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CONTEXTUAL BACKGROUND
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CONTEXTUAL BACKGROUND: Lake Annecy

 Peri-alpine lake

 Stable oligotrophic status for decades
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Vegetal plankton = 

Primary producer

Animal plankton = 

Primary consumer
Secondary, tertiary… consumers
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2. Level of YOY perch biomass the system can receive

1. Study of two existing years contrasted in terms of YOY perch biomass
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Ecopath model

2. Level of YOY perch biomass the system can receive

Hyp2Hyp1

1. Study of two existing years contrasted in terms of YOY perch biomass

Bmin = ?

Bmax = ?

4 

IMPACTS OF FLUCTUATION IN ABUNDANCE OF YOY PERCH ON LAKE 

ANNECY FOOD WEB STRUCTURE AND FUNCTIONING?

CONTEXTUAL BACKGROUND: Lake Annecy



MATERIAL & METHOD: Ecopath model

Ecopath study of the structure and functioning of food webs

5 

- Fundamental principle: Mass-balanced model



MATERIAL & METHOD: Ecopath model

Functionnal group

1 Species Life Group of

stage species

5 

- Fundamental principle: Mass-balanced model

Ecopath study of the structure and functioning of food webs



MATERIAL & METHOD: Ecopath model

1. Equation of production

Production = Fishery

+ Predation

+ other Mortality

+ Biomass accumulation

+ net Migration

2. Equation of consumption

Consumption = Production

+ Respiration

+ Unassimilated food

- Governed by two equations

Functionnal group

1 Species Life Group of

stage species

5 

- Fundamental principle: Mass-balanced model

Ecopath study of the structure and functioning of food webs



MATERIAL & METHOD: Ecopath model

1. Equation of production

Production = Fishery

+ Predation

+ other Mortality

+ Biomass accumulation

+ net Migration

2. Equation of consumption

Consumption = Production

+ Respiration

+ Unassimilated food

- Governed by two equations

Consumption

OF the group Catches

Consumption

BY the group

Respiration
Exports

Detritus

Functionnal group

1 Species Life Group of

stage species

5 

- Fundamental principle: Mass-balanced model

Ecopath study of the structure and functioning of food webs



MATERIAL & METHOD: Ecopath model

1. Equation of production

Production = Fishery

+ Predation

+ other Mortality

+ Biomass accumulation

+ net Migration

2. Equation of consumption

Consumption = Production

+ Respiration

+ Unassimilated food

- Governed by two equations

Consumption

OF the group Catches

Consumption

BY the group

Respiration
Exports

Detritus

Functionnal group

1 Species Life Group of

stage species

- Potential representations of the ecosystem

5 

- Fundamental principle: Mass-balanced model

Ecopath study of the structure and functioning of food webs



MATERIAL & METHOD: Ecopath model - DATA
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MATERIAL & METHOD: Ecopath model - DATA

- Divide the ecosystem in 19 functional groups 

1 Pike

2 Burbot

3 Arctic charr + 26

4 Arctic charr - 26

5 Trout

6 Tench

7 Perch

8 Perch YOY

9 Whitefish + 37

10 Whitefish - 37

11 Bullhead

12 Blenny

13 Roach

14 Cyprinids

15 Zoobenthos

16 Zooplankton

17 Phytoplankton

18 Macrophytes

19 Detritus

19 groups: 14 fish groups + zoobenthos + zooplankton +

phytoplankton + macrophytes + detritus
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MATERIAL & METHOD: Ecopath model - DATA

- Divide the ecosystem in 19 functional groups 

19 groups: 14 fish groups + zoobenthos + zooplankton +

phytoplankton + macrophytes + detritus

Hyp2Hyp1

 2 models

- Compile the data required
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Ecopath study of the structure and functioning of food webs



I. GENERAL STRUCTURE AND FUNCTIONING OF LAKE ANNECY FOOD 

WEB WITH LOW AND HIGH YOY PERCH BIOMASS
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 Intensity of flows and relative biomass are comparable (except for YOY perch)

 Two origins for organic matter

More than half of flows circulating in the system are from the detritus

STRUCTURE AND FUNCTIONING OF LAKE ANNECY FOOD WEB

4

3

2

1

1. Pike

2. Burbot

3. Arctic charr + 26

4. Arctic charr – 26

5.   Trout

6.   Tench

7.   Perch

8.   Perch YOY

9. Whitefish + 37

10. Whitefish - 37

11. Bullhead

12. Blenny

17. Phytoplankton

18. Macrophytes

19. Detritus

13. Roach

14. Cyprinids

15. Zoobenthos

16. Zooplankton

4

3

2

1

8 

Flow

Intensity
High

Low

Hyp1 Hyp2

T
R

O
P

H
C

 L
E

V
E

L



 Intensity of flows and relative biomass are comparable (except for YOY perch)

 Two origins for organic matter

More than half of flows circulating in the system are from the detritus

STRUCTURE AND FUNCTIONING OF LAKE ANNECY FOOD WEB

4

3

2

1

1. Pike

2. Burbot

3. Arctic charr + 26

4. Arctic charr – 26

5.   Trout

6.   Tench

7.   Perch

8.   Perch YOY

9. Whitefish + 37

10. Whitefish - 37

11. Bullhead

12. Blenny

17. Phytoplankton

18. Macrophytes

19. Detritus

13. Roach

14. Cyprinids

15. Zoobenthos

16. Zooplankton

4

3

2

1

8 

Flow

Intensity
High

Low

Hyp1 Hyp2

T
R

O
P

H
C

 L
E

V
E

L



 Intensity of flows and relative biomass are comparable (except for YOY perch)

 Two origins for organic matter

More than half of flows circulating in the system are from the detritus

STRUCTURE AND FUNCTIONING OF LAKE ANNECY FOOD WEB

4

3

2

1

1. Pike

2. Burbot

3. Arctic charr + 26

4. Arctic charr – 26

5.   Trout

6.   Tench

7.   Perch

8.   Perch YOY

9. Whitefish + 37

10. Whitefish - 37

11. Bullhead

12. Blenny

17. Phytoplankton

18. Macrophytes

19. Detritus

13. Roach

14. Cyprinids

15. Zoobenthos

16. Zooplankton

4

3

2

1

52,4% 50,2%49,8%47,6%

8 

Flow

Intensity
High

Low

Hyp1 Hyp2

T
R

O
P

H
C

 L
E

V
E

L



 Intensity of flows and relative biomass are comparable (except for YOY perch)

 Two origins for organic matter

More than half of flows circulating in the system are from the detritus

STRUCTURE AND FUNCTIONING OF LAKE ANNECY FOOD WEB

4

3

2

1

1. Pike

2. Burbot

3. Arctic charr + 26

4. Arctic charr – 26

5.   Trout

6.   Tench

7.   Perch

8.   Perch YOY

9. Whitefish + 37

10. Whitefish - 37

11. Bullhead

12. Blenny

17. Phytoplankton

18. Macrophytes

19. Detritus

13. Roach

14. Cyprinids

15. Zoobenthos

16. Zooplankton

4

3

2

1

52,4% 50,2%49,8%47,6%

8 

Flow

Intensity
High

Low

Hyp1 Hyp2

T
R

O
P

H
C

 L
E

V
E

L

Structure and global functioning are similar



EFFICIENCY OF TRANSFERS THROUGH THE FOOD WEB

9 

P II III IV V VI VII

D

exports

catches

TL
Biomass

transfer efficiency

predation

flow to

detritus

consumption



EFFICIENCY OF TRANSFERS THROUGH THE FOOD WEB

9 

P II III IV V VI VII

D

exports

catches

TL
Biomass

transfer efficiency

predation

flow to

detritus

consumption



EFFICIENCY OF TRANSFERS THROUGH THE FOOD WEB

9 

P II III IV V VI VII
5,0% 7,7% 5,6% 15,0% 12,0%

D

5,98%

Hyp1

Hyp2

6,74%
P II III IV V VI VII

11% 9,0% 3,2% 7,4% 5,6%

D



EFFICIENCY OF TRANSFERS THROUGH THE FOOD WEB

9 

P II III IV V VI VII
5,0% 7,7% 5,6% 15,0% 12,0%

D

5,98%

Hyp1

Hyp2

6,74%
P II III IV V VI VII

11% 9,0% 3,2% 7,4% 5,6%

D



EFFICIENCY OF TRANSFERS THROUGH THE FOOD WEB

9 

P II III IV V VI VII
5,0% 7,7% 5,6% 15,0% 12,0%

D

5,98%

Hyp1

Hyp2

6,74%
P II III IV V VI VII

11% 9,0% 3,2% 7,4% 5,6%

D



EFFICIENCY OF TRANSFERS THROUGH THE FOOD WEB

9 

P II III IV V VI VII
5,0% 7,7% 5,6% 15,0% 12,0%

D

5,98%

Hyp1

Hyp2

6,74%
P II III IV V VI VII

11% 9,0% 3,2% 7,4% 5,6%

D



Hyp2

6,74%
P II III IV V VI VII

11% 9,0% 3,2% 7,4% 5,6%

D

EFFICIENCY OF TRANSFERS THROUGH THE FOOD WEB

9 

P II III IV V VI VII
5,0% 7,7% 5,6% 15,0% 12,0%

D

5,98%

Hyp1

2 3 4

Pike

4

Arctic charr + 26

3,3

3,1

Tench
3,4

Perch

Whitefish + 37

Whitefish - 37

3,0
Roach

2,5

2,6

Cyprinids

Perch YOY

3,0

Trophic

Level



P II III IV V VI VII
11% 9,0% 3,2% 7,4% 5,6%

D

Hyp2

6,74%

EFFICIENCY OF TRANSFERS THROUGH THE FOOD WEB

9 

P II III IV V VI VII
5,0% 7,7% 5,6% 15,0% 12,0%

D

5,98%

Hyp1



P II III IV V VI VII
5,0% 7,7% 5,6% 15,0% 12,0%

D

5,98%

Hyp1

P II III IV V VI VII
11% 9,0% 3,2% 7,4% 5,6%

D

Hyp2

6,74%

EFFICIENCY OF TRANSFERS THROUGH THE FOOD WEB

9 



P II III IV V VI VII
5,0% 7,7% 5,6% 15,0% 12,0%

D

5,98%

Hyp1

P II III IV V VI VII
11% 9,0% 3,2% 7,4% 5,6%

D

Hyp2

6,74%

EFFICIENCY OF TRANSFERS THROUGH THE FOOD WEB

9 



EFFICIENCY OF TRANSFERS THROUGH THE FOOD WEB
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 Variation in the functioning of the food web

 YOY perch facilitates transfers from low to high trophic level
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II. MINIMUM AND MAXIMUM YOY PERCH BIOMASS ACCEPTABLE FOR 

LAKE ANNECY ECOSYSTEM
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MATERIAL & METHOD: Ecopath model – MODELS COMPARISON
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* 12

* 1/7

Good carrying capacity for YOY perch

Good capacity of the system to handle strong variations in YOY perch biomass
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Similar structure and global functioning of food web in both
year

Key contribution of YOY perch in transfers

Stability of Lake Annecy food web 
Capacity to tolerate strong variations of YOY perch biomass

Resilience of Lake Annecy food web to extreme events
in intermediate trophic level abundance
Networked structure, predation report…

Substantial fish omnivory stabilzed an ecosystem

CONCLUSIONS ON LAKE ANNECY FOOD WEB
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Thank you for your attention



Lake Annecy food web
3 

CONTEXTUAL BACKGROUND: Young Of the Year (YOY) Perch



Balancing N 
Ecopath 
models

Balanced
Ecopath 
model 1

Balanced
Ecopath 
model 2

Balanced
Ecopath 
model 3

Range of 
values for 

each inputs

1 
balanced
Ecopath 
model 

1 

Combinatio

n of possible 

values for 

inputs

Delta de Cliff: caracterize the difference between the 

distributions (Romano et al., 2006)

Large > Medium > Small > Negligible

 50 000 balanced models 50 000 outputs packages

La routine ENA Tool – incertitude routine

1 Ecopath model  1 value per output

Distribution of the indices Comparing the two years

17

Guesnet et al. (2015). Incorporating food-web parameter uncertainty into Ecopath-derived ecological network indicators.



Basic outputs

Ecotrophic efficiency (EE) = parameter computed by Ecopath 

for each group = fraction of the group which is used by 

the system < 1

MATERIAL & METHOD: Ecopath model - BALANCING

5 

Progressive 

adjustment

Inputs: Basic inputs + DC
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SIMILAR STRUCTURE AND FUNCTIONING OF LAKE ANNECY FOOD WEB 20122007



EFFICIENCY OF TRANSFERS THROUGH THE FOOD WEB
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