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WEB?

DO THE FLUCTUATIONS IN THE ABUNDANCE OF INTERMEDIATE TROPHIC
GROUP IMPACT THE STRUCTURE AND FUNCTIONING OF AQUATIC FOOD




=> Peri-alpine lake
=>» Stable oligotrophic status for decades

Southampton
~ Brighton
£

Plymouth
.

Guernsey
Jersey.

Rennes
.

Nantes
5

e

-, L

‘{\/\ Brussels (‘/) cologne

o lille 2 Yy
\m&elguum

S

¥,
Luxémbb‘urg

Sy

Mannheim
0

France

L'a'Rochelle
.
Limoges
.

\

Bordeaux
D

Santander,

Toul
Bilbao o 9use

Vitoria;Gasteiz
.

Clermont:Ferrand Lyon
. 0

(
Montpellier: Monaco

Marselille
5




CONTEXTUAL BACKGROUND: Lake Annecy

Luminous W
energy { TT%
. @ | A
Matter >
lj\ \

Vegetal plankton = Animal plankton =

: : Secondary, tertiary... consumers
Primary producer Primary consumer



CONTEXTUAL BACKGROUND: Lake Annecy

e
11/ =
Luminous 7

energy E}@ N g:} n u=%,
Matter #‘ -

Vegetal plankton = Animal plankton =
Primary producer Primary consumer

G T

» 2 T
1 .\! 5\ = ‘ : :

Secondary, tertiary... consumers

100 kg.hat

Young of the Year
(YOY) perch




CONTEXTUAL BACKGROUND: Lake Annecy

IMPACTS OF FLUCTUATION IN ABUNDANCE OF YOY PERCH ON LAKE
ANNECY FOOD WEB STRUCTURE AND FUNCTIONING?




CONTEXTUAL BACKGROUND: Lake Annecy

IMPACTS OF FLUCTUATION IN ABUNDANCE OF YOY PERCH ON LAKE
ANNECY FOOD WEB STRUCTURE AND FUNCTIONING?

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

Population of perch in Lake Annecy

- Scientific fisheries, CEN nets -
450

. m 2007
350

2012
300 |
250 ’«

200 W

150

100 "
50 "

50 7oﬁiﬂ“‘*“—‘~¢.\‘

90 T

110 130 150 e SV

170190 519 ..

230
Length (mm) 250




CONTEXTUAL BACKGROUND: Lake Annecy

IMPACTS OF FLUCTUATION IN ABUNDANCE OF YOY PERCH ON LAKE
ANNECY FOOD WEB STRUCTURE AND FUNCTIONING?

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

Population of perch in Lake Annecy

- Scientific fisheries, CEN nets -
450

400
350

2012
300 \
\

250

200

150

100 \
50 | \

50 70

b,

1 10 130 T ,_;_,\ ‘*"—;*'—*'—;'—';—2'_,_:_; B
150 170 ————
190 210 |

230
Length (mm) 250



CONTEXTUAL BACKGROUND: Lake Annecy

IMPACTS OF FLUCTUATION IN ABUNDANCE OF YOY PERCH ON LAKE
ANNECY FOOD WEB STRUCTURE AND FUNCTIONING?

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

Hypl
. L 4

2. Level of YOY perch biomass the system can receive

Bmin ="?
Bmax = ?




CONTEXTUAL BACKGROUND: Lake Annecy

IMPACTS OF FLUCTUATION IN ABUNDANCE OF YOY PERCH ON LAKE
ANNECY FOOD WEB STRUCTURE AND FUNCTIONING?

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

2. Level of YOY perch biomass the system can receive

Bmin ="?
Bmax = ?

Q Ecopath model




MATERIAL & METHOD: Ecopath model

Q i*’" Ecopath = study of the structure and functioning of food webs

© Fundamental principle: Mass-balanced model



MATERIAL & METHOD: Ecopath model

Q Ecopath = study of the structure and functioning of food webs

© Fundamental principle: Mass-balanced model

Functionnal group

1 Species Life Group of
stage  species

- /




M

ATERIAL & METHOD: Ecopath model

Q Ecopath =» study of the structure and functioning of food webs

© Fundamental principle: Mass-balanced model

4 N
Functionnal group
1 Species Life Group of
stage  species
\_ /

@ Governed by two equations

1 Equation of production
Production = Fishery
+ Predation
+ other Mortality

+ Biomass accumulation |

+ net Migration

I 2. Equation of consumption

Consumption = Production
+ Respiration
+ Unassimilated food




MATERIAL & METHOD: Ecopath model

@ Ecopath = study of the structure and functioning of food webs

© Fundamental principle: Mass-balanced model

Consumption )
OF the group Catches

"

o Functionnal group
Respiration

| 1 Species Life Group of
= stage  species

ii \ ‘ )
Consumption ” Yo"

BY the group

@ Governed by two equations

Production = Fishery
+ Predation
+ other Mortality

1 Equation of production

+ Biomass accumulation |

+ net Migration

I 2. Equation of consumption

Consumption = Production
+ Respiration
+ Unassimilated food




MATERIAL & METHOD: Ecopath model

Q Ecopath = study of the structure and functioning of food webs

© Fundamental principle: Mass-balanced model @ Governed by two equations

1 Equation of production I
I Production = Fishery
i + Predation
| + other Mortality [
| + Biomass accumulation
I + net Migration I
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Respiration /N, I2 Equation of consumption
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© Potential representations of the ecosystem
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MATERIAL & METHOD: Ecopath model - DATA

@ Ecopath =» study of the structure and functioning of food webs

© Divide the ecosystem in 19 functional groups

19 groups: 14 fish groups + zoobenthos + zooplankton +
phytoplankton + macrophytes + detritus

© compile the data required

Observatoire des LAcs dlpins

=» 2 models



|. 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
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Structure and global functioning are similar
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=» Variation in the functioning of the food web
= YOY perch facilitates transfers from low to high trophic level o




[I. MINIMUM AND MAXIMUM YOY PERCH BIOMASS ACCEPTABLE FOR
LAKE ANNECY ECOSYSTEM
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MATERIAL & METHOD: Ecopath model - MODELS COMPARISON

» Bmin =71 kg.ha'l

*1/7

> T
. —

B=47,1kg.hatl *12

= 559 kg.hat

=>» Good carrying capacity for YOY perch
=>» Good capacity of the system to handle strong variations in YOY perch biomass



CONCLUSIONS ON LAKE ANNECY FOOD WEB

N\
. ’ Similar structure and global functioning of food web in both
) year
et )
| . ‘ Key contribution of YOY perch in transfers

=N \

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
/
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CONTEXTUAL BACKGROUND: Young Of the Year SYOYZ Perch
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La routine ENA Tool — incertitude routine 17

1 Ecopath model <~ 1 value per output
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=>» 50 000 balanced models - 50 000 outputs packages

Comparing the two years

Cliff ' s Delta = 0.892 ( large )
Variance= 1.6e-06 [ 0.89 - 0.89 ]

Delta de CIiff: caracterize the difference between the . i
distributions (Romano et al., 2006)
Large > Medium > Small > Negligible 57 L
il

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



MATERIAL & METHOD: Ecopath model - BALANCING

Basic outputs

. Biomass in ‘ 2 Production/ | Consumption : .
z Habitat ar - i . . hi Pr: ion /
Group name Trophic level (fraat:::iagna) g ?bal?:‘%( area (BU;():‘I\a)ss Z (lyear) zl‘g:)ss (/f)llaégrrr)xass Ef%%t{::cyc wﬁﬁ:ﬁ et
1 Pike 4026 1,000 1,059 1,059 0.366 1,581 0.218 0.232
2  Burbot 3.487 1,000 0,0485 0,0485 0.220 1.679 9.559 0.131
|=) Artic charr
3 Artic charr +26 3,308 1,000 0314 0314 0.482 1,769 0.548 0.272
4 Artic charr -26 3,206 1,000 0.0280 0.0280 0.259 4588 7.667 0.056
5 Trout 3,650 1,000 0.054 0.054 0.939 1,174 0,800 0.800
6 Tench 3.066 1.000 0.830 0.830 0.647 2,766 0.087 0.234
7 Perch 3473 1.000 1,355 1,355 0328 2271 0,636 0,145
8 PerchYoY 3,025 1,000 5419 5419 0328 2271 1,118 0.145
=) Whitefish
9 Whitefish +37 3,030 1,000 2,159 2,159 0.804 1,769 0,348 0.454
10 whitefish -37 3,040 1,000 2125 2125 0.524 2,663 0,132 0,197
11 Bullhead 3174 1,000 0,000350 0,000350 0,698 4,900 15,656 0,142
12 Blenny 3205 1,000 0,00131 0,00131 0,681 5.648 2274 0.121
13 Roach 2508 1,000 2481 2481 0.370 2775 0.262 0,133
14 Cyprinids 2584 1,000 1.926 1.926 0274 3,698 0,123 0.074
15 Zoobenthos 2250 1,000 9,639 9,639 5.200 26,000 0.187 0.200
16 Zooplankton 2,000 1,000 13,04 13,04 19,00 69,091 0.346 0.275
17 Phytoplankton 1,000 1,000 2032 2032 3290 0.770
18 Macrophytes 1,000 1,000 7.251 7.251 10.000 0.900
19 Detritus 1.000 1.000 2200 2200 0,616

ECOtI‘OphiC eﬁiciency (EE) = parameter computed by Ecopath
for each group = fraction of the group which is used by
the system <1

Progressive
adjustment

INpUtS: Basic inputs + DC

Biomsss
Habilat | habeat | ol | Production | ConsumpBon | e cuoptic | Other | Production/ | Unsssim | Dets
Grpome. |ww. e Tora | (yeans | (pomess | Eficency | morakty | consumpton | consumption | (7 )

i Pke 10000 03823 o6 12504 0

2 bt 10000 | 0168 oz 1m0 o

v Arctic chart

3 Aectic charr +26  1,0000 T e T T i

i lechcchar-26 1000 | Prey\predator | 1] 2 [3[a[5[6[7[8]0

S Trout 10000 1 Pike 001 1

6 Tench 10000 5 Bubet 003

R o 1900 3 Arclicchar+ 26 001

© i 4 Acticchar-26 002 004

s Whitsish+37 10000 5 Trout 001

10 Whitehsh-37 10000 6 Tench 003

i 10000 7 Perch 012 001

12 [Blenry el B Perch vor____10471043100700210.18] _0.37]

4 :::m ;g 9 \hitefish + 37

AT s

16 Zooplankton 1.0000 3 : 2

17 Phytcpteniion 1000 12 Blenny 000 000 001

18 Macrophytes 10000 13 Roach 009016 000 001 028 001

19 Devite 10000 14 Cyprinids 003 002 000 000 007 000
15 Zoobenthos 006 043 063 071 022 035 032 010 011 016 063 080 039 030
16 Zooplankion 025 025 002 061 023 030 088 084 035 019 001 018 025
17 Phytoplankion 014 0.11 025 050
18 Macrophytes 002 015 021 025
19 Detritus 006 029 0.15 025 050
20 Import 000 000 000 0.00 001 000 000 000 000 0.00 000 000 000 004 000 0.00
21 Sum 100 1,00 100 100 100 100 1.00 1,00 100 1.00 100 100 100 100 100 100
22 (1-Sum) 000 000 000 0,00 0.00 0.00 000 000 000 0.00 000 000 000 000 000 0.00



SIMILAR STRUCTURE AND FUNCTIONING OF LAKE ANNECY FOOD WEB

Main transfer paths
6 transfers maximum
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