
Mass fish mortality events: a 
(novel?) threat to hydropower in 
tropical systems.

Dr. Luiz G. M. Silva
Senior Researcher



Steady growth of fish mortality events reported globally
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• Mass fish mortality (La & Cooke, 2011):
− Not part of the natural life cycle
− Minimum of 25 dead fish in 1 km of river or 1 

km2 of a lentic system, within 48-hour 
period.

− Not caused by predation – including human 
harvesting.
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Steady growth of fish mortality events globally
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Over 250 tonnes of fish 
killed in the last decade.

More than 150 million 
Euros in fines.

Silva et al. (2021)
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Sinop Dam – Teles Pires River, Brazil
• Hydrology:

− Watershed: ~ 38 000 km2
− Mean annual flow: ~ 927 m3/s

• Turbines:
− 2 Kaplan
− Discharge range: 272 m3/s – 1600 m3/s

• Installed capacity:
− 402 MW
− Head: 27.6 m

• Spillway:
− 3 gates – Creager weir (radial gates)
− Discharge range: 450 m3/s - 6650 m3/s



Sinop Dam – Teles 
Pires River, Brazil

• Operation:
• Started in February 2019
• Spillway operation initiated to 

regulate reservoir filling
• Fish kills started to occur
• Local environmental authority 

required assessment of the 
mortality events using a 
scientific basis.
 Expert panels
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Sinop Dam – Expert Panel Assessment
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Sinop Dam – Expert Panel Assessment
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• 87 species affected

• 10 species represented more than 75% of the total abundance



Number of species and taxonomic groups affected

• 67 species

• 4 taxonomic orders – Characiformes and 
Siluriformes

• 42% of the total biomass affected
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• 33 species

• 2 taxonomic groups – Characiformes and 
Siluriformes

• 12% of the total biomass
9



Number of species and taxonomic groups affected

• 50 species

• 3 taxonomic orders – Characiformes and 
Siluriformes

• 12% of the total biomass affected
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• 35 species

• 3 taxonomic groups – Characiformes and 
Siluriformes

• 5% of the total biomass
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Factors related to mortality
• General Linear Mixed Models – fixed effects (autocorrelation and best model fit based on Akaike 

Information Criterion (AIC)

• Combination of spillway and turbine discharge depending on the period.
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Parameter Estimate Standard error z-value p-value

AVG_QS -1.426 0.358 -3.988 < 0.001

AVG_QT -1.330 0.517 -2.574   < 0.05

STD_QS 1.130 0.575   1.964   < 0.05

STD_QT - - - -

AVG_SatO -0.821 0.381 -2.155   < 0.05

AVG_pH - - - -

AVG_Temp 0.746 0.316  2.365   < 0.05
• QS – spillway discharge; QT – turbine discharge; SatO – oxygen saturation; Temp – temperature. AVG – average; 

STD – standard deviation.



• PCA and correlation showed significant effects of oxygen saturation

Factors related to mortality
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Closing remarks
• The results led to the implementation of 

management solutions at Sinop Dam in the 
short-, medium- and long-term and an 
ambitious ecological and technical programme.
 Short-term: control of spillway operation  somewhat 

constraining but no events registered since put this 
action in place.

Medium-term: identification of supersaturation 
thresholds supported by target species and 
implementation of gas saturation sensors for 
monitoring.

 Long-term: spillway design modifications.
• Potential for synergistic effects between water 

quality and hydraulic variation.
 Temperature
 pH
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Thank you!
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