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SUMMARY

DONG Energy has commissioned a consortium of OrbawDHI in association with
Marine Observerto model the distributio of prey toCommon $oterMelanitta nigra

by means of a habitat moda$ part of the monitoring program for the planned Horns
Rev 2 offshore wind farmThe establishment of the Horns Rev 2 offshore wind farm
(HR2 OWF) was granted by the Department of gyesn the 18 March 2007 on the
basis of DONG En e r'gOctdber 2606. (¥ heilocadian iofothre HRf
OWEF is planned for the outer part of Horns Rand itconsists of a total of 91 turbines,
each 2.3 MW which are placed with 1&séwestoriented rows of 7 turbines.

Common $oters feed almost exclusively on fikreding bivalves, and in the Danish
part of the North Setney are known to feed on bothtdrough shellsSpisula subtro-

cata and American razor clantsnsis americans. The prefereoe for razor clams seems

to be of recent origin, anthis preferencdnas been suggested as a possible reason for
the dispersal of scotens theHorns Revareaexperienced during the PS®lated mon
toring programmeThis dispersapattern of razor clampossibly may affect the pse
ence of scoters near the Horns Rev 2 sie both primary prey species to Common
scoter in the North Sea occur commonly in the region knowledge of the availpble su
ply of both razor clams and trough shells in the site and amsHBev in general is
critical to the application of a BACI design for monitoring the impact of the wind farm
on scoters. Lack of detailedydrodynamic and gebiochemical modelto construct
physidogy-based growth models for stand&mbwledge about theigtribution of prey

can lead to ambiguous interpretations of monitoring results, and even bias conclusions
on possiblempacts.

The modelling work integrated dynamic model data on the potential carrying capacity
of the two potential prey species in theaaaad field data omenthos and surface sed
ments and the relief of the sea floor. The carrying capacity models were deveteped u
ing the output from a local combindgdrodynamic and gebiochemical model to ¢o

struct physiologybased growth models for si@ardindividuals with an advection term
that replenish the food ingested by filfeeders.

Existing knowledge of food seleoti and prey dynamics by Commormadger in the
Horns Rev area could not be corroboratoth additionaldietary investigations ithe

main feeding area of the scoters, the linkedthas sampling programme and the model
results unambiguously point at two rather widfined prey communities of razor clams
and trough shells, which are both utilised by the scoters. The communityoafjith
shells is related to the area of fine sediments and very high food supply in terms of near
seabed chlorophyll concentrations found in the Esperance Bugt émal grioundCan-

cer. Most of the areas over the reef are unsuitable tordbhgh shellsdue to the sed

ment structure and the frequent taver of sediments as a result of periodic stromg cu
rents over the reef. The community of Razor clams, on the other hand, prefer the
mediumsized sediments over the reef and to the northwest of the rekfdimg the
planned wind farm site, and are due to their deep penetration into the sediment able tc
survive the frequent sedimerg-beddingin these areas. Although this community is
also found in the eastern part of the area the fine sediments seemnguliable to the
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species, and prevent the razor clams to utilise the higher concentrations of food found
just off the Danish coast. Rather than an ecosystem dominated by one prey species
American razor clams, our results indicate that both prey spa@eamportant at Horns

Rev, and that most birds now and historically have been feeding on trough shells in the
area.

The change in theistoric distribution of Commonter recorded after 1999 showed a
relocationof a proportion of 125 % of the birdslang the reef into the offshore areas
shallower than 15 m on the reef as well as on the plains northwest of the reef.fThese a
eas can now be identified as suitable habitat for razor clams and as mainly unsuitable
for trough shells. Thust is highly likely that Common &oters mainly feed on razor
clams in the 6newd area of their distri
and in 2008 allvere in excellent condition the most probable function of this dual prey
system ighat razor clams provide supplemetary source of food for scoters which are
generally experiencing a rich supply of food in terms of trough shells. This is supported
by the fact that scoters seem to use the razor clam habitats more during the later part c
the season, when fo@vailability in their primary feeding area may become scarce as a
result of their own preation.

The distribution model forazor clam for the period 2000 to B6learly shows that
most of the footprint area of the HR2 OWF is prime habitat for thisiefpesnd hence
that concentrations of Commdtoters may occur regularly in the wind farm site, as
found during the surveys from 2005 to present. Based on the model results g-is que
tionable whether scoters will use the existing HR1 wind farm site fréguas the area
does not seem to be highly suitable to razor clams.

Data on surface sediments and benthos are lacking in the areas to the west of Fang ar
the whole area northeast of Horns Reareas which areviportant to describe in terms
of potentialfood supply to CommoBcoter. Equally important, the available data on the
Spisulaand Ensisdo only allow for a breaklown of habitat suitability based on pre
ence/absence. Quantitative data are needed to base suitability estimations on bioma:s
levels raher than preence/absence pa
‘ terns, as such estaions most likely
will result in better spatial information
on gradents and patchiness in thesdi

tribution of the two species on Horns
Rev.
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DANSK RESUME

Et konsortium bestaende af OrbicogDHI i samarbejde med Marineb®ervershar pa
vegne af DONG Energy gennemfembdellering af udledelsen af faden for sorteender
Melanitta nigrasom en del af overvagniggrogrammet for den planlagte Horns Rev 2
havvindmglleparkTilladelsen til at bygge HornseéR 2 havvindmgllepé&en blev givet

af Energistyrelsen den 19. marts 2007 p
tober 2006. Placeringen af vindmglleparken er planlagt til at veere pa den ydre del af
Horns Rev, og mglleparken bestar af 91 mgller pa B\v& MW, som er placeret i 13
gstvestgdende rrieker med hver 7 mgller.

Sorteender spiser naesten udelukkendeefdtmndemuslinger og i den danske del af
Nords@en er de kereitor at fouragere pa bade Hveelvet trugmusiBpgsula subtrura-

ta og AmerikanskknivmuslingEnsis amerianus Praeferencen for knivmuslinger synes
at veere af nyere dato, og den har vaeret forestimten mulig arsag tildbredelss-
menstretaf sorteader pad Horns Rev, som blev fundet i forbindelse med det-PSO
relaterede moniteringsprognaDette udbredelsesmgnster af knivmuslinggm virke
forekomsten af sorteender ved Horns Rev 2 mgllepaikarbegge byttearter foreko

mer almindeligt i regionen vil kendskab til den tilgeengelige fademaengde af bgde tru
muslinger og knivmuslinger i mgjparken og pa Horns Rev generelt veere kritisk for
anvendelse af etBCI designi moniteringsprogrammeManglen pa detaljeret viden
om udbredelsen af bytte kéaretil tvivisomme fortolkninger af overvagningsresultater,
og kan tilmed fare til forkerte kohksioner omkring mulige pawninger.

Modelarbejdetintegrerededynamiske modeldatapa den potentielle bzerevne for de to
byttedyr i omrddesammen meftkltdata pa muslinger, overfladesediment og havbund
relief. Modellerne for baerevnen blev udviklet vedidpaf output fra en lokal komben
ret hydrodynansk oggeobiokemiskmodel Fydologisk-baserede vaekstmodellelev
etablerefor standardindividr med en beskrivelse af adtiek til fornyelse af faden

Resultaterne af undersggelserne stgtter ikke destelende viden om fgdevalg ogtby
tedyrsdynamik hos Sortand ved Horns Rev, idet savel supplerende fadeundersggelse
fra sorteendernes vigtigste fourageringsomrade, det koblede indsamlingsprogram for
muslinger og modelresultaterne alle entydigt pegede p&dorsten af to relativt vedd
finerede byttedyrssamfund af knivmuslinger og trugmuslinger, som begge udnyttes af
sortaeenderSamfundet af trugmuslinger er knyttet til omradet med finere sediment og
hgje fadekoncentrationer i form lafindnaerklorofyl i Espeance Bugibg vedgrunden
CancerDe fleste omrader pa revet er uegnedeariaymuslingemp.g.a.sedimentstrigtu-

ren og den hyppige exlimenbomlejring som et resultat af perioder med kraftig stregm.
Samfundet med knivmuslinger er pa den anden side knyttkdttildt grovere sechent

over revet og nordvest faevet, inkusiv mglleomradet, og erdpgrund afderes dybe
forankring i sedimentet i stand til at overleve den hyppigéejringaf sedimentet i g+
seomrader Selvomknivmuslingessamfundet ogsa findeslen gstlige del af omradet-s

nes det finere sediment at udggre et uegnet substrat for knivmuslingemmdgrhin-

drer arten i at udnytte de hgjere fadekoncentrationer teettere pa den danskedgse

end et gkosystem domineret & bytteart for sortaater tyder disse resultateiledes
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pa at begge der er vigtige for sorteend@d Horns Reyog at den sterste del af fuglene
nu som tidigere fouragerer pa trugmuslinger.

ZEndringen i den historiske udbredelse af sorteender observeret efter 1999 wiste en
grupperingaf omkring 1625 % af fuglene langs revet offshoreomraderngpa dybder
mindreend 15 m pa og nordvest for revet. Disse omrader kan nu identificeregysem e
habitat for knivmuslinger og sogenereltuegnet habitat for trugmuslinger. Detds-

for sandsynligt, at sortbPnder isbr fspis
tersom fuglene indsamlet i 2006 og 2008 alle var i fin kondition er den meistysége
funktion af det dobbelte byttedyrssystem, at knivmuslingerne udger eresgyber
fodekilde for sorteenderne, som generelt finder en rigelig fadekilde i form af tsagmu
linger i det kystneeremrade Dette stgttes af det faktum, at sorteenderne isger anvender
knivmuslingehabitatemffshore sidst pa vinterennar fadetilgeengelighedeantageligt
mindskes deresprimeere fourageringsomradem fdge af deres egen praedation.

Udbredelsesmodellen for knivmuslinger for perio@®90 tl 2002viser tydeligt, at b-
vedparten af Horns Rev 2 mglleparken er velegnet habitat for arten, og atfdenti
anses for sandsynligat koncentrationer af sorteender vil forekomme regelmaessigt i
vindmglleomradet, som dokumenteirgeriodenfra 2005 til i dag.Pa basis af modalr
sultaterne er det tvivisomt om sortsenderne anvender den eksisterende HRdlleindm
park i seerlig hgj grad, eftersom omradet synes at veere mindre segnétabitat for
knivmuslinger.Fremtidige karsler af habitatmodellerne vil vise hvorvidt udbredelse
mgnstrene for trugmuslinger og knivmuslinger veerestabile overhele perioden fo
overvagningsprogrammet for Horns Rev 1, og hvorvidt konsekvensvurderingenfor de
ne mgllepark i relation til hatattab hos sorteender bgr revurderes

Data péa overfladesediment og benthos mangler generelt for omraderfar ¥estg og

fra hele omradetordgst for Horns Rev,omrader som er vaesentlige at beskrivea-rel
tion til potentiel fademaengde for sorteender. Et andet vigtigt problem er, at de &lgaeng
lige data pa knivmuslinger og trugmuslinger kun tillader estimering af habitatkvalitet ud
fraom aten er tilstede eller ikke tilstedEvantitative data behgves for at estimere-hab
tatkvalitet udfra data pa biomasse, idet disse formodentlig vil resultere i netatedet
information om gradienter og fordelingsmgnstre af de to arter pa Horns Rev.
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3.1

3.2

3.21

INTRODUCTION

Background

DONG Energy has commissioned a consortium of OrbawtDHI in association with
Marine Observer$o establish a model of the distribution of potentially available food
supply to norbreedingCommonScoter Melanitta nigraon HornsRev in terms otut
trough shellsSpisula subtruncatand American razor clamBnsis americanusThe

food supply model should be used as a basis for modelling the dynamic habdtadrsele

of CommonScoter in the area, and thus gain important insight latios to the pote-

tial impacts envisaged on scoters froime planned Horns Rev 2 offshore wind farm.
The establishment of the Horns Rev 2 offshore wind farm (HR2 OWF) was granted by
the Department of Energy on the™®Blarch 2007 on the basis of DONG Egey 6ps  a
plication of 13" October 2006.

This report contains the results of ttlevelopment of the food supply model and the
habitat model for Commocoter on Horns Rev. The implementation of the habitat
model is covered by a report dealing with the thstion and abundance of Common
Scoterduring the baseline monitoring of waterbirds related to the HR2 OWF (Skov et
al. 2008).

The Horns Rev Il Project

Location

The location of the HR2 OWF is planned for the outer part of Horns Rev, a sand bank
which stréches from the coast of Denmark (Blavaiktisk) and 40 km westwardEjg-
ure 31.

The distance from the HR2 OWF to Blavands Huk is 30 km. The minimum distance b
tween the existing OWF on Horns Rev and the planned HR2 OWF is 14 km. The water
depth at the sit of the HR2 OWF varies between 6 and 18 m. The HR2 OWF has been
designed as an arc north of the shalgraundVovVov on the western Horn Rev.

The HR20OWF consists of a total of 91 turbines, each 2.3 MW which are placed with 13
eastwest oriented rows of7 turbines. Due to the design of the OWF the distamce b
tween the rows will vary from 700 m in the eastern part to 900 m in the western part,
Figure3-2. The distance betweendividual turbines is 550 m.

Figure3-1 andFigure3-2 also show the proposed placement of three 15 MW test mills.
The transformer station will be located 1 km east of the wind farrf@01& northeast of
the ransformer station an accomdation platform will be installed with a gangway
connecting the two pteorms.

Dong /Horns Rev 2 Food Basis for Common Scoter 7 Orbicon/DHI/Marine Obsemrrs



The turbines will be connected bastwestrunning 34 kV cables, which will be ko
lated into a single cable in the eastern part of the OWF, whernis connected to the

trarsformer stationfFigure3-2.

PI‘P\.CI IIIS' al 1 ¥vIIno I‘Pcv =

0 2500 5.000 Meter

Figure 3-1. The location of the HR2 OWF atiive to Blavands Huk and the Horns Rev 1 OWF.

Mgllenumre og internt opsamlingsnet

169

Figure 3-2. Turbine numbers and plannedttdes for
the HR2 OWF.

3.2.2 Free zone

A free zone of 4 km towards the south
and west and 2 km towards the north
and east has been granted to DONG
Energy for this OWF.
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3.3  Monitoring requirementsfor Common $oter and the need for modelling
available foodsupply

This modelling study is intended tosast the monitoring of @nmonScoters. Common
Scoters feed almost exclusively on fikireding bivalves, and in the Danish part of the
North Sea they are known to feed on b@bpisula subtrurata and Ensis americans
(Durinck et al. 1993Freudendahl & Jensen 2008 he preference for Americaiazor
clamsseems to be of recent origin, athis preferencéas been suggested as a possible
reason or the dispersal of scotens the Horns Revareaexperienced during the PSO
related moritoring programmeThis dispersapattern of razor clamsossibly may affect
the presence of scoters near the Horns Reite2 As both primary prey species to
Common Scoter in the North Sea occur commonly in the regkmowledge of the
available supply oboth razorclamsandtrough sheB in the siteand on Horns Rev in
generalis critical to the application of a BACI design for monitoring the impact of the
wind farm o scotersLack of detailed knowledge about the distribution of prey can
lead to ambiguous interpretations of monitoring results, and even bias conclusions on
possible impacts. The lack of key-eariables is likely to be the single most important
obstacleto the ug of monitoring data on @nmonScoters in relation to offshore wind
farm devéopment.

The infauna of the Horns Rev area has been subject of several field campaigns during
the PSGsupported programme 20@005 (Leonhard 2000, Leonhard & Pederseds?

2006) and during the EIA for the HR2 OWF (Leonhard 2006). As a result the whstrib
tion of razor clans andtrough sheb is relatively well known except for the easternmost
part of the area on the western and eastern slopes of Slugen BegeiranceBugt,

where most of the Commdacoterhistorically hasbeen concentrated. It was therefore
decided to supplement the historic infauna data for Horns Rev by quantitative samples
from these areas.

" . The knowledge of the selection of
— S razor clans by CommonSaooter on
k .- e Horns Rev stems from only one-
,(‘; p— vestigaton of the stomach content of
. o 26 individuals of Common Saoter
o T o shot atthe western edge of the etxis
ing Horns Revl OWF in March
2006 This invesigationshowed that
all sampled birds had eaten razor
clams Frewendahl & Jensen 2006
. To validate these results suppleme
2% tary sampling of scoters was orga
! ised with a focus on the area®-r
guented by the majority of the birds
during the winter of 20072008.

" Ensis americanus
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4

4.1

4.2

METHODS

Study period

As the statistical power of the BACEsgign for Commorscoterat the HR 2 OWF to a
large degree depends on the use of data from thep&@famme the food supply o

els need to cover thespod from the onset of the PSO programme in winter 2000 to the
termination of the HR 2 monitmg progranme in 2A.3.

Study areaand dynamics of benthic prey organisms

The Horns Rev area is an extension of Blavands Huk extending more than 40 km t
wards west into the North Sea. Horns Rev is considered to be a stable landform that ha
not changed position sindewas formed (Danish Hydraulic Institute, 1999). The width

of the reef varies between 1 km and 5
western point, forms the northern border of the European Wadden Sea, which covers the
area within the Wadden Sedaisds from Den Helder in The Netherlands to Blavands
Huk. The Horns Rev area has a highly distinctive oceanographic setting, which-is cha
acterised by the convergence of estuarine and North Sea water masses and tidal curren
and the presence of a strikibgthymetry,

Larsen (2003) gives a detailed review of the geological formation of the Horns Rev
area. In terms of gemorphology Horns Rev consists of glacial deposits. The formation
of the reef probably took place due to glaftivial sediment depositis front of the ice

shelf during the Saale glation period. The constituents of the reef are not the typical
mixed sediment of a moraine but rather well sorted sediments in the form of gravel, grit
and sand. Huge accumulations of Holocene marine sansbitiepup to 20 m thick,
formed the Horns Rev area as it is known today with ongoing accumulations of sand
(Larsen 2003). Horns Rev can be characterised as a huge natural ridge that blocks th
sand being transported along the coast of Jutland with thentufithe annual transport

of sand amounts to approximately 500,009 (BDanish Hydraulic Institute, 1999) or
even more (Larsen, 2003).

Despite the overall stability, Horns Rev is subject tastant changes due to continuous
hydrographical impacts such asrients, waves and sedimentation of sand; the latter of
which causes the surface of the reef to rise over time (Larsen 2003). In the HR2 OWF
area as well as in most of the Horns Rev area, the sediment conslstesif gure sand

with no or very low contenof organic matter (<1%) (Leonhard 2006). Formations of
small ribbles are seen all over the area, caused by the impact from waves and current
on the sandy sediment. Tidal currents create dunes and ribbles, showing evidence o
sand transport in both nodgHy and southerly directions. Larsen (2003) gives a more
detailed review of the sediment flow at and around Horns Rev. All structures in the area
apart from those in the tidal channels indicate that the prevailing sediment transport d
rection east of theeef is towards south and southeast (Larsen 2003). A large spatial
variation exists regarding the sediment grain size distributiffacts of strong currents

are found on the slopes facing larger depths, where coarser sand can be found (Leo
hard 2006, while the eastenmost parts of the area is dominated by finer sands with
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relatively high content of organic matter (this study). Several shallow bank areas are
found within the area, of which VovVov is located in the southern part of the planned
wind farm Figure 41. An updated model of the horizontal distribution of surface-sed
ments in terms of \tdian grain size is shown Figure4-2.

55°50'0"

55°40'0"]
024 8 124
T

Kilometers

55°300"

55°20'0"

Figure 4-1. Map showng the location of HR1 and HR2 OWFs and places mentioned frequently in the report.

The available data on the presence or absence of both target prey species on Horns Re
including the data collected during this study are depictdeélgare4-3. The two sp-

cies display rather different distribution patterns virttugh shel being found mainly

in the eastermost part of the area from CancerBsperanc@&ugt, which is characte

ised by fine sediment&merican razo clams, on the other hand, are found on the reef
from Cancer to VovVov and over the sandy plain north of VovVov, including the
planned wind farm site. These areas are characterised by msidetinsediments, and
relatively few razor clams inhabitat thendi sand of Esperandgugt or the coarser
sediments on the southwestern slopes of the reef. Overlap in the distribution of the two
species seems to be limited to the lower to medium range of sediments. razdhe
clams are almost impossible to sample ditatively due to their ability to escape the
sampling equipment the knowledge about theimdbace in the aboveentioned areas

is very limited. Thus, the empirical data on the distribution of razor clams have been
used qualitatively as an indication either presence or absence, whereas the data on
trough shel have been used sequantitatively to indicate absence, presence of small
or medium abundance or high abundance.

Dong /Horns Rev 2 Food Basis for Common Scoter 11 Orbicon/DHI/Marine Obsemrrs
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Figure 4-2. Model of the coarsecale sediment structure on Horns Rev determined by existing data and Hata co
lected during this study on median grain size of the surface sediments. The model has been developed
using kriging on the basis of an experimental variogram. Areas of Horns ®&wded from the
model were inadequatelyspled.

Common scoters sampled at Horns Rev.
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Figure 4-3. Available data on the presence/absenceubfrough shells (top panel) and American razor clams-(bo
tom panel) on Horns Rev from existingalahd data collected ding this study.
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4.3

4.4

Hydrodynamic model software

In the following the setip of the dynamic model of the supply of the two prey species
to CommonScoterhas been outlined. The model design is based on four madel el
ments:

1. Aregional ad local hydrodynamic model
2. A bio-geochemicamodel

3. A deterministic filterfeeder model, and
4. A habitat suitability model.

The applied hydrodynamic modelas been devel oped on th
software MIKE 3 HD, which is a fully threedimensional,nonhydrostatic, primitive
equation model (Rasmsmn1991). It is based on the Reynolalseraged NavieBtokes
equations and the conservation of mass, salinity and temperggrgrognostic var

ables are fluid pressure, the three velocity componentthantvo scalar quantities salt

and temperature. The partial differential equations are separated orgoich USing a
secondorder accurate finite difference technique. The solution is advanced in $ime u
ing an ADI technique combined with the artificialmpressibility method proposed by
Chorin (1967).

MIKE 3 HD includes different turbulence closures of which the standardhkdel is

the most advanced. In this model setup thenkodel is applied for the vertical deg®ri

tion and the Smagorinsky eddy viscositynimlationwereemployed for the horizontal
description.The scalar quantities, salt, temperature and alsstttevariables of the
bio-geochemical modul&CO Lab are modelledsing the accurate thiorder adve-
tion-dispersion scheme QUICKEST proposed by Leonard (1979) and extended to three
dimension by Vested et al. (1992), combined with the SHARP scheme (Leoi@&)d 19
The SHARP scheme is used wherever steep gradients in the scalar fields are encou
tered to avoid spurious oveand undershdmg.

At open boundaries a Dirichlet or Neumann boundary condition is applied whereas a
zeroflux boundary is applied to sdliwalls. At the seabed a quadratic drag lawpis a
plied assuming a logarithmic velocity profile just abtiweseabed. A similar quadratic

drag law is employed at the surface where a balance between the wind stress and th
ocean stress is assumed.

Bio-geodhemical software

For this study a bigeochemical model has been developed and adaptethefH]
integration modul&CO-Lab. The state variables included in the model are phytkplan
ton carbon (C), nitrogen (N) & phosphorous (P), zooplankton C, de@itdé & P, n-
organic N & P, dissolved oxygen and chloropkg/liThe fluxes of C, N & P are ¢r
sented irFigure4-4.
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The most important element in the model is the growth ofgpgtkton. The growth of
phytoplanktonis mainly controlled bynutrient availability sedimentation, turbidity,
temperature and solar radiation. Bacterial degradation of organic matter in the water
phase and in the sedimaeteasesnorganic nutrients which then become available for
new primay prodtction in the photic zone.

State variables & processes

Photosynthesis l
inorganic
ME, 3

Algae
. CHNP
Mineralization

Grazing Lzat:
of algae & Respiration

L

| |
f f " [Dizs Ozygen
Detae. Zoopl. Dead Zoepl. &O
Dead algae Part. org matter
CHE

Mineralization & Respiration
in sediment (COq, WP)

Zooplankton

SEDIMENT

— Processes

> Sources & Sinks
[ State variables

Immobile M.F

Figure4-4. A schematic flow diagram efate variables and processes in sh@ndard eutrophiaion model.

Grazing on phytoplankton by zooplankton (including other filtrators) can haveua reg
lating effect on the phgiplankton biomass; hence, grazing on algae is modelleccexpli
itly. The model does not include secondary producers at a higher level than keoplan
ton. Grazing (e.g., by fish) on zooplankton is handled indirectly by applying &rhigh
death rate for zuplankion. Grazing and decay transfosmphytoplankton to zooplankton

and detritusrespectively. The processes involved do however also transform a small
part of the phytoplankton N & P directly into inorganic N & P, the latter accounting for
aninternal mcrobid loop.

The organic material produced in the surface (or subsurface waters) will settle with
time. The bacterial degradatiaf this materiain the sediment anith the water column
utilizes oxygen and can depending, among other things, on the strertgth mfcro-

cline, result in anoxic conditiond’he model does not specifically include bacleria
biomass but the effects of bacteria gparameterized mainly based on temperature.

the biochemical model the dependency of nutrients on growth of phytophaiskte-
scribed in a twestep procesg=irstly, the inorganic nutrients are taken up into anrinte

nal pool in thealgal cells. Secondly, nutrients from this pool are utilizegroduction

of organic matter. This approach has proven to be very strongdeliing growth of
phytoplankton.
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4.5

The release of nutrients from the sediment is simulated in the model by a relationship
between the actual sedimentation rate and the water temperature. Thus, theenodel d
scribes the system in a situation with equilibriunthwiespect to inpubutput to the
sediment. The basic module and the different governing processes includee- are d
scribed in moreletailin (DHI, 2000).

Model setup

The model setup was developed and used in Edelvang et al. (2005) and Edelvang et a
(2001). Subsequently, the model area was enlarged and thgebahemical modeker

fined as parof the NOCOMMENTS project (DH2001) and establishment of an oger
tional waterforecast service Wwww.waterforecast.cojn see als@grensen et a(2002)

and Erichsen & Rasc{2001). The modelwas furthermore refined in (DHI003).The

model area covers the entire Baltic Sea, the transition area and the North Sea, with al
open boundary to the north between Stavanger antiaBddlatitude app. 59°) and an
open boundary to the souivest in the English Channel (latitude app. 51°). uslel

area is shown in Figuee5b.

The applied model is set up with a horizontal resolution of 9 nm (nautical miles}. Ho
ever, in the transitio area between the Baltic Sea and the North Betuding the
coastal areas west of Denmark and Horns Bewmteractive tweway nesing technique

is applied allowing a grid resolution 8fnm in this arearigure4-5. The bathynetry of

the model domain is based on aahble surveys. However, some adjustments have been
made in the narrow Danis$iraits to ensure an appropriate representation of the deeper
trenches, which are very important for the formation ofsthatification in the Belt Sea.

MIKE 3 is a zlayered model, and the vertical resolution in this setup is 2 meters b
tweeni 6 andi 220 m,giving 110 zlayers. Below 220 m a bottorboundary fitted p-
prOX|mat|on |s applledo the remaining part of the lat water column. The surface
I layer varies with the free
surface elevation and
extends down to levél
6 m (or local depths at
shallower depths). The
ORWA model is run with a time
¥ step of 300 sec.

gt ———- 7

» North Sea

Figure 4-5. The regional mdel

| - r area. The dotted line &ween
DE}‘ : - | Scdland and Norway indicates
I
I

an external boundary whereas
the dotted square shows the area
with the finer grid reslution.

BalticlSea
5]

2001-edd\420298-02 cdr
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4.6

Boundaries and forcings

To runthe hydrodynamic modegxternal forcingboundaries, and initialonditionsare

required. The requirediataand their origin are listed ihableO-1.

Table0-1. Data required to run the model.

HYDRODYNAMIC MODEL

Data origin

Open marine boundaries

Astronomical tides (corrected for actual atmospheric pres-
sure)

Climatologicall) values of temperature and salinity distribu-
tion in sections (linearly interpolated to cover the entire sec-
tions)

ICES? database (on request)

Initial fields

North Sea and Baltic Sea; Salinity, temperature
Interconnecting Seas; Salinity, temperature

ICES database (on request)
NERI® (MADS database)

Run-off

Actual monthly values of flow for Danish, Swedish, Norwe-
gian rivers to Skagerrak, Kattegat, and the Belt Sea

Actual daily, weekly or monthly values of flow, water temper-
ature and nutrients (N and P) for German, Dutch and English
rivers”

NERI

SMHI? (on request)

IMR® (on request)
HYDABA1? (on request)
NLWKN? (on request)
Service Desk Data'”

CEH (on request)
Environment Agencylz) (onre-

quest)

SEPA™
Climatologicall) values for the remaining rivers (Belgium, HELCOM/OSPAR
Germany, Poland, Norway, Russia, Finland, Sweden)

Air-sea exchange

Climatologicall) values of net precipitation
Actual 3-hourly 10 m wind and air pressure fields HIRLAM, DMI®
Actual 3-hourly 2 m air temperature fields HIRLAM, DMI®

Climatologicall) clearness information

1) 10 years of monthly mean

2) International Council for the Exploitation of the Seas, lage//www.ices.dKor further infornation.
3) National Environmental Research Institute, ktp://www.neri.dKor further infamation.

4) Swedish Meteorological and Hydrological Institute, kgp://www.smhi.séor further infornation.
5) Institute of Marine Research, deip://www.imr.nofor further information.

6) Danish Meteorological Institute, saép://www.dmi.dKor further information.

7) These data were updated in this study (Tai2¢. 4

8) Hydrological database. Federal Institut of Hydrology.see. http://www.bafg.derfbefiinformation
9) Niederséachsischer Landesbetrieb fur Wasserwirtschaft, see http://wwlw.dé for further infomation.
10) Rijkswaterstaat Centre for Data and ICT, see http://www.waterbase.nl for furftbenation.

11) National River Flow Archive. Centre for Ecology & Hydrology, see http://www.ceh.ac.uk.

12) Environment Agency, see httywwWw.environmenragency.gov.uk for furthenformation.

13) Scottish Environment Protection Agency, see http://www.sepa.org.uk for faftheration.

With respect to the North Sea boundary no modifications have been made to account fol
reference conditian This might cause some interference in the Skagerrak ana- pote
tially in Kattegat. However, the direct transport from the North Sea boundaries is small,
and less significant than the loadings from the German and Dutch rivers (which have
been reduced prodg). The effects from these rivers are regarded as much more-impo
tant. Furthermore, the northern boundary is close to North Atlantic waters which are
less influenced by anthropogenic dibags.
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Table0-2. Names of rivers and measuring stations for data on discharge {@%)mwater temperature (
°C) and nutrients (Nmg/). Location of the river outflows in the model setup and the m
ing stations is shown in §ure 4-6.

River Country  Source no Station no Station Q T N
Elbe DE S16 16Q Neu Darchau X
16T Hohnstorf X
Seemannshoft X
Weser DE S15 15Q Intschede X Z
15N Uesen X
Ems DE S17 17Q Versengesamt X
17T Knock X
17N Gandersum X
Rhine DE S12 12QT Rees X X
NL 12N Maassluis X
Maas NL S18 18QTN  Haringvliettsluizen X X X
1Jssel NL S13 13Q Kornwerderzand Buiten X
13TN Vrouwezand X X
Scheldt NL S83 83QTN  Schaar van Ouden Doel Xt X X
Thames UK S19 19Q 39001, Thames at Kingston X X X
Humber UK S69 690Q 27009,0use at Skelton X X X
Tweed UK S71 71Q 21009 Tweed atNorham X X X
Tay UK S84 84Q 15013 Almond at Aimondbank X*
84QTN  Perth at Queens Brirdge X X
Spey (Moray) UK S85 85Q 8006,Spey at Boat o Brig X
85TN Spey at Fochabers X X
Forth UK S70 70QTN 18011, Forth at Craigforth X X X

12007 missing, data not available yéited in with daily average of 2002006
2 no data record of temperature, data from the other Gerives used

46.1 Runoff

The runoffto themodel danain is repremted by & source pints of which 13 sources
to the North Sea were updated in this studlgble 4-1. The position of the runoff
sources are illustrated in Fige 4-6.

The Danish sources are actual runofctarges and nutrient cogntrations taken from

the annual reporting from NERI (2006 sources are estimated based on actual rainfall).
The German, Dutch and English sources to the North Sea are also actual runoff date
provided as mentioned in Tablel4The Baltic Sea sources are inlg made available

via the BANSAI (BANSAI) project and the former NO COMMENTS projeg@HI

Water & Environment 2001)Load compilation data from around ye2000 from
HELCOM and OSPAR has been applied where actual data has not bedbl@vail
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Figure 4-6. Runoff positions for the 85
freshwater sources

4.6.2 Filter-feeder
model

Two different carrying a-
pecity (CC) models weres
tablished forrazor clans and
trough shel using the otput
from the hydrognamic and
geobiochemical mdels
Both CC models build on the
same concept by combining a
physiologybased growth
model for a standard indi#4
ual with an advection term
that replenish the foodni
gested by fier-feeders.On

The energy balance of a filtégeding bivalvecan be expressed a$:= P + R + F,
wherel = ingestion;P = growth R; = total respiration (sum of maintenance regtpon,
Rm, and respiratgr cost of growthRy), andF = excretion.Rearranginggrowth is ex-
pressed aB =1 X AE- (Rn+ Ry) orP = (F X Cx AE) - (Rn+ Ry), whereAE= (I - F)/l =
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Growth rate (relative)

assimilation eficiency,F = filtration rate, andC = algal concentratiorin the individual
bivalve growth dependson the quantityC) and quaty of suspended food particl@&s-
cluding different species of algae, ciliates and zaogton organismsalong with sg-
pended inorganic material (silffhe maintenance food concentration (which justis su
ficient for zero growth) and the maximum growth rate for a starsiaetl bivalve
differs between species and between populations within species as result of adaptatiol
to local composition and concentration of food (Kigrboe at al.11%3grboe &
Mghlenberg 181).

Energetic growth models are available for many fifeeders, includingspisula sb-
truncata(Mghlenberg & Kigrboe 1981but to our knowledge energetic growth studies
have not been published for any razor clam (based on literature survey andrapo$ult
Prof. HU. Riisgard, University of Southern Denmark). Therefore, the proposed model
for Ensis americanubas been established based on rather anecdotic informatian on r
zor clams Freudendahl & Nielsen 2005, and references therein) but also irgludin
formation on growth engetics from other bivalves, especiaMytilus edulis(Kigrboe

at al. 193; Kigrboe &Mghlenberg 1981

Important documented evidence for food requirementsSfisula subtruncat#&igure

4-7 include a rather high maintenanc@doconcentration of 0.072 mgC/l, and thas-su
pended bottom material (i.e. detritus) can constitute up to 30% of assimilated food
(Mghlenberg & Kigrboe 1981 Based on the modelled detritus concentration in the
model area 5% of detritus was assumed to béable for assimilation, hence a growth
equation fitted to observed data was develomatyunonlinear curvefitting:

For food cocentration (PC +0.05*DC) less than 0.072 mg CI/I:

Gf =2.55*(PC+0.05*DC0.1833

For food concentration (PC +0.05*DC) above®® mg C/I:

Gf = (PC+0.05*DCG0.072)/(PC+0.05*D&.057))

Where PC is phytoplankton carbon (mg/l) and DC is detrittsoca(mg/l)

Spisula subtruncata

1,2
1.0 - Figure 4-7. Relative growth rate as function for food concen
' tration in Spisila subtruncata Modelleddata and observations
0,8 A (DZshown.
0,6
0.4 - The growth equation foEnsis americanu§ig-
0.2 ure 48 was assumed to differ from the growth
’ equation forSpisulai n t wo aspect s:
0,0 / ' ' of juveniles was reduced at high algal cance
-0,2 02 04 0l6 trat i o freudlendahl & Nielsen 20D5vhich

Food concentration (mg /iy usually implies hat food sorting capacity isather low
(Kigrboe etal 1981), i.e. detritus plays a minor role as
food and, (2) thaEnsisapproaches the maximum growth rate at lower food (algae)
concentration compared fpisula (3) the ventilation rate and oxygen uUggan razor
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Growth rate (relative)

Current function (relative)

0,1
-0,3

11

clams are relatively unaffected by low oxygen concentrations as in cockles (Salanki

1966) which indicate a higher weight loss during starvatigelow is shown the s
sumed growth function fdEnsis but it should be kept in mind that the eqoatis not
based on hard evidence, but an interpretation of observations fronemtiffeurces.

For food concentration (PC +@DC) less than 080 mg C/I:

Gf =5*(PC+0.02*DG0.23

For food concentration (PC +@{DC) above 0.@ mg CI/I:

Gf = (PC+0.02*0C-0.04)/(PC+0.02*D@.01))

0,9 -
0,7 1
0,5 -
0,3 -
0,1 -

Spisula

oo 0.4

0

Figure 4-8. Comparison of functional response $pisula sb-
truncataand Ensis amercanus

The growth functions Figure 48, described
above relate to individual bivalvesrsounded
by food at constant concentrations. In nature,
filter-feeding bivalves aggregate in dense a
semblages if current speeds are high, e.gdin ti
6 al areas as the Wadden Sea. In-lowrent &-
vironments plankton algae removed Hyrdition

Food concentration (mg C/l) are only slowly remgnished and such environments
cannot sustain deme populations. Therefore, the growth functions need to beesuppl
mented by an equation that describes the replenishment of food.

1.2

1,0 A

0,8 -

0,6

0,4 4

0,2 4

0,0

VE = 3*vrexp(1-3*vI0.67)/0.67

Figure 4-9. Current function to describe food replenishment
and physical stress in filtefieeding livalves.

Effect of currenspeed on growth in individ

al filter-feeding bivalves has rarely beem-st
died. One example relates to giant scallop
(Placopecten magellanicys where growth
rate ncreased until an optimal speed of 0.15

T T T T T
0,2 0,4 0,6 0,8 1 12

Currentspeed-m s™

14 M st but at larger awent speeds the growth
decreaed as currents interfered with filtration

behavior Wildish et al. 1987)In Mytilus in situ growth rate increased with current
speed Riisgard et al. 19943nd windinduced turbulenceSandJensen et al. 199. We
are not aware of studies where an optimecurrent speed has been identified, but it is

likely that bivalves in benthic environments consisting erodible substrate such as sand

cannot maintain their position at current speeds larger thah @ §". To that end we
have constructed a bedhapecturrent function with an optimum speed at 0.3'nf&g-

ure4-9.

The individual growth function can then be combined with the current function te a ca
rying capacity index reflecting both individual growth coratis and the density of-b
valves that can be siained: CC index = Gf * Vf
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Controlled experiments of the effects of current speed on growth have only been carried
out on oysters, which showed an increase until an optimal current spEedmfs’, &-

ter whch the growth started decreasing. Other bivalve species such as blue nmissels i
crease growth in the field with increasing current speed and-wthated turbulence

until a plateauThis is generally interpreted as a consequence of increasing fodd avai
ability. Mussels which are settled on substrate like cliffs, stones and foundations may
suvive and grow in even very energy rich environments (e.g. in current speé$ER0

cm sb), while blue mussels on sandy sediments are unable to establiskvioggpopu-

lations at current speeds exceed#®eh0 cm &', probably as a result efosion

Based on their distribution bothivalve species seem to prefer full salinity even though
some razor clams likensis ensigprobablycan tolerate some reduction iigity which
occurs during precipitation events on the intertidal flats (Hill 2006). In con8psula
solida (unfortunately, no informatioms availableon Spisula subtruncaj)aseens less
tolerant to reductions in salinity (Sabat007) even thougHirm information is lak-

ing. To account for influence of salinity in G@@dices we have applied two different
functions based on thaformation available. Specifically, at salinities below 20 and 25
psuEnsissp. andSpisulaare excluded and at sdlies alove 30 and 35 psu they are not
influenced by variations in salinity. Linefunction isapplied between these twa-e
tremes.

The carrying capacity index was included in the -gedogical model as a -3
dimensional variable. Following the model siations he 3dimensional coarse (9 nm)
index was transformed intodmensional and finer grids (1/3 nm or 617 m) describing
the actual bottom indexalues in the corresponding depth of the 617 m bathymetry.
However, since the surface layer
in the geebiological nodel is 5 m,

no variation vasfound in shallow
areas. The index for depth between
0-5 m was therefore corrected with
a function describing increasing
food availability with increding
depth:

CCindeX.sm = CCindex.
sm*1.75*(depth+0.15)/(depth+4)

Figure 4-10. Location of the measuringast
tions and Horns Rev.

T T T T T T
0 100 200 300 400 500 600
(kilometer)
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4.6.3

4.7

Calibration

The model results have been evaluated against measurement north and south of Horr
Rev. However, only few measurements are available in the area for the modelled years
and only measurementin the coastal areas. For nom0 measurements are dvai
able/exist in the more open parts of the North Sea. Measurements applied in the evalu
tion origins from the two stions: 43 and 1510008&jgure4-10.

The model results have been compared against measurements of salinity, temperature
chlorophylla and dissolved oxygen for the station 1510003 and 43. Station 1510003 is
located south of Horns Rev and is located in an area with expected high gradients of n
trients, suspended material, and salinity. Station 43 is located north of Horn Rev and is
located rather close coast which will imply some variations when compared with the
model esults and the resolution of the model alone will not make it possible to Ineeet t
measurements exactly.

Sediment and bethos samples

Collection of calibration data on the distribution of American razor clanss amer
canuswas planned performed using a commercial mussel sucking vessel. Only one suct
vessel is available in Denmar&nd this vessel was not mobilised within the time for
sampling.

An alternative sampling method was applékding one fieldcampaign27" March s-
ing a standard triangular dredge operated from a Ri®.dredge was operated in the
Esperence Bugt and stuth ofthe ground Cancer

Using the standard triangular dredgdyomussel data from the most near shore locality
in Esperance Bugtvas obtainedAt the wind farm site (Horns Rev2) no live mussels
were collectedut more empty shells of razor clanihis was probably caused by ma
function of the dredge due to firmly compacted sand at the wind farm site.

\ \\ ~=
Horns Rev\\ngg oﬁ
5 N\ o m\
10 '20\\ \\
NS

0” — @ Figure 4-11. Sampling sites for mussels and sednts
HUK at Horns Rev using the Van Veen grab

o
o o

10,

D

The 9" April a approximately the same
positions for collectinggommon soters
Figure 411, musse$ and sedimentvere
sampledusing a Van Veen grab bottom
sampl er operaltiedgdro

Samples for identification ofmussel

species and biomass were carefully
sieved through a 1.0 mm test sieve and
the material rained was preserved in
96% ethanol, which is equivalent to

approx. 80% when taking the watemeo
tent of the sample into considgon.
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Each mussel species were numbered and biomass DW was measured for each specie
Other benthic species were noted.

The $ell length of the mussels, i.e. the longest distance between anterior end and post
rior end were measured by means of electronic slide géligaussel data was entered
and stored into a fauna database.

Sediment was characterised by analyses for gras distribution, dry matter content

and the amount of organic material measured by combustion loss. Dry matter content
was measured as a percentage of the wet weight. The combustion loss was measured
a percentage of the dry weight. The samples weréettesccording to DS 405.11 and

DS 204. The sediment was washed in distilled water to remove any remaining salts anc
dried at 108C until constant weight was obtained. The sediment wasrgméed with
hydrogen peroxide to remove organic eniz.

Grain siz distribution was determined using a combination of sieve analysis and sed
graph technique. Sieve analysis was used for the sand fraction, i.e. all the material r
tained by a 6@ sieve according to a modified standard DS 405.9 using a total of 15
sieves.

A sedigraph 300 was used for analysis of the silt/clay fraction, i.e. all the material
passing through a @3sieve. The sediment was preated with a 0.005 molar solution
of sodium pyro phosphate and treated with an ultrasoundeitfor 5 minutes.

Cumulative percentage curves of the sieve and the sedigraph analysis dataewere pr
pared and their characteristics described by means of median particle diameter anc
measured as the point at which the 50% abscissa intersects the cumulative percentac
curve.

On the basis of sediment statistics, a sorting index was calculated. Sediments with &
sorting index less than 0.5 were characterised assodkd. A sorting index of 0l
characterises sediments as medaorted, while a sorting index of >1 charactesis
sediments as poorly sorted

Dletary studles

Thirty CommonScotes were san-
pledin Esperanc@&ugtand south of
Canceron 27" March and9™ April

10 Wik

2008 Figure 412.

Figure 4-12. Sample locations of CommonoSc
ters marked by red squares.

k. These two areaseld approximately
e . 90 % of the birds during theinter

:‘ T 200708. This was legally based on
\/\ /@/ a dispensation from the hunting
& laws given by théanish Forest and
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4.9

49.1

Nature Agency.The sample consisted of 5 female and 25 male birds. The birds were
kept frozen andtomachs subsequently taken out and analysed iroataby.

One bird was shot through and the stomach was destroyed. The stomachs of the remai
ing birds were studied following the methodology described in Durinck et al. (1993).
Food remains from the sephagus and gizzard were gently flushed out, identified and
measured.

Data analyses

Development of habitat suitability model for Ensis americanus and
Spisula subtruncata

Although the carryingcapacity models for razor clams amnough shebB provide keyn-
formation on the potential conditions for sustained growth of the species in the Horns
Rev area the actual distribution of the twe@es can only be estimated by the addition

of geemorphological paraseters. This was done within the frame of habitatability
modelling using the modelled sediment data and data on the depth and relief of the se:
floor. The presencabsence data on the two speciese collated into a GIS layavrith

1,000 m resolution in UTM 32 projectioNormalisation of the eecgeogaphical GIS
layers and modelling of covariance matrix, Ecological Niche Factor Analysis (ENFA)
and habitat suitability scores were carried out using a combination of ArcGIS version
9.1, Biomapper version 3.0 and Idrisi version 3.2. All variables were aloreu

t hrough-Ctoké @Bam»xrithm (Sokal and Rohlf
sidered very sensitive to the frequency distribution of variables (Hirzel et al. 2002).

Suitability functions were computed by comparing the distribution ofralaer chms
andtrough sheb in the multivariate oceanographic space@npassed by the recorded
presencelata with the multivariate space of the whole set of cells in the study area (Hi
zel 2001). On the basis of differences in ivalveandtheg | o b a | with segpact e 6
to their mean and variances, marginalityonfalverecords was identified by differences
to the global mean and specialisation by a lower species variance than global variance
Thus, for large geographical areas like the part of the Nodlstelied here, ENFApa
proaches Hutchinsonds concept -vaume iath® | o0 g
multi-dimensional space of ecological variables within which a species can maintain a
viable population (Hutchinson 195/or reasons of clarity wehose to select only 5
ecageographical variables for ENFA:
U The modelled filteiffeeder index for each of the two species averaged fomthe e
tire growth season from March to Novembetween 2000 and 2008
U Modelled sediment structure;
U Water depth;
U Slope d the sea floorslope (in %) estimatetfom the formulaof Monmonier
(1982)
U Complexity of the sea floor calculated for 5x5 kernel: F-4)jic-1) Where n =
number of different classes present in the kernel, c = number of cells.
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Marginality (M) was calclated as the absolute difference between the global mean
(Mg) and the mean of thisivalve presenceéata (Ms) divided by 1.96 standard devi
tions of the global distriltion (g)

M:|Mg—M4
1.960g

while specialisation (S) was defined as the rafithe standard deviation of the global
distribution to that of the species distribution

_99

os

To take account of multiolinearity and interactions among egeographical factors,
indices of marginality and specialisation were raated by factor analysis; the first
component being the marginality factor passing through the centroidlovale pres-

ence recordand the cetroid of all background cells in the study area, and the index of
marginality measuring the orthogonal distarbetween the two centroids. Severa-sp
cialisation factors were successively extracted from theesidual dimensions, ernsu

ing their orthogonality to the marginality factor while maximising the ratio between the
residual variance of the backgroundadahd the variances of thesalveoccurrences. A

high specialisation iridates restricted habitat usage compared to the range of conditions
measured in the studied parttédrns Rev Obviously, ENFA is highly sensitive to the
location and size of studyea, andt is should be born in mind that due to the coverage
of the sediment model the entire Horns Rev area could not be included in the habitat
suitability model.

A habitat suitability index was computed on the basis of the maitgifectors and the

first threespecialisation factors, as a higtoportion of the total variance was explained

by the first few factors, by comparison to a brofstiok distribution. The habitat gui

ability algorithm allocated values to all grid cells in the study areaghwivere prope

tional to the distance between their position and the position of the species optimum in
factorial space. We used theediansalgorithm for habitat suitability computation

QUALITY CONTROL
All routines of the field inventory was checked acting to an internal quality plan.
Data entry into the database was checked according to an internal quality plan.

General quality assurance and managememe conductedand documentedh acca-
dance with internationally accepted principles for quality andironmental manag
ment as described in the DS/EN ISO 9001 standard.
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6 RESULTS

6.1.1
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Small-scale patterns of filter-feeder indices

The output from the carrying capacity
models elucidated similar spatial trends
in the ndices over the Horns Rev area
both betveen the two species anck-b
tween yearsFigures 6-1 and 6.2 Both
models displayed high index values
from the 5 m depth contour to the area
west of the HR2 OWEF; theSpisula
model indcating highest index values
from the 10 m curve to RIL OWF.West

of Horns Rev the filterfeeder indices
dropped to lower values in the whole
region. In Figure 6-1 only the results
from 2007 are shown.

Figure 6-1. Smaltscale patterns of the average fiker
feeder indices for American razor clam arodt
trough shells for 20D

Spisula subtruncata

Bl

~vand
- Horns Revl OWF
——— Horns Rev2 OWF

T T T T T
2000 2002 2004 2006 2008

Figure 62. Time series of filtefeeder indices for American razor clam and cut trough shell on trees

lected loations.
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6.1.2 Habitat suitability models for Ensis americanus og Spisula subtruncata at
Horns Rev

The combination of the carrying capacity indices and physical habitat characteristics by
means of habitat suitability models provided insight into the potential distribution of the
specieduring the period from 2000 ®008. Although the C@ndices may show sk

ingly clear patterns it should be born in mind that these do not relate directly to the
abundance or distribution of the two specigplication of ENFA provided an overall
marginality ofm = 3.92 and an overakbpecialization value d& = 2.734for Ensisandm
=0.527andS = 4.654for Spisula showing thaHorns Revhabitas for the two species
during 20062008 differed markedly from the mean catidns in the studied part of the
North Sea.

7°20'0"

Figure 63. Modell@ suitable habitat for
American razor clam on Horns Rev for the
period 20002008 (see text for details).

‘ The three factors retained &
024 s =] counted formore than93 % of
Kibmdtars the sum of the eigenvalues (that
is 100 % of the marginaation
and 95 % of the speciahion).
Marginality accounted for50.9
. | % of the total speciaation in
Ensie americanus 0.2008 navd Ensis and 81.6 % in Spisula
[lunsuiable The wo first specialization fe-
Bty oo _ || tors accounted fo#l % of the
total specializationin Ensisand
11.7% in Spisula indicating thathe two specieare modeately restricted in the range
of conditions they utilize in the study aredth trough shel being moreestricted

Marginality coefficients showed thatzor clans were (postively) linked to water
depth areas with relatively flat terrain and camy capacity mdex, while trough sheb
showed strong links to median grain size (negative coefficaamd) carying capacity
index

Figure 64. Modelled suitable habitat for
cut trough shell on Horns Rev for the-p
riod 20002008 (see text forethils).

‘ These scores can easily be mte
024 s f preted on the basis of the pIott_ed
Kiometers presence/absence data, which
indicate that razor clams mainly
use offshore areas and are found
commonly around and on Horns
, ; 1 Rev, whereadrough sheB are
Spisula subtruncata mainly found in the eastern

Habitat suitability 2000-2008

Dlunsuiatie . most, nar-coastal areas~igure
Mo s . || 4-3. The marginality and sp
cialization scores lead taahitat

suitability scores ranging from 000, the upper 33fecting suitable habitaFigure 6
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6.2

3 and6-4. The pixels indicating high habitat suithtyi for razor clams mainlyie within

a coherent zone corresponding to Hens Rev and moderate slope areas to thdanort
westand southeasincluding the HR2 OWFFigure 633. The pixels indicating high
habitat suiability for trough sheB, Figure 64, are confined to the area of fine sed
ments and high carrying capacity values in the seastern and eastemost part.On
Cancer high habitat suitability is estimated for both spedibs. areas closest to the
coast are eshatedas unsuitable.

Diet of CommonScoter2007-2008

High conditionvaluesand really high fat scores the Commortcotercollected in the
Horns Rev aremdicatdthat these birds were in very goocdhddion, Table6-1.

Table6-1. Mean weight of whole birds plus mean sum of fat rankings with standéedidn and range.

Weight Fat
All birds 1,157 £ 74 (1011-1,285) 7 +1.2 (49)
Females 1,105 £ 62 (10191,194) 8 +0.7 (#9)
Males 1,168 + 73 (1011-1,285) 6.8 + 1.2 (49)

All examinedstomachsof CommonScotes were almost empty, on average only 10
gram of food items or remains were preserdicatingthat the birds had generally finish
eating hours before they were sampled. The sampling took place in the earlynhours
the morningand hence it is pl@ble that they mainly forage at night. The foochagns

were generally only found in the gizzard and only two birds had any remains left in the
oesophagus. Consequently most food remains were crushed and most of it reduced t
sand sized graingiit for use in analysis.

No Ensis americanusshells were comietely intact and only 9 measurements of the
width were possible. From the widthcould be calculated to total length of the shells
based on an equation given byopeld (2002)i length 5.8937*(width) + 2.3859;°R-
0.8048; n = 561). This equation waaskdon measurements dnsis directubut can-
sidered valid forEnsisamericanusas well. The mean length was 6%®n, minimum
45.0mm, maximum 87.8nm, stdev. 14.1mnilhese findings corroborate the findings
by Freudendahl & Jensen (2006) who foundh ahe dotihant size group of consumed
Ensisamericanusvas between 60 and 90m in shell length, corresponding to an age
of 1.5 to 2.5 years.o

Table6-2. Food items found in 29 birds (one was shot through).

Fooditem N Frequency of occurence
Ensis americanus 47 29

Spisula subtruncat 10 3

Nereis diversicolor 6 4

Only a few relatively large razor clams with a imiam length of 80 mm and a max
mumlength of 150 mm were found at few locations in the bottom gaatples Appe-
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Mumber

dix A. No smaller specimens were found in either the grab samples or in the dredge
samples.

Figure 6-5. Positions of three birds sampled
with Spisula subtruncata the stonachs

Only 6 whole Spisula subtruncata
were found with a mimum sze
of 11.4mm, max. 14.2nm, mean
12.7mm and stdev. 1.0ftnm cor-
respondingo an age othese ms-
selsof about one yeafThe size of
thesetrough shellsvere then a bit
smaller than thoseeported from
CommonScotes by Durinck et al.

e . 1993.All Spisula sbtruncatareg-
/@j’ istered in the bibom samples and
in the dredge samples were found

in areas where the Comm@&totes were foraging, Figuré-4 and the size of the rau
selswith a mean length of 11.7mm, max 15.1mm and min. 6.¥mene in concordance
with the musels found in the stomachs of these b&gperdix A, Figure 6-6.

. Four jaws ofNereis diversicolomwere
' ’ found and fromZwarts and Esselink
(1989) the length of the animals count
be calculated. These polychaetes were
between 6 and 11 cm long with a mean
] length of 8.1 cm.

_ Figure 66. Size class distribution @pisula sb-
7 | truncata registered in dredge samples from two
locations in Espeence Bugt.

Figure 6-7. Positions of 29 birds sampled
with Ensis americanus the stanachs.

REIN ii.' ik
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Figure 6-8. Positims of four birds sampled
with Nereis diversicolom the stonachs

Figure 7-1. Surface salinity (top) rad water
temperature (below) measured at station
1510003 (dots) and modelled (line).

For the two coastal calibrationast
tions the hydrodynamic simulations,
represented by salinity and temaer
ture,Figure 71 and Figure 2, indi-
cates that the model doesproduce
the physical variability in the area as
well as the intemnnual variability
(see temperature). However, during
summer the salinity is somehow
overesimated in the model which
probably is a result of the strong
gradients in the area woined with
the resolution of the model.

4 DISCUSSION AND CONCLUSNS
7.1 Evaluation of model results
7.1.1 Hydrodynamic and water quality model data
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Figure 7-2. Surface salinity (top) and waternte
perature (below) meared at station 43 (dots)
and modelled (line).

With respect to chlorophylkh and
oxygen, Figure 73 and Figire 74,
the model does reproduce the overall
pattern of the biological system. The
different measured algae blooms are
not timed exactly correct in the mto
el, but the blooms are represented
and the overall averagel@vels do
meet the measurements, and plae
terns between the years. Also, the
modelled oxygen concentrations are
rather well reproduced compared to
the measurements, and follows the
saturation levels prescribed by the
temperature vaations.

Figure 7-3. Surface concentration of chigpshyll
a (top) and dissolved ggen (below) measured
at station 1510003 (dots) and dedled (line).

7.2 Evaluation of calbra-
tion data

7.2.1 Sediment and benthos
samples

Data on surface sediments and-be
thos are lacking in thereas to the
west of Fang and the whole area
northeast of Horns Rev; areas
which are important to edcribe in
terms of potential food supply to
CommonScoter Equally impatant,
the avdiable data on th8pisulaand
Ensis do only allow for a break
down of halitat suitability based on psence/absenc&uantittive data are needed to
base suitability estiations on biomass levels rather thanseree/absenceatterns;as
such estimations most likely will result in better spatial rinfation on gadients and
patchness in the distrigion of the two species on Horns Rev.
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