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ABSTRACT
Capsule: Northern Gannet Morus bassanus counts obtained from a coastal monitoring network in
northern Spain were highly determined by wind conditions.
Aims: To determine how external factors including weather conditions affect seabird counts in a
land-based seabird monitoring project (Red de observación de Aves y Mamíferos marinos, RAM
project; Seabird & Marine Mammal Observation Network).
Methods: Seabird counts were obtained from four study capes situated in the southeastern part of
the Bay of Biscay in northern Spain. Counts were conducted on a monthly-basis for a period of 3
hours starting at dawn on each sampling day. Data used here were compiled over a 10-year
period (2006–15).
Results: Northern Gannet numbers were chiefly influenced by meteorological conditions at a local
spatial scale. Northwesterly winds were found to positively influence gannet abundance, whereas
high relative humidity caused a decrease in abundance. Moreover, gannets were more abundant
during the non-breeding period as compared to breeding period.
Conclusion: We recommend considering the effect of the wind and relative humidity on land-
based seabird counts in the Bay of Biscay when handling data from the RAM protocol in order
to avoid biases and misinterpretation of data. Since seabirds approach the coast during harsh
weather conditions, the RAM protocol should be improved in order to better account for the
distance at which the birds are seen.
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When monitoring seabirds, it is not only important to
survey populations within their breeding range, but
also to consider their migration routes and wintering
areas. Such estimates of abundance have biological and
ecological interest, but are also essential from a
conservation and management standpoint (Mateos-
Rodríguez et al. 2012). Land-based counts are an
efficient technique for studying migrating pelagic
seabird populations (Camphuysen et al. 2004), but
these surveys have to consider the possible effects of
weather conditions on data collected (Jones et al. 2014).

In Spain, such coastal counts have been performed
since 2006 within the Iberian Seabird and Marine
Mammal Monitoring Network (Red de observación de
Aves y Mamíferos marinos (RAM) Valeiras et al.
2011). This project involved monthly land-based
surveys during the whole annual cycle, in order to
obtain a better understanding on the spatio-temporal
distribution of seabirds along the coast of Spain. The
Bay of Biscay in particular is an important migratory

corridor for seabirds crossing southern European
waters, either breeding in northern Europe to
overwinter in the South Atlantic (Garthe et al. 2012),
or breeding in the southern hemisphere to overwinter
in the northern Atlantic (Brereton et al. 2003, Arcos
2009, Stenhouse et al. 2012, Jones et al. 2014, Louzao
et al. 2015). In addition, recent papers have determined
that the Bay of Biscay is an important wintering area
for some seabird species (Fort et al. 2012). Since the
Bay of Biscay is an obligate migratory corridor for a
number of seabird populations, seabird counts can be
used to monitor the long-term trends in seabird
populations. Furthermore, the population status of
marine predators, including seabirds, can be used as an
indicator of the biodiversity and conservation status of
marine ecosystems (Furness & Greenwood 1993,
Mateos-Rodríguez et al. 2012).

Meteorological conditions could influence counts of
seabirds along the coast of the Bay of Biscay.
Specifically, under winds with a strong northwest
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component (Puillat et al. 2006), birds might drift towards
inshore waters within the Bay of Biscay (i.e. southeastern
parts of the Bay), so it could be predicted that seabird
numbers would increase with strong northwest winds,
but decrease in southeast winds. In the Bay of Biscay,
northwest winds are often accompanied by unstable
meteorological conditions, so it may also be predicted
that seabirds will be more abundant on days of rain,
with decreasing temperatures, higher relative humidity
and low air pressures.

For seabirds moving from northwest France to
northwest Iberia, passing through the southeastern part
of the Bay of Biscay may entail a remarkable detour in
their route of migration, which might be costly from
an energetic viewpoint. Seabird abundance tends to
decrease from the west to the east of the bay.
Accordingly, seabird numbers are predicted to be
higher at those capes located further to the west and, at
the same time, should be expected to increase with
strong northwesterly winds, with this effect being more
marked at capes located further east.

The Northern Gannet Morus bassanus (hereafter
Gannet) is a large marine avian predator that is widely
distributed in the North Atlantic. It breeds in densely
populated colonies in latitudes ranging between 48° and
66°N (Nelson 2002) and spends the winter within a
broad geographic range from the North Sea area to the
northwestern African coast. A fraction of the population
has an intermediate distance of migration and
overwinters within the Bay of Biscay (Fort et al. 2012).
The Gannet is one of the main seabird species detected
along the coast of Spain during the RAM counts (for
details see the TREKTELLEN database, www.trektellen.
nl). The RAM survey has been running over a period of
10 years, but the effect of meteorological conditions on
seabird counts has never been assessed.

We used the Gannet as an avian model in order to test
for the effect of meteorological conditions on the spatio-
temporal abundance patterns of seabirds obtained
through coastal counting methods. Specifically, we
were interested in (1) describing abundance patterns of
Gannets within the southeast part of the Bay of Biscay
(from west to east: capes of Ajo, Matxitxako, St. Anton
and Higuer) covering the 10 years from 2006 to 2015,
and (2) investigating the role of weather on counts of
Gannets explored at different spatial scales.

Methods

Data collection

The study was carried out using data obtained at four capes
along the coast of the southeastern Bay of Biscay (Figure

1), within the RAM survey (Higuer, 43°23′76′′N 01°
47′60′′W; St. Anton 43°18′68′′N 02°12′19′′W; Matxitxako
43°27′27′′N 02°45′4′′W; Ajo 43°30′83′′N 03°35′30′′W).
The census protocol consisted of counting seabirds from
each cape, during a period of 3 hours starting at 07:00
UTC, every first Saturday of each month (http://
redavesmarinas.blogspot.com.es). Accordingly, all counts
were performed on the same day and time at all the
capes regardless of weather conditions. Counts were
performed using telescopes and binoculars. Between 30%
and 50% of the sea under the horizon line was observed
with the telescope and the remaining sea surface was
observed with binoculars. The following variables were
recorded on each sampling event: sighting conditions
(semi-quantitatively: cloudiness, visibility, wind velocity
and direction and sea conditions), the number of
individuals seen for each seabird species, flight direction
and behaviour (landed, moving randomly, migration,
foraging movement, etc.) and the age of each individual
(if possible). RAM volunteers used standard protocols
and sheets to collect data. In each cape and sampling
day, a single person was responsible for collecting the
data, and there were always at least two people counting
seabirds. The protocol did not consider any method to
avoid double-counting. However, in most cases birds
were observed to show single-direction movements (e.g.
west- or east-wards migration), so double-counting was
assumed to be minimal. Here, we use data collected on
the Gannet over a period of 10 years (2006–15).

Meteorological data

Meteorological data were obtained for the 2006–15 period
from NCAR’s Research Data Archive (NCAR/UCAR,
http://rda.ucar.edu, 2006–07) and the Galician
Meteorological Agency (www.meteogalicia.es, 2008–15).
A range of representative variables was selected
including precipitation, temperature, relative humidity,
pressure and the northwest-wind component. For each
cape and survey day, we obtained the meteorological
variables matching the closest count starting time. The
precipitation data were represented as the rainfall
(kg m−2) at sea level at the time of the census. We
extracted the temperature (°C) and the relative humidity
at 2 m above sea level. We used the mean sea level
atmospheric pressure (Pa) to represent the atmospheric
pressure at the time of the census. Wind field data were
provided at a height of 10 m above sea level. The zonal
u and meridional v winds describe the west–east and
north–south direction and are represented by positive
values toward the north and east, respectively. The two
perpendicular components can be derived into the
modulus of the wind speed in m s−1 (w) and direction

366 A. EGUNEZ ET AL.

http://www.trektellen.nl
http://www.trektellen.nl
http://redavesmarinas.blogspot.com.es
http://redavesmarinas.blogspot.com.es
http://rda.ucar.edu
http://www.meteogalicia.es


(α in degrees, ranging from 0° to 360°). Wind speed and
direction were estimated as follows: w =√(u2 + v2) and
α = 180 + atan2(u,v) × (180/π). Then, we calculated the
northwest-wind component as follows:

T = w × cos (at)–(180 + ad) (1)

The northwest-wind component (T ) takes into account
the wind speed (w, m s−1), preferential wind direction
(αt) and wind direction at the moment of the counts
(αd). In this study, αt was considered the northwest
wind since this wind direction causes the movement of
seabirds into the Bay of Biscay. Therefore, the
northwest-wind component would reach the highest
values when the wind was blowing from the northwest.

Regarding the spatial scale of analysis, meteorological
variables were extracted at different radii from each cape:
0 (local scale), 50, 100, 250 and 500 km. Meteorological
data were provided on a grid basis, hence for a given
spatial scale (radius) we calculated the median values
of those grid cells within the radius, after removing
grid points over the continent.

Meteorological data were divided into four time periods
based on the Gannet’s life cycle: wintering (November–
January), pre-breeding (February–March), breeding
(April–August) and post-breeding (September–October).

Such periods were determined according to already
existing knowledge on the timing of the birds’ life cycle
(Fort et al. 2012).

In order to determine the temporal scale that better
explained Gannet counts, we investigated the
correlation (Pearson’s r) between Gannet counts at one
specific day and the meteorological variables conditions
from that day to the previous 15 days of the
observation in a 3-hourly basis to match the temporal
conditions of counts. Therefore, we obtained 120
values of correlation for each count. In the correlation
analysis, all variables showed maximum correlation to
the moment of the census, and the values of variables
in the days before had less influence than the
meteorological conditions at the time of the survey (see
online Figure S1). Therefore, we considered only the
variables at the moment of the census. Moreover, we
analysed the correlation between all the meteorological
variables. The analysis showed a low correlation
(Pearson’s r) in all analysed pairs (online Figure S2).

Statistical analysis

To test for the effect of meteorological variables on
Gannet counts (the response variable), we used
generalized linear models (GLMs) with a log-linear

Figure 1. Map of the Bay of Biscay showing the area where the coastal counts were performed in the southeastern the Bay of Biscay.
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link function and a negative binomial error distribution.
Predictor variables considered were: cape, period,
northwest-wind component, precipitation (as binary
variable, rain/no rain), temperature, relative humidity
and air pressure, as well as all the two-way interactions
of cape with the other variables.

Before starting to select models to determine which
variables had an effect on Gannet counts, we determined
which spatial scale was better at explaining Gannet
counts. With that goal, we ran all the possible models for
each radius. To determine how alternative models fitted
to the data, we used Akaike’s Information Criterion
corrected for small sample sizes (AICc) (Akaike 2011).
According to this approach, models with a lower AICc
value show a better fit to the data, because they explain a
greater amount of variance with a (reduced) number of
parameters. Thus, we calculated the mean and the 95%
confidence interval of all models run for each spatial
scale and found that, overall, there was a high overlap
between spatial scales, with the mean AICc for the
models considering a radius of 0 km being slightly lower
than the mean of models considering larger spatial
scales. Therefore, meteorological data at a local spatial
scale (radius: 0 km, data for the grid cell that contained
each cape) were best at explaining Gannet counts.

Model selection was carried out using a selection
procedure based on AICc values. Models were
considered to fit the data equally well when they
differed by less than 2 AICc units (Williams et al.
2002). All statistical models were run with R software
(R Core Team, 2014).

Results

Regarding abundance patterns at a local scale, the model
with the lowest AICc value included an effect of
period, cape, northwest-wind component, precipitation,

temperature, relative humidity and pressure and all the
two-way interactions of cape with the rest of the
variables on Gannet counts (Table 1). This top model
showed an AICc difference higher than 20 when
compared with the second one, so hereafter we will
only consider the top model.

A total of 88 781 Gannets were observed over 1101
hours in 367 days of observations across the 10 years
period (Table 1). Overall, we observed a mean passage
rate of 81 Gannets/h. The mean passage rate tended to
decrease from west (Ajo: 117 Gannets/h) to east
(Higuer: 58 Gannets/h), but the difference was non-
significant (Table 2).

Globally, Gannets were more abundant during the
non-breeding period (from September to March; Table
2, Figure 2). The GLM showed that numbers of
Gannets did not vary significantly among capes, but
there was a significant interaction of period × cape
(Table 2), indicating that there were local differences in
Gannet abundance during specific periods (Figure 2).
In general, Gannets were significantly more abundant
during the post-breeding, wintering and pre-breeding
periods than in the breeding period at the four capes
(Table 2).

The northwest-wind component showed a positive
effect on Gannet counts. Hence Gannets were more
abundant with strong northwest winds, while they
were scarcer under southeast winds (Figure 3). The
lack of a significant interaction of this variable with
cape allows us to conclude that the wind effect was
generalized and did not vary at a local level (Table
2). The relative humidity showed an overall
significant negative correlation with Gannet counts
(Table 2). In this case we also detected a significant
interaction with cape (Table 2); at St. Anton, the
effect of the variable was stronger than in the other
three capes (Figure 4). The other three meteorological

Table 1. Mean (±se), range and total number of Gannets counted by hour and sampling day during the 3-hour survey period at each
sampling cape and period (wintering, pre-breeding, breeding and post-breeding) within the Bay of Biscay, for the period 2006–15. The
number of sampling hours is shown in parenthesis.
Period Ajo Matxitxako St. Anton Higuer Total

Wintering 654 ± 385
27–3289
(28)

302 ± 272
14–1281
(24)

287 ± 148
3–2816
(27)

386 ± 295
4–1814
(23)

42 565
(307)

Pre-breeding 526 ± 404
44–2567
(20)

334 ± 261
11–855
(12)

415 ± 168
34–1354
(18)

311 ± 278
4–1059
(15)

26 637
(195)

Breeding 58 ± 33
5–465
(43)

29 ± 35
2–156
(17)

28 ± 21
0–238
(43)

23 ± 22
0–182
(38)

5144
(423)

Post-breeding 381 ± 286
23–1548
(17)

274 ± 88
5–599
(8)

203 ± 79
14–834
(18)

117 ± 171
2–498
(16)

14 435
(177)

Total 38 084
117 Gannets/h
(324 hours)

14 591
80 Gannets/h
(183 hours)

20 081
63 Gannets/h
(318 hours)

16 025
58 Gannets/h
(276 hours)

88 781
81 Gannets/h
(1101 hours)
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variables did not have any significant effect on bird
counts (Table 2).

Discussion

This is the first study to determine the effect of
meteorological conditions on counts of a seabird
species from the coast in the southeastern part of the
Bay of Biscay. Overall, the number of Gannets counted
at four selected capes situated along a coast transect of
151 km did not differ between capes, while a month ×
cape interaction showed slight temporal variations at a
local scale level.

In general, Gannets showed maximum numbers
during the non-breeding period (from September to

March), coinciding with the migration and wintering
of the species. Moreover, many Gannets choose this
area to spend the wintering period (Fort et al. 2012).
Therefore, the area is characterized as an important
migration corridor but also as a major wintering area
for the species. These wintering birds have been found
to come from different colonies of northern Europe:
Starstappen (Norway), Store UlvØyholmen (Norway),
Bass Rock (Scotland, UK) and Grassholm (Wales, UK)
(Fort et al. 2012). Wintering areas for colonies are
mainly linked to the respective latitude of each colony
and strongly suggest a chain migration pattern in
which populations move uniformly southward, with
more northern breeders wintering in northernmost
grounds (Newton 2008, Fort et al. 2012). The seasonal
patterns detected in our study fit well with the
phenological cycle of the species and support previous
studies indicating that Gannets are present in the Bay
of Biscay during the whole non-breeding period, either
during the migration period or as wintering birds
(Abad et al. 2006, Fort et al. 2012, Garthe et al. 2012).

The number of Gannets recorded tended to increase
under northwest winds. The causes underlying this
pattern remain unknown to us: a possibility is that
birds are blown by these northwest wind towards the
shore and, therefore, are more easily detected from
capes, which result in higher numbers; an alternative
explanation is that northwest winds would push the

Table 2. Beta-parameter estimates (±se, P values) obtained from
the best model used to predict coastal Gannet counts in the
southeastern Bay of Biscay. Only significant parameter
estimates are shown.
Parameter Estimate se P

(Intercept) +4.465 1.228 0.716
Post-breeding period +0.942 0.281 0.004
Wintering period +1.152 0–292 0.001
Pre-breeding period +0.7.12 0.343 0.002
Northwest-wind +0.109 0.021 <0.001
Humidity −0.053 0.012 <0.001
Higuer × humidity −0.029 0.025 0.471
Matxitxako × humidity −0.014 0.026 0.502
St. Anton × humidity −0.052 0.020 0.007

Figure 2.Mean (±se) number of Gannets counted by cape and four phenological periods. Grey bars represent the global mean number
of counted Gannets for all four capes.
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Figure 3. Gannet counts in the capes in relation to northwest-wind component values. Data from the four study capes have been
pooled due to the lack of a significant cape × wind interaction (Table 1).

Figure 4. Relationship between relative humidity and Gannet counts at the capes. Relative humidity values were calculated for each
count value (log x + 1) for each cape separately. The four capes are represented individually since there were differences in the relative
humidity effect between the capes (P < 0.05).
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rich-of-fish upper water layers closer to shore (as in the
Baltic Sea), and Gannets follow them. Probably both are
true, but this has consequences in terms of data
interpretation. Given this result, it would be worth
obtaining some kind of standardized population index,
hence allowing us to adjust the counts to
meteorological conditions, (as it has been done for
other areas; Walker 1996, Abad et al. 2006, Mateos &
Arroyo 2011). For that goal, we recommend to
consider all capes situated along the coast of northern
Spain in order to obtain an index that would be
applicable to the entire region, and not only to the
southeastern part of the Bay of Biscay (this article).

Moreover, we also observed that Gannet numbers
tended to decrease with increasing relative humidity.
This result is consistent with previous studies that
have demonstrated that humidity, along with other
environmental factors, can shape the daily movement
patterns and behaviour of seabirds (Moore et al.
2008). In addition, high relative humidity can affect
counts as visibility is reduced when this parameter
increases. Interestingly, at one of the capes (St. Anton)
the effect was even stronger when compared to the
other three study capes, but the reason behind this
finding remains unknown to us. Meteorological
factors (fog, sun glare, humidity) can influence counts
directly and limit the visibility for seabird detection
(Tasker et al. 1984).

In conclusion, Gannet counts from a number of capes
of a coastal monitoring network in the southeastern Bay
of Biscay were mostly determined by period and two
meteorological factors: northwest-wind component and
relative humidity. Our results suggest that the
programme was adequate to monitor the species’
abundance pattern throughout the annual cycle and
might be used to estimate population trends within the
region. However, count analysis must control for the
effect of weather, and in this context future studies
should try to obtain standardized indices of seabird
counts. Accounting for the distance at which the birds
are observed from each cape is also recommended.
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