Effects of offshore pile driving during wind farm
construction on harbour porpoises (Phocoena phocoena)
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INTRODUCTION: Construction of offshore wind farms goes along with considerable noise
emissions during pile driving. The extent to which this might negatively effect marine mammals
is subject of much debate. Especially the temporal and spatial effects of disturbance are
important and little detailed information exists on this issue. We examined these effects during
construction of two offshore wind farms using passive acoustic monitoring.
METHODS: At Horns Rev II (Denmark) 92 monopile foundations (diameter: 3.9 m) were driven into the seabed in 2008. T-PODs
(chelonia.co.uk), designed to record porpoise echolocation clicks, were deployed 1 m above the seabed during the same time
at six positions with different distances to the construction site (2.5 - 22 km). At alpha ventus (Germany) six jacket and six
tripod foundations (pile diameter: 2.5 m) were driven into the seabed in 2009. T-PODs were deployed simultaneously at
different positions, which for analyses were grouped into three different distance categories (2 - 20 km).
Temporal and spatial effects of pile driving on porpoise activity were investigated during both projects using a GAM, where
porpoise positive minutes per hour (“PPM/H”) was the response variable and the interaction of the non-linear predictor
variable “hour after pile driving” with the factor “distance category” was the explanatory variable of main interest.
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Fig. 1: Results of the fitted GAM exploring the effect of „hour after piling“ on
porpoise positive minutes per hour („PPM/H“). Shown is the deviance of the overall
mean. Grey shaded areas depict the confidence intervals, blue shaded areas mark
the possible end of the effect and red numbers give the duration of the effect.

RESULTS: At Horns Rev II, where noise levels
of 176 dB re 1 µPa SEL were measured at 720
m distance, “PPM/H” significantly increased
after piling finished at the first five distance
categories up to 18 km. At 22 km distance
however, “PPM/H” decreased after piling
(Fig. 1a). At alpha ventus, where between
167 - 170 dB re 1 µPa SEL were measured at
750 m distance,
“PPM/H” significantly
increased at the first two distance categories
(up to 9 km) while there was no significant
effect at 16 - 20 km (Fig. 1b).
In Fig. 1a-b the blue shaded areas mark the
time between the point when porpoise
activity reached the overall average and the
point when porpoise activity levelled off. The
end of the negative effect of piling on
porpoise activity therefore probably lies
within this area. The possible duration of the
effect is given as red numbers in Fig. 1a-b.

DISCUSSION: Noise from pile driving clearly reduced porpoise activity up to a distance of
18 km at Horns Rev II. At 22 km no negative effect was detectable, instead porpoise
activity temporarily increased possibly caused by porpoises leaving the vicinity of the
construction site and aggregating at greater distances. The duration of the effect lasted
over a day at close range and gradually decreased with increasing distance. Similar
results were found at alpha ventus, where the effect ceased at 16-20 km. Results of both
projects show that construction of wind farms leads to wide scale disturbance of harbour
porpoises. Spatial and temporal scales of these effects should be considered during
future planning of pile driving activities in the North sea, especially with respect to
cumulative effects.
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