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Fish habitat models:
= Abiotic factors: depth, substrate, salinity, etc
= Main biotic factors: trophic guilds

Rarely consider the relationships between fish and their
preys in a single model

Could substantially improve fish / habitat models and
our understanding of estuary functionning
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Problem:

= Availability of “multi-sources” data
= Differences in sampling schemes

= Lack of appropriate methodology
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This study Is part of the multi-disciplinary project
COLMATAGE (GIP Seine Aval) bridging different fields
ichtyology-benthology-sedimentology to study the
functioning of the Seine estuary

AIMS:

» Adapt a methodology to combine datasets with different
sampling schemes

> Analyze spatial relationships between bentho-demersal
fish and their potential benthic preys

» Assess temporal changes in time (1996-2002)
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Study area: Seine estuary
Megatidal
High river flow
Highly modified (Port 2000: last harbour infrastructure)
One of the most polluted estuary in Western Europe
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Data:

Two faunal time series (1996-2002)
With different spatial sampling design
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» Focus on two years 1996 & 2001 (best spatial covering)
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Spring = 500 m3.s 1996

River flow (m3.s-1)
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Spring = 2000 m3.s 2001

High (wet)

River flow (m3.s-1)
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Data summary:

Fish

Benthos

3m beam trawl

grab

autumn

winter

(no significant seasonal
variability: non parametric
manova)

systematic

systematic

bentho-demersal
commercial
juveniles + dominant
non commercial
Species (n=8)

>=19% occurrence
potential benthic

preys (based on
literature) (n=24)

density

biomass
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(separately for fish and benthos)

Space:
» Hierarchical clustering (ward on Gower's distance)
 |dentification of indicator species (Dufréne & Legendre, 1997)

Time:
e Graphical examination
 Numerical comparison of classifications (Mantel test)
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3-table approach
Linking fish and benthos data through a
neighbourhood matrix

o Spatial RLQ (Dolédec, 1996; Dray et al, 2002)

» ordination and spatial representation

« Extension of co-inertia analysis taking linear combinations of
variables of the two datasets which maximize the spatial cross-
covariance

 Fourth corner (Legendre et al, 1997; Legendre & Dray, 2008)

> correlations

» Estimate the relationships between each couple of variables of the
two datasets and test the significance using permutations
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Table Q Table R

Benthos o Fish

Step 1

Voronoi tessellation
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Cellule de Varanai

Diagramme de Voronoi : 'union des
régions de Voronoi de tous les
points.

Chaque sommet du diagramme de
Voronoi est le point de rencontre de trois
arétes de Voronoi
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& Methods

Table Q

Table R

Benthos

Fish

Step 1

Voronoi tessellation

Q

Correlations

Step 3

Computation of the
spatial-RLQ and the
fourth-corner

Table L

EFGHI JKLMN

Step 2

Computation of the
neighbourhood relationships

S

COoOO0OO0OO0OO0OO0OO0COOCOOOR R RLD>
[eNeleleleNeNeNoNeNe N NeNe Nl -]

C
1
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0

L
ShhrERREBowo~vwoorwnE

ICES ASC 20-24 September 2010, Nantes

D
0
1
1
1
0
0
0
0
0
0
0
0
0
0
0
0

o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1

0000000111




(7))
©
o
e
—
)]
=
o

species traits
hyperspace

species traits
RLQ axis

Benthos

species
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species traits
hyperspace

& Methods

environmental
RLQ axis

Variance of R

Variance of Q

species traits
RLQ axis

species traits
RLQ axis

Benthos

weights
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Test case 1

A) Sm. 1 Stn. 2 B) Herbiv. Carmiv.

A (kX m) B (k X n)

Cp X m D (p X n)
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C) St 1 Stn. 2

Live coral 1 0

& Methods

Turf

(a) Inflated data table

(b) Contingency table (D)

Occurrences Feeding habits Habatat types

n test case 1 from B from C Herbiv. Carmiv.

Sp. 1 @ Stn. 2 Carnivorous Turf Live coral 0 3
Sp. 2 @ Stn. 2 Carmivorous Turf

Sp. 3 @ Stn. 1 Carnivorous Live coral Turf 5 2
Sp. 4 @ Stn. 1 Carnivorous Live coral

Sp. 5 @ Stn. 1 Carmivorous Live coral

Sp. 6 @ Stn. 2 Herbivorous Turf

Sp. 7 @ Stn. 2 Herbivorous Turf

Sp. 8 @ Stn. 2 Herbivorous Turf

Sp. 9 @ Stn. 2 Herbivorous Turf

Sp. 10 @ Stn. 2 Herbivorous Turf




Test case 1

, , P A) St 1 Stn. 2 B) Herbiv. Carmiv.
A (kX m) B (kK X n) )
- \ Sp. 1 0 1 0 1
Sp. 2 0 1 0 1
v ) ‘1 X Sp. 3 1 0 0 1
C(p X m) D (; ) o . 0 0 .
Sp. 5 1 0 0 1
Sp. 6 0 1 1 0
Sp. 7 0 1 1 0
2 Sp. 8 0 1 1 0
o Sp. 9 0 1 1 0
@) Sp. 10 0 1 1 0
< €) S 1 $m 2 D) Herbiv.  Carniv
) Live coral 1 0 0-— +
> P=0027 — 0.494
E=003125 E=0500
o3 Tarf 0 1 5+ -
P
E

Contingency statistic:

G =54872. P (9999 perm.) = 0.058

(a) Inflated data table

b) Contingency table (D
Occurrences Feeding habits Habatat types ®) — . ®

n test case 1 from B from C

Herbiv. Carmiv.

Sp. 1 @ Stn. 2 Carnivorous Turf Live coral 0 3

Sp. 2 @ Stn. 2 Carnivorous Turf G 1 1

Sp. 3 @ Stn. 1 Carnivorous Live coral Turf 5 2 S a. IS IC

Sp. 4 @ Stn. 1 Carmivorous Live coral .

Sp. 5 @ Stn. 1 Carmivorous Live coral Y P m t t

Sp. 6 @ Stn. 2 Herbivorous Turf er u a‘ Ions
Sp. 7 @ Stn. 2 Herbivorous Turf

Sp. 8 @ Stn. 2 Herbivorous Turf

Sp. 9 @ Stn. 2 Herbivorous Turf

Sp. 10 @ Stn. 2 Herbivorous Turf




1° Space & time variabillity:
Fish and benthos separately

2° Fish-benthos spatial coupling:
RLQ and Fourth corner results
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Space & timé \)ariability: Fish

No difference in total density between years

l...--
2001
I'.l.l.l

x 1996

™~
o
<
©
o
<
et
o
<
<
o
<
“
o
<

s Gr1996
™~ £ T & 8 2 g 8 2
~ 3 = 2 5 2 g 3 2
< 2 2 S E k) B o 2
= 1S o T o o Q 2]
© = 2 ° € 3 (?) §
2 R 5 s 3 2
< 8 3 £ > e e
° o 3 = S 2
das, - 2 @ p= a
o
O 50 o .
o 20 S Mantel’s statistics = 0.373; P = 0.006
F <t
* . .
3 Indicator species
0.1 0.2

ICES ASC 20-24 September 2010, Nantes



I m_:nﬁ.m:___o._.
- mon.w_m_wcmcuw
l x>gEon.mmcmsao_gw
X I ceriuwew uolebis
i snpian|jad-sexeyd
[DEINR=IN TN ETS
X I siwioIsnyeiuamoO
I esopiiuenonN
. SNaolIale| SNISLWOl0N
X I nbiraquoy sAiydanN
esouo sAlydaN
ereluapiqelesAn
X BIIyleqewooep
X BSIouUI'aoyioona’
eba|iyouoaasiue]

+ I IluuBWpPIOUdPUIDAID

I elA10eplLrelado
X I inBejuow-elidsng
eauinBuesepiwng
ebuojauoalg
eqqifengion
epipuedeauleq
eoleqgaleeyduy
eqeelqy

1996

*** % *
0 IIIIIIIII

*

Nantes

/

*

* *
II-II-III-III

Indicator species

0.5
0

Mantel’s statistics = 0.430; P = 0.001

*
ICES ASC 20-24 September 2010

Space & time variability: Benthos
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Years:
1996-2001

Overlap: 78%
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Spatlal RLQ F1 F2 rlg.in.outx (91.3 %)1996
1996
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FOU rth corner Positive relationship
1996 Negative relationship

Positive relationship
consistent
with spatial RLQ on F1

Buglossidium.luteum
Callionymus.lyra
Gobiidae
Limanda.limanda
Merlangius.merlangus
Pleuronectes.platessa
Solea.solea
Trisopterus.luscus

Phaxas.pellucidus
Nucula.nitidosa
Macoma.balthica
Corbula.gibba
Barnea.candida
Spiophanes.bombyx
Owenia.fusiformis
Mysella.bidentata
Lanice.conchilega
Ampharete.baltica
Abra.alba
Tellina.fabula
Pectinaria.koreni
Notomastus.latericeus
Leucothoe.incisa
Sthenelais.boa
Sigalion.mathildae
Nephtys.hombergii
Nephtys.cirrosa
Glycinde.nordmanni
Glycera.tridactyla
Euspira.montagui
Eumida.sanguinea
Eteone.longa

S. Deposit feeder

N.S. Deposit feeder

Carnivorous
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coupling Fish Bent .in.outx1996
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RLQ F1 fish.in.outx 2001
RLQ F1 bent.in.outx2001
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FOU rth corner Positive relationship
2001 Negative relationship

Positive relationship
consistent
between 1996 & 2001

Buglossidium.luteum
Callionymus.lyra
Gobiidae
Limanda.limanda
Merlangius.merlangus
Pleuronectes.platessa
Solea.solea
Trisopterus.luscus

Phaxas.pellucidus
Nucula.nitidosa
Macoma.balthica
Corbula.gibba
Barnea.candida
Spiophanes.bombyx
Owenia.fusiformis
Mysella.bidentata
Lanice.conchilega
Ampharete.baltica
Abra.alba
Tellina.fabula
Pectinaria.koreni
Notomastus.latericeus
Leucothoe.incisa
Sthenelais.boa
Sigalion.mathildae
Nephtys.hombergii
Nephtys.cirrosa
Glycinde.nordmanni
Glycera.tridactyla
Euspira.montagui
Eumida.sanguinea
Eteone.longa

S. Deposit feeder

N.S. Deposit feeder

Carnivorous

coupling Fish Bent .in.outx2001
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Methodological interests:
= Spatial coupling between datasets from different sampling schemes
= Complementarity between spatial RLQ and Fourth corner outputs
= Multivariate method: large number of variables in a synthetic way

Limits:
= Representativity of polygons around sampling points

Ecology
= Two major communities for both fish and benthos (inner and outer estuary)
= Spatial relationships between fish (predator) and bentic preys
= Preliminary approach before testing trophic relationships and implementing
habitat models (Colmatage project)
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m Perspectives:

= Test the contribution of environmental variables on the spatial relationships
= Ongoing functional study on habitat use and trophic interactions for 3
flatfish species
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Thank you for your attention!

Limanda limanda

—— -

Callionymus lyra

Solea solea

Phaxas pellucidus
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Numerical comparison of classifications (Mantel test)

1) Translate each classification into a disjonctive matrix

G11 G12 G13 G14

(0]

o

Gl: 31422131141

1
1
(0]
1
(0]
(0]
(0]
1
(0]
(0]
(0]
(0]
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2) Transform disjonctive matrix in a dissimilarity 1
matrix (Jacard’s coefficient)

1234567 8910
2 1

3 01
4 111

5 1111

6 10111

7 010111

8 1110111

9 10111011
10111101111
11101110110 1

3) Compare the matrices with Mantel tests
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