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DANSK ZOOLOGISK SELSKAB
- vi arbejder for en farverig fremtid

NATURPLEJE PA FAN@ MED AMMEK@ER
UDEN FYSISKE HEGN

EN GRUPPE AF TRAER ER IKKE
N@DVENDIGVIS EN SKOV

ADFARDS INFORMERET DESIGN
- biodiversitet og bynatur

DEN, DER FISKER STEN, FISKER OGSA FISK:
Historisk beretning om fisk og fiskeri i Sejerebugten

FINDING UNKNOWN MUSSEL AREAS
IN ROSKILDE FJORD:
how drones can aid in reef protection

SADAN BLIVER DU MEDLEM
Sadan bliver du medlem af DZS

WIND FARMS OPERATING AT SEA:

A sanctuary for marine fishes?

EN “VILD” HISTORIE
Skriv til HABITAT

LZAS ELLER GENLAS
Dansk Zoologisk selskab

Kan man bruge kvaeg til naturpleje uden et fysisk hegn omkring dem?
Er en stor gruppe af traeer en skov? Hvad er Adfaerds Informeret
Design? Hvad blev der af den engang sa rige havnatur og fiskeriet i
Sejergbugten? Hvordan kan man kortlaagge muslingerev? Kan hav-
vindmglleparker have en positiv indvirkning pa havets dyreliv? Disse
sporgsmal far du svar pa i dette nummer af Habitat.

P3& et naturareal pd Fang graesser tolv Anguskaer med kalve. Kgerne
sikrer den vigtige naturpleje af arealet. Men disse koer er ikke indhegnet
af et fysisk hegn. | stedet har de et halsband med en GPS-enhed, som
lzbende registrerer koens position. Nar koen naermer sig et virtuelt
hegn defineret i en bruger-app, far den en lydadvarsel, der skal fa
den til at vende om. Virtuel indhegning har en raekke fordele, bl.a. at
publikum og vilde dyr frit kan beveege sig pa arealerne. Samtidig kan
det gore naturplejen mere fleksibel og gavne flora og fauna.

Hvad er "skov”? "Skov” er et lige s& bredt begreb som "fugl”, sa vi skal
vide naermere, hvad det er, vi taler om. En gruppe af tracer er ikke
ngdvendigvis en skov. Det er ikke ligegyldigt for naturen og biodi-
versiteten, hvilke traeer som star sammen i en gruppe, og hvordan
arealet bliver drevet. Det er et problem, nar diskussionerne i medierne
ikke er nuancerede, og vi ofte kun ser data for det samlede traedackke,
da det er et let mal at fa ud fra satellit-data. Det er helt afggrende,
at klimakompenserende tiltag og plantager til materialer og energi-
formal ikke forveksles med en skov, som far lov til at udvikle sig
naturligt.

Med opmeaerksomhed pa biodiversitet i haver og byer er mange dan-
skere i de senere ar begyndt at fa gjnene op for de hjemmehgrende
planter. Planterne har afggrende betydning for dyrelivet i forskellige
stadier i deres livscyklus. Hvis vi for alvor skal ggre noget for diversi-
teten af dyrene, skal vi til at forsta, hvad der skal til for at understotte
hele deres livscyklus. De traengte, danske arters behov kan opstilles
i diagrammer, der pa en overskuelig made illustrerer, hvad der skal
til for at understotte en dyrearts adfeerd og livscyklus og dermed
skabe grundlaget for, at arten kan indfinde sig pa et areal.

Sejergbugten var engang hjemsted for en fantastisk havnatur og et
omfattende fiskeri. Det er slut nu. Artiklen belyser, hvad der er blevet
fiernet fra Sejergbugten igennem 100 ar, og gennemgar, hvor vi bar
begynde, hvis vi vil genskabe en levende Sejergbugt med et rigt dyre-
og planteliv. Storslaet havnatur og fiskeri kan genskabes, men det vil
kraeve en stor indsats.

Muslingerev er dannet af store samlinger af blamuslinger, der danner
teette bede. De filtrerer vandet, oger sigtbarheden og forbedrer vand-
kvaliteten. Dette er vigtigt, for at sollys nar havbunden, hvilket sikrer,
at vegetation kan vokse og give ilt og fgde til mange fisk og andre

arter. DTU Aqua udvikler nye vaerktgjer, der muligger identifikation og
kortlaegning af muslingerev, og disse redskaber anvendes i Roskilde
Fjord.

Offshore-lokationer har bedre vindforhold for vindmgolleparker, men
de gger vores pavirkning af havmiljget. | artiklen skitseres positive og
negative effekter, som havvindmalleparker kan have pa fisk. | dag er
der videnskabelig konsensus om, at havvindmeglleparker kan vaere til
gavn for en raekke fiskearter og andre marine organismer, men vi skal
optimere designet af vindmglleparkerne for fuldt ud at udnytte de
fordele, de kan tilbyde for livet i havet.

God laeselyst!

Lotte Endsleff, Redakter
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Dansk Zoologisk Selskabs medlemmer er zoologer, makro-
gkologer, adfeerdsbiologer, geografer, zoo-ansatte og natur-
formidlere- og forvaltere. Foruden fagmedlemmer teaeller
selskabet o0gsd stottemedlemmer, der gnsker at slutte
op om foreningens arbejde. Selskabet drives 100% af
frivillige.

Siden foreningens start i 2004 har DZS haft fokus pd at
formidle emner inden for dyreliv, biodiversitet og natur-
bevarelse gennem vores hjemmeside, Facebook og magasi-
net Habitat.

Vi er ogsd med i felten og bidrager selv til at gge viden for
naturens bevarelse. | 2007 udfarte DZS Kipiniekspeditionen
med kortlaegning af den biologiske mangfoldighed i Witu-
skoven i Kenya, mens vi ogsa bakker op om Mara Lion Project
ved Masai Mara reservatet i Kenya.

Vi byder nye medlemmer meget velkomne i DZS.

Sponsorater og andre bidrag til foreningens arbejde vil blive
modtaget med stor vaerdseettelse og tak. Kontakt os, hvis du
eller dit firma gnsker at donere penge til foreningen.

Lees meget mere og meld dig ind pa vores hjemmeside
www.dzs.dk eller kontakt os pa info@dzs.dk

..0g folg os pa Facebook og LinkedIn @

be i ide

for en farv 3




Figur 1: Pd et ede areal-of Fang afgfaesser tolv Anguskger et starreinaturareal. Arealet ligger ud til havet og er-derfor stcerkt
pavirket af tidevandet. Det ville veere vanskeligt at indhegne kgerne med et traditionelt elhegn. | stedet er keerne virtuelt

indhegnede med GPS-halsband. | fordret 2023 er der ogsd udsat kveeg med GPS-halsband pa et andet naturareal af Fang.

Foto: John Frikke.

NATURPLEJE
PA FAN® MED
AMMEKQER
UDEN FYSISKE
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Af

Aage Kristian Olsen Alstrup,

Specialdyrlaege, ph.d., dr. med. vet,, lektor og forsker
pa Aarhus Universitet og Aarhus Universitetshospital
John Frikke,

Naturkonsulent, Nationalpark Vadehavet
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Et stort plus for naturen og landskabet er ogsa,
at det med brugen af det virtuelle hegn er lykkedes at fa
skabt en storre, sammenhangende flade af afgraesset
eng og strandeng helt ned til Vadehavet.”

AFGRASNING UDEN FYSISKE HEGN

P& et starre naturareal midt mellem byerne
Nordby og Sgnderho pad Fang graesser der
tolv rolige Anguskger sammen med deres
kalve. Foruden at levere gkologisk ked og
sunde kalve sikrer kaerne ogsa den vigtige
naturpleje af arealet. Men i modsaetning til
alle andre danske ammekger er disse tolv
kaer ikke indhegnet af et fysisk hegn. | stedet
er hver ko forsynet med et halsband med en
GPS-enhed, som Igbende registrerer koens
aktuelle position pa naturarealet. Nar koen
naermer sig et virtuelt hegn defineret i en
bruger-app pad Google Maps baggrund, far
den en lydadvarsel, der skal fa den til at vende
om - og forst efter tre sddanne lydadvarsler
far den tillige et elektrisk stad svarende til 1/20
(0,2 J) af stremstyrken ved et traditionelt el-
hegn (4-8 J). Det ndr dog sjeeldent sa langt,
da keerne typisk blot slar let med hovedet
og langsomt bevaeger sig i en anden retning,
nar de harer lydadvarslerne. Kagerne virker ikke
bange for lyden, men er klar over, at de bor
vende om. Der er sdledes langt flere lydad-
varsler end sted, da keerne bruger lydene til
at navigere rundt i den virtuelle fold. Eksem-
pelvis fik de tolv kaer i projektet tilsammen
21 lydadvarsler, men slet ingen sted, i ugen op
til, at denne artikel blev skrevet.

Figur 2: Der gar stier gennem naturomrddet med de virtuelt
indhegnede koer, og som en del af projektet vil publikum

blive interviewet om, hvordan de har det med, at der ikke er
noget fysisk hegn mellem dem og keerne. Foto: John Frikke.
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Figur 3: Kvaegets velfcerd er blevet studeret, og det viser sig, at dyrene trives godt i den virtuelle fold. Kalvene bliver hos
keerne, og derfor behaver de ikke at have GPS-halsbdnd om halsen. Foto: John Frikke.

J)

Foruden at levere gkologisk
kad og sunde kalve sikrer
kaerne ogsa den vigtige
naturpleje af arealet.”

K@ERNE HAR TO ARS ERFARING
MED VIRTUEL INDHEGNING

Kgerne pa Fang har to ars erfaring med GPS-
systemet, idet de har gaet med det siden maj
2021. De fagrste par uger gik de i en traenings-
fold, hvor de gradvist laerte det nye system at
kende. Det skulle sikre dem en blad overgang
fra det fysiske til det virtuelle hegnssystem.
Erfaringen var, at keerne i lgbet af f& dage
laerte GPS-systemet at kende, og sidenhen har
de bade faet faerre lydadvarsler og langt feerre
sted. Kun nar foldens greenser skal justeres
(fx ved hgslaet eller for at beskytte ynglende
fugle i omradet), stiger antallet af lydadvarsler
og sted i en kortere periode, indtil keerne har
vaennet sig til de nye graenser. Det er formentlig
ikke meget anderledes, end nér fysiske folde
andres, og keerne derfor skal laere de nye

greenser at kende i et omrade med vanskelig
tilgang, hvor hegnstradene kan veere sveere
at se.

DYREVELFARDEN EVALUERET

Den virtuelle indhegning foregar som et
forskningsprojekt, hvor der forud er indhentet
tilladelse hos Radet for Dyreforsgg, da det |
dag ikke er lovligt, hverken for private eller
myndigheder, at anvende virtuel indhegning
i Danmark. Evaluering af dyrevelfaerden er et
vigtigt element i denne forskning, og her har
det vist sig, at k@erne generelt hurtigt laerer
at navigere med grerne frem for med @jnene,
som de plejer at gore i en traditionel fysisk
indhegning. Deres adfeerd tyder heller ikke
P4, at den virtuelle indhegning stresser dem,
og dette understottes af malinger af stress-
hormoner, som viser sig at vaere pa niveau
med traditionel indhegning af graessende kger.
De forelgbige resultater viser, at dyrevelfaerden
er pd samme niveau i virtuelle som i fysiske
indhegninger.

BEDRE NATURFORVALTNING

Virtuel indhegning har en raekke umiddelbare
fordele, blandt andet at publikum og vilde
dyr frit kan bevaege sig pa arealerne uden at

skulle forcere fysiske hegn. Samtidig kan det
virtuelle indhegningssystem gere naturplejen
mere fleksibel, idet det er muligt midlertidigt
at frahegne arealer, hvor kgerne ikke ber ga
- blandt andet hvor jordrugende fugle har
deres reder, eller hvor saerlige urter skal blom-
stre, for de afgreesses. Det er ogsa muligt at
afgraesse arealer, hvor det er vanskeligt at
opsaette fysiske hegn - eksempelvis fordi det
vil blive gdelagt af tidevandet. P& naturarealet
pa Fang er denne problemstilling aktuel, og
kgerne graesser laengere ude ved havet, end
hvad der er muligt andre steder pa gen. Fra
landmandens perspektiv er det ogsa en fordel,
at det er lettere at finde kaerne, trods at natur-
arealet er stort. Pa sin mobiltelefon kan han
eksempelvis se, nar en ko traekker sig fra
flokken, fordi den skal kaelve. Det bliver derved
lettere at overvage koen og fa gremaerket
kalvene, nar koen har keelvet.

Figur 4: Der er tilknyttet to dyrleeger til forskningsprojektet.
Til venstre professor Christian Sonne og til hgjre dr.med.vet.
Aage Kristian Olsen Alstrup. Deres primcere opgave er at
sikre god forskning og dyrevelfcerd. Foto: John Frikke.

FIRMAET NOFENCE HAR LEVERET
DET VIRTUELLE HEGN

Det er det norske firma NOFENCE
(www.nofence.no), som har leveret
halsbandene. | Norge er virtuel ind-
hegning fuldt lovligt, ligesom det ogsa
er i flere andre europaeiske lande. |
Norge anvendes systemet ikke kun

til kveeg, men ogsa til far og geder.
Data om antallet af lydadvarsler og
stremsted sendes til firmaets server
hvert 15. minut degnet rundt. Herfra
har man som bruger adgang til data.
Skulle et dyr mod forventning und-
slippe fra folden, sendes straks en
SMS til dyrets ejer. Foruden at holde
dyrene “indespeerrede”, er det ogsa
let at finde dyrene pa naturarealet,
idet data kan tilgas via en app pa
mobiltelefon eller tablet. Halsbandene
er konstrueret, sa de falder af, hvis de
sidder fast i en gren eller lignende.
Og batteriet kan i lange straek holde
sig selv opladet, eftersom aggregatet
er forsynet med solceller.

Habitat ‘
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Virtuel indhegning har en raekke umiddelbare fordele,
blandt andet at publikum og vilde dyr frit kan bevaege sig
pa arealerne uden at skulle forcere fysiske hegn.”

Det virtuelle hegn kan styres via en iPad. Foto: John Frikke.

FLORA OG FUGLE

Foruden dyrevelfaerden og de praktiske aspekt-
er bliver ogséd pavirkningen fra afgraesningen
pa flora og fauna undersegt. Saledes bliver
botanikken arligt kortlagt i omradet, og det
samme bliver forekomsten af ynglende fugle.
Hypotesen er, at den bedre afgraesning, hvor
en stegrre del af arealet bliver afgraesset, vil
gavne flora og fauna. Blandt andet er der en
forventning om, at systemet vil gavne de
jordrugende fuglearter, sdsom vibe, rerheg,
strandskade og rgdben.

PUBLIKUM

Samtidig skal det naermere undersgges, hvor-
dan publikum opfatter den virtuelle indhegning.
Foler de sig utrygge ved ikke at kunne se et

fysisk hegn? Eller vaegter de det positivt, at de

ikke skal forcere hegn for at komme rundt |
naturen? Flora-, fauna- og publikums-under-
s@gelserne er ikke afsluttet, sé fremtiden ma
vise, om de hgje forventninger bliver indfriet.
Efter planen fortsaetter studiet indtil 2025.

GODE PERSPEKTIVER

Gruppen bag projektet er positivt overrasket
over at se, hvor godt den virtuelle hegning
fungerer, ligesom dyrenes ejer er godt tilpas
med de fordele, det giver, at man til enhver
tid kan falge dyrene og se, hvor de helt aktuelt
opholder sig. Det giver en god tryghed og
gor livet lettere for landmanden. Samtidig er
det forskennende for landskabet i projekt-
omradet pa gstsiden af Fang, hvor der frem
til projektets start var en lang raekke mindre
fenner (jordstykke omgivet af grafter pa alle

sider) og en masse hegnspeaele og hegnstrade,
der ikke lige frem pyntede. Det formodes
0gs3a, at fjernelsen af de fysiske hegn har
gjort livet bedre for gens bestand af hjorte-
vildt, som hyppigt benytter omradet - iseer
nar de om natten kommer ud af den neerlig-
gende plantage for at sgge fgde i de dbne
landskaber. Et stort plus for naturen og land-
skabet er ogsa, at det med brugen af det vir-
tuelle hegn er lykkedes at fa skabt en storre,
sammenhangende flade af afgraesset eng
og strandeng helt ned til Vadehavet. Det er

i al fald noget, der passer engfuglene godt.

PROJEKTGRUPPEN

Projektets initiativtager er Dan Pode
Poulsen, der er lodsejer pa Fang.
Kgerne ejes af Bente og Michael
Baun, der driver landbrug pa gen.
Hertil kommer forskere og interes-
senter fra blandt andet Aarhus Uni-
versitet (Christian Sonne og Aage
Kristian Olsen Alstrup, der tager sig
af dyrevelfaerden) og Kabenhavns
Universitet (Ritt Buttenschon, der
star for de botaniske undersggelser).

Naturkonsulent John Frikke, National-
park Vadehavet, star for undersogel-
serne af fuglevildtet. Fang Kommune
og Hedeselskabet deltager som pro-
jektpartnere. Projektet er gkonomisk

finansieret af 15. Juni Fonden,
Hedeselskabet og Markus Jebsens
Naturpulje.
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Disse fine, haje bggetrceer er som at se pd en flok barn. Der er stadig et par hundrede dr, for de ndr
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Aldersklasse

Uden akl. _ digt, om vi er omgivet af krager, husska- en smule forstdelse for forskellene.
>150 . der og mager eller solsorte, musvitter og
140-150 l graspurve. Hvis oloe alleobloot er ”fugLe”, og (S)LOS:T?:;SLII(:IE- SPQOB\;(E)DIVERSITETEN
130.140 l det er, hvad vi maler, sa star det maske _
fint til i et omrade, selvom der kan veere Alt efter klimazone (fx troperne, subtroper-
120-130 . sket store andringer i artssammensaet- ne, tempereret klima), jordforhold, hydrologi
110-120 I ningen og i hele det omgivende habitat. etc. vil det vaere meget forskelligt, hvilke
100-110 - | de store bestraebelser pa at opna klimafor- skovotyper der natgrhgt vil eksistere | eto
90.100 - bedringer er der fokus pa brug af bio-ma- om}rade, og hvorvidt det er skove bestaende
sos0 [ . terialer i stedet for fossil-baserede - fx trae zf en eller flere treearter. Men generelt geel-
Vi-har mange slags ndletreeer i i byggeindustrien, biomasse til el og varme er det for naturlige skove, at de har ;torg
70-80 - danske skove. De fleste er plantager samt at tilplante omrader, der kan binde CO,. maengder af dadt ved og stor spredning |
66-70 _ af ikke-hjemmeharende arter som fx
so-c0 [ Normannsgran o redgran tilsorm-
men mere end 30 % af det danske
40-50 _ skovareal), men vi har ogsé omréder
30-40 — med fx skovfyr. Skovfyr kan fint blive
20-30 _ 250-300 ar. Vi har stort set ikke nogen
arealer med treceer over 110 dr her-
10-20 _ hjemme. Det er iscer bag og eg, som

Men 'skoV’ er et lige sa bredt begreb som 'fugl’.”

Traeer i Danmark

daekker omrader med mere end 150

Ord har stor betydning i vores forstaelse
af omgivelserne. Taenk, hvis vi hver gang,
vi skulle beskrive en gruppe mennesker i

naerheden af hinanden, kaldte det "en fami-
lie” eller "kollegaer”, uanset hvilken sammen-

haeng de indgik i? Det ville vaere maerkeligt
0og gore det uigennemskueligt, om de per-
soner, man omtalte, i realiteten er i familie,
kollegaer, overhovedet har en relation eller
blot star samme sted og venter pa en bus.
Det samme gaelder omtale af naturen.

Hvis vi altid blot omtaler alle fuglearter
som "fugle”, s kan det jo vaere ligegyl-

Det har pd den ene side faet efterspoargslen
pa tree til at stige, og dermed starre hugst,
men ogsa opmeaerksomhed pa, at der skal
skabes storre omrader med skove til at
indfange og lagre CO,. Men hvad er "skov™?

Vi kender alle til skove fra sendagsturen.
Men "skov” er et lige sa bredt begreb som
“fugl”. Det er ikke ligegyldigt for naturen
og biodiversiteten, hvilke tracer som star
sammen i en gruppe, og hvordan area-
let bliver drevet. Det er ikke, fordi vi alle
skal til at veere skov-eksperter, men det
kan maske alligevel veere godt at have

Aldersfordelingen i skove i forskellige regioner i USA. Fra doi:10.5194/bg-8-715-2011
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Vi har en masse begreber for skove med forskellige typer af drift/formdl. Der er stor forskel pd, hvor meget biodiversitet

de forskellige typer understatter.

tracernes alder. Traeer kan blive gamle - op til
flere tusinde &r. Inden for visse traearter i Nord-
amerika regnes en skov farst som en moden
skov ved en alder pd mere end 80-300 ar. |
Danmark havde vi stort set ingen skov tilbage
i begyndelsen af 1800-tallet, sé& i den hense-
ende kan al dansk skov naermest betragtes
som ungskov. Der blev op gennem 1800- og
1900-tallet gjort en del for at plante tracer i
Danmark, men ofte med ikke-hjemmehgrende
arter og ofte omrader med kun én eller to arter.
De mange plantage-skove, som vi ser rundt
omkring, er derfor slet ikke naturlige. Indenfor
omraderne skete tilplantningen pa samme tid,
og derfor fremstar trecerne ofte helt ensartede
i art og alder. Det giver ofte en meget mark
underskov.

| en uforstyrret dansk skov ville traearter som
eg og bgg fint kunne blive 3-400 ar gamle.
Hvis der knaekker en gren af en gang imellem,
eller et trae bukker under i stormvejr eller pa
grund af sygdom, er det blot genstand for
andet liv til skoven. | lysningen efter et faldet
trae vil nye traeer og buske etablere sig, og
det dgde ved vil langsomt blive nedbrudt af
svampe, insekter m.m. | traeer, hvor grene er
knaekket af, vil hulheder give levesteder for
insekter, fugle og flagermus.

Det har ogsa stor betydning for maangden og
diversiteten af organismer, at der i et omrade
er treedaekke gennem laengere tid. | produk-
tionsskove, hvor sterre omrader periodevis
fiernes, giver det store gkologiske forstyrrelser,

GLOBAL FOREST EXPANSION AND DEFORESTATION, 1990-2020 (MILLION HECTARES PER YEAR)

Forest expansion Il Deforestation

MILLION HA /YEAR
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Der sker stadig bdde afskovning og tilplantning af arealer. Det er veerd at huske, at hvis man fjerner gammel urskov med
200-800 ér gamle treeer, sa tager det lige s@ lcenge, inden arealet er retableret til samme stadie igen. Mange arter findes slet
ikke i unge skove, s@ biodiversiteten vil veere lavere i de tilplantede omrdder i generationer. FAO, 2020. Source: FAO, 2020

DRIVERS OF DEFORESTATION AND FOREST DEGRADATION BY REGION, 2000-2010

A) Proportion of deforesiation drivers B) Area proportion of deforestafion drivers () Proportion of forest degradation drivers
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NOTE: Continental-level estimations of the relafive area proporfion (A) and absolute net forest area change (km”/year; FAQ, 2010b) for the period 2000~2010 (B) of deforestation
drivers; and of the relative disturbed forest area fraction of degradation drivers (C), based on data from 46 tropical and subiropical countries.
SOURCE: Hosonuma et al,, 2012.

Globalt set er det iscer behovet for nye landbrugsomrader, der leder til fiernelse af skov, og iscer hugst af tree, som er skyld i,
at skovene forarmes. FAO, 2020.
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Der er stor forskel pd lyset, som ndr bunden i en teet ndletreesplantage og i en mere Gben lgvskovsbevoksning.

| produktionsskove, hvor stgrre omrader periodevis
fjernes, giver det store gkologiske forstyrrelser, og de mest
kraevende arter nar aldrig at indfinde sig.”

og de mest kraevende arter nar aldrig at ind-
finde sig.

Overalt i verden vil der i en moden skov med
mMmange traearter vaere trackroner i flere etager
og lysabninger, hvor planter kan trives ved
bunden. Det er basis for et vaeld af organismer,
og fx i et studie af mosser i Estland fandt man
37 % flere arter i en naturskov end i en forval-
tet skov med trashugst.

Det er et problem, nar vores feelles diskus-
sioner i medierne ikke er nuancerede, og vi
ofte kun ser data for det samlede traedackke,
da det er et let mal at fa ud fra satellit-data.
Succeshistorierne viser, at det gar fremad
med traedaekke i Europa, og mange steder |
Asien er der stadig store omrader med traeer.
Men hvis man laeser FAO’s (FN's fgdevare- og
landbrugsorganisation) seneste rapport, sa
fors@ger de at skelne mellem traedackke,

som fx er oliepalmer eller kaffeplantager, og
anden skov (som stadig kan vaere forvaltet)
og ser stadig et nettofald af skovarealer. De
steder, hvor der plantes ny skov, bestar en
del af fa arter og ikke-hjemmmehgrende arter.
Globalt set er arealet med plantager mere
end fordoblet siden 1990 og frem til i dag.
Der er store regionale forskelle pa, hvilke
arter der veelges, men i Sydamerika er 97 %
af tilplantninger med ikke-hjemmehgrende
arter! Ofte er incitamentet, at det er treecer
med hurtig vaekst, som er optimalt, hvis de
er solgt som klima-absorberende skov eller
skal bruges til gavntrae. Disse skove indehol-
der ikke meget naturlig biodiversitet, og det
er derfor helt afgerende, at klimakompen-
serende tiltag og plantager til materialer og
energiformal ikke forveksles med en skov,
som far lov til at udvikle sig naturligt. Sa

det er derfor for unuanceret blot at tale om

Habitat ‘
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I de senere dr er flere traeer blevet veteraniseret med vilje for at skabe flere hulrum, og man har ladet treeer gé ud. Disse vil

forvitre og bidrage til den naturlige livscyklus i skoven.

“skov”, men vigtigt at tydeliggere, hvorvidt
man mener en eller anden form for produkti-
onsskov eller et naturligt, uforstyrret habitat.

En stor, intensivt dyrket mark, massivt godet
og hvor alle markskel, sten, vandhuller m.m.
er fjernet, er et artsfattigt sted. Der kan godt
veere andre dyr og planter til stede pa en
ekstensivt dyrket mark, sédledes at marken
understatter noget biodiversitet. Vi ser og
harer fx laerker over marken. En trae-mark
pa dreenet jord indeholder nogle arter, men
den skal helst ikke forveksles med et mere
naturligt produktionsskov-habitat, hvor man
maske udferer lidt pleje og dermed fjerner
lidt trae, som kan bruges af os mennesker.
Det er séledes et spektrum, hvor der kan
vaere forskelle i udnyttelsesgraden af trae

fra omraderne, som bor tages i betragt-
ning. Hvilke ord, vi skal laere og benytte, kan
jeg ikke diktere. Men maske kan vi begyn-
de med at kraeve opgorelser, der ikke blot

taler om ”skov”, og erkende forskellene i

de skove, vi oplever, og fx vaere opmaerk-
som pa, at nar vi gar en tur i en plantage,
sd er det lige sa naturligt som at ga ud over
en rapsmark. Den kan vaere grgn og flot,
men langt fra at veere et naturligt levested,
der understotter en hgj biodiversitet.

Nar man holder sig for gje, at skove gerne
skal have traeer af forskellige arter og ald-
re, er det derfor afgerende, hvilke tracer vi

i dag feelder, planter eller lader selvsa, og
hvilket formal skoven skal have. Ikke bare
for os selv eller vores barn, men for vores
tip-oldebern og videre frem, som farst for
alvor kan nyde frugterne af en indsats i dag,
nar de skal ga en tur i en biodivers, gam-
mel skov og nyde 3-400 a&r gamle treeer.
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Adfaerds Informeret Design
- pbiodiversitet og bynatur

Af Ditte Dahl Lisbjerg, biolog

Ditte Dahl Lisbjerg er adfeserdsbiolog, bio-
diversitetskonsulent og bl.a. medforfatter
til bogen VILDSKAB | Haven, der udkom
pa Politikens Forlag i april 2023.

Jeg fik en mavepuster den dag, jeg leeste, at
der er 50 % faerre dyr pa Jorden nu, sammen-
lignet med begyndelsen af diskodansens arti,
1970’ -erne. Jeg voksede op da, man lige
begyndte at se verdens vilde dyreliv pa TV.
Dengang som nu var det fascinerende at

se kampen om liv og ded pad savannen eller
den fremmede og farverige verden under
havets overflade.

Det var ogsa pa det tidspunkt, den sakaldte
‘grenne revolution’ rullede. Landbruget be-
gyndte i stort omfang at bruge nye sorter,
pesticider og kunstgadning. | skolen laerte vi,
at man bare kunne dumpe kemikalier i havet,
da det var uendelig stort.

Farhen var der masser af stenrev i havet. Dem
har vi fisket op over de sidste par hundrede &r.

| landskabet var der indtil for relativt nylig
masser af markskel med blomstrende be-
voksninger, uudnyttede arealer store nok
til at ogsa raevene kunne bygge deres raeve-
grave der, og fugle kunne have deres reder.
Der var sma markveje med teetpakket, bar
jord, hvor jordlevende bier og hvepse kunne
lave deres boer.

Men i takt med at landbruget er blevet effek-

tiviseret, er ikke bare bedrifterne blevet starre,

det blev maskinerne og markerne ogsa.
Vaek er markskel og markveje.

Grafikkerne kan hentes pa
WeDoBiodiversity.aid og ma gerne
gengives, sa leenge der er kilde-

henvisning med. God forngjelse
med at taenke dyrenes livscyklus
ind i l@sninger for biodiversitet.

JJ

Hvis vi for alvor skal gogre noget for
diversiteten af dyrene, skal vi nemlig til at forsta,
hvad der skal til for at understotte
hele deres livscyklus.

Billede 1: Markfirben (Lacerta agilis)
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Billede 2: Jordhumle (Bombus terrestris)

Billede 3: Toppet lappedykker (Podiceps cristatus)

LE

For at fa et overblik over, hvad der skal til,
har jeg derfor opstillet nogle af de treengte, danske
arters adfaerdsmaessige behov i diagrammer... “

Samme historie kan ogsa forteelles om skovene.,
De danske skove er, og har laenge veeret, alt-
overvejende store trae-marker. Traeerne er
afgreder, om end der er mange ar mellem
hgsten, og det er dog stadig unge, ranke traeer,
der hgstes. De skaeve, krogede og hule traeer,
som dem H.C. Andersen fortalte om, er der
langt imellem.

Inde i byerne har vi ogsa forbedret og opti-
meret forholdene for os selv. For hundreder
af ar siden havde mange dyr, som erstatning
for de store, gamle traeer, fundet ind i kirke-
tarne og pa lofter. Det har vi sat en stopper
for med isolering og tagtaetning. Det er selv-
folgelig godt for varmeregningen og for kli-
maet. Men det har ogsa betydet, at dyr som
flagermus, mursejlere og ugler ikke laengere
har steder at opholde sig og bygge reder.

Med opmaerksomhed pa biodiversitet i haver
0g byer er mange danskere i de sidste par ar
begyndt at fa gjnene op for de hjemmehgren-
de planter. Flere er nu klar over, at planterne
har afgerende betydning for dyrelivet, ikke

bare som gode kilder til nektar og pollen, men
fordi visse af de danske arter fungerer som

vaertsplanter for insekternes krassne larver og

er pad den made grundlaget for, at insekterne
kan gennemfgre deres livscyklus.

Hvis vi for alvor skal gere noget for diversiteten
af dyrene, skal vi nemlig til at forstd, hvad der
skal til for at understatte hele deres livscyklus.

Hvor planter stiller krav til jordbundsforhold,
lys og vand, har dyrene behov for at kunne
udfolde deres adfaerd. Mange arter er nemlig
tilpasset meget specifikt til deres levesteder
og har derfor brug for helt bestemte forhold
eller ressourcer.

For at fa et overblik over, hvad der skal til, har
jeg derfor opstillet nogle af de traengte, danske
arters adfeerdsmaessige behov i diagrammer,
der pa en overskuelig made skal illustrere,
hvad der skal til for at understotte en dyrearts
adfaerd og livscyklus og dermed skabe grund-

laget for, at arten kan indfinde sig pa et areal.

llustrationerne er inspireret af en tysk udviklet
tilgang, Animal Aided Design, og kan bruges
bade i formidling og som veerktwj for plan-

laeggere, landskabsarkitekter, arkitekter mv. i
forbindelse med renovering og byggeri, hvor
biodiversitet skal indtaenkes - fx hvis man vil
leve op til en af de grenne byggestandarder.

Habitat ‘
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Den, der fiske

fisker ogsa fisk:

Historisk beretning
om fisk og fiskeri | Sejergbugten

Af

Christoffer Holger Reenberg,
studentermedhjalper, WWF Verdensnaturfonden

Henrike Semmler Le,
PhD, Senior Advisor for Ocean & Fisheries,
WWF Verdensnaturfonden

Jon C. Svendsen,
PhD, seniorforsker, DTU Agua

r sten,

Figur 1: Ralsten bliver lastet af pG havnen i Havnsg i 1968. Foto: ©Kim Villadsen.
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Med udgangspunkt i et gammelt stenvaerk er det lykkedes
os at indsamle beretninger fra tidligere fiskere og stenfiskere
i Sejergbugten. Beretningerne har taget os pa en speendende

tur tilbage i tiden. Vi belyser, hvad der er blevet fjernet
fra Sejergbugten igennem 100 &r - og vi gennemgar,
hvor vi bar begynde, hvis vi vil genskabe en levende
Sejergbugt med et rigt dyre- og planteliv.

ENGANG ET VIGTIGT FISKERIOMRADE

Naasten midt i Danmark, mellem Resnaes og
Sjeellands Odde, ligger Sejergbugten. Fiskeriet
i Sejergbugten gar mere end 5.000 &r tilbage,
hvorfra man bl.a. har fundet intakte fletvaerker
og fiskehegn. | 1I500-tallet var omradet fyldt
med alegarde, og der var et fungerende
torskefiskeri fra 1880’erne frem til 1998, hvor
den lokale torskebestand tilsyneladende
kollapsede.

Sgofficer og kaptajn Christian Frederik
Drechsel er kendt for veaerket ‘Oversigt over
vore Saltvandsfiskerier (Drechsel, 1890),
hvori han bl.a. opgjorde, at der var omkring
40 fiskere i Sejergbugten i 1885, heraf bade
torske-, silde-, ale- og makrelfiskere. Isaer
torskefiskeriet i Sejersbugten var engang
en bugnende forretning. Dog var det forst
senere, i slutningen af 1960’erne, at man
fangede store maesngder torsk i bugten.

| 1970’erne og 1980’erne var de 40 fiskere i
bugten blevet erstattet af omkring 40 bund-
trawlere og 12 snurrevodsfiskere. En af trawl-
fiskerne var Steen Jgrgensen, som forklarer,
at det for ham var relativt almindeligt at fange
flere tons torsk pa et traek i Sejergbugten.
Dette aendrede sig dog omkring 1998, hvor
han pludselig fangede sa fa torsk, at han var
nedt til at omlaegge sit fiskeri til fladfisk.

Keld Larsen, en tidligere lystfisker og
medhjeelper pd en ralsuger i Sejergbugten,
bekraefter, at det var nemt at fange torsk

i bugten, da han var dreng: "Da jeg var 14
ar i 1967 og fiskede med langline, ville der
som regel bide 49 torsk pa, hvis jeg fiskede
med 50 kroge”. Ifalge flere fiskere fra Sejerg,
Havnsg og Sjeellands Odde var bugten et
populaert omrade at fange torsk og sild i for

1990’erne, og mange fiskere fra hele Danmark
besagte bugten. Fiskerne fra Sjaellands Odde

og Sejerg mener, at der var gydende bestande
af torsk og sild i bugten. Pa et kort fra Miljo-
ministeriet kan man se, at netop sild og
fladfisk er blevet bekraeftet som gydende i
bugten (Miljgministeriet, 1989).

Ikke kun torsk og sild har vaeret bugnende

i antal, ogsa alen var en populeer spise pa
egnen. Ifelge Poul Blasen, tidligere ralfisker

i Sejergbugten og stifter af det digitale
sgfartsmuseum i Kalundborg, var det nemt
at fange al ved Havnsg, hvor man kunne
stange 100 om dagen. Overfloden af fisk kan
veere svaer at forstd i dag. En tidligere beboer
i Havnsg fortaeller, at da han var dreng, var
det almindeligt at ga ned og fange 8-10 kg
torsk ved havnen pa et par timer, hvorpa man
solgte torskene til den lokale minkfarm for
50 gre pr. kg.

L}

Da jeg var 14 ar i 1967 og fiskede med langline,
ville der som regel bide 49 torsk pa, hvis jeg fiskede
med 50 kroge”

De rige fiskebestande betyder, at der har vaeret
mange store rovdyr i bugten. Intensiv jagt pa
spaettet sael sorgede indtil omkring 1956 bl.a.
for gadebelysningen pa Sejerg, hvor man
brugte saelernes spack, da man endnu ikke
havde strem pa gen. Endnu sterre rovdyr sa-
som blafinnet tun var ogsa en regelmaessig
geest i bugten. Den blafinnede tun blev jaget
ivrigt, og p&d Odden Havn har man landet
mange tun mellem 1920 og 1970’erne. Odden
Havn blev sé& populaer en lokalitet til tun, at
man tiltrak lystfiskere fra hele verden. Som i
resten af Danmark forsvandt tunen hurtigt,
efter at man begyndte at fiske intensivt.

LIVET SOM STENFISKER

Poul Blasen begyndte kun 15 ar gammel
at arbejde pa et ralsugerfartgj. Her blev
han aflennet fyrsteligt med 500 kr. i dags-
lan, hvilket var tre til fire gange mere,
end hvad hans jeevnaldrende tjente.

Ifalge Keld Larsen var livet som skipper
pa en ralsuger hardt, og man levede et
lemfaeldigt liv. Keld forteeller, at “med
sa tunge lees skulle man have en sjette
sans for ikke at ga ned med sit skib”.

Habitat ‘ “

Figur 2: Ralsugeren Sigridur, ca. 1972. Foto: ©Kim Villadsen.
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Artiers skade pa havmiljoet er sveert at kompensere for.
Vi er nadt til at forsta, hvorfor torskefiskeriet opharte
i slutningen af 1990’erne.”

Tidligere fiskere fra Sejergbugten fortaeller
om bade rokker og hajer i bugten. Fisker Kim
Villadsen har bl.a. haft mange mindre skader
(formentlig dveergskaden Dipturus batis) i sit
net igennem arene i Sejergbugten. Tilsvarende
har fisker Steen Jgrgensen ogsa flere gange
fanget bade skader og sgmrokker.

Desveerre er der ikke mange detaljerede
opgarelser over, hvad der er blevet fanget i
Sejergbugten, men fangstbgger af Steen
Jorgensen fra 1985-1998 giver en god indika-
tion af, hvordan udviklingen har veeret.

Det, der er kendetegnende for fiskernes for-
teelling nu om stunder, er, at fiskene stort

set er vaek. Der er mange mulige forklaringer
pd udviklingen. En del kilder peger pa sten-
fiskeri og @delaeggelse af vigtige levesteder
for fiskene.

STENREVENES BETYDNING
FOR RALINDVINDING

Ifelge en myte var der engang en troldkvinde,
der ville vaek fra Sejerg. Derfor begyndte
hun ihaerdigt at samle sten og grus i sit for-
kleede for s& at drysse det ud og etablere en
deemning. Farst mod Nekselg, siden mod
Ordrup Neaes, da hun ombestemte sig. Til sidst
opgav troldkvinden og efterlod de sidste sten
langt ude i bugten. Det blev til en @, som er
kendt som Kollen. Det rev, som bliver beskrevet
i myten, er Sydgstrevet, som gar ud fra Sejerg
og over mod Nekselg.

Figur 3: Historisk kort over
Sejergbugten fra ca. 1760,
hvor gen Kollen er synlig
sydest for Sejera.

Kilde: @National Library
of Denmark, Denmark

- CC BY-NC-ND.

Fra historiske kilder ved vi, at der i begyndel-
sen af 1900-tallet boede en stenfisker ved
Sjeellands Odde, som hed Peter Jensen. Vi
ved 0gsd, at der i 1940’erne holdt en anden
stenfisker til i Sejersbugten ved navn Albers
Hansen. Men sten- og ralfiskeriet i Sejerg-
bugten begynder ferst for alvor i 1960’erne,
hvor et stenvaerk i Havnsa bliver etableret.
Stenveerket begynder ved Havnsg, hvor et
mindre stenvaerk bliver bygget og er i drift fra
1960 til 1971. 11971 bliver det nye og moderne
Starreklinte Stenveerk indviet, og med Nord-
europas laengste transportband skulle vaerket
hente uanede maangder af ral og smasten ind
fra Sydastrevet. Stenvaerket var konstrueret
saledes, at badene lagde til ved en stenmole
200 meter ude i bugten, hvorpa man kunne

7 Figur 5: Ombord pa et ukendt ralsuger-
fartej i Sejersbugten, ca. 1975. Foto:
© Keld Larsen.

laesse ralsten af, som blev kgrt ind pa land via
det lange transportband. Inde pa land blev
stenene knust og senere brugt til beton. Tre
skibe var tilknyttet stenvaerket, Sigridur, Anne-
Bente og Tanja, foruden et starre skib fra
Arhus, Anders Martin.

Fra Sydgstrevet ud for Sejere blev der hentet
enorme maengder sten ind pa land i Starre-
klinte, hvor de angiveligt blev sendt videre

til en betonfabrik i Hedehusene. De preecise
maengder af sten, der er blevet fisket, er
ukendte. Men ifalge Poul Blasen og Keld Larsen,
som begge har arbejdet pa ralsugerfartgijer,
er der tale om mellem 300 og 500 tons pr.
last og gerne tre gange om dagen - alle arets
dage, hvis vejret tillod det. Ifalge Sejerg-fiskere

Historiske analyser af Sejergbugten er en del af WWF’s Havet Kalder-projekt, som har
fokus pa den tabte havnatur i Danmark. Projektet analyserer de konsekvenser, den tabte
havnatur har for de marine gkosystemer og for os mennesker, og hvilke muligheder der
er for at fa dele af havnaturen tilbage. Projektet er stottet af

AAGE V. JENSEN NATURFOND.

LINK TIL PROJEKTHJEMMESIDEN:
https://wwf.dk/om-os/hvor-kaemper-vi/projekt-havet-kalder/

LINK TIL FAKTAARK OM “SAND, GRUS OG STEN”:
https://wwf.dk/wp-content/uploads/2023/01/sand-sten-og-grus-web.pdf

SoMe hashtag: #WWFHavetKalder
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Artiers skade pa havmiljget er sveert at kompensere for.
Vi er nadt til at forsta, hvorfor torskefiskeriet opharte
i slutningen af 1990’erne.”

KENDTE MANGDER AF
RALSUGNINGEN PA SYD@STREVET

Mellem 1960 og 1980 blev der su-
get ral pa revet. Der var fem til ti
fartojer, der fiskede efter ral og sten
ved revet. Ralfiskerne var aktive aret
rundt, undtagen nar der var storm
eller is i bugten. Der var fire ralsu-
gerfartejer, der sejlede fra Havnsa:
Anne-Bente, Anders Martin, Tanja
og Sigridur. Minimumslasten for de
fire ralsugerfartgjer var 300 tons
(men tit lastede de 500 tons), og de
sejlede gerne to-tre laster om da-
gen. Vi ved, at de fire Havnsg-skibe
sejlede i 20 ar. Ud fra de anekdoti-
ske data fra Havnsg-badene og en
antagelse om, at de mindst sejlede
ud 120 dage om aret, ser det ud til,
at der i perioden 1960-1980 er ble-
vet ralsuget mellem 5.760.000 og
14.400.000 tons. Men vi mangler
stadig data pa de andre ralsugere,
som fiskede i bugten - s&@ maengden
af fjernede sten er endnu sterre.

var der 8-10 ralsugerfartgjer, der sugede ral
pa Sydgstrevet i 1960°erne og 1970’erne. De
kom bl.a. fra Horsens, Vejle og Kalundborg.
Ikke kun ralfiskeri har vaeret populaert i bugten
i 1960’erne. Ifglge en rapport fra Stenberg &
Kristensen var der flere stenfiskere ude i bugt-
en, bl.a. stenfiskeren Hans Valentin Christensen
(Stenberg & Kristensen, 2015). Stenfiskeri
foregik ikke kun pd Sydgstrevet, men ogsa
relativt kystnaert. Ifglge ingenigr Thomas Vedel
var der ca. 2 km ud for Lumsas’ kyst et sten-
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Figur 6: Stenrevet pa kortet findes ikke lcengere i dag.
Kilde: ©Thomas Vedel.

rev, som i 1960’erne var et populeert omrade at
fiske torsk ved. | dag er det ikke muligt at
lokalisere revet ved hjaelp af ekkolod.Ifelge
Thomas Vedel blev stenrevet fisket op,og
siden kunne man ikke fange torsk i omradet.

LIVSVIGTIGT LEVESTED FOR TORSKEN

Erhvervsfisker Kim Villadsen husker, at Syd-
gstrevet var et utroligt godt sted at fiske torsk.
| begyndelsen af 1960’erne var det nemt at
fange mellem 35 og 50 kasser mindre torsk.
Men da man begyndte at ralsuge, kunne fisk-
erne maerke konsekvenserne. Kim Villadsen
padpeger, at der var for megen stgj og forure-
ning til, at torsken kunne overleve ved revet:
"Nar man sejlede ved revet, var vandet helt
hvidt og skummet, fordi ralsugerne havde
rort vandet op”.

Med viden om torskens biologi giver det
mening, at Sydastrevet har spillet en vigtig
rolle for bugtens torskeyngel og dermed
0gsa torskens Houdini-nummer i bugten.
Torsk gyder ofte pa 30-60 meters dybde. Ud
for Sejergbugten ligger en sejlrende kaldet

Figur 7: Kortet fra 1989 viser stenrevet

og gydeomrader for sild og fladfisk i

Sejergbugten. Kilde: © Miljgministeriet

TID TIL AT HANDLE

Mangden af sten, som man har
hentet, og hvor stor betydning
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det har haft for fiskens forsvinden
i Sejergbugten, kan ikke bestem-
mes praecist. Men siden ralfiske-
riet tog fart, har gen, som blev
kaldt Kollen, ikke veeret over vand-
overfladen. Inden ralstenfiskeriet
blev intensiveret, var det normalt,
at landmaendene pa Sejerg brugte

W Omrddegrmnse
—— Opvmkstomride for fladfisk

2 Gydeomride for sitd

B srenrev

Q SKOV- OG NATURSTYRELSEN
Havbundsundersegelser

zoam gen til sommergraesning for far
og kger. Ingen af de sten- og
ralfiskere, som har bidraget med
deres viden til vores rekonstruk-
tion af lokalhistorien, har nogen-
sinde skullet indregistrere
maengder af ral eller sten. Den
mest aktuelle opgorelse for

Habitat ‘ N

T-renden. Her er der mellem 45 og 50 meter
dybt. T-renden kunne meget vel havde fun-
geret som gydeomrade for den lokale torsk.
Ifalge flere fiskere var det muligt at fange helt
op til otte tons torsk med trawl derude. Torske-
yngel sgger mod lavere vand, nar de er ca.
tre maneder gamle. Kim Villadsen husker, at
man teet pa revet fangede relativt sma torsk.
Det lave rev (0,5 til 5 meter) virker som et
ideelt opvaekstomrade for unge torsk, der kan
lide lavvande og feerdes pa ralstensrev. Det
skyldes bl.a., at torsk har en god overlevelse
ved ralstensrev (Tupper & Boutiller, 1995).
Fiskene har ganske enkelt gode muligheder
for at skjule sig for rovdyr, nar fiskene lever
ved ralstensrev. Aleyngel foretraekker ogsa
levesteder ved ralstensrev (Christoffersen et
al., 2018). De videnskabelige studier tyder pa,
at ralstensrev er vigtige levesteder for fisk og
dermed vigtige for fiskeriet i danske farvande.

..88'. e « Biologi beskyttelses- o redningai;
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maengden af sten, der er fjernet
fra den danske havbund, kom-
mer frem til ca. 55 km? (Helmig
et al.,, 2020). Forskerne henviser

i artiklen til, at man mangler data
for bade sten- og ralfiskeri, og at meengderne
derfor kan vaere hgjere.

Sejergbugten var engang hjemsted for en
fantastisk havnatur og et fantastisk tilherende
fiskeri. Det er slut nu. Fravaerende eller lem-
faeldig forvaltning betgd, at ressourcerne i
bugten ikke blev forvaltet pa en baeredygtig
made. Storsldet havnatur, spaendende fiskeri
og dejlige oplevelser i og ved Sejergbugten
kan genskabes, men det vil kraeve en stor
indsats. Artiers skade p& havmiljget er svaert
at kompensere for. Vi er ngdt til at forsta,
hvorfor torskefiskeriet opharte i slutningen
af 1990’erne. Der er meget, der tyder pa, at
indvinding af ral- og kampesten har haft stor
betydning - men vi kender fortsat ikke de
afgorende faktorer for fiskenes tilbagegang.
Hvis vi beskytter, hvad der er tilbage, samt
genskaber og udviser madehold, er der lys
for enden af tunnelen. Vi har overudnyttet
havets ressourcer. Nu er tiden kommet, hvor
vi skal levere noget tilbage.
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TAK TIL

Vi vil gerne takke alle fiskere og stenfiskere
fra Havnsg, Sejerg og Sjaellands Odde, som
har veeret s& venlige at dele deres historier
med os. Kun med jeres hjaelp kunne vi danne
os et billede af, hvor vildt der engang var

i Sejergbugten.
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Finding unknown
musscl arcas
in Roskilde Fiord:

how drones can aid in reef protection

DTU Aqua is developing new tools that enable mussel reef
identification and mapping. The tools are applied in Roskilde
Fjord where they helped locate a previously unknown mussel
reef in the southern part of the fjord. The tools may be used

for further mapping, and additional projects may uncover more
unknown mussel areas that are present in Roskilde Fjord.

By
Anna Keuter, bachelor student, University van Hall Larenstein
Fletcher Thompson, researcher, DTU Aqua
Patrizio Mariani, professor, DTU Agua
Jon C. Svendsen, senior researcher, DTU Agqua
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Mussel reefs may also function
as great fishing areas.”

THE DIVERSE AREA OF ROSKILDE FJORD

Roskilde Fjord is an important area, partly
because it is part of the Natura 2000 area
termed Roskilde Fjord og Jaegerspris Nord-
skov. Natura 2000 areas form a European
network of protected nature areas. In fact,
Natura 2000 areas are considered the largest
network of protected nature areas in the
world. In these areas, specific animals and
plants, as well as habitats, are protected to
maintain the biodiversity of the area. Roskilde
Fjord has been specifically appointed as a
Natura 2000 area because of its diverse
maritime habitats such as bays, sand banks
and long estuaries along the shoreline. The
fiord also provides important breeding and
feeding grounds for several bird species like
the grebe, terns, and other waterfowl.

The birds benefit from the fjord’s shallow
waters and many small islands.

THE ROLE OF MUSSEL REEFS

Reefs are protected within Natura 2000
legislation. More specifically, biogenic reefs
are protected by this legislation. Biogenic reefs
are reefs that are made of organic substrate,
like oysters or mussels. Mussel reefs are form-
ed by large aggregations of mussels (Mytilus
edulis) that grow next to each other, forming
dense beds. They filtrate the water, increasing
the visibility in shallow areas and improving
water quality. This is important for sunlight to
reach the seabed, ensuring that vegetation can
grow and provide oxygen and food for many
fish and other species in the area. Mussel reefs
may also function as great fishing areas (Fig. 1).

Figure 1: Catching fish is a great hobby for many young people in Denmark. The picture shows garfish caught by recreational
fishing in Roskilde Fjord. During April-june, garfish migrate into Danish inlets, and the fish are often more abundant near

mussel reefs. Photo by Uffe Clemmensen.
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In 2019, a dive survey indicated a potential bio-
genic mussel reef in Roskilde Fjord but reefs
are not listed in the Natura 2000 legislation
for Roskilde Fjord. To determine if biogenic
mussel reefs exist in the area, the reefs must
meet specific requirements:

1.  The mussel area covers at least 2500 m?2.

2. The average coverage by mussels is at
least 30%.

3. The mussels include at least 3 cohorts.

This definition provides a guideline for the
identification and mapping of biogenic mussel
reefs. However, identifying biogenic reefs is
both expensive and time consuming since the
conditions under water can be rough, inac-
cessible, and the areas are large. To address
this challenge, DTU Aqua has an ongoing
project where a toolbox is being developed
for mapping biogenic mussel reefs. Ideally,
the toolbox should work for local stakeholders
so they can assist in the mapping of their local
biogenic reefs. By engaging local stakeholders,
the DTU project aims at 1) taking advantage

Figure 2: The picture shows the towbody before deployment.
The towbody is easily handled manually, and it can be
deployed from small boats. This allows local fishers to use
the towbody without special equipment. Photo by Fletcher
Thompson.

of local knowledge and experience, 2) collec-
ting data in a relatively cheap fashion, and 3)
getting reefs mapped in the inner Danish
waters. Stakeholders are people with a direct
interest in the results or the course of a project,
like environmental organisations, recreational
divers, or local fishermen. The toolbox includes
an underwater drone - also termed a remotely
operated vehicle (ROV). A classic ROV is
controlled by a pilot and can film the seabed
with an underwater camera. This is a rather
complicated process. The achieved video
recordings are then analysed, and in this way,
a biogenic mussel reef can be identified,
mapped and eventually protected in relevant
Natura 2000 areas.

In the future, the stakeholders will apply a
ROV and use this tool to film the seabed. The
resulting video recordings will then be trans-
ferred to DTU where the recordings can be
processed and analysed. By having these
analyses available, biogenic mussel reefs can
be identified and mapped. Eventually, the
biogenic mussel reefs can be included in the
protected areas of specific Natura 2000 areas.

TESTING A NEW DRONE

While the main aim of this study is to locate
biogenic mussel reefs in Roskilde Fjord, this
project also included testing of a new system:
a towed torpedo-shaped body that houses
a camera and depth sensor. Due to the low-
cost of components and access to a navigation
system, the “towbody” is simpler to operate
and cheaper than a classic ROV. The test was
carried out to understand if the towbody
may be used as a tool for local fishermen

as an easy and cost-effective way of video
recording seabed areas in the inner Danish
waters. The towbody is shown in figure 2.

During this project, the towbody was devel-
oped, applied and tested by DTU Agua.

L}

The towbody has a lot of potential. It is easy to deploy,
and can be used while fishing and sailing recreationally.”

The basic principle is that the towbody is
being towed behind a boat, instead of being
remotely piloted like classic ROVs. During the
towing, the towbody is filming the seabed
below. This approach allows fishermen to catch
fish while they are mapping the seabed. The
towbody is attached to the boat by a cable,
as shown in figure 3. Five light chains hang
from the towbody to ensure it does not cap-
size underwater and remains stable near the
seabed. Inside the towbody is the camera
which is facing down towards the seabed
below. The camera is sending the recorded

video directly through the cable to a laptop
on the moving boat. The recordings are being
stored on the laptop. In this fashion, the tow-
body is simultaneously recording the seabed
while it is located via GPS from the boat.

The data of this study were collected on the
21st, 22nd and 23rd of September in 2022 in
collaboration with the two local fishermen
Kim Jgrgensen and Jonn Poulsen (figure 4).
Nearly 9 hours of footage were collected,
and the mussel seabed coverage on the
recordings were analysed.

Figure 3: This figure shows how the towbody works when recording the seabed. The towbody is being pulled by the yellow cable
which is attached to the top of the towbody. The five chains hang behind the towbody to keep the device stable. The circle
displays what the towbody camera is recording. In the present case, the camera is recording mostly mussels on a sandy seabed
with the occasional stone or patch of seagrass. Created with BioRender.com.
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Figure 4: Local fishermen Kim Jergensen (right) and Jonn Poulsen during the data collection in Roskilde fjord. Photo by Michelle Melin.

JJ

Widespread protected mussel reefs may not only
support recreational activities, but may also allow the
fjord area to start meeting the environmental
requirements from the EU.”

EXPLORING REVEALS A NEW REEF

Video and GPS data were collected from
different parts of Roskilde Fjord. The first
examined area was an area where a biogenic
reef had already been identified. Data from
this area were collected to get more infor-
mation about this reef. This was in area A,
as shown in figure 5. Later, other areas were
examined as well, specifically area B and area
C. This was done to examine if there are mussels
present in areas B and C at the same densi-
ties as in area A. Surprisingly, to the east and
south of area A, mussels were present, and

in high numbers. In particular, the mussel
seabed coverage in area C is high, as shown
in more detail in figure 6. On average, the
mussel seabed coverage in this area is
40-50%. This range is higher than the mus-
sel seabed coverage required for mussel
reef identification (30%, see above). This
could indicate another potential biogenic
mussel reef present in Roskilde Fjord.

CHALLENGES DURING DATA COLLECTION

During the data collection, some intermittent
problems with the towbody occurred. The

Rescarch arcea in the Roskilde Fiord

Legend
- Oailed
route
== Area A
=== Area B

m== Area C

The sailed route on the 21, 22" and the 30" of September in the Roskilde Fjord.

™

K

@ Mapbox © OpenStreetMap

New arca sailed on day 3

(0

Legend

== Sailed
N route

© Mapbox © OpenStreetMap

The sailed route on the 30t of September in the Roskilde Fjord.

A Figure 5: This picture shows the areas where video data were collected in Roskilde Fjord in 2022. Area A is an area

where a potential biogenic reef has been previously identified and mapped. Area B and area C are newly analysed areas.

N Figure 6: This figure shows area C in more detail (see figure 5). High mussel seabed coverage was observed in area C. The
average mussel seabed coverage of the sailed route in area C was 40-50%, indicating the existence of a potential mussel

WWreef in area C.
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Advantages Disadvantages

The towbody does not require manual
control and can therefore be used
with less experience and effort.

It is difficult to manoeuvre the towbody
while it is being towed, and it may go
upside down when the boat is turning.

The towbody can be used while
doing other activities on the
water like recreational fishing.

The towbody is vulnerable to boulders
on the seabed which may damage
the equipment.

The towbody is easy and quick to
set up, deploy and retrieve.

Seagrass must be removed manually from
the towbody if it accumulates in front
of the camera, taking effort and time.

Table 1. This table shows an overview of the advantages and disadvantages of applying the towbody for video data collection in

Roskilde Fjord.

weights added to the towbody turned out to
be too light, making the device susceptible
to currents and movements of the boat. This
resulted in some upside-down footage which
could not be used for seabed mapping. The
towbody is also vulnerable to the presence
of boulders on the seabed. The five chains
are around one meter long, making the tow-
body float close to the seabed, and on the
last day of data collection, the towbody hit

a boulder and was damaged.

HOW THE TOWBODY CAN HELP SHAPE
THE FUTURE

During this project, it became clear that the
towbody has a lot of potential. It is easy to
deploy and can be used while fishing and
sailing recreationally because it does not have
to be remotely operated. This makes the tow-
body more convenient than most ROVs since
these have to be manually operated while the
boat is anchored. The set-up of the towbody
takes some practice, and there are many topics
to be aware of. A total overview of the advan-
tages and disadvantages of the towbody is
presented in Table 1. With a few adjustments
to the towbody, the new tool is ready to

explore and map more unknown biogenic
mussel reefs in Roskilde Fjord and elsewhere.

Over time, the outcome could be an improved
habitat protection in Roskilde Fjord with
diverse marine habitats. This would benefit
marine life and attract recreational activities
in the area. This includes different types of
recreational fishing, snorkelling and SCUBA
diving. Widespread protected mussel reefs
may not only support recreational activities,
but may also allow the fjord area to start
meeting the environmental requirements
from the EU. This could be relevant for the
EU Water Framework Directive where Roskilde
Fjord is currently not meeting the EU requi-
rements.

In conclusion, the present study has shown
how a new tool is being developed by DTU
Aqua to identify and map biogenic mussel
reefs in Roskilde Fjord. By engaging local
stakeholders, the project outcome could be
mussel reefs listed under the Natura 2000
legislation for Roskilde Fjord. In the long run,
mapped and protected mussel reefs could
support recreational activities and a better
environmental status in the local area.
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Globally, there is an urgent need to move away from
fossil fuels, like oil and gas. This will require a rapid expansion
of our renewable energy capacity in the coming decades,
including wind farms. Offshore locations offer a huge potential
due to stronger and more consistent winds for wind farms.

However, tapping into this resource will increase our
human footprint on offshore marine environments. In this article,
we outline potential positive and negative effects that offshore

wind farms may have on fish during the operational phase
of the wind farm.

THE FAST-GROWING OFFSHORE WIND
SECTOR

Our global demand for renewable energy is
currently at a record high. The reason is a
growing realization that the continued use
of fossil fuels will pose great threats to our
long-term survival. Threats include worsening
air pollution, extreme weather events and
global food and drinking water shortages.
Likewise, fossil fuel emissions continue to
accelerate the loss of natural habitats, sea ice
cover and biodiversity. Nations across the
globe are therefore heavily investing in rene-
wable energy, including the use of offshore
wind farms (OWF). For example, member
states of the European Union have pledged
to increase their OWF capacity to 300 giga-
watt by 2050. This will require at least a 10-fold
upscaling of the current offshore wind capacity
in Europe. Clearly, such a rapid expansion of
the offshore wind industry will increase the
human footprint on offshore marine environ-
ments. It is therefore crucial to assess the
potential positive and negative effects of the
expansion on inhabitant marine life, including
fish.

At present, the lifespan of an offshore wind
turbine is between approximately 25 to 35
years, depending on environmental conditions
and maintenance procedures. The construc-
tion phase of an OWF is generally of most
concern when it comes to potential impacts
on the marine environment. However, there
may also be effects occurring during the
operational phase of a wind farm, yet our
knowledge on some of these effects remains
limited. This is a surprise, because the opera-
tional phase is the longest phase within the
lifecycle of a wind farm. Over the 20+ years
of operations, the underwater structures of
OWF may develop into diverse ecosystems
hosting a wide variety of fish and other marine
species. On the other hand, OWF will also be
a continuous source of man-made emissions
that could impact nearby marine life. Emissions
during the OWF operational phase include
electromagnetic fields, underwater noise,
particle motion and vibration (Svendsen et
al., 2022).

J)

...the underwater structures of OWF may develop
into diverse ecosystems hosting a wide variety
of fish and other marine species.”

WIND AND REEFS

One of the most well-established effects of
OWF on marine ecosystems is the provision
of new habitats for species associated with
hard structures (e.g., reefs). The majority of
wind turbines are constructed in soft-bottom
areas (e.g., sand). In these areas, there are few
places to hide for fish species that are unable
to camouflage or bury themselves in the sand.
However, after a turbine is constructed, dif-
ferent types of new hard substrates are pro-
vided that can function as habitat for fish.
The monopile itself provides a hard structure
running all the way through the water column.
Here, many different biofouling communities
(such as mussels, barnacles and anemones)
can develop, depending on the water depth
(Degraer et al,, 2020). These communities
may provide an abundant food source for

higher trophic levels, such as fish. Research is
showing that commercially important species
such as Atlantic horse mackerel (Trachurus
trachurus) and Atlantic cod (Gadus morhua)
often spend prolonged periods of time near
offshore structures in search of food (Fig. 1;
Degraer et al.,, 2020).

In addition to the vertical structure created by
the monopile, a wind turbine also provides
complex horizontal habitats near the seabed.
Because the turbine is often constructed on
a soft bottom, water currents may over time
create a large hole in the seabed around the
turbine foundation (also called a “scour pit”).
The hole in the seabed can cause the turbine
to become unstable. Therefore, to maintain
stability, scour protection can be installed
around the monopile. The scour protection
often consists of a layer of small-sized rocks

Figure 1: Atlantic cod (Gadus morhua) swimming around the underwater structures of an offshore platform. Credit: C.
Kuyvenhoven
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Figure 2: OWF are most often constructed on a sandy seabed, inhabited by a number of soft-bottom species that are adapted
to living in environments of low structural complexity (A). After a wind turbine has been constructed, the monopile structure and
scour protection offer different complex habitats for a range of fish species (B). The monopile structure can be colonized by a
diverse biofouling community that goes through different successional stages, often becoming more dominated by mussels in
later stages (Degraer et al., 2020). Biofouling species on the monopile offer a rich food source for different species of fish such
as the pouting (Trisopterus luscus). In addition, the scour protection around the base of the turbine introduces hard substrate
to the seabed. The availability of hard substrate may allow for the settlement and growth of macroalgae (here Laminaria sp.)
which require hard surfaces to attach themselves (1). The macroalgae can provide a refuge for fish but may also be used by
herring for deposition of their adhesive eggs (2). The rocks used in the scour protection provide shelter for juvenile fish, such as
cod. This shelter availability can increase the survival of juvenile cod by protecting them from predation and also allows juvenile
cod to save energy (3). Finally, the colonization of mussels may extend down to the scour protection layers. Mussels on the scour
protection could offer a food source for benthic fish species, including soft-bottom species like flatfish (4). Note that the turbine in
this illustration represents a shallow water turbine, constructed at depths between 20 and 30 m. The development of macroalgae
on the scour protection depends, among other conditions, on adequate light penetration through the water column. Low light
conditions at OWF in deeper areas may therefore not allow for any macroalgae development on the scour protection. Illustra-
tion by Hendrik Gheerardyn.

covered by larger rocks around the foundation  shelters available between the rocks associ-
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Emissions during the OWF operational phase include
electromagnetic fields, underwater noise, particle
motion and vibration.”

Finally, in relatively shallow waters with sui-
table light conditions, macroalgae (seaweed)
may settle and grow on the hard surfaces of
the scour protection. Seaweed often provides
various benefits to fish. For example, the At-
lantic herring (Clupea harengus) often deposit
their adhesive eggs onto vegetation, and
canopy-forming seaweed can function as a
suitable nursery habitat for juvenile fish (Fig. 2).

ELECTROMAGNETIC FIELDS
AROUND CABLES - ARE FISH AFFECTED?

The geomagnetic field (GMF) is a natural
property of the Earth system. The GMF is
formed within our planet’s outer core. Here,
convection currents of molten iron and nickel
generate electric currents that create a
magnetic field. The magnetic field extends
from Earth’s interior all the way into outer
space. The GMF can be detected and used
by numerous animal species on Earth,
including a diverse range of marine fishes.

One example is the scalloped hammerhead
shark (Sphyrna lewini). During the day, these
sharks can be found in large schools (Fig. 3)
mostly around islands or seamounts. At night
however, individual sharks swim along “high-
ways” towards their feeding grounds to hunt
for prey such as mackerel or squid. The ham-
merhead sharks are very accurately following
these highways by detecting small distortions
in the GMF. The sharks use the small distor-
tions as “landmarks” for navigation. This is
similar to humans using a map to get to a
destination. Although the GMF gradually
changes in strength over time, it still provi-
des a reliable source of navigation for many
marine species on Earth. However, subsea
cables used in OWF to transport electricity
to land also emit electromagnetic fields (EMF)
into the surrounding environment (see
Information Box 1). These anthropogenic
EMF have the potential to impact fish in

Figure 3 - Scalloped hammerhead sharks (Sphyrna lewini) swim in large schools during the day, yet during the night
individual sharks use a “magnetic compass” to navigate from seamounts to their feeding grounds and back. Credit: ©
Dream69 | Dreamstime.com

(Fig. 2). Apart from offering stability, the scour
protection typically functions as an artificial
reef (Glarou, Zrust, & Svendsen, 2020) The
artificial reef effects include provision of food
for higher trophic levels, energy saving me-
chanisms (Schwartzbach, Behrens, & Svendsen,
2020), and spawning and sheltering opportu-

nities for reef-associated fish species. Likewise,

bivalves (mussel and oyster) may attach to
the hard surfaces of the scour protection.
Crustaceans (crab and lobster) may utilize

ated with the scour protection. Scour protec-
tion designs may be further optimized to
benefit certain species of fish of a particular
life stage. For example, holes and crevices of
different sizes can host a variety of small-
and large-bodied fishes. In addition, the scour
protection may be designed with a combina-
tion of different materials such as boulders,
gravel, and synthetic fronds (mimicking sea-
grasses). The different materials can offer
diverse habitat types for a range of species.
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Figure 4 - Illustrations of the effects of EMF
produced by underwater cables on the sur-
rounding environment.

(A) An electroreceptive fish (here a shark) looking for prey
species near an energized HVAC cable will encounter different
types of EMF that are either naturally occurring (dashed ellipses),
such as the geomagnetic field (black), or directly or indirectly
induced by the cable (solid ellipses). The shark tries to locate
its prey via bio-electric fields (orange) that are produced by
almost all living organisms, as shown here around the crab.
However, while the electric field produced by the cable is kept
inside by a protective layer, the magnetic field cannot be shield-
ed. The magnetic field is therefore emitted into the surround-
ings (red) and remains detectable within tens of meters from
the cable. As the shark moves through this magnetic field, an
induced electric (iE) field is created in the shark ( ). In addi-
tion, seawater that flows through the magnetic field also creates
an iE-field (blue). Finally, the magnetic fields produced by the
different cores in a HVAC cable are out of phase with

each other. Thereby, a HVAC cable causes a rotating magnetic
field that also results in an iE-field (purple). All of these iE-fields
may potentially interfere with the shark’s ability to locate its
prey or to navigate. Note that the EMF produced by HVDC ca-
bles are similar to the ones illustrated here, with the exception
of the latter iE-field which is absent in the HVDC cable. This is
because the direct current of a HVDC cable does not create a
rotational magnetic field.

(B & C) Research thus far indicates that fish communities near
energized and non-energized cables have a similar composition.
However, in absence of the cable, the species diversity and
density of fish was found to be lower (Love et al., 2017), likely
because the uniform soft-bottom away from the cable offers
limited shelter and feeding opportunities for fish. Figure A
redrawn from Newton et al. (2019). Note that the species
shown in Figure B and C are not representative of the species
surveyed in the study by Love et al. (2017). Symbols courtesy
of the Integration and Application Network (https://ian.umces.
edu/media-library/symbols/). Created with BioRender (www.
biorender.com).
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One of the most well-established effects of OWF on
marine ecosystems is the provision of new habitats for
species associated with hard structures (e.g., reefs)”

various ways, including their early life devel-
opment and migratory behavior.

Experiments on Northern pike (Esox lucius)
and rainbow trout (Oncorhynchus mykiss)
have indicated that embryos have a smaller
yolk sac, absorb the yolk sac faster and that
the eggs hatch earlier when consistently
exposed to an EMF in the laboratory (Fey et
al,, 2019). The results could indicate that fish
larvae developing very close to cables may
have reduced health conditions by the time
they first start feeding, compared to larvae
that developed further away from cab-

les. However, these experiments used EMF
intensities equal to or exceeding the maxi-
mum intensity found near underwater cab-
les. Therefore, it remains very unlikely that
such local effects could have any significant
impact on fish populations at a wider scale.

Apart from early life stage development,
underwater cables could affect the feeding
and migratory behavior of various fish spe-
cies that can detect EMF. Sharks, rays and
skates use the weak electric fields produ-
ced by living organisms to locate their prey
(Information Box 1) and may not be able

to distinguish artificial electric fields from
natural electric fields. This might explain
why some species are known to bite at un-
derwater cables. The little skate (Leucoraja
erinacea) was found to significantly increase
its exploratory behavior searching for prey
when exposed to an artificial EMF in a tank
experiment (Hutchison et al., 2020). Other
species such as eels or salmon use the GMF
for migration and have been observed to
slightly change their swimming speed (eels
swam slower and salmon faster) when appro-

Underwater cables produce different kinds of electric and magnetic fields depending
on the material and type of the cables. There are two main cable types used in OWF
today. The high-voltage alternating current (HVAC) cables are used to inter-connect
individual turbines within a wind farm and additionally in most existing OWF as an
export cable transporting the electricity to land. The high-voltage direct current (HVDC)
cables represent a rather new technology and are used as export cables of electricity
to land, likely to be used more widely in the future because of larger capacities.

Fig. 4a illustrates the different electric and magnetic fields associated with a HVAC
cable, from the perspective of an electroreceptive shark. Importantly, research has
shown that fish communities living near energized cables are similar to fish communities
living near non-energized cables.

These results suggest that the electromagnetic fields produced by energized cables
do not affect overall fish communities. In fact, the diversity and density of fish was
found to be higher near both energized and non-energized cables relative to natural
soft-bottom habitats nearby (Love et al., 2017). This finding is likely explained by the
physical presence of the cable, which creates more complex habitats. The more complex
habitats near the cable can be used by various fish species, compared with the
relatively uniform sandy bottom in the surrounding area (Fig. 4b; Fig. 4¢).
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aching cables. However, to date, no studies sound while defending their territory. Other
have reported impacts of artificial EMF that species mainly use sound to attract mates,
would likely lower the migration success of ensure access to food items, or for strength-
these species in a significant fashion. ening group cohesion.

The marine environment is becoming noisier
than it used to be, which started more than
a century ago. Human activities have taken
place in or near the marine environment for
a long time, but the noise is increasing drama-
tically with elevated shipping traffic, commer-
cial fishing and offshore resource extraction.
Here, it is important to clearly distinguish the
words “sound” and “noise”.

A NOISY UNDERWATER ENVIRONMENT?

Many think of the marine environment as
a silent underwater world. This is, however,
far from the truth. Many fish species use
sound to communicate underwater. All fish
species studied to date can detect sounds
underwater, suggesting underwater sound
plays an important role within a fish’ life.
Some fish species are known to produce

Figure 5: lllustration of the different pathways through which the noise generated by a wind turbine can reach fish. For cla-
rification purposes, airborne sound waves are shown in red, waterborne waves in purple and ground borne waves in orange.
Transparency of the wave lines represents the intensity of the sound waves. The rotor blades of the turbine generate aero-
dynamic noise as they rotate through air. These airborne sound waves become waterborne after the sound waves hit the
water surface and can reach a fish by traveling further down the water column. In addition, mechanical vibrations generated
in the nacelle are transmitted downwards along the monopile (black arrows) and will pass the air-water interface. Here, the
vibrations directly induce underwater noise that travels to a fish in the water column. This direct, waterborne noise is believed
to be the major source of underwater noise as perceived by a fish. Finally, the structural vibrations transmitted all the way
down to the bottom induce vibrations within the seabed. These vibrations can potentially impact benthic fish directly or may
travel upward into the water column and reach demersal or pelagic fish as waterborne waves. Underwater noise has the
potential to mask sound signals used by fish, for example for communication (1), and may also increase stress levels in
some fish positioned very close to the turbine (2). Note that the size and range of the soundwaves drawn here are reduced
for clarification purposes while these waves are in fact transmitted along the entire length of the rotor blades and monopile.
Redrawn from Nedwell & Howell (2004). lllustration by Hendrik Gheerardyn.
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Apart from early life stage development, underwater
cables could affect the feeding and migratory behavior
of various fish species that can detect EMF.”

From the perspective of an organism, “sound”
refers to acoustic signals that are biologically
relevant and can be used by the organism.
In contrast, “noise” consists of signals that
are of no biological relevance and can either
originate from a natural source (e.g. waves
or wind) or a man-made source (e.g. boat
engine noise).

Research has indicated that noise from opera-
ting wind farms can affect fish in several ways
(Fig. 5). Noise may interfere with sound
detection in fish, for example by blocking
mating calls. This is known as the “masking”
effect. The noise produced by operating
wind farms falls within the frequency range
detected by fish, meaning there is a potential
risk that this noise can affect social interacti-
ons between fish and change their behavior.
In the laboratory, scientists have tested the
effects of noise by exposing fish to playback
sounds of operating wind farms for several
days continuously. Results indicated that both
the black porgy (Acanthopagrus schlegelir)
and milkfish (Chanos chanos) showed signs
of increased stress levels after prolonged
exposure to the noise (Chang et al,, 2018; Wei
et al, 2018). However, laboratory experiments
mimic an extreme situation where the fish
cannot freely swim away from the noise source.
Such extreme conditions are likely to be rare
near OWF, where instead the real impact

of noise will depend on the sound level, the
duration, and the distance at which the fish
is experiencing the noise. Therefore, there is
limited evidence suggesting that the noise
of operating wind farms is harmful to fish. It
is worth mentioning that no fish died during
any noise experiments conducted thus far.

TWO POSSIBLE STRESSORS THAT REMAIN
LARGELY OVERLOOKED: PARTICLE MOTION
AND VIBRATION

Particle motion (PM) and vibration have recei-
ved much less attention than EMF and under-
water noise, even though PM and vibration
are closely related to underwater noise (see
Information Box 2). Underwater noise from an
operating wind turbine can reach a fish via
different pathways (Fig. 5), involving PM and
vibrations. The exposure of these potential
stressors to fish varies between species, depen-
ding on their hearing mechanism. Our know-
ledge on the effects of PM on fish is still very
limited to date, mainly due to the challenge
of measuring PM in the field and the limited
availability of suitable equipment. Still, PM
levels generated by wind turbines can be
detected by fish. Since PM is a main acoustic
stimulus for fish, changes in PM levels caused
by operating turbines are increasingly recog-
nized as a risk, and the topic of PM should
therefore be prioritized in future research
(Popper & Hawkins, 2019).

Similarly, the effect of vibrations occurring
within the substrate near an operating wind
turbine remain largely unknown. Substrate
vibrations have the potential to affect benthic
fish species, of which some are known to bury
themselves in the sediment. Substrate vibra-
tions could also affect demersal fish species
like cod, which live in close association with the
seabed and may be highly sensitive to substrate
vibrations. It has been previously suggested
that there exists a rich environment of different
vibrations in the ocean’s seabed, a so-called
“vibroscape”. This phenomenon remains largely
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hidden to the human senses and is similar to
the natural soundscape that exists in the water
column. This vibroscape consists of different
natural vibrations related to burrowing, moving
and feeding of species living in the sediment,
as well as vibrations caused by waves, turbu-
lence and earthquakes. Operating wind turbi-
nes have the potential to locally change this
vibroscape and thereby affect the way fish
and other organisms interact with it. However,
any impacts of such local changes remain
poorly understood and should be investigated
in future studies.

CONCLUDING REMARKS

Today, there is a scientific consensus that
OWYF can benefit a range of fish species and
other marine organisms throughout the 20+
years of wind farm operations. The benefits
are explained by OWF providing hard struc-
tures that can be colonized by different
communities and may develop into rich eco-
systems. These effects of OWF resemble
artificial reefs, deployed for conservation
purposes, commercial fisheries enhance-
ment, recreational development, etc. While
potential negative effects from operating
OWF have received less attention, the topics
of EMF and underwater noise are nonetheless
relatively well studied. Research has thus far
shown limited negative effects on fish species.
Importantly, there is no scientific evidence to
date indicating that EMF, underwater noise,

particle motion or vibration, emitted by
operating OWF, can directly kill fish. Still, it
remains largely unknown if any of these
potential stressors may have a long-term
impact on fish populations.

The offshore wind industry is set to expand
rapidly in the coming decades, both in the
capacity of individual turbines and in the
overall number of farms. It remains important
to assess how this expansion is going to affect
marine life. For example, how will an increase
in power transmitted within underwater cab-
les affect the EMF produced by the cables
and their effect on fish nearby? What will be
the combined effect for migratory fishes en-
countering multiple OWF on their migratory
route? Such guestions must be answered pri-
marily through experimental research in the
field, as well as laboratory studies that mimic
the conditions that fish experience near
wind turbines as best as possible. The to-
pics of PM and vibration in particular require
more scientific focus, as changes in these
stimuli may significantly impact the way fish
interact with their natural surroundings. It
will only be through an improved understan-
ding of these various topics, that we may
ultimately be able to mitigate any negative
effects. This advanced knowledge should be
developed while we simultaneously opti-
mize the design of OWF to fully harness

the benefits they can offer to marine life.

The potential stressors of underwater noise, particle motion and vibration are all
related. When noise (or sound) is produced in a medium (like seawater), the medium
particles next to the noise source start moving back and forth in a wave-like motion.
By doing so, the particles cause a similar movement in neighboring particles, basically
transporting the energy away from the source and thereby propagating the noise.
The movement of these medium particles is called particle motion. Similarly, if the
source is located on top or within the seabed, the particles are now moving within a
solid medium to propagate the energy, a process also known as vibration. As such, the
noise and vibrations produced by an operating OWF can reach a receiver, for example
a fish, through different mediums and via several pathways (Fig. 5).
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