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(1) Aim

The aim of linking functional biological characteristics to MARLIN is to optimize the provision
and publication of automatically generated products on ecosystem functioning via MARLIN to
meet the needs of stakeholders (e.g. governmental agencies, applicants for offshore
windfarms) for purposes such as environmental impact assessments or marine spatial
management.

(2) Introduction

Biological communities not only differ in their taxonomic, but also in their functional
composition. Different species often possess different functional traits. These traits
encompass all characteristics, which influence the functionality of an ecosystem or the
presence of a species within a certain habitat (Diaz & Cabido 2001). Functional diversity thus
has a stronger impact on ecosystem processes and cycling of matter, than taxonomic
diversity (Diaz & Cabido 2001). The functional composition hence is a good indicator for
reorganization in ecosystem processes and functioning, which is applied in environmental
surveys and the Marine Strategy Framework Directive (MSFD Descriptor 6, Criteria D6C3,
D6C5).

As the construction of offshore wind farms entails the introduction of hard substrate and
fishery cessation, functional changes in the ecosystem are to be expected (Dannheim et al.
2019). Especially the latter may cause alterations in energy flow due to a shift from small
predatory or scavenging species to a community of large long-lived ecosystem engineers
(Dannheim et al. 2014).

Linking functional traits to MARLIN will thus enable the provision and publication of
automatically generated products on ecosystem functioning via the MARLIN-System for
stakeholders of environmental surveys and marine spatial management (e.g. governmental
agencies, applicants for offshore windfarms).
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(3) Technical development and implementation

The biological trait analysis (BTA) provides the basis for functional analyses and the
provision of products which inform on ecosystem functioning. In a first step, traits have to be
selected which are key to important ecosystem processes and functions (e.g. bioturbation for
nutrient cycling) for the BTA. In cooperation, AWI and BSH have selected seven traits (Table
1) (for MARLIN template see document 47, TB8.zip).

Table 1: Functional traits which will are implemented in MARLIN with their respective attributes and units (for
MARLIN template see document69, TB11.zip)

Trait Attributes unit/remark
size <10 mm
11-100 mm
101-200 mm
>200 mm
Longevity <1 years
1-2 years
3-10 years
>10 years
Adult movement Attached
Burrower
Crawler
Swimmer
Feeding mode Suspension

Selectivedeposit

Non selective deposit

Opportunistic

Predator

Grazer

Bioturbation

Surficial modifiers

Upward conveyor

Downward conveyor

Biodiffusers

Regenerators

Habitat forming

Reef builder (own body)

Bioengineering stabiliser (tube, mucus)

Bioengineering (destabiliser)

None

Environmental position

Infauna

Epifauna
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In a next step, information on these traits are compiled in a “species-trait table” from literature
for the species within the MARLIN database. The workflow thereby follows a procedure of
priority (i.e. species are processed according to their relative frequency) to balance between
work effort and resolution (i.e. usually 80 % — 95 % of the species in a dataset are
addressed). A “species-trait table” was compiled which encompasses the benthic species,
which contribute 90% to macrozoobenthos abundance and biomass in MARLIN (see
document 69, TB11.zip and BSH_Trait_Table).
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Figure 1: Conceptual graphic ofthe biological traitanalysis procedure

In a third step the “species-trait table” is linked to the “species-stations table” (Figure 1). This
link then provides the basis for the automated analysis of functional effects (for a detailed
description of the analysis and the linking see digital Appendix: Produktsteckbrief B_109).
While the “species-station table” can already be extracted from MARLIN the “species-trait
table” is still under construction and needs to be tied to MARLIN. Using the Funct_Clean-R-
Script (see digital Appendix) informative graphics may be created.
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(4) Results

An analysis of the functional traits may provide insight whether ecosystem functioning
changes with interferences such as offshore wind farm construction. In case of the Alpha
Ventus project area no significant changes due to wind farm construction are visible in the
relative abundance of the different feeding types (figure 2). However, irrespective of the wind
farm construction, the reference area is continuously inhabited by higher percentage of
suspension feeders compared to the wind farm area. This may indicate that there are
general differences in the two areas for example in food availability.

Alpha Ventus

offshore windfarm

1.007

feedingtype
suspension feeder

.predator
.depositfeeder

percent abundance
=
LT
L]
1

N . ..I .
0.00 - -
0 1 2

3

years beforefafter construction

Alpha Ventus

reference area

1.007

feedingtype
suspension feeder

.predator
.depositfeeder

percent abundance
=
LT
(=]
1

0 1 2 3

years before/after construction

Figure 2: Percentage abundance of suspension feeders, deposit feeders and predators in the wind farm and
reference area of the Alpha Ventus projectbefore and after windfarm construction.

In MARLIN the traits from the BSH_Trait Table (see digital appendix) are already
implemented and accessible via the Benthos Catalogue, the Data Analyses for benthos and
the Dashboard. This is only possible for the species where information is already available
i.e. species that account for 90% abundance, biomass and frequency within the MARLIN
benthos data.

In the Benthos Catalogue the user can see for each species to which category of the
selected traits the species belongs. Additionally the user is presented with the reference. In
the example below (figure 3, marked in red and grey) we can see that Abra alba is sorted
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into the category “epifauna or internal irrigation” for the trait “burrow type”. The reference for
this is “Maire et al. 2006”.

I e S e S

141433 141433 Abra alba Abra alba Charakterarten fnach Rachor und Mehm_ Nn
141433 141433 Abra alba Abra alba Geman Red List (Zettler et al. 2018)
141433 141433 Abra alba Abra alba Red List 2014
141433 141433 Abra alba Abra alba Trait Adult Movement BURROWER BIOTIC
141433 141433 Abra alba Abra alba Trait Bioturbation LIMITED MOVEM_  Maire et al. 2006
| 141433 141433 Abra aba Abra alba Trait Bumow type EPIFAUNAOR IN_ Maire et al. 2006 |
141433 141433 Abra alba Abra alba Trait Feeding mode SUSPENSION FE_ BIOTIC
141433 141433 Abra alba Abra alba Trait Feeding mode Imigation SURFACE FILTER_ Maire et al. 2006, F_
141433 141433 Abra alba Abra alba Trait Imigation depth 5_10 Dauwe et al. 1998,
141433 141433 Abra alba Abra alba Trait Langevity 1.2 Marine Ecological —
141433 141433 Abra alba Abra alba Trait Rewarking mode SURFICIAL MODI_ Maire et al. 2006
141433 141433 Abra alba Abra alba Trait Size 1_10 WoRMS
141433 141433 Abra alba Abra alba Trait: Environmental position INFALINA, BIOTIC
< >
New Delete Save
Catalogue Charakterarten {nach Rachor und Nehm Source
Category Nn = Comments
History Close

Figure 3: Screenshot from the MARLIN benthos catalogue. The above discussed example is marked in red and
grey

The Data Analysis framework provides an in-depth view of the distribution of certain trait
categories. In a first step the user has to select a “use case” and a” calculation method” i.e. a
unit that shall be investigated such as abundance per m2 (figure 4. marked in dark red). Then
the user selects a “subject”. This means a trait and category of interest (in the example the
trait feeding type (figure 4: marked in red) and the category predator (figure 4: marked in light
red)

) ~ ~ -~
Start Area Time Product
0 Choose subjects Search results: 41160 )
Temporary Selection
@ choose Sampling Instrument * @ Choose Development Stage: @ choose Scientific name @ Protection State Filter: Selogtion List | Clear Selected || Clear Al || Show All
Fiter by | Fiterby... ] Fiter by farmib. genus. name acc./unace ). ¥ Trait Feeding mode v % UseC e Coe o
[ Beam tmwl [ Adut [ aec [ PREDATOR/SCAVENGER
[ Bncorer [ Juvenie [ Abictinaria abietina [ SUB-SURFACE DEFOSIT FEEDER == B
[ Dredge O Lo [ SURFACE DEFOSIT FEEDER X Subject  Trait Feeding mode PREDATOR/SCAVENG
[ Scrape samol [ SUSPENSION FEEDER
] van Veen grab
EI 1 2 Foward EI
@ choose Phylogentic Class: @ choose Phylogeniic Family: @ Filter by Dredge Width:
Fiter by (pmylum or class) Z ter by 0 & - ]
iter by (phylum or ca 2 Fiter by +orfamiy %) ) > et
[ Actinopterygi O Acarthaspidiidas - |:| Min/Max
[ Anopia [ Acarthochitoridae
[ Anthozoa [ Acanthonctozomatidae
] Avschrcs ] Acartidee @ Filterby Sampler Weight
[ 2scidiacea O Acauiidae = |:| Get
= 12 3 16 = 12 2 170 - l:l Min/Max
@ choose Data Confidentiality: @ Choose Data Quality: @ Choose Laboratory:
Fiter by @ Fiter by @) Fiter by. |
[ Confidertil L High [ ARFOBIG
[ Public O Low [m]
[] Restricted ] Medium
[ BieConsult Schuchard: + Scholle GbR
[ BioConsuk SH GmbH +Co. KG
& & & 1 2 Foward

Add to selection

Save as Favourite Load Favourite

Figure 4: Screenshotfrom the MARLIN data analysis framework for benthos —selection of subject. The selected
use case and calculation method are marked in dark red (i.e. abundance in ind./m?); the exemplary trait (i.e.
feeding type) feeding type is marked in red, the selected category(i.e. predator) is marked in blue.

In a next step the user can selectan area or time of interest (see figure 5 for an example of
selecting a time).



Results | 7|

o D D L O
St Subrect fre Produt
@ Choose a Time Period (optional) Search results: 122 6
4 p g O Purpose ] Temporary Selection
\ el Selection List | Clear Selected || Clear All || Show Al
-~ = X UseCase UseCase Abundance
d % UseCase Calculation Method Abundance ind /7
{Avea)
Show surveys for selected purpose only. X Subject  TratFeedngmode PREDATOR/SCAVENG
@® Survey 1210.2009-21.10.2009 (P357-Faht 0609, 1405 A| % B 210200821 102008
1210.2009-21.10.2009 (P357-Faht 060), 1420 " e (P397 Faht 0609,
12.10.2008-21.10.2009 (P397-Fahtt 0609), 1403 s
03.09.2011-11.09.2011 (99), 1442
22.08.2011-25.09.2011 (11-01), 1394
09.11.2011-18.11.2011 (1), 526
120420122304 2012.2), 526
20123), 526 v
O Individual fom [ ]
O season
il o)
.y 5 b
\ Hambiirg ) ®
Togey
SR s +
NN
55869147 6.998291 “her
WMS Legends | save as Favourte Load Favourite

Figure 5: Screenshot from the MARLIN data analysis framework for benthos — selection of time. The selected
survey is markedinred.

In a next step a product is generated. The user may choose between Box Whisker plot,
gridded maps and a standardized table (figure 5: red marking). Concurrently a map shows alll
sampling locations where our selected category occurred within the selected time and area
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Figure 5: Screenshotfrom the MARLIN data analysis framework for benthos —selection of product. The products
wicht may be selected are marked in red. The map shows all sampling locations where our selected category(i.e.
predators) maybe foundin the selected time and area.

If a Box Whisker plot is chosen as product, it will show the abundance distribution of
predators in the selected area and time (figure 6A). The created graphic may now be
exported. If another category (e.g. suspension feeder) is selected within the trait “feeding
type” by the above described procedure we can now compare the abundance distribution of
the predators (figure 6A) with the abundance distribution of suspension feeders (figure 6B).
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In our example we see that the community in our selected area contained, at the time of the
selected sampling, on average thrice the number of suspension feeders than predators.
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Figure 6: Screenshotfrom the product previews produced by MARLIN data analysis framework for benthos — Box
Whisker plots of the abundance distribution (ind./m2) of predators (A) and suspension feeders (B). The wiskers
show the upper and lower quartile while the line indicates the median.

While the traits implementation within the benthos Catalogue and Data Analysis framework
have already passed a conclusive inspection this still has to be done for the MARLIN
Dashboard. Nonetheless the Dashboard can already provide an overview which species
belongs to which category (figure 7: marked by different colors) of the selected trait (i.e.
feeding mode see figure 7: grey marking) and in how many sampling species was found.

Benthos Taxa nach Traits und Schutzstatus

Vorgehen

1. Auswahl Schutzstatus-Katalog (ein)

2. Auswahl Kategorie (ein oder mehrere)

3. Markieren der Taxa, deren Lage auf der Karte angezeigt werden soll (ein oder mehreren)

Entwicklung
- nicht abschlieBend gepriift
- einige Kataloge fehlen noch (Neobiota, OSPAR, etc.)

In der MARLIN-DB gefundene Taxa mit der
Q) entsprechenen Kategorie
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Figure 7: Screenshot from MARLIN Dashboard showing the association of the different species with the
categories (taupe: predators/scavengers; rose: sub-surface depositfeeders; green: surface depositfeeder; pink:
suspension feeders) ofthe trait feeding type (selection marked in grey). The map labeled “Ubersicht Karte” shows

the locations and sampling methods ofthe samples.
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(5) Digital Appendix

- Produktsteckbrief B_109: percentaged abundance of functional groups of the infauna
and epifauna in classified areas

- Funct_Clean-R-Script: converts the linked “species-station table” and “species-trait
table” into a “station-trait table”, may be used for simple plots of percentaged
abundances

- BSH_Trait_Table: Excel table including the definitions of the functional traits, the

“species-trait table” for the species which encompass 90% of the biomass and
abundance and the short references for the original literature references for each trait

- References_BSH_Trait_Tabelle: Word document including the full references to
short references in the BSH_Trait_Table
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