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Functional trait-based approaches for aquatic ecologists Introduction

Functional trait-based approaches as a common framework

For whom?
For freshwater, marine, benthic, and pelagic ecologists

Lake Croche Headwater stream, Intertidal reefs, Bay of Villefranche-sur-mer
Québec, Canada Cleurie, France English Channel, France From a submarine, Med Sea



Functional trait-based approaches for aquatic ecologists Introduction

Functional trait-based approaches as a common framework

Why?
® Transcend local specificities and taxonomy
® Bridge communication gaps and foster knowledge sharing
® Provide a common ground and shareable tools to address common
scientific challenges

I




Functional trait-based approaches for aquatic ecologists

Synthesis

Step 1: Adopting a common language

® Propose shared definitions (from what was available)

e Aquatic functional trait typology

\
Tg [ Organism shape
'go ‘ Volume to biomass ratio
E | Level of cellularity/Coloniality ‘
[ ‘ Bioluminescence Bioluminescence |
§ ‘ Food particle size range Water content Breeding type Defence structures (incl.
Fecundity armouring, biomineralisation)!
(offspring size & number) \ Transparency ‘
Term Recommended definitions References E’ Voltinism Color
Trait Any morphological, physiological or Violle et al. (2007) E ‘ Life cycle (incl. bentho-pelagic cycle)/ Aquatic stage(s) ‘
phenological feature measurable at the i ‘ Lifespan/longevity ‘
individual level, from the cell to the whole- 5 l Type of reproduction (sexual or asexual)

Functional trait

Realized trait

Potential trait

organism level, without reference to the
environment or any other level of
organization.

Any trait that impacts fitness indirectly via its
effects on growth, reproduction and survival.

Trait actually measured in situ or in the
laboratory

Trait described from the literature, usually at
the species level, and ideally covering a large
variety of environmental conditions.

Violle et al. (2007)

Reu et al. (2011)

Reu et al. (2011)

Trait type

Physiological

Ecological function

Resource acquisition Growth Reproduction

Survival

Maximum organism size

Size at maturation Reprod. strategy (free or fixed
Photosynthesis ability | Maximum growthrate | | eges/clutches, parental care)

Resting stages/ dormancy/
diapause

Salinity preferences/tolerances

Chemical compounds for
mating or detecting

‘ Nutrient requirements ‘
‘ Stoichiometric requirements/content

congeners

Starvation tolerance, incl.
lipid reserves/content

Basal metabolic rate

Feeding efficiency or [ Faecal pellet production ‘
clearance rate

Food preferences/diet

Toxin production

Feeding mode ‘

Escape responses

Allelochemical compounds

Dissemination potential

Motility/Locomotion (pattern, speed) [

\ Migrations \

Substrate relation (plankton/benthos, including substrate specific relation for benthos)

ing, including bioturbation/irrigation for benthos |

Behavioral

\
\ Ec
l Perception of sounds ‘ Production/perception of sounds |




Functional trait-based approaches for aquatic ecologists

Synthesis

Step 2: Listing trait databases

List the numerous databases of functional traits for aquatic organisms (25
databases at the time, published from 1994 and 2019)

Name of the

Taxonomic groups of
interest and habitats

Reference

Web link

Brief description

Traitbank—encyclopedia of
life

Bromeliad invertebrate traits

South-east Australian
freshwater
macroinvertebrate traits

EPA freshwater biological
traits database

Biological Traits Information
Catalogue (BIOTIC)
EMODnet Biology database

Functional traits of marine
macrophytes

All taxa across the tree of
life, including marine and
freshwater organisms

Aquatic invertebrates in
bromeliads from South
America

Freshwater
macroinvertebrates from
South-East Australia

Freshwater
macroinvertebrates from
North America rivers and
streams

Benthic marine macrofauna
and macroalgae
European seaweeds

European marine
macrophytes, including
seaweeds

Parr et al. (2014)

Céréghino
et al. (2018)

Schifer et al. (2011)

U.S. EPA (2012)

MARLIN (2006)

Robuchon et al. (2015)

Janes et al. (2017)

Provides traits,
measurements,
interactions and other
facts. Actively growing
resource covering all
ecosystems (ot restricted
to aquatic ecosystems).

12 functional traits of 852
taxa

9 traits, described at the
family level for 172 taxa

Includes functional traits
(e.g., life history, mobility,
morphology traits) but
also ecological and habitat
information for 3857
North American taxa.

Includes 40 biological trait
categories.

Functional traits
(morphology, life history,
ecophysiology) and
ecological information
(incl. Biogeography) for
the 1800 seaweed species
listed in Europe.

Functional traits
(morphology,
ecophysiology) and
ecological information for
68 species.

http://eol.org/info/516

https://knb.ecoinformatics.
org/#view/doi:10.5063/
F1IVD6WMF

Supplementary information
to the article

https://www.epa.gov/risk/
freshwater-biological-
traits-database-traits

http://www.marlin.ac.uk/
biotic
Ongoing work

https://www.datadryad.org/
resource/doi:10.5061/
dryad.964pf/1

hydrothermalvent

o
o
O
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FishTraits




Functional trait-based approaches for aquatic ecologists Synthesis

Step 3: Listing methods

Synthesis on traditional as well as recent promising methods (imaging, omics)

REALIZED TRAIT
Individual scale

Laboratory
Lab or in situ measurements @\@ iy
Insitu Q\l ¢ Trait TRAIT PROFILE

-
Litterature == it (R —nsvomncs sca
A=
Literature g 12 3 4 5 6 7
I —

Taxon scale Modalities of a given trait
POTENTIAL TRAIT

nnnnn N Taxa | Morphological | Behavioral |  Life- | Physiological
ooooooo ry | | // traits its History
Q o pepod: Mol ffspring reserve
_ < sizo &
. S - number
o < )
I maging Insitu \’/

ivi TRAIT
Individual scale DATABASES
. i S \ A (Meta)B
Sequencing (omics) I
DNA D04 GENES PRESENCE OF
—_— —_—
— w ENTIFICATION >OTENTIALTRAITS
# (Meta)G
. NGS <
Meta-omics Jr\z/_
. AN
(community scale) ) —CENES o penlizen TRAITS

x) EXPRESSION



Functional trait-based approaches for aquatic ecologists Synthesis

Highlighting challenges and promising avenues

Opportunities for aquatic trait-based approaches

1) Documenting key traits 2) Spatial distribution of traits

Multi-compartment studies Trait biogeography

/- Revealing
1 y .
\ &e} ; \y hidden patterns
D

Intra- SpeCIfIC varlablllty

0y lpe

Trade-offs Spatial variability of functional diversity

3) Trait response to global change 4) Scaling up to ecosystem
Temporal dynamics of traits Body size and trophic interactions
L“: O . . - .
/ Climate change Stoichiometric traits
F6° C:N:P
Trait-based eiN e

biomonitoring { f

Trait-based ecotoxicology | From traits to global biogeochemical cycles




Functional trait-based approaches for aquatic ecologists

Synthesis

Highlighting challenges and promising avenues

Usefulness of

machine learning

(images)  —|_
Traits in R
regulatory ™
biomonitoring

Opportunities for aquatic trait-based approaches

1) Documenting key traits

2) Spatial distribution of traits

Multi-compartment studies
i<
1 % 4
\ gt \g

Intra-specific variability
A —rce

Trade-offs

Trait biogeography

Revealing
hidden patterns
2

Spatial variability of functional diversity

3) Trait response to global change

4) Scaling up to ecosystem

Temporal dynamics of traits

C,

Trait-based
\biomonitoring

i

Climate change

Trait-based ecotoxicology

Body size and trophic interactions
o—0

;i Stoichiometric traits
6 o]

o C:N:P

.

From traits to global biogeochemical cycles

~Stoichiometric
traits




Functional trait-based approaches for aquatic ecologists Examples of recent work (1/4)

Example 1: Machine learning for measuring traits

Various algorithms can be used (example here: trait = size of copepod egg
sacs)

Oithona
}\‘
3

Oithona with eggs

8




Functional trait-based approaches for aquatic ecologists Examples of recent work (1/4)

Various algorithms can be used (example here: trait = size of copepod egg

S‘aCS)CIassification Object detection Segmentation Deep regression
Oithona

)

\\ \

Oithona with eggs




Functional trait-based approaches for aquatic ecologists Examples of recent work (2/4)

Example 2: Biogeography of mixotrophic traits

Using metabarcoding (exemple here: trait = generalist non-constitutive mixotrophy)

Field data review (Leles et al. 2017) Metabarcoding data
(no omics, Presence/Absence of 60 species) (Tara Oceans dataset) g pe=er =~
Questionable (< 100 reads)
" . = 3 ) SR
Lo > Q’}x 4 O 5 . >
K A o ) :
. e o L * - o o ; 3

A ¢ .
4 - L e @ v oL
GNCMs .. g Y % °:

e ® 4



Functional trait-based approaches for aquatic ecologists Examples of recent work (3/4)

Example 3: StO|Ch|Ometr|C tralts = All traits related to organisms’

elemental composition

To explain functional shifts in community composition & consequences for nutrient cycling

%P N:P
o . Altered community stoichiometry
Herer traits = Commumty -> altered nutrient pool provided
i ) . ; by consumers
Weighted Mean %P and N:P ratios > %C. %N, %P

molar C:N, C:P, N:P

7 a-y
iy Ve
~NEER . @ 2
. R A 5 £ 2
/ : . . . = . - - & 3
' ' S, FARY Functional trait shifts in line with EST | o — & z 0 v 3 z Eal
£ e . . ES AN X o~ (&} o Z |0
{ - P rich, fast-growing, \ | \ /
<3 . . . V' of \ [ /
_esan, P Ess fast-developing taxa under high P . NxL7 / /
PN I/,
N ey \ ,‘ \ / /
| { J o - o ®» o

Decreasing water P



Functional trait-based approaches for aquatic ecologists Examples of recent work (4/4)

Example 4: Biomonitoring

A crowd-sourcing approach for documenting diatom deformities

Planothidium

=)
8

g

(/ \[ - FCAT -@- FCAP |
l [\

[\

[ A"
[\

C1 C2 C3 C4 C5 Cs8 C7

frequentissimum Fragilaria capucina ’ Fraglaria capwcina (FCAP]
Water quality classes

.. < and abnormal form (FCAT)
Vallanzasca et al. (2023) Bot. Let.

Development of a collaborative web platform documenting the diversity and extent of diatom deformities
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Functional trait-based approaches for aquatic ecologists Synthesis

® Interactive mental map




Functional trait-based approaches for aquatic ecologists Synthesis

Opportunities for training new ecologists!

® Interactive mental map



