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Three subareas “Northeast”, “South” and “West” in the German Bight, grouped by the different 
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Smoothed model parameters for the “Northeast” GAM model of porpoise presence/absence.

Fitted probability of porpoise presence for the “Northeast”.

Smoothed model parameters for the “South” GAM model of porpoise presence/absence.

Fitted probability of porpoise presence for the “South”.

Smoothed model parameters for the “West” GAM model of porpoise presence/absence

sence for the “West”.

Definition of phases before piling (“before”), during seal scarer deterrence (“seal scarer”), piling 

activity (“piling”) and after piling (“after”).

statistics for Tukey’s all

≤
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Assessing possible habituation or sensitisation processes by comparing “long term trends” for 



 

 

vii

∞: no finite lower or upper 

Model parameter and GAM results for the “Northeast” model on porpoise presence/absence.

Model parameter and GAM results for the “South” model on porpoise presence/absence.

Model parameter and GAM results for the “West” model on porpoise presence/absence.
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Model statistics for the fixed factors “phase” and “project” within the GLMM. Significant fixed 
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study: “Effects of offshore pile driving on harbour porpoise abundance in the German 
2013”

study: “
”
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re 1 μPa²s by different studies 

μPa²s; t o jump was at 136 dB re 1 μPa²s



 

 

7

“ ”

μPa²s 

– –

to as “Gescha 2”
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was limited to 20 kHz. This is adequate for the system’s pr
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re 1 μPa²s
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in the study period are in italics. ‘

3, 4‘, 5‘, 6, 3, 4, 5‘‘, 6, 7, 
8, 9‘, 12

4‘, 5, 6, 7, 8, 2, 3, 4, 5, 6‘, 1, 4‘, 5‘, 7, 8, 
9‘, 11, 12

7, 8, 9’
2, 4, 5’, 6, 7, 

5, 7, 8, 10’ 2, 3’, 5, 6, 8, 

’ ’ ’
’
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the three methods “APEM”, “DAISI” and “HiDef” are described. The naming
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/Sandbank and Cl. Östlich Austerngrund were covered by DAISI (“Digital 
”;
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lands and outliers for the variable “picture area analysed” were discarded (i.

was given in km² and was referred to as “picture area analysed”, 
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and Raitt’s sand
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sidered as “shipping negative”, whereas a were seen as “shipping positive”. The 
factor “shipping” was constant over time
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called ‘ideal’ piling events.
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salinity in ‰
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–
–

–
–

daytime hours 0, 3, 6,…; subset 2: hours 1, 4, 7,…; 
subset 3: hours 2, 5, 8,…), so that principally no subsequent hours occurred in the sub
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‘ ‘
‘ ’

‘ ’ ‘ ’ ‘ ’
as abbreviation (‘ ’ ‘ ’

‘ ’
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∞: no finite 

(∞ ∞) ∞) 

∞) ∞)

(∞
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∞
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–

model suffix part “G12”) since a sufficient number of unmitigated pilings was available 

 

“a”).

 

“b”).

suffix part “2” (model suffix part “1”)
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–

∞: no finite 

∞) (∞ ∞) 

∞) ∞)

(∞ ∞) 
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–

2016; model suffix part “G12”). Results 
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–

“Traffic”

the time class “Traffic” to those “Baseline” (hrw
“Piling” ence and piling), and “Reference after piling” (hrw+49 

“Traffic” “Bas
line” and “Reference after piling”, but higher than those “Piling”. This was true both for the 

a comparison of “Baseline” with “Reference after piling”
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. The last hour of the Baseline (“Baseline end”) and 
the first hour assigned to Traffic (“Traffic start”) 
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’s decision
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α
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sponse variable was the sum of porpoises per distance band. The explanatory variable “distance 
to the piling site” was defined as the midpoint of each distance band. The model was calculated, 

induced disturbance (“anthropogenic”) variables (

“Northeast”, “South” and “West” (

“Northeast” consists of the survey areas 
“South” consist of the areas Cl. Nördlich Borkum and Nordergründ and “West” co
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aerial dataset (hereafter referred to as “holistic model”). Hence, a total of four models were

bareas “Northeast”, “South” and “West” in the German Bight
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“shipping negative” data were seen as “shipping positive” (see Appendix). 
The factor “shipping” was constant over time. The second anthropogenic variable was the pre

transferred to the grid cells. If no wind farm border cut the cell, the value “no wind farm” was gi
was cut by a wind farm border, the value “construction” or “wind farm present” was 

given. The phase “construction” defines the period from the piling date of the first foundation to 
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“ ” “ ”

484, the “Northeast” 
401, the “South” dataset n and the “West” n
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lapping areas, “twodiff”
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subareas “Northeast”, “South” and “West”. Subareas were 
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factor “construction phase” to the factors “wind farm present” and 
“no wind farm present” The factor “construction phase” 

–

–
–

–
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“ ”

The “Northeast” model included 
variables were significant in the “Northeast” model: a correction for observer method, month (as 

“ ”

). The factor “month” captured

did not improve the model. The “construction phase” was si
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ng the study period, three OWFs were constructed within the “Northeast” subarea: 

In the “Northeast” subarea, three observer methods were applied (APEM, DAISI and HiDef). While 

sence based on the model results for the “Northeast”. 

“
”

esults for the “Northeast” model 
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Smoothed model parameters for the “Northeast” GAM model of porpoise presence/absence.

Fitted probability of porpoise presence for the “Northeast”. 
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“ ”

For the “South” model, the best explanatory variables were Chl.

“ ” 

“ ”

in the model. The subarea “South” was the area 

Nordergründe, as well as OWF Gemini, which is close to the border of the “South” subarea. The 

“ ”

barea “South” with the nature reserve Borkum Reef Ground without any wind 

western part of the subarea “South”

esults for the “South” model on porpoise presence/absence.

–

–

–
–
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Smoothed model parameters for the “South” GAM model of porpoise presence/absence.

Fitted probability of porpoise presence for the “South”.
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“ ”

The best model for the subarea “West” contained the variables survey area, fish probability

% of the deviance. The subarea “West” 

nd strongly correlated with water depth (see Appendix). In the southern part of the “West”, 
adjacent to the subarea “South”, waters are less deep and fish probability 

During the study period, only few wind farms were constructed within the “West”: OWF Global 

d farm construction in the “West”

Like the “Northeast” subarea, the “West” consisted of several

“West” is generally an area with lower porpoise densities (

esults for the “West” model on porpoise
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Smoothed model parameters for the “West” GAM model of porpoise 

Nördl. Borkum. Only one grid cell referred to survey area “e”, hence modelled deviance was 
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Fitted probability of porpoise presence for the “West”.
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division of the study area into the subareas “Northeast”, “South” and “West”, the 

“Northeast” and the “South”, which contributed to a significant overall effect of wind farm co

– –
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method, which makes it statistically difficult to differentiate between the factors “method” and 
“area”. Within the GAMs for the subareas, it was necessary to correct for either method or area, 

stic model the factor “subarea” provided the best model fit. This may indicate 

1 referred to “depth” as 
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the variable “construction phase” summarises these effects in the GAMs for ae
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–

“mobile” CPODs. These devices are normally deployed up to a few hours before each piling event 

ficiently from the vicinity of piling (corresponds to “WP 4: Efficiency of deterrence measures” of 
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deployment, usually a few hours before the start of the deterrence (“before” phase) until the r
er pile driving has stopped (“after” phase). Since there are no bin

Instead of shortening the already shorter “seal 
scarer” phase, the 10 he “before” phase. R

min gap was taken out of the “after” phase instead of the “piling phase”. In o

the “before” and “after” phase was limited 

beginning of the “after” phase. 

Definition of phases before piling (“before”), during seal scarer deterrence (“seal scarer”), pi
ing activity (“piling”) and after piling (“after”)
ted line). “Before” and “after” phase was taken up to a duration of 180
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cluded if they did not meet the following criteria: 1. “seal scarer” phase min, and 2. “pi
ing” phase of 5 ended within the “piling” phase due to CPOD 
malfunction, or the “before” phase w

 

ixed factors of “phase” (before, seal scarer, piling and after) and “project” (ABW, BU, N1, NG, 
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exception of the “seal scarer” phase (
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N1 during the “after phase” ( ). Therefore, “project” was added as a fixed factor within 

fixed factors in the GLMM. The model statistics showed a negative slope for the “seal scarer” as 
well as the “piling” phase, and a less steep but still negative slope for the “after” phase. This ind
cates, that porpoise presence decreased from the “before” phase during all following phases, but 
strongest during the “seal scarer” and “piling” phase. It is not possible to calculate a typical R² va

“ ” “ ” “ ”

in porpoise detections: 1. fewer detections during the “seal scarer” phase compared to “before”; 
ng the “piling” phase compared to “before”; and 3. more detections in the 

“after” phase than during piling. The presence of porpoise detections 3
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Model statistics for the fixed factors “phase” and “project” within the GLMM.

statistics for Tukey’s 
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found for: 1. “seal scarer” to “before”; 2. “piling” to “before”; and 3. “after” to “piling” (
the probability of detecting porpoises during the “seal scarer” 

% of the detection probability during the “before” phase, i.
from the “before” to “seal scarer” phase. Likewise, the probability of detecting porpoises dur

% of the detection probability during the “before” phase, i.
from “before” to “piling”. The probability of detection during the “after” phase was 137

after the disturbance. The probability of detecting porpoises during the “seal scarer” phase was 

f detecting porpoises after piling was lower compared to the “before” 
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German Bight. These differences are accounted for in this analysis by integrating “project” as fixe
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In the “before” phase, porpoise detection rates were already low 

% of the odds “before” (

m, or animals already return to the area during the “piling” phase after being deterred 
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suited to estimate “long term trends” of harbour porpoise detections. In this chapter, we ther
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time in the variable “all clicks”. Later

ble “all clicks” was identified as an important explanatory variable due 
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number of detected porpoises for the daily dataset. The variable “all clicks” includes both clicks of 

n the relationship “number of all clicks” and “number of porpoises detected”:
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Raitt’s 

 

“long term” trends
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Significance codes: ‘***’ p<0.001, ‘**’ p<0.01, ‘*’ 
‘.’ p<0.1, ‘n.s.’ p≥

by ‘ ’, ‘ ‘.
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Significance codes: ‘***’ p<0.001, ‘**’ p<0.01, ‘*’ p<0.05, ‘.’ p<0.1, ‘n.s.’ p≥
assigned by ‘ ’,

‘ ‘.
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Significance codes: ‘***’ p<0.001, ‘**’ p<0.01, ‘*’ 
‘.’ p<0.1, ‘n.s.’ p≥

‘ ’, ‘ ‘.
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itisation processes by comparing “long term trends” for 
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μPa²s SEL, 
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