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> The majority of the oceans is influenced by multiple human activities



Some ecosystems are more vulnerable

Halpern et al. (2019)

coral reef

o
-
o

mangrove@

rocky reef

@
surface water
hard shelf aslt marsh
deep soft benthic rocky intertidal @

deep seamount@ intertidal mud

kelp forest beach soft slope
deap water deep hard™ottom O soft shelf
hagd slope

subtidal soft batom

-
o
I
Q

E
[ =
I
S
>3

L
)

=

=
©
-}
e
=
o
ko]
C
o
'_

susp. feeder reef

2
Cumulative human impact, 2013




Some ecosystems are more vulnerable

coral reef

o
-
o

ieagrass
mangrove@

rocky reef

[ )
surface water hard shelf eait marsh

deep soft benthic rocky intertidal @
intgtidal mud

-
o
I
a
E
=
I
S
-
=
)
>
=
©
-}
e
=]
o
ko]
C
o
}—

deep seamount@®

kelp forest 3 beac h soft S|0pe q
de.p water deep hardBottom shelf

slope susp. feeder reef
subtidal soft batom

o
o
S

2
Cumulative human impact, 2013

» Many coastal ecosystems are among the most influenced by cumulative impacts

Halpern et al. (2019)
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» Many coastal ecosystems are among the most influenced by cumulative impacts

» Importance of monitoring programs and ecological studies to predict evolution
(e.g. REBENT)

Halpern et al. (2019)
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» Importance for the ecosystem
» Importance for mankind



Why study benthic species?
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Species numbers

» Importance for the ecosystem
» Importance for mankind

> Sessile species (sensitive to perturbation)

4 Increasing organic input

Pearson & Rosenberg (1978)



GOAL

Characterize cumulative impacts of human
activities on benthic coastal ecosystems



Methods



Study area

Sept-Iles, Canada

3 A » 5% Canadian harbour
Canada ' (25.3 MT of exchanged goods in 2018)

> Various industrial and harbour activities




Human activities
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> 9 different human activities

» Classified under 4 categories
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Data collection
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Data collection

50.25

> 4‘ Sept- ||es » 108 stations sampled in 2017

50.20 : :.’. ’0 » Between 0 and 70 m deep

Beie e "n. \! ¢
ﬁ o » Benthic communities sieved with a

0.5 mm mesh
» Habitat parameters considered:
e organic matter
« sediment grain-size
« heavy metal concentrations
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Modelling human influence

» Calculation of an index of influence with connectivity
functions based on particle dispersion models:

Lij = £i(Dij. Zi)

{: station, j: activity

D;;: distance from the source
Z;: depth

fj: connectivity function



Modelling human influence

» Calculation of an index of influence with connectivity
functions based on particle dispersion models: example for city influence:

Lij = £i(Dij. Zi)

i: station, j: activity

D;;: distance from the source
Z;: depth

fj: connectivity function

Index




Modelling human influence

» Calculation of an index of influence with connectivity
functions based on particle dispersion models: example for city influence:

Lij = £i(Dij. Zi)

i: station, j: activity

D;;: distance from the source
Z;: depth

fj: connectivity function

» Cumulative influence computed Cl: = E I:.
. .. i ij
with an additive model: :
J

Index




Predicting benthic communities

Organic matter

s ?\f};‘ Gravel, Sand, Silt, Clay

Arsenic, Cadmium, Chromium,

Copper, Iron, Manganese,
Mercury, Lead, Zinc

Human influence indices

Habitat parameters

Correlation
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Results &
Discussion
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Human influence distribution

“Hotspot” of human influence
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Human influence distribution

Most stations have a moderate to
high cumulative influence index
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Links with abiotic parameters

Cumulative influence index

Highest correlation with metals concentrations
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Links with abiotic parameters

Cumulative influence index

Highest correlation with metals concentrations

Low correlation with most habitat parameters
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Links with abiotic parameters

Highest correlation with metals concentrations < Human activities?

Low correlation with most habitat parameters
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Links with benthic communities

Mean abundance
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Links with benthic communities

Mean abundance
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Links with benthic communities

Mean abundance
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Links with benthic communities

Mean abundance
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To conclude:

» Development of an human influence score based
on the activities’ sources and the environment
parameters



To conclude:

» Development of an human influence score based
on the activities’ sources and the environment
parameters

» The influence score can be linked to habitat and
communities’ responses :
* correlations with organic matter and some
metals
« variation of phylum abundances



Next steps...

» Increase representativity of the influence index
with different particle models

» Add more human activities (e.g. fisheries)
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» Use prediction techniques (like HMSC) to predict
change under different human activity scenarios



Next steps...

» Increase representativity of the influence index
with different particle models

» Add more human activities (e.g. fisheries)

» Use prediction techniques (like HMSC) to predict
change under different human activity scenarios

»> Study different spatial scales (e.g. St. Lawrence)
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Links with benthic communities
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