
THE ECOLOGICAL EFFECTS OF

ABSTRACT

For the  construc tion  o f th e  ne w  p o rt area 

M aasvlakte 2 In the  Netherlands, w h ich  is 

an extension o f the  existing po rt, a large 

a m o u n t o f sand has to  be extracted fro m  

th e  N orth  Sea. The po ten tia l ecological 

e ffects o f the  sand m in ing  activities have 

been investigated in an Environm enta l 

Im pact Assessment (EIA). One o f the 

iden tified  po ten tia l e ffects in th is  EIA w as a 

tem p o ra ry  decrease in the  num ber o f eider 

ducks in th e  Natura 2 000  area "V o o rd e lta " . 

W ith in  the  im p ac t-e ffec t chain fro m  

d redg ing  to  eider ducks, a large num ber o f 

uncerta in ties play a role. Keeping in m ind 

th e  p recautionary  p rincip le, worst-case 

assum ptions w ere  used in th e  EIA in case 

o f uncerta inties.

O w ing  to  th is, the  fina l p red ic ted im pact is 

a result o f th e  accum ula tion  o f several safe 

assum ptions. Therefore , the  p robab ility  o f 

occurrence o f th is  p red ic ted im pact m ig h t 

be small. In fo rm a tion  on th is p robab ility  o f 

occurrence w ill be useful in th e  discussion 

a b o u t th e  necessity o f im p lem en ting  

m itig a tin g  or com pensating  measures.

The m ain ob jective  o f th is study w as to  give 

ins igh t in to  the  p ro b a b ility  o f occurrence o f

the  possible e ffects o f sand m in ing  on eider 

ducks in the  V oorde lta . A  probab ilis tic  

approach w as used to  analyse the 

uncerta in ties in the  im p ac t-e ffec t chain 

and to  fin d  a m ethod  to  take  these 

uncerta in ties in to  account in the  m ode lling  

o f the  ecologica l e ffec t. The fina l result was 

a p robab ility  density fu n c tio n  o f the  im pact 

o f the  sand m in ing  on eider ducks. This 

result led to  the  conclusion th a t the  

p robab ility  th a t the  sand m in ing  activities 

fo r M aasvlakte have a s ign ifican t e ffe c t on 

eider ducks in th e  V oorde lta  is very small 

and can be considered neg lig ib le . The 

m e th o d o lo g y  th a t is used in th is study is 

expected to  be app licab le  as w e ll to  the 

assessment o f ecologica l e ffects o f o ther 

hum an activities.
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Above: Artist's rendering of the Maasvlakte 2, the 

extension plan for the port o f Rotterdam, which borders 

on the so-called Voordelta (Fore-Delta), a designated 

Natura 2000 area.

IN T R O D UC T IO N

M aasvlakte 2 is a land rec lam ation  p ro jec t 

in th e  N etherlands fo r th e  extension o f the  

p o rt o f R otterdam . For its construc tion  

a b o u t 2 5 0 *  106 m 3 sand has to  be extracted 

fro m  the  N orth  Sea. The m in ing  areas are 

located relative ly close to  the  Natura 2000 

area know n  as the  "V o o rd e lta " . In th is area 

certa in bird species and h a b ita t types are 

p ro tected  by law. If the  ecologica l e ffects 

on these species or h a b ita t types are 

s ign ifican t, it is o b liga to ry  to  m itig a te  or 

com pensate  these effects.

The consequences o f the  land rec lam ation 

and sand extraction  have been described in 

an Environm enta l Im pact Assessment (EIA) 

(Berkenbosch et al. 2007; Vertegaal e t al. 
2007). For th is EIA, th e  processes by w h ich  

the  release o f silt particles by d redg ing  

activities cou ld  a ffe c t p ro tected  hab ita ts 

and species have been investigated 

tho ro u g h ly . W h ile  m ost o f the  e ffects 

tu rned  o u t to  be ins ign ifican t, th e  question 

o f w h e th e r th e  p red ic ted tem p o ra ry  im pact 

on the  com m on eider (Somateria 
mollissima) w as s ign ifican t or n o t has been 

a sub ject o f discussion. It w as know n , 

how ever, th a t the  p red ic ted im pact on 

eiders had to  be considered as an upper
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lim it, as the  p red ic tion  w as based on an 

accum u la tion  o f w orst-case assumptions.

W ith in  the im pact-e ffect chain from  dredging 

process to  eider ducks, a large num ber o f 

uncertainties play a role. Some o f these 

uncertainties are caused by unpredictable 

natural variations and some uncertainties are 

a consequence o f lack o f know ledge. In the 

determ inistic approach fo llow ed by the EIA, 

mostly worst-case assumptions were made to  

deal w ith  these uncertainties. As a large 

num ber o f safe assumptions were used to  

estimate the im pact on eiders, the  probability 

o f occurrence o f th is e ffect was expected to  

be small.

In o rder to  evaluate an ecologica l e ffe c t in 

its con text, n o t on ly  th e  p red ic ted e ffect, 

b u t also the  p robab ility  o f its occurrence is 

im portan t. In fo rm a tion  on the  p robab ility  

o f occurrence o f th e  ecologica l e ffects is 

essential fo r a th o ro u g h  discussion abou t 

th e  necessity o f tak ing  m itig a tin g  and /o r 

com pensating  measures.

The m ain ob jective  o f th is study w as to  

investiga te  th e  p robab ility  o f occurrence o f 

th e  possible e ffe c t on eiders by the  sand 

m in ing  activities fo r M aasvlakte 2, resulting 

in a p robab ility  d is tribu tio n  o f the  decrease 

in the  num bers o f e ider ducks.

The m e th o d o lo g y  th a t w as used to  derive 

the  p ro b a b ility  d is tribu tio n  is described in 

th is  article. A  secondary ob jective  w as to  

investiga te  w h e th e r or n o t probab ilis tic  

analyses are app licab le  to  ElAs.

IMPACT-EFFECT CHAIN

Sand extraction  by tra iling  suction hopper 

dredgers w ill cause a release o f fin e  sand 

and small silt particles th a t are present in 

the  seabed. Silt particles (< 63 um ) can be 

transported  over large distances by tida l 

currents because o f the ir small se ttling  

velocity. A fte r  the  deposition  o f silt particles 

on the  seabed, part o f these particles can 

ge t en tra ined in to  the  seabed. G radually the  

am o u n t o f silt th a t is bu ffe red  in the  seabed 

w ill be released again (during storm y 

cond itions) and dispersed over a larger area. 

This e ffec t w ill go  on fo r several years after 

fin ish ing  the  sand extraction activities.

In th is w a y  the  sand m in ing  causes a 

tem pora ry  increase in the  concentra tion  o f 

Suspended Particulate M a tte r (SPM) in a 

particu lar area along the  Dutch coastline.

A n  increase o f the  SPM concentra tion  leads 

to  a reduction  in the  transparency o f the  

w a te r and subsequently to  a stronger 

a ttenua tion  o f the  lig h t in tensity in the 

w a te r co lum n.

Phytop lankton , w h ich  fo rm  the  base o f the 

marine fo o d  chain, need a m in im al lig h t 

in tensity fo r net prim ary p roduction  

(p roduction  o f organ ic com pounds from  

inorgan ic m atter). In the  case o f net prim ary 

p roduction , the  to ta l biomass o f the 

phy top lank ton  concentra tion  increases. 

Phytop lankton  concentra tions are low  

during  w in te r  and increase qu ite  rapidly 

during  spring. This rapid increase is called 

the  algal b loom . As a result o f the  reduction  

o f the  lig h t in tensity  in the  w a te r co lum n by 

the  increased silt concentra tion , the  tim in g  

o f the  algal b loom  w ill be delayed.

P hytop lankton  fo rm  the  m ain fo o d  fo r 

bivalves and the ir larvae. The larvae o f 

bivalves hatch a t a certa in m om e n t in the  

spring. If the  ha tch ing  takes place before 

the  algal b loom , the  concentra tion  o f 

p hy top la n k to n  w ill be to o  lo w  fo r the 

bivalve larvae to  g ro w  op tim a lly . In th is  case 

a so-called m ism atch occurs. As described 

by Ph ilippart e t al. (2003) and Bos e t al. 
(2006 and 2007), a m ism atch be tw een 

the  ava ilab ility  o f su ffic ien t fo o d  and the 

ha tch ing  o f the  bivalve Macoma Balthica 
(Baltic te llin ) can lead to  a g ro w th  lag o f 

these larvae. In th is w ay the  m ism atch 

can have a negative im pact on the  to ta l 

biomass o f the  bivalve po p u la tio n  in the 

V oorde lta .

w

Figure 1. A) Location of Maasvlakte 2 (orange), boundary of the Natura 2000 area "Voordelta" (green line) and the potential sand mining areas (yellow). 

(Data from Rijkswaterstaat). B) Enlargement of the orange area in A -  a schematic drawing of the Maasvlakte 2 port area.
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Figure 2. Impact-effect chain.
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Figure 3. Schematised ecological model used in the Monte Carlo analysis.

In the  V oo rde lta , elder ducks m ain ly  feed 

on th e  bivalves Cerastoderma edule 
(cockles) and Ensis directus (Am erican razor 

shell). A  decrease o f the  to ta l biomass o f 

bivalves In th e  V oorde lta  can lead to  a fo o d  

shortage fo r  these sea ducks. In th is  w ay  

sand m in ing  activities can a ffe c t the  

num ber o f e lder ducks In the  V oorde lta .

METHOD ANALYSIS

Input variables the Impact on elders has been 

calculated, using the model as shown In 

Figure 3, resulting In a probability  d istribution 

fo r the Impact o f sand m ining on elders.

DELAY OF THE ALGAL BLOOM

The re lation  be tw een  the  Increase o f the 

silt concentra tion  and th e  delay o f th e  algal 

b loom  th a t was used In the  probab ilis tic

analysis Is based on the  Delft3D-ECO  

m odel (Deltares). The ECO m odu le  o f 

the  num erica l m odel D e lft3D  Is used to  

s im ulate th e  blo(chem lcal) and b io log ica l 

processes related to  g ro w th  o f algae and 

n u tr ie n t dynamics. W ith in  the  probab ilis tic  

analysis, th e  fo rm u las underly ing  th is  m odel 

w ere  analysed to  gain Ins ight In the  re lation  

be tw een the  Increased silt concentra tion  

and the  delay o f the  b loom , as w e ll as In 

the  In fluence o f o the r In p u t variables on

First the  determ inistic approach o f the 

EIA was analysed to  Investigate the 

uncertainties Involved In m odelling o f the 

ecological effects o f the sand m ining. The 

uncertainties, w h ich have a large Influence 

on the final result and accompanying 

uncertainty margin, have been Investigated 

more tho rough ly  to  find  a m ethod to  

Incorporate these uncertainties In a 

probabilistic calculation. To account fo r 

these uncertainties In the ecological e ffect 

m odelling, probability  density functions have 

been estimated fo r the relevant variables. 

These probability  density functions are used 

In a M onte  Carlo analysis, w here they are 

used to  generate random ly (a large number 

of) sets o f Input variables. For each set o f

0.4
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Figure 4. Probability density 

function of the delay 

of the algal bloom D for 

different values of fs.
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th is  re lation. The analysis show ed th a t 

n o t on ly  the  relative Increase o f the  silt 

concentra tion  determ ines the  delay o f the  

b loom , b u t th a t also sho rt-te rm  flu c tu a tio n s  

o f solar Irradlanc e (am ongst o th e r th ings 

dependen t on cloudiness) and silt 

concentra tions (ow ing  to  a chang ing  w ave 

clim ate) have a large Influence on th is 

delay.

Probability  density fun c tion s  o f th e  delay o f 

the  algal b loom  D have been derived by 

Van Kruchten (2008) on the  basis o f solar 

Irradiance m easurem ents and m odelled silt 

concentra tions (m odel results Deltares), by 

using the  fo rm u las o f th e  Delft3D-ECO  

m odel. Figure 4  shows the  p robab ility  

density fu n c tio n  o f D fo r d iffe re n t values 

o f fs. The d e fin it io n  o f fs Is the  average 

relative Increase o f th e  silt concentra tion  In 

the  V oo rde lta  d u ring  spring, caused by the 

sand m in ing  activities.

For th e  EIA, num erica l m odels w ere  used to  

s im ulate the  spreading o f the  released silt 

In the  sou thern  pa rt o f the  N orth  Sea (Van 

Prooljen eta !. 2006; Desm lt e ta l.  2007). 

Based on th e  m ode lling  results, an Increase 

o f the  silt concentra tion  fo r a period o f 8 

years a fte r the  s ta rt o f the  sand m in ing 

activities w as p red ic ted (Van Fedden eta l. 
2007). The m odelled , relative Increase o f 

the  s ilt concentra tion  fs, w h ich  Is m ore or 

less constan t du ring  th e  relative ly short 

spring period, Is used In the  probab ilis tic  

analysis. The values o f fs fo r d iffe re n t sand 

m in ing  scenarios are show n In Figure 5.

W ith in  th e  M on te  Carlo analysis the 

ecologica l Im pact o f the  sand m in ing  Is 

m odelled  fo r  a period o f 13 successive 

years. As bivalves can ge t a b o u t 5 years 

o ld, a m ism atch resu lting  fro m  the 

Increased silt concentra tion  In th e  8 th  year 

a fte r the  sand m in ing  can still have an 

Im pact on the  bivalve p opu la tion  In the 

13th year. For the  delay o f th e  algal b loom  

D, the  p robab ility  density fu n c tion s  fo r  the  

values o f fs as show n In Figure 5 have been 

used fo r each specific year (fo r the  1st till 

8 th  year a fte r the  s ta rt o f th e  sand m ining).

PROBABILITY OF OCCURRENCE OF 
A MISMATCH

The EIA assumed th a t a delay o f the  algal 

b loom  w o u ld  always lead to  a m ism atch 

be tw een the  presence o f bivalve larvae and 

a su ffic ien tly  h igh algal concentra tion . This 

assum ption on ly  holds If, In a reference 

scenario w ith o u t sand m in ing , the  ha tch ing  

o f larvae w o u ld  always takes place a t the  

same m om e n t as the  algal b loom .

Flowever, as the  ha tch ing  o f larvae m ostly 

takes place la ter than  the  algal b loom , the 

p robab ility  o f occurrence o f a m ism atch 

caused by th e  delay o f the  b loom  Is m uch 

sm aller than  1. Besides, th e  tim in g  o f bo th  

events shows a large year-to -year varia tion.

The occurrence o f a m ism atch can be 

schematised by the  fo llo w in g  simple 

equation.

s1a, 150*106 m3 per year, a during 2 years

relative increase of the silt concentration [-]

IM1 =  concentration of background silt [g.m-3]

IM 2 =  concentration of sand mining silt [g.m-3]

X01 year a fte r start sand mining

Figure 5. fs (relative increase of silt concentration during spring) from the 1st to  the 8th year after the start of the 

mining activities (derived from model results of Deltares, Van Prooijen etal. 2006 and Desmit et al. 2007).
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A  m ism atch on ly  occurs If:

M  = Aref + D - H > 0  [Equation 1 ]

W ith : M  = du ra tio n  o f the  m ism atch days) 

H = m om e n t o f ha tch ing  o f the 

larvae (days)

Aref = m om e n t a t w h ich  the  critical 
algal concentra tion  is exceeded 

in the  reference scenario (days) 

D = delay o f the  m om e n t a t w h ich  

the  critical algal concentra tion  

is exceeded, caused by the 

sand m in ing  activities (days).

A  m atch occurs if M < 0. The critical algal 

concentra tion  is de fined  as the  m in im al 

concentra tion  a t w h ich  the  g ro w th  o f 

larvae is n o t lim ited  by th e  ava ilab ility  o f 

fo o d . The longer the  du ra tio n  o f the 

m ism atch period M , the  larger th e  g ro w th  

lag o f th e  larvae w ill be.

In the  de te rm in is tic  approach o f th e  EIA it 

w as assumed tha t: A ref = H, w h ich  leads to : 

D = M, and a p robab ility  o f 1 th a t a delay 

o f the  b loom  (D > 0) results in a m ism atch.

Figure 6 shows an exam ple o f the 

p robab ility  density fu n c tion s  o f the  m om e n t 

o f the  algal b loom  and the  m om e n t o f 

ha tch ing . In th is  exam ple the  algal b loom  

(in th e  reference scenario) takes place on 

average on A pril 9 th  and the  ha tch ing  on 

M ay 25 th . The large year-to -year varia tion  

o f the  tim in g  o f the  algal b loom  and the  

m om e n t o f ha tch ing  is expressed by the 

s tandard devia tions o f the  p robab ility  

density functions. In th is  s im p lified  example,

a delay o f the  b loom  D o f 7 days is used.

In case o f an increased silt concentra tion  

caused by sand m in ing , the  algal b loom  

takes place on average on A pril 16th.

The small overlap be tw een the  p robab ility  

density fun c tion s  o f A m¡n¡ng and H in Figure 6 

indicates th a t the  p robab ility  o f occurrence 

o f a m ism atch P(Am!n!„g>H) is small. M ostly 

the  algal b loom  precedes the  ha tch ing  and 

a m atch occurs. A  m ism atch w ill on ly  occur 

if th e  algal b loom  takes place relative ly late 

and the  ha tch ing  relative ly early. As can be 

seen, a m ism atch can also occur in the 

reference scenario. Elowever, the  p robab ility  

o f occurrence o f a m ism atch is larger in the 

sand m in ing  scenario. Given the  p robab ility  

density fun c tion s  o f H, A ref and the  delay D, 

the  p ro b a b ility  o f occurrence o f a m ism atch 

can be calcu lated, w h ich  in the  exam ple o f 

Figure 6 is on ly  7 *1  O'3.

On th e  basis o f data and expert ju d g e m e n t, 

the  mean values n  and standard deviations 

o o f the  norm al p robab ility  density 

fun c tion s  o f H and A ^ w e r e  estim ated by 

Van Kruchten (2008). U n fo rtuna te ly , as the 

a m o u n t o f data and expert ju d g e m e n t on 

H and A ref Is lim ited , the  accom panying 

p robab ility  density fun c tion s  cou ld  on ly  be 

estim ated roughly. Because o f th is and the  

h igh sensitiv ity o f the  fina l result on these 

estim ated p robab ility  density func tions , the 

M on te  Carlo analysis w as done tw ice : One 

tim e  fo r  p ro b a b ility  density fun c tion s  w h ich  

are expected to  be realistic estimates, and 

one tim e  fo r a conservative assum ption on 

these p robab ility  density functions.

RELATION BETWEEN MISMATCH AND 
GROWTH LAG

Based on labo ra to ry  results reported  by 

Bos e ta l.  (2006) and Bos e ta l.  (2007), 

a re la tion  be tw een  th e  du ra tion  o f the 

m ism atch period, th e  algal concentra tion  

du ring  th is  period and the  g ro w th  lag o f 

the  larvae has been derived. Bos e ta l.
(2006 and 2007) investiga ted th e  e ffe c t o f 

a m ism atch on the  g ro w th  o f Macoma  
balthica larvae. In th e  M on te  Carlo analysis, 

the  unce rta in ty  o f th is re lation has been 

taken in to  account by using a norm a lly  

d is tribu ted  correction  fac to r. This 

p robab ility  density fu n c tio n  w as derived by 

the  d iffe rence  be tw een  the  measured 

g ro w th  lags in th e  labo ra to ry  experim en t 

and the  g ro w th  lags as calcu lated by using 

the  re lation . For th e  uncerta in  algal 

concentra tions d u ring  th e  m ism atch period 

p robab ility  density fun c tion s  w e re  also 

derived, w h ich  are partly  dependen t on the 

du ra tion  o f th e  m ism atch M.

In the  determ in istic approach o f the  EIA the 

worst-case assum ption was made th a t 

bivalves are no t able to  catch up a g row th  

lag. In case o f a g ro w th  lag o f a larva of, fo r 

example, 20 %  (the larva is 20 %  smaller 

than it w o u ld  have been w ith o u t a 

m ismatch), the  bivalve w ill be subject to  

a g ro w th  lag o f 20 %  fo r its w h o le  life. 

However, it is likely th a t bivalves are able 

to  catch up w ith  a g ro w th  lag partially. 

U n fo rtuna te ly , the  am oun t o f available 

lite rature  on the g ro w th  o f bivalves is also 

lim ited. Therefore the M on te  Carlo analysis 

was again done tw ice  fo r tw o  d iffe re n t 

g ro w th  models: A ccord ing  to  one g row th  

model bivalves are no t able to  catch up w ith  

a g ro w th  lag (worst-case assum ption) and 

according to  the  o ther m odel the  bivalves 

can partia lly  catch up the g ro w th  lag.

DYNAMIC POPULATION MODEL

As a m ismatch only a ffects the  g ro w th  o f 

larvae, only one year class (all individuals 

th a t are bom  in the  same year) o f bivalves 

w ill be a ffected by a m ismatch th a t occurs 

in one specific year. The to ta l bivalve 

popu la tion  in a given year consists o f several 

year classes. As a result, the  to ta l bivalve

DuOS ’
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Figure 6. Probability density functions o f H, Aref and Ammmg (= Aref + D).
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Bivalves in the Voordelta
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Figure 7. Variation of total 

amount o f bivalves in the 

Voordelta and Brielse Gat 

(northern part of Voordelta. 

Left figure: data from KNAW- 

CEME, edited by F. Heinis 

(not previously published), 

Right figure: data from 

Heinis et al. (2002).

popula tion  size depends on the  num ber o f 

b irths, g ro w th  and survival rates o f bivalves 

during  the curren t and previous years.

From m easurem ents o f th e  size o f the  

bivalve p opu la tion  in the  V oorde lta , it can 

be derived th a t th e  natura l year-to-year 

va ria tion  in these survival and b irth  rates is 

large. Figure 7 shows th e  large va ria tion  o f 

th e  p o pu la tion  sizes.

As a result o f th is  large, unpred ictab le  

va ria tion  the  im pact o f a g ro w th  lag o f a 

particu la r year class on th e  to ta l popu la tion  

is uncerta in . A  year class w ith  a large 

num ber o f ind iv idua ls w ill fo rm  a relatively 

large pa rt o f the  to ta l popu la tion . If such a 

large year class is a ffec ted  by a g ro w th  lag, 

th e  im pact on the  biomass o f the  to ta l 

p opu la tion  w ill be m uch larger than  in the 

case th a t a relative ly small year class is 

a ffected . Because o f th is, the  decrease o f 

th e  to ta l biomass o f the  popu la tion , given 

a certa in  g ro w th  lag, canno t be pred icted 

accurately.

In a p robab ilis tic  approach it is possible to  

take  in to  account the  e ffe c t o f th e  natura l 

va ria tion  o f the  num ber o f b irths and 

survival rates. On the  basis o f lite ra tu re  

research and data o f m easurem ents, 

p robab ility  density fu n c tion s  fo r survival 

rates and the  num ber o f b irths have been 

derived. Both variables are n o t in fluenced 

by the  sand m in ing  activities. By using these 

p robab ility  density func tions , th e  natura l 

va ria tion  o f the  po p u la tio n  size and 

com position  can be s im ulated. In th is  w ay  

th e  natura l, stochastic dynam ics can be

inco rpo ra ted  in to  the  m odel. This is an 

im p o rta n t d iffe rence  be tw een probab ilis tic  

and de te rm in is tic  approaches. In a 

de term in is tic  approach m ostly constan t 

values are used fo r  survival and b irth  rates, 

w h ich  leads to  the  false suggestion th a t 

accurate pred ic tions o f ecologica l e ffects 

are possible. The large unce rta in ty  m arg in  

o f th is p red ic tion , w h ich  is a result o f the  

stochastic ity  o f nature , can be q uan tified  in 

a p robab ilis tic  analysis.

IMPACT ON EIDER DUCKS

The last pa rt o f th e  m odel deals w ith  the  

re lationsh ip  be tw een  the  num ber o f eider 

ducks (Somateria mollissima) (Figure 8) and 

the  bivalve p opu la tion  in th e  V oorde lta . 

Eider ducks m ainly fo rage  on tw o  species 

o f bivalves in the  V oorde lta : Ensis directus 
(Am erican razor shells) and Cerastoderma

edule (cockles) (see Figure 9). As on ly  small 

razor shells are edib le fo r eiders, the  e ffe c t 

o f a g ro w th  lag o f th is  species on the  to ta l 

a m o u n t o f fo o d  fo r  the  eider ducks w ill be 

neg lig ib le . Because o f the  e longated  shape 

o f these bivalves, eiders are n o t able to  eat 

the  o lder, longer razor shells. In case o f a 

g ro w th  lag, the  razor shells reach the 

m in im al "e d ib le  le n g th "  later, b u t are on 

the  o th e r hand edib le un til a h igher age. 

Besides w h ich , since 1993 the  q u a n tity  o f 

Am erican razor shells has been m uch larger 

than  the  consum ption  by eider ducks.

As a w orst-case assum ption, the  abundance 

o f razor shells w as neglected in the  

de te rm in is tic  approach o f th e  EIA. For the 

EIA it w as assumed th a t all eiders in the  

V oorde lta  depend on the  size o f a bivalve 

popu la tion  w h ich  w o u ld  be a ffec ted  by a 

m ism atch. The re la tionsh ip  w as assumed to  

be linear.

Figure 8. Male (left) and 

female of the Common 

Eider (Somateria 

mollissima).
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Figure 9. Left, American razor shell (Ensis directus) and, right, cockles (Cerastoderma edule) are the main food source for the eider duck.

Observations show  th a t some o f the  eiders 

in the  V oo rde lta  feed on Am erican razor 

shells (Leopold e ta l.  2007). The o ther 

elders fo rage  m ain ly  on cockles. O nly the 

to ta l biomass o f ed ib le  cockles can be 

a ffec ted  by a m ism atch. Possibly all eiders 

can change the ir d ie t to  razor shells in case 

o f a shortage o f cockles. However, as it is 

n o t possible to  prove th is  by data, the 

M on te  Carlo analysis is done fo r  tw o  

d iffe re n t conservative assum ptions. One 

tim e  th e  analysis is done fo r  the  worst-case 

assum ption th a t all eiders in the  V oorde lta  

are dependen t on th e  a m o u n t o f cockles. 

Secondly th e  analysis is done fo r  the 

conservative assum ption th a t 4 0 %  o f the  

elders depend on the  to ta l biomass o f 

cockles in the  V oorde lta .

MONTE CARLO ANALYSIS

The natura l va ria tion  o f th e  bivalve 

p o pu la tion  size has been s im ula ted fo r a 

period o f 13 years a fte r the  s ta rt o f the  

sand m in ing  by using th e  values o f b irth  

and survival rates chosen random ly  fro m  

the  de te rm ined  p robab ility  density 

functions. The same s im ula ted va ria tion  is 

used to  m odel the  num ber o f e lder ducks 

in the  reference scenario as w e ll as in the 

sand m in ing  scenario.

The on ly  d iffe rence  be tw een these 

scenarios is the  value o f the  delay o f the  

algal b loom  D; in the  reference scenario 

D=0, w h ile  D is random ly  chosen fro m  the 

p robab ility  density fun c tion s  In the  sand

m in ing  scenario. For each year w ith in  the  

sim ula ted period o f 13 years, the  im pact on 

the  num ber o f e ider ducks Is calcu lated as:

(Num ber o f  eiders) la„,j„mng 

Im pact =1 ------------------------------------------ [Equation 2]

(Num ber o f  eiders) Kierer,:e

The M on te  Carlo  analysis w as done several 

tim es, fo r various sand m in ing  scenarios 

(see Figure 5) and various assum ptions on 

the  p robab ility  density fu n c tion s  o f A ref and 

H, various g ro w th  m odels and various 

relations be tw een  the  num ber o f eiders and 

the  bivalve p o pu la tion  size (see Table I).

The d iffe rence  be tw een  th e  results fo r  the 

various sand m in ing  scenarios proved to  be 

neg lig ib le . The results o f the  various M on te

In the  p robab ilis tic  analysis the  non-linear 

re lation  as show n in Figure 10 is used. 

D uring years w ith  a large p opu la tion  o f 

cockles, a certa in decrease o f the  to ta l fresh 

w e ig h t w ill n o t lead to  a decrease o f the  

num ber o f eiders. The to ta l a m o u n t o f food  

w ill still be su ffic ien t.

Figure 10. Relationship between eiders and bivalves 

for the measurements at the Brielse Gat 

(data from Heinis eta l. 2002). 

fresh weight total mass of a living bivalve, 

including the shell and the enclosed water. 

bird day. equivalent to one bird that 

spends one day in a specific area.
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Table I. D ifferen t assumptions fo r M o nte  Carlo analyses.

Analysis Percentage o f eiders 

possibly affected
Bivalves catch up 

a g ro w th  lag?
PDF* o f tim ing  o f algal 
blOOm Aref

PDF* o f tim ing  o f 
hatching H

Sand mining  

scenario

p [day] o [day] p [day] o [day]

A 100% No A pril 15 15 M ay 18 8 s1a

B 4 0 % No A pril 15 15 M ay 18 8 s1a

C 100% Partly A pril 15 15 M ay 18 8 s1a

D 100% No A pril 9 14 M ay 25 8 s1a

*The mean value JX and standard deviation O of the normal probability density functions of Aref and H are given.

Carlo analyses are show n in Figure 11.

The horizon ta l axis shows th e  possible, 

m axim um  im pact X  (see Equation 2) th a t 

occurs du ring  a period o f 13 years a fte r the  

s ta rt o f th e  sand m in ing. The vertica l axis 

shows the  p robab ility  th a t the  m axim um  

im pact, w h ich  w ill actually occur, is larger 

than  X  (horizon ta l axis).

CONCLUSIONS

Impact o f sand m ining on eider ducks
For the ecological e ffec t o f the sand m ining 

fo r  Maasvlakte 2 it can be concluded th a t 

the  probability  th a t the sand m ining has a 

s ign ificant e ffec t on eiders in the Voordelta  is 

very small and can be considered negligible.

From Figure 11 it can be derived tha t, even 

in case o f conservative assum ptions (analysis 

A , see Table I), the  p robab ility  th a t the  sand 

m in ing  leads to  a decrease o f the  num ber 

o f eiders larger than  10%  is only 0.03.

A  m axim um  decrease o f 10%  was in itia lly  

pred icted in the  EIA by using a 

determ in is tic , w orst-case approach. As the 

effects o f the  sand m in ing  w ill be tem pora ry  

and the  natura l varia tion  o f the  num ber o f 

eiders in the  V oorde lta  is relatively large, an 

im pact o f 10%  is considered no t to  be 

sign ificant. The results also show  a large 

p robab ility  (>0.7) th a t the  sand m in ing 

activities do n o t have an im pact on eiders in 

the  V oorde lta  at all. (P(maximal im pact 

> 0 % ) = 0 .27, see Figure 11 ).

The results o f th e  M on te  Carlo analyses fo r 

the  less safe assum ptions (analyses B, C and 

D, see Table I) show  th a t the  p robab ility  on 

a decrease larger than  10%  is even smaller 

than  5 * 1 0 '3. It is very likely th a t the  

assum ptions fo r analyses B, C and D 

correspond be tte r w ith  reality than  analysis 

A. Flowever, proving th is conclusively on the 

basis o f data is n o t possible.

Predicting ecological effects
The p robab ilis tic  analysis show ed th a t 

facto rs like w e a th e r cond itions and the 

va ria tion  o f th e  com position  o f bivalve 

popu la tions have a large in fluence  on the  

im pact o f sand m in ing  activities on eiders in 

the  V oorde lta . As a result o f th e  in fluence 

o f these fac to rs  w h ich  show  large and 

unpred ic tab le  varia tions, the  unce rta in ty  

m argin o f th e  m agn itude  o f th e  possible 

im pact w ill always be large. A lso, the  lack 

o f know ledge  a b o u t processes in the 

im p ac t-e ffec t chain in fluences the  

unce rta in ty  m arg in  o f the  result. In 

add ition , even if  all know ledge  w ere  

available, it w o u ld  still n o t be possible to

Figure 11. Monte Carlo results: 

Probability distribution for the maximal 

relative impact X  analyses A, B, C and D.
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express a realistic p red ic tion  o f ecological 

e ffects In on ly  one num ber because o f the 

In fluence o f th e  natura l varia tion .

The fo llo w in g  recom m endations are 

suggested:

Advantages o f a probabilis tic  
approach
By using a probabilis tic  approach to  quantify  

ecological Impacts, Insight Is given Into the 

p robab ility  o f occurrence o f certain Impacts. 

Especially w hen  s ign ifican t Impacts cannot 

be excluded on the  basis o f a determ in istic 

approach, Insight In the  p robab ility  o f 

occurrence o f these Impacts Is useful In 

o rder to  decide If m itiga ting  or 

com pensating measures should be taken.

D raw ing conclusions on the  basis o f the 

results o f a determ in is tic  approach only, may 

lead to  the decision th a t measures should be 

taken, w h ile  the  p robab ility  th a t s ign ificant 

effects w ill occur Is very small or even 

neglig ib le. Because o f this, an add itiona l 

probabilis tic  analysis Is recom m ended w hen 

a determ in istic, worst-case approach leads 

to  the  pred iction o f s ign ifican t effects.

A pp licab ility  o f a p robabilis tic  
analysis fo r ElAs
This s tudy dem onstra ted  th a t app ly ing a 

p robab ilis tic  analysis fo r the  q u a n tifica tio n  

o f the  Im pact on elder ducks by th e  sand 

m in ing  fo r M aasvlakte 2 Is possible. 

A lth o u g h  no t all uncerta in ties cou ld  be 

Incorporated  Into the  p robab ilis tic  analysis 

and some conservative assum ptions had to  

be m ade, It cou ld  be proven th a t the  

p robab ility  o f occurrence o f s ign ifican t 

e ffects Is small.

It Is expected th a t also fo r the  quan tifica tion  

o f ecological Impacts o f o ther projects, part 

o f the  relevant uncerta inties can be taken 

Into account In a p robabilis tic  calculation.

If w orst-case assum ptions can be prevented 

In th is  w ay, app ly ing a p robab ilis tic  

approach w ill be useful.

Assessment fram ew ork
A fte r  the  q u a n tifica tio n  o f the  m agn itude  

o f ecologica l e ffects and th e  accom panying 

p robab ility  o f occurrence, the  fo llo w in g  

questions remain:

•  W h ich  effects are considered s ign ifican t 

fo r  a p opu la tion  and w h ich  are not?

•  W h ich  p robab ility  th a t s ign ifican t e ffects 

occur Is unacceptable.

The deve lopm en t o f an assessment 

fra m e w o rk  fo r  ecologica l e ffects Is 

recom m ended to  m ake It possible to  

answer these questions on the  basis o f 

ob jective  criteria. A m o n g s t o ther th ings  the 

natura l va ria tion  o f a p opu la tion  size and 

the  resilience o f a p o pu la tion  should be 

taken  In to  account In th e  assessment o f 

ecologica l Impacts.
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