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We analysed GPS data of lesser black-backed
gulls (Larus fuscus) caught and tagged in the
colonies at Ostend and Zeebrugge. After ex-
ploring general patterns in at-sea presence and
behaviour, we performed three modelling ex-
ercises to study the response of lesser black-
backed gulls towards the C-Power turbines at
the Thornton Bank offshore wind farm (OWF)
in more detail. These exercises confirmed that
much more time was spent roosting on outer
than on inner turbines. Next, we found a sig-
nificant and gradual increase in the number
of logs of flying birds going from the centre
of the wind farm up to 2000 m from the wind
farm edge, beyond which the response seemed
to stabilise. For non-flying birds too, the mod-
el predicted a minimum number of logs in the
centre of the wind farm and a flattening of the
smoother at about 2000 m, yet with a highly
increased presence right at the wind farm’s
edge, representing birds roosting on the outer
turbine foundations. The last model, aiming
to assess temporal variation in the presence
of lesser black-backed gulls in and around the
Thornton Bank OWF, showed that the birds
were increasingly wary of entering the wind
farm during times of strong winds with fast
moving rotor blades. The results of this study
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illustrate that the response of lesser black-
backed gulls towards OWFs can be subject to
both temporal and (within-OWF) spatial var-
iation, which in turn can be of high value in
refining collision risk modelling.

In this chapter we will analyse GPS data
of lesser black-backed gulls (Larus fuscus)
caught on the nest and tagged in the colonies
at Ostend and Zeebrugge. GPS data have the
major advantage of providing detailed infor-
mation on the movements of individual birds,
without being limited to specific time frames
or environmental conditions as is the case with
seabirds-at-sea monitoring. Moreover, when
enough individuals of a specific colony or
population are included, the cumulative data
no longer reflect individual birds’ preferenc-
es but allow for a general characterisation of
their behaviour and distribution. First we will
explore the dataset looking for general patterns
in at-sea presence and behaviour, comparing
these with the patterns observed in and around
the C-Power offshore wind farm (OWF) at the
Thornton Bank. Next, we will turn to three
modelling exercises for a detailed study of the
response of the tagged lesser black-backed
gulls towards the Thornton Bank OWF.
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2.1. Overall data selection

From 2013 to 2017, 133 lesser black-backed
gulls breeding in Zeebrugge (77 birds), Ostend
(6 birds) and Vlissingen (50 birds) have been
equipped with an UvA-BiTS tracker (Bouten
et al. 2013). As the colony of Vlissingen is
located over 40 km from the Thornton Bank
OWF, we only considered birds tagged in
Zeebrugge and Ostend, and further select-
ed all at-sea GPS logs at least 1 km from the
shoreline and within 80 km from the colony
of origin (fig. 1). Because the Thornton Bank
OWF was only fully operational from the
summer of 2013 onward, we further discard-
ed all 2013 data from the analyses.

Resulting from differing needs and prior-
ities of the GPS data end users, tracking res-
olution varied strongly from 10 to 3600 sec-
onds. To obtain a balanced dataset, we selected
one data point per 20 minutes for tracks with
a higher resolution and deleted tracks with a
resolution lower than 20 minutes. The choice
for this 20-minute boundary was based on the
fact that it is the original resolution for about
half of the total tracking time in the regard-
ed dataset. Meanwhile, by bringing down the
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tracking resolution, we avoided temporal cor-
relation between records (Ross-Smith et al.
2016). This data selection was applied in all
calculations except when assessing the actual
time spent in a certain area.

About 40% of the birds from Ostend and
Zeebrugge (34 individuals) were recorded
inside the Thornton Bank OWF at least once
(fig. 2), allowing for a characterisation of
their presence and behaviour inside the wind
farm compared to the surrounding or wider
area. The tagged birds visited the further off-
shore Northwind and Belwind wind farms to
a far lesser extent and interaction with these
wind farms was therefore not considered in
this chapter.

Furthermore, 48 herring gulls were
equipped with a UvA-BiTS tracker, 37 in
Ostend and 11 in Zeebrugge. Herring gulls
generally stayed closer to the shore compared
to lesser black-backed gulls, and never ven-
tured far enough offshore to encounter the
wind farms currently present in the Belgian
part of the North Sea (BPNS) (fig. 3). Because
of this lack of interaction with offshore tur-
bines, herring gulls were not considered fur-
ther on in this report.

Lesser black-backed gull (Ostend)

2.4 2.8 32
Longitude

Figure 1. Twenty-minute interval GPS logs of lesser black-backed gulls (period 2014-2017) originating
from Zeebrugge and Ostend; the Belgian North Sea border and the turbines at the Thornton Bank are

indicated in red.
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Figure 2. Twenty-minute interval GPS logs of lesser black-backed gulls (period 2014-2017) inside the
Thornton Bank OWF; the turbines are indicated in red.
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Figure 3. Twenty-minute interval GPS logs of herring gulls (period 2014-2017) originating from
Zeebrugge and Ostend; the Belgian North Sea border and the turbines at the Thornton Bank are indicated

in red.
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Figure 4. Histogram of the recorded ground speeds.

2.2. Data exploration

Based on the resulting dataset of 59,493 GPS
logs, we explored how flight height, direction
and activity related to the time of day, tidal
height, wind velocity and wind direction,
and investigated whether the patterns found
varied across the BPNS. Birds were consid-
ered flying when their recorded ground speed
exceeded 4 m/s, a cut-off speed coinciding
with the minimum indicated in the bimodal
histogram displayed in fig. 4. This value ap-
pears to be on the high side, as Gyimesi et al.
(2017) applied a cut-off of 2.5 m/s, while
Ross-Smith et al. (2016) used a value of only
1.1 m/s (4 km/h). Because tidal currents in
the BPNS may already reach 1 m/s or more
(Ruddick & Lacroix 2006), the latter seems
to be an absolute minimum for birds logged
at sea. On the other hand, Baert et al. (2018)
used a measured ground speed of 4.5 m/s to
discern active flight from a variety of behav-
iours (standing, resting, walking, floating,
soaring and tortuous flight). Anyhow, know-
ing that the GPS speed measurements are
subject to considerable error (Bouten et al.
2013) and based on the strongly bimodal
pattern in fig. 4, the value of 4 m/s seemed to
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be the best possible guess in the framework
of this study.

Data on tide and wind conditions were
queried from the Monitoring Network
Flemish Banks by means of the LifeWatch
Data Explorer (http://rshiny.lifewatch.be/
MVB%?20data/). The variables ‘mean wind
velocity’ and ‘mean wind direction’ are based
on offshore measurements at the Westhinder
station, while ‘tidal height TAW (cm)’ meas-
urements originate from the Ostend station,
all with a sample period of 60 minutes.

When comparing general at-sea gull
behaviour to the behaviour recorded in or
around the Thornton Bank wind farm, we
often made subsets of data as illustrated in
fig. 5. These selections were based on the
same before-after control-impact (BACI) po-
lygons used in the displacement analyses in
previous reports (e.g., Vanermen et al. 2017),
being a wind farm area (the turbine-built
zone surrounded by an initial 0.5 km buffer),
a buffer zone (the area 0.5-3.0 km from the
nearest turbines) and a control area at a com-
parable distance to the shore and including
the SW part of the Thornton Bank as well as
the Goote Bank.


http://rshiny.lifewatch.be/MVB
http://rshiny.lifewatch.be/MVB
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Figure 5. Data selection for comparison of bird behaviour inside versus outside the Thornton Bank OWF.

2.3. Modelling exercises

2.3.1. Association with furbine foundations

In order to explore the gulls’ roosting behav-
iour on turbine foundations, we calculated
the time spent in (1) 100 m wide buffer are-
as around the turbines and (2) the OWF as a
whole by summing the time intervals between
the first and last GPS log of each visit to these
respective areas. This implies that single ‘iso-
lated’ logs were not taken into calculation, but
also that we assume birds to stay within the
area boundaries between two subsequent logs
inside these areas. Next, we modelled wheth-
er the time spent on a turbine foundation is
affected by the distance from that turbine to
the wind farm edge.

2.3.2. Modelling the effect of distance

To study the effect of distance to the wind
farm on the presence of lesser black-backed
gulls, we built a grid of 500x500 m cells up
to a distance of 3250 m to the nearest tur-
bine (fig. 6). Extending this distance was not
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feasible due to the presence of the Northwind
wind farm just north of the Thornton Bank.
For each grid cell, the distance from its cen-
troid to the wind farm edge was calculated.
We then modelled the effect of distance to
the wind farm edge on the number of logs per
grid cell applying a smoother, both for flying
and swimming/resting birds.

2.3.3. Modelling temporal variation

To study the temporal variation in the presence
of lesser black-backed gulls in and around the
Thornton Bank OWF, we defined eight 5x5 km
grid cells aligned with the Thornton Bank.
The two middle cells include the wind farm
(the ‘impact’ cells), the other six cells being
‘control’ cells (fig. 7). We then generated a da-
taset with one line for each hour and each grid
cell in the months of March to August in the
years 2014 to 2017, resulting in 141,128 rows.
The dataset was thus limited to the spring and
summer period, but note that only 0.3% of our
59,493 at-sea GPS logs within 80 km from the
colony (2.1) was logged in the months of
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Figure 6. Grid of 500x500 m cells for modelling the effect of distance to the OWF edge on the number
of lesser black-backed gull logs per grid cell.
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Figure 7. Grid of eight 5x5 km cells for modelling temporal variation in the presence of tagged lesser
black-backed gulls in and around the OWF at the Thornton Bank.
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September to February. Next, the response
variable was calculated by aggregating the
number of GPS logs per grid cell and per hour.
The explanatory variables included in the da-
taset were wind speed, tidal height and hour of
the day, next to the factor variables weekend/
week and control/impact. Finally, this dataset
was modelled using an information-theoretic
approach, first to select the appropriate data
distribution, and next to perform a backward
model selection.

2.4. Statistics

All data processing and analyses were per-
formed in R version 3.4.2 (R Core Team 2017)
using RStudio (RStudio Team 2016) and the
following packages (in alphabetical order):

» data.table (Dowle & Srinivasan 2017)
+ ggplot2 (Wickham 2009)

*+  MASS (Venables & Ripley 2002)
* mgcv (Wood 2017)

¢ plyr (Wickham 2011)

* pscl (Zeileis et al. 2008)

» reshape (Wickham 2007)

* rgdal (Bivand ef al. 2017)

* rgeos (Bivand & Rundel 2017)

» spatialEco (Evans 2017)

* sp (Pebesma & Bivand 2005)

Zeebrugge

1.04

3.1. Data exploration

3.1.1. Distribution patterns

Figure 1 already illustrated that the
Thornton Bank OWF falls within the nor-
mal at-sea distribution of lesser black-backed
gulls breeding in Zeebrugge and Ostend. We
can further illustrate this by plotting the cu-
mulative proportion of the number of logs
against the distance to the colony of origin.
This shows that for both colonies, 95% of the
offshore records occurred within about 38 km
from the colony (fig. 8), while the OWF at the
Thornton Bank is located at respectively 25
and 32 km from Zeebrugge and Ostend.

Up to a distance of 10-15 km, flight di-
rections of lesser black-backed gulls breeding
in Zeebrugge are mostly oriented perpendic-
ular to the shoreline, either straight to the sea
(-60°) or directed towards land (120°) (fig. 9,
panel at the top). Gradually, flight orientations
become more evenly spread over all direc-
tions, indicating a shift from directed com-
muting flights from and to the colony to less
oriented flights in search of food. Accordingly,
the proportion of birds flying is strongly af-
fected by the distance to the colony, dropping
steeply from about 90% close to the colony to
50% at a distance of 10 km. From there on,
the proportion of birds flying decreases more
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Figure 8. Cumulative proportion of the number of at-sea GPS logs against the distance to the colonies of
origin in Zeebrugge and Ostend; the distance to the nearest turbine at the Thornton Bank is indicated in

blue, while the 95% boundary is indicated in red.
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Figure 9. Flight directions in relation to the
distance to Zeebrugge with a heat map in the
background (panel at the top) and the relation
between the proportion of birds flying and the
distance to Zeebrugge (panel below).

gradually and stabilises at about 32% beyond
a distance of 25 km.

Distribution patterns of birds from
Zeebrugge appear to be very similar when
comparing different years or seasons
(see Annex 1). On the other hand, tagged
lesser black-backed gulls showed a much low-
er at-sea presence during weekends compared
to weekdays (fig. 10). By means of example
and accounting for birds from Zeebrugge,
our dataset holds 17,510 at-sea logs recorded
on Wednesdays and Thursdays, compared to
only 8423 records on Saturdays and Sundays.
Birds thus appear to be present at sea twice
more likely during weekdays, which is prob-
ably related to reduced fishery activities dur-
ing the weekend, as was already reported for
lesser black-backed gulls breeding on Texel
in the Netherlands (Tyson et al. 2015).
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Figure 10. Distribution patterns of birds from
Zeebrugge during weekdays (Wednesday/

Thursday) and weekend days (Saturday/Sunday).

3.1.2. Diurnal patterns

The diurnal presence of lesser black-backed
gulls at sea is characterised by a dou-
ble-peaked pattern, with lowest numbers
around midnight, highest numbers in early
morning (3 am) and a secondary peak in the
evening (7 pm) following a somewhat low-
er presence in between (fig. 11, panel at the
top). However, when splitting up the data per
month, there appear to be considerable differ-
ences between months. In March and April
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Figure 11. Diurnal rhythm in the time spent at sea by tagged lesser black-backed gulls for all data (panel
at the top) and split up per month (panel below).

604

4 |‘
04 II
7 9 11 13 15 17 19 21 23

Proportion flying (%)
8

N
o
1

1 3 5
Hour
April May
60
60+
40 40
20 204
T | |
> 0 04
& 1 5 9 13 17 21
=
S August
€
8 60
& 604 60+
o
404 40 40
204 20 204
04 0 04
1.5 9 13 17 21 15 9 13 17 21

Hour

Figure 12. Diurnal rhythm in the proportion of birds flying for all data (panel at the top) and split up per
month (panel below).
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(pre-breeding period), highest presence rates
occur from 6 pm to 5 am, with a consider-
ably lower presence during the day. In con-
trast, from May to August (incubation, chick
rearing and early post-breeding periods), the
gulls spend most of their time at sea roughly
between 3 am and midday, with a moderate
secondary peak around 7 pm, while compar-
atively much less time is spent at sea around
midnight (fig. 11, panel below).

Looking at the diurnal rhythm in the
proportion of birds flying, we see a highly
symmetrical and double-peaked pattern, with
highest flight activity occurring at 5 am and
again at 5 pm, and a slight dip in flight activi-
ty in between. Around midnight, flight activi-
ty drops below 20% (fig. 12, panel at the top)
and birds are mainly resting. Again, there is a
seasonal aspect to this, in the sense that flight
activity is lowest from March to April, high-
est in the period May to July and decreasing
again in August. When, for example, compar-
ing the flight activity in March to that in May,
the period of low flight activity during the
night is longer, while the proportion of birds
flying throughout the day is lower. It seems
that during the pre-breeding period, relative-
ly more lesser black-backed gulls prefer to
spend the night resting at sea.

The diurnal presence of birds in the wind
farm study area differs from the overall at-sea
pattern. The morning peaks in presence inside
the OWF and its control area come later, re-
spectively at 7 and 10 am, compared to 3 am
for all at-sea data compiled. In accordance to
the pattern for all data compiled, there is a
moderate evening peak in the OWF at 6 pm,
yet at the same time there is no increased
evening presence in the control area (fig. 13).

In the wind farm control area, there is
less flight activity (35%) compared to the
wider offshore area (52%) (fig. 14, panel at
the top), which is in line with the decreasing
flight activity with increasing distance to the
coast as illustrated in fig. 9. Flight activity is
lower still in the OWF (25%), and thus below
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Figure 13. Comparison of the diurnal rhythms
in presence of tagged lesser black-backed gulls
in the OWF at the Thornton Bank, the nearby
control area and at sea in general.
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Figure 14. Bar plot of the proportion of birds
flying per sub-area (panel at the top) and diur-
nal rhythm in flight activity in the OWF and its
control area compared to the pattern observed in
all data (panel below).

what could be expected based on the afore-
mentioned general inshore-offshore pattern.
This comparatively low flight activity inside
the wind farm might indicate that birds come
to the area to rest rather than to forage.

— Logs OWF
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3.1.3. Flight heights

The UvA-BiTS trackers measure altitude,
which allowed studying the proportion of
birds flying at rotor height under different
circumstances. Unfortunately, the altitude
measurements are not without error, especial-
ly at higher measurement intervals (Bouten
etal. 2013; Ross-Smith ef al. 2016), illustrat-
ed by the rather large amount of negative al-
titudes (see figs 15 & 16). Nevertheless, they
do give a good indication of overall height.
A good example hereof is the difference be-
tween the altitude histograms of non-flying
birds in the OWF and the control area. Next
to the expected and most dominant cohort
of birds logged at altitude zero (birds on the
water) which is present in both histograms,
we see an obvious second cohort of birds at
altitudes of about 20 m in the OWF histo-
gram, representing birds roosting on the tur-
bine foundations (fig. 15).
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Figure 15. Histograms of recorded altitudes of
non-flying lesser black-backed gulls in the con-
trol area (panel at the top) and the wind farm at
the Thornton Bank (panel below).
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Figure 16. Histograms of recorded altitudes of
flying lesser black-backed gulls in the offshore
range under consideration (first panel), the
OWF control area (second panel) and the
Thornton Bank OWF area (third panel).

For flying birds, altitude histograms for
all at-sea data and the control area are highly
similar, with a peak occurrence of logs with
a measured altitude of around zero (fig. 16,
first and second panels). Flight altitudes re-
corded inside the OWEF, on the other hand,
show a clearly different histogram, with
comparatively fewer measurements around
zero, a higher weight for altitudes between
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10 and 70 m and a secondary cohort of al-
titudes around 100 m (fig. 16, third panel).
Note that this latter histogram is based on a
limited amount of logs (n = 126) and may
therefore not be fully representative.

When calculating the proportion of
birds flying at rotor height (between 31 and
157 m), this leads to a percentage of 37%
for both the full dataset and the logs inside
the control area. In the wind farm area this
percentage increases to 49% (fig. 17). Again,
this difference might be coincidence due to
the limited number of records involved. But
on the other hand, logs recorded inside the
OWEF coincide with lower wind speeds than
in the control area (median 5.3 m/s versus
6.2 m/s respectively) and, as we will see in
3.1.4, low wind speeds typically induce high-
er flight heights. It would thus be interesting
to investigate whether the response of lesser
black-backed gulls towards wind turbines
varies with wind conditions, indirectly in-
ducing this deviating altitude proportioning.

— Logs OWF

— Logs OWF

Cumulative proportion
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200
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Figure 17. Cumulative proportion of recorded
altitudes for the full offshore dataset, next to the
OWF and its buffer and control areas, with the
rotor swept zone between 31 and 157 m indi-
cated by the vertical dashed lines.

3.1.4. Effect of wind and fide

The overall presence of lesser black-backed
gulls at sea seems to be largely unaffected
by tidal height and wind direction, but is
negatively affected by wind velocity. For
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Figure 18. Boxplots of recorded flight heights
for five wind velocity categories (panel at the
top) and interaction between flight height, wind
velocity and relative wind direction (180° repre-
senting back wind) (panel below).

example, while the median wind velocity in
the regarded period was 8.3 m/s, the medi-
an wind velocity coinciding with birds GPS
logs was only 6.4 m/s. Meanwhile, wind
velocity clearly affects flight height, which
drops from a 30 m median at low wind
speeds (0-5 m/s) to close to sea level during
wind speeds of over 15 m/s (fig. 18, panel at
the top). Flight height is further determined
by the relative wind direction, as birds tend
to fly higher during back winds compared
to head winds. This effect becomes more
pronounced with increasing wind velocities
(fig. 18, panel below).

Comparing the wind speeds coincid-
ing with offshore GPS logs of lesser black-
backed gulls (blue line in fig. 19, panel at the
top) with the hourly wind speed measure-
ments in the months of March to August in
the years 2014 to 2017 (grey bars in fig. 19,
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panel at the top), low wind speeds (< 5 m/s)
occurred more often than expected, while
the opposite is true for high wind speeds
(> 10 m/s). The gulls thus clearly favour
calm conditions when going offshore, and
seem to prefer to stay on land during strong
winds. These preferences are even more
pronounced in the Thornton Bank OWF.
Standardising the number of logs in the wind
farm with the total number of logs recorded : W m % @ e
at sea per wind velocity category, we see the e
chance of visiting the wind farm decreas-
ing linearly with increasing wind velocity
(fig. 19, panel below). The latter also applies

Tidal height TAW (cm)

20 — OWF
= OWF control
= Offshore

10 Tidal data

Proportion of records (%)

OWF

0 100

Figure 20. The proportion of GPS logs (co-
loured lines) and hourly tidal height measure-
ments (grey bars) per tidal height category (pa-
« — nel at the top) and the effect of tidal height on the
—owreno probability of lesser black-backed gulls visiting
o the Thornton Bank OWF (panel below).

for the OWF control area, yet to a lesser ex-
tent, suggesting that this pattern is only part-
ly related to the presence of the wind farm.

o
@

Probability of presence (%)
°
2

When doing the same exercise for tid-
al height categories, we see that there is no
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Proportion of records (%)

Wind data

clear pattern of preference in case of all off-
shore logs neither for logs inside the control
L | L i ! L area, yet a clearly deviating pattern for logs
inctvelocity (mfs) inside the OWF (fig. 20, panel at the top).

OwF Coinciding with the latter, tidal heights be-
low 300 cm occurred more often than ex-
pected, opposed to an under-representation
of tidal heights above 300 cm. Resulting, the
chance of lesser black-backed gulls visiting
the wind farm at the Thornton Bank decreas-

es with increasing tidal height (fig. 20, panel
- below).

3.2. Modelling exercises

0-5mis 5-10 m/s 10-15 m/s 15-20 mis 20-25 m/s
Wind velocity

Figure 19. The proportion of GPS logs (colour- 3.2.1. Association with furbine foundations

ed lines) and hourly wind speed measurements As could already be deducted from fig-

(grey bars) per wind velocity category (panel at _
the top) and the effect of wind velocity on the ures 2 and 15, lesser black-backed gulls were

probability of lesser black-backed gulls visiting then liogged on or near the turbine foqnda-
the Thornton Bank OWF (panel below). tions in the Thornton Bank OWF, with a
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Figure 21. Actual time spent per turbine by
lesser black-backed gulls tracked inside the
Thornton Bank OWF (panel at the top), and the
model prediction of the relation between the
time per turbine and the distance to the edge of
the wind farm (panel below).

clear preference for the south corner of the
wind farm. The birds also seemed to prefer
outer to inner turbines. Apart from this, they
were more often found resting in the wind
farm area compared to the nearby buffer and
control areas, and the wider area in general
(fig. 14).

In order to explore this apparent pref-
erence to turbine foundations, we first cal-
culated the proportion of the time spent in
(1) 100 m wide buffer areas around the tur-
bines and (2) the OWF as a whole. Exploring
the characteristics of the records comprised
within these 100 m turbine buffer zones
(n = 635), we see that most (96%) indeed
refer to non-flying birds logged at a mean
height of 14 m above sea level. Based on
this exercise, we estimate that lesser black-
backed gulls spend 49% of their time inside

(hours/turbine)

104

Courtens, Daelemans, Van de walle, Verstraete & Stienen

the Thornton Bank wind farm resting on the
jacket foundations. When simply calculating
the proportion of the number of (20-minute
resolution) logs within the 100 m turbine
buffer areas vs. the number of logs inside the
OWF as a whole, we obtain a very similar
result of 48%. Considering the huge differ-
ence in surface between the OWF footprint
area and the turbine buffer areas, it is clear
that lesser black-backed gulls show high
preference towards the turbine foundations.
Figure 21 (panel at the top) illustrates the to-
tal time spent per turbine, a variable which
was further used to test the hypothesis that
birds prefer outer to inner turbines. Based
on the Akaike information criterion (AIC),
a negative binomial distribution performed
better compared to the Poisson or zero-in-
flated alternatives, and distance modelled
linearly was preferred over distance mod-
elled as a smoother. In doing so, distance to
the wind farm edge was found to have a sig-
nificant and negative effect on the time spent
per turbine (fig. 21, panel below). The model
summary can be consulted in Annex 2.1.

3.2.2. Modelling the effect of distance

An overlay of the 595 grid cells of 500x500 m
with the GPS records of lesser black-backed
gulls from Zeebrugge and Ostend resulted in
a selection of 2601 logs, 72% of which were
categorised as non-flying and 28% as flying.
The logs concentrate in the south corner of
the study area (fig. 22), close to the most fa-
voured turbines (fig. 21). For each grid cell
we determined the distance from its centroid
to the wind farm edge, and assigned nega-
tive distances to centroids that fall within the
wind farm boundaries. Distance was used as
a smoother to model its effect on the num-
ber of logs per grid cell, considering both
a Poisson and negative binomial distribu-
tion. We performed separate aggregates for
non-flying and flying birds, in order to model
both categories.

Both for flying and non-flying
birds, the AIC was in strong favour of a
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Figure 22. Selected GPS logs for the analysis of the effect of distance to the wind farm edge on the pre-
sence of lesser black-backed gulls.
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Figure 23. Selected GPS logs for modelling temporal variation in the presence of tagged lesser black-
backed gulls in and around the OWF at the Thornton Bank.

105



Number of logs

Number of logs

Vanermen, Courtens, Daelemans, Van de walle, Verstraete & Stienen

Flying LBB gull

'
-1000 0 1000

Distance to OWF edge (m)

2000 3000

Non-flying LBB gull

'
-1000 0 1000

Distance to OWF edge (m)

2000 3000

Figure 24. Model predictions of the effect of dis-
tance to the OWF edge on the number of logs per
500x500 m grid cells for flying birds (panel at
the top) and non-flying birds (panel below).

negative binomial distribution, and the
distance smoother appeared to be highly
significant in both cases (P < 0.001, also
see Annex 2.2). Moreover, the model pre-
dictions show interesting patterns (fig. 24).
First of all, there is a clear positive effect of
distance on the number of logs per grid cell,
with the response variable reaching a ceiling
at about 2000 m for both flying and non-fly-
ing birds, indicating avoidance of the wind
farm and its immediate surroundings. In case
of non-flying birds, however, there is a strong
secondary peak in predicted numbers right at
the edge of the wind farm, representing birds
roosting on the outer turbine foundations.

3.2.3. Modelling temporal variation

We analysed the temporal variation in pres-
ence of tagged lesser black-backed gulls in
and around the Thornton Bank OWF making

Number of GPS logs
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Figure 25. Number of selected logs in the
eight 5x5 km grid cells, with the mean for the
control-impact groups indicated by the dashed
horizontal lines.

use of the generated dataset as described in
Material and methods. Exploring the dataset
learned that the eight 5x5 km grid cells in-
clude 2435 logs of tagged lesser black-backed
gulls, which are quite unevenly distributed
(fig. 23, see the previous page, and fig. 25).
The four SW grid cells for example hold more
than twice as many logs than the four NE grid
cells, and based on the bar plot in fig. 25, one
could suspect a SW-NE gradient in presence.
Apart from this, the mean number of logs
appears to be slightly higher in impact cells
compared to control cells.

No fewer than 734 logs (30%) occurred
in the relatively short period of June to July
2016, representing only 8% of the timeframe
considered. Limiting the analysis to this spe-
cific timeframe offers some major advantag-
es, considering the increased proportion of
non-zero counts and the fact that there is less
need to account for temporal random effects.
Doing so, we investigated the effect of wind,
tide and diurnal patterns on the presence of
lesser black-backed gulls in the study area in
general, and the wind farm in particular.

We regarded two types of distribution
(Poisson and negative binomial) and chose
following full models:

* N _records ~ CI * (WEEKEND + WIND
+ TIDE) + s(HOUR, bs = “cc”, by = CI,
k =28)
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Figure 26. Model predictions of the number of logs per grid cell per hour for all coefficients included in
the model (control/impact factor, true/false weekend factor, wind velocity, tidal height and hour of the
day), each time keeping all other variables constant at the levels indicated by the vertical dashed lines.

* N records ClI * WEEKEND +
s(WIND, by = CI, k = 8) + s(TIDE,
by = CI, k = 8) + s(HOUR, bs = “cc”,
by =CI, k = 8)

In which:

* N records = the number of records in a
certain grid cell in a certain hour

* CI = a factor variable assigning the grid
cells to ‘control’ (n = 6) or ‘impact’
(n=2)

«  WEEKEND = TRUE/FALSE factor var-
iable for weekend versus weekdays

*  WIND = the mean wind velocity (m/s)
per hour as measured at the Westhinder
station

« TIDE = the mean tidal height TAW
(cm) per hour as measured at the Ostend
station

«  HOUR = hour of the day
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The two full-model options only differ
in the way we model TIDE and WIND ef-
fects, i.e., either linearly (yet with a log link)
or through smoothers. For HOUR, a cyclic
smoother was applied in both full-model op-
tions. In all cases, the smoothers’ basic dimen-
sion k was limited to 8 to avoid over-fitting.
As the ‘treatment’ of the grid cells in terms of
prevailing wind, tidal conditions and hour of
the day is the same for all eight grid cells, we
specifically looked for interactions between
the factor CI, on the one hand, and WIND,
TIDE, WEEKEND and HOUR on the other
hand.

Based on AIC, a negative binomial dis-
tribution was by far the preferred distribution
(AAIC’s of 1183.0 and 1140.4), with a slight
advantage for the option with WIND and
TIDE modelled by smoothers (AAIC of 3.4).
Applying a stepwise and backward model
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selection based on the AIC led to the selection
of the following model:

* N _records ~ CI+ WEEKEND + s(WIND,
by = CIL, k = 8) + s(TIDE, k = 8) +
s(HOUR, bs = “cc”, k= 18)

All main terms were retained in the mod-
el, as well as the interaction between CI and
WIND. Despite the high proportion of zero’s
in the dataset (96.4%), these were all account-
ed for by the included variables, as model
overdispersion was estimated to be 0.99 by
dividing the residual deviance by the residual
degrees of freedom. The model summary is
given in Annex 2.3.

Model predictions in relation to the in-
cluded co-variables are shown in fig. 26.
The results are in line with the patterns ob-
served during the explorative analyses: a
double-peaked diurnal pattern and negative
correlations between presence and both tidal
height and wind velocity. Following the posi-
tive CI and negative WEEKEND coefficients,
the number of records is expected to be high-
est in the impact grid cells during the week
under most circumstances, indicating a pref-
erence to the wind farm cells despite the lo-
cal absence of fishery activities. Interestingly,
the model predicts a highly different effect of
wind velocity on the presence of lesser black-
backed gulls between control and impact grid
cells. Comparing the model prediction graphs
in the right upper panel of fig. 26, we see a
strong preference for impact cells during low
wind speeds, followed by a steep decrease
in the number of impact cell records at wind
speeds of > 5 m/s, eventually resulting in a
(slight) preference for control cells from wind
speeds of > 14 m/s on. This is in line with the
pattern observed in fig. 19, confirming that
lesser black-backed gulls are increasingly
wary of entering the wind farm during strong
winds.

Exploring the at-sea GPS data of tagged
lesser black-backed gulls showed that most
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birds (95%) from Zeebrugge and Ostend
were logged within a distance of about
38 km from the colony of origin. The pro-
portion of gulls recorded in flight was found
to decrease with distance to the coast, drop-
ping from 90% close to Zeebrugge and sta-
bilising at about 30% beyond a distance of
25 km from the colony. Flight activity was
lower still in the OWF at the Thornton Bank
(25%), which might be an indication of an
increased preference for roosting between
or on the turbines. Strikingly, the gulls
were twice more likely to explore the off-
shore areas around the colonies during the
week compared to the weekend, which is
most probably related to the much reduced
fishing activity during the weekend (Tyson
et al. 2015). This immediately highlights our
most important missing variable when aim-
ing to study the observed distributional pat-
terns of lesser black-backed gulls in relation
to the Thornton Bank OWF. The inclusion
of Vessel Monitoring System (VMS) data
would therefore be a huge step forward.

In our dataset, the overall percentage
of birds flying at rotor heights (set between
31 and 157 m) was 37%, but this percentage
amounted to 49% inside the Thornton Bank
OWEF. The latter percentage, however, is
based on a limited number of data, and
should therefore be interpreted with care.
Apart from this, the birds’ flight height was
strongly determined by wind velocity, with
a median flight altitude of 30 m at wind
speeds below 5 m/s, opposed to sea-level
flight heights in wind speeds of over 15 m/s.
Interestingly, there appears to be an over-rep-
resentation of low wind speeds at times when
lesser black-backed gulls were logged be-
tween the turbines, suggesting that the birds
were more inclined to enter the turbine-built
area during calm conditions. Nevertheless,
this over-representation of low wind speeds
(inducing increased flight heights) alone
cannot explain the major difference in flight
height proportioning inside compared to out-
side the wind farm, which might therefore
indicate a behavioural response towards the
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turbines. This has already been suggested
by Camphuysen (2011) at Dutch OWFs and
is something to keep an eye on when more
GPS data of birds flying between offshore
turbines become available.

Finally, we performed three modelling
exercises. In the first exercise we analysed
the time spent roosting on turbine founda-
tions. Our results showed that lesser black-
backed gulls strongly prefer the turbines
along the edge of the wind farm to roost,
especially those situated closest to the col-
onies. This result is different from the one
presented in our previous report (no effect
of distance to the wind farm edge was found
by Vanermen et al. 2017), but note that the
latter result was based on a dataset including
the 2013 data, when all turbine foundations
were already present, but not all of them
were carrying turbines. The fact that gulls
favour outer rather than inner turbines is in-
teresting as it points towards a conflict of the
opposing forces of avoidance and attraction
right along the wind farm edge.

This is further illustrated in our second
modelling exercise where we aimed to as-
sess the effect of distance to the wind farm
edge on the number of logs up to a distance
of 3250 m. This showed that flying birds
avoided the wind farm up to a distance of
2000 m, while the number of non-flying
(roosting) birds peaked at the wind farm’s
edge, but also largely avoided the inner
part of the OWF. Note that in previous re-
ports and based on BACI analyses of at-
sea survey results (Vanermen et al. 2016 &
2017), we could not detect an effect of the
Thornton Bank wind farm on overall lesser
black-backed gull densities, while a signifi-
cant attraction effect was found in the more
offshore Bligh Bank wind farm, despite the
fact that the Bligh Bank turbines are installed
on monopile foundations which offer much
less roosting possibilities. The marked dif-
ference in response between both sites might
be an illustration of the Bligh Bank OWF
functioning as a stepping stone, allowing
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birds to colonise areas that are otherwise off
limits (Leopold ef al. 2013). Such an effect
is likely to be far more prominent outside the
birds’ normal distribution, as is the case for
the Bligh Bank. Whatever the reason, all this
at least shows that the response of birds can
be subject to spatial variation, not only when
comparing wind farms or regions, but also
on a smaller ‘within-OWF’ scale.

In the third and last modelling exer-
cise, we analysed the temporal variation in
presence in eight 5x5 km? grid cells along
the Thornton Bank, two of which include
the wind farm and the other six represent-
ing control cells. This showed that the pres-
ence of lesser black-backed gulls in the
area is driven by diurnal and tidal patterns
as well as by wind velocity. The model fur-
ther showed a decreased presence during
the weekend and a preference for the impact
cells including the wind farm. As there are
no pre-construction GPS data available, we
cannot assign this preference to an attraction
effect. Yet, this preference for the wind farm
is striking, considering the fishery activities
in the surrounding area and the fact that the
gulls seem to avoid the wind farm interior
as illustrated in the previous modelling ex-
ercises. Interestingly, the wind farm cells
were preferred at wind speeds below 5 m/s
but avoided during wind velocities above
14 m/s. Lesser black-backed gulls thus seem
to be increasingly wary to enter the wind
farm during times of high winds with fast
moving rotor blades, which is a clear indica-
tion of temporal variation in their response
towards OWFs.

Gaining more knowledge on the spa-
tio-temporal variation in the response of
seabirds towards offshore wind turbines is
considered to be a major challenge for re-
liable impact assessments. The results of
this study can therefore be of high value in
refining collision risk modelling for lesser
black-backed gull, a species which may po-
tentially suffer from population impact due
to increased mortality following large-scale
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exploitation of offshore wind in the North monitoring part to INBO. The bird track-
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Annex 1

Distribution figures
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Annex 2

Model summaries

2.1. Association with furbine foundations

Deviance Residuals:
Min 1Q Median 30 Max
-1.11087 -1.11087 -0.66867 0.05869 1.86667

Coefficients:

Estimate Std. Error z wvalue Pr(>|z|)
(Intercept) 0.9427338 0.3717886 2.536 0.01122 *
distance -0.0029789 0.0009926 -3.001 0.00269 **

Signif. codes: 0 ‘“***x* (0,001 ‘**’ 0.01 **' 0,05 *." 0.1 » " 1
(Dispersion parameter for Negative Binomial (0.2577) family taken to be 1)

Null deviance: 48.118 on 54 degrees of freedom
Residual deviance: 39.524 on 53 degrees of freedom
AIC: 157.19

Number of Fisher Scoring iterations: 1

Theta: 0.2577
Std. Err.: 0.0860

2 x log-likelihood: -151.1910

2.2. Modelling the effect of distance

Family: Negative Binomial (0.694)

Link function: log

Formula:

number ~ s(Distance, k = 8)

Parametric coefficients:
Estimate Std. Error z wvalue Pr(>lzl)
(Intercept) 1.06831 0.05551 19.24 <2e-16 **x*

Signif. codes: 0 “*%* (_001 “*** 0.01 ‘*" 0.05 *." 0.1 ¥ ' 1

Approximate significance of smooth terms:
edf Ref.df Chi.sq p-value
s (Distance) 5.731 6.5 38.97 1.59e-06 ***

Signif. codes: 0 “¥**’ (_001 ***r 0.01 ‘*’ 0.05 *.” 0.1 " 1

R-sqg. (adj) = 0.0147 Deviance explained = 6.59%
-REML = 1333.5 Scale est. =1 n = 595
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FLYING LBB
Family: Negative Binomial (1.155)

Link function: log

Formula:
number ~ s(Distance, k = 8)

Parametric coefficients:
Estimate Std. Error z value Pr(>|z])
(Intercept) 0.18140 0.05389 3.366 0.000762 **x*

Signif. codes: 0 ‘“¥**’ (.001 ***/ 0.01 ‘*" 0.05 *." 0.1 * " 1

Approximate significance of smooth terms:
edf Ref.df Chi.sq p-value
s(Distance) 2.331 2.908 19.58 0.000234 ***

Signif. codes: 0 “***' (0.001 ‘**’ 0.01 ‘*’ 0.05 '.” 0.1 Y ' 1

R-sq. (adj) = 0.0236 Deviance explained = 3.42%
-REML = 909.53 Scale est. =1 n = 595

2.3. Modelling temporal variation

Family: Negative Binomial (0.053)
Link function: log

Formula:

n

records ~ CI + weekend + s(Mean.wind.velocity, by = CI, k = 8) + s(hour, bs = "cc", k = 8) +

s5(Tidal.height.TAW, k = 8)

Parametric coefficients:

Estimate Std. Error z value Pr(>lzl)
(Intercept) -3.12260 0.08248 -37.857 < 2e-16 **x
CIIMPACT 0.57746 0.13401 4.309 1.64e-05 **x*
weekendTRUE -0.38418 0.13459 -2.854 0.00431 **

Signif. codes: 0 AT 0 001 YAk 0,01 M+ 0005 . 0.1 YT 1

Approximate significance of smooth terms:

edf Ref.df Chi.sq p-value
s (Mean.wind.velocity) :CICONTROL 1.006 1.012 29.401 6.63e-08 ***
s(Mean.wind.velocity) :CIIMPACT 2.916 3.661 27.528 1.09e-05 ***
s (hour) 5.141 6.000 57.777 3.82e—12 ***
s(Tidal.height.TAW) 1.383 1.669 9.827 0.00351 **

Signif. codes: 0 ‘***’ (_.001 ‘*x/ 0.01 ‘*' 0.05 *.” 0.1 * "’ 1

R-sqg. (adj) = 0.0197 Deviance explained = 12%
-REML = 2223.9 Scale est. =1 n = 11600
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