm™) and in oligotrophic conditions.
Occurrence in samples: artificial (UPCB 63374) and natural (UPCB
63375) substrates.

Pinnularia brauniana (Grunow) Studnicka.

Figure: 4E

Length: 52.2-60 pm; width: 8.5-9.6 um; striae: 11-12 in 10 pm.
Ecology: previously registered for oligotrophic, mesotrophic and
eutrophic conditions (Van Dam et al. 1994, Silva et al. 2010, Marra
et al. 2016). According to Krammer (1992), P. brauniana is not
considered commonly found in waters with low conductivity and pH
< 6. This study extends its occurrence to temperatures < 21°C, acid to
circumneutral pH (6-6.85), low conductivity (22.5-24.5 uS cm™), and
oligotrophic conditions.

Occurrence in samples: artificial (UPCB 63371; UPCB 63373;
UPCB 63374) and natural (UPCB 63375; UPCB 63377; UPCB 63378)
substrates.

Pinnularia divergens Smith var. divergens

Figure: 4F

Length: 74.5 pm; width: 12.5 pm; striae: 12 in 10 pm.

Ecology: in agreement with previously studies (van Dam et al. 1994,
Cantonati et al. 2017), we found this species in pH <7, low conductivity
(22.5 uS cm") and oligotrophic conditions only in autumn (temperature
18.6°C).

Occurrence in samples: natural substrates (UPCB 63377).

Pinnularia divergens var. media Krammer

Figure: 4G

Length: 39-54.5 pm; width: 7.7-9.5 um; striae: 14-15 in 10 pm.
Ecology: according to previous studies, this species prefers oligotrophic
environments (van Dam et al. 1994, Cantonati et al. 2017) but can also
occur in eutrophic waters (Silva et al. 2010). In our samples, it occurred
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in in temperatures < 21°C, slightly acid to circumneutral pH (6-6.85),
low conductivity (24-24.5 uS cm) and in oligotrophic conditions.
Occurrence in samples: natural substrates (UPCB 63375; UPCB
63377; UPCB 63378).

Pinnularia grunowii Krammer

Figure: 4H

Length: 31-41 pm; width: 6-7.5 pm; striae: 14 in 10 pm.

Ecology: previously registered for eutrophic environments, with low
to moderate electrolytes and pH > 8 (Krammer 2000) and also for
mesotrophic waters (Bertolli et al. 2010). In our samples, it occurred in
circumneutral pH (6.7-6.85) and low conductivity (22.5-24.5 uS cm™),
and oligotrophic conditions.

Occurrence in samples: artificial (UPCB 63373) and natural (UPCB
63375; UPCB 63376) substrates.

Pinnularia obscura Krasske

Figures: 41-4]

Length: 20.5-21.5 pm; width: 4-4.5 pm; striae: 16 in 10 pm.
Ecology: considered as a species tolerant to environments with pH <
4 (Ciniglia et al. 2007). In our samples, it occurred in circumneutral
pH (6.7-6.85), low conductivity (22.5-24 pS cm™), and oligotrophic
conditions, in spring and autumn (temperature < 21°C).

Occurrence in samples: natural substrates (UPCB 63375; UPCB
63377).

Pinnularia pseudogibba Krammer

Figure: 4K

Length: 54 um; width: 9 pm; striae: 11 in 10 pm.

Pinnularia pseudogibba differs from Pinnularia subgibba Krammer
var. subgibba by the presence of lanceolate valves with subrostrate
apices (Krammer 2000).

Ecology: previously registered for oligotrophic environments (Krammer
2000). In our samples, it occurred in slightly acid to circumneutral pH (6-
6.85), low conductivity (24-24.5 uS cm™) and oligotrophic conditions.
Occurrence in samples: artificial (UPCB 63371; UPCB 63374) and
natural (UPCB 63375; UPCB 63376; UPCB 63377) substrates.

Pinnularia rumrichae Krammer.

Figure: 4Z

Length: 45-46.5 pm; width: 7.5-8 um; striae: 13 in 10 pm.

Ecology: in our samples, it occurred in slightly acidic to circumneutral
pH (6-6.85), low conductivity (24-24.5 uS cm™) and in oligotrophic
conditions.

Occurrence in samples: artificial (UPCB 63373) and natural (UPCB
63375; UPCB 63376; UPCB 63378) substrates.

Pinnularia schoenfelderi Krammer.

Figure: 4N

Length: 23 pm; width: 4.8 pm; striae: 16 in 10 pm.

Ecology: previously registered for oligotrophic environments with low
to moderate conductivity (Krammer 2000), and also for mesotrophic
waters (Bertollit et al. 2010). In our samples, it occurred in circumneutral
pH (6.7), low conductivity (22.5 pS cm™) and oligotrophic conditions,
only in autumn (temperature 18.6°C).

Occurrence in samples: natural substrates (UPCB 63377).
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Pinnularia subcapitata var. elongata Krammer.

Figure: 4AA

Length: 43.5 pm; width: 6 pm; striae: 16 in 10 pm.

Ecology: commonly associated with sphagnum moss (Krammer 1992).
In our samples, it occurred in slightly acid pH (6), low conductivity (24.5
uS em) and oligotrophic conditions, only in winter (temperature 16°C).
Occurrence in samples: artificial substrates (UPCB 63374).

Pinnularia subcapitata var. subrostrata Krammer

Figure: 4AB

Length: 38.5-46.5 pm; width: 6-6.5 um; striae: 13 in 10 um.
Ecology: widespread species; common in waters with medium
electrolyte concentrations (Krammer 1992). In our samples, it occurred
in circumneutral pH (6.7-6.85), low conductivity (22.5-24.5 uS cm™)
and oligotrophic conditions.

Occurrence in samples: artificial (UPCB 63373) and natural (UPCB
63375; UPCB 63376; UPCB 63377) substrates.

Pinnularia subgibba var. undulata Krammer

Figures: 4AC4AD

Length: 65.1-68.5 pm; width: 7-7.8 um; striae: 11-12 in 10 pm.
Ecology: previously registered for waters with neutral pH and high
conductivity (Noga et al. 2014). In Brazil, it was recorded from
planktonic samples in Guaraguacu River (Tremarin et al. 2010) and
from epiphytic samples in a mesotrophic reservoir of the South region
(Marra etal. 2016). This study expanded its occurrence to circumneutral
pH (6.7-6.85), low conductivity (22.5-24.5 uS cm™) and oligotrophic
conditions.

Occurrence in samples: artificial (UPCB 63373) and natural (UPCB
63375; UPCB 63376; UPCB 63377) substrates.

Pinnularia submicrostauron Schroeter

Figure: 4AE

Length: 38.4-43.7 pm; width: 5-6.6 pm; striae: 12-13 in 10 um.
Ecology: previously registered as epiphytic in non-polluted
environments, with acid pH (3.95-5.89) and medium to high
conductivity (46-94 uS cm™) (Krammer 1992, Vesela 2009, Szulc et
al. 2014). In our samples, it occurred in circumneutral pH (6.7), low
conductivity (22.5-24.5 uS cm™) and oligotrophic conditions.
Occurrence in samples: artificial (UPCB 63373) and natural (UPCB
63376; UPCB 63377) substrates.

Pinnularia viridiformis var. viridiformis Krammer

Figure: 4X

Length: 131 um; width: 17.3 pm; striae: 10 in 10 um.

Ecology: this species is frequently sampled especially in oligotrophic
and mesotrophic environments, with low to moderate conductivity
(Krammer 2000, Bertolli et al. 2010), being more abundant in acid
pH (Van de Vijver & Beyen 1997, Vesela 2014). In our study, it was
only recorded from samples of periphyton associated with aquatic
macrophytes (75%), in slightly acid to circumneutral pH (6-6.85), low
conductivity (24-24.5 pS cm™') and oligotrophic conditions.
Occurrence in samples: natural substrates (UPCB 63375; UPCB
63376; UPCB 63378).
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Pinnularia viridiformis var. minor Krammer.

Figure: 4Y

Length: 52-82.5 pm; width: 11-12.5 um; striae: 10-12 in 10 pm.
Pinnularia viridiformis var. minor differs from Pinnularia viridis
(Nitzsch) Ehrenberg by the valve outline and by the presence of a semi
complex raphe (Krammer 2000).

Ecology: considered as cosmopolitan (Krammer 2000); it is rare in
waters with neutral to alkaline pH and in moderate to high conductivity
(Cremer et al. 2004, Noga et al. 2014). It was previously registered for
streams with acid pH and low conductivity, in Central Brazil (Franca
et al. 2017). In our study, it was recorded from samples of periphyton
associated with aquatic macrophytes, in temperatures of 16°C, acid
pH (6), low conductivity (24.5 uS cm™), and oligotrophic conditions.
This is the first record for Parana state.

Occurrence in samples: natural substrates (UPCB 63378).

Order NAVICULALES

Family incertae sedis

Chamaepinnularia brasilianopsis Metzeltin & Lange-Bertalot
Figures: 4AJ4AK

Length: 13.5-13.9 pm; width: 3.5-4.1 pm; striae: 24 in 10 pm.
Ecology: previously described for the Neotropical region (Metzeltin &
Lange-Bertalot 1998), in mesotrophic waters (Marra et al. 2016). with
circumneutral to slightly alkaline pH, and conductivity between 24.3
and 145 pS cm™ (Sala et al. 2015). In our study, it was only registered
in autumn, from samples of macrophytes, in temperatures of 18.6°C,
circumneutral pH (6.7), low conductivity (22.5 uS cm') and oligotrophic
conditions.

Occurrence in samples: natural substrates (UPCB 63377).

Chamaepinnularia mediocris (Krasske) Lange-Bertalot & Krammer
Figures: 4AL—4AP

Length: 10-14.7 pm; width: 2.5-3 um; striae: 21-24in 10 pm.
Ecology: considered as characteristic of oligotrophic environments
(van Dam et al. 1994, Hofmann 1994), but also cited for mesotrophic
and eutrophic waters (Silva et al. 2010, Marra et al. 2016). It is a good
indicator of environments rich in minerals, with moderate to high
conductivity, and acid pH (Frankova et al. 2009), and also associated
with the process of deglaciation (Fell et al. 2018). In our study, it
occurred in summer (temperature of 27°C and high acummulated
rainfall), in waters with slightly acid to circumneutral pH (6-6.75), low
conductivity (22.5-24.5 uS cm™), and oligotrophic conditions.
Occurrence in samples: artificial (UPCB 63372) and natural (UPCB
63377; UPCB 63378) substrates.

Kobayasiella sp.

Figure: 40

Length: 39.8 pm; width: 7.4 pm; striae: 15 in 10 pm.

Kobayasiella sp. presents linear-elliptic valves with subcapitate ends.
The axial area is linear and straight. The central area is elliptic and
delimited by irregular striae that are radiate towards the valve center.
The valve outline is similar to Kobayasiella acidophila Vanhoutte,
Kobayasiella subtilissima (Cleve) Lange-Bertalot and Kobayasiella
tapajoensis Metzeltin & Lange-Bertalot, but these three latter taxa
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present smaller size (24.7-31.2 um, 23-27 pm, and 23-34 um,
respectively) and a higher striae density (34-42, 36-40 and 34-38 in
10 pm, respectively). Kobayasiella sp. is also similar to Kobayasiella
floridana Metzeltin & Lange-Bertalot and Kobayasiella krasskei
(Metzeltin & Lange-Bertalot) Lange-Bertalot, but these species have
larger valves (54-83 pum and 44-50 um, respectively) and higher striae
density (28-32 and 27-28 in 10 pm, respectively) (Metzeltin & Lange-
Bertalot 2007, 1998, Vanhoutte et al. 2004).

Occurrence in samples: natural substrates (UPCB 63377).

Family NAVICULACEAE

Navicula cryptocephala Kiitzing

Figure: 4AF

Length: 23.2-39.2 pm; width: 4.8-6 pum; striae: 12-18 in 10 pm.
Ecology: cosmopolitan; registered for oligotrophic to eutrophic
environments, but more abundant in mesotrophic waters (Bertolli et al.
2010, Bartozek et al. 2018). In our study, it occurred in slightly acid to
circumneutral pH (6-6.85), low conductivity (22.5-24.5 uS cm™), and
oligotrophic conditions.

Occurrence in samples: artificial (UPCB 63371; UPCB 63372;
UPCB 63373) and natural (UPCB 63375; UPCB 63376; UPCB 63378)
substrates.

Navicula cryptotenella Lange-Bertalot.

Figure: 4AG

Length: 20-35 pm; width: 4.5-5.6 pm; striae: 12-18 in 10 pm.
Ecology: widely distributed in oligotrophic to eutrophic conditions
(Bertolii et al. 2010, Silva et al. 2010, Marra et al. 2016, Bartozek et
al. 2018, Santos & Ferragut 2018), but most commonly associated
with low TP concentrations (Wang et al. 2019). It occurred in all of our
samples, in slightly acid to circumneutral pH (6-6.85), low conductivity
(22.5-24.5 pS cm), and oligotrophic conditions.

Occurrence in samples: artificial (UPCB 63371; UPCB 63372; UPCB
63373; UPCB 63374) and natural (UPCB 63375; UPCB 63376; UPCB
63377; UPCB 63378) substrates.

Navicula leptostriata Jergensen

Figure: 4AH

Length: 33-36.3 pm; width: 4.5-4.8 um; striae: 17-18 in 10 pm.
Ecology: previously registered for environments with moderate to high
nutrient concentrations (van Dam et al. 1994, Silva et al. 2010, Ma et
al. 2014). In our study, it occurred in temperatures < 21°C, slightly acid
and circumneutral pH (6-6.85), low conductivity (22.5-24.5 uS cm™),
and oligotrophic conditions.

Occurrence in samples: artificial (UPCB 63374) and natural (UPCB
63375; UPCB 63377) substrates.

Navicula veneta Kiitzing

Figure: 4A1

Length: 17 um; width: 4 pm; striae: 18 in 10 pm.

Ecology: commonly registered for environments rich in nutrients (van
Dam et al. 1994, Hofmann 1994, Silva etal. 2010, Marra et al. 2016, Casco
et al. 2018). In our samples, it only occurred in autumn (temperature of
18.6°C). This study expanded its occurrence to circumneutral pH (6.7),
low conductivity (22.5 uS cm™) and oligotrophic conditions.
Occurrence in samples: natural substrates (UPCB 63377).

http://www.scielo.br/bn

Capartogramma crucicula (Grunow ex Cleve) Ross

Figures: 4P—4Q

Length: 27.5 pm; width: 8.5 pm; striae: 21 in 10 um.

Ecology: the ecological optimum of this species is difficult to define
(Beyene et al. 2014). It was previously registered for the oligotrophic
paleophase (Faustino et al. 2016) and for modern mesotrophic conditions
(Marra et al. 2016). In our study, it occurred in circumneutral pH (6.85),
low conductivity (24 uS cm™) and oligotrophic conditions, only in spring
(temperature of 20.8°C).

Occurrence in samples: artificial substrates (UPCB 63771).

Family STAURONEIDACEAE

Stauroneis neohyalina Lange-Bertalot & Krammer

Figures: SA-5B

Length: 43-52 um; width: 8-8.7 pm; striae: difficult to distinguish
under the LM.

Stauroneis neohyalina differs from Stauroneis gracilior (Rabenhorst)
Reichardt by the presence of subcapitate apices, narrower valves and
a higher striae density. The striae are difficult to distinguish under the
light microscope and the areolae are inconspicuous (Reichardt 1995,
Lange-Bertalot & Metzeltin 1996). In this species, the proximal ends
of the raphe are straight and not inflated and teardrop-shaped as in S.
gracilior (Cantonati et al. 2017).

Widely recorded in different worldwide regions (Guiry & Guiry 2018).
This is the first record for Brazil.

Ecology: previously registered for oligotrophic and acidic environments
(van Dam et al. 1994, Sienkiewicz 2005, Van de Vijver et al. 2005, Krsti¢
etal. 2012). In our samples, it occurred in slightly acid to circumneutral
pH (6-6.75), low conductivity (22.5-24.5 uS cm™') and oligotrophic
conditions, in summer (temperature of 27°C).

Occurrence in samples: artificial (UPCB 63373) and natural (UPCB
63376; UPCB 63378) substrates.

Stauroneis gracilis Ehrenberg

Figure: 5C

Length: 83.5 pm; width: 13.5 pm; striae: 23 in 10 pm.

Ecology: considered as characteristic of oligotrophic environments
(Dixit & Smol 1995); it is rare in mesotrophic and eutrophic conditions
(Silva et al. 2010, Marra et al. 2016) and has its optimum in conditions
of low conductivity (Pestryakova et al. 2018). In our study, it only
occurred from samples of aquatic macrophytes, in circumneutral pH
(6.7), low conductivity (22.5 uS cm™) and oligotrophic conditions, in
autumn (temperature of 18.6°C).

Occurrence in samples: natural substrates (UPCB 63377).

Stauroneis phoenicenteron (Nitzsch) Ehrenberg

Figure: 5D

Length: 96.5-116.5 um; width: 18.2-22.5 um; striae: 18-19 in 10 pm.
Ecology: considered as characteristic of meso-eutrophic environments
(van Dam et al. 1994, Silva et al. 2010, Bertolii et al. 2010), it has its
optimum in conditions of intermediate conductivity (Pestryakova et al.
2018) and acid to circumneutral pH (Ma et al. 2014). In this samples, it
occurred in slightly to circumneutral pH (6-6.7), low conductivity (22.5-
24.5 uS em'') and oligotrophic conditions, in autumn (temperature <21°C).
Occurrence in samples: artificial (UPCB 63373; UPCB 63374) and
natural (UPCB 63377) substrates.

http://dx.doi.org/10.1590/1676-0611-BN-2018-0568
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Figure 5. A-B. Stauroneis neohyalina; C. Stauroneis gracilis; D. Stauroneis phoenicenteron; E. Craticula acidoclinata; F. Craticula riparia var. mollenhaurei;
G-H. Craticula submolesta; 1. Surirella grunowii; J. Iconella curvula; K. Rhopalodia gibberula var. vanheurckii.

Craticula acidoclinata Lange-Bertalot & Metzeltin

Figure: SE

Length: 65-1-74.2 pm; width: 17.9-18.5 pm; striae: 15 in 10 pm;
areolae: 24 in 10 um.

Craticula acidoclinata differs from Craticula ambigua (Ehrenberg)
Mann by the presence of subrostrate apices and broadly rounded
ends in the valves (distinctly protracted and rostrate in C. ambigua).
Craticula cuspidata (Kiitzing) Mann has wider valves with narrower
apices (Lange-Bertalot & Metzeltin 1996).

Ecology: registered for acid environments, poor in nutrients (Cantonati
et al. 2017). It was previously found in Rio Tapajos, Brazil (Metzeltin
& Lange-Bertalot 1998). In our samples, it occurred in circumneutral
pH (6.7), low conductivity (22.5 uS cm™) and oligotrophic conditions,
in autumn (temperature < 21°C).

This is the first record for Parana state.

http://dx.doi.org/10.1590/1676-0611-BN-2018-0568

Occurrence in samples: natural substrates (UPCB 63377).

Craticula riparia var. mollenhaurei Lange-Bertalot.

Figure: 5SF

Length: 33.5 pm; width: 7 pm; striae: 24 in 10 pm.

Craticula riparia var. mollenhaurei resembles Craticula riparia
(Hustedt) Lange-Bertalot var. riparia Lange-Bertalot in the valve outline
but differs from the latter by the presence of longer and wider valves
(35-50 um and 8-10.5 um) and a lower striae density (15-18 in 10 um).
Craticula riparia var. riparia is common in eutrophic environments
with high conductivity (Lange-Bertalot 2001, van Dam et al. 1994).
Ecology: previously registered for slightly acid to neutral waters, with
low conductivity (Lange-Bertalot 2001, Lange-Bertalot 1993). In our
samples, it occurred in circumneutral pH (6.7), low conductivity (22.5
uS cm™) and oligotrophic conditions, in.autumn (temperature < 21°C).

http://www.scielo.br/bn
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This is the first record for Brazil.
Occurrence in samples: natural substrates (UPCB 63377).

Craticula submolesta (Hustedt) Lange-Bertalot

Figures: 5G-5H

Length: 16.8-17.1 pm; width: 4-4.3 um; striae: 22-24 in 10 pm.
Ecology: considered as characteristic of oligotrophic environments
(Lange-Bertalot & Metzeltin 1996), it is rarely found in mesotrophic
conditions (Marra et al. 2016). In our samples, it occurred in
circumneutral pH (6.7), low conductivity (22.5 uS cm') and oligotrophic
conditions, in autumn (temperature < 21°C).

Occurrence in samples: natural substrates (UPCB 63377).

Family BACILLARIACEAE

Nitzschia acidoclinata Lange-Bertalot

Figure: 4U—4V

Length: 21-38.7 pm; width: 2.5-3 um; indistinct striae; fibulae: 13-14
in 10 pm.

Ecology: previously registered for oligo-mesotrophic environments
(van Dam et al. 1994, Hofmann 1994). In our samples, it occurred in
temperatures < 21°C, slightly acid to circumneutral pH (6-6.85), low
conductivity (22.5-24.5 uS cm) and oligotrophic conditions.
Occurrence in samples: artificial (UPCB 63373; UPCB 63374) and
natural (UPCB 63375; UPCB 63378) substrates.

Nitzschia nana Grunow

Figure: 4W

Length: 58.3, width: 5.2 um; indistinct striae; fibulae: 10 in 10 pm.
Ecology: it avoids saprobic environments (Cantonati et al. 2017). In our
samples, it occurred in circumneutral pH (6.85), low conductivity (24
uS ecm) and oligotrophic conditions, in spring (temperature < 21°C).
Occurrence in samples: natural substrates (UPCB 63375)

Nitzschia semirobusta Lange-Bertalot.

Figures: 4R—4T

Length: 16-20 pm; width: 4.5 -5 pm; striae: 16-18 in 10 pm; fibulae:
7in 10 pm.

Nitzschia semirobusta differs from Nitzschia amphibia Grunow by the
presence of longer fibulae and from Nitzschia amphibioides Hustedt
by having a greater striae density. Denticula kuetzingii Grunow is
distinguished from Nitzschia semirobusta by the presence of fibulae
that are extended completely and with similar thickness from margin
to margin in the first species (Lange-Bertalot 1993), while in the latter
species the fibulae decrease in thickness towards the margin.
Ecology: Due to the taxonomic problems and misidentification,
the ecological preference of N. semirobusta is unclear. Therefore,
information on its occurrence and ecological preferences is of high
relevance for delimiting the ecological requirements and tolerances of
N. semirobusta. It was frequently registered for oligo- to mesotrophic
reservoirs in Sao Paulo state (Bartozek et al. 2018). In our samples, it
occurred in slightly acid to circumneutral pH (6-6.85), low conductivity
(22.5-24.5 pS cm') and oligotrophic conditions.

This is the first record for Parana state.

Occurrence in samples: artificial (UPCB 63371; UPCB 63374) and
natural (UPCB 63375; UPCB 63376; UPCB 63377, UPCB 63378)
substrates.

http://www.scielo.br/bn

Hantzschia amphioxys (Ehrenberg) Grunow

Figure: 4L4M

Length: 23.5-45 pm; width: 5-5.6 um; indistinct striae; fibulae: 8-9
in 10 pm.

Ecology: common in soil and aerial habitats (Jahn et al. 2014), and
considered as tipically indifferent to trophic conditions (van Dam et
al. 1994, Hofmann 1994). It is rarely found in waters poor in nutrients,
being more common in mesotrophic environments (Bertolli et al.
2010, Bartozek et al. 2018, Cufia-Rodriguez et al. 2018) and eutrophic
conditions (Silva et al. 2010). Previous studies associated this species
with cold waters (Darling et al. 2017), however, in our samples it only
occurred in summer (temperature 27°C), in circumneutral pH (6.75),
low conductivity (24.5 uS cm™) and oligotrophic conditions.
Occurrence in samples: natural substrates (UPCB 63376).

Family RHOPALODIACEAE

Rhopalodia gibberula var. vanheurckii O. Miiller

Figure: 5K

Length: 35.1-36.3 pm; width: 8-8.5 um; striae: 14-19 in 10 pm;
transapical ribs: 4-5 in 10 um.

Ecology: considered as an alkalinophilous species (van Dam et
al. 1994). In our samples, it occurred in slightly acid pH (6), low
conductivity (24.5 uS cm™) and oligotrophic conditions, only in winter
(temperature 16°C),

Occurrence in samples: natural substrates (UPCB 63378).

Family SURIRELLACEAE

Surirella grunowii Kulikovskiy, Lange-Bertalot & Witkovski.

Figure: 51

Length: 62.4-76.1 pm; width: 11.5-11.6 pm; striae: difficult to
distinguish; alar canals: 3-4 in 10 pm.

Surirella linearis var. constricta Grunow was synonymized with S.
grunowii by Kulikovskiy et al. (2010).

Ecology: previously registered for oligo-mesotrophic environments
(van Dam et al. 1994). In our samples, it occurred in circumneutral
pH (6.7-6.85), low conductivity (22.5-24 uS cm™) and oligotrophic
conditions, in spring and autumn seasons (temperature < 21°C).
Occurrence in samples: artificial (UPCB 63371) and natural (UPCB
63377) substrates.

Iconella curvula (Smith) Ruck & Nakov

Figure: 5]

Length: 92 pm; width: 4 um; indistinct striae; alar canals: 7 in 10 um.
Ecology: cited as Stenopterobia curvula (Smith) Krammer, it was
registered for oligotrophic (van Dam et al. 1994) and mesotrophic
environments (Marra et al. 2016). In our samples, it occurred in
circumneutral pH (6.75), low conductivity (24.5 puS cm') and
oligotrophic conditions, only in summer (temperature 27°C).
Occurrence in samples: natural substrates (UPCB 63376).

Conclusions

The inventory performed at the Piraquara I reservoir brings an
important contribution to the diatom diversity from oligotrophic
environments. We registered the first occurrence of five diatom species
in Brazil and seven in the state of Parand, contributing to the geographic
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distribution and the ecology of the identified species. Finally, fourteen
periphytic species extended their ecological limits of pH, conductivity
and trophic preferences.
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