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Fish movement in an Atlantic Forest stream

Rosana Mazzoni', Miriam Plaza Pinto?, Ricardo Iglesias-Rios® and Raquel Costa'*

Given the importance of fish movement to the dynamics and maintenance of stream dwelling fish communities from the
Atlantic Forest, we analysed patterns of fish movement in a coastal stream from Southeastern Brazil, using mark-recapture
technique. Displacement distance of each species were presented and discussed considering seasonal (rainy and dry) and body
size patterns. We marked 10 species along the stream and recaptured 440 (34.6%) of the 1,270 marked fishes. The species
with significant number of upstream moving individuals were Astyanax janeiroensis, Characidium interruptum, Astyanax
hastatus, Parotocinclus maculicauda and Awaous tajasica. Only Pimelodella lateristriga presented significant differences
between resident and moving individuals. Characidium interruptum and A. tajasica demonstrated greater downstream and
upstream movement, respectively, moving up to 2,100 m. Even after controlling for species identity we found no significant
correlation between fish length and individual displacement distance. Fishes moved longer distances during the rainy season,
in accordance to the breeding season. Patterns of fish movement were in agreement to life-history traits of many of the studied
species and can be reflecting specific behaviour and morphologies.

Keywords: Coastal stream, Migration, Reproduction, Stream dwelling fish.

Considerando-se a importancia do movimento de peixes para a dindmica e manutengdo das comunidades de peixes de riachos
da mata Atlantica, nds analisamos os padrdes de movimento de peixes de um riacho costeiro do sudeste do Brasil, usando a
técnica da marcagdo e recaptura. Avaliamos a distancia do deslocamento de cada espécie e também se os padroes de movimento
apresentavam alguma relagdo com a esta¢do do ano (chuva e seca) e o tamanho do corpo. Marcamos 10 espécies ao longo
do riacho e recapturamos 400 (34.6%) dos 1.270 peixes marcados. As espécies com numero significativo de individuos se
movendo para cima foram Astyanax janeiroensis, Characidium interruptum, Astyanax hastatus, Parotocinclus maculicauda
e Awaous tajasica. Apenas Pimelodella lateristriga apresentou diferencas significativas entre os individuos residentes e em
movimento. Characidium interruptum e A. tajasica foram as espécies com maior movimento tanto para baixo como para
cima, respectivamente, se movendo até¢ mais de 2.100 m. Mesmo apos controlar a identidade das espécies, nao registramos
correlagdo significativa entre o comprimento e a distancia individual do deslocamento. Registramos maiores densidades de
peixes se movendo para montante durante a época de chuvas, em coincidéncia com a estagdo reprodutiva. Os padroes de
movimento registrados estdo de acordo com os componentes da historia de vida de varias das espécies estudadas, ¢ podem
estar refletindo componentes morfolégicos e comportamentais especificos.

Palavras-chave: Migracao, Peixes de riacho, Riacho costeiro, Reproducao.

Introduction richness, local and regional population dynamics as well

as local fitness opportunities (Gilliam, Fraser, 2001;

An individual movement can be defined as a change
in position in a certain time interval. It is a consequence
of processes acting at multiple spatial and temporal scales
(Nathan et al., 2008). Movement is essential for several
ecological processes, such as population or individual
dispersion, metapopulation dynamics, local species

Mazzoni et al., 2015). Given the importance of Atlantic
Forest coastal streams as biodiversity hotspots, and the
role of fish movement to the ecosystem functioning
(Schlosser, 1995), it is fundamental to understand the
patterns and mechanisms of fish movement in these
environments.
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Stream fish movements can be performed through
a short or a long distance. Short distance movements
(local) are generally related to changes in resources
availability (Albanese et al., 2004), like food or refuge
(Gowan, Fausch, 2002; Gowan, 2007), predation risk
(Roberts, Angermeier, 2007), or to abiotic conditions
like salinity, stream flow (Branco et al., 2017; Romao et
al., 2017), and dissolved oxygen (Branco et al., 2016).
Local movements can also be related to ontogeny,
being an important life-history trait for several species
(Winemiller, Jepsen, 1998). Long distance movements
(regional) are related mainly to reproduction, colonization
of available habitats (Adams, Warren, 2005) as well as
genetic exchange between populations (Henriques et al.,
2010). In order to increase the offspring survival and to
avoid intraspecific competition, some species displace
kilometres and occupy specific habitats, with higher
productivity and lower predator density (Schulz, Leal,
2012). Long spawning migration can occur in some fish
groups, such as salmonids and large migratory fishes from
Amazon and Parana basins (Goulding, 1980; Winemiller,
Jepsen, 1998; Antonio et al., 2007; Fernadez et al., 2007,
Pesoa, Schulz, 2010; Tejerina-Garro, Mérona, 2010). Fish
movements in streams can also be important for the fish
community stability (Martin-Smith ez al., 1999).

According to the Restricted Movement Paradigm
postulated by Gerking (1959), adult stream-dwelling
fishes have a restricted home range, so they are sedentary
and spend their life at restricted stream reaches (20 - 50
m). The scientific community accepted this idea and
some studies corroborated it (e.g. Rodriguez, 2002; Petty,
Grossman, 2004). Nonetheless, it also received several
criticisms (Riley et al., 1992; Young, 1994; Gowan,
Fausch, 1996; Roberts et al., 2008; Breen et al., 2009).
Gowan et al. (1994) found, for example, that stream-
dwelling fish can move long distances when conditions
in their present foraging location become sub-optimal
relative to conditions at other locations in the same reach.
Movement was shown to be required for reproduction,
dispersing to new habitats, or avoiding adverse habitat or
resource conditions (Bryant et al., 2009; Flecker et al.,
2010; Young, 2011).

Since these studies were done (e.g. Gowan et al.,
1994; Bryant et al., 2009; Flecker et al., 2010; Young,
2011), the number of studies on this topic has increased,
however mainly in temperate regions (e.g. Schlosser,
1991). Movement frequency seems to be higher than
expected (Gowan et al., 1994; Smithson, Johnston, 1999;
Crook, 2004; Roberts et al., 2008; Breen et al., 2009), and
stream fish populations are not completely sedentary.
There are also some intra-population behaviour
differences in which some individuals are sedentary,
some are mobile, and others alternate between both
behaviours (Knaepkens et al., 2005). Such variability
contributes to colonization and maintenance of the gene
flow (Hughes et al., 2009). Previous studies in tropical
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streams (e.g. Mazzoni, Iglesias-Rios, 2012; Mazzoni et
al., 2015) revealed that fishes move longer distances than
that mentioned by Gerking (1959). Mazzoni, Iglesias-
Rios (2012) registered fish movement in a tropical
stream and suggested that they were mainly motivated
by reproduction. Fish movements could also be related to
invasion and colonization process, and this was already
shown in a tropical stream (Mazzoni et al., 2015).

Stream fishes change dramatically along ontogeny.
Associated with these changes they exhibit complex
life cycle and habitat-use patterns, with these latter
being mediated by migratory processes (Schlosser,
1995). Several studies and models have been developed
in temperate regions inferring about fish movement,
predominantly on trout and salmon reproductive
migrations in North America and in Europe (e.g. Quinn,
Myers, 2004; Cooke et al., 2011). In contrast, there
are few studies about both long and short distance fish
movement and home range in tropical streams (e.g.
Mazzoni, Iglesias-Rios, 2012; Mazzoni et al., 2015).
The available studies for Neotropical region described
migratory routes in large rivers of Amazon and Parana
basins (e.g. Goulding, 1980; Alves ef al., 2007; Antonio
et al., 2007; Fernadez et al., 2007; Tejerina-Garro,
Mérona, 2010).

The knowledge about these movements in a region
as diverse as the Neotropical is essential to understand
fish community dynamics over local diversity as well
as the anthropic effects of drainage fragmentation and
the consequent limitation of fish movement. Following
this, we investigated the longitudinal movement patterns
of fishes in a Neotropical stream using mark-recapture
technique. We tested the between-species differences
in frequency and displacement distance. In addition,
considering that reproductive traits are expected to affect
fish movement (Mazzoni, Iglesias-Rios, 2012), the
relationship between movement and season (rainy and
dry) and body size were also investigated.

Material and Methods

Study area. Fish movement was investigated in the
Ubatiba fluvial system, located in the Northeastern portion
of the Rio de Janeiro State (Fig. 1). The Ubatiba system is
a small costal microbasin approximately 15 km long, and
drain a low altitude mountain hill (<500 m.a.s.l.) in the
cast slope of Serra do Mar mountain chain. It flows into
the Marica lagoon brackish system in a sand dune area.
Secondary Atlantic forest predominates at its headwaters
whereas some deforested areas are common in the middle
and lower stream. Water level is regulated by rainfall and
run-off. Rainy season is concentrated from November to
January, but stochastic spates are common all over the
year. The Ubatiba stream ichthyofauna is composed of 22
species (Mazzoni, Lobon-Cervia, 2000; Mazzoni et al.,
2006), arranged in 14 families and/or subfamilies.
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Fig. 1. Ubatiba stream system showing all the four sampling sites. P1 is the most upstream site and P4 is the most downstream site.

Sampling and data analysis. We sampled four sites
500 m apart from each other throughout the Ubatiba
stream: site P1 (22°51°53.3”S and 42°45°77”°W), site P2
(21°52°47.7”S and 42°45°28.4”W), site P3 (22°51°55.2”S
and 42°46°23.5”W) and site P4 (22°52°03.4”S and
42°47°55.4”W). Site P1 was separated by all of the other
sites (P2, P3 and P4) by a 3 m high waterfall that represent
a structural barrier for some but not all Ubatiba stream
species (Mazzoni, Lobdén-Cervia, 2000). Each sampling
site comprised a 150 m long stream reach subdivided into
three 50 m stretches numbered according to its position
in the whole sampling area (Fig. 2) and encompassed all
meso-habitats present along the longitudinal gradient of the
stream. Samplings were done from June 2011 to April 2012.
We did two marking events, June 2011 and in November
2011, and seven recaptures events, July, August, September
and November 2011 and January, February and April 2012.
During the second marking event (November 2011) we also
quantified recaptured fishes (the ones with elastomer marks).

At each sampling event the two extreme points of
each sampling site were closed with nets (mesh size
0.5 cm) to avoid any fish escape during sampling. Fish
were collected by electrofishing (1,000 W, 220 V, 2-4 A),
applying the Removal Method (Zippin, 1958). Removals
were done until no specimen was found in the study site.
Sampled fish were placed in floating cages and kept alive
away from the effect of electricity. After that, all sampled
individuals were marked with colored elastomer (Visible
Implant Elastomers - Northwest Marine Technology,
Inc.) at the base of the dorsal fin, with a unique color
for each site and then returned alive at the middle point
of the sampling site. Different elastomer colours were
used according to the following: first marking event (July
2011) - orange at site P1, red at site P2, green at site P3
and blue at site P4; second marking event (November
2011) - white at site P1, purple at site P2, black at site
P3 and pink at site P4 (Fig. 1). Fishes were marked at the
central stretch of each site.
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Fig. 2. Schematic representation of the study area. Numbers were designated according to the distance of each stretch to the

first stretch (0 m). Arrows indicate the water flow.

Although the Ubatiba stream ichthyofauna is composed
of 22 species (Mazzoni, Lobon-Cervia, 2000; Mazzoni
et al., 2006), only 10 were studied. The remaining 12
species were not included due to their low abundance or
small size (e.g. Poeciliidae < 3.0 cm), which hindered
their marking. We marked all individuals larger than 3.0
cm, of each studied species. The studied species were:
Astyanax hastatus Myers, 1928 (UERJ 2247), Astyanax
janeiroensis Eigenmann, 1908 (UERJ 2249), Awaous
tajasica (Lichtenstein, 1822) (UERJ 2244), Characidium
interruptum Pellegrin, 1909 (UERJ 2253), Geophagus
brasiliensis (Quoy and Gaimard, 1824) (UERJ 2252),
Hoplias  malabaricus (Bloch, 1794) (UERJ 2248),
Hypostomus punctatus Valenciennes, 1840 (UERJ 2245),
Parotocinclus maculicauda (Steindachner, 1877) (UERJ
2250), Pimelodella lateristriga (Lichtenstein, 1823)
(UERJ 2246) and Rineloricaria sp. (UERJ 2254). Voucher
specimens were deposited in the Ichthyological collection
from Universidade do Estado do Rio de Janeiro (UER)J),
Rio de Janeiro State, Brazil.

Distance moved by each individual was measured by
the difference between the final (recapture) and original
(mark) position along the study area. Each individual
recapture was considered an observation event in our data
set. These differences could be: zero (= 0), when we assume
that fish did not move since it was recaptured in the original

¢170065[4]

marking site, so, were considered as resident individuals;
positive values (> zero) meaning that fish moved to an
upstream position; and negative values (< zero), meaning
that fish moved to a downstream position. Movements were
classified as short (< 50 m) or long (450 to 1,600 m).

In order to test the efficiency of the Successive Removal
Method - SRM (Zippin, 1958), and consequently the
number of captured fishes, capture data for single species
and dates were tested for homogeneity of catchability (HC)
between successive removals and for failure conditions
(FC). These are metrics (HC and FC) are necessary to be
attended in order to validate the SRM. The SRM was applied
in a Basic Program developed by and available at (Lobon-
Cervia, 1991). More detailed information about sampling
methodology is available at Mazzoni et al. (2000). To test
whether the number of fish recaptured, outside the marking
site, differed between each (June and November) marking
event, we used the t-test to analyse the mean recapture
percentages for each marking event. We used chi-square
test to infer whether the observed frequency of moving and
resident individuals differed significantly, for each species.
Seasonal differences, considering rainy and dry seasons,
in the distance moved by fishes were tested using a Mann-
Whitney test. We used Spearman correlation analysis to
evaluate the relationship between fish size and movement
distance of each single species separately.
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Results

We marked 691 fishes in the first marking event (June
2011) and 579 in the second marking event (November
2011) summing 1,270 marked fishes. The number of marked
and recaptured fish, of each species and sampling month,
is presented (Tab. 1). Among the 440 recaptured fish,
261 (59%) were recaptured out of the marking site. The

remaining 179 fishes were recaptured at the same marking
site. We assume that the fish recaptured at the same marking
site did not move, since our methodology does not allow
detecting return movement, if any. We recorded mean
recapture outside the marking site of 9.7% and 11.1% for
the first and second marking events, respectively, without
significant differences of recaptures of moving fish of both
marking events (t-value = -0.32, p = 0.75).

Tab. 1. Number of marked (June and November / 2011) and recaptured (July, August, September and November / 2011 and
January, February and April / 2012) fish, of the ten studied species from Ubatiba stream system.

Marking Events Recapture Events

June November July August September  November January February April

2011 2011 2011 2011 2011 2011 2012 2012 2012
Astyanax janeiroensis 36 20 2 1 9 16 15 3 1
Astyanax hastatus 38 94 0 0 2 10 10 1 2
Characidium interruptum 65 32 0 3 9 10 11 9 1
Awaous tajasica 119 75 22 28 25 5 25 6 3
Geophagus brasiliensis 21 82 1 2 0 1 0 2 0
Hoplias malabaricus 7 10 2 2 0 0
Hypostomus punctatus 35 49 1 0 0 2 1 1 0
Parotocinclus maculicauda 270 179 3 13 29 23 40 32 8
Pimelodella lateristriga 98 37 7 14 5 0
Rineloricaria sp. 2 1 0 2 1 0

691 579 38 52 84 83 110 58 15

Five species showed a significantly higher number of
individuals that performed movement along the studied
stream reaches when compared to the resident species.
The species with significant number of moving individuals
(recaptured out of the marking site — Tab. 2) were A.
Jjaneiroensis (87% of moving fishes - ¢*=26.06; d.f. = 1; p <
0.05), C. interruptum (84% of moving fishes - ¢*=19.56; d.f.
=1; p <0.05), A. hastatus (72% of moving fishes - ¢*= 4.84;
d.f.=1;p<0.05), P. maculicauda (59% of moving fishes - ¢

=5.30; df =1; p <0.05) and 4. tajasica (56% of moving
fishes - 2= 5.72; d.f. = 1; p < 0.05). All of these moving
species presented large (> 800 m) upstream movement, with
more than 50% of moving individuals. The species that
moved the largest upstream distance were A. tajasica and
P maculicauda, they moved up to 2,100 m and 1,450 m,
respectively. Characidium interruptum and A. tajasica were
the species with larger downstream movement, moving up
to 2,100 m (Fig. 3, Tab. 3).

Tab. 2. Number of recaptured fish (Recaptures), number (Out of MS) and percentual (Out of MS - %) of individuals recaptured
out of the marking site and number (Resident) and percentual (Resident - %) of individuals recaptured at the same marking

site at Ubatiba stream, Southeast, Brazil.

Recaptures Out of MS Out of MS - % Resident Resident -%
CHARACIFORMES
...... A Styana_’)‘cjaneir(;ensis . 474187(,13
Astyanax hastatus 25 18 72 7 28
Characidium interruptum 43 36 84 7 16
Hoplias"malaba}"‘icus 3

PERCIFORMES

Awaous tajasica

Geophagus brasiliensis

SILURIFORMES
..... Hypost&nus pur;;'tatus H H 5
Parotocinclus maculicauda 148
Pimelodella lateristriga 43
Rineloricaria sp. 3

20 4 80
88 59 60 41
19 35 81
33 2 67
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Fig. 3. Distance moved by fish species from Ubatiba stream. Zero means that the individuals did not move, negative and

Distance

positive values means down- and upstream movements, respectively. a. Astyanax janeiroensis; b. Astyanax hastatus; c.
Awaous tajasica; d. Characidium sp.; e. Geophagus brasiliensis; f. Hoplias malabaricus; g. Hypostomus punctatus; h.

Parotocinclus maculicauda; i. Pimelodella lateristriga; j. Rineloriacaria sp.
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Tab. 3. Mean (M) and maximum (Max) values of upstream (Up) and downstream (Dw) distances in meters (m) moved by the

studied species from Ubatiba stream, Southeast, Brazil.

Species M Up (m) M Dw (m) Max Up (m) Max Dw (m)
Astyanax janeiroensis 592 +237 150 + 0 800 150
Astyanax hastatus 566 + 286 150 + 0 1300 150
Characidium interruptum 600 + 300 1320 + 878 800 2100
Hoplias malabaricus 533 +277 0 800 0
Awaous tajasica 629 + 669 770 + 877 2100 2100
Geophagus brasiliensis 150 + 0 0 150 0
Hypostomus punctatus 150+ 0 0 150 0
Parotocinclus maculicauda 475 + 496 314 +263 1450 800
Pimelodella lateristriga 150+ 0 800 + 0 150 800
Rineloricaria sp. 0 150 + 0 0 150
Exception for P. lateristriga, that presented significant 1500 .
number of resident individuals (recaptured at the marking site)
(81% - *=16.95; d.f = 1; p <0.05), all the other species did not 1000
present significant differences between resident and moving *
individuals (Geophagus brasiliensis - ¢*= 2.67; df. = 1, p >
0.05; H. malabaricus - *= 0; df. = 1; p > 0.05; H. punctatus - 500 * eees
-?=1.80; df = 1; p > 0.05 and Rineloricaria sp. - = 0.33; %
d.f.=1; p>0.05). Although no significant, all these last species g 0 . e e———- T on v o
presented large proportion of resident individuals (Tab. 2). § e eme——— wes ceme
There was no correlation between fish standard length @
and distance moved for all species. Additional analyses were 2 500 0 C
done controlling for species but no relationship between fish
size and movement was detected (Fig. 4 and sce also Tabs. 1000 . . .
S1-S3 - Available only as online supplementary file accessed c :
with the online version of the article at http://www.scielo.br/
ni). We detected a marginally significant difference in the -1500 By )

distance moved by the fishes between the rainy and dry seasons
(Mann-Whitney U =20979.50; p = 0.0744) with a tendency of
fishes moving longer distances during the rainy season (Fig. 5).
Nonetheless, when we tested only for the upstream movement,
individuals moved significantly longer distances during the
rainy season (Mann-Whitney U = 319.50; p = 0.0138).

1600
A
1200
*
’é 800
9 . = Ao AA
[0 A
400
3
€
§ 0 SN N0MRS LM &Y AA&*AG‘ L] -ll.ml AAAA &
c
iy m A janeiroensis
% -400 . e L
a - + 4 ° & A tajasica
+ Characidium sp.
-800 A A astatus
® P. maculicauda
+ 4 N o P. lateristriga
-1200
0 2 4 6 8 10 12 14

Body size (cm)

Fig. 4. Relationship between distance (m) moved and body size
of the moving species from Ubatiba stream, Southeast, Brazil.

Fig. 5. Relationship between distance (m) moved by fishes
and seasons (dry and rainy) of all moving species from
Ubatiba stream, Southeast, Brazil.

Discussion

Fish recaptures decreased along sampling events and
only 35% of all marked fish were recaptured. Tagging and
photo-identification are among the most used tools for mark-
recapture studies. Photo-identification allows individual
recognition of animal species based on natural marks
and is an interesting alternative to other more stressful
artificial tagging/marking techniques (Dala-Corte et al.,
2016). Potential use of photo-identification for individual
fish recognition has shown to be a feasible alternative to
behaviour studies on freshwater fish. However, it was not
efficient for the studied species because of a lack of marks
allowing individual recognition.

Mortality, stress by handling and tag losses are among
the causes of low recapture rates (Porto et al., 1999;
Smithson, Johnston, 1999). Nonetheless, other studies have
shown long durability and little (or minimal) degradation
of the VIE implant tags in fish (Walsh, Winkelman, 2004;

e170065[7]
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Josephson et al., 2008; Carvalho-Souza et al., 2010; Soula
et al., 2012) as well as low mortality caused by tagging
procedures (e.g. Riley et al., 1992). It is known that the
characins and the other small species of the present study
are much less resistant than the trout’s of Riley et al. (1992)
study, so that non-recaptures caused by mortality could not
be completely discarded. However, our findings support the
idea that low recapture rate could be a result of individuals
dispersing outside the sampling area.

A total of 440 fishes were recaptured but only 112 (25.45
%) individuals moved out from their original marking site.
Individuals of G. brasiliensis, H. punctatus, Rineloricaria
sp. and 4. janeiroensis were recaptured just near the marking
site, moving through short distances. Fishes with restricted
movement and small home-ranges face different challenges
when compared to those with longer distance movement
(Mazzoni, Iglesias-Rios, 2012). Cichlidae (G. brasiliensis)
and Loricariidae (H. punctatus and Rineloricaria sp.) are
territorial species, presenting parental care and nesting
sites, so these reproductive traits constrain their movement
(Marcucci et al., 2005; Hirschmann et al., 2011) and explain
our findings during recapture experiments.

However, individuals of another Loricaridae species (P,
maculicauda) were found up to 950 m above their marking
site. Following the low moving ability of many Loricariidae
species, the long distance moved by P. maculicauda in the
present study was not expected. Many studies concerning
Loricariidae (e.g. Hypostomus) behaviour have shown
that they usually explore small stream stretches, mainly
during the breeding season (Mazzoni, Caramaschi, 1995),
suggesting that they did not move long distances from their
territories. Nonetheless, the ability to move is a necessary
prerogative for species to disperse and colonize new
habitats (Hohausova et al., 2010). Following this, Mazzoni
et al. (2015) have shown that P. maculicauda is an exotic
species undergoing a colonization process in the same
stream of this study. This may justify the larger movement
pattern undertaken by the species and may explain the high
number of moving individuals. However, it is important
to note that little is known about the migratory behaviour
of P. maculicauda in its original area of distribution and,
therefore, it cannot be disregarded its migratory behaviour
in coastal streams.

Both Characidae species found at Ubatiba stream
(A. janeiroensis and A. hastatus) showed a high number
of moving individuals. Astyanax janeiroensis moved a
maximum of 800 m towards the high areas of the stream and
A. hastatus moved at least 1,300 m, also to upstream sites.
Previous studies indicated that A. janeiroensis was able to
move long distances in order to reach the upper sites in the
stream headwaters. Mazzoni, Iglesias-Rios (2012) registered
one individual moving at least 6,000 m beyond its marking
site towards the upper stream reaches. Other indicative
that the Astyanax species move to further upstream sites
is the study carried out by Mazzoni et al. (2005), who
found that young and adult individuals segregate along
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the stream as a consequence of reproductive movement.
Reproductive segregation caused by fish movement to
upstream areas in streams were also found to Mimagoniates
microlepis (a Characiform species like Astyanax spp.) by
Braga et al. (2013). The differences found in this study
relative to the distance moved by A. janeiroensis could be
attributed to the differences in the number of marked and
recaptured individuals and the limitations imposed by the
mark-recapture method. The sampling period could also
be responsible for these differences as far as it has been
registered, A. janeiroensis used to move upstream with
reproductive motivations.

Awaous tajasica and Characidium sp. were not only the
ones with the highest frequency of moving individuals but
the ones showing the longest displacement pattern meaning
that species with higher frequency of movement are not
those with longer movements. These results indicate that
species differ in their movement patterns, as already shown
in many other studies (e.g. Skalski, Gilliam, 2000; Albanese
et al., 2004; Roberts, Angermeier, 2007; Breen et al., 2009).
The longest distance registered in this study was performed
by an individual of 4. tajasica that moved approximately
1,500 m. Awaous tajasica is an estuarine Gobiidae species
that normally move upstream into freshwater environments
(Loebmann, Vieira, 2005). A lack of detailed studies
about its biology and behaviour is a limiting factor to the
complete understanding of the species motivation to move
upstream in rivers and streams (e.g. Loebmann, Vieira,
2005). Nonetheless, it seems that 4. tajasica is expanding its
distributioninthe Ubatiba stream. Six yearsago 11 individuals
were registered at site P4 (Mazzoni et al., 2006), but in the
present study many individuals (> 50) were registered at all
sampling sites. These observations along with observations
about species’ movement pattern (Mazzoni et al., 2015)
suggest that A. tajasica was expanding its distribution
area, colonizing new and more remote sites in the Ubatiba
stream, moving short as well as long distances. Home-range
is normally reflected by the distances moved by individuals
in the population (Nathan, 2008), thus A. fajasica home-
ranges in Ubatiba stream seem to be large, however further
studies in a regional scale should be developed to confirm
this observation. These species can be moving beyond 1,500
m, but another sampling design may be done to detect and
confirm this.

Seasonal rain is an important factor structuring fish
populations (Neiff, 1990). The beginning of rainy season
acts as a trigger for fish reproduction (Bailly et al., 2008).
During the rainy season all moving fishes moved longer
distances towards the Ubatiba stream headwaters, which
may be related to fish reproductive behaviour (Mazzoni et
al., 2005). We expected movement pattern to be positively
related to body size (Haskell ef al., 2002) reflecting age
and the onset of sexual maturity, however, no significant
relationship between body size (measured as standard
length) and distance moved by individual fish was detected.
The same lack of correlation was already registered by
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Mazzoni, Iglesias-Rios (2012) so, although it is necessary
to run more extensive tests, the results we got so far
suggest that first maturation and the beginning of sexual
activity occurs very early among these stream-dwelling
fish species (Mazzoni, Iglesias-Rios, 2002), explaining
why all of the analysed individuals, independent of body
size, were moving upstream with reproductive motivation.

In the present study, fish species from the Ubatiba
stream showed different patterns of frequency and distance
of movement. Nonetheless, no movement pattern related
to taxonomic groups, for example, was registered. The
Perciformes species (G. brasiliensis and A. tajasica)
presented opposite behaviour. Geophagus brasiliensis,
following its territorial behaviour (Barreto, Volpato, 2006;
Paraguasst et al., 2005; Kadry, Barreto, 2010) did not do
large movements, while 4. tajasica individuals, following
its marine/estuarine invader behaviour (Minckley, Marsh,
2009), were registered very far from their marking sites.
Siluriformes species (H. punctatus, P. maculicauda,
Rineloricaria sp. and P. lateristriga) also showed absence of
taxonomic-related differences in the patterns of movement.
Hypostomus punctatus, Rineloricaria sp. and P. lateristriga
moved only small distances while P. maculicauda moved
long distances. Individuals at the invasion front, such as the
case of P. maculicauda, face some important differences
compared to individuals in established populations, which
may explain the taxonomic-related differences registered
in this study as well as the difficulties faced to predict
interspecific movement patterns. Also, among the four
Characiformes species we registered taxonomic-related
moving differences. Unfortunately very few information
is available for these species in order to clarify which
processes are driving the registered movement patterns.

All of these findings result in a general scheme of high
differences in specific life history and morphological traits.
These differences could also be determined by predator
distribution, feeding resources, shelter availability,
hydrological conditions and stream physiography and
understanding these processes is fundamental to help in
proposing conservation measures for coastal streams in the
Atlantic Forest. Nonetheless, more studies directed to each
individual species are necessary to clarify interspecific
patterns and strategies of stream maintenance and
occupation.
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