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The decline of fisheries on the Madeira River, Brazil: The high
cost of the hydroelectric dams in the Amazon Basin
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Abstract
Despite being considered beneficial by providing a clean and renewable source of
energy, the construction of hydroelectric dams has extremely negative implications
for Amazonian fisheries. This study investigated the impacts of the Santo Antônio
and Jirau hydroelectric dams on the fishery stocks of the Madeira River. This investigation was based on fish catch data from the Z-31 fishing colony, located in the municipality of Humaitá, in Amazonas State, Northern Brazil. Data were collected daily
and provided information on the date of return from each trip, the fish species targeted, and the total catch (kg) between January 2002 and September 2017. The results indicated reductions of 39% in the mean annual catch and 34% in the mean
monthly catches. These results highlight the high price paid by local fish communities
for the development of hydroelectric power in the Amazon basin.
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1 | I NTRO D U C TI O N

dams. The hydroelectric potential of the region’s rivers has led to
major advance in this sector (Soito & Freitas, 2011), and 100 dams

The Madeira River basin is one of the most important ecosystems for

are already in operation within the whole Amazon region, while an-

Amazonian fisheries (Doria, Ruffino, Hijazi & Cruz, 2012; Goulding,

other 137 are planned or under construction in the countries that

1979). The high productivity of the Amazon basin generally is related

make up this region (Lees, Peres, Fearnside, Schneider & Zuanon,

not only to it being the world’s largest hydrographic basin but also

2016; Tundisi, Goldemberg, Matsumura-Tundisi & Saraiva, 2014).

the highly dynamic relationship between the terrestrial environment

Plans for the Brazilian energy sector include the expansion of the

and the aquatic ecosystem, which is a characteristic of fluvial eco-

hydroelectric potential by 6.8 GW, with 16 new dams, by 2026, with

systems located in tropical and equatorial regions (Junk, 2001). In

57% of this potential being provided by dams located in the Amazon

this region, fishing patterns and the quantity and quality of the fish

basin (MME/EPE, 2017).

caught are determined primarily by the hydrological cycle, which

Despite being considered beneficial, by providing a clean and

regulates the formation of shoals and the timing of their migrations

renewable source of energy, hydroelectric dams provoke major

(Batista & Petrere, 2003; Junk, Bayley & Sparks, 1989).

impacts on the hydrological cycle (Timpe & Kaplan, 2017), causing

The equilibrium between terrestrial and aquatic environments in

longitudinal disturbances throughout the course of the river, as pre-

the Amazon basin is threatened by the construction of hydroelectric

dicted by the Ward and Stanford (1995) serial discontinuity concept.

Fish Manag Ecol. 2018;1–12.
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One of the most obvious effects of river damming on the hydrolog-

Major development projects will inevitably have some impact

ical cycle is the modification of the patterns of river discharge and

on any ecosystem. However, the proliferation of hydroelectric

fluviometry (Junk & Mello, 1990; Winemiller et al., 2016). These im-

dams in the Amazon region and the acceleration in the construc-

pacts may reduce the deposition of nutrients on the floodplain and

tion of these plants, as is the case with Belo Monte Hydroelectric

in marginal lakes (Zahar, Ghorbel & Albergel, 2008) and change the

Complex on the Xingu River (Fitzgerald et al., 2018), indicates that

morphological configuration of the river channel, such as the num-

their impacts on local fisheries may not only be underestimated,

ber and intensity of the erosional processes affecting the margins,

but may exceed the resilience of local ecosystems. In this context,

and the physical–chemical characteristics of the water (Lobato et al.,

this study investigated the influence of the hydroelectric complex

2015).

implemented recently on the Madeira River on the local fisheries,

The construction and subsequent operation of hydroelectric

using the database available from fisheries located downstream

dams provoke major environmental impacts (e.g., loss of habitats and

from the dams. This study tested the hypothesis that the instabil-

hydrological shifts), which have highly negative implications for the

ity of the flood pulse caused by the construction of the dams has

fundamental ecological processes that maintain the biological diver-

caused a significant reduction in the fish stocks of the Madeira

sity of the system and sustain local fish stocks (Agostinho, Pelicice

basin.

& Gomes, 2008; Bunn & Arthington, 2002; Pelicice et al., 2017).
These environmental changes may interrupt fish migration routes,
modifying the abundance, composition and trophic configuration of

2 | M E TH O DS

their communities, including an increase in the abundance of some
species; whereas the populations of other species may be greatly
reduced or even become extinct (Agostinho, Miranda, Bini, Gomes
& Thomaz, 1999).
The change from a lotic to a lentic environment also favours

2.1 | Study area
This study was based on the database of fishery catches landed
in the municipality of Humaitá, in the south of the Brazilian state

the invasion of non-native species, creating a high risk of regional

of Amazonas, 675 km south of the state capital, Manaus. The mu-

colonization (Assis, Dias-Filho, Magalhães & Brito, 2017). This type

nicipality of Humaitá has an area of approximately 34,430 km2, and

of impact is not yet common in Amazon ecosystems. According to

around 52,000 inhabitants (IBGE, 2017).

Leprieur, Beauchard, Blanchet, Oberdorff and Brosse (2008), hydro-

The Madeira River is part of the Amazon basin and is the principal

logical alterations and biological invasions are considered the two

tributary of the right margin of the Amazon. The headwaters of the

largest threats to aquatic native biota.

Madeira are located in the Bolivian Andes, and the river is formed by

The Madeira River in northern Brazil is among the ecosystems

the confluence of the Beni and Mamoré rivers (Goulding, Barthem &

that have suffered from the construction of hydroelectric dams.

Ferreira, 2003). The Madeira has a total length of 3,240 km, of which

The Santo Antônio and Jirau dams were inaugurated on the middle

1,425 km are within Brazil, where this river traverses the states of

Madeira River in 2012. While these dams were planned to guaran-

Rondônia and then Amazonas before discharging into the Amazon

tee the energy security of Brazil, their impacts on the local eco-

River near the town of Itacoatiara, metropolitan region of Manaus

system and fisheries are still poorly understood, considering that

(Costa, 1998). The mean discharge of this river is 31,200 m3/s

most of the commercial fish species found on the Madeira River

(Guyot, 1993). According to the Köppen classification system, local

are migratory (Barthem et al., 2017). This is a major issue, given that

weather belongs to group A (rainy tropical) and type Am (monsoon

these fish are migratory (e.g., Mylossoma spp., Prochilodus nigricans

rains), with a short dry period, and annual precipitation ranging from

Spix and Agassiz, Semaprochilodus spp.) and large-
bodied catfish

2,250 to 2,750 mm. The mean annual temperature ranges from 24

(Brachyplatystoma spp. and Pseudoplatystoma spp.) that undertake

to 26°C.

long-
distance longitudinal migrations, and are among the most

The Santo Antônio hydroelectric dam (08°48′ S, 63°56′ W) is

threatened by dam construction (Fearnside, 2014). Stocks of most

7 km upstream from Porto Velho, capital of the Brazilian state of

of the species of commercial interest may suffer major fluctuations

Rondônia, and 175 km from the municipality of Humaitá, in the

due to the presence of physical barriers to their migration and the

state of Amazonas (Figure 1). The construction of this dam began in

changes in the hydrological regime of the Madeira River.

September 2008, and the reservoir began to fill in early 2011, when

Given the importance of fisheries in the Amazon region, the im-

the first of the sluice gates was closed. The first turbines began to

pacts of hydroelectric dams on fish stocks may have socio-cultural

operate on 30 March 2012, and in November 2016 the power plant

and economic implications for local communities. Fishing was prac-

was completed with 50 turbines installed with a total production ca-

ticed in the Amazon well before European colonisation, and fish is

pacity of 3,568 MW. The Jirau hydroelectric dam (09°15′ S, 64°38′

an essential component of the diet of its riverside and indigenous

W) is 100 km upstream from Porto Velho and 263 km from Humaitá

peoples (Furtado, 2006). In the present day, fish continues to be an

(Figure 1). In October 2012, the river was dammed to fill the Jirau

essential resource for human communities throughout the region

reservoir. The first turbine began to operate in September 2013, and

where it is a principal source of both animal protein and income

the power station was completed in December 2016 with 50 tur-

(Cerdeira, Ruffino & Isaac, 1997).

bines and a capacity of 3,750 MW.
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F I G U R E 1 Fishing ground of the Z-31
(Dr. Renato Pereira Gonçalves) fishing
colony based on the municipality of
Humaitá, Amazonas state, Brazil, and the
location of the Santo Antônio and Jirau
dams on the Madeira River in Rondônia
State

2.2 | Sample collection

dam were closed completely in July 2011, the data for the period
between January 2002 and July 2011 were allocated to the “Before”

The influence of the Santo Antônio and Jirau dams on local fishery

sample, whereas those from August 2011 to September 2017 were

catches was evaluated through analysis of the productivity database

allocated to the “After” sample. The sluice gates of the Jirau dam

of the “Dr. Renato Pereira Gonçalves” (Z-31) fishing colony, covering

were shut off completely in October 2012.

the period between January 2002 and September 2017. The catches

The trends in the fishery catches over time were evaluated

landed by this colony are taken from 17 fishing grounds located

through a descriptive analysis of the catch history. Mann–Kendall

downstream from the dams (Figure 1). A total of 1,655 fishers are

test for the detection of monotonic trends was also applied to deter-

registered as members of the Z-31 fishing colony.

mine the trends in fishery production during the “Before” and “After”

Catch data were recorded daily at the colony and include the

samples.

fishing ground (point), the date of the beginning and the end of each

Analysis of variance (ANOVA) was used to verify the significance

fishing trip, type of fish caught and total catch (kg). All commercial

of the variation in fishery catches among the different phases of the

catches obtained in the region are landed at the colony’s floating pier

hydrological cycle, and between periods (Before and After). Due to

for the collection of the catch data. River-level data were obtained

temporal dependence of the data, ANOVA was performed with the

from the Humaitá station of the hydrological information system

standardized errors of a model that included the temporal depen-

with the Agência Nacional de Águas (www.hidroweb.ana. gov.br).

dence of the data. A serial autocorrelation test was performed with
the standardised errors and was not significant.
Impacts of fluviometric changes on fisheries were evaluated

2.3 | Data analyses

through a descriptive analysis of the catch history. Thereafter, a lin-

In 2013, the floating pier of the fisher colony was removed from the

ear regression analysis was run to verify the extent to which the

Madeira River to make way for the construction of flood prevention works by the Humaitá town council. This led to the suspension of data collection between January and October 2013, so the
data from 2013 were excluded from the analyses. The data on the
catches of the tambaqui, Colossoma macropomum (Cuvier), were also
excluded from the analyses because many of the specimens landed

changes in the fluviometry (level) of the Madeira River after damming influenced fishery production. The regression was based on
the variation between the periods (before and after) in the mean
fishery harvest with the mean variation in fluviometry (river level).
The mean monthly variation in fluviometry was calculated based on:
ΔFli = FlAi − FlBi (I), where ΔFli is the mean variation in fluviometry be-

For the analysis of the impacts of the dams on the fishery catches,

tween periods (before and after) in each month i (from January to
December), FlAi = mean fluviometry after damming of the river in
each month i, and FlBi = mean fluviometry before damming in each

the data were divided into “Before” (prior to damming) and “After”

month i. The ΔFli values were grouped in five, 100-
cm classes:

(post-damming) samples. As the sluices gates of the Santo Antônio

−100–0, 0–100, 100–200, 200–300 and 300–400.

were raised in fish farms and were thus isolated from the direct effects of the impact of damming of the Madeira.
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Year

Total annual
catch (kg)

Minimum
monthly
catch (kg)

Maximum
monthly
catch (kg)

Mean
monthly
catch

±Standard
deviation (kg)

2002

294,355

8,851

61,239a

24,530

14,962

2003

299,300

10,728

44,163

24,942

8,880

2004

247,664

15,679

26,347

20,639

3,411

2005

248,065

14,733

29,802

20,672

4,594

2006

350,269a

11,382

56,321a

29,189a

13,973

2007

314,895

10,635

34,735

26,241

7,625

2008

247,119

11,123

28,214

20,593

6,028

2009

162,353

6,452

25,487

13,529

5,276

2010

238,995

5,910

39,744

19,916

12,084

2011

407,554a

12,261

52,274a

33,963a

14,115

2012

243,165

6,346

36,139

20,264

9,684

b

29,094

13,213

9,388

1,607b

16,625

2014
2015

158,560

2,174

94,514b

7,876b

4,594

2016

156,379

8,112

19,560

13,032

3,353

2017

101,054b

7,424

15,588

11,228b

2,230

c

c

Total

3,564,241

c

TA B L E 1 Fish landings at Humaita,
Amazonas state from 2002-2017

c

“Peaks” in fishery production. bLowest fishery productivity. cThe total for these variables (min, max,
mean, and SD) would not clearly express the results for these columns.

a

Mean variation in fishery production was calculated using:
ΔPi = PAi − PBi (II), where ΔPi = mean variation in fishery production
between periods (before and after) in each month i, PAi = mean fishery production after the damming of the river in each month i, and
PBi = mean fishery production before damming in each month i. The
result of mean variation in fishery production was regressed on the
classes recorded for mean variation in fluviometry. All statistical
analyses were run using the software R 2.14.1 (R Core Team 2011)
(Sokal & Rohlf, 1995).

3 | R E S U LT S
3.1 | Analysis of fisheries
During the study period as a whole (January 2002 to September
2017), the total fishery catch was 3,564,241 kg, with an annual
mean of 237,616 kg (Table 1). The most productive years were 2011,
the year of damming, and 2006 during the Before period. The least
productive years were recorded after damming in 2015 and 2017

F I G U R E 2 Fishery production (kg) landed in the municipality
of the municipality of Humaitá, Amazonas state, Brazil, between
January 2002 and September 2017. The vertical red line represents
the initial damming of the Madeira River (July 2011). Note that the
data from 2013 were not included here

(Table 1).
The highest monthly fishery production was recorded in

(Figure 2), a decline of 34% in the mean monthly production of

July 2002, and the lowest in March 2015 (Figure 2; Table 1). In

fish. Considering only years with a full set of monthly records, the

addition to 2002, peaks in the monthly catches were recorded

mean annual fishery production was 267,001 kg prior to damming

in April 2006 prior to damming and April 2011 during the dam-

(2002–2010) (Table 1) and 163,155 kg for the period after dam-

ming period (Figure 2, Table 1). No monthly peaks were recorded

ming (2012–2016). This represents a 39% decline in the annual

after damming. The second lowest monthly catch was recorded in

fishery production, based on the catches landed in the municipal-

December 2014.

ity of Humaitá.

Mean monthly fishery productivity before damming was

Mann–Kendall test did not reveal any significant tendency for

22,876 kg, while after damming it declined to 15,056 kg

any increase or decline in fishery production (Figure 3) prior to

|
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F I G U R E 3 Monthly fish catch at Humaitam Amazona state before (2002-2011) and after (2011-2017) of the Medeira River. Tau (use
symbol) is Kendall rank correlation

F I G U R E 4 Linear regression of the fishery production landed in the municipality of Humaitá, Amazonas state (Brazil) on the level of the
Madeira River before (a) and after (b) damming the Madeira River
damming of the river. After damming, however, a significant ten-

historically (prior to damming) for that month. River levels also var-

dency for declining production was recorded (Figure 3).

ied more among years, and there was less homogeneity in the fluviometric patterns following damming of the Madeira River (Figure 5a).

3.2 | Influence of the hydrological cycle on fisheries

Comparison with the historical means indicated a pronounced
increase in the mean variation of river levels between March and

A significant difference in the mean fishery production among the

October following damming (Figure 5b, Table 2), and greater discrep-

different phases of the flood pulse was found both before (Figure 4a)

ancies were recorded between May and August during the ebb period

and after (Figure 4b) damming of the river (ANOVA: F = 4.925,

when the river level falls after the annual peak. This indicates that after

N = 171, df = 3, p < 0.001). A negative (Pearson) correlation was

damming the river level remained higher during the ebb period but

found between fishery production and the river level; that is, fishery

reached a lower level by November and December (Figure 5b, Table 2).

productivity tended to be higher when the river was at its lowest

This indicates that the beginning of the flood period was characterised

levels (Figure 4).

by lower river levels after damming of the Madeira, although the variation levelled off in January and February as the river flooded.

3.3 | Impacts of fluviometric changes on fisheries

The greatest variation in river levels was observed in July with
a mean value of 1,328 cm being recorded before damming and

Considerable differences were observed in the fluviometric cycle

1,661 cm afterwards (Figure 5b, Table 2). The smallest difference

of the Madeira River following damming (Figure 5a) when at least

was recorded in January with a mean of 1,881 cm before damming

1 month in a given year exceeded the maximum level recorded

and 1,884 cm afterwards (Figure 5b, Table 2).

6
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F I G U R E 5 Mean monthly river level of the Madeira River (a) and fishery landings at Humaita, Amazonas state before (2002-2011) and
after (2014-2017) closing dams on the Madeira River (b)
A reduction in mean catches in all months was found following damming of the Madeira River (Figure 5b, Table 2). The de-

for a reduction of 2,305 kg (10.1%) in the mean fishery production
(Figure 6).

cline in catches was most pronounced between April and July
(ebb period), which coincides with the period most affected by
the increase in the mean fluviometry of the Madeira River when
the variation exceeded 300 cm (Figure 5b, Table 2). Catches were
least affected in October, December and March when the vari-

4 | D I S CU S S I O N
4.1 | Declining fisheries

ation in the river level did not exceed 100 cm (Table 2). Fishery

Following damming of the Madeira River, mean monthly catches

production declined most in April with a reduction of 15,414 kg (a

landed at Humaitá decreased 34%, and mean annual fishery produc-

decrease of 57.8%) and least in October with a reduction of only

tion declined 39%. The regression analysis revealed a tendency for

1,055 kg (4.2%).

decreasing fishery production following damming. A similar decline

The highest mean fishery production was recorded in July and

in fishery production has been recorded in other aquatic ecosystems

August (ebb period) prior to damming of the river (Figure 5b, Table 2).

of the Amazon region impacted by hydroelectric dams. Following the

Following damming, mean production was highest in September

construction of Tucuruí dam on the Tocantins River, Brazil, for exam-

and October in the dry season; December was the least productive

ple, Santana, Bentesm, Homma, Oliveira and Oliveira (2014) found

month in the period prior to damming, although February was the

that the contribution of the downstream fisheries to the total local

least productive month following damming (Figure 5b, Table 2).

production decreased from 44% to 25%. Forty years after damming

Linear regression was used to compare mean variation in river
levels (ΔFli ) with that in fishery production (ΔPi ) between the before

of the Tocantins River, the situation remains unfavourable, and the

and after damming periods (Table 3). A negative trend was found;

the resident population. Hallwass, Lopes, Juras and Silvano (2013)

that is, the greatest losses in production were recorded in the classes

also reported a decrease in fish abundance and a possible local ex-

that had the greatest increase in river levels following damming of

tinction of a commercial fish species (Semaprochilodus bram) after

the Madeira River (Figure 6). According to the regression, for each

the Tocantins River dam.

downstream fisheries are unable to satisfy the demand for fish of

100 cm increase in the mean variation of the level of the river after

Besides the Amazon region, the impacts of hydroelectric dams on

damming, there was a decrease in the catch of approximately

the fish fauna and the decline of important commercial species have

2.864 kg of fish, a reduction of 12.5% for each increase in class

also been found in other aquatic ecosystems around the world (e.g.,

(Figure 6).

Agostinho et al., 2008; Assis et al., 2017; Dugan et al., 2010; Neraas

The 300–400 class had the greatest effect on the catches

& Spruell, 2001; Stone, 2016; Zhong & Power, 1996). For instance,

(Figure 6, Table 3). By contrast, the reduction in the mean river level

a study of the effects of the Tallowa dam on the Shoalhaven River

(−100–0 class) had the least effect on fishery production. Considering

(south-east Australia) found a reduction in the abundance of four

the overall loss in fishery production (48,896 kg) recorded (Table 3),

species of migratory fish and possibly the extinction of another ten

30% was concentrated in the 300–400 class, and only 12% in the

species (Gehrke, Gillgian & Barwick, 2002). Other relevant studies

−100–0 class. The regression indicated that, independently of any

using modelling of future scenarios verified that the construction of a

variation in the level of the river, damming alone was responsible

hydroelectric dam in the Mekong River could lead to a fish production

Fish
catch
(kg)

River
level
(cm)

After

Before

After

Before

18,813

1,881

Total

Mean

184,958

18,496

Total

Mean

10,593

4,154

−7,903

Mean

Standard
deviation

Variation in
the mean

−6,715

198

8,615

43,073

11,954

14,844

52,963

Max

6,903

5,582

1,533

153,299

2,321

6,452

−6

219

3,753

Total

Min

7,538

32,102

Max

Standard
deviation

6,866

3

Variation in
the mean

Min

188

±Standard
deviation

10,326

9,421

1,884

Total

Mean

2,065

2,327

2,114

1,838

1,694

Max

103

2,071

20,714

2,237

1,921

February

Min

92

1,991

Max

Standard
deviation

1,686

Min

January

−3,527

7,135

12,215

61,075

21,713

1,607

9,139

15,742

157,420

38,489

591

65

153

2,272

11,358

2,502

2,134

73

2,207

22,067

2,309

2,077

March

−15,414

8,331

11,252

56,261

24,974

2,812

15,481

26,667

266,665

56,321

8,408

49

181

2,264

1,132

2,563

2,099

108

2,215

22,152

2,339

2,045

April
169

−14,307

8,697

12,429

62,144

27,488

6,197

12,116

26,736

267,362

51,289

15,116

153

231

2,137

10,686

2,462

1,865

159

1,984

19,844

2,195

May

−11,166

5,748

16,348

81,742

24,929

10,907

12,152

27,514

275,141

44,163

12,992

237

261

1,889

9,446

2,156

1,526

137

1,652

16,522

1,858

1,494

June

−14,864

5,409

16,055

80,276

24,958

10,425

11,985

30,919

309,187

61,239

18,631

333

270

1,661

8,303

184

1,219

118

1,328

13,281

1,599

1,174

July

−7,171

11,602

21,135

126,808

38,596

9,434

9,755

28,306

254,752

45,352

1,517

149

199

1,273

7,639

154

1,011

93

1,124

10,116

1,328

987

August

−4,171

12,703

24,035

144,211

39,664

8,488

4,588

28,206

253,852

36,064

21,794

87

103

109

6,538

1,228

977

66

1,003

9,028

1,132

908

September

−1,055

16,448

24,066

120,33

49,781

4,076

7,074

25,122

2,261

37,042

14,896

38

68

1,102

551

1,191

1,003

66

1,064

9,575

1,173

955

October

−7,483

8,209

9,569

47,846

22,846

2,654

3,778

17,053

153,473

23,482

13,369

−75

73

1,209

6,043

1,294

1,121

97

1,283

11,551

143

1,112

November

−2,942

10,402

11,344

56,721

28,894

2,174

4,507

14,287

128,582

21,518

8,851

−64

138

1,481

7,406

1,697

1,363

140

1,546

13,911

1,711

1,335

December

TA B L E 2 Monthly river levels and fishery production landed in Humaitá, Amazonas (Brazil), before (January 2002–July 2011) and after (August 2011–September 2017) damming of the
Madeira River, with the variation between the periods (Before and After)
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Class of mean variation
in river level (cm)

Mean fishery production (kg)

Variation mean do
catch fishery (kg)

(ΔFli = FlAi − FlBi )

Before
(PBi )

ΔPi

After
(PAi )

TA B L E 3 Results of equations I
(ΔFli = FlAi − FlBi ) and II (ΔPi = PAi − PBi )

Overall loss (%)

−100–0

15.556

9.843

−5.714

−12

0–100

22.846

16.432

−6.414

−13

100–200

27.521

16.782

−10.739

−22

200–300

27.514

16.348

−11.166

−23

30.919

16.055

−14.864

−30

124.357

75.460

−48.896

−100

300–400
Total

loss up to 4%, which is equivalent to an annual decrease of approx-

US$342,000 of income per year. In this case, the construction of

imately 25,300 t (Ziv, Baran, Nam, Rodríguez-Iturbe & Levin, 2012).

the Santo Antônio and Jirau dams has already cost the fishers of the

The construction of hydroelectric dams in Amazonian ecosys-

Humaitá colony more than one and one half million dollars in lost

tems represents a major risk for the local fish fauna, especially con-

revenue. These values would be even higher if the impacts on the

sidering that fishery productivity in this region reflects the enormous

secondary economic sectors related to the fisheries are considered,

diversity of fish species found in the Amazon basin. Approximately

such as ice factories and suppliers of fishing equipment (i.e., gill nets),

920 fish species are estimated to occur in the Madeira River basin,

boats, outboard engines, outboard oil/fuel and provisions.

around a third of all the known fish diversity of the Amazon region

In addition to the impacts on the economic sector, the decline in

(Ohara et al., 2013), which is the highest of any hydrographic basin

fishery resources on the Madeira River may also affect the subsistence

anywhere in the world (Queiroz et al., 2013).

of local families. In the Amazon region, the per capita consumption of

The decline in catches recorded in the present study may have a

fish is among the highest in the world, with an estimated mean con-

negative direct impact on the economy of the local fishing commu-

sumption of 369 g per person per day or 135 kg/year (Cerdeira et al.,

nities. In the Amazon region, fisheries play an important role in the

1997). On the Brazilian sector of the Madeira River alone, six major

creation of jobs and the generation of income, as well as supplying

fishing colonies at Guajará-Mirim, Porto Velho, Humaitá, Manicoré,

both national and foreign markets (Almeida, Lorenzen & McGrath,

Borba and Nova Olinda do Norte are likely to have their consumption

2004). Tundisi et al. (2014) estimated that the fishery production of

of fish affected (Boschio, 1992; Cardoso & Freitas, 2007; Doria et al.,

the Amazon region contributes US$200 million/year to the region’s

2012; Santos, 1987). In other words, the 39% reduction in the annual

economy and supports a workforce of 200,000 commercial fishers.

supply of fish on the Madeira River observed in the present study will

Assuming a mean price of US$3.30 per kg for the principal fish spe-

not only affect the production of the region’s commercial fisheries

cies (e.g., C. macropomum, Cichla ocellaris, P. nigricans) exploited by

but will also alter the diet of the local human populations that depend

commercial fisheries in the Amazon region (Lima, Almeida, Teixeira

on fish for their animal protein needs.

& Melo, 2016), the decline in the fishery production in the munic-

The social impacts brought by hydroelectric development lead

ipality of Humaitá would represent a mean loss of approximately

to a reflection about the future of fishers who lose their livelihoods
based on fishing. The lack of income sources and food insecurity may
result in marginalisation (Kirchherr & Charles, 2016), and it could aggravate social conflicts in the Amazon region. According to the World
Dams Commission (WCD, 2000), the probability of successful adaptation by fishing communities in the face of dam-affected ecosystem
degradation is low. This scenario may increase illegal practices as an
easier way of obtaining income, such as drug trafficking, illegal hunting, illegal logging and biopiracy. Bui and Schreinemachers (2011)
found that after the construction of the Son la hydroelectric dam in
north-eastern Vietnam, the resettled fishermen had to complement
their family income by collecting forest products, increasing pressure on forest resources.
It is also important to highlight other impacts that may be generated by declining fisheries in ecosystem services that are rarely

F I G U R E 6 Linear regression of the mean variation in the river
level on the difference mean fishery production before and after
damming

taken into account, such as cultural and recreational services, disease control (e.g., schistosomiasis and malaria) and transport of nutrients, carbon and minerals (Holmlund & Hammer, 1999). Another

|

SANTOS et al.

9

worrying issue is the reduction of populations of frugivorous species

the dams may also have impacts on the fisheries in other parts of

(e.g., Brycon spp., C. macropomum, Piaractus brachypomus, Triportheus

the Amazon basin. Fearnside (2014) pointed out that the newly con-

spp.), which have an important ecological function in seed dispersal

structed dams may reduce the fishery stocks not only in Brazil, but

(Costa-Pereira & Galetti, 2015). The tambaqui (C. macropomum), for

also in Bolivia and Peru. The spawning grounds of the goliath cat-

example, disperses the seeds of at least 76 plant species (Correa,

fishes (Brachyplatystoma spp.), for example, lie upstream from the

Costa-
Pereira, Fleming, Goulding & Anderson, 2015) and can

Santo Antônio and Jirau dams, whereas they complete their life cycle

disperse them kilometres away from their place of origin (Anderson

downstream, undergoing migrations of up to 3,000 km (Barthem

et al., 2018). According to Valiente-Banuet et al. (2015), the disrup-

et al., 2017). Given the importance of these catfish as a fishery re-

tion of seed dispersal mutualisms directly affects plant reproductive

source throughout the Amazon basin, any reduction in their popula-

success and threatens biodiversity of the forests.

tions will cause social and ecological impacts far beyond the limits of

Hydroelectric dams are a relatively recent feature on the

the Madeira basin (Barthem et al., 2017).

Madeira River, and the long-term effects of these dams must be
analysed systematically. However, considering the importance of
fisheries in the Amazon region, many authors have warned of the

4.2 | Influence of the hydrological cycle on fisheries

potential impacts of dams on the local fish fauna (e.g., Anderson

The present study results indicate a seasonal pattern with productiv-

et al., 2018; Cella-R ibeiro et al., 2015; Duponchelle et al., 2016).

ity tending to increase as river levels decrease. This reflects the mi-

One of the main problems discussed by the authors is related to

gratory behaviour of the species targeted by the region’s commercial

blockage of fish migration. According to Anderson et al. (2018),

fisheries. During the flood, most of fish species migrate to the for-

newly built dams on the Madeira River can modify the habitat for

ests to utilise flooded areas to get shelter, food and breeding oppor-

these species and create insurmountable barriers to their move-

tunities (Junk, Soares & Saint-Paul, 1997). In this period, the fish are

ment along the river corridors. They further stated that these im-

widely dispersed and it hampers fishing efforts (Cardoso & Freitas,

pacts will be worsened by future climate change. Fearnside (2014)

2007; Doria et al., 2012; Goulding, 1979) resulting in decreases in

reported that 1 year after the construction of the Santo Antônio

fishing colony landings. As the river level begins to lower (ebb), the

dam, most migratory catfish (e.g., Brachyplatystoma spp.) were no

migratory species begin to form shoals and begin their dispersal mi-

longer seen passing through the dam’s fish ladders. The reduced

gration (Barthem & Goulding, 2007). In this period, the fishermen

volume of water in the ladder is apparently insufficient to attract

utilise the movement of the shoals to catch them. At low water, many

the fish towards its entrance, and these fish instinctively follow

lakes become extremely shallow and many fish seek refuge in the re-

the river’s principal current. These reported facts are worrisome

maining bodies of water forming major concentrations of individuals,

because blocking migratory routes can affect the reproductive bi-

which facilitate their capture by local fishers (Alcântara et al., 2015).

ology and life cycles of migratory fish species (Agostinho, Gomes,
Veríssimo & Okada, 2004; Winemiller et al., 2016) and thereby
compromise the fish stock viability in the region.

4.3 | Impacts of fluviometric changes on fisheries

This evidence indicates that the reduction in fish stocks at

The present study results indicate that the intensity of the region’s

Humaitá may be, at least partly, related to blocking of migratory

fisheries is primarily determined by the hydrological cycle, which regu-

routes on the Madeira River. According to the linear regression, in-

lates the concentration of fish in the water (Isaac & Barthem, 1995).

dependently of any variation in the level of the river, damming alone

Consequently, the stability of the flood pulse is fundamental to the

was responsible for a reduction of approximately 10% in the mean

maintenance of fishery resources in the Amazon basin, and the re-

fishery production. Although there are other dam impacts that may

sults of the present study indicate that the dams on the Madeira River

be related to the decline of the fishing (disregarding the hydrological

have substantial impacts on the dynamics of the flood pulse on this

changes). It is likely to affirm that part of the fall is exclusively related

river. This flood pulse instability may be one of the principal factors

to the migratory routes blocking. This conclusion is reinforced by the

determining the decline in fishery catches in the region. Analysis of

majority of commercial fish species of the Madeira River being long-

the catch history indicated that the greatest decline in production was

distance longitudinal migrators, such as some characiformes (e.g.,

during the periods most affected by the increase in the mean level of

Brycon spp., Prochilodus spp. and Semaprochilodus spp.) (Araujo-Lima

the river. This result was corroborated by the linear equation analy-

& Ruffino, 2003) and siluriforms (e.g., B. rousseauxii, B. platynemum,

sis, which identified that for each 100 cm of increase in the river level

B. juruense and B. vaillantii) (Barthem et al., 2017). If Santo Antônio

mean after damming there was a decrease in catch of approximately

and Jirau dams are reducing migration rates on the Madeira River,

12.5% of the fishery production. This result indicates that the post-

as suggested by Fearnside (2014), the populations of important

dam hydrological changes altered the ideal conditions for fishing pro-

species for commercial fishery production may be declining, which

ductivity in the region. These changes in fishery dynamics may thus

would account for the observed reduction in fishery landings at the

be related to the variation in river levels between periods (Before vs

Humaitá fishing colony.

After) and may be related to two principal processes: (a) a reduction in

Given the ample area of dispersal of the commercial fish spe-

the concentration of fish during periods of higher river levels, which

cies found on the Madeira River, blocking the migration routes by

hinders the capture of fish and limits fishery efforts (Goulding, 1979);
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and (b) a decrease in the number of fishing trips during periods of high

1. The fish catch be continuously monitored through the creation

river level to avoid economic losses from the costs of unsuccessful

of a database of the main Madeira river fishing colonies both

excursions.

upstream and downstream of the dams. These data will able

In addition to affecting the dynamics of fishery activities, a number

to support future evaluations of the basin’s fisheries.

of studies have shown that instability in the hydrological cycle gener-

2. A technological program development be established for fish re-

ated by the construction of hydroelectric dams may alter the structure

production in the basin to enable the repopulation of species af-

and composition of the local fish communities (Agostinho, Gomes &

fected by hydroelectric dams.

Zalewski, 2001; Fernandes et al., 2009; Fitzgerald et al., 2018). This

3. Both the concessionaires responsible for the dams and the gov-

may be related to the impacts on the essential ecological processes

ernment agencies invest in the diversification and strengthening

that guarantee the maintenance of fishery stocks. In particular,

of local livelihoods and repair known social problems.

changes in the hydrological cycle may affect the connectivity between

4. The fisheries management be considered with greater impor-

terrestrial and aquatic networks, which is fundamental to the mainte-

tance in the environmental licensing processes to reduce the so-

nance of biodiversity and its intrinsic evolutionary processes (Tundisi

cio-environmental impacts caused by the construction of new

& Matsumura-Tundisi, 2008). This is worrying because, in the coming

hydroelectric plants.

decades, the trend of species disappearance will be significant.
The results of the present study indicate that the increase in
river levels caused by damming of the river caused a delay in the
ebb period. In this case, the dispersal of the migratory species that
depend on falling river levels to initiate their migrations (Ribeiro &
Petrere, 1990) will also be delayed, which may reduce the possibility of their capture during this period. This indicates that the Santo
Antônio and Jirau dams may alter the periods of migration and
spawning of the fish of the Madeira River. Dams may influence the
migratory behaviour of fish by interrupting essential hydrological
signals, which the species have responded to systematically over
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periods of many thousands of years (Anderson et al., 2018). This
may account for monthly peak fishery catches shifting from July/
August, in the ebb period, to September/October (low water) after
damming and indicates a delay of 2 months in the migration of the
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fish of the Madeira River. This would also account for the reduced
loss of productivity in October, with catches being sustained by
late migrations.

5 | CO N C LU S I O N S
The results of this study indicate that the dams constructed
on the Madeira River have two distinct types of impact on the
region’s fisheries. The first type of impact is related to the direct effects of the changes in the environment on the local fish
communities, such as the blocking of migratory routes. The second type of impact is linked to the influence of environmental
changes on the dynamics of fishery activities, such as a reduction in capture success. The influence of the Santo Antônio and
Jirau dams on the decline in the fisheries of the Madeira basin
highlights the high price paid by local populations for the environmental impacts caused by the development of the hydroelectric potential of the Amazon basin. This emphasises the need for
consistent and impartial environmental management strategies
that guarantee the mitigation of these impacts or compensate
for the damage caused to the commercial fishers and the local
fish diversity.
Finally, it is recommended that:
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