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Summary

To fadlit ate an evaluation of the economicimpacts of different types of fisheries
management, soft-sediment benthic invertebrate communities in the mastal zone of
Wales were modell ed using asize-based model. Biomass production and spedes
richnesswere modelled as afunction d locd environmental conditions and bottom
trawling disturbance. Modelled hiomass production and spedes richnesswere
highest in the madal areas, in particular in Carmarthen Bay, Cardigan Bay and
Liverpod Bay. Bottom trawling strongly reduced biomassand geckes richnessand to

alesser extent production of benthic communiti es.

Crynodeb

Er mwyn el gwneud yn haws gwerthuso effeithiau econamaidd gwahanol ddulliau o
reoli pysgodfeydd, modelwyd cymunedau d-asgwrn cefn benthig gwaddod meddal
ym mharth arfordirol Cymru gan ddefnyddio model ar sail maint. Modelwyd biomas,
cynhyrchiant a dyfoeth rhywogaehau fel ffwythiant amodau amgylcheddol lleol a
tharfiant oherwydd treilli o ar waelod y moér. Roedd bhiomas, cynhyrchiant a chyfoeth
rhywogaehau afodelwyd ar eu huchaf yn yr ardaloedd arfordirol, yn enwedig ym
MaeCaafyrddin, BaeCeredigion,a Bae Lerpwl. Roedd treilli 0 ar wadody mor yn
lleihau bhiomas a chyfoeth rhywogaehau’n ddrfawr aci raddau llai gynhyrchiant
cymunedau benthig.
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1. INTRODUCTION

CCW has been contributing to a PhD at the Schod of Ocean Sciences being
undertaken by Liz Richardson entitl ed The socio-economic and ecological
implications of inshore fisheries management (projed FC 73-02-740). The final part
of this PhD includes an evaluation d the ecnamic impads of different types of
fisheries management, including no take zones and areas where no fishihgowed
gears ispermitted. In order to base this ecnamic analysis on redistic scenarios, data
is needed concerning the locaions which would most benefit from the potection
described. The objedive of the current project was to model the biomass production
and spedes richnessof benthic invertebrate communities far the @madal zone of
Wales (Irish Seg. Thiswas dore using a size-based model that wasoriginally
developed and vali dated for the North Sea (Hiddink et a. In press). This model
predicts the bianmass production and spedes richnessof soft sediment benthic
Invertebrate communtiesas afunction d local environmental condtions and bdtom
trawling disturbance These results will be used by Liz Richardsonto identify areas
that could be proteded.

2. METHODS

2.1 Model of trawling impacts on size-structure

We used a size-based model of the response of soft-sediment benthic commurities o
trawling disturbanceto predict the remvery time of these communities afer trawling.
Detail s of the development and use of the model are given in Duplisea ¢ a. (2002
andHiddink et a. (In press. In summary, the model contained 32state variables, in
two faunal groups (soft and hard boded macrofauna). Growth of the popuation
biomass in each body massorganism type mmpartment was nodelled by modifying
Lotka—V olterra competition equations © give the population biomass flux for a
compartment. The interaction between habitat type and trawling effects was modell ed
by including relationships between growth and mortality and the environmentie
model. We included the eff ect of sediment type on trawling mortality, the dfect of
bed shea stresson popuiation growth rate, the dfeds of chlorophyll a cmntent of the

sediment on carrying cgpadty and the eff ects of sediment erosion onmortality.



Revery in the model can orly take placethrough growth o the locd populations, as

the model assumes that hereis no migration between adjacent aress.

The model neals the following inputlayers: tidal battom shea stress sediment
erosion die to wave andtidal bed stress carrying cgpacity, sediment type and fishing
eff ort by bottom trawlers. This data was collated in Arcview 3 for 3x3 km cdls ina
UTM zone 30-projedion. When necessary, datawas interpolated using the Inverse
Distance Weighing procedure.

2.2 Carrying capacity

The North Seamodel used chlorophyll a content of the sediment as a measure of
carying cgoacity, bu this datais not avail able for the Irish Sea Instead, we used
remote sensed chlorophyll content of the surfacewaters (Gohin 2005. The aanual
average chlorophyll a mntent from 1998to 2004was used as ameasure of carying
cgoacity:

Carrying capadty = M* surface chlorophyll a mntent (mg m™)

M is a anstant which was set & M = 800 b scak carying capacity to similar levels
as the North Sea moded Benthic biomassof approximately 10-60 gWW m?).
Spedes numbers are modell ed by examining if the biomassper logs-size clss is
below 5% of apristine referencelevel. Because this reference level depends onthe
carying cgoacity, it was recdculated as the average biomass per lpgze clssfor
the examined areaof the Irish Sea under a scenario withou the presence ofbottom

trawling disturbance

2.3 Tidal bed shear stress
Peak tidal bed shear stress at the time of mean ties(N m?) was nodelledusing
standard oceanographic equations (Neill 2005.

2.4 Sediment erosion

Bed shear stressdue to waves and tides was modelledfor the Irish Sea (Neill 2005.
Wave-induced bed stress was nmodelled for a storm evem danuary 2005 This is
based onanon-stationary SWAN wave model run, which has been nested inside a
larger shelf model. We used astatisticd relationship between bed stressand seabed



erosion from the soutern North Seato cdcul ate seabed erosion from these stress
data:
Erosion = 0.0549 *(Tide Stress+ Wave Stres§ + 0.0308(R? = 0.8336

2.5 Sediment type

Sediment data were obtained from digital British Geologicd Survey (BGS) sediment
maps. When reporting the value of the indicators for different sediment types we

clasgfied sediments with agravel content of more than 5% as gravel. For sediments

with less han 5% gravel, sediments with a sand:mud ratio of more than 9:1 were
classfied as sand. Sediments with a ssnd:mud ratio between 1:1 and 91 were

clasgfied as nmuddy sand, and sediments with a sand:mud ratio smaller than 1:1 were
classfied as nud.

2.6 Fishing effort of bottom trawlers

Trawling intensity was expressed as the arerage areacovered by trawling in ayear (y
! for eath cdl, e.g. atrawling intensity of 2 y"* means that anareawas trawled twice
ayear. The trawling disturbance d each site was determined from records of vessel
sightings by fishery protection aircraft as described by Jennings et al. (2002). These
aircraft patrol the fishing grounds around e United Kingdom andrecord a
description and location of al ves®ls hat they observe fishing. Trawling disturbance
can therefore be edimated as the number of beannawler sightings per aircraft visit
(sightings per unit effort, SFUE). For each cell, we catulated trawler SFUE from
2000to 2003.The SRUE data were converted b amean frequency of trawling at each
site. For the calculation of trawling intensity (y™), it was assumed that trawlers cover
an area of 0.22 km? per hour (i.e., 2 beam trawls of 12 m wide at 5 knos or one 48 m
otter trawl at aspeeal of 2.5 knds, Davidse and De Wilde 2001) A trawler thus fishes
2336 kn? per year and therefore, an SPUE of 1 (atrawler is aways sightedin a9 km?
cdl) shoud equate to the entire areaof the site being trawled, on aerage,260 times

-1

yr.

2.7 Model runs
The model run wsing observed trawling eff ort predicts the arrent state of the benthic
community in the Irish Sea We also carried ou amodel runwith trawling set to zero,

to examine the potentia distribution o biomass production and spedes richnessof



the benthic communty if areaswere dosed to batom trawling andall owed b recover

in the abserce of trawling.

3. RESULTS

Biomass production and spedes richnessshout al be interpretedas relaive values.
Modelled hiomass production and spedes richness were highest in the coastal zones
of Wales, in particular in Carmarthen Bay, Cardigan Bay and Liverpod Bay (Figure
1-3). Because of the formulation o the model, areas with high biomass production
and spedes richnesscoincide. Fishing strongly reduced bhiomassand species richness
andto aleser extent production d benthic communities in the aeas that are affected

by bottom trawling (Figure 3-6).

4. DISCUSSION

The benthic model predicted that the caastal areas of Wales are important for soft-
sediment benthic invertebrate communities. The model was validated for the North
Seg bu some modificaions had to be made to the parameterisation d the model to
allow running of the model for the Irish Sea using the avaibble datasets. As no
suitable datasets existed for validation o these model predictions in the Irish Sea,
model predictions have to be used with care. Nevertheless the distribution petterns
that are predicted by the model, with the castd zones being most important in terms
of biomassand spedes richness coincides with petterns that are observed in other
shelf seas (Holtmannet al. 1996.

We chssified all sediments with agrain size >2mm as gravel, which covers anything
up to bouders and kedrock. In the Irish Seathere ae areas where the sea bed consists
of ahigh propation d cobbdesand boudlers. The model formulation assumed no
dired effed of sediment on kenthic growth or mortality rates (Snelgrove and Butman
1994. Instead we assumed hatany correlations between sediment type and benthic
community biomasscan be explained through the carelation d sediment type with
shea stress chlorophyll acontent anderosion rates. However, sediment compaosition
does affed thedirea mortality that wascatsed by bottomtrawli ng and the parameter
values we used may nat beredistic for areas with ahigh propation o cobbles,
bouders or bedrock. However, acomparison d the spatial distribution d trawling
eff ort and sediment types showed that virtually notrawling is carried ou in areas with



these kind d seabeds, and that therdore the acuracy of model predictions was not
aff ected in these aeas. However, we modell ed the benthic invertebrate commurity in
sedimentary environments, ranging from mud b gravel. Hard surface ommunities
arelikely to interact differently with the environment than ft sediment communties
and therefore our model canna be assumed D be epreentdive for thes
communities. Therefore, model predictions in the inner Bristol Charmhand off the
north-west coast of Anglesey (where BGS sediments maps coarse sediment or
bedrock) are unlikely to be acurate (Figure 7).

The means by which erosion was estimated from tidal and wave bed stressis unlikely
to be predse and the modell ed state of the benthic commurnty may have been affected
by this in an unknown directiorBecause we used alinea relationship between
carying cgoacity and surface ¢lorophyll acontent, benthic biomass n areas with
very high chlorophyll a contents may have been overestimated relative to other aress.
Judging from the observed paterns, thisonly seems o beimportant for very few
coastal cdls. Because of these limitations of the model predictions, the model results
are best used as aproof of concept, rather than for actually planning the location o

marine reserves.

The model predicted a strong impaad of current bottom trawling levels on benthic
communities in offshore areafRkecovery of benthic commuirities islikely to take a
long time (5-15 years) in most areas (Hiddink et a. In revision). When selecting areas
to proted, the timescde over which the aeawill be proteded is therefore importanti
determining which areas to proted. If an areawill be closed b fishingon a seaonal
basis or for a few years, the benthic communty is unlkely to recower to pristine lewels
(Hiddink et al. Submitted) and it is best to use modé predctions hat include trawling
impads. When permanent (>20 year) area ¢osures are considered, the modell ed
‘pristine’ benthic community, in the abserce of trawling, may beused for seleding
the proteded areas.
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Figure 1. Modelled biomassof benthic invertebrate communties in the Irish Seaat

current levels of bottom trawling.



)/

7 Production (g m-2 y-1)

0-0.5

- 0.5-1
125
B 255
B 5-10
; I 10-20
20-50

=

—

Figure 2. Modell ed production d benthic invertebrate commurities in the Irish Sea at
current levels of bottam trawling.
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Figure 3. Modell ed speaesrichnessof benthic invertebrate cmmunities in the Irish

Sea atcurrent levels of bottom trawling.
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Figure 4. Modelled hiomassof benthic invertebrate commurities in the Irish Sea
withou battom trawling.
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Figure 5. Modell ed production d benthic invertebrate communties in the Irish Sea
withou battom trawling.
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Figure 6. Modell ed spedesrichnessof benthic invertebrate commurities in the Irish
Seawithou bottom trawling.
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Figure 7. Seabed areas with very coarse sediments or rock seabed(blad), where the

model prediction may not be acarate.
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