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The The musselmussel eatingeating species are:species are:

•• EiderEider
•• OystercatcherOystercatcher
•• HerringHerring gullgull



NumbersNumbers in the Danish in the Danish WaddenWadden SeaSea for:for:
EidersEiders
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OystercatcherOystercatcher
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HerringHerring GullGull
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PhenologyPhenology of of EidersEiders

1986-1999
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Daily Energy Expenditure (DEE)Daily Energy Expenditure (DEE)
--three methods for calculationsthree methods for calculations

•• DrentDrent et al. 1978/79: DEE = 203.58Wet al. 1978/79: DEE = 203.58W0.723 0.723 (W: (W: 
body mass in kg, DEE in kcal/day)body mass in kg, DEE in kcal/day)

•• WalsbergWalsberg 1983: DEE = 12.84W1983: DEE = 12.84W0.61 0.61 (W: body (W: body 
mass in g, DEE in kJ/day)mass in g, DEE in kJ/day)

•• Nagy 1987: DEE = 10Nagy 1987: DEE = 10logDEElogDEE



DailyDaily Energy Energy ExpenditureExpenditure
-- for the for the musselmussel eatingeating speciesspecies

15441544820820541541NagyNagy

14151415845845603603WalsbergWalsberg

15211521826826553553DrentDrent et al.et al.

EiderEiderHerringHerring GullGullOystercatcherOystercatcherkJ/daykJ/day



--more figures to be added.more figures to be added.
Energy demand increasesEnergy demand increases::

•• during low temperatures (during low temperatures (StillmanStillman et al. et al. 
2000)2000)

•• when swallowing mussels with cold water when swallowing mussels with cold water 
((NehlsNehls 1995, 1995, LeeuwLeeuw et al. 1999)et al. 1999)

•• when diving in cold water (when diving in cold water (LeeuwLeeuw et al. et al. 
1999)1999)



Efficiency in extraction energyEfficiency in extraction energy
from mussels from mussels 

•• Eiders: 75 % (Eiders: 75 % (NehlsNehls 1995)1995)
•• Oystercatcher: 85 % (Oystercatcher: 85 % (StillmanStillman et al. 2000)et al. 2000)
•• Herring Gull: 85 % (assumed, feed like Herring Gull: 85 % (assumed, feed like 

Oystercatcher)Oystercatcher)



Blue mussel proportion in the diet:Blue mussel proportion in the diet:

•• Eiders:Eiders: 1818--90 % (90 % (HilgerlohHilgerloh 1999), 681999), 68--80 % (80 % (HilgerlohHilgerloh 19971997). ). 

Range 18Range 18--90 %90 %
•• Oystercatcher:Oystercatcher: 5050--80 % (80 % (SmitSmit et al.1998), 69 % (et al.1998), 69 % (HilgerlohHilgerloh

1997), 77 % (1997), 77 % (MaagaardMaagaard & Jensen 1994), not & Jensen 1994), not ptofitableptofitable food item food item 
((ZwartsZwarts et al. 1996).et al. 1996).

Range: 0Range: 0--80 %80 %
•• Herring Gull:Herring Gull: < 30 % (< 30 % (DernedeDernede 1994), 101994), 10--30 % (30 % (HilgerlohHilgerloh 1997), 1997), 

33--40 % (40 % (WilkensWilkens & & ExoExo 1998), 661998), 66--86 % (86 % (KubetzkiKubetzki & & GartheGarthe 2003).2003).

Range: 10Range: 10--86 %86 %



-- make a decision: make a decision: 
two options for diet composition two options for diet composition 

•• Option 1: Eiders 60 %, Oystercatcher 17 Option 1: Eiders 60 %, Oystercatcher 17 
%, Herring Gull 5 %.%, Herring Gull 5 %.
(as in the Environmental Assessment Report, Christensen et al. (as in the Environmental Assessment Report, Christensen et al. 
2007).2007).

•• Option 2: Eiders 60 %, Oystercatcher 40 Option 2: Eiders 60 %, Oystercatcher 40 
%, Herring Gull 20%. %, Herring Gull 20%. 



How many birds to be supported?How many birds to be supported?
-- selection of base line period or selection of base line period or 

figuresfigures

•• Oldest counts?Oldest counts?
•• Most recent counts?Most recent counts?
•• Periods with good coverage?Periods with good coverage?
•• SPA appointment criterion?SPA appointment criterion?



--make a second decisionmake a second decision
on bird numberson bird numbers

•• Option 1: 1986Option 1: 1986--19991999
(same period as in the Environmental Assessment report, (same period as in the Environmental Assessment report, 
Christensen et al. 2007).Christensen et al. 2007).

•• Option 2: SPA appointment criterionOption 2: SPA appointment criterion



Number of EidersNumber of Eiders
-- for the two optionsfor the two options

•• Number of birdNumber of bird--
days/yeardays/year

19861986--99: 5.2 99: 5.2 miomio
SPA app: 9.6 SPA app: 9.6 miomio
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Combination of options:Combination of options:
diet composition and bird numbersdiet composition and bird numbers

•• Option 1 (same as in EAOption 1 (same as in EA--Report)Report)
Diet: 60 %, 17 %, 5 %. Bird number: 1986Diet: 60 %, 17 %, 5 %. Bird number: 1986--1999.1999.

•• Option 2Option 2
Diet: 60 %, 40 %, 20 %. Bird number: 1986Diet: 60 %, 40 %, 20 %. Bird number: 1986--1999.1999.

•• Option 3Option 3
Diet: 60 %, 40 %, 20 %. Bird number: SPA appointmentDiet: 60 %, 40 %, 20 %. Bird number: SPA appointment



Ecological food requirementEcological food requirement

•• Up to now only the Daily Energy Up to now only the Daily Energy 
Expenditure (DEE) is considered, Expenditure (DEE) is considered, 

•• To DEE extra energy is necessary becauseTo DEE extra energy is necessary because
-- density dependent feeding behaviourdensity dependent feeding behaviour
-- not all flesh is removed from shellsnot all flesh is removed from shells
-- some mussels are stolen e.g. by gullssome mussels are stolen e.g. by gulls
-- flesh loss in mussels during winter (due to flesh loss in mussels during winter (due to 

respiration)respiration)



Ecological Food Requirement, Ecological Food Requirement, 
cont.cont.

•• Oystercatcher: EFR = 2.5 Oystercatcher: EFR = 2.5 –– 7.7 *DEE 7.7 *DEE 
((CossCoss--Custard et al. 2003),Custard et al. 2003),

•• Eiders: Probably the same range (Eiders: Probably the same range (NehlsNehls
2002, 2002, EnsEns et al. 2004)et al. 2004)

•• Herring Gull: no information (probably like Herring Gull: no information (probably like 
Oystercatcher)Oystercatcher)



We have to take a third decision, We have to take a third decision, 
-- how to handle EFRhow to handle EFR

•• Oystercatcher and Herring Gull: 7.7 Oystercatcher and Herring Gull: 7.7 
they feed in the same way, pecking flesh they feed in the same way, pecking flesh 
from the shells from the shells 

•• Eider: 5.5 Eider: 5.5 
they swallow the mussels thus minor they swallow the mussels thus minor 
losseslosses



Mussel set aside for the three options,Mussel set aside for the three options,
and figures from the Environmental Assessment Reportand figures from the Environmental Assessment Report

114,598114,59876,09976,09944,38944,38910,30010,300TotalTotal

18,97818,97818,97818,9784,3754,375445445Herring GullHerring Gull

44,24944,24929,55229,55212,44512,445980980OystercatcherOystercatcher

51,37151,37127,56927,56927,56927,5698,8758,875EiderEider

Option Option 
360,40,20.SPA360,40,20.SPA

Option 2Option 2
60,40,20.198660,40,20.1986--9999

Option 1Option 1
60,17,5.198660,17,5.1986--9999

Environmental Environmental 
assessment assessment 

reportreport

Ton/year,Ton/year,
wet weightwet weight



Mussel demand for birds, and biomass of Mussel demand for birds, and biomass of 
blue mussel in the Danish blue mussel in the Danish WaddenWadden SeaSea
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ConclusionConclusion

•• Detailed knowledge is availableDetailed knowledge is available
•• The calculations is based on individual The calculations is based on individual 

decisionsdecisions
•• Considerably uncertainty in some Considerably uncertainty in some 

parametersparameters
•• Recommendation for a standardized Recommendation for a standardized 

calculation methodcalculation method



RelationshipRelationship betweenbetween blueblue musselmussel biomassbiomass
and and EiderEider’’ss numbernumber

y = 0,1212x + 1,1785
R20,497 = 
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