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Abstract

Surveys of harbor seals to assess pup production in

Denmark are conducted at the assumed breeding season

peak between 9 and 15 hr at winds <10 m/s, with no pre-

cipitation at least 6 hr before observations and at low tide

in areas with a significant tidal range. Harbor seal pups can

swim immediately after birth, so the fraction available for

counting likely varies according to conditions. In the

Limfjord, a separate harbor seal population is living in a

large inlet in northern Denmark where >95% of pups are

born at two haul-out sites situated 4 km apart. Drone sur-

veys of these two haul-outs were conducted throughout

the breeding seasons during 2017–2019. The effects of

weather conditions and timing of surveys on counts were

analyzed by generalized additive mixed models. The best-

performing model included date and wind speed. Pup

counts grew from the onset of the observation period and

were predicted to peak on June 22. Wind speed had a linear

relationship with pup counts and > 50% more pups were

counted at 5 m/s than at 1 m/s. To achieve representative

pup counts careful consideration of survey conditions and

possibly correction for these effects are necessary.
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1 | INTRODUCTION

The harbor seal (Phoca vitulina) pupping season is estimated to last approximately 6–8 weeks across their range in northern

latitudes (Bigg, 1981) and appears to be more protracted in areas where seasons are not strongly marked and shorter in tem-

perate and polar areas with well-defined seasons (Riedman, 1990 in Tapia-Harris et al., 2017). The pupping season may occur

from late January (at low latitudes) to July (at high latitudes) over the range of the species (Bigg, 1969). For instance, Temte

et al. (1991) detected progressive anticipation of parturition of 1.72 days/degree latitude along the Atlantic coast of North

America. A significant latitudinal effect has also been detected for Pacific harbor seal (P. v. richardsi) colonies from the coasts

of Mexico to the west coast of Washington, with pupping occurring 4.14 days earlier with each degree of southward shift

(Temte et al., 1991). Interannual variation in the timing of birth has also been recorded (Atkinson, 1997; Cordes &

Thompson, 2013; Reijnders et al., 2010). Variation in the timing of birth can be attributed to factors such as female body con-

dition at the time of implantation (Bowen et al., 2003; Boyd, 1984), prey availability (Jemison & Kelly, 2001), population den-

sity, and demographics, as older females tend to give birth earlier than younger females (Cordes & Thompson, 2013;

Härkönen et al., 1999) and climatic variability such as El Niño Southern Oscillation events that likely depress food availability

(Becker et al., 2009).Many studies have suggested that the annual photoperiod cycle is themechanism thatmost likely affects

the synchronization of embryonic implantation (e.g., Osinga et al., 2012; Temte et al., 1991; Temte & Temte, 1993). Timing of

birth in pinnipeds in temperate and higher latitudes does not seem to fluctuate among years (Jemison&Kelly, 2001).

Some studies, however, report shifts in the initiation as well as birth peak between years. Bowen et al. (2003)

observed a progressive delay of the average pupping date of Canadian Atlantic harbor seals (P. v. vitulina). Contrarily,

in some studies on harbor seals from the Wadden Sea, Alaska, and Scotland, progressively earlier pupping was found

(Cordes & Thompson, 2013; Jemison & Kelly, 2001; Osinga et al., 2012; Reijnders et al., 2010). The authors proposed

that the mechanism behind progressively earlier pupping was likely a shortening of the diapause in relation to trend

in the quantity and/or quality of the available food.

Harbor seal monitoring typically relies on counts of the number of animals hauled out onshore at distinct loca-

tions. In Denmark, aerial surveys are conducted during the pupping and molting seasons (Galatius et al., 2014).

Although no studies have investigated factors affecting haul-out attendance of pups in Denmark, several variables

have been found to affect haul-out behavior of older seals in other regions. Among these are date and season

(Galatius et al., 2021; Granquist & Hauksson, 2016; Hamilton et al., 2014), weather and tide level (Galatius

et al., 2021; Granquist & Hauksson, 2016; Hamilton et al., 2014; Krieber & Barrette, 1984; Schneider & Payne, 1983;

Watts, 1992), disturbance (Brasseur & Fedak, 2002; Paterson et al., 2019; Schneider & Payne, 1983), and the hour of

the day (Reder et al., 2003; Stewart, 1984; Thompson et al., 1989; Watts, 1996). Thus, to achieve the most robust

estimates of pup production from a monitoring program, effects of such variables on survey data should be assessed.

In the Limfjord, in Denmark, harbor seals of different origins occur. In the inner fjord a genetic unit presumed to rep-

resent the original seal population of the fjord before it was opened to the North Sea by a storm in 1825, resides. In the

outer fjord, a mixture of inner fjord seals and Wadden Sea seals are present (Olsen et al., 2014). Annual aerial monitoring

of the pupping period of the Limfjord harbor seals in June was initiated in 2016 according to a presumed mid-June peak

of pup numbers. However, investigations of the precise timing of harbor seal pupping in Denmark are lacking.

During pupping surveys of the inner Limfjord, >95% of the harbor seal pups have been counted at two haul-outs

4 km apart (Aarhus University, unpublished data), making this area ideal for investigating the phenology and the

effects of other factors on the numbers of pups hauled out during the pupping season using unmanned aerial vehi-

cles (UAVs). UAVs, commonly known as “drones,” provide opportunities for animal study and observation as a
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noninvasive methodology with potential to provide more accurate data (Mulero-Pázmány et al., 2014). Drones are

increasingly used to study marine vertebrates (Fettermann et al., 2022; Kelaher et al., 2020; Schofield et al., 2019)

and have several advantages, including the possibility to monitor all individuals in a given location at once, to obtain

permanent (i.e., images can be rechecked) and systematic data with low operational costs, high temporal resolution,

and low risks for the operators (Hodgson et al., 2013; Kelaher et al., 2020; Linchant et al., 2015; Schofield

et al., 2019). This can be achieved effectively, unobtrusively and is repeatable over space and time (Schofield

et al., 2019). UAVs also overcome many problems of light airplanes, the usual platform for seal monitoring, namely

risk to operators and observers, and cost (Kelaher et al., 2020; Sasse, 2003; Watts et al., 2010; Wilkinson, 2007).

However, most UAVs have constraints such as short flight endurance (Linchant et al., 2015), requirement of special

permits for flying in protected areas or out of the line of sight, and inability to fly at higher wind speeds and in rain.

Furthermore, scientists (or other personnel conducting wildlife monitoring) must be trained to properly use UAVs

and to ensure safe and environmentally friendly use.

We used UAV surveys at two haul-outs to investigate harbor seal pupping phenology while accounting for the

influence of time of year and environmental variables on the numbers of pups hauled out in the inner Limfjord in the

years 2017–2019. The aims were specifically to estimate the peak of the pupping season in terms of pups available

onshore for survey counts.

2 | METHODS

2.1 | Data collection

This study is based on photographs collected by UAVs during the harbor seal pupping season, which in Denmark

starts in May, peaks in June, and ends in July, across the study years 2017–2019. To conduct the surveys and data

collection, an inexpensive, commercially available four rotor-drone “DJI Phantom 3 Standard” was used. The drone
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Central
Limfjord

Ejerslev Røn

Blinderøn
Livø Tap

F IGURE 1 Map of the large inlet the Limfjord in northern Denmark. The dots represent the seal haul-outs sites,
including Ejerslev Røn and Blinderøn. The boundary between the western and central fjord is marked with a red line.
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was utilized to take overlapping photos of the two haul-outs Ejerslev Røn (ER) and Blinderøn (BR) (Figure 1), which

between them represent more than 95% of the pups born in the Limfjord (Aarhus University, unpublished data). Both

islands are part of the Danish Natura 2000 area no. 16 “Løgstør Bredning, Vejlerne og Bulbjerg” and are �4 km

apart. ER is larger (�15,000 m2), is partially covered by vegetation and is always above sea level, while BR

(�5,000 m2) is a bare narrow �700 m long pebble bank, which may be completely submerged at higher water levels

(Figure 2). Although the fjord is not considered tidal (±5 cm), higher water levels in excess of 50 cm occur during

periods of strong westerly winds when more water is forced into the fjord from the North Sea (Danish Meteorologi-

cal Institute, https://www.dmi.dk/vandstand/). Besides Livø Tap, located �8 km southwest of Blinderøn, there are

no other haul-outs used by the seals in the near vicinity of ER and BR (Central Limfjord; Figure 1).

All surveys were conducted at the same altitude at each location,�30 m above Blinderøn, and �35 m above Ejerslev

Røn. The difference in altitude was caused by variable seal sensitivity and response to the drone. Before the data collec-

tion onset (in 2017), the flying altitude was set to avoid disturbing the seals while at the same time obtaining the best

photo quality possible. This was done by initially deploying the drone at �45 m above seals and progressively reducing

the altitude by 5 m until we observed the first seal's reaction to the UAV (i.e., head lifting or animals moving away towards

the water). The suitable altitudes recorded were maintained during the following years, without noticeable reactions from

the seals. During each survey, the drone was manually deployed and operated from a small vessel approaching the two

islands (just outside the reserve boundaries). During the flight, a low drone speed was maintained, and photographs were

taken manually, to ensure an overlap among consecutive images and the complete coverage of the island. Flights were car-

ried out at the two islands consecutively and on the same days to prevent exchange of seals between the two sites, lead-

ing to potential double counting of individuals, and to obtain a balanced design. Weather permitting, the flight times were

chosen with the aim of collecting data as close as possible to noon, around which time regular surveys are conducted.

Information regarding weather conditions such as air temperature, wind speed, wind direction (in compass

degrees) and sunshine—i.e., the minutes of the hour of the survey with direct sunlight (0–60)—were collected from the

Danish Meteorological Institute (https://www.dmi.dk) station at Thisted (12.8 km from ER and 17.6 km from BR), using

the hourly average data from the closest hour to the initiation of a survey. No surveys were conducted in rainy condi-

tions as the UAV could not be flown in rain, limiting the data collection. Likewise, flights were limited to wind speeds

below 10 m/s since the Phantom drone cannot fly at higher wind speeds. Detailed flight timing and weather conditions

are provided in the supplementary materials (Table S1). The design of the study aimed primarily at elucidating

phenology. Thus, we did not aim to sample around the clock or under all weather conditions. Because of this, we have

limited power to detect or interpret diel variation and no data outside a constrained set of weather conditions.

2.2 | Photo analysis and database creation

The number of harbor seals ashore on a haul-out during a survey were counted from the overlapping photos and

divided into age groups (pups and older animals). Paint software was used to demarcate the overlap between

F IGURE 2 (a) Ejerslev Røn; (b) Blinderøn; (c) Harbor seals hauled out on Blinderøn (photographs taken from the drone).
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subsequent pictures and to progressively highlight the seals as they were counted (to avoid double counting individ-

uals). Pups were identified by their small size, rounded body shape, and typical association with the mother

(Jemison & Kelly, 2001). Unattended pups that had the same conformation and appeared too young to be weaned

were recorded as lone pups (Jemison & Kelly, 2001). The total number of pups that were detected on land during

each flight was utilized for the statistical analyses.

2.3 | Statistical analysis

To quantify variation in the numbers of pups hauled out during the UAV surveys and to assess peak pupping season,

a generalized additive mixed model (GAMM) was fitted through the mgcv package (Wood, 2006) in R (R Core

Team, 2021). The total number of pups counted was fitted as the response variable using an identity function

(Gaussian family). Year (3-class categorical variables including 2017, 2018, and 2019) and Island (2-class categorical

variable including BR and ER) were fitted as nested random variable to account for unbalanced data over space and

time. We opted for this random structure as the two islands combined hold almost the entire population of pups in

the Limfjord and our main interest was modeling variation in pup counts over the entire population, and not to assess

temporal differences between islands. The latter would require treating Year and Island as fixed effects and fitting

their interactions with potential explanatory variables (described in the next sentence), which would result in a spuri-

ous model given the limited number of data points. Explanatory variables in the full model were day of the year

(DOY), hours after midnight, wind speed (m/s), wind direction (�), and temperature (�C). Wave height was not

included, as the size of the effective water body means that waves are generated by local, current wind conditions,

which are already included in the models. Even though the flights were mainly performed around noon, the time

after midnight was considered a possible explanatory variable in the analyses. This relies on the fact that the flights

were conducted in a range that went from 7:00 am to 3:57 pm due to the impossibility of flying on some days

around noon. Minutes of sunshine was not considered as a covariate as it was correlated with temperature (Pearson

r = 0.59), and univariate analyses revealed that temperature explained more of the variation in the number of pups

hauled out. Hours after midnight, DOY, wind speed, and temperature were fitted as fixed effect smooth terms. Wind

direction was fitted using a cyclic cubic regression spline to ensure that wind coming from 0� and 360� matched. For

each fixed effect smooth term, the optimal curve was estimated by the generalized cross-validation procedure

(Wood, 2006). Here, we set upper smoothing bounds for each parameter at 4 knots (3 edf) to avoid fitting overly

complex curves that are hard to explain biologically. If the generalized cross-validation procedure finds that a linear

relationship fits the data best, this will be reflected by an edf of 1 (Wood, 2006). Variable selection was done by iter-

atively removing nonsignificant variables (p > 0.05) from the full model (i.e., backwards stepwise selection) until only

significant variables remained (i.e., final model). Residuals of the final model were assessed for goodness of model fit

and to ensure lack of temporal autocorrelation.

TABLE 1 Output of the generalized additive mixed model used to quantify peak pupping season. The output
forms the analytical basis for Figure 3. The model included a random intercept for Island and Year with a standard
deviation of 35.11. The edf of Wind speed = 1, indicating a linear relationship with total number of pups counted.

Estimate SE t p

Intercept 109,56 14,26 7,371 <.001

Approximate significance of smooth terms:

edf Ref. df F p

s(DOY) 1,957 1,997 10.668 <.001

s(Wind_speed) 1 1,000 7,317 .011

PHENOLOGY OF HARBOR SEAL PUPPING INQUIRED BY UAV 5
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3 | RESULTS

Over the 3 years of data collection, the drone was deployed almost exclusively during June (two flights were carried

out during July, one on each island, in 2018) and specifically 20 times on ER (i.e., n = 3 in 2017; n = 10 in 2018;

n = 7 in 2019) and 20 times on BR (i.e., n = 3 in 2017; n = 10 in 2018; n = 7 in 2019).

F IGURE 3 The effects of DOY (A) and wind speed (m/s) (B) on the number of pups hauled out on Blinderøn
(BR = circles) and Ejerslev Røn (ER = triangles). Curves represent the mean and 95% confidence interval predicted
by the model that best explained the observed variation in the number of pups hauled out. The vertical line of the
figure above indicates the peak date in the number of pups on land (June 22) predicted by the model. Wind speed

measures were constrained by drone operation limitations (wind speed <10 m/s).

6 SEGANFREDDO ET AL.
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The model that best explained the observed variation in the number of pups hauled out during the UAV

surveys (Table 1) included DOY and revealed that the number of pups hauled out varied nonlinearly over time

(Figure 3). The number of pups hauled out also increased linearly with wind speed (Figure 3, edf = 1). No pat-

terns were detected for the covariates temperature, hours after midnight (for which variance was already con-

strained by the aim of flying close to noon), and wind direction (Figure S1). The final model explained 67.3% of

the deviance and had an R2 of 0.603. The residuals revealed good model fit (Figure S2) and we detected no

autocorrelation (Figure S3).

The trend of pups hauled out followed a somewhat Gaussian curve (Figure 3), characterized by an increase

followed by a peak and a decrease in the number of animals counted. Following the predictions of the GAMM, the

highest number of pups was reached around Julian Day 172 (June 22).

As for the use of UAVs, it is possible to point out some benefits and constraints that emerged from this study

(Table 2).

4 | DISCUSSION

To obtain a reliable and statistically robust index of pup production from aerial surveys, it is important to detect a

similar fraction of the pups at the haul-outs each year. Thus, it is crucial to estimate the timing of the peak of pups

present on the haul-outs and investigate whether environmental parameters such as weather impact the counts.

Due to the costs of manned aerial flights and other limitations of that methodology (Linchant et al., 2015), pup

counts have generally only been made a few times a year, resulting in a limited ability to accurately estimate the

timing and variation of pup numbers on the haul-outs during the pupping season. UAVs provide a solution to this, as

they can be deployed more frequently and affordably (Anderson & Gaston, 2013; Watts et al., 2010). This study

demonstrates that, for localities such as the Limfjord, where almost all pups are born in a small area, monitoring by

UAVs is especially convenient.

Multiple studies on harbor seal pupping phenology around the world have indicated that variation between

populations may depend on geographical location (Dubé et al., 2003; Temte et al., 1991). As expected, we found that

date was an important predictor of the number of pups counted and that the progression of the pupping season in

the Limfjord is characterized by a Gaussian-shape distribution with a peak around June 22 in the number of pups on

land over the three study years, 2017–2019. A similar curve has also been found for adult harbor seals in Scotland

TABLE 2 Benefits and constraints of the rotor-drone DJI Phantom 3 Standard used in this study.

Pros Limits

High data collection frequency is possible (weather

conditions permitting).

Phantom drone photo quality was not constant between

flights and often not optimal due to the dependence on

light (i.e., sun glare) and weather conditions, which resulted

in discarded surveys (see Discussion below).

Cost-effective and ready to use, no need to plan

everything in detail in advance.

Strong wind limited the number of flying days.

Little visual and auditory disturbance of seals

compared to manned aircraft surveys.

Need for replacement batteries: flight endurance maximum

20–25 min.

Only one operator required to deploy the rotor drone Training required to operate the UAV.

May be deployed from a boat close to the study area.

Availability of the collected pictures to conduct

animal counts at a later time and to eventually

recheck data.
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during the pupping season by Grellier et al. (1996) and for pups in the Wadden Sea by Reijnders et al. (1997). Our

best-performing model predicts that from the beginning of June, there is a rapid increase in the total number of pups

on the main breeding haul-outs in the area, ER and BR. The peak is followed by an approximately equally fast decline

in late June, indicating that during this time, few or no new pups are born and that pups are weaned and leave the

haul-outs or spend more time in the water.

Harbor seal pups can swim soon after they are born (Teilmann & Galatius, 2018), and previous studies using

mark-recapture methodologies have shown that the maximum number of pups ashore at a given moment is consid-

erably smaller than the number of newborns of the year (Summers & Mountford, 1975) and therefore can be reg-

arded only as a minimum estimate (Thompson & Harwood, 1990). The presence of seals on land can be related to a

range of factors beyond date, such as weather conditions (Boveng et al., 2003; Galatius et al., 2021; Granquist &

Hauksson, 2016; Grellier et al., 1996; Pauli & Terhune, 1987; Reder et al., 2003), tides (Boveng et al., 2003;

Granquist & Hauksson, 2016; Jemison et al., 2006), presence of predators (Hayward, 2009; Steiger et al., 1989), dis-

turbance (Brasseur & Fedak, 2002; Paterson et al., 2019; Pauli & Terhune, 1987; Schneider & Payne, 1983), time of

the day (Boveng et al., 2003; Jemison et al., 2006; Reder et al., 2003; Stewart, 1984; Thompson et al., 1989;

Watts, 1996), and climate, e.g., the North Atlantic Oscillation (NAO; Blanchet et al., 2021). Tide is negligible in the

study area, and although there is much boat traffic, we did not observe disturbances during the fieldwork. Given our

study design, which was focused on phenology, we have limited power to detect and quantify effects of weather

and time of day because the drone could not be flown with precipitation or at wind speeds >10 m/s, and no surveys

were conducted at wind speeds >6 m/s. We aimed to fly as close to noon as possible and it was not possible to make

observations at night. Consequently, the time range of the surveys was limited to 7:00 am–3:57 pm. The weather

constraints also limited the number of survey days to a maximum of 10 per year, with a total of 20 over the 3-year

period. The number of observations precludes us from investigating between-year and between-island variability in

pupping. Obviously, we are not able to estimate the effects of weather outside the range of conditions recorded dur-

ing the surveys and the limited number of surveys as well as the variance of the count data limit our ability to detect

and reliably quantify effects.

Beside date, only increasing wind speed (observations made at up to 6 m/s) was detected as having a significant

effect on pup counts. Within the range of the data, there was a large estimated linear effect on the number of pups

detected with an increase of 15.6 pups on land per m/s of wind speed increase, resulting in more than 50% more

pups estimated at 6 m/s compared to at 1 m/s. Higher wind speed is directly related to higher waves, which might

be an inclement condition for young, inexperienced pups. Several authors have suggested that waves (Pauli &

Terhune, 1987; Thompson et al., 1989), as well as wind speed (e.g., Simpkins et al., 2003) are likely to strongly affect

the haul-out frequency of harbor seals. In particular, Pauli & Terhune (1987) found evidence of wind speed generally

affecting seal counts during the pupping season, although not in its later stages or during the early molting period.

Air temperature was not found to have a significant effect on pup haul-out attendance in our study, which

agrees with findings from Scotland (Grellier et al., 1996). However, at higher latitudes, air temperature has been iden-

tified as a key factor in determining haul-out pattern of harbor seals (Granquist & Hauksson, 2016; Reder

et al., 2003; Simpkins et al., 2003). This could be related to more variable temperatures at higher latitudes or that the

relatively mild temperatures in the study area (mean of 14.4�C in June; https://www.dmi.dk) are high enough that

fluctuations have little effect on the thermoregulation of the pups or that we did not have sufficient statistical power

to detect an effect. Air temperature has been observed to influence seal haul-out behavior during the molting sea-

son, as the epidermis needs elevated temperatures for follicular regeneration (Schop et al., 2017). As an example,

temperature has proved to be important during the harbor seal molting season at latitudes similar to our study area,

such as the Baltic Sea (Galatius et al., 2021).

We did not find significant effects of time of the day, amount of sunshine or wind direction on pup counts in the

Limfjord. Similar to our study, Jemison et al. (2006) found no evidence that cloud cover and wind direction affected

haul-out behavior of pups, though counts of adults showed variations of up to 21% in relation to these weather fac-

tors. Contrary to other studies, which recorded a significant influence of the hour of day on the number of seals

8 SEGANFREDDO ET AL.
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hauled out (Jemison et al., 2006; Kovacs et al., 1990; Reder et al., 2003), no evidence of this was found in the

Limfjord. However, we did not survey at night, and most flights occurred around noon. This may well have obscured

a potential signal.

Beyond their limitations, UAVs represent an approach for monitoring marine animals and for conducting scien-

tific research that “fills gaps” and covers some biases that other approaches have (e.g., biologging, biotelemetry, and

local human observations), at a very low cost (Schofield et al., 2019). Notably, UAVs have also demonstrated their

potential in providing new information on animal behavior related to abundance, distribution, and density (e.g., site

utilization, pup attendance, etc.; Schofield et al., 2019). At the same time, it is possible to conduct monitoring flights

with increased frequency (McIntosh et al., 2018) as UAVs can be deployed directly close to the study area, avoiding

the need for a runway as well as the necessity to plan in detail and in advance, as in the case of a manned aircraft. As

reported in other studies, the UAV did not cause great acoustic or visual disturbance (Kelaher et al., 2020; McIntosh

et al., 2018). Another favorable aspect of UAV counts is that it is possible to revisit the collected photos ensuring

more accurate and precise data, with the possibility to extract additional data at a later stage (McIntosh et al., 2018).

As for constraints in the use of drones, battery life is a limiting factor that makes them unsuitable for data collec-

tion over large areas, which in this case means flights requiring more than 20 min. However, the availability of spare

batteries can partially buffer the problem, allowing the execution of consecutive flights. In the present study, the

drone batteries were replaced after each flight to allow the collection of data in succession on the two islands. The

quality of photographs was not constant between flights, being influenced by glare and weather conditions. More-

over, at 30/35 m altitude, the photograph resolution did not allow discrimination of individuals, but only counts and

classification into age groups. This could be linked to the Phantom UAV model utilized. Indeed, McIntosh et al.

(2018) reported that the UAVs DJI Phantom 4 and DJI Phantom 4 Pro produced images at 40 m of altitude allowing

counts and classifications of individual fur seals. However, in the same study, errors in capture settings (i.e., white

balance changes) were encountered as well.

Conclusions

As expected, we found a profound effect of date on counts of pups during the harbor seal pupping season. The best

performing model estimated the peak number of pups to be counted shortly after mid-June (mean date: June 22).

The current survey schedule in the Danish marine monitoring program (NOVANA, Danish Ministry of Environment)

is based on a presumed mid-June peak, which is slightly early compared to our results. Among the investigated

weather parameters, we also found an effect of wind speed on pup counts. Such an effect should be carefully con-

sidered during the planning of surveys and the interpretation of survey data. Thus, counts should either be corrected

for this effect or be conducted under a narrower range of weather conditions than presently, where surveys are con-

ducted at wind speeds up to 10 m/s. At a wind speed of 6 m/s, the predicted number of pups ashore exceeded twice

the number expected in calm weather. Further investigation with more data at higher wind speeds are needed to

determine the magnitude of the wind effects more precisely. As different contexts in terms of season and habitat

may cause differential effects on haul-out patterns, knowledge of the influences of local circumstances is essential.
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