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The ProblemThe Problem
�� Fishing impacts for long periods were studied on a single  speciFishing impacts for long periods were studied on a single  species level, adding es level, adding 

more species as our knowledge grew with time. During the last yemore species as our knowledge grew with time. During the last years the need for ars the need for 
a holistic approach becomes more and more evident. a holistic approach becomes more and more evident. 

�� The direct impacts of trawling (fish mortality, destruction of bThe direct impacts of trawling (fish mortality, destruction of benthic organisms) enthic organisms) 
have been studied to a significant extent in contrast with the ihave been studied to a significant extent in contrast with the indirect effects such ndirect effects such 
as the prey as the prey �� predator relations, the nutrient fluxes, the sediment resuspenspredator relations, the nutrient fluxes, the sediment resuspension, ion, 
sedimentation etc. sedimentation etc. 

�� During the last years more and more effort has been directed towDuring the last years more and more effort has been directed towards ways to ards ways to 
predict such changes with the use of models. In the beginning stpredict such changes with the use of models. In the beginning statistical models atistical models 
relying on long data sets were the ones which could offer some srelying on long data sets were the ones which could offer some sort of prediction ort of prediction 
on the expected direct impacts. As more and more knowledge was aon the expected direct impacts. As more and more knowledge was acquired cquired 
dynamical models were developed including however very crude appdynamical models were developed including however very crude approximations roximations 
on a number of unresolved processes.  on a number of unresolved processes.  

�� In this work during the CostIn this work during the Cost--Impact project a dynamic complex model was used in Impact project a dynamic complex model was used in 
an attempt to simulate the indirect effect of trawling in the loan attempt to simulate the indirect effect of trawling in the lower part of the food wer part of the food 
chain with particular emphasis in the carbon flux. chain with particular emphasis in the carbon flux. 
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1D Model1D Model

�� 40 boxes in the vertical40 boxes in the vertical

�� 33--hour wind data from POSEIDON System hour wind data from POSEIDON System 

�� Surface relaxation to mean monthly water temperature and Surface relaxation to mean monthly water temperature and 
salinitysalinity

�� Biogeochemical initial fields from JanuaryBiogeochemical initial fields from January

�� Incorporation of important processes Incorporation of important processes 
�� Variable C/Variable C/Chl Chl 
�� Bacterial nutrient limitationBacterial nutrient limitation



Model ValidationModel Validation
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33D ModelD Model



�� 25°01´E 25°01´E �� 25°385´E and 35°33´N 25°385´E and 35°33´N �� 35°495´N 35°495´N 

�� High resolution model High resolution model �� horizontal resolution 0.3 min (horizontal resolution 0.3 min (~~ 500 500 
x 500 m) x 500 m) 

�� GridGrid 76 x 3476 x 34 boxesboxes

�� OneOne--way nested with the Cretanway nested with the Cretan--Sea ecosystem modelSea ecosystem model

�� Initial fields and parameterization from the 1D modelInitial fields and parameterization from the 1D model

�� 11DD ecosystem models in the boundariesecosystem models in the boundaries

�� Simulation periodSimulation period: 10: 10--yearsyears !! steadysteady state state 
11--yearyear !! resultsresults



Mean Seasonal Velocity FieldsMean Seasonal Velocity Fields



ConservativenessConservativeness
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ExperimentExperiment

� Trawling � 1 October � 31 May
� Standard run � no trawling
� Random sampling 1 box every 2 days + 2 adjacent
� 55% mortality for deposit feeders 
� 97.8% mortality for suspension feeders
� 50% benthic bacteria
� Dead organic matter ! POC, PON και POP 



ScenariosScenarios

RUN Scenario Fishing 
Effort 

Fishing 
Period Mortality Trawled 

Area 

Std No Fishing - - - - 

1a 
No change 

(existing fishing 
effort and area) 

100% October - 
May 100% 100% 

1b No change 
Reduced mortality 100% October - 

May 50% 100% 

1c No change 
Reduced mortality 100% October - 

May 30% 100% 

2a Reduced 
fishing area 100% October - 

May 100% >100m 
isobath 

2b 
Reduced 

fishing area 
Reduced mortality 

100% October - 
May 50% >100m 

isobath 

3 Reduced Effort 50% October - 
May 100% 100% 
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ResultsResults
Deposit Feeders
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Benthic Detritus 
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ConclusionsConclusions

�� There is a strong coupling between trawling impacts and the There is a strong coupling between trawling impacts and the 
hydrodynamic fields of the area.hydrodynamic fields of the area.

�� The absence of suspension feeders, deposit feeders and benthic The absence of suspension feeders, deposit feeders and benthic 
bacteria results in the significant increase of meiobenthos and bacteria results in the significant increase of meiobenthos and 
benthic detritus.benthic detritus.

�� Production in the water column increases due to trawling Production in the water column increases due to trawling 
(phytoplankton, zooplankton)(phytoplankton, zooplankton)

�� There were no significant differences in the integrated productiThere were no significant differences in the integrated productivity vity 
of the system with the reduction of mortality (scenario 1 a, b aof the system with the reduction of mortality (scenario 1 a, b and nd 
c)c)

�� Trawling affects the pelagic variables not only in the immediateTrawling affects the pelagic variables not only in the immediate
area but also in outer areas of the simulation fieldarea but also in outer areas of the simulation field



�� Shallow areas are more strongly affected by trawling in contrastShallow areas are more strongly affected by trawling in contrast to to 
deeper areas where effects remain local and rather insignificantdeeper areas where effects remain local and rather insignificant

�� The scenario with the least variability in the primary productioThe scenario with the least variability in the primary production is n is 
the one with the reduction in trawling area (2)the one with the reduction in trawling area (2)

�� The only scenarios that allowed the return of the deposit feederThe only scenarios that allowed the return of the deposit feeders s 
were the ones with reduction in mortality were the ones with reduction in mortality (1(1b & 1c)b & 1c)

�� Scenarios 2 (area limitation) resulted in one order of magnitudeScenarios 2 (area limitation) resulted in one order of magnitude
lower biomass in the pelagic variables compared to scenarios 1 lower biomass in the pelagic variables compared to scenarios 1 
(mortality reduction) and 3 (fishing effort reduction)(mortality reduction) and 3 (fishing effort reduction)

�� The model can be used in the analysis of the system offering The model can be used in the analysis of the system offering 
valuable help towards decision making issuesvaluable help towards decision making issues



�� However before we proceed to the exploitation of the results we However before we proceed to the exploitation of the results we 
must pay attention to the assumptions done, to the limitations omust pay attention to the assumptions done, to the limitations of f 
the model as well as to the various other dimensions associated the model as well as to the various other dimensions associated 
with the problems such as socioeconomics etc.with the problems such as socioeconomics etc.

�� This particular model will be further developed incorporating This particular model will be further developed incorporating 
important missing processes and in particular extending the foodimportant missing processes and in particular extending the food
web with the higher trophic levelsweb with the higher trophic levels




