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CONTEXT

 37% of freshwater fish species are threatened in 
Europe, and about 17% have declining populations

Multiple causes contribute to this decline (habitat 
degradation, species invasion, water pollution or 
overfishing), all interplaying with climate change

Ongoing global change: effects already observed on aquatic communities



CONTEXT

Headwater streams constitute most of the length of 
hydrographic networks

 In France, they are mostly salmonid streams, where 
the brown trout (Salmo trutta) is the dominant species

 80% of French hydroelectricity powerplants are in 
headwater streams

But few studies have focused on long term trends of 
trout population densities, while including the effect 
of the presence of hydroelectric powerplants



OBJECTIVE AND SCOPE OF THE STUDY

OBJECTIVE: Identify the observed trends in trout population densities 
and key environmental drivers in French headwater steams

DATA: Monitoring of regulated (subject to a minimum 
instream flow) and unregulated stream reaches
Stream-dwelling brown trout (Salmo trutta) populations, 

spanning a diversity of French geographic areas (lowland 
and mountain streams)
Environmental variables known as drivers of trout 

population dynamics (water temperature, stream flow, 
current velocity and habitat suitability)



DATA  TIMES SERIES 1990-2020

 Two-pass removal electrofishing sampling
 13-27 fish samplings on each reach over 1994-2020
 Trout population distinguished in 3 cohorts: young-of-

the-year (YoY or 0+), juveniles (1+) and adults (>1+)

TROUT DATA
 Number of reaches

Water temperature: 19
Stream flow: 18
Flow velocity: 11
Habitat Suitability Index (HSI): 11

 Metrics: median, 10-percentile 
and 90-percentile values
 Metrics scale: annual + 4 seasons

Spring (March-May)
Summer (June-August)
Fall (Sept-Nov)
Winter (Dec-Feb)

 75 synthetic metrics

ENVIRONNEMENTAL DATA

Nb BPS NHM Total
ALP 2 3 5
BN 0 3 3
MC 2 5 7
PYR 15 6 21
Total 19 17 36

 36 stream reaches (≈ 100 m length ; 
≈ 8 m width), subject to a minimum 
instream flow (BPS) or without 
hydrological modification (NHM)



STATISTICAL METHOD

General temporal trends in environmental variables and densities of 3 trout 
cohorts were assessed using a meta-analysis framework (Maire et al. 2019)

Weighted meta-analysis was performed on each environmental and trout variable 
using Mann-Kendall trend statistics and computed on each time series as “effect sizes”

Method is used to statistically assess if there is a general monotonic upward or 
downward trend in the variable over time, without this necessarily being linear

This approach does not allow to quantify the role of each environmental variable, nor 
the relative share of their effect on trout density trends



RESULTS FOR WATER TEMPERATURE

Trend Mean Effect Size reveals the strength and the sign of the general trend
M = Median ; L = 10-percentile “trend in low values” ; H = 90-percentile “trend in high values”

Significant upward trend ;     Significant downward trend ;     Non-significant trend

 19 reaches - 15 metrics - period 1990-2015

 Annual scale : significant upward trend in median and high temperatures / 
significant downward trend in low temperatures 

 Seasonal variability : significant upward trend in water temperature during summer 
and fall and significant downward trend in winter 



RESULTS FOR STREAM FLOW

 Few significant trends

 But significant marked decreasing trends over the extended period 1970-2017

11 reaches

 18 reaches - 15 metrics - period 1990-2017

Trend Mean Effect Size reveals the strength and the sign of the general trend
M = Median ; L = 10-percentile “trend in low values” ; H = 90-percentile “trend in high values”

Significant upward trend ;     Significant downward trend ;     Non-significant trend



RESULTS FOR FLOW VELOCITY AND HSI

 11 reaches - 15 metrics - period 1990-2013

 Significant downward trends in flow 
velocity, more marked than in
stream flow

 Significant upward trends for 
juvenile HSI

Adult Juvenile YoY

Trend Mean Effect Size reveals the strength and the sign of the general trend
M = Median ; L = 10-percentile “trend in low values” ; H = 90-percentile “trend in high values”

Significant upward trend ;     Significant downward trend ;     Non-significant trend



Change in the adult trout density (%) between 
the first 5 and last 5 years of each survey 

RESULTS FOR TROUT POPULATIONS

Trend Mean Effect Size reveals the 
strength and the sign of the general trend
Significant trend ;     Non-significant trend

 All reaches: significant downward trend for 
adults, non-significant trends for YoY and 
juveniles

 36 reaches - 3 metrics - period 1994-2020

 Geographic variability: significant differences in 
trends between areas for adults and juveniles
 BPS/NHM variability: non-significant differences in 

trends between BPS and NHM for the 3 cohorts

Nb BPS NHM Total
ALP 2 3 5
BN 0 3 3
MC 2 5 7
PYR 15 6 21
Total 19 17 36



DISCUSSION

 annual
water temperature

Seasonal trends:
-  in summer and fall
-  in winter

No trend on annual 
stream flow

Influence of temporal
horizon: clear  for
stream flows for the
extended 1970-2017
period

 annual current 
velocity

Seasonal trends:
 in summer and fall

 adult trout densities

Geographic variability:
 in the Pyrenees
No significant differences
between NHM and BPS

Climate Change

 predation

 stocking

 diseases

No trend in YoY and juvenile 
densities

Geographic variability:
 in the Pyrenees for juveniles



CONCLUSION

 Decline in adult trout densities is likely due to multifactorial effects, 
including possible interacting factors

Our approach does not allow to quantify the role of each factors, nor 
the relative share of their effect on trout density trends

Need further studies to identify precisely the causes of the adult trout 
decline and the disparities between areas

Need to maintain long-term fish monitoring, combined with extensive 
environmental monitoring to allow appropriate and efficient 
management measures



Discussion

Thank you for your 
attention
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