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INTRODUCTION: Several studies have demonstrated clear avoidance of offshore
wind farm construction sites by harbour porpoises (Phocoena phocoena) due to
the emission of underwater noise by pile driving. However, data on direct
observations of behavioural response is scarce. Here, we investigated the swimming
direction of porpoises in relation to pile driving activities based on high definition
videos (HiDef).
METHODS: Digital aerial surveys were conducted on
transect at an altitude of 550 m (Fig. 1) using a high
definition video survey techniques with a strip width of
543 m and a ground resolution of 2 cm to monitor marine
mammals and birds. Harbour porpoises swimming
direction was analysed according to the time and distance
to the construction process (Fig. 1). Constructionorientated swimming direction was defined between
o
o
o
o
271 -89 opposite-orientated direction between 90 -270 .
During construction of the wind farm ‘Borkum Riffgrund I’
in the North Sea 8 digital surveys were analysed:

Average Swimming direction in the study area: During surveys
without construction activities, no preferred swimming direction
could be observed (Rayleigh test, p>0.5, Fig. 2), indicating that
harbour porpoises move randomly in the study area.

•1 surveys during deterrence + pile driving activity.
•2 surveys during pile driving activity only.
•5 surveys without pile driving activity (baseline)
Fig. 1: Swimming direction of all observed harbour porpoises during one
survey in relation to the construction process (deterrence (= active seal
scarer), pile driving, up to 2h after stop of pile driving).

Fig. 2: Average swimming direction
within 20 km distance to pile driving.

Deterrence: Seal scarer were activated
between 0:45 - 2:30 h before pile driving.
Only 7 harbour porpoises were observed
during deterrence within a 10 km radius.
Except one, all were swimming away from
the location of deterrence. Within a 20
km radius the swimming behaviour was
more balanced (Fig. 3).

Pile driving: During pile driving no
harbour porpoise was observed within a
10 km radius (which at least partly results
from deterrence). Up to 15 km and above,
no preferred swimming direction could be
observed (Fig. 4).

After pile driving: Harbour porpoises
seem to return quickly after pile driving
activity was completed. Within 2 h after
pile driving ceased, most harbour
porpoises observe within 10 km distance
were directed towards the construction
area. Later and at greater distances no
preferred swimming direction could be
observed (Fig. 5).

Fig. 3: Swimming direction of harbour porpoises during
deterrence (left) and baseline (right) up to a distance of 10 km
(upper) and 20 km (lower) to the construction site.

Fig. 4: Swimming direction of harbour porpoises during pile
driving (left) and baseline (right) up to a distance of 15 km
(upper) and 20 km (lower) to the construction site.

Fig. 5: Swimming direchtion of harbour porpoises after pile
driving ceased (2 h: left; 5 h: right) up to a distance of 10 km
(upper) and 20 km (lower) to the construction site.

Conclusion: During seal scarer activity, harbour porpoises swam away from the sound source within 10 km distance. During pile
driving animals were already scared further away than they were impacted by pile driving (>10 km) either due to seal scarer noise
or piling noise. Shortly after pile driving ceased animals within 10 km distance are clearly directed towards the construction site,
indicating an active return.
This study indicates, that the deterrence effect of seal scarer reaches beyond disturbance distances from pile driving itself when
sound mitigation is applied.
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