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“trait”

adjustable property of a biological entity 
that affects its fitness

• traits characterize single organisms, populations, species 
(genotypes), communities, groups

• traits can be quantified (value)

• trait values alter due to behavior, sorting, selection, …

• all traits change over time



environment traits growth

traits are key for understanding and modeling
the response of ecosystems to environmental change



traits can be further categorized

effect vs. response

genetic • morphological • physiological • life-history • behavior

BUT THIS MAY NOT BE HELPFUL 

environment traits growth
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“Fundamental” (“master”, “key”) traits
entail many trade-offs

fundamental traits strongly vary in time and space
and determine many aspects of growth

➜ mechanistic modeling and indicator definition 

𝑁 ∗ (𝑁 − 1)/2

𝑁 = 14➝ 91
𝑁 ∗ 𝑛

𝑁 = 14, 𝑛 = 2➝ 28



trait hierarchy and trade-offs in
phytoplankton
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Wirtz MarBiol 2012, Wirtz & Sommer MarBiol 2012
Wirtz & Kerimoglu FrontEcolEvol 2016
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trait hierarchy and trade-offs in
zooplankton



Wirtz JPR 2013

Scaling laws derive from biomechanics
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Universal feeding kernel and breadth

Wirtz MEPS 2014

biomechanical modeling



Predator-prey size-scaling across (aquatic) taxa

(García-Oliva and Wirtz, in prep.)

non-allometric scaling

biomechanics:
non-allometric scaling

reference line for
feeding type
(e.g., below: suspension feeding;  

above: ambushing) 

food
affinity

edibility

body
size

feeding
type

respiration

maximal
ingestion

activity

optimal 
prey size

kinetics

selectivity



traits in macrozoobenthos



from species to traits
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Actinauge richardi invert 3 1 0 0 0 4 0 0 0 4 4 0 1 0 0 3 4 0 3 1 0 0 4 0 0 0 4 4 2 2 0 0 4 1 3 0 0 4 2 2 0 0 4 0 4 4 4 0 4 0 0 4 4 0 4 4 0 0 0 0 0 0 1 3 4 0 4 4
ACANTHOCARDIA ECHINATA invert 0 0 4 0 0 4 0 0 4 0 4 0 4 0 0 0 4 0 4 0 0 0 4 0 0 0 4 4 0 0 0 0 0 0 4 0 0 4 3 1 0 0 4 0 4 4 3 1 4 0 0 4 4 0 4 4 0 0 0 0 0 0 0 4 4 0 4 4
ACTINIARIA invert 3 1 0 0 0 4 0 0 0 4 4 0 1 0 0 3 4 0 0 4 0 0 4 0 0 0 4 4 2 2 0 0 4 0 4 0 0 4 3 1 0 0 4 0 4 4 4 0 4 0 0 4 4 0 4 4 1 2 1 0 4 0 4 0 4 0 4 4
Adamsia carciniopados invert 3 1 0 0 0 4 0 0 0 4 4 1 1 0 1 1 4 0 4 0 0 0 4 0 0 4 0 4 3 1 0 0 4 0 4 0 0 4 2 2 0 0 4 0 4 4 2 2 4 0 0 4 4 0 4 4 0 0 0 0 0 0 4 0 4 0 4 4
Aequipecten opercularis invert 0 1 0 0 3 4 0 0 4 0 4 0 4 0 0 0 4 0 4 0 0 0 4 0 0 4 0 4 4 0 0 0 4 0 4 0 0 4 2 2 0 0 4 0 4 4 2 2 4 0 0 4 4 0 4 4 0 0 3 1 4 0 4 0 4 1 3 4
AGONUS CATAPHRACTUS fish 0 0 0 0 4 4 0 0 4 0 4 0 0 0 0 4 4 0 0 4 0 0 4 0 4 0 0 4 4 0 0 0 4 0 0 4 0 4 4 0 0 0 4 0 4 4 0 4 4 4 0 0 4 0 4 4 1 3 0 0 4 0 0 4 4 0 4 4
Alcyonidium diaphanum invert 4 0 0 0 0 4 0 0 0 4 4 0 4 0 0 0 4 0 0 0 4 0 4 0 0 4 0 4 2 2 0 0 4 0 2 2 0 4 4 0 0 0 4 0 4 4 4 0 4 0 0 4 4 0 4 4 0 0 0 0 0 0 4 0 4 2 2 4
AMMODYTIDAE fish 0 0 1 0 3 4 0 0 4 0 4 0 1 0 0 3 4 0 0 4 0 0 4 0 0 4 0 4 0 4 0 0 4 0 0 4 0 4 4 0 0 0 4 0 4 4 0 4 4 2 0 2 4 0 4 4 4 0 0 0 4 0 4 0 4 0 4 4
Anapagurus laevis invert 0 0 0 4 0 4 0 0 4 0 4 2 0 0 2 0 4 4 0 0 0 0 4 1 3 0 0 4 3 1 0 0 4 0 0 4 0 4 1 3 0 0 4 0 4 4 3 1 4 0 0 4 4 4 0 4 0 0 0 0 0 0 4 0 4 1 3 4
Antalis entalis invert 0 0 4 0 0 4 0 0 4 0 4 2 0 0 0 2 4 0 4 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 4 0 0 4 0 0 0 0 0 0 4 4 4 0 4 0 0 4 4 0 4 4 0 0 0 0 0 0 4 0 4 0 4 4
APHRODITA ACULEATA invert 0 0 3 1 0 4 0 0 4 0 4 0 0 0 2 2 4 0 4 0 0 0 4 0 1 3 0 4 2 2 0 0 4 0 0 4 0 4 4 0 0 0 4 0 4 4 3 1 4 0 0 4 4 0 4 4 2 2 0 0 4 0 4 0 4 0 4 4
Aporrhais pespelecani invert 0 0 3 1 0 4 0 0 4 0 4 3 0 1 0 0 4 0 4 0 0 0 4 0 1 2 1 4 3 1 0 0 4 0 0 4 0 4 4 0 0 0 4 0 4 4 3 1 4 0 0 4 4 0 4 4 0 2 1 1 4 0 0 4 4 1 3 4
ARNOGLOSSUS LATERNA fish 0 0 0 0 4 4 0 0 4 0 4 0 0 0 0 4 4 0 3 1 0 0 4 0 0 4 0 4 0 4 0 0 4 0 4 0 0 4 4 0 0 0 4 0 4 4 0 4 4 2 0 2 4 0 4 4 0 0 3 1 4 0 4 0 4 0 4 4
ASCIDIACEA invert 4 0 0 0 0 4 0 0 0 4 4 0 4 0 0 0 4 0 4 0 0 0 4 3 1 0 0 4 4 0 0 0 4 2 2 0 0 4 3 1 0 0 4 1 3 4 4 0 4 0 0 4 4 0 4 4 0 0 0 0 0 0 4 0 4 4 0 4
Astarte sulcata invert 0 0 4 0 0 4 0 0 4 0 4 0 4 0 0 0 4 4 0 0 0 0 4 0 0 4 0 4 0 0 0 0 0 0 0 4 0 4 0 4 0 0 4 0 4 4 3 1 4 0 0 4 4 0 4 4 0 0 1 3 4 0 4 0 4 0 4 4
ASTERIAS RUBENS invert 0 0 0 4 0 4 0 0 4 0 4 0 0 0 1 3 4 0 0 4 0 0 4 0 0 4 0 4 4 0 0 0 4 0 4 0 0 4 3 1 0 0 4 0 4 4 2 2 4 0 0 4 4 0 4 4 1 3 0 0 4 0 4 0 4 4 0 4
ASTROPECTEN IRREGULARIS invert 0 0 2 2 0 4 0 0 4 0 4 0 0 0 1 3 4 0 4 0 0 0 4 0 3 1 0 4 1 3 0 0 4 0 4 0 0 4 3 1 0 0 4 0 4 4 2 2 4 4 0 0 4 0 4 4 0 2 2 0 4 0 4 0 4 4 0 4
Brissopsis lyrifera invert 0 0 3 1 0 4 0 0 4 0 4 4 0 0 0 0 4 0 4 0 0 0 4 0 4 0 0 4 0 4 0 0 4 0 4 0 0 4 0 0 0 4 4 0 4 4 3 1 4 0 0 4 4 0 4 4 0 0 3 1 4 4 0 0 4 0 4 4
Buccinum undatum invert 0 0 0 4 0 4 0 0 4 0 4 0 0 0 2 2 4 0 4 0 0 0 4 0 0 0 4 4 0 0 3 1 4 0 0 0 4 4 3 0 0 1 4 4 0 4 1 3 4 0 0 4 4 4 0 4 2 2 0 0 4 0 0 4 4 1 3 4
BUGLOSSIDIUM LUTEUM fish 0 0 0 0 4 4 0 0 4 0 4 0 0 0 0 4 4 0 3 1 0 0 4 0 0 1 3 4 0 4 0 0 4 0 4 0 0 4 4 0 0 0 4 0 4 4 0 4 4 2 0 2 4 0 4 4 0 1 3 0 4 0 4 0 4 0 4 4
CALLIONYMUS fish 0 0 0 0 4 4 0 0 4 0 4 0 0 0 1 3 4 0 2 2 0 0 4 0 0 4 0 4 4 0 0 0 4 0 4 0 0 4 3 1 0 0 4 0 4 4 0 4 4 0 0 4 4 0 4 4 0 2 2 0 4 0 4 0 4 0 4 4
CANCER PAGURUS invert 0 0 0 4 0 4 0 0 4 0 4 0 0 0 0 4 4 0 0 0 4 0 4 0 0 0 4 4 0 0 4 0 4 0 0 4 0 4 3 1 0 0 4 0 4 4 0 4 4 2 2 0 4 4 0 4 4 0 0 0 4 0 4 0 4 0 4 4
CHAMELEA GALLINA invert 0 0 4 0 0 4 0 0 4 0 4 0 4 0 0 0 4 1 3 0 0 0 4 0 4 0 0 4 4 0 0 0 4 0 4 0 0 4 4 0 0 0 4 0 4 4 4 0 4 0 0 4 4 0 4 4 0 0 3 1 4 0 1 3 4 0 4 4
CHELIDONICHTHYS LUCERNA fish 0 0 0 0 4 4 0 0 4 0 4 0 0 0 0 4 4 0 0 2 2 0 4 0 0 0 4 4 0 4 0 0 4 0 4 0 0 4 4 0 0 0 4 0 4 4 0 4 4 4 0 0 4 0 4 4 2 0 0 2 4 0 4 0 4 0 4 4
Colus gracilis invert 0 0 0 4 0 4 0 0 4 0 4 0 0 0 2 2 4 0 4 0 0 0 4 0 0 0 4 4 0 0 3 1 4 0 0 0 4 4 3 0 0 1 4 4 0 4 1 3 4 0 0 4 4 4 0 4 0 0 0 0 0 0 0 4 4 1 3 4
CORYSTES CASSIVELAUNUS invert 0 0 3 1 0 4 0 0 4 0 4 0 0 0 1 3 4 0 4 0 0 0 4 0 4 0 0 4 3 1 0 0 4 0 0 4 0 4 4 0 0 0 4 0 4 4 3 1 4 0 0 4 4 4 0 4 0 1 3 0 4 4 0 0 4 1 3 4
Crangon allmanni invert 0 0 1 2 1 4 0 0 4 0 4 0 0 0 1 3 4 0 4 0 0 0 4 0 4 0 0 4 3 1 0 0 4 0 0 4 0 4 1 3 0 0 4 0 4 4 1 3 4 4 0 0 4 0 4 4 0 1 2 1 4 0 0 4 4 0 4 4
CRANGON CRANGON invert 0 0 1 2 1 4 0 0 4 0 4 1 0 1 1 1 4 0 4 0 0 0 4 0 4 0 0 4 4 0 0 0 4 0 0 4 0 4 0 4 0 0 4 0 4 4 1 3 4 4 0 0 4 0 4 4 0 1 2 1 4 0 0 4 4 0 4 4
ECHIICHTHYS VIPERA fish 0 0 1 0 3 4 0 0 4 0 4 0 0 0 0 4 4 0 1 3 0 0 4 0 0 0 4 4 0 4 0 0 4 0 4 0 0 4 4 0 0 0 4 0 4 4 0 4 4 4 0 0 4 0 4 4 0 0 0 0 0 0 0 4 4 0 4 4
ECHINOCARDIUM invert 0 0 3 1 0 4 0 4 0 0 4 4 0 0 0 0 4 0 4 0 0 0 4 0 0 0 4 4 0 4 0 0 4 0 4 0 0 4 4 0 0 0 4 0 4 4 3 1 4 4 0 0 4 0 4 4 0 1 3 0 4 4 0 0 4 0 4 4
Echinus esculentus invert 0 0 0 4 0 4 0 0 4 0 4 1 0 2 0 1 4 0 1 3 0 0 4 0 0 4 0 4 2 2 0 0 4 0 4 0 0 4 4 0 0 0 4 0 4 4 3 1 4 0 0 4 4 0 4 4 0 4 0 0 4 4 0 0 4 3 1 4
Echinus spp. invert 0 0 0 4 0 4 0 0 4 0 4 1 0 1 1 1 4 0 2 2 0 0 4 0 0 2 2 4 2 2 0 0 4 0 4 0 0 4 3 1 0 0 4 0 4 4 3 1 4 0 0 4 4 0 4 4 0 1 3 0 4 4 0 0 4 3 1 4
ENCHELYOPUS CIMBRIUS fish 0 0 1 0 3 4 0 0 4 0 4 0 0 0 0 4 4 0 0 2 2 0 4 0 0 4 0 4 0 4 0 0 4 0 4 0 0 4 4 0 0 0 4 0 4 4 0 4 4 4 0 0 4 0 4 4 0 0 4 0 4 2 2 0 4 0 4 4
ENSIS invert 0 0 4 0 0 4 0 4 0 0 4 0 4 0 0 0 4 0 0 4 0 0 4 0 0 0 4 4 0 4 0 0 4 0 4 0 0 4 4 0 0 0 4 0 4 4 4 0 4 0 0 4 4 0 4 4 0 2 2 0 4 4 0 0 4 0 4 4
Epizoanthus incrustatus invert 4 0 0 0 0 4 0 0 0 4 4 0 1 0 1 2 4 0 4 0 0 0 4 0 0 0 0 0 0 0 0 0 0 2 2 0 0 4 0 0 0 0 0 0 4 4 4 0 4 0 0 4 4 0 4 4 0 0 0 0 0 4 0 0 4 0 4 4
Euspira spp. invert 0 0 0 4 0 4 0 0 4 0 4 0 0 0 0 4 4 4 0 0 0 0 4 0 2 2 0 4 4 0 0 0 4 0 0 4 0 4 0 4 0 0 4 0 4 4 2 2 4 0 0 4 4 4 0 4 1 1 1 1 4 0 0 4 4 1 3 4
EUTRIGLA GURNARDUS fish 0 0 0 0 4 4 0 0 4 0 4 0 0 0 0 4 4 0 0 2 2 0 4 0 0 0 4 4 0 4 0 0 4 0 4 0 0 4 4 0 0 0 4 0 4 4 0 4 4 0 0 0 0 0 4 4 0 2 2 0 4 0 2 2 4 0 4 4
Flustra foliacea invert 4 0 0 0 0 4 0 0 0 4 4 0 4 0 0 0 4 0 1 3 0 0 4 0 0 3 1 4 2 2 0 0 4 0 1 3 0 4 4 0 0 0 4 0 4 4 4 0 4 0 0 4 4 4 0 4 1 1 1 1 4 4 0 0 4 2 2 4
Galathea spp. invert 0 0 0 3 1 4 0 0 4 0 4 4 0 0 0 0 4 3 1 0 0 0 4 4 0 0 0 4 4 0 0 0 4 0 0 4 0 4 4 0 0 0 4 0 4 4 3 1 4 0 0 4 4 4 0 4 0 2 2 0 4 4 0 0 4 1 3 4
GONEPLAX RHOMBOIDES invert 0 0 3 1 0 4 0 4 0 0 4 0 0 0 0 4 4 0 3 1 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 4 0 4 0 0 0 0 0 0 4 4 2 2 4 0 0 4 4 4 0 4 0 3 1 0 4 4 0 0 4 0 4 4
Halecium spp. invert 4 0 0 0 0 4 0 0 0 4 4 0 2 0 0 2 4 0 0 4 0 0 4 0 0 0 0 0 0 0 0 0 0 2 0 2 0 4 0 0 0 0 0 0 4 4 4 0 4 0 0 4 4 4 0 4 0 0 0 0 0 4 0 0 4 4 0 4
Hippasteria phrygiana invert 0 0 0 4 0 4 0 0 4 0 4 2 0 0 0 2 4 0 1 3 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 4 4 3 1 0 0 4 4 0 4 2 2 4 4 0 0 4 0 4 4 0 0 0 0 0 0 0 4 4 0 4 4
HIPPOGLOSSOIDES PLATESSOIDES fish 0 0 0 0 4 4 0 0 4 0 4 0 0 0 0 4 4 0 0 3 1 0 4 0 0 0 4 4 0 4 0 0 4 0 4 0 0 4 4 0 0 0 4 0 4 4 0 4 4 0 4 0 4 0 4 4 1 3 0 0 4 4 0 0 4 0 4 4
Hormathia digitata invert 3 1 0 0 0 4 0 0 0 4 4 0 1 0 0 3 4 0 4 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 4 4 0 0 0 0 0 4 0 4 4 0 4 0 0 4 4 0 4 4 0 0 0 0 0 0 4 0 4 0 4 4
Hyalinoecia tubicola invert 0 0 0 4 0 4 4 0 0 0 4 0 0 0 0 4 4 0 4 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 4 4 0 0 0 0 0 4 0 4 3 1 4 0 0 4 4 4 0 4 0 0 0 0 0 0 4 0 4 0 4 4
HYAS invert 0 0 0 4 0 4 0 0 4 0 4 0 0 0 1 3 4 0 4 0 0 0 4 0 4 0 0 4 4 0 0 0 4 0 0 4 0 4 1 3 0 0 4 0 4 4 1 3 4 0 0 4 4 4 0 4 0 0 2 2 4 0 0 4 4 1 3 4
Hydrallmania falcata invert 4 0 0 0 0 4 0 0 0 4 4 0 2 0 0 2 4 0 0 4 0 0 4 0 0 0 0 0 0 0 0 0 0 2 0 2 0 4 0 0 0 0 0 0 4 4 4 0 4 0 0 4 4 4 0 4 0 0 0 0 0 4 0 0 4 4 0 4
Hydroides norvegica invert 4 0 0 0 0 4 4 0 0 0 4 0 4 0 0 0 4 0 4 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 4 0 0 4 0 0 0 0 0 0 4 4 4 0 4 0 0 4 4 0 4 4 0 0 0 0 0 0 4 0 4 0 4 4
HYPEROPLUS LANCEOLATUS fish 0 0 0 0 4 4 0 0 4 0 4 0 1 0 0 3 4 0 0 3 1 0 4 0 0 0 0 0 0 4 0 0 4 0 4 0 0 4 4 0 0 0 4 0 4 4 0 4 4 0 0 0 0 0 4 4 0 2 2 0 4 0 2 2 4 0 4 4
Lafoea dumosa invert 4 0 0 0 0 4 0 0 0 4 4 0 2 0 0 2 4 0 4 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 4 0 4 0 0 0 0 0 0 4 4 4 0 4 0 0 4 4 4 0 4 0 0 0 0 0 4 0 0 4 4 0 4
LIMANDA LIMANDA fish 0 0 0 0 4 4 0 0 4 0 4 0 0 0 0 4 4 0 0 4 0 0 4 0 0 0 4 4 0 4 0 0 4 0 4 0 0 4 4 0 0 0 4 0 4 4 0 4 4 0 4 0 4 0 4 4 0 3 1 0 4 0 4 0 4 0 4 4
LIOCARCINUS DEPURATOR invert 0 0 1 1 2 4 0 0 4 0 4 0 0 0 2 2 4 1 3 0 0 0 4 0 2 2 0 4 4 0 0 0 4 0 0 4 0 4 2 2 0 0 4 0 4 4 1 3 4 4 0 0 4 4 0 4 0 2 2 0 4 4 0 0 4 1 3 4
LIOCARCINUS HOLSATUS invert 0 0 1 1 2 4 0 0 4 0 4 0 0 0 2 2 4 1 3 0 0 0 4 0 2 2 0 4 4 0 0 0 4 0 0 4 0 4 2 2 0 0 4 0 4 4 1 3 4 4 0 0 4 4 0 4 0 2 2 0 4 4 0 0 4 1 3 4
LOLIGINIDAE invert 0 0 0 0 4 4 0 0 4 0 4 0 0 0 0 4 4 0 0 0 2 2 4 4 0 0 0 4 4 0 0 0 4 0 0 0 4 4 0 4 0 0 4 0 4 4 0 4 4 4 0 0 4 4 0 4 0 3 0 1 4 0 0 4 4 0 4 4
Luidia sarsi invert 0 0 2 2 0 4 0 0 4 0 4 0 0 0 1 3 4 0 0 0 4 0 4 0 2 2 0 4 4 0 0 0 4 0 4 0 0 4 3 1 0 0 4 0 4 4 3 1 4 0 0 4 4 0 4 4 0 0 0 0 0 0 4 0 4 4 0 4
Macropodia spp. invert 0 0 0 3 1 4 0 0 4 0 4 1 0 1 1 1 4 0 4 0 0 0 4 0 4 0 0 4 3 1 0 0 4 0 0 4 0 4 1 3 0 0 4 0 4 4 3 1 4 0 0 4 4 4 0 4 0 0 0 0 0 4 0 0 4 1 3 4
MACTRA STULTORUM invert 0 0 4 0 0 4 0 0 4 0 4 0 4 0 0 0 4 0 4 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 4 0 0 4 4 0 0 0 4 0 4 4 4 0 4 0 0 4 4 0 4 4 0 0 0 0 0 4 0 0 4 0 4 4
MERLANGIUS MERLANGUS fish 0 0 0 0 4 4 0 0 4 0 4 0 0 0 0 4 4 0 0 1 3 0 4 0 0 0 4 4 3 1 0 0 4 0 4 0 0 4 4 0 0 0 4 0 4 4 0 4 4 0 4 0 4 0 4 4 1 2 1 0 4 0 4 0 4 0 4 4
MICROSTOMUS KITT fish 0 0 0 0 4 4 0 0 4 0 4 0 0 0 0 4 4 0 0 2 2 0 4 0 0 0 4 4 0 4 0 0 4 0 4 0 0 4 4 0 0 0 4 0 4 4 0 4 4 0 0 4 4 0 4 4 0 2 2 0 4 0 2 2 4 0 4 4
Modiolus barbatus invert 0 4 0 0 0 4 0 0 1 3 4 0 4 0 0 0 4 0 4 0 0 0 4 0 0 0 4 4 0 0 0 4 4 0 4 0 0 4 1 3 0 0 4 0 4 4 4 0 4 0 0 4 4 0 4 4 0 2 1 1 4 0 0 4 4 1 3 4
MYOXOCEPHALUS SCORPIUS fish 0 0 0 0 4 4 0 0 4 0 4 0 0 0 0 4 4 0 0 3 1 0 4 0 0 0 0 0 3 1 0 0 4 0 0 4 0 4 4 0 0 0 4 0 4 4 0 4 4 0 4 0 4 0 4 4 4 0 0 0 4 0 2 2 4 0 4 4
Neptunea antiqua invert 0 0 0 4 0 4 0 0 4 0 4 0 0 0 2 2 4 0 0 4 0 0 4 0 0 0 4 4 0 1 3 0 4 0 0 0 4 4 1 0 0 3 4 4 0 4 1 3 4 0 0 4 4 4 0 4 2 2 0 0 4 0 0 4 4 1 3 4
Nucula nitidosa invert 0 0 3 1 0 4 0 0 4 0 4 3 1 0 0 0 4 4 0 0 0 0 4 0 0 3 1 4 4 0 0 0 4 0 4 0 0 4 4 0 0 0 4 0 4 4 4 0 4 0 0 4 4 0 4 4 0 0 0 4 4 0 4 0 4 1 3 4
Ophiothrix fragilis invert 0 0 0 4 0 4 0 0 4 0 4 2 2 0 0 0 4 4 0 0 0 0 4 0 1 3 0 4 3 1 0 0 4 0 4 0 0 4 3 1 0 0 4 0 4 4 3 1 4 0 0 4 4 0 4 4 0 0 2 2 4 4 0 0 4 4 0 4
OPHIURIDA invert 0 0 0 4 0 4 0 0 4 0 4 2 2 0 0 0 4 4 0 0 0 0 4 0 2 2 0 4 4 0 0 0 4 0 4 0 0 4 3 1 0 0 4 0 4 4 3 1 4 0 0 4 4 0 4 4 0 1 3 0 4 4 0 0 4 4 0 4
Ophiura albida invert 0 0 0 4 0 4 0 0 4 0 4 2 2 0 0 0 4 4 0 0 0 0 4 0 2 2 0 4 4 0 0 0 4 0 4 0 0 4 3 1 0 0 4 0 4 4 3 1 4 0 0 4 4 0 4 4 0 1 3 0 4 4 0 0 4 4 0 4
PAGURUS BERNHARDUS invert 0 0 0 4 0 4 0 0 4 0 4 1 1 0 1 1 4 0 4 0 0 0 4 0 1 3 0 4 4 0 0 0 4 0 0 4 0 4 2 2 0 0 4 0 4 4 3 1 4 0 0 4 4 4 0 4 1 1 1 1 4 0 4 0 4 1 3 4
Pagurus prideaux invert 0 0 0 4 0 4 0 0 4 0 4 1 1 0 1 1 4 1 3 0 0 0 4 0 2 2 0 4 4 0 0 0 4 0 0 4 0 4 2 2 0 0 4 0 4 4 3 1 4 0 0 4 4 4 0 4 1 1 1 1 4 4 0 0 4 1 3 4
Pagurus pubescens invert 0 0 0 4 0 4 0 0 4 0 4 1 1 0 1 1 4 0 4 0 0 0 4 0 2 2 0 4 4 0 0 0 4 0 0 4 0 4 2 2 0 0 4 0 4 4 3 1 4 0 0 4 4 4 0 4 1 1 1 1 4 4 0 0 4 1 3 4
PANDALIDAE invert 0 0 0 2 2 4 0 0 4 0 4 1 0 0 1 2 4 0 4 0 0 0 4 0 2 2 0 4 3 1 0 0 4 0 0 4 0 4 4 0 0 0 4 0 4 4 1 3 4 0 0 4 4 4 0 4 0 4 0 0 4 4 0 0 4 0 4 4
Pennatula phosphorea invert 0 3 1 0 0 4 0 0 4 0 4 0 4 0 0 0 4 0 4 0 0 0 4 0 0 0 4 4 0 1 3 0 4 0 0 4 0 4 4 0 0 0 4 0 4 4 4 0 4 0 0 4 4 0 4 4 0 0 0 0 0 0 4 0 4 0 4 4
Phascolion strombus invert 0 0 2 2 0 4 2 0 2 0 4 4 0 0 0 0 4 3 1 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 4 0 0 4 0 0 0 0 0 0 4 4 4 0 4 0 0 4 4 0 4 4 0 0 0 0 0 1 3 0 4 0 4 4
Philocheras bispinosus invert 0 0 1 2 1 4 0 0 4 0 4 1 0 1 1 1 4 4 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 4 0 4 0 0 0 0 0 0 4 4 0 4 4 4 0 0 4 0 4 4 0 0 0 0 0 0 0 4 4 0 4 4
PLEURONECTES PLATESSA fish 0 0 0 0 4 4 0 0 4 0 4 0 0 0 0 4 4 0 1 2 1 0 4 0 0 0 4 4 0 4 0 0 4 0 4 0 0 4 4 0 0 0 4 0 4 4 0 4 4 1 3 0 4 0 4 4 3 1 0 0 4 4 0 0 4 0 4 4
POMATOSCHISTUS fish 0 0 1 0 3 4 0 0 4 0 4 0 0 0 0 4 4 0 4 0 0 0 4 4 0 0 0 4 4 0 0 0 4 0 0 4 0 4 3 1 0 0 4 0 4 4 1 3 4 4 0 0 4 0 4 4 0 3 1 0 4 0 4 0 4 0 4 4
Processa spp. invert 0 0 1 2 1 4 0 0 4 0 4 1 0 0 1 2 4 0 4 0 0 0 4 4 0 0 0 4 4 0 0 0 4 0 0 4 0 4 0 4 0 0 4 0 4 4 2 2 4 0 0 4 4 4 0 4 0 0 0 0 0 4 0 0 4 0 4 4
Psammechinus miliaris invert 0 0 0 4 0 4 0 0 4 0 4 1 0 1 1 1 4 0 4 0 0 0 4 0 0 2 2 4 4 0 0 0 4 0 4 0 0 4 4 0 0 0 4 0 4 4 3 1 4 0 0 4 4 0 4 4 0 0 4 0 4 4 0 0 4 0 4 4
Schistomysis kervillei invert 0 0 0 1 3 4 0 0 4 0 4 1 2 1 0 0 4 4 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 4 0 4 0 0 0 0 0 0 4 4 0 4 4 4 0 0 4 0 4 4 0 0 0 0 0 0 4 0 4 4 0 4
SCOPHTHALMUS RHOMBUS fish 0 0 0 0 4 4 0 0 4 0 4 0 0 0 0 4 4 0 0 0 4 0 4 0 0 4 0 4 0 4 0 0 4 0 4 0 0 4 4 0 0 0 4 0 4 4 0 4 4 0 4 0 4 0 4 4 0 2 2 0 4 0 2 2 4 0 4 4
Sepiola atlantica invert 0 0 1 0 3 4 0 0 4 0 4 0 0 0 1 3 4 4 0 0 0 0 4 4 0 0 0 4 4 0 0 0 4 0 0 0 4 4 2 2 0 0 4 4 0 4 1 3 4 4 0 0 4 4 0 4 0 0 4 0 4 0 4 0 4 0 4 4
SOLEA SOLEA fish 0 0 0 0 4 4 0 0 4 0 4 0 0 0 0 4 4 0 0 2 2 0 4 0 0 0 4 4 1 3 0 0 4 0 4 0 0 4 4 0 0 0 4 0 4 4 0 4 4 0 4 0 4 0 4 4 0 3 1 0 4 0 4 0 4 0 4 4
Spatangus purpureus invert 0 0 3 1 0 4 0 0 4 0 4 4 0 0 0 0 4 0 0 4 0 0 4 0 0 1 3 4 2 2 0 0 4 0 4 0 0 4 4 0 0 0 4 0 4 4 3 1 4 0 0 4 4 0 4 4 0 0 4 0 4 4 0 0 4 0 4 4
Spirontocaris lilljeborgi invert 0 0 1 3 0 4 0 0 4 0 4 2 0 0 0 2 4 0 4 0 0 0 4 2 2 0 0 4 4 0 0 0 4 0 0 4 0 4 1 0 0 3 4 0 4 4 1 3 4 4 0 0 4 0 4 4 2 1 1 4 0 4 0 4 0 4 4
SPISULA invert 0 0 3 1 0 4 0 4 0 0 4 0 4 0 0 0 4 0 4 0 0 0 4 0 0 4 0 4 4 0 0 0 4 0 4 0 0 4 4 0 0 0 4 0 4 4 4 0 4 0 0 4 4 0 4 4 1 3 0 0 4 0 4 0 4 0 4 4
Suberites ficus invert 4 0 0 0 0 4 0 0 2 2 4 0 4 0 0 0 4 0 3 1 0 0 4 0 0 0 4 4 3 1 0 0 4 2 2 0 0 4 3 1 0 0 4 2 2 4 4 0 4 0 0 4 4 0 4 4 0 0 0 0 0 4 0 0 4 2 2 4
Thelepus cincinnatus invert 4 0 0 0 0 4 4 0 0 0 4 4 0 0 0 0 4 0 3 1 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 4 4 0 4 0 0 4 4 0 4 4 0 4 0 0 4 4 4 0 4 1 1 1 1 4 0 4 0 4 0 4 4
TURRITELLA COMMUNIS invert 0 0 2 2 0 4 0 0 4 0 4 0 4 0 0 0 4 0 4 0 0 0 4 0 0 3 1 4 4 0 0 0 4 0 0 4 0 4 2 2 0 0 4 0 4 4 4 0 4 0 0 4 4 0 4 4 0 0 0 0 0 0 0 4 4 1 3 4

87 Species and 15 Traits (53 Modalities)

34 Species and 8 Traits (34 Modalities)

Migration Seasonal; life stage; non-migratory

14

trait database for epibenthic invertebrates and 
demersal fish by classifying each species into
categories (modalities) using Fuzzy Coding

Neumann, Gimpel, Rehren, Probst, Stelzenmüller; Thünen Institut



Bayesian network:
assess the effects of management scenarios 
and the risk of cumulative effects on the 
functional traits of demersal fish and 
epibenthic invertebrates

Bayesian Networks:
cumulative effect of pressures on traits

Stelzenmüller, Gimpel, Rehren, Probst, Neumann; Thünen Institut



• relatively easy set-up of statistical approaches

• but: limited prediction range
(e.g., invasive species, new environmental relation of previously sub-dominant species, …) 

• mechanistic models require knowledge about major traits and 
trade-offs and wider modeling expertise

• solution (?): combination of both approaches 

statistical vs. mechanistic trait models
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Identification of relevant fundamental traits (and related mechanisms)

overlooked so far:

Example:

Vertical positioning in phytoplankton and zoobenthos
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• similarity in fundamental traits across taxa:
general principles in the organization of (marine) life ?

• dissimilarity: identifies borders of functional groups

• trends in the relevance of key traits with organismal size

• trait changes in one group relate to trait changes in trophically
linked group (motility - positioning, defense, feeding type of prey and predator)
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measurements should target 
fundamental traits (directly) 

.. which also should structure 
the analysis
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Thanks for your attention!


