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Abstract
The distribution and migration of fin whales (Balaenoptera physalus) remain poorly understood in parts of the North 
Atlantic. One of these regions is the Algarve in southern Portugal, which is shaped by seasonal upwelling and the 
exchange of Atlantic and Mediterranean waters. This area represents a potentially critical yet poorly understood habitat 
for this species. This study presents the first comprehensive assessment of fin whale abundance and site fidelity in the 
Faro area, located approximately between 36–37° N and 8–7° W. Data was collected from 2020 to 2024 through photo-
identification and GPS vessel tracks, in collaboration with a local whale-watching company. A regional catalog of 86 
individuals was established, and an open spatially explicit capture-recapture model estimated a population of 1.476 indi-
viduals. Sightings peaked in spring, likely linked to phytoplankton blooms and foraging opportunities. While re-sighting 
rates were low, some individuals returned across years, indicating possible seasonal site fidelity. Our results demonstrate 
the value of data collected from platforms of opportunity in an under-surveyed region, providing a foundation for ongoing 
monitoring efforts. Results also highlight the Faro area’s ecological relevance as a seasonal feeding ground for fin whales 
and offer insights to support future conservation in the eastern North Atlantic.

Keywords  Algarve · Capture-recapture · Photo-identification · Whale-watching

Received: 6 November 2025 / Accepted: 2 March 2026 / Published online: 11 May 2026
© The Author(s) 2026

Opportunistic data for assessing abundance and site fidelity of fin 
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marine mammal population sizes emerged in the 1960s, 
when researchers involved shore-based counts of the East-
ern North Pacific stock of gray whales (Eschrichtius robus-
tus) (Laake and Punt 2023); sea survey data to assess ringed 
seal (Pusa hispida) numbers (McLauren 1961) and ground-
surveyed colonies of gray seal (Halichoerus grypus) pups 
to gauge the population (Russel et al. 2019). The advent of 
photo-identification techniques for individual cetaceans in 
the 1970s made it possible to apply mark-recapture meth-
ods to estimate cetacean abundance using natural markings. 
This approach was soon used for species such as hump-
back whales (Megaptera novaeangliae), southern right 
whales (Eubalaena australis), killer whales (Orcinus orca) 
as well as bottlenose dolphins (Tursiops truncatus) (Bigg 
1982; Whitehead 1982; Hammond et al. 2021). However, 
detecting trends in marine wildlife populations has long 
been recognized as a challenge, particularly for broad-scale 
surveys of oceanic species, like cetaceans. Their biologi-
cal and behavioral characteristics, such as spending most 
of their time submerged and ranging across vast distances, 
make data collection logistically challenging and even more 

Introduction

Abundance, defined as the number of individuals within 
a population (Marr 1951), is a fundamental parameter for 
ecosystem assessment and wildlife conservation strategies, 
serving as an essential metric for evaluating population sta-
tus, monitoring trends, and identifying drivers of population 
growth or decline (Bonebrake et al. 2010; Tardy et al. 2023; 
Callaghan et al. 2024). The earliest attempts to estimate 
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difficult to estimate abundance among these species (Kas-
chner et al. 2012; Pace et al. 2017; Stephenson et al. 2021; 
Geelhoed et al. 2022).

Among cetaceans, the fin whale (Balaenoptera physalus) 
has experienced some of the most dramatic fluctuations in 
abundance over the past 200 years (Schleimer et al. 2019). 
During the commercial whaling era (approximately 1890–
1980), more than 900,000 fin whales were harvested glob-
ally, resulting in a population decline of over 70% (Edwards 
et al. 2015). Fin whale abundance in the post-whaling era 
appears to have increased off the west coast of the USA, 
along the coast of western Greenland, in the Northeast and 
Central Atlantic, and the northern Gulf of Alaska (Edwards 
et al. 2015). However, in other regions, the extent of their 
recovery remains uncertain due to limited data (Edwards 
et al. 2015). In 2018, the total abundance of this species 
was estimated at approximately  79,000 individuals in the 
North Atlantic, and it remains classified as ’Vulnerable’ on 
the  IUCN Red List of Threatened Species (Cooke 2018). 
Despite fin whale is a widely distributed and long-lived spe-
cies inhabiting warm to cold oceans globally, most studies 
report a hiatus in its distribution between 20°N and 20° S 
(Edwards et al. 2015). Fin whales in the central and eastern 
North Atlantic undertake long-distance migrations between 
summer high-latitude feeding grounds and winter low-lati-
tude breeding grounds (Lydersen et al. 2020). While densi-
ties generally shift northward in spring and southward in fall 
and winter, individuals continue to occur at higher latitudes 
even during winter months in the North Atlantic (Ramp 
et al. 2024). Within this basin, seven fin whale stocks are 
currently recognized by the North Atlantic Marine Mam-
mal Commission (NAMMCO): Eastern Canada, Western 
Greenland, three partially mixing central stocks (Eastern 
Greenland, Western Iceland and Eastern Iceland/Faroe 
Islands), Norway, and Spain. Morphometric and genetic 
evidence further suggests that at least the Northwest Atlan-
tic and Northeast Atlantic represent distinct populations 
(Lydersen et al. 2020). However, numerous exceptions to 
these migration patterns have been documented (Falcone et 
al. 2022). Year-round resident populations with limited or 
variable migratory patterns have been recorded in the semi-
enclosed, warm waters of the Gulf of California (Bérubé 
et al. 2002; López et al. 2019) and the Mediterranean Sea 
(Notarbartolo‐di‐sciara et al. 2003; Castellote et al. 2011; 
Geijer et al. 2016). While fin whales are known to range 
across the entire North Atlantic basin, they also exhibit 
strong site fidelity to specific feeding grounds, suggesting 
regional variations in population dynamics and highlighting 
the importance of long-term, small-scale studies (Schleimer 
et al. 2019).

Understanding these dynamics is crucial for estimat-
ing population trajectories, which have been approached 

through analyses that integrate abundance estimates with 
harvest statistics and other relevant data (Biuw et al. 2024). 
There are two primary methods for measuring abundance: 
line-transect surveys and capture-recapture methods. Vessel 
line-transect methods (Burnham and Anderson 1976) have 
been widely used to estimate whale abundance, including 
for Antarctic minke whales, fin whales in the North Atlantic, 
and baleen whales in the North Pacific (Calambokidis and 
Barlow 2004; Barlow et al. 2011; Víkingsson et al. 2013; 
Leonard and Øien 2020). These methods require measur-
ing the perpendicular distances of animals from the sur-
vey track, with representative coverage typically achieved 
through systematic transect lines that uniformly span the 
study area (Norris et al. 2017).

Capture-recapture (or mark-recapture) techniques rely on 
the ability to uniquely identify and track individuals based 
on photographs of their natural markings, where re-sight-
ings of marked individuals are used to calculate abundance 
(Dawson et al. 2008; Bertulli et al. 2018; Schleimer et al. 
2019). The choice of method depends on whether the popu-
lation being studied is closed, remaining unchanged during 
the investigation, or open, subject to changes through birth, 
death, and migration (Schwarz and  Seber 1999). Within 
this field of research, Spatially Explicit Capture-Recapture 
(SECR) models  are increasingly being utilized  for abun-
dance estimation, offering a key advantage over non-spa-
tial methods by mitigating the edge effect  (i.e., temporary 
immigration/emigration) (Efford and Boulanger 2019). For 
cetaceans, most capture-recapture methods rely on indi-
vidual identification, which is typically achieved through 
one of three approaches:  satellite telemetry  (Sepúlveda et 
al. 2018; Andrews et al. 2019), genotyping (Palsbøll et al. 
1997), and  photo-identification (Photo-ID)  (Hammond 
1990). These methodologies typically rely on data col-
lected from vessel-based or aerial surveys, which are highly 
resource-intensive and require extensive data collection over 
many years, making them costly (Tyne et al. 2016; Bertulli 
et al. 2018). To mitigate this,  whale-watching  (WW) has 
emerged as a valuable source of opportunistic data (Peres 
dos Santos et al. 2025), where observations are gathered 
during regular tours with paying customers. In this context, 
the photo-identification technique is commonly used, allow-
ing individuals to be identified based on natural markings, 
with the collected photos processed to obtain  individual 
resighting over time (Würsig and Würsig 1977).

Between 1998 and 2008,  WW  experienced significant 
growth in Portugal, accounting for approximately 23% of 
total revenues in Europe, the highest share on the continent 
(Forli et al. 2024). Of the  90 licensed WW companies  in 
mainland Portuguese waters,  52 operate along the south-
ern coast, known as the Algarve region (Forli et al. 2024). 
Despite intensive WW in the Algarve region, dedicated 
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survey efforts to  cetacean species have been limited, and 
information regarding their occurrence, spatial distribution, 
habitat preferences, and abundance remains scarce (Correia 
et al. 2014; Cartagena‐Matos et al. 2021).

We hypothesize that fin whales show seasonal site fidel-
ity in the Algarve, with higher occurrence during spring 
months, and WW vessels can provide valuable insights 
into their distribution, movement patterns, and abundance. 
This study aims to provide a baseline understanding of the 
status of fin whales in the Faro area (central region of the 
Algarve coastal waters) using opportunistic data collec-
tion from WW, specifically photo-identification and vessel 
tracks. First, a fin whale catalog is created, and the popu-
lation size is estimated during consecutive years. Second, 
the degree of site fidelity and movement patterns is assessed 
during successive years and different seasons. Finally, this 
study evaluates the effectiveness of opportunistic data col-
lection from WW vessels as a cost-efficient alternative for 
long-term monitoring of  fin whale populations within the 
Faro area.

Material and methods

Study area

The  researched Faro area is situated along the southwest-
ern coast of the Iberian Peninsula, in the Algarve region, 
extending from 36.7° N to 37.1° N and from 7.6° W to 8.4° 
W, encompassing approximately 2.700 km2 (Fig. 1A). Off-
shore waves affecting the Algarve shore are driven by SW 
and SE components, and they originate from the Atlantic 
or the area between Gibraltar and the coast (Vicente et al. 

2008). The southern boundary of the Iberian upwelling is 
separated from the Northwest African upwelling by the Gulf 
of Cádiz and the entrance to the Mediterranean Sea (Relvas 
and Barton 2002). During summer, the establishment of a 
thermally induced low-pressure center over the Iberian Pen-
insula generates westerly winds off the southern Portuguese 
coast, driving local upwelling in this area (Ferreira et al. 
2022).

Data collection

Data collection took place year-round during whale-watch-
ing trips operated by  Ocean Vibes WW, including  daily 
excursions with customers and dedicated scientific surveys. 
Customer trips averaged 2.5 h, with up to three departures per 
day during peak season. Scientific surveys typically ranged 
from 3.5 to 4 h and were conducted without a fixed sched-
ule, depending on the weekly operational plan. Fin whale 
photo-ID images were collected from 2020 to 2024, while 
vessel tracks were automatically recorded every 15 s for the 
entire duration of the trips, for the years 2021 (from August 
onwards) to 2024 (Fig. 1B). Survey efforts were weather-
dependent, and operations were suspended when  marine 
weather conditions were not suitable. Fin whale sightings 
were documented from the vessel, with trained observers 
gathering data. When a fin whale was sighted, photo-IDs 
(chevron and dorsal fin) were collected for individual iden-
tification using a Canon 7D and an objective 70–300 mm 
Tamron. During dedicated scientific surveys, aerial images 
of the body, chevron, and peduncle were also taken when-
ever possible at 20  m altitude from the animal, using the 
drone DJI Mini 2. Sightings data were annotated to docu-
ment the  date, vessel trip number, sighting number, time, 

Fig. 1  (A) Map of the Algarve region, shaded in gray, with the red box 
highlighting the study area off the coast of Faro. In blue, the vessel 
tracks recorded during whale-watching trips from 2022 to 2024. The 

top-right inset shows the location of the Algarve on the Portuguese 
mainland. (B) Each panel represents the vessel tracks recorded in a 
different year: (I) 2022 in red, (II) 2023 in green, (III) 2024 in violet
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the presence of other species, the clue that enabled the ani-
mal detection (e.g., birds, blow) and the animal behaviors 
(Table 1).

Photograph identification

Photo identification of fin whales (Hammond et al. 1990) 
primarily relies on identifying distinctive features such as 
notches, nicks, and disfigurements of the dorsal fins, along 
with the chevron–blaze patterns on their right side and the 
left body portion visible during surfacing sequences (Agler 
et al. 1990; Ramp et al. 2020). All the fin whale photo-ID 
images taken between 2020 and 2024 were renamed with a 
standardized identifying label that included the WW com-
pany abbreviation, the date, the region, and the picture 
number, as in the following example: OVB.2024–05-18.
ALG.7183. Each picture was cropped to a 2:1 aspect ratio, 
ensuring that no important parts of the animal were removed. 
The photos were then imported and analyzed using MICS-
PIX, a web-based, multi-species software for processing, 
matching, and storing digital photo-identification images 
(Paquet et al. 2009). Before uploading to MICS-PIX, dorsal 
fin photographs were categorized into nine groups based on 
their shape and marks (1-Hocked; 2-Pointy Tip; 3-Classic; 
4-Broad tip; 5-Triangular; 6-With notch; 7-With prominent 
notch; 8-Deformation/Amputation; 9-Unknown) (Paquet 
et al. 2009). More information about each individual was 
added, including location, exact GPS coordinates when 
available, whether the individual was a calf, and other rel-
evant comments. Lastly, each photo was assigned a quality 
rating, starting with ‘Cat*’, meaning the best possible qual-
ity, and going down to the letter C or D for poor-quality 
photos. After the importation of MICS-PIX, three indepen-
dent researchers verified and confirmed the distinguishing 
features of each individual. In the case of no matches for a 

picture, a code number was given to that individual in the 
catalogue; if a match was found, both pictures were assigned 
to the same code.

Open population capture-recapture analysis

The R package openCR (open population capture-recapture) 
(Efford 2024) was employed to estimate population density, 
fitting an open-population spatial model based on the Jolly-
Seber Schwarz-Arnason (JSSA) framework (Jolly 1965; 
Seber 1965; Schwarz and Arnason 1996), accounting for 
temporary immigration, emigration, births, and deaths of 
individuals. The parameters estimated were super-popula-
tion density (superD), the detection function intercept (λ0), 
and detection function scale (σ). Super-population density 
refers to the number of animals found within a particular 
area, with each animal assumed to have an activity center 
and a central location. Since animals are more likely to be 
detected close to this center and less likely to be seen farther 
away, estimating density requires considering the spatial 
nature of the sampling process (Efford 2025b). The detec-
tion function intercept indicates the probability of detect-
ing an individual when its activity center is located directly 
at a detector. Lastly, the detection function scale describes 
how the detection probability decreases with increasing dis-
tance from the activity center. Because fin whale sightings 
were recorded during  vessel-based surveys  spread across 
the study area, we created a virtual grid with 1 km2 cell 
resolution. Grid cells were treated as traps, with encounter 
histories constructed based on the presence or absence of 
individuals within each cell during specific sampling occa-
sions. Cells were classified as ‘active’ if visited by a vessel 
during a survey, and ‘inactive’ if not. Each detection event 
was geo-referenced by assigning it to the centroid of the 
corresponding grid cell. Similarly, the presence or absence 
of individuals was linked to the coordinates of the grid cell’s 
center point, resulting in a geo-referenced encounter history.

Due to data limitations, the years 2020 and 2021 were 
excluded from the capture-recapture model. In 2020, ves-
sel tracks were not available, while in 2021, they were only 
partially recorded. Additionally, individuals without geo-
graphic coordinates were also excluded from the analysis.

Software and packages

Statistical analyses were conducted using the R sta-
tistical software (R Core Team 2023). In addition to 
the  openCR  (version 2.2.7) (Efford 2024) and secr  (ver-
sion 5.2.1) (Efford 2025a) packages, other relevant pack-
ages were employed, including the tidyverse (version 2.0.0) 
suite (Wickham et al. 2019), ggplot2 (version 3.5.1) (Wick-
ham 2016) for advanced plotting, ggspatial (version 1.1.9) 

Table 1  Overview of the animal behaviors documented in our study 
(Arranz et al. 2021; Sprogis et al. 2023; Keen et al. 2024; Rychwalski 
and Herr 2024; Peres dos Santos et al. 2025)
Behavior Description
Feeding/Foraging Feeding: dynamic open‐mouth pursuit 

and subsequent engulfment of preys in a 
single massive gulp
Foraging: strategies that animals use to 
search for and aggregate preys

Logging/Resting Logging: animals remained motionless 
on the surface with no other behavioral 
events visible
Resting: low activity level on the sur-
face, moving slowly with relaxed venti-
lation and uncommon or absent dives

Milling Active animals, but with no directed 
course and no indication of feeding

Travelling Constant movement in the same direc-
tion, regular and relatively brief dive 
intervals, and relatively brief surfacing
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(Dunnington 2017) for spatial data visualization, and the R 
compendium azores.fkw (version 1.0.0) (Peres dos Santos et 
al. 2025) for the capture-recapture model.

Results

Descriptive analysis

A total of 881 trips were conducted from 2021 to 2024, as 
no effort data were available for 2020, resulting in a total of 
36.072 km (Fig. 2). The year 2024 contributed the highest 
monthly total with 20.658 km, followed by 2023 with 8.573 
km, 2022 with 5.176 km, and finally 2021 with 1.665 km. In 
2022 and 2024, the trend was similar: kilometers increased 
during spring and peaked in August, the month with the 
highest recorded distances of the year (1.089 km and 4.166 
km respectively). In both years, a general downward trend 
was then observed during autumn and winter. In contrast, 
2023 did not follow a clear pattern, with the largest increase 
occurring in August and in March and May. Data for 2021 
covers the period from August onward, preventing observa-
tion of a whole annual trend.

Throughout the study period, 170 fin whale sightings 
were recorded. Fin whales were recorded in every month 
of the year (Fig. 3). January and October had the lowest 
number of observations, with only one sighting each month, 
followed by July, which had three sightings. Sightings 
increased noticeably in February and March, with 17 and 
16 observations respectively, and continued to rise through 
spring, reaching 40 in April and peaking in May with 51 
sightings, the highest monthly total.

All observed behaviors registered in our study followed 
a similar annual pattern, with a main peak between April 
and May and a secondary, smaller peak in August (Fig. 4). 
Among them,  feeding/foraging  was the most frequently 
recorded, with 75 observations out of 170, showing a sharp 
peak in May and followed by a noticeable decline through 
summer and autumn. Travelling was the second most com-
mon behavior, with 30 observations out of 170. Other 
behaviors, such as  logging/resting and milling, showed 
lower frequencies throughout the year.

Fin whales were observed in 24% of all sightings in 
mixed-species groups. The most associated species was the 
short-beaked common dolphin (Delphinus delphis), pres-
ent in 68% of the mixed-species encounters (Fig. 5). Com-
mon bottlenose dolphins (Tursiops truncatus) and common 
minke whales (Balaenoptera acutorostrata) were observed 
in 15% and 10% of the mixed-species groups, respectively. 
Striped dolphins (Stenella coeruleoalba) appeared in 4% of 
the cases, while sei whales (Balaenoptera borealis) were 
recorded in 2%. April stood out as a key month for spe-
cies associations, with the highest number of mixed-species 
encounters. Notably, common dolphin was the only species 
observed in association with fin whales nearly every month, 
excluding only October and December. The only months in 
which no fin whale sightings in mixed-species groups were 
recorded were January, July, and November.

Photograph collection

The first regional catalogue of fin whales in the Algarve 
was created, with 86 unique individuals identified (Bp301-
Bp386), and used to build the photo-identification catalogue. 

Fig. 2  Monthly kilometers covered 
per year from 2021 to 2024
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The most prevalent dorsal fin shape was Type 3 – Classic 
(38%), followed by Type 4 – Broad tip (17%) and Type 5 
– Triangular (15%). Approximately 10% of the identified 
individuals showed nicks and notches in the trailing edge 
of their dorsal fin, while approximately 20% were recorded 
with attachments. Identified fin whale individuals were 
sighted throughout the entire study period, from 2020 to 
2024, with a progressive increase in the number of new indi-
viduals identified over time (Fig.  6). Through an analysis 
of inter-annual recaptures, two individuals were re-sighted 
twice, once in 2022 and again in 2023 (Fig. 6).

The intra-annual percentage of recapture was 7% for 
2023, with one individual resighted in the same year, 
and 9% for 2024, with four individuals resighted in the 
same year. All intra-annually re-sighted individuals were 

observed on consecutive days during spring, except for the 
one re-sighted in 2023 and one in 2024, each observed five 
days apart.

The most frequently sighted individual was Bp301, 
observed once in 2022 and twice in 2023, and identified by 
a distinctive mark on the anterior portion of its left head side 
(Fig. 7).

OpenCR model

For the Open Population Capture-Recapture model, only 
unique individuals identified from 2022 to 2024 with valid 
geographic positions were used, resulting in a total of 78 
individuals. The parameters – the super-population density 
(superD), the maximum expected number of detections (λ0), 

Fig. 4  Monthly frequency of fin whale 
observed behaviors (feeding/foraging, 
logging/resting, milling, travelling) 
throughout the year
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and home-range size (σ) – were extracted from the best-fit-
ted open population capture-recapture model, selected using 
Akaike Information Criterion (AIC). The Algarve fin whale 
population size estimation (AFWPSE) was derived from the 
estimated density (Table 2).

Discussion

Fin whale occurrences in the Faro area reveal important 
aspects of the species’ seasonal distribution and habitat use 
in the Northeast Atlantic. Photo-identification across mul-
tiple years of monitoring supports the role of this region as 

a regularly used area during spring, possibly linked to for-
aging opportunities. While these results point to the Faro 
area as a transit zone or a seasonal feeding ground, certain 
elements remain unclear and merit further attention. Among 
them are the low rate of individual re-sightings and the scar-
city of inter-annual recaptures.

Our results reveal that fin whales were recorded through-
out the entire study period, from 2020 to 2024, display-
ing a clear seasonal pattern in their occurrence. Sightings 
occurred in all months, with the highest numbers reported 
in April and May. The increased occurrence during these 
months, along with the re-sighting of five individuals within 
the same year in these periods – one in 2023 and four in 

Fig. 6  (A) The number of fin whale 
individuals identified each year 
is shown, with new individuals 
identified highlighted in beige and 
inter-annual re-sighted individuals 
in turquoise. (B) A discovery curve 
is used to depict the cumulative 
number of new identified individu-
als over time
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2024 – just a few days apart, suggests that fin whales were 
likely taking advantage of abundant food resources avail-
able in the area during spring. This hypothesis is further 
supported by the initial behavior recorded during the sight-
ings. In April and May, the most frequent behavior observed 
was feeding/foraging, indicating active exploitation of prey-
rich zones. Such behavior suggests that the area may serve 
as a seasonal feeding hotspot for fin whales.

In contrast, during the rest of the year, behavioral records 
were more varied, with fewer instances of feeding noted. 
This seasonal presence appears to coincide with the pro-
gression of the North Atlantic Spring bloom, which begins 
around December–January at approximately 35°N and 
expands across the basin through spring months (Visser 
et al. 2011; Meyer et al. 2024), covering latitudes from 
30°N to 50°N and longitudes from 60°W to 0°W (Marti-
nez et al. 2011). Of all fin whale sightings, 24% occurred in 

mixed-species groups, with the short-beaked common dol-
phin being the most frequently associated species. During 
spring blooms, these conditions may encourage species to 
co-occur in shared feeding grounds, potentially enhancing 
foraging efficiency through associative behaviors (Syme et 
al. 2021). This finding is consistent with a study conducted 
in the New York Bight, where short-beaked common dol-
phins were observed in association with fin whales during 
three out of four mixed-species foraging events (Lomac-
MacNair et al. 2022). However, a study in southern Cali-
fornia bight recorded fin whales and common dolphins in 
mixed-species groups during traveling behavior (Bacon 
et al. 2017). Another study in different Italian seas (Pela-
gos Sanctuary, central and southern Tyrrhenian Sea, Sicily 
Channel, and western Ionian Sea) recorded mixed groups 
of common dolphins and fin whales mainly during feed-
ing and/or travelling activities (Pace et al. 2015). Further 
research is needed to investigate the factors driving these 
interactions and the potential benefits they may confer in 
the Algarve region.

Photo-identification studies of fin whales in the North 
Atlantic have primarily focused on the northwestern Atlan-
tic and the Mediterranean Sea. The most extensive existing 
catalogue is maintained by Allied Whale at the College of 
the Atlantic (USA), comprising 841 fin whale individuals 
photographed since 1968, mainly off the northeastern coast 
of the United States (Robbins et al. 2008). In the Mediter-
ranean Sea, a catalogue of 507 fin whale individuals has 
been maintained since 1990 by several research groups 

Table  2  Summary of parameters from the open population capture–
recapture model, including population density (superD), encounter 
rate (λ₀), activity range (σ), and Algarve fin whale population size esti-
mation, along with their respective standard errors (SE), lower confi-
dence limits (lcl), and upper confidence limits (ucl)
Variable Estimate SE lcl ucl
SuperD 
(individuals/km2)

3,35 × 10⁻3 2,28 × 10⁻3 8.86 × 10⁻4 1.27 × 10⁻2

λ0 2,10 × 10⁻⁶ 1,29 × 10⁻⁶ 6,33 × 10⁻⁷ 6.99 × 10⁻⁶
σ (m) 15.216,27 5.475,44 7.516,41 30.803.91
AFWPSE 
(individuals)

1.476 1.002 390 5.588

Fig. 7  Photographs of the left side front and aerial view front of the 
most frequently sighted fin whale individual, Bp301, documented on 
a) 2022–04-15; b) 2023–03-23; c) 2023–03-27; d) 2023–03-27. (Pho-

tos taken by Ocean Vibes; drone picture taken by Jan Hofman under 
the permit number AOC/08/2022)
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(Zanardelli et al. 2022). This study successfully identified 
86 unique fin whale individuals, thereby creating the first 
regional catalogue for the Algarve. Vessel-based photo-
identification of fin whales relies on two distinctive features: 
marks and shape of the dorsal fin and body pigmenta-
tion patterns (Agler et al. 1990, 1993; Tardy et al. 2023). 
Although dorsal fin characteristics can allow individual rec-
ognition from both sides, this method may be limited when 
individuals lack distinctive features such as nicks, notches, 
or attachments (Elliser et al. 2022), as identification based 
entirely on dorsal fin shape can be more challenging due 
to changes over time (Degollada et al. 2023). In this study, 
approximately 70% of the identified individuals lacked dis-
tinctive markings, which may have reduced identification 
accuracy and increased the likelihood of misidentification. 
Conversely, when using pigmentation patterns as crite-
ria for photo-ID, such as the chevron-blaze pattern or the 
left front portion of the body, individuals can’t be matched 
from opposite sides, limiting the ability to confirm identity 
across different angles. To address these issues, unmanned 
aerial vehicles (UAVs; i.e. drones) have emerged as a valu-
able tool in wildlife research over the past decade (Fiori et 
al. 2017; Ryan et al. 2022; O’Callaghan et al. 2024). Their 
growing adoption is driven by several advantages, including 
ease of deployment and maneuverability, operational flex-
ibility, and the ability to obtain close-range observations in 
a non-invasive and cost-effective manner, with minimal dis-
turbance when operated at appropriate altitudes (Degollada 
et al. 2023; Evans et al. 2025). Moreover, the aerial per-
spective provided by drones enables the acquisition of 
images and recordings that allow for the identification and 
characterization of different types of behavior (Baird et al. 
2021; Degollada et al. 2025). In our study, consistent with 
previous research, the drone’s zenith perspective enabled 
the identification of individual fin whales by observing the 
pattern formed where the left and right chevron branches 
converge along the dorsal midline (Degollada et al.2023), 
as well as any other distinctive markings present on the 
body. Applying both vessel-based photo-identification and 
aerial images, manual matching software and semi- or fully 
automated identification tools  should be considered valid 
approaches. While the accuracy of these computerized 
identification software is still under evaluation and largely 
depends on the algorithms used (Besson et al. 2022; Pat-
ton et al. 2025), their greatest significant advantage lies in 
the potential to drastically reduce the amount of time and 
effort needed to identify individuals from photographs, 
making them particularly valuable for large datasets and 
long-term monitoring programs (Cheeseman et al. 2021; 
Thompson et al. 2021).

Two of the 86 identified fin whale individuals were 
recorded in multiple years, both first observed in 2022 and 

re-sighted in 2023. This results in an overall re-sighting rate 
of approximately 2.5%, which is lower than those reported 
in other studies. In the northwestern Mediterranean Sea, re-
sighting rates were estimated at 16.3% (Tardy et al. 2023) 
and 14% (Zanardelli et al. 2022). In contrast, in the Gulf of 
Maine, 43% of identified fin whale individuals have been 
observed across multiple years (Robbins et al. 2008). The 
notably lower rate found in this study could be attributed 
to several factors. Most importantly, the studies cited above 
are all based on long-term monitoring programs. Those 
conducted in the Mediterranean Sea span approximately 
10 to 20 years. At the same time, the Gulf of Maine study 
extends over four decades, providing the opportunity for 
more detailed insights into population structure and dynam-
ics (Lindenmayer et al. 2012). Secondly, survey effort may 
also play a key role. Variability in the number of trips con-
ducted, seasonal coverage, and weather conditions can all 
influence sighting probabilities and the chances of re-iden-
tifying individuals. In our study, survey effort varied mark-
edly among years, with 2024 accounting for more than half 
of the total kilometers surveyed. As expected, higher effort 
yielded more newly identified individuals. However, when 
encounter rates were standardized by survey effort (individ-
uals per kilometer surveyed), they did not increase propor-
tionally with effort. Notably, 2022 had the highest encounter 
rate despite a lower survey effort compared to subsequent 
years. This observation suggests that interannual variability 
in encounter rates is not solely driven by differences in sur-
vey effort but may also reflect ecological or distributional 
factors. Thirdly, Mediterranean fin whale subpopulation is 
considered resident. A study in this area has observed lim-
ited interannual variation in fin whale distribution, along 
with the recurring use of specific hotspots (Panigada et al. 
2024); these factors are especially significant in geographi-
cally constrained environments like the Mediterranean Sea, 
where the relatively enclosed nature of the basin may con-
tribute to higher re-sighting rates.

The lower re-sighting rate observed in our study area may 
also reflect the high mobility of North Atlantic fin whales, 
whose movements span broad areas across the North Atlan-
tic but also include regular exchange with the Mediterra-
nean Sea. Several studies have documented the northward 
spring migration of fin whales, providing evidence for a 
central migratory corridor located in mid-Atlantic waters. 
Satellite-transmitter data and passive acoustic monitoring 
in the Azores Archipelago revealed two peaks in fin whale 
occurrence. The first occurs during spring-early summer, 
specifically between March and May. Multiple studies 
have demonstrated that, during this period, fin whales use 
the Azores as a feeding area, exploiting the high produc-
tivity associated with the Mid-Atlantic Ridge (Silva et al. 
2013; Valente et al. 2019; Pérez-Jorge et al. 2020). This 
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feeding phase precedes the onset of their northern migra-
tion. Model predictions further indicated that fin whale pres-
ence expanded into the Irminger Sea, reaching the western 
coast of Iceland by June and July (Pérez-Jorge et al. 2020).

Regarding their southward migration during winter, a 
second peak occurred between September and December, 
with calls detected daily from October onward, peaking 
in November and December (Romagosa et al. 2020). This 
peak in singing activity corresponds to the presumed breed-
ing season, suggesting that some fin whales may mate in 
or around the Azores (Romagosa et al. 2020). A satellite-
tracking study in Svalbard (2015–2019) revealed that two 
individuals reached the west coast of Portugal mainland 
(Lydersen et al. 2020). The first left Svalbard on 11 October 
2015 along a more offshore western route, arriving in south-
ern Portugal in late November 2015; the second departed 
on 23 September 2019 via a more eastern pathway along 
the continental shelf, stopping multiple times and continu-
ing south to the Moroccan coast before returning to western 
Portugal in late December 2019 (Lydersen et al. 2020). Sup-
porting this, a study that employed ocean-bottom seismom-
eters across a vast region off southwest Portugal (35–37°N; 
8.5–11.5°W) documented the presence of fin whales from 
November to January, suggesting that this area could serve 
as a breeding ground for Atlantic fin whales (Pereira et al. 
2020). This discrepancy highlights the complex population 
structure in the Northeast Atlantic and suggests that further 
research is needed to clarify their migratory routes, timing, 
and breeding areas of these populations.

As the sole oceanographic connection between the Atlan-
tic Ocean and the Mediterranean Sea, the Strait of Gibraltar 
constitutes an essential migratory corridor. The north-east-
ern North Atlantic (NENA) subpopulation appears to 
migrate between the North Atlantic Ocean and the Balearic 
Islands through this pathway (Castellote et al. 2011; Tardy 
et al. 2023). Acoustic data collected off the southwest coast 
of Portugal suggested that movements between the North 
Atlantic and the Mediterranean Sea were primarily under-
taken by NENA subpopulation entering the Mediterranean 
from spring to fall (Pereira et al. 2020). In contrast, another 
study reported a predominant westward migration towards 
the Atlantic Ocean between May and July, often involving 
juveniles and calves, and an eastward flow into the Medi-
terranean during November and December (Gauffier et 
al. 2018). This latter finding aligns more closely with the 
study’s results, which revealed a peak in fin whale sight-
ings in the Faro area during May. The spring/summer 
migration towards the Atlantic likely enables fin whales to 
exploit alternative feeding grounds, including distinct preys 
and higher biomass, whereas the winter movement into 
the Mediterranean suggests that whales may use this basin 
for breeding and calving, benefiting from its milder winter 

conditions compared to the North Atlantic Ocean (Castel-
lote et al. 2011; Gauffier et al. 2018).

In our study, the continued increase in the cumulative 
number of identified individuals suggests that a substantial 
portion of the population had yet to be observed. However, 
inter-annual recaptures indicate that some individuals return 
to the area. Nonetheless, these recaptures involved only a 
small portion of the overall population, considering that 86 
individual fin whales were identified, and the abundance 
estimate for the area reaches 1.476 individuals. If site fidel-
ity existed, it would imply more recaptures.

Our population size estimate is comparable to the one 
reported for the North-western Mediterranean Sea between 
2008 and 2019, with 1.295 individuals estimated from gen-
otype sampling and 1.549 individuals estimated through 
photo-identification data (Tardy et al. 2023), but represents 
less than half of the population calculated in the western 
Mediterranean Sea in the summer of 1991, which was esti-
mated at 3.583 individuals (Forcada et al. 1996). However, 
the abundance estimate provided in this study should be 
interpreted with caution, as it is associated with a relatively 
large confidence interval driven by three main factors. (I) 
Limited sample size and the short time series, based on a 
few consecutive years of data, reduce the model’s ability 
to provide a comprehensive overview of the population. 
(II) Low re-sighting rate indicates that only a small fraction 
of the population present in the study area was repeatedly 
identified, suggesting that the sampled individuals represent 
only a subset of the fin whales using the Algarve. Although 
the age structure of individuals using the Faro area remains 
unknown, the potential presence of younger or more tran-
sient individuals could contribute to reduced site fidelity and 
lower recapture rates. (III) The estimate may be affected by 
effort bias due to higher vessel-based survey activity during 
spring and summer. Since no correction for sampling effort 
was applied, the abundance estimate might be overestimated 
and skewed toward periods of greater observation activity. 
Given these limitations and the fact that the forecast of fin 
whale abundance considers only the individuals reported in 
the area off Faro, future assessments could be improved by 
incorporating sightings per unit effort, extending data col-
lection across a greater number of years, integrating age-
class composition and expanding coverage to other parts of 
the region. This would enable a more accurate and unbiased 
assessment of fin whale abundance in the Algarve.

This study highlights the value of collecting data aboard 
WW vessels, particularly in areas where such operations 
exist but scientific monitoring is limited. However, data 
gathered from platforms of opportunity have inherent limi-
tations, which can vary depending on the type of platform 
and the observer’s experience (Stack and Currie 2022). 
Firstly, to comply with WW regulations in the Algarve, each 
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sighting was limited to a maximum of 30 min (Decree-Law 
No. 9/2006, of January 6th), which constrained the ability 
to take high-quality photos for identification. Addition-
ally, it is worth noting that the absence of vessel track data 
for the years 2020 and 2021 creates a significant research 
gap, which limits the accuracy of fin whale population size 
estimation. Nevertheless, as observed in other regions, 
partnerships with WW operators have proven valuable for 
collecting non-invasive data on cetaceans, offering impor-
tant insights for conservation efforts (Peres dos Santos et 
al. 2025).

In conclusion, this study offers the first insight into the 
presence and population structure of fin whales in the Faro 
area, highlighting its potential as a significant seasonal 
feeding ground in the Northeast Atlantic. Despite inher-
ent limitations linked to data collection from platforms of 
opportunity, such as restricted sighting durations and incom-
plete spatial coverage, the results demonstrate the value of 
WW collaborations in generating non-invasive data. Estab-
lishing the first regional photo-identification catalogue, 
along with evidence of seasonal recurrence and occasional 
inter-annual re-sightings, suggests that this area may hold 
ecological relevance for part of the North Atlantic fin whale 
population. Continued research in this region will be essen-
tial to improve the accuracy of abundance estimates, assess 
site fidelity, and clarify the Faro area’s role within broader 
migratory and foraging dynamics of fin whales in the North 
Atlantic.
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