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Original article

Upstream and downstream migration speed of Prochilodus costatus 
(Characiformes: Prochilodontidae) in upper São Francisco basin, Brazil 

João de Magalhães Lopes1, Carlos Bernardo Mascarenhas Alves2,
Alexandre Peressin1,3 and Paulo Santos Pompeu1

Details of migration dynamics of Neotropical fishes are poorly understood. This study aimed to examine upstream (spawning) 
and downstream (post-spawning) migration speeds, of curimatá-pioa (Prochilodus costatus) in the São Francisco River basin, 
southeast Brazil. Most upstream movements were recorded in October and November, in two well-defined migration windows, 
and downstream movements were frequent from December to March. Fish migrated upstream at an average migration speed 
of 34.4 km day-1 and no significant differences were detected in their speed between sexes and migration window they selected 
to migrate. No relationship was detected between upstream migration speed and biometric measures of tagged individuals. 
Upstream migrations speeds were significantly higher for fish that swam longer prior to reach telemetry stations in the same 
season, indicating that swimming performance may take some time to achieve its peak in upstream migration. Fish migrated 
downstream at an average migration speed of 97.7 km day-1, what is close to passive swimming in São Francisco River, and 
no significant differences in speed were detected between sexes or capture sites. The migration speeds measured here are the 
highest ever recorded for the genus Prochilodus and are among the highest reported for Neotropical migratory fish.

Keywords: Downstream migration, Migratory characteristics, Migration window, São Francisco River, Upstream migration.

Detalhes acerca da dinâmica migratória de peixes neotropicais são pouco conhecidos. O objetivo deste estudo foi analisar as 
velocidades em migração ascendente (reprodutiva) e descendente (pós-reprodutiva) da curimatá-pioa (Prochilodus costatus) 
no rio São Francisco, Brasil. A migração ascendente concentrou-se nos meses de outubro e novembro, em duas janelas 
migratórias, e a descendente de dezembro a março. Os peixes alcançaram velocidade migratória média de 34,4 km dia-1 
em migração ascendente não sendo observadas diferenças nas velocidades em relação ao sexo e janela migratória em que 
o peixe migrou. Não foi observada relação entre velocidade migratória e características biométricas dos peixes. Diferenças 
nas velocidades migratórias ascendentes foram observadas para peixes que nadaram maiores distâncias antes de passar 
pelas estações de telemetria, indicando que o pico de desempenho natatório é alcançado algum tempo depois de iniciado o 
movimento ascendente. Em migração descendente a média de velocidade migratória foi de 97,7 km dia-1, próxima à natação 
passiva, e não foram observadas diferenças entre as velocidades em relação a sexo e ponto de marcação dos peixes. As 
velocidades migratórias medidas neste estudo são as maiores já registradas para o gênero Prochilodus e estão entre as maiores 
registradas para peixes migradores neotropicais.

Palavras-Chave: Características migratórias, Janela migratória, Migração ascendente, Migração descendente, Rio São Francisco.
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Introduction

The Neotropical fish fauna is the most diverse on earth 
with over 5000 freshwater species described to date (Reis 
et al., 2016), some of which exhibit migratory behavior 
to some degree. Neotropical freshwater fish species that 
undertake long-distance migrations between spawning and 
feeding areas are mostly potamodromous and iteroparous 

(Godinho et al., 2010), but there are many knowledge gaps 
with respect to specific aspects of their migration dynamics 
(Schulz, Leal, 2012). For example, there is a dearth of 
knowledge on the upstream and downstream migration 
speeds of the vast majority of tropical fish species (Lucas et 
al., 2001) and few studies have measured the speeds attained 
by Neotropical species during spawning and post-spawning 
migrations. 
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Even though data on swimming capacity derived from 
laboratory experiments is available for some species (Santos 
et al., 2009, 2012; Castro et al., 2010; Duarte et al., 2012; 
Sampaio et al., 2012; Duarte, Santos, 2014), little research 
has examined the swimming performance of Neotropical 
migratory species in natural river systems and most data are 
derived from mark-recapture studies that may considerably 
underestimate actual speeds (Godoy, 1975; Delfino, Baigun, 
1985). Few studies have measured the migration speeds 
of Neotropical species during spawning or post-spawning 
migrations using field-collected biotelemetry data (Godinho 
et al., 2007; Andrade Neto, 2008; Fries, 2013; Pérez, 2014). 

Knowledge of migration speeds of Neotropical 
freshwater fishes is essential for a better understanding of 
life history and migration characteristics including, among 
others, migration interval, energy costs of migration, and 
dates of arrival on spawning and feeding areas (Lucas et 
al., 2001). This information can be useful in the analysis of 
temporal changes in migration dynamics of migratory fish 
caused by hydrological disruption, for example damming 
and dredging by humans (Hanson et al., 2008). Human 
impacts that affect the swimming performance of migratory 
fish can increase travel times and reduce reproductive 
success through increased en route mortality and delayed 
arrival at spawning sites (Venditti et al., 2000).

Because knowledge of migration behavior in fishes 
is important for understanding their life cycles, this study 
aimed to measure the migration speeds of Prochilodus 
costatus Valenciennes, 1850 individuals during (upstream) 
spawning and (downstream) post-spawning migrations in 
the upper São Francisco River, Brazil.

Material and Methods

The São Francisco River is one of the largest rivers in 
Brazil, rising in the Canastra Mountains in southern Minas 
Gerais and flowing for 2,863 km before emptying into the 
Atlantic Ocean in Northeast Brazil (Fig. 1). Over 200 fish 
species have been described in its watershed, of which 
approximately 8% - usually those of greater commercial 
value and with higher yields - are considered migratory 
(Sato, Godinho, 2003). The study was conducted in the 
upper part of the basin along the lotic stretch upstream from 
the Três Marias reservoir, 400km of free flow river, at the 
confluence of the São Francisco River and Pará River, one 
of its important tributaries. The climate of the region is 
characterized by a hot, wet season from October to April 
and a cool, dry season from May to September. The air 
temperature and water temperature follow a similar pattern, 
with higher temperatures recorded in the wet months and 
lower temperatures in the dry season. 

The curimatá-pioa, P. costatus, is a migratory fish 
species endemic to the São Francisco River and one of the 
most important species for commercial fisheries across the 
entire basin (Sato, Godinho, 2003). The genus Prochilodus 
is composed of benthopelagic, detritivorous species that play 

a critical role in cycling organic material within the basins 
where they occur (Flecker, 1996; Stassen et al., 2010). 
Prochilodus is distributed across South America (Castro, Vari, 
2004), and are considered long-distance migrants (Godoy, 
1962; Bonetto et al., 1981; Sato, Godinho, 2003; Agostinho 
et al., 2004; Agostinho et al., 2007; Bailly et al., 2008). Fish 
of the genus Prochilodus are single batch spawners that 
produce semi-buoyant eggs with large perivitelline space that 
drift downstream over long distances (Godoy, 1975; Sato et 
al., 2003). Prochilodus costatus initiate spawning migration 
from September to December in the study area, triggered by 
rain and water level increase (Lopes et al., 2018a). 

Two hundred and fifteen individuals of P. costatus were 
tagged with radiotelemetry transmitters (MCFT2-3EM, 
Lotek Wireless Inc.; 10 g in air; 5 to 6,5 seconds burst rate, 
528-860 days of estimated life) from early September to 
mid-October for three consecutive years (2014 to 2016). 
Fish were captured and radio-tagged at two capture points, 
the first located in the São Francisco River (CSF) 10 rkm 
(river km) upstream from the confluence with the Pará River 
and the second in the Pará River (CPA) 15 rkm upstream 
from the confluence with the São Francisco River (Fig. 
1). The capture points were chosen to evaluate migratory 
characteristics of fish that reside in each river. In 2014, 43 
were tagged in São Francisco River and 54 in Pará River. In 
2015, 40 individuals were tagged in São Francisco and Pará 
rivers and in 2016, 38 fish were tagged only in Pará River. In 
the third year, fish were tagged only in Pará River (CPA) due 
to the number of available transmitters. Fish were captured 
with a cast net by boat and transported in aerated containers 
to the river bank where the tagging platform was installed. 
All fish were tagged within 24 h of capture, with most being 
tagged within a few hours. Tag burden did not exceed 2% of 
the weight of the fish (i.e., a minimum body weight of 500 
g) as recommended in the literature (Nielsen, 1992; Winter, 
1996). Voucher specimens were deposited at Lavras Federal 
University Ictiological Collection (CI-UFLA09989991000).

Fig. 1. Map of the São Francisco River watershed, Minas 
Gerais, Brazil detailing the study area in the upper part of the 
basin. CSF and CPA: capture/release points at São Francisco 
and Pará rivers; T1–T3: telemetry stations; S1 and S2: river 
stretches. The length of river stretch is shown in river km.
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The tagging protocol used was the one outlined by 
Lopes et al. (2016). Individuals selected for tagging were 
transferred to an aerated tank with eugenol (0.05 mg/L). Fish 
remained in the tank until they achieved stage IV anesthesia, 
which is characterized by loss of spontaneous movement 
(Summerfelt, Smith, 1990). After initial anesthesia, biometric 
data were collected and fish were transferred to the tagging 
platform. The allometric condition factor (K= W/BLb) of each 
individual fish was calculated using body (standard) length 
(BL) and weight (W) data. While on the tagging platform, fish 
were irrigated by a continuous flow of anesthetic (eugenol, 
0.035 mg/L) water pumped across the gills and a coded radio 
transmitter was implanted into the abdominal cavity through a 
small incision made in the ventral side posterior to the pelvic 
fins and lateral to the linea alba. The incision was closed with 
square knots using monofilament nylon sutures (0.200-0.249 
mm in diameter; 4-5 per fish). 

Sex was assigned for mature individuals during surgery 
based upon macroscopic characteristics (males: turgid and 
whitish testes; females: ovaries full of oocytes). If the gonad 
could not be visualized, the sex of the fish was classified as 
indeterminate. After the tagging procedure, fish were placed 
in a net pen in the river until fully recovered from surgery 
(sensu Lopes et al., 2016) and then released at the location 
of capture. 

Three fixed telemetry stations were deployed 50 rkm 
apart along the São Francisco River to track movements of 
radio-tagged individuals (Fig. 1). Each fixed station consisted 
of a data-logging radio receiver (SRX-DL, Lotek Inc.) 
connected to two five-element Yagi antennas, one directed 
upstream and one downstream. The moment of upstream and 
downstream fish passage was considered as the time with 
the highest signal strength captured by the two antennas in 
sequence and were recorded from September 2014 to June 
2017. Detection tests were performed prior to fish tagging 
and detection range were estimated approximately at 300m 
upstream and downstream from the receivers. Information 
on data handling procedures can be found in Lopes et al. 
(2018a, 2018b).

In this article, we used the definition of migration speed 
of Hanson et al. (2008). Migration speed (km day−¹ or km 
h−¹) is a measure of upstream and downstream fish migration 
movements and was calculated by dividing the distance 
between two successive fixed stations by the time interval 
between detection of an individual fish at those stations. 
The river stretches between fixed stations T1-T2 and T2-
T3 are hereafter referred to as stretch 1 (S1) and stretch 2 
(S2), respectively (Fig. 1). Only records of fish passing by 
S2 were used to calculate the average migration speed for 
the species, because all tagged individuals (both fish tagged 
in São Francisco and Pará rivers) were recorded migrating 
upstream and downstream through this stretch.

To calculate the swimming speed of curimatá-pioa, 
the average current speed in the São Francisco River was 
estimated by the relationship between discharge and velocity 
using daily discharge data recorded by the Minas Gerais 

energy company (CEMIG) approximately 30 rkm upstream 
from the confluence with the Pará River. The individual 
swimming speed expressed in standard length per second 
(BL s-¹) was then calculated for S2 according to the formula:

Swimming speed = ((Lr/T) + C)/BL, where: 

Lr = length of river stretch between fixed stations (m);
T = time interval between fixed stations (s);
C = estimated average current speed (m s-¹);
BL = standard length of fish (m).

The upstream migration speed of males and females along 
S2 was compared for fish captured in the São Francisco and 
Pará rivers using two-way analysis of variance (ANOVA). 
In addition, migration speeds in S2 of fish captured in the 
São Francisco and Pará rivers and fish migrating at different 
flux intervals were compared using two-way ANOVA. Two 
curimatá-pioa peak migration windows, with high migration 
flux, were identified for the area over a three-year period. 
The first migration flux period is in October and the second 
in November, each lasting on average 11-14 days separated 
by a 12 to 20-day period with no migration movements 
occurring between them (Lopes et al., 2018b). A paired t test 
was used to compare the upstream migration speeds of the 
same individuals in the two São Francisco River stretches 
(S1 and S2). Downstream migration speeds were compared 
between sexes and capture sites using the Mann-Whitney 
test and between stretches using the Wilcoxon test because 
the data were not normally distributed. To determine the 
repeatability of upstream migration speeds by individuals 
(i.e., if individuals retain their rank with respect to migration 
speed from S1 to S2), the correlation between the rank 
order of individual migration speeds between the two river 
stretches was assessed using the Spearman’s rank correlation 
coefficient test. The relationship between biometric data 
(standard length, body weight, and allometric condition 
factor) and upstream migration speed along S2 was analyzed 
using multiple regression analysis. All values, unless 
indicated, represent means ± SD. Results were considered 
significant at p < 0.05.

Results

Sixty-four fish (29,8% of the total 215) provided upstream 
migration data and 45 of them provided downstream 
migration data. Three fish (1,4%) migrated by Pará River and 
eight (3,7%) migrated downstream to Três Marias reservoir 
what made it impossible to measure their migration speed. 
Seventeen (7,9%) individuals were recaptured during the 
study period and had their tags returned. Twenty-one (9,7%) 
were recorded migrating upstream by T1 but did not reach 
T2 indicating that their spawning sites were located between 
those receivers or that they were fished at this river stretch and 
not reported. Thirty-seven fish (17,2%) were not detected or 
were only detected once after tagging, suggesting that they 
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may have been fished or had a malfunctioning transmitter. 
Sixty-five (30,2%) remained very close to release sites, 
suggesting that they may not have migrated in that season or 
have died as a result of post-tagging complications.

Upstream movements were recorded from September 
to December (four months). Downstream movements were 
mostly recorded from September to May (nine months), and 
the mean period of residence at spawning sites were 89 days 
(for more information on the life cycle of P. costatus see 
Lopes et al., 2018b). River water velocity averages were 
0.62, 0.78 and 0.66 m/s for 2014/15, 2015/16 and 2016/17 
migration seasons respectively.

Prochilodus costatus Curimatá-pioa individuals 
migrated upstream at an average migration speed of 34.4 ± 
10.6 km day-¹ (range: 2.8-59.3 km day-¹) and downstream at 
an average migration speed of 97.7 ± 42.9 km day-¹ (range: 
4.0-155.6 km day-¹) (Fig. 2).

Fig. 2. Distribution of migration speed (km d-1) of 
Prochilodus costatus in a. up and b. downstream migration 
of tagged fish.

No significant difference in upstream migration speed 
was detected between males (15 individuals; BL = 33.6 ± 2.62 
cm, W = 912.5 ± 216.8 g) and females (23 individuals; BL 
= 38.3 ± 2.87 cm, W = 1362.9 ± 357.5 g; two-way ANOVA, 
p = 0.19) captured in the São Francisco and Pará rivers (Fig. 
3a). The average migration speed of fish captured in the Pará 
River that were detected passing the three fixed stations was 
significantly higher in S2 than S1 (paired Student’s t test, p 
< 0.001; Fig. 3b). The average migration speed in S2 was 
significantly higher for fish captured in the Pará River than 
the São Francisco River (two-way ANOVA, p = 0.02; Fig. 
3c), but there was no significant difference in migration 
speed between peak migration flux periods (October and 
November) (two-way ANOVA, p=0.13; Fig. 4d) and no 
significant interaction was detected between capture site and 
timing of migration (two-way ANOVA, p=0.09).

No significant differences in downstream migration 
speeds were detected between males and females (Mann-
Whitney test, p = 0.14), river stretches (Wilcoxon test, p = 
0.06), or capture sites (Mann-Whitney test, p = 0.20; Fig. 4).

 Fish that swam faster in the first river stretch (S1) were 
also faster in S2 (Spearman’s rank correlation, ρ = 0.466, p 
< 0.002; Fig. 5). Multiple regression analysis revealed no 
significant relationship between standard length (p = 0.06), 
body weight (p = 0.09), or allometric condition factor (p = 
0.15) with upstream migration speed.

Fig. 3. Comparison of average up-river migration speed 
of Prochilodus costatus in a. males and females, b. river 
stretches for fish captured in the Pará River, c. fish captured 
in the Pará River and São Francisco River in S2, and d. 
migration intervals in S2. Bars represent the standard 
deviation. Different letters denote statistically significant 
differences in migration speed. S1 and S2: river stretches.

Fig. 4. Comparison of average downstream migration speeds 
of Prochilodus costatus in the São Francisco River between 
a. males and females, b. river stretches, and c. fish captured in 
the Pará River and São Francisco River in S2. Bars represent 
the standard deviation. Different letters denote significant 
differences in migration speed. S1 and S2: river stretches.
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Fig. 5. Correlation between the rank order of individual 
migration speeds between stretch 1 (S1) and stretch 2 (S2). 
r2 value = 0.214.

Fish migrating upstream swam at an average swimming 
speed of 2.41 ± 0.79 BL s-¹, which is within the range of 
sustained speeds for the species, whereas the average 
downstream swimming speed (0.09 ± 1.33 BL s-¹) was close 
to water current speeds, indicating that most individuals 
returning drift downstream (Fig. 6).

Fig. 6. Prochilodus costatus swimming speeds measured a.
in this study in stretch 2 and b. in the laboratory by Santos 
et al. (2012). Central points are medians, boxes represent 
percentiles 25 and 75 and whiskers represent amplitude. 
Dashed lines separate different kinds of fi sh movements. BL/s 
= swimming velocity in standard length of fi sh per second.

Discussion

This study provides migration speed data of a large number 
of individuals migrating through an undammed free-fl owing 
river section in the Neotropical region, using biotelemetry. 
The average and maximum migration speeds achieved by P. 
costatus, both in upstream and downstream movements, are 
the highest ever recorded for fi sh in the Prochilodus and are 
among the highest reported for Neotropical fi sh, suggesting 

that the swimming capacity of this group is higher than what 
had previously been estimated in fi eld studies. Table 1 shows 
a summary of the results of studies that provide data on 
migration speeds for Neotropical fi sh. However, none of these 
studies were designed specifi cally to determine migration 
speeds. Thus, the migration speeds reported by these studies 
were often based on a small number of individuals or even 
a single individual. Additionally, some of these migration 
speeds were recorded in mark-recapture studies (Tab. 1) 
that may have considerably underestimated actual migration 
speeds, or in studies conducted in dammed river sections or 
reservoirs formed by river impoundment, which may affect the 
swimming behavior of tagged individuals. 

The relative low percentage of fi sh that provided migration 
speeds data are explained by different factors. Few studies 
have measured mortality rates of Neotropical fi sh after tagging. 
Lopes et al. (2016) found low mortality rates in surgical 
controlled conditions at a hatchery, but 20% of tagged fi sh 
presented some sort of clinical complication, what could lead to 
long term mortality. In the fi eld such numbers should be higher 
than in hatchery conditions. Additionally, not all fi sh tagged in 
a given year migrate to spawn. Some of the individuals seen 
to remain at the feeding sites, depending on the quantity and 
quality of environmental triggers available in that spawning 
season (Lopes et al., 2018a). Rates of not reported recaptures 
are also diffi cult to estimate. Fishing is a very common 
activity in the region (personal observation), even during the 
reproduction prohibition period that lasts from November to 
February. Some transmitter signals were obtained above cities 
nearby the study area during aerial tracking, indicating that 
fi shing can be a signifi cant source for lost individuals.

The main spawning sites of tagged curimatá-pioa in the 
study area were mapped through aerial surveys and egg and 
larva collection were 250-350 rkm away from capture sites 
(Lopes et al., 2018b), indicating that these individuals still 
must travel 150‒250 rkm to reach their spawning location 
after passing fi xed station T3. Assuming average upstream 
migration speeds of P. costatus in the remainder of the 
spawning migration route remain close to those measured in 
stretch 2, individuals should arrive at spawning sites within 
a relatively short period of 7-20 days. In fact, data gathered 
by an aerial survey in October of 2015 showed three fi sh at 
their reproductive site, located 240km upstream from T3, 
nine to twenty days after passing this station (Lopes, 2017). 
It shows that they reached those points at the expected period 
predicted by the specie migration speeds. Lucas et al. (2001) 
estimated a travel time of 74 days for Prochilodus magdalenae
Steindachner, 1879 traveling an upstream distance of 250 rkm 
in their migration, whereas Toledo et al. (1986) reported travel 
times of 2.5-3.0 months for the 650 rkm spawning migration of 
Prochilodus lineatus (Valenciennes, 1837) between the Grande 
and Mogi-Guaçu rivers. The much shorter mean travel time of 
seven to twenty days estimated in this study for P. costatus
to cover an upstream distance of 250-350 rkm indicates that 
some Neotropical species may have shorter travel times than 
previously estimated. 
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G
odoy (1962)

Prochilodus lineatus
Paraná R

iver
External tag 

4
28.2

43.7
--

--

G
odoy (1975)

Leporinus octofasciatus
Paraná R

iver
External tag

N
A

--
3.0

--
--

G
odoy (1975)

Leporinus elongatus
Paraná R

iver
External tag

N
A

--
3.5

--
--

G
odoy (1975)

Leporinus friderici
Paraná R

iver
External tag

N
A

--
5.0

--
--

G
odoy (1975)

Salm
inus brasiliensis

Paraná R
iver

External tag
N

A
--

10.0
--

--

B
onetto et al. (1981)

Prochilodus lineatus
Paraná R

iver
External tag

N
A

--
10.0

--
18.0

B
onetto et al. (1981)

Salm
inus brasiliensis

Paraná R
iver

External tag
N

A
--

21.5
--

--

B
onetto et al. (1981)

Pterodoras granulosus
Paraná R

iver
External tag

1
--

1.3
--

--

B
onetto et al. (1981)

Pseudoplatystom
a corruscans

Paraná R
iver

External tag
2

5.0
6.0

--
--

B
onetto et al. (1981)

Zungaro jahu
Paraná R

iver
External tag

1
--

--
--

14.4

Paiva, B
astos (1982)

Leporinus sp.
S.F. R

iver
External tag

1
--

0.03
--

--

Paiva, B
astos (1982)

D
uopalatinus em

arginatus
S.F. R

iver
External tag

1
--

13.9
--

--

Paiva, B
astos (1982)

Salm
inus franciscanus

S.F. R
iver

External tag
1

--
--

--
0.9

Paiva, B
astos (1982)

Prochilodus spp.
S.F. R

iver
External tag

13
0.3

0.7
1.7

6.6

D
elfino, B

aigun (1985)
Salm

inus brasiliensis
U

ruguay R
iver

External tag
1

--
21.1

--
--

D
elfino, B

aigun (1985)
Leporinus obtusidens

U
ruguay R

iver
External tag

1
--

9.4
--

--

D
elfino, B

aigun (1985)
Zungaro jahu

U
ruguay R

iver
External tag

1
--

3.9
--

--

Toledo et al. (1986)
Prochilodus lineatus

Paraná R
iver

External tag
N

A
7.3

--
6.7

--

Silva (2004)*
Prochilodus lineatus

Paraná R
iver

R
adiotelem

etry
9

28.6
--

--
--

M
akrakis et al. (2007)

Piaractus m
esopotam

icus
Paraná river

External tag
243

0.8
26.4

--
--

G
odinho et al. (2007)

Pseudoplatystom
a corruscans

S.F. R
iver

R
adiotelem

etry
8

13
29.1

--
--

A
ndrade-N

eto (2008)*
Salm

inus franciscanus
S.F. R

iver
R

adiotelem
etry

6
14.4

16.4
61.3

98.5

H
anh et al. (2011)

Salm
inus brasiliensis

U
ruguay R

iver
R

adiotelem
etry

N
A

--
63.3

1.7
5.9

Fries (2013)
Salm

inus brasiliensis
U

ruguay R
iver

R
adiotelem

etry
19

20.9
64.8

--
--

G
iraldo (2014)*

Pirinam
pus pirinam

pu
Paraná R

iver
A

coustic Telem
etry

1
--

--
--

15.0

G
iraldo (2014)*

Piaractus m
esopotam

icus
Paraná R

iver
A

coustic Telem
etry

12
--

51.2
39.4

51.2

López-C
asas et al. (2016)

Prochilodus m
agdalenae

M
agdalena R

iver
External tag

1
--

--
--

55.6

López-C
asas et al. (2016)

Salm
inus affinis

M
agdalena R

iver
External tag

1
--

--
--

11.8

López-C
asas et al. (2016)

Pim
elodus grosskopfii

M
agdalena R

iver
External tag

1
--

--
--

17.8

This study
Prochilodus costatus

S.F. R
iver

R
adiotelem

etry
64

34.4
59.3

97.7
155.6
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Upstream migration speeds of fish captured in the Pará 
River were higher in S2 than S1. One possibility for this 
difference is that the São Francisco River channel may 
be more difficult to traverse along S1 than S2. However, 
aerial surveys revealed no hydrographic features such as 
rapids or channel constrictions in S1 that could explain 
this difference. In addition, fish captured in the Pará River 
swam faster upstream through S2 than fish captured in the 
São Francisco River. Because fish captured in the Pará River 
traveled a longer distance to reach S2 (15 rkm downstream 
in the Pará River and 10 rkm upstream in the São Francisco 
River) than fish captured in the São Francisco River, these 
data suggest that curimatá-pioa can increase their migration 
speed along the migration route. It can happen since muscles 
and physiological mechanisms recruited for long-distance 
upstream migrations may require some time to achieve 
optimum performance. It may take some time for this 
process to reach its peak after the initiation of movement. 
Thus, average upstream migration speeds of P. costatus 
appear to increase during the first kilometers traveled and - 
if this gradual increase in speed through the São Francisco 
River occurs beyond S2 - actual speeds may be even higher 
than those recorded in this study. This should be better 
investigated in future studies. 

No significant differences in upstream migration speed 
were detected between males and females. In addition, no 
relationship was detected between migration speed and 
biometric data of tagged individuals. Thus, larger and heavier 
individuals did not swim faster or slower than smaller, 
lighter ones. López-Casas et al. (2016) found similar results 
for migratory fish of Magdalena River, in Colombia. Timing 
of upstream migration was not correlated with migration 
speeds. Migration speeds of fish migrating in the October 
flux peak were similar to those of individuals moving 
upstream in the November peak. Fish that initiate migration 
later are expected to swim faster to reach the spawning sites 
(Lucas et al., 2001), but this was not observed in P. costatus. 
This finding indicates that travel time to spawning sites is 
not limiting spawning of P. costatus in the study region, even 
for individuals that commence migration later, and may be 
explained by the relatively short distances between feeding 
areas and spawning sites (250-350 rkm).

Fish that traveled faster in the first river stretch (S1) also 
tended to be faster in the second stretch (S2). Individual 
differences in migration speed reflect individual variation 
in swimming performance (Hinch, Rand, 1998; Hinch 
et al., 2002; Keefer et al., 2004). Genetic and ecological 
aspects have been implicated in these differences, which 
are heritable traits (Martínez et al. 2001; Claireaux et al. 
2007). The distance to spawning sites, for example, has 
been noted to affect swimming performance. In Pacific 
salmon, it has been documented that individuals that migrate 
long distances are characterized by short bodies and they 
typically have higher reserve energy than do individuals that 
migrate short distances (Crossin et al., 2004; Hanson et al., 
2008). These phenotypic differences enable individuals to 

minimize energy depletion during transit to spawning sites 
(Hanson et al., 2008). Even though P. costatus exhibited 
individual variation in migration speeds, more research into 
the physiological and ecological mechanisms responsible 
for these differences is required.

Downstream migration speeds were higher than upstream 
speeds but very similar to current speeds measured in the São 
Francisco River, indicating that return migration to feeding 
areas occurs mainly by passive drift for most individuals. 
This phenomenon has been previously observed among some 
Neotropical migratory species (Godoy, 1975; Bonetto et al., 
1981; Lucas et al., 2001) and, because downstream migration 
speed is largely determined by current speed, it may explain 
the lack of significant differences in downstream migration 
speed of curimatá-pioa between sexes, capture sites, and 
river stretches. However, there is variation in downstream 
migration speeds among individuals, probably because river 
water velocity also presents variation between December and 
March due to rainfall and because some individuals could 
present an active behavior while migrating downstream. 
The high amplitude of migration velocities indicates that 
some individuals might be in active swimming, both in 
the direction of the current and on exploratory movements 
against it, during downstream migration. The fact that most 
curimatá-pioa migrating downstream exhibit passive drift 
reinforces the negative impact that large reservoirs with low 
flow velocity may exert on Neotropical migratory species 
(Pelicice et al., 2015). Large reservoirs not only act as a 
barrier to drifting eggs and larvae of migratory fish, but they 
also create a diffuse gradient of hydraulic conditions that 
discourages downstream migration of adults. 

Optimum swimming speeds at prolonged mode estimated 
by respirometer data are usually lower than those recorded 
in volitional tests, when fish are voluntarily sprinted up 
in an open-channel flume against fixed flow velocities 
(Castro-Santos, 2005). Differences in the results of forced 
swimming experiments and volitional tests can be attributed 
to differences in energy costs for confined and unconfined 
swimming (Peake, 2004). However, the swimming speeds 
measured in the current study are similar to the maximum 
sustained swimming speeds attained by P. costatus in a 
respirometer (Santos et al., 2012), showing that those tests 
can present close results to field velocities performed by 
Neotropical fish.

These results help to shed light on the poorly understood 
phenomenon of Neotropical fish migration. Even though 
general information on the migration dynamics of 
Neotropical freshwater fishes has been made available in 
recent years (Harvey, Carolsfeld, 2003; Godinho, Pompeu, 
2003; Pompeu, Godinho, 2006; Godinho, Kynard, 2006, 
2009; Agostinho et al., 2007; Godinho et al., 2007, 2010; 
Bailly et al., 2008; Hanh et al., 2011; Makrakis et al., 2012; 
Lopes et al., 2018b), details of migratory characteristics 
such as upstream and downstream migration speeds are 
still scarce. By using a radiotelemetry array we were able 
to determine the swimming performance of P. costatus 
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individuals in the study region and provide estimates of 
travel times for spawning and post-spawning migrations. 
Our results can serve as the basis for comparison with 
future studies on the migration speed of other Neotropical 
migratory species and its relationship with life history 
characteristics, including the distances traveled, migration 
departure time, and the habitat characteristics of the regions 
where they occur. Further research that provides robust and 
detailed information about the migratory characteristics of 
Neotropical fishes will contribute to the development of 
effective conservation strategies for this group of fishes, as 
in the case of fish passages design that take in account the 
swimming features of this group.
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