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Is the lack of physical structure
a scientific evidence?

Test how and to what degree physical structure differs between a variety of
artificial and natural habitats.

Test if eventual differences are consistent across spatial scales.

Test how and to what degree intertidal biota is affected by physical structure in
natural and artificial habitats.
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Study area
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ExVAS
Boulder field (Nat-Irr) _ Cliff (Nat-Reg) 4-way ANOVA design
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| Assessment of physical structure

Surface roughness Abundance and Diversity of
surface microelements (Shannon
H’ Entropy)

From
3D digital S Workilow elevation
) (Agisoft
modelling Ve mode(l ;o TPI
R
Elevation

Thresholding
(R)

Software: AGISOFT METASHAPE V. 1.6 Grasselli & Airoldi (2021) for details
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Benthic community assessment

Response datasets:

Ulva spp.

Scytosiphon sp.

Cystoseira sp.

Leafy Bangiaceae
Filamentous Rhodomelaceae
Articulate Coralline Algae (ACA hereafter)je=— 2. Cover of algae
Biofilm

Green Filamentous Algae (GFA)

=1. Benthic coverage

Photoquad

Software Turf =
Mytilus galloprovincialis == :

: : . 3. Cover of sessile
Ostreidae (a mix of Ostrea edulis and : b
Magallana gigas) Inverteprates
Barnacles
Monodonta mutabilis 4, Multivariate
Patella spp. community
structure
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Analysis of physical structure

Inclination 1. Artificial habitats were steeper than
(A) 100 (B) 12001 - .
natural habitats, and seawalls were more
g homogeneous
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1. Artificial habitats were steeper than
Exposure natural habitats, and seawalls were more
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_ 2. Substrates reported statistically similar
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Analysis of physical structure

1. Artificial habitats were steeper than
natural habitats, and seawalls were more

homogeneous
Roughness J

A s CHE : 2. Substrates reported statistically similar
exposures, but seawalls reported a
different spatial pattern

©
w

M Breakwaters =

1.0 Artificial Irregular

B Seawalls =
Artificial Regular

3. lrregular substrates were rougher than
regular substrates

Variance
o
o

OBoulder fields =
Natural Irregular

Real surface / planar surface
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Analysis of physical structure

1. Artificial habitats were steeper than
natural habitats, and seawalls were more
homogeneous

2. Substrates reported statistically similar
exposures, but seawalls reported a
different spatial pattern

Abundance of morphological elements

50

W Breakwaters = Artificial

£ 'S”eg“'ljr N 3. lrregular substrates were rougher than
3 ¥ Seawalls = Artificial Regular
b regular substrates
2 O Boulder fields = Natural -
= regular 4. Differences were detected only between
CIHEE K B I LI habitat morphologies for “Lower slopes”
Valleys Lower Flatslopes Middle Upper Ridges and “Ridges"

slopes slopes slopes
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Analysis of physical structure

Diversity of morphological elements

Habitats

(B)

M Breakwaters =
Artificial
Irregular

Seawalls =
Artificial Regular

OBoulder fields =
Natural Irregular

& Cliffs = Natural
Regular

0.101
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1.

Artificial habitats were steeper than
natural habitats, and seawalls were more
homogeneous

Substrates reported statistically similar
exposures, but seawalls reported a
different spatial pattern

Irregular substrates were rougher than
regular substrates

Differences were detected only between
habitat morphologies for “Lower slopes”
and “Ridges”

Diversity of morphological elements was
comparable among habitat types and
morphologies



Analysis on intertidal assemblages —
Redundancy Analysis (RDA)

o kw. = : .

ariicial Imeguar Total benthic coverage 1. Total benthic coverage was not related to any
A Seawalls = o . :

Artficial-Regular descriptor of physical structure

O Boulder fields =
Natural-Irregular

A Cliffs =
Natural-Regular

PC1 ( 99.5 % of total inertia)

RDA1 (0.5 % of total inertia)
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Analysis on intertidal assemblages —
Redundancy Analysis (RDA)

S Erifciar meguer 1. Total benthic coverage was not related to any
4 Eﬁﬁ%ﬂ:}}gmw Cover of algae descriptor of physical structure
oulder rielas =
:cN;ﬁ‘f‘firi"'”eg”'ar 2. 23.1% of algal cover variance was explained
Natural-Regular f | & by (I)nclination (10%) and (E)xposure (8%)
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PC1 ( 76.9 % of total inertia)

RDA1 ( 23.1 % of total inertia)
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Analysis on intertidal assemblages —
Redundancy Analysis (RDA)

® Breakwaters =

Artificial-Irregular 1. Total benthic coverage was not related to any
A Seawalls = . s
Artificial-Regular descriptor of physical structure

Boulder fields = .
© Bouder ields Cover of invertebrates

A Cifaz 2. 23.1% of algal cover variance was explained
NawralRegular ] | by (I)nclination (10%) and (E)xposure (8%)
2 " aat 3. 21.6% of sessile invertebrate variance was
5. | : s explained by (I)nclination (7%), (E)xposure
2w FA W e (7%) and (R)oughness (3.5%)

RDA1 ( 21.6 % of total inertia)
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Analysis on intertidal assemblages —
Redundancy Analysis (RDA)

® Breakwaters = )
At megular 1. Total benthic coverage was not related to any
walls = . ;
A arioal megular descriptor of physical structure
O Boulder fields =
Acites _ 2. 23.1% of algal cover variance was explained
Natural-Regular Community structure by ()nclination (10%) and (E)xposure (8%)

3. 21.6% of sessile invertebrate variance was
explained by (I)nclination (7%), (E)xposure
(7%) and (R)oughness (3.5%)

4, 9.2% of community structure was explained by
Inclination (4.6%) and Exposure (3.2%)

RDA2 ( 1.2 % of total inertia)

RDA1 ( 8 % of total inertia)
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® Breakwaters =
Artificial-Irregular
A Seawalls =
Artificial-Regular
O Boulder fields =
Natural-Irregular
A Cliffs =
Natural-Regular

Analysis on intertidal assemblages —
Redundancy Analysis (RDA)

RDA2 ( 1.2 % of total inertia)

RDA1 ( 8 % of total inertia)

1.

2.

Total benthic coverage was not related to any
descriptor of physical structure

23.1% of algal cover variance was explained
by (I)nclination (10%) and (E)xposure (8%)
21.6% of sessile invertebrate variance was
explained by (I)nclination (7%), (E)xposure
(7%) and (R)oughness (3.5%)

9.2% of community structure was explained by
Inclination (4.6%) and Exposure (3.2%)

Main organisms’ scores (r > 0.5) support
previous observation.
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Analysis of benthic community —
Analysis of Covariances (ANCOVA)

After taking into account for the variability
explained by physical structure (i.e. including
significant descriptors as covariates)
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Analysis of benthic community —
Analysis of Covariances (ANCOVA)

Total benthic coverage After taking into account for the variability
100% explained by physical structure (i.e. including
o mereskuaters - Aifical - gjgificant descriptors.as covariates)
T rregular B . .
o ! T e 11 Total benthic coverage reported differences
g D poulder fields = Natural In habitat type interacting with morphology

25%
[ Cliffs = Natural Regular

0%

Habitats
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Analysis of benthic community —
Analysis of Covariances (ANCOVA)

After taking into account for the variability
explained by physical structure (i.e. including

Algal cover ’ s g .
100% significant descriptors as covariates)
5% mremees=aiical 1. Total benthic coverage reported differences
T . . . i .
W 1 | Seawall - Arificl In habitat type interacting with morphology
. Teueetess=tevl 2. Algal cover was not affected by substrate
% @ Cliffs = Natural Regular type NnNor habltat morphOIOQy
0%

Habitats
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Analysis of benthic community —
Analysis of Covariances (ANCOVA)

After taking into account for the variability
explained by physical structure (i.e. including
significant descriptors as covariates)

Sessile invertebrates cover

100% 1. Total benthic coverage reported differences
m Breakwaters = Artficia In habitat type interacting with morphology

Irregular

sseavals=aniical 2. Algal cover was not affected by substrate

Regular

B Boulder felds = Natura type nor habitat morphology

Irregular

. mam=nawareguar - 3, SeSSile invertebrates reported differences
In habitat type interacting with morphology

75%

50%

25%

0% —_—

Habitats
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Analysis of benthic community —
Analysis of Covariances (ANCOVA)

After taking into account for the variability
explained by physical structure (i.e. including
significant descriptors as covariates)

1. Total benthic coverage reported differences

o B et o ) In habitat type interacting with morphology
T T O 2. Algal cover was not affected by substrate
gos g oa \\ type nor habitat morphology
-% "‘/ Rhodomelaceae‘ A \ A Clifts =gatur|al . . -
[ e BT 3. Sessile invertebrates reported differences
ol | i .mé:,_i_,_ﬁ A0 e . . . . ;
: ! 2a® 4 agd In habitat type interacting with morphology
S %”“fx NI . .
. g \ / 4. Community structure reported differences
N > B“TL// In habitat type interacting with morphology.
| | | | Mainly oysters, barnacles and limpets
| POO" (2544 oflal varaton) | caused this differentiation
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Not all artificial substrates are equal

How. and to what degree are intertidal.assemblages affected by
physical complexity in natural and artificial habitats?
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What are we missing?

— 1..Complexity
2. Composition (l.e.
physiochemical properties)
3. Disturbance (type of
anthropic use, frequency
of maintenance)
. Surrounding environment
. Source of pollution
. Blotic settings (i.e.
predation settings)

Poor ecological performance
of artificial substrates is
the product of multiple co- _
occurring structural and
non-structural differences

o O1 H
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Take on message

Despite most current greening intervention focus on just
physical structure; we encouraged a wider reflection about
what makes an infrastructure “greener”

Enhance ecological value through a site-specific multilevel
rethinking of artificlal substrates for synergistic benefits
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