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MASS CONCENTRATIONS of birds, or the lack thereof, is a phenomenon of great ecological and domestic significance.
Apart from being and indicator of, e.g., food availability, ecological change, and population size, it is also a source of
conflict between humans and birds. By attracting the attention of the public—either as a spectacular phenomenon
or as an unwelcome pest—they also form the public perception of birds and their abundance. In the context of
the mass concentration of Bramblings Fringilla montifringilla in Sweden during the winter 2019-2020, this work
reviews the literature on this striking phenomenon. I found that winter roosts amount to about one million birds
per hectare of roost area, but the variation between reports is significant. There is support for roosts of up to
around 15 million Bramblings, but much larger numbers are frequently cited in the literature. I discuss difficulties
related to the assessment of mass concentrations, and argue that reports of very large numbers should always be

carefully scrutinized.
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Introduction

The occurrence, or absence, of large flocks of birds is
linked to factors such as population size, food abun-
dance, and food distribution and can therefore carry
important information on the status of, and changes
in, the environment (Hémery & Pascaud 1981, Moller
& Laursen 2019). Mass concentrations of birds is also
an important source of conflicts with humans. As an
example, tens of millions of Red-billed Queleas Quelea
quelea are, due to their impact on farming, annually poi-
soned or blown up in Sub-Saharan Africa (McWilliam
& Cheke 2004). Similarly, various American troupials
and allies (Icteridae)—most notably the Red-winged
Blackbird Agelaius phoeniceus—aggregate in huge flocks
and are considered a major pest in North America (Linz
etal. 2017). The European Starling Sturnus vulgaris, one
of only three bird species on the TUCN list of the world’s
most invasive species (Lowe etal. 2000), is yet another
interesting example. European Starlings are considered
a serious problem in many countries over several
continents, causing, for example, damage on fruit and
berry farming and spread of disease by shedding Salmo-
nella enterica and Escherichia coli in the context of animal
farming (Feare etal. 1992, Homan etal. 2017).

The species mentioned above are examples of birds
that are reported to gather in millions. Such mass con-
centrations of birds are rare, and no more than around
50 of the world’s near 11,000 bird species have been
reported to reach seven-digit numbers (see e.g. Moller
& Laursen 2019). As it is well known that counting
large numbers of birds is extremely difficult, and
since it matters if a bird count is 100,000 or 1,000,000
(implying a factor of ten difference in potential crop
damage or population size), it is well worth looking
closer into the ways mass concentrations are counted
and accounted for.

In this work, I take a closer look at the Brambling
Fringilla montifringilla (Figure 1) and its mass appear-
ances in Europe during European beech Fagus sylvatica
mast years. The Brambling is the species in Europe that
appears in largest flocks and is thus an interesting case
study for discussing number estimates. The work is the
result of an attempt to put the mass concentration in
southern Sweden during the 2019-2020 winter into
an international and historical perspective. After a de-
scription of the 2019-2020 events, I present a literature
review and discuss counting methods. The focus is on
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FIGURE 1. Bramblings Fringilla montifringilla can display mass
appearances during European beech Fagus sylvatica mast years. Here
a flock perched in a bare black alder Alnus glutinosa, before entering
their roost at Lake Rossjon, Sweden, 6 February 2020.

— Bergfinkar Fringilla montifringilla kan uppvisa massupptradanden
under &r dé boken Fagus sylvatica har god ollonproduktion. Har en

flock i en kal klibbal Alnus glutinosa alldeles intill den granplantering
som utgjorde sovplats. Fotografiet ar taget 6 februari i samband med
inflygning till sovplatsen vid R6ssjon.

number estimation and roost density, and my main aim
is to problematize the counting and reporting of large
numbers of birds. For other aspects of the fascinating
phenomenon of communal roosting of Bramblings, I
refer the reader to the existing literature. There are nu-
merous ambitious studies on the topic, covering every-
thing from the relation to food abundance and snow
cover (Jenni & Neuschulz 1985, Jenni 1987), the origin
of birds and ring recoveries (Schifferli 1953, Jenni 1982,
Kjellén & Lindstrom 1993, Browne & Mead, 2003), the
roost microclimate and communal roosting aspects
(Jenni 1991, 1993, Khil etal. 2011, Arizaga etal. 2012,
Zabala etal. 2012), and the foraging patterns and energy
needs (Granvik 1916a, Hémery & Le Toquin 19753,
1976, Francois 1978, Nardin & Brauchle 1979, Nardin
& Nardin 1985, Jenni & Jenni-Eeiermann 1987, Kjellén



SVENSSON (2021) | AREVIEW OF MASS CONCENTRATIONS OF BRAMBLINGS: IMPLICATIONS FOR ASSESSMENT OF LARGE NUMBERS OF BIRDS | ORNIS SVECICA 31: 44-67

& Lindstréom 1993, Khil etal. 2011), to the behaviour of
raptors in the vicinity of roosts (Jenni 1993, Khil etal.
2011, Zuberogoitia etal. 2012).

Brambling ecology and behaviour
The Brambling is one of the most numerous birds in
the world. It breeds across northern forests of Europe
and Asia, with a breeding range ranging all the way
from Norway to eastern Siberia. The global popula-
tion, which seems to be under moderate decline, is
estimated to 100-200 million pairs, while the European
population is limited to around 15-25 million breed-
ing pairs (Birdlife International 2020). The species
is migratory, but irruptive, i.e. exhibiting significant
variation in migration patterns (see e.g. Newton 2006,
2012). While it is said to mainly migrate during night
(Newton 1972), some 100,000 Bramblings are counted
annually in Falsterbo, while leaving southern Sweden
in daylight. On average almost one million finches are
recorded in the standardized migration count, but chaf-
finch Fringilla coelebs is the dominating species, with
Bramblings typically making up 5-25% of the flocks (N.
Kjellén, pers. comm.). While few ornithologists appear
to have heard Bramblings during the night, data from
lighthouse strikes suggests that the Brambling indeed is
a nocturnal migrant. Between 1886 and 1939, in a long-
term Danish study, 1,568 Bramblings were collected at
Danish lighthouses following collisions, to be compared
with, e.g., 532 Chaflinches and 1,569 Willow Warblers
Phylloscopus trochilus (Hansen 1954). Alerstam (1993)
also noted Bramblings leaving Sweden, heading out
over the Baltic sea, at dusk.

In essence, the European Bramblings move towards
the southwest until they find sufficient food resources
(Jenni 1987). Many end up in the vast beech forests of
Central Europe, but the migration patterns vary signifi-
cantly from year to year. In Sweden, an often-mentioned
example is an individual ringed when wintering in
Halland (southwest Sweden) in January 1965 and re-
covered two years later wintering in Caucasus (Kjellén
& Lindstrém 1993, Bird Ringing Centre, Swedish Muse-
um of Natural History 2020). Other ringing recoveries
include a bird ringed in Blekinge (southeast Sweden)
in January 1986, found dead the following year in
southwest France, and a bird ringed in Sméland (south
Sweden) in January 1955, killed in Spain in November
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the same year (Bird Ringing Centre, Swedish Museum
of Natural History 2020). Swiss ring recoveries show
that central Europe is also reached by Bramblings with
an origin east of the Ural Mountains ( Jenni 1982). This
nomadic character, promoting continuous gene flow be-
tween distant populations, is considered a reason why
the species is monomorphic, despite its wide breeding
range (Kjellén & Lindstrdm 1993).

When it comes to food, the Brambling is an omni-
vore, although rather specialized. During breeding, the
Brambling has been found to rely on larvae of the au-
tumnal moth Epirrita autumnata, and its breeding suc-
cess correlates with the strong cyclical fluctuations of
this moth species (Lindstrom etal. 2005, Newton 2007).
During winters, a strong inclination for communal
roosting (cf. Beauchamp 1999) results, albeit sporadi-
cally, in one of the most spectacular mass concentra-
tions of animals in Europe. Nuts of the European beech
is the primary winter food of Bramblings, and during
beech mast years the abundance of food allows them
to aggregate and form roosts comprising millions of
birds (see e.g. Jenni 1987). The birds typically settle in
coniferous forest sections in the vicinity of large beech
forests (Jenni 1991). Interestingly, in a limited period
of time 1960-1980, corn fields in France also played an
important role (this is discussed further below, see also
Hémery & Le Toquin 1975a, Dubois etal. 2008). The
same patches can be used for months if food supplies
and snow coverage allow. The distribution of European
beech is shown in Figure 2, giving a rough indication of
where Bramblings can be expected to winter in large
numbers in Europe.

A single Brambling requires some 25-30 kcal per
day (Hémery & Le Toquin 19753, 1976, Kjellén & Lind-
strdm 1993), corresponding to about 8 g of beech seeds
(around 40 seeds, or a fourth of their body weight).
This is based on published energy values for tree seeds:
the nutritive material (seed excluding coat) of a seed
carries 7 kcal per g dry weight and the dry weight of
nutritive material per seed is around o.12 g (Grodzifiski
& Sawicka-Kapusta 1970, Nilsson 1979), resulting in
around 0.84 keal, or 3.5 kJ, per seed. Assuming 83 % en-
ergy utilization (Kjellén & Lindstrdm 1993), this means
that a single Brambling requires some 40 seeds per day
(27.5 keal/day / (83% x 0.84 kcal/seed) ~ 40 seeds/day).
Since the fresh weight of a whole seed is around 0.2 g,
this corresponds to 8 g. These energy considerations



SVENSSON (2021) | AREVIEW OF MASS CONCENTRATIONS OF BRAMBLINGS: IMPLICATIONS FOR ASSESSMENT OF LARGE NUMBERS OF BIRDS | ORNIS SVECICA 31: 44-67

FIGURE 2. Distribution map of European beech Fagus sylvatica in Europe, adapted from von Wiihlisch (2008). As beechnuts is the primary
winter food of Bramblings Fringilla montifringilla, the map indicates where they can be expected to winter in large numbers. Winter roosts
that have been described in detail, constituting the core of this study, are specified (cf. Table 1). Note that the distribution of Oriental beech F.

orientalis, e.g. in Turkey and the Caucasus, is not included in this map.

— Utbredningskarta for bok Fagus sylvatica / Europa, anpassad frdn von Wiihlisch (2008). Eftersom bokollon &r bergfinkens Fringilla montifringilla
huvudsakliga vinterféda visar kartan var arten kan férvéntas 6vervintra i stora antal. Overvintringsplatser med massupptrédanden som beskrivits i
detalj, vilka utgér kdrnunderlaget for denna studie, indikeras pa kartan (jfr tabell 7). Notera att utbredningen i bl.a. Turkiet och Kaukasus av en annan

bokart, F. orientalis, inte inkluderats i kartan.

indicate that one million Bramblings consume on the
order of 8 tons of beech seeds per day, summing up
to around 1,000 tons for a four-month wintering stay.
During a mast year, the beechnut production can be
well above 1 ton/ha (Kjellén & Lindstrdm 1993, Over-
gaard etal. 2007b, Overgaard 2010). Given than the
Bramblings can fly up to at least 40 km from a winter
roost (Miihlethaler 1952, Hémery & Le Toquin 1975b,
Francois 1978, Jenni 1984, Chalverat 2003, Khil etal.
2011), the accessible area is around 500,000 ha. The
fraction of beech forest in that area can thus even be
relatively low (even below 1%o) and still support mil-
lions of Bramblings for several months.

An interesting aspect of mass roosting is the massive
amount of faeces deposited in the roost area. Not only
does it produce a strong odour, but it also affects the
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ecosystem (Chalverat 2003). In 2000, as an example, a
new species of fungus was discovered in the aftermath
of a huge Brambling roost and was named Pseudom-
brophila stercofringilla after the bird excrements (Dou-
goud 2001). Still, the impact of Brambling roosts on
forest ecosystems should be small compared to how the
enormous Passenger Pigeon Ectopistes migratorius pop-
ulation—a species also specialised on tree seeds such as
beech mast—affected forest ecology in North America
(see e.g. Bucher 1992, Ellsworth & McComb 2003). In
general, the knowledge of ecological functions of birds
is far from complete ($ekercioglu 2006) and the role
Bramblings have played in European beech forests, if
any, is not clear.

Historically, the appearance of millions of Bram-
blings was often seen as a bad omen, as a sign of war,
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starvation, or pest (Holmgren 1866, Granvik 1916a,
Haikos 1950). Today, it is more of an attraction for na-
ture lovers. However, it is worth keeping in mind that
species for which a significant part of the population ac-
cumulates in limited areas are very vulnerable to, for ex-
ample, hunting and poisoning. The Passenger Pigeon is
a famous example, and a more contemporary example
of this kind of vulnerability is the dramatic decline of the
Yellow-breasted Bunting Emberiza aureola. Once super-
abundant, rampant trapping and eating has brought the
population of this species down to around 10% of what
it was only a few decades ago (Kamp etal. 2015).

The mass concentration in Sweden
2019-2020

After an extremely warm and dry summer 2018 and
good conditions for European beech flowering during
2019, the beechnut crop of 2019 turned out to be enor-

mous. Although the quantitative beech mast counts,
operated by the Swedish University of Agricultural Sci-
ences, unfortunately was discontinued a few years ago,
there is no doubt that 2019 was an extreme mast year. I
made rough counts, which indicated that a single large
beech tree could carry on the order of 100,000 shells
(cupules), corresponding to 200,000 seeds. Assuming
that one hectare of beech forest is equivalent of 100
large trees, the seed production could be on the order
of 20 million per hectare. As a comparison, the highest
local beech mast production during the beech mast sur-
vey 1989-2006 amounted to 14 million/ha (Overgaard
etal. 2007a, Overgaard etal. 2007b; Overgaard 2010).
Furthermore, Prof. Sven G. Nilsson has conducted
semi-quantitative monitoring of beech mast in Sweden
since 1971, ranking the crop from o (no crop) to 5 (mas-
sive crop), and reports that there has not been a year
in this series with as much beech mast as 2019 (S. G.
Nilsson, pers. comm.). Without standardized quantita-

FIGURE 3. A stream of Bramblings Fringilla montifringilla passing Béastad, Sweden, 22 December 2019 at a distance of 1 km. Manual marking
of the individual birds revealed that this photo contains around 8,260 birds, which is the basis for calculations arriving at a stream intensity of

1,900 birds per second (see text).

— En strid strém bergfinkar Fringilla montifringilla passerar Bastad 22 december 2019 pa en kilometers avstand. Markeringar for hand av enskilda
faglar avsljade att detta foto innehéller ungefér 8 260 exemplar, vilket utgér grunden for berakningar som resulterar i ett flode om 1900 faglar per

sekund (se text).
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FIGURE 4. Annotated map showing the 5.6 ha roost area that appeared to be used by Bramblings Fringilla montifringilla simultaneously in early
January 2020 (from Google Maps). The area was demarcated based on droppings and evening sound.

— Annoterad karta som visar det omrade om 5,6 ha, som verkade anvandas simultant av bergfinkar Fringilla montifringilla / bérjan av januari 2000
(fran Google Maps). Omradet avgransades med ledning av track pa marken och skymningsljud.

tive data, it is however difficult to know exactly how the
2019 mast year compares to other mast years. In addi-
tion to the rich beech crop, it is also interesting to note
that the Brambling seems to have had a good breeding
season in Sweden. The LUVRE project (https://www.
luvre.lu.se), monitoring birds in the northern birch
Betula sp. forests since the 1960s, reports their highest
number of ringed juvenile Bramblings since the ringing
started in 1983, and the third highest reproduction in
terms of juveniles per adult (A. Lindstrom, pers. comm.).

It became clear in November-December 2019 that
masses of Bramblings ended their migration in south-
ern Sweden, taking advantage of the food abundance.
Large flocks were reported from various areas of Sca-
nia (Skine). A massive afternoon movement over the
city of Bastad 22 December 2019 (Figure 3, Video 1),
witnessed by me and my brother Stefan Svensson, in-
volved millions of birds and indicated that a roost could
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be found in the area. I found the roost on 4 January
2020 (Svensson 2020) on the south-facing slopes of the
Hallands&s Horst, just north of Lake Réssjon (Figure 4,
Video 1). Additional photos and videos can be found
at https://bit.ly/3x3QyjK. I estimated the roost area to
5.6 ha via night-time sounds in combination with visual
inspection of excrement layers and their boundaries
(droppings), together with areal analysis using map
tools supplied by Lantmiteriet (www.lantmateriet.
se). A map of the roost area is shown in Figure 4. The
roost consisted of, respectively, approximately 2.6 ha
of 31-year-old and 3.0 ha of 39-year-old plantations of
Norway spruce Picea abies. The younger parts were
dense with about 2 m between trees, while the older
parts were thinned out with a 4-5 m distance between
trees. Tree height ranged from 10 to 25 m. Figure 5
shows a view from the roost perimeter.

Employing a simple square grid model on the
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VIDEO 1. 59-second video collage of the 2019-2020 mass concentrations of Bramblings Fringilla montifringilla in southern Sweden. Click the vid-

eo and answer yes to any security prompts (requires an updated version of Acrobat Reader). The video is also available at https://flic.kr/p/2kUv7he.
— Videokollage om 59 sekunder, som visar massférekomsten av bergfinkar Fringilla montifringilla under vintern 2019-2020 i Sverige. Klicka pa videon
och svara ja pa eventuella sdkerhetsfragor (krdver en uppdaterad version av Acrobat Reader). Videon &r ocksa tillgdnglig pa httos://flic.kr/p/2kUv7he.

above-mentioned tree spacings, and reducing the count
by 10% to account for small openings and forest roads,
this results in the following rough tree count estimate:

N

trees

=0.9%(2.6x(100/2)*+3.0%(100/4.5)?) ~ 7,000 trees

On-site counting at the 2019-2020 site was very dif-
ficult, as it was impossible to get a good overview of the
roost. Monitoring morning lifts or evening fly-ins was
thus not easily done. The best estimate is most likely
that from Bastad on 22 December 2019, assuming that
all of the birds passing there were headed for the same
roost and that most of the roosting birds had spent the
day in the same area. The flow over Bastad was over-
whelming even to rather experienced migration count-
ers. From analysis of photos, the front of Bramblings
was over one kilometre wide at its peak intensity.

Thousands of Bramblings were in the binocular
field of view and passed within a matter of seconds.
I reached a number estimate first after an analysis
based on photographs and timing of the movement.
Our field notes state that the movement occurred
during c. 5 minutes around 13:40, and then during
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45 minutes from 14:55 to 15:40 (it was almost dark
in the end, so the Bramblings seem to have been late
this day—the sunset was at 15:33). I analysed a photo
of a distant streak (where birds were caught from
the side, simplifying analysis; Figure 3) taken with
a Canon EOS7D with EF100-400 mm f/4.5-5.6L IS
II USM at its maximum focal length, giving a 3.23°
horizontal field-of-view. From the size of the birds
(0.15 m physically, and around 15 pixels on the 5,427
by 3,648 pixel sensor), I estimated this stream to be
around o.15/tan(15 px/5,427 px x 3.23°) ® 1 km away.
Via careful manual marking of the individual birds, I
established that the photo contains around 8,260 birds.
The camera field-of-view at 1 km is around 56 m. Ra-
dar measurements have shown that Bramblings fly at
15 m/s (Alerstam etal. 2007) and after accounting for
around 2 m/s headwind (as reported by the closest
wind station), the 8,260 birds should pass the field
of view in around 56/13 = 4.3 s. This corresponds to
an intensity of around 1,900 birds passing per second
(1,900 57%).

At peak intensity we estimated that the total inten-
sity should be two to three times of that. An analysis
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FIGURE 5. Evening at the Brambling Fringilla montifringilla roost at Lake Rdssjon, Sweden, on 4 February 2020. View towards the northern side

of the younger section.

— Kvdll vid bergfinkarnas Fringilla montifringilla sovplats vid Rdssjon 4 februari 2020, Fotot visar en vy mot den norra sidan av ett omrade med yngre skog.

of a photo taken at a time when we considered the
migration as “dead”, revealed an intensity of 300 s (see
Figure 6).

The numbers are breathtaking. In Falsterbo, with
its annual standardised migration counts, finches are
typically counted at a few thousands per minute on a
good day. We (the author and Stefan Svensson) judged
that the most intense period lasted around 20 minutes,
and that the total amount of birds could be estimated
from 30 minutes with 1,000 birds/s and 20 minutes
with 5,000 birds/s, resulting in 7.8 million birds. As a
lower bound, and since field notes are imperfect and
we did not take photos systematically throughout the
Brambling passage, we propose to use 40 minutes as
total duration and restricting the most intense period
to 10 minutes and 4,000 birds/s. This approximate
lower bound amounts to 4.2 million birds. As an up-
per bound, maybe 30 minutes with 1,500 birds/s and
20 minutes with 6,000 birds/s is conceivable, summing
up to 9.9 million. A reasonable, albeit rough, range for
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the number of Bramblings involved in this movement
is thus 4-10 million. As a comparison, during an on-
site visit together with Nils Kjellén and Ola Ellestrom
on 4 January 2020, we very roughly estimated that we
witnessed, visible from our side of the roost area, a fly-
in intensity of around 2,000 birds/s during 40 minutes,
summing up to around 5 million birds. The sound and
visual experience was stunning.

Some efforts were also made to estimate the number
of birds roosting per tree, but no firm conclusion could
be reached. Infrared photographs indicate that ten birds
easily can sit on a single twig during the night (see Fig-
ure 7), and observations and photographs taken at dusk
indicate on the order of 1,000 birds fitting in a single
spruce tree. Still, the number of birds per tree during
night remains an open question and more efforts are
needed to elucidate this matter. As movements seem oc-
cur after dark, and since the Bramblings are disturbed
when approached, installation of infrared cameras in
the roost may be an interesting approach.
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FIGURE 6. Photo taken at a time when the movement of Bramblings Fringilla montifringilla was considered to be nearly "dead", Bastad,
Sweden, 22 December 2019. The photo was taken 15:33, but the intensity increased again after this dip. The movement ended at around 15:40.
Excluding a faint stream in the background, the photo contains around 1,575 birds (manually marked) flying at a distance of around 1.2 km. The

corresponding instantaneous intensity is around 300 birds per second

— Ett foto som visar nér bergfinkarnas Fringilla montifringilla f6rflyttning i sammanhanget betraktades vara néastan "déd”. Fotot ér taget klockan 15:33
den 22 december 2019 i Béstad, varefter intensiteten 6kade igen for att sedan avta och helt sluta runt 15:40. Bortsett fran en svagt tecknad flock i
bakgrunden innehéller detta foto ca 1575 faglar (markerade for hand) som flyger pa ett avstand om ca 1,2 km. Detta motsvarar en intensitet runt 300

faglar per sekund.

Although Bramblings winter in Sweden regularly, few
Brambling winter roosts have been found. Prior to the
roost described above, only three roosts have been lo-
cated and described in detail (Granvik 1916, Mathiasson
1960, Kjellén & Lindstrom 1993). One of these roosts
was found in 1993 very close to the location described
above: just north of the neighbouring Lake Véstersjon,
on the same south-facing slopes (Kjellén & Lindstrdm
1993). Another roost was found was found some 36 km
south of these locations during the 1915-1916 winter
(Granvik 1916). This part of Scania has vast European
beech forests and is relatively sparsely populated. It
is therefore likely that even rather large roost can be
overlooked. As an example, during the research for this
article, I stumbled across a YouTube video filmed by
fishermen in February 2012, showing enormous flocks
of Bramblings flying over Lake Vistersjon (Hafstrom
2012), whereas no roost was found this year. There are
also years when ornithologists have reported flocks
comprising a million birds in various parts in southern
Sweden, yet without any roosts having been located.

Given the climate change that is upon us, it can be
expected that Bramblings will winter in southern Swe-
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den in increasing numbers. The 2019-2020 winter was,
in fact, according to standard meteorological definitions,
not a winter season at all and the average temperature
was 4°C above normal (SMHI 2020). Scania is rarely
covered in snow nowadays and the frequency of beech
mast years has increased in recent years (Overgaard
etal. 2007a), although long-term variability also must
be considered (Drobyshev etal. 2014).

A review of reports on mass
concentrations

It is sometimes argued that the Brambling is the bird
that gathers in the largest numbers of all (Newton
1998). A better guess is perhaps the Red-billed Que-
lea, which is reported to occur in numbers exceeding
100 million (Hancock & Weiersbye 2015). Several other
bird species are also potential “records holders” (see
e.g. Moller & Laursen 2019), but given the challenges
in bird counting, it appears very difficult to settle such
a question. If including extinct species, the Passenger
Pigeon will make settlement easier: the species has even
been claimed to occur in flocks exceeding a billion birds
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(a sad but important reminder that what is common
today may go extinct more rapidly than we expect, cf.
Murray etal. 2017).

Turning back to Bramblings, gatherings of millions
are reported far from annually. This is expected, since
very large roosts appear to form only during beech
mast years. Throughout the years, however, numerous
accounts of the phenomenon are available thanks to au-
thors from several European countries. Unfortunately,
many reports neither provide details on how numbers
were estimated, nor details regarding roost area. Many
authors express how difficult it was to count properly
and, in many cases, there are massive disagreements
about the actual number of birds involved. This review
aims at elucidating this matter and the main focus is
therefore on reports that give details on number esti-
mations and roost areas.

APPROACHES FOR NUMBER ESTIMATION
Three different approaches to number estimation were
encountered in these reports:

A. Stream intensity and time, N=IxT

B. Flock volume and density,

N=BxHXxLxp=BxHxvIxp
C. Tree count and birds per tree,
N=N, xN, . pertree

In method A, the number of birds N is reached by
estimating the intensity of birds I passing an observer
(birds/s) in combination with duration (time) T of the
passage of that intensity. Since intensity will fluctuate,
new estimates should ideally be done continuously. The
intensity can either be estimated directly (instanta-
neously) by the observer, or it can be done afterwards
via analysis of photographs. Method B, on the other
hand, focuses on flock volume (width W, height H
and length L) and bird density p (birds/m3), where
flock length is reached by assuming a certain ground
speed v. Many works assume that Bramblings fly at
60 km/h~16.7 m/s, while radar measurements indicate
that their ground speed rather is 15 m/s =54 km/h (Al-
erstam etal. 2007). This inherent overestimation of 10%
should of course be avoided, even though it in most
cases will be negligible compared to other uncertainties.
Method C is very different: instead of counting flying
birds, the focus is on roost parameters. The number is
reached by multiplying the number of trees in the roost
by the average number of birds per tree.
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FIGURE 7. Thermal photograph taken with a hand-held FLIR Scout
TS24 Pro. The photo was taken just outside the Brambling Fringilla
montifringilla roost perimeter in the dark. It was impossible to walk
further without causing chaos. The slightest sound or light increased
the chattering and made many birds take off with the sound of storm
winds.

— Foto fran en handhallen vdrmekamera FLIR Scout TS24 Pro som visar
bergfinkar Fringilla montifringilla / trdd strax utanfor den egentliga sov-
platsen. Trots att det var mérkt var det omdjligt att gé narmare utan att
orsaka kaos, da minsta ljud eller ljus fick bergfinkarna att 6ka volymen
pa sitt tjatter och manga faglar lyfte med vingljud av stormvindar.

Making any general statement on the accuracy of the
different methods, and how they compare, is difficult
since it depends on how the individual parameters are
estimated. However, as I discuss various studies in sub-
sequent sections, I will argue that that the use of flock
volume and density should be avoided. In many works,
width and height in method C seem to be set somewhat
arbitrarily (and keep in mind that the difficulty of esti-
mating distances by eye is widely recognised). In addi-
tion, there is no agreement on the average bird density
in streams of Bramblings. In fact, it should be expected
that this varies significantly from roost to roost, and
even from day to day at a single roost (depending on,
e.g., weather and foraging patterns). This means that
method B is most likely far more error-prone than
other methods. If width and height is estimated from
photos (from size variations of birds in the picture, see
Figure 8 for an example), method B can become more
accurate, albeit at the same time essentially turning into
a complicated version of method A.

In the future, new approaches may help to reach
better number estimates. Airborne thermography was
proposed already 40 years ago (Hémery & Pascaud
1981), and with the increasing availability of infrared
and thermal cameras (or even regular video cameras)
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roosts will likely be studied in more detail in the future.
Approaches based on quantitative monitoring of sound
or droppings are also conceivable. In addition, increas-
ing availability of counting software, for example based
on machine learning, will simplify counting based on

films or photographs.

REPORTS WITH DETAILS ON NUMBER AND
ROOST AREA

I summarise and briefly comment on reports that
provide details on number and roost areas in Table 1.
The spread in reported numbers and roost areas is sig-
nificant (visualised in Figure 9), and both number esti-
mation and roost area definitions seem to vary greatly.
When disregarding works that seemingly have a too
wide definition of roost area, the roost density (birds
per area) varies from some 0.3 million/ha to 7.5 mil-
lion/ha. This corresponds to a factor of 25 between the

lowest and highest estimates of birds per roost area, a
spread that motivated further scrutiny. It turns out to be
very difficult to condense this material into any simple
rule of thumb, but based on careful reading of the mate-
rial, I come to the conclusion that the number of birds
per roost area is on the order of one million/ha (see
Figure 9). There are a few works in which much higher
roost densities are reported, but a closer look reveals
that the underlying numbers lack adequate support (no
details, or unclarities, on how flock dimensions and/or
intensities were inferred, as I will describe in subse-
quent sections). There are also some reports of much
lower densities (Fulin & Oleks§ék 2017, Kestenholz &
Schaffner 1993), but this is likely related to overestima-
tion of the actual roost area used during the night (see
comments in Table 1). In the end, however, it should
be expected that the density per roost area will vary
significantly with, for example, age, size, and density of

FIGURE 8. Flock density analysis example. The photo, which was taken at the roost site on 14 January 2020, contains around 1,217 Bramblings
Fringilla montifringilla (manually marked) at a distance of 182-214 m. The calculations (see text) arrive at a bird density p of 11-3.0 m™3, The
visible flock length is around 11 m and, assuming a flight speed of 15 m/s, the stream intensity is around 1,600 birds per second.

— Exempelbild for analys av flocktathet. Fotot, som togs vid sovplatsen 14 januari 2020, innehéller ca 1217 bergfinkar Fringilla montifringilla (rdknade
for hand) pa ett avstand om 182-214 m, Berékningarna (som redogérs for i huvudtexten) leder till en flocktathet p om 1.1-3.0 m=3. Den synliga
flockldngden &r ca 11'm, och antas en flyghastighet om 15 m/s blir det resulterande flodet ca 1 600 faglar per sekund.
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TABLE 1. Studies that provide estimates of both number of birds and size of roost area. It should be noted that the roost area is most likely defined and estimated in very different manners. Count method refers to
methods A (stream intensity and time), B (flock volume and density), and C (number of trees and birds per tree), described further in the main text.
— Studier som anger uppskattningar av bade antalet faglar och sovplatsens storlek. Notera att bade definitionen och storleksuppskattningen av sovplatsen troligen skiljer sig drastiskt mellan
studierna. Rékningsmetod hénvisar till huvudtexten och baseras i korthet pa (A) fléde och tid, (B) flockvolym och tathet och (C) antal trad och antal faglar per tréd.

Year  Location Roost area Method Reference
Ar Plats Sovplatsareal ~ Metod Number estimate and remarks Uppskattat antal samt kommentarer Referens
1915- Kagerdod, 0.5-1 ha ? 5.4 million, based on 45-min fly-in at a presumed inten- 5,4 miljoner, baserat pd 45 min inflygning med en Granvik (1916)
1916  Skane, sity of 2,000 birds /s (without further motivation). The intensitet om 2 000 faglar per sekund (utan vidare
Sweden roost area is stated to be “nagot tunnland” in Swedish, motivering). Sovplatsarealen dr angiven som “ndgot
Sverige i.e. around one barrel of land (0.5 ha). tunnland”, dvs. 0,5 ha.
1946- Porrentruy, 10.5 ha** B 11-16 million, based on 45-min morning lift-off in a 11-16 miljoner baserat pd 45 min morgonlyft i en Guéniat (1948)
1947  Ajoie, stream 100 m wide and 5-7 m high, a ground speed 100 m bred och 5-7 m hég strém med en flyghastighet
Switzerland of 60 km/h and 0.512 birds / m? (corresponding to an om 60 km/ h och en tithet pa 0,512 faglar / m? (mots-
Schweiz average intensity of 4,000-6,000 birds/s). varande en intensitet av 4 000-6 000 faglar/s).
1950- Hunibach, 12.6 ha* B 72 million, based on 45-min fly-in in a 200 m wide and 72 miljoner, baserat pG 45 min inflygning i en 200 m Muhlethaler
1951 Thun, (2x6.8 ha) 4 m high stream, a ground speed of 60 km/h and 1 bred och 4 m hég strom, flyghastighet av 60 km/h och  (1952),
Switzerland bird / m3, thereafter doubled since there were two simi- 1 fagel / m?, ddrefter dubblat eftersom tva jimnstora Schifferli (1953)
Schweiz lar adjacent roost areas (corresponding to an intensity of  intilliggande sovplatser fanns (motsvarar en intensitet
13,300 s per roost). Other assessors propose far lower av 13 300 faglar /s per sovplats).
numbers (Jenni & Neuschulz 1985).
1964- Pau, 10-13 ha ? 15 million stated without further details. 15 miljoner, angivet utan négra vidare detaljer. Alberny et al.
1965  Pyrénées- (1965)
Atlantiques,
France
Frankrike
1977- Etobon, 16.1 ha B (A) 12 or 121 million, based on two different calculations. 12 eller 121 miljoner, baserat pa tva olika berdkningar.  Nardin & Brauch-
1978  Haute-Sabne, The lower number is based on an analysis of a photo Den ldgre siffran baseras pa analys av ett foto med 5 le (1979)
France with 5,565 birds over a width of 32 m in combination 565 faglar 6ver en bredd av 32 m i kombination med
Frankrike with a 70-min fly-in at 60 km/h (i.e. 2,900 birds/s). The en 70 min inflygning i 60 km/h (2 900 faglar/s). Den
larger (unreasonable) number, which is the one stated in  hdgre (orimliga) siffran, vilken anges som slutsats, nds
the conclusion, is reached after arguing that the stream efter pdstdende om att strémmen var 250 m bred
was 250 m wide and 50 m high and contained 0.138 och 50 m hég och innehéll 0,138 faglar/m? (29 000
birds/m?3 (i.e. 29,000 birds/s). faglar/s).
1990- Magden, 5 km? ? 2-3 million, stated without any further detail. Compared  2-3 miljoner, angivet utan vidare detaljer. Jimfért med — Kestenholz &
1991  Switzerland (500 ha) to other roosts, the area appears to be unreasonably andra sovplatser forefaller arealen orimligt stor. Schaffner (1993)
Schweiz large.
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Year  Location Roost area Method Reference
Ar Plats Sovplatsareal  Metod Number estimate and remarks Uppskattat antal samt kommentarer Referens
1992-  Frick, 0.5 km? ? 2-3 million, stated without any further detail. Compared  2-3 miljoner, angivet utan vidare detaljer. Jimfért med  Kestenholz &
1993  Switzerland (50 ha) to other roosts, the area appears to be unreasonably andra sovplatser forefaller arealen orimligt stor. Schaffner (1993)
Schweiz large.
1992- Vastersjon, 7.5ha C 2 million, stated as a minimum based on around 7,500 2 miljoner, angett som ett minimum baserat pd 7 500 Kjellén & Lind-
1993  Skane, trees and 200-500 birds per tree. A similar number was trdd och 200-500 faglar per trdd. En liknande antalssif-  strom (1993)
Sweden reached in a fly-in count (Lithner 1995). Large numbers fra ndddes vid rikning under inflygning (Lithner 1995).
Sverige of dead and dying birds at the site. Stora antal déda och déende faglar fanns pa platsen.
2001- Fontenais, 10 ha*f ? 10-12 million. Not exactly clear how this span was 10-12 miljoner. Inte helt klart hur detta spann naddes.  Chalverat (2003)
2002 Ajoie, inferred. The estimation was based on a 32-min fly-in Skattningen baseras pd 32 min inflygning i 60 km/h
Switzerland of a stream estimated to be 50 m wide, 15 m high and i en strém som uppskattades vara 50 m bred och
Schweiz moving at 60 km/h. An intensity of 5,000 birds/s is 15 m hég. En intensitet av 5 000 faglar/s anges som
stated as a minimum. The given 10-12 million range minimum. Spannet 10-12 motsvarar ett antagande om
would correspond to a calculation based on the stream 0.4-0.5 faglar/m?3. Viss diskrepans mellan arealbes-
estimate using 0.4-0.5 birds/m?3. Area description and krivning och karta.
map not in perfect agreement.
2008- Gelnica, 25-30 ha A 1.5-3.5 million, based on photo analysis. Roost area not 1,5-3,5 miljoner, baserat pd analys av fotografier. Areal  Fulin & Oleksak
2009  Slovakia given in the article but communicated by M. Fulin. Com-  anges inte i artikel men har kommunicerats brevledes. ~ (2017), M. Fulin
Slovakien pared to other roosts, this estimate seems unreasonably Jdmfért med andra sovplatser férefaller arealen (pers. comm.)
large (but Fulin mentioned that the area includes several  orimligt stor (men sades inkludera flera hektar sj6).
hectares of lake).
2008- Lodersdorf, 2.26 ha A 4-5 million, based on photo analysis on several locations  4-5 miljoner, baserat pd analys av fotografier tagna pd  Khil etal. (2011)
2009 Austria around the roost. flera positioner runt sovplatsen.
Osterrike
2010- Barazar, 3-5ha ? 0.9 million. Droppings very unevenly distributed in the 0,9 miljoner. Spillning ojémnt férdelad éver den Zabala et al.
2011  Basque, 50-ha area mentioned in the article. Actual roost much angivna 50 ha stora sovplatsarealen. Faktiskt sovplats ~ (2012), ). Zabala
Spain smaller, and limited to patches of Lawson cypress betydligt mindre och lokaliserad till fléickar med (pers. comm.)
Spanien Chamaecyparis lawsoniana, but not discussed explicitly. ddelcypress Chamaecyparis lawsoniana (ndmns ej
J. Zabala guesses that 3-5 ha may have been used for i artikel). J. Zabala gissar att 3-5 ha anvdndes som
actual roosting and that the number may have been in sovplats och att antalet faglar kan ha varit i spannet
the span 0.7-12 million birds. 0,7-12 miljoner.
2016- Klenovec, 40 ha A 0.5 million, based on photo analysis. Compared to other 0,5 miljoner, baserat pa fotoanalys. Jamfért med andra  Fulin & Oleksak
2017  Slovakia roost, the area seems unreasonably large. sovplatser férefaller arealen orimligt stor. (2017)
Slovakien
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Year  Location Roost area Method Reference
Ar Plats Sovplatsareal  Metod Number estimate and remarks Uppskattat antal samt kommentarer Referens
2018- Velika, 5ha A 5 million, based on photo analysis. Series of photos were 5 miljoner, baserat pa fotoanalys. Serier av foton Tout (2019),
2019  Preska, taken during morning lift-offs (ground speed estimated analyserades och flyghastigheten uppskattades genom  T. Miheli€ (pers.
Slovakia by measuring how long it took for birds to pass the cam-  att med hjdlp av diktafon notera hur ldng tid faglar comm.)
Slovakien era field of view, done by following individual birds and behévde for att passera bildvinkeln). T. Miheli¢ anger
marking start and stop times using a voice recording). T.  att sovplatsarealen kan ha varit upp till 9 ha.
Miheli¢ states that the roost area may have been up to
around 9 ha.
2019- Kliplev, 1.3 ha* ? 0.2-1.2 million. Various number estimates from several 0,2-1,2 miljoner. Olika siffror fran olika observatdrer, Hansen (2020),
2020 Denmark observers, typically based on estimates of volume and ofta baserat pd uppskattningar av volym och tithet hos Martinek Lang-
Danmark bird density of flocks flying over the roost area. The flockar flygande éver sovplatsen. Areal har uppskattats  holz (2020)
roost area has been estimated to 1.3 ha (Hansen 2020) till 1.3 ha (Hansen 2020) och 2-2,5 ha (Martinek
and 2-2.5 ha (Martinek Langholz 2020). Langholz 2020).
2019- Lake 5.6 ha*f 4-10 million based on photo analysis from a fly-in 4-10 miljoner baserat pd analys av foton fran en This study
2020  R&ssjon, around 20 km from the roost. inflygning observerade 20 km fran sovplatsen.
Skane,
Sweden
Sverige

* Studies include a roost map. Studierna inkluderar en karta dver sovplatsen.

" The work explicitly states that the roost area was demarcated based on excrement layers. Studien anger explicit att sovplatsens yta avgrdnsades med ledning av spillning pa marken.

trees, temperature, local variation of microclimate, total suitable area in relation to
the number of Bramblings accumulated during the winter, etc. As an example, the
large Slovenian roost in 2018-2019 comprised large, older trees (T. Miheli¢, pers.
comm.), while the Swiss roost in 1946-1947 was situated in an area with young
trees, most below 8 m in height (Guéniat 1948). It should not be expected that the
bird roosts will have similar densities when the vegetation can differ that much.

REGARDING THE ALLEGED 70-MILLION ROOST IN THUN 1950-1951
The famous and frequently cited 72-million roost from Thun, Switzerland 1950-
1951 (Miihlethaler 1952), often referred to as 70 million, deserves a closer look. The
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number comes from a doubling of an estimate of birds arriving to one of two ad-
jacent roost areas separated by around 300 m. The stream of birds was estimated
to be 200 m wide and 4 m high, and the duration of the fly-in was 45 minutes.
Assuming a ground speed of 60 km/h, the length of the stream was estimated to
45,000 m. Miihlethaler (1952) argues that 1 bird/m3 is a reasonable lower limit for
the bird density and thus reaches 200 m x 4 m x 45,000 m x 1 birds/m3 = 36 mil-
lion birds (for each of the two roost sections). This corresponds to an average
intensity of 13,000 birds per second, per roost. Along with some 30 million birds
in other parts of Switzerland this winter, this roughly corresponds to the complete
European post-breeding population. Although this number estimate received some
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support from Schifferli (1953), it has been rejected by
others. Lukas Jenni, most likely the ornithologist who
has spent most time studying the winter habits of Bram-
blings in Europe, even argues that the estimate may be
more than a factor of ten too high (Jenni 1984, Jenni &
Neuschulz 1985). The main objections are that the bird
density is overestimated and that it is very diflicult to
accurately determine width and height of a bird stream.
While Miihlethaler (1952) suggests that a flock density
of 1 m™ should be an underestimation, Jenni & Neu-
schulz (1985) argue that 0.04-0.1 m™ is more reasonable,
which would bring down the number from 72 million to
2.8-7 million. Jenni & Neuschulz (1985) refer to stereo
photography on Brambling flocks during autumn mi-
gration that exhibited densities in the 0.05-0.7 m™ range,
and that Nardin & Brauchle (1979) in their analysis of
photographs estimated the density to around 0.1 m= in
dense regions, and 0.04 m™ on average.

However, I find the analysis of Nardin & Brauchle
(1979) rather confusing and suspect that the range

0.04-0.1 m™ underestimates how dense Bramblings
can fly at a roost. Jenni & Neuschulz (1985) refer to
measurements of density during autumn migration
that yielded up to 0.7 m=, and my personal experience
is that Bramblings sometimes fly in denser formation
in connection to the winter roost than what they do,
for example, during autumn migration at Falsterbo
(Sweden). To assess this further, I evaluated two photos
from occasions at the Swedish 2019-2020 roost, where
I found the Bramblings to fly in particularly dense
formation. In these photos, the width of the stream
was estimated from the variation in size (in pixels) of
the photographed birds. The two photos were rather
different in character (one photo of a smaller and
well-defined flock, and one capturing part of a longer
stream). In both cases, the resulting density estimate
was 1-3 m~. As an example, here follow the details of
this analysis for one of the photos (Figure 8): The pho-
to contains around 1,217 Bramblings (manually marked)
and is taken with a 3.23° field-of-view lens (Canon

FIGURE 9. Scatterplot in logarithmic scale showing the variability in stated number of Bramblings Fringilla montifringilla and roost area size
(Table 1). The four datapoints with roost areas exceeding 20 ha (Gelnica, Klenovec, Frick, and Magden) are, in my opinion, cases where the roost
area has been overestimated (all detailed studies on large Brambling roosts indicate that they roost very densely, see Table 1for details). The
number estimates for the roosts in Kagerdd, Thun, and Etobon lack detailed justification and | argue that they result from overestimations.

— Spridningsdiagram med logaritmerade skalor, som visar variationen i angivna antalet bergfinkar Fringilla montifringilla och sovplatsens storlek (ta-
bell1). De fyra datapunkter med sovplatser stdrre an 20 ha (Gelnica, Klenovec, Frick och Magden) &r, enligt min asikt, fall dér storleken 6verskattats
(alla detaljerade studier av storre sovplatser for bergfinkar indikerar att faglarna dvernattar mycket tatt, se tabell 1 for detaljer). Uppskattningarna av
antal bergfinkar i Kagerdd, Thun och Etobon saknar detaljerade redogérelser och jag betraktar dem som 6verskattningar.
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EOS7D with EF100-400 mm f/4.5-5.6L IS II USM
at its maximum focal length). Bramblings are around
15 cm long and occupy in 68-80 pixels, which corre-
sponds to a distance range of 182-214 m. Since we
have neglected length variations, this range should
serve as an upper limit of the flock width (assuming
a 10% size difference from the smallest to the largest
bird, one could argue that the flock width could be as
low as around 10-15 m). The stream is around 3 m
high, and the length captured by the photo is around
11.2 m. A lower limit for the bird density p is reached
when using the upper width estimate: p_, =1,217/
(3x32x11.2) # 1.1 m™3, With size variation in mind, the
density could be as high as 3 m™3. While this shows
that Bramblings can fly much more densely than at
0.1 m3, it should be noted that they often flew in much
less dense formation than this. In fact, the photo (Fig-
ure 8) was taken when the Bramblings flew particularly
densely at the roost site on 14 January 2020. Assuming
that the birds fly at 15 m/s (Alerstam etal. 2007), this
stream corresponds to an intensity of around 1,600
birds per second.

It is, of course, purely coincidental that the density
estimates were so similar for the two photos, but it still
shows that Bramblings can fly much more densely than
at 0.04-0.1 m3, Schifferli (1953) made a similar exer-
cise: he studied photos of a stream, taken from below,
somewhat arbitrarily assumed a stream height of 4 m,
and counted 87 finches in 20 m2. This results in a den-
sity of 1.1 m™3. Based on experiences from the Swedish
roost, however, I would still say that Bramblings not
always fly in this dense flocks.

In general, I fully agree with Jenni & Neuschulz
(1985) that (i) number estimates via flock volume and
density should be avoided, especially if these quantities
are not carefully measured, and (ii) number estimates
are much better done by estimating the intensity of
birds passing an observer, preferably with the help of
photographs.

So, how many birds could there have been in Thun?
It is worth mentioning that there are other assessors
than Jenni & Neuschulz (1985), who have proposed
lower numbers than Miihlethaler (1952). Egli (1951),
for example, states that it was impossible to make any
proper count but that 5 million should not be an over-
estimation. Moreover, according to Jenni & Neuschultz
(1985), a certain Frutiger reached the number 1-2 mil-
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lion after analysis of photos. That numbers disagree
is one thing—they often seem to do in the context of
large flocks—but the question is who made the least
inaccurate estimate. It should be noted that also the
lower numbers presented are rather poorly founded.
There is, however, yet another aspect to consider: the
roost area. Miihlethaler (1952) specified the area to
cover 13.6 ha, and that it comprised trees of Norway
spruce and European silver fir Abies alba at the age of
20-50 years. Compared to other roosts, many carefully
studied, the resulting density of 5.3 million/ha appears
surprisingly high. Although impossible to prove, I sus-
pect that an overestimation has been caused by over-
estimation of both stream width and density. A stream
that was 200 m wide and as dense as 1 m™3 continuously
for 45 minutes sounds rather extreme (around 13,000
birds/s on average, for each roost).

REGARDING THE CLAIM OF 120 MILLION

As can be seen in Table 1, it is rather common with
number estimates based on flock volume and density
(method B). In fact, the 72 million in Thun is not the
highest number reached in this manner. Nardin &
Brauchle (1979) concluded that the roost in Etobon
1977-1978 comprised 100-120 million Bramblings.
Their analysis is somewhat difficult to follow, but in
my opinion their argument for setting the flock width
and height to 250 m and 50 m, respectively, is not
convincing. It is interesting to note that, along with
this volume/density calculation (method B), they also
present a photo-based intensity analysis along the
lines of method A, which resulted in a total number
of 12 million. This seems more reasonable for a 16-ha
roost, and it can be noted that Francois (1978) in his
description on this roost mentions, without any justifi-
cation however, the number 10 million. It can perhaps
have been more birds than that, but I agree with Jenni
& Neuschultz (1985) that the range 100-120 million is
unrealistic. This may be an example of how previous
overestimations drive new overestimations. In fact,
Nardin & Brauchle (1979) explicitly state that they con-
sider their analysis more restrained than Miihlethaler’s
(1952), arguing that if they would use his density of
1 bird/m3, their estimate would increase to 875 million.
While they may have been more careful in terms of
bird density assumptions, their values for the height of
the stream, which they set to 50 m, is less conservative.
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Again, in my opinion, this is an example of how difficult
it is to set flock dimensions correctly.

ANNUAL MASS CONCENTRATIONS IN CORN
DISTRICTS IN FRANCE 1960-1980

In previous sections I have argued that the largest pub-
lished values for Brambling roosts should be regarded
as overestimations. Clearly, it is not easy to answer the
question of how many birds that the largest Bramblings
roosts have contained. The largest number mentioned
in the review by Jenni (1987) is 20 million at a roost in
Pau, Pyrénées-Atlantiques in France. The roost in Pau
is not just another large roost—it represents fascinat-
ing Brambling history. Corn production increased in
France during the twentieth century and Bramblings
adapted to this new and abundant source of food. The
roost in Pau was likely established in the early 1960s
and was occupied annually for several years (Alberny
1965). This is an interesting contrast to other very large
roosts, which are formed during beech mast years and
therefore used in single years (never several consecu-
tive years). This interesting adaptation to changes in
human farming was studied by Hémery & Le Toquin
(19752, 1976), focussing on the energy needs of Bram-
blings and the supply offered by the losses in corn farm-
ing. Changes in corn farming, specifically early burial of
stubble, around 1980 deprived the Bramblings of this
abundant food resource (Dubois etal. 2008).

Regarding the specific value of 20 million, the most
common source is an study on the energy expenditure
of Bramblings by Hémery & Le Toquin (1975a). For
example, the reference work “Nouvel inventaire des
oiseaux de France” by Dubois etal. (2008) also refers
to this work when stating 20 million as the peak of the
roost numbers in Pau'. Indeed, the study by Hémery &
Le Toquin (1975a) contains a data point in a scatterplot

1 Note that the reference given by Dubois etal.
(2008) is incorrect: the cited article is titled “Détermin-
isme énergétique des concentrations de Pinsons du Nord

... not “Déterminisme des concentrations de Pinsons
du Nord...” The missing word énergétique constitutes
an unfortunate typo, as it indicates that the focus is on
determining concentration rather than energy expendi-
ture. The typo may simply come from the winter atlas
of France, as this work contains the very same typo
(Hémery 1991).
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that corresponds to a roost number of 20 million. The
value is, however, not commented further. According
to Hémery & Le Toquin (1976), the number 20 million
refers to the number in December 1967, but I have
not found any work in which the number estimate is
elaborated. Sadly, the ornithologist and Brambling en-
thusiast Georges Hémery passed away in 2013 (Yésou
etal. 2014) and could not give his view on these num-
bers. His colleague Alain Le Toquin believes that the
value 20 million comes from Jean-Claude Alberny (A.
Le Toquin pers. comm.). However, Jean-Claude Alberny
(pers. comm.) does not recall any other number than
15 million, which he published in 1965 in his intriguing
article describing the roost in Pau (Alberny 1965). The
roost, in 1965 covering around 10-13 ha, was shared
with European Starlings. While most roosts have been
located in conifers such as Norway spruce, European
silver fir, or Lawson cypress Chamaecyparis lawsoniana,
birds here perched in Holly Ilex aquifolium, an ever-
green, and stunted oaks Quercus sp. with retained dead
(marcescent) leaves. The Bramblings were popular
among hunters (not only in Pau) and served as food,
and ringing revealed that many birds were injured:

Le baguage a appris également l'important
pourcentage doiseaux blessés, prés de 5% en janvier,
chiffre diminuant par la suite. En effet les chasseurs
apprécient cette espéce, aussi bien dans les Landes, le
Gers et les Basses-Pyrénées ot lon peut trouver des

brochettes entiéres de ces «ortolans.

The quotation above translates into that ringing
activities showed that 5% of the birds were injured in
January, with a decrease in the fraction of injured birds
thereafter, and that the hunters indeed appreciated the
species and that skewers of this “ortolan” was served
in several regions (a reference to the more well-known
eating of Ortolan Bunting Emberiza hortulana).

Alberny (1965) also reported that some birds suffered
from some kind of disease. Regarding the number of birds,
Alberny suggests 15 million (Table 1). This is, however, a
very rough estimate as birds came from all directions and
proper counting seemed impossible to Alberny. Believing
it to be an underestimation, Alberny writes:

Une évaluation parait impossible, les oiseaux arrivant
de tous cdtés a la fois. De plus la configuration du
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relief ne permet pas de voir le dortoir en entier. Les
Pinsons sont de trés loin plus nombreux que les

Etourneaux. On peut affirmer sans crainte qu’il y en

a au moins 15 MILLIONS ... Probablement plus ...

The essence of the text in this quotation is that
counting felt impossible with birds arriving from all
directions and where no observation spot allowed an
overview of the whole roost (similar to conditions at
the roost in Sweden 2019-2020), but that the Bram-
blings were far more numerous that the European
Starlings and “safely” could be said to be at least 15 mil-
lion. Unfortunately, there is no comment on how the
estimate 15 million was reached.

It seems unlikely that Hémery studied the numbers
in Pau as early as 1967. In an ambitious article from
1981, Hémery & Pascaud elaborate on the difficulties of
counting large numbers of birds and explore whether
infrared thermography can be of assistance. In this
work they also argued that proper counting at a roost
requires multiple competent observers and that uncer-
tainties nonetheless may be as high as 50% when deal-
ing with gatherings of birds on the order of ten million.
Results of two visual counts made in Pau in February
1979 are also presented: 2.3 million + 25% on 5 Feb-
ruary and later, when most birds had abandoned the
roost, 450,000 * 33% on 14 February. The work does
not contain any comparison with earlier numbers from
Pau, nor details on how and by whom the counting was
conducted in 1967, when 20 million was reported.

To conclude, it is difficult to confirm that there was
as much as 20 million in a single roost in Pau. Given its
large area (9-13 ha), the roost in Pau is without doubt
one of the largest ever registered. Since a few roosts
have been of similar size (Table 1), which one that held
the highest number of Bramblings remains unknown.

THE CLASSIC 1915-1916 ROOST IN SWEDEN

Another interesting example is the internationally
renowned winter roost in Kégerdd, Sweden, 1915-1916,
studied in detail by Hugo Granvik (Granvik 191643,
Granvik 1916b, Nilsson 1983). In an otherwise detailed
and careful study of a Brambling roost, the number
5.4 million given by Granvik lacks detailed justifica-
tion. Granvik reaches 5.4 million by assuming that
2,000 birds per second arrived at the roost during the
observed 45-minute fly-in duration. The number in
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itself is not sensational, given what we know today, but
as the roost area appears to have been rather small the
number appears surprisingly high. Granvik specifies
that roost area to “nagot tunnland” in Swedish, literally
meaning around one barrel of land, i.e. 0.5 ha. That
the roost area was rather small is also supported by
sketches made by Nilsson (1983). It cannot, of course,
be ruled out that the accumulation of Bramblings at this
site, as the winter progressed, made this roost extra-
ordinarily dense in relation to the available area. In fact,
Granvik (1916a) writes that the Bramblings utilized
birch trees at the border of the coniferous roost area.
It is, however, not clear whether it was confirmed that
these trees were populated also in the middle of the
night. In the 2019-2020 roost in Sweden, movements
from European beech trees into the actual roost was
noted also after dusk.

COUNTING TREES AND BIRDS PER TREE

The study by Kjellén & Lindstrém (1993) is, to the
best of my knowledge, the only previous work that has
conducted number estimation by estimating the num-
ber of trees and birds per tree (method C). The work
concerns a roost in Sweden located in January 1993,
comprising approximately 7.5 ha (500 m by 150 m)
of plantations of Norway spruce of different ages and
heights between 10 and 20 m. Furthermore, it was
estimated that there was on average one tree per 10 m?,
resulting in a total tree count on 7,500. The authors
estimated that at least 200 birds sat in each tree, and
perhaps 500 in the larger ones, and conclude that the
total number of Bramblings at the very least should
be 2 million. A fly-in count (method B, but without
photos) by Lithner (1995) also estimated the number
of birds to at least 2 million. Since the stated roost area
is rather large, the number may appear somewhat low.
It is, however, worth noting that this particular roost
seems to have suffered from some kind of deadly dis-
ease, as large numbers of dead birds were found within
the roost area (Kjellén & Lindstrom 1993).

As described earlier, observations at the Swedish
2019-2020 roost suggest that a single tree can host
on the order of 1,000 finches. A similar number was
suggested for larger trees in the well-studied roost in
Switzerland 1916-1947 (Guéniat 1948). More studies
on how many birds that roost per tree would be en-
lightening.
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HIGH NUMBERS FROM NOWHERE

I read around 100 texts on Bramblings as a part of
this review and on a few occasions, I came across
references to very high numbers that I could not track:
the cited articles did not, as far as I can see, contain
the attributed information. Unless other researchers
have better luck in finding support in original sources,
these numbers should not be cited. To facilitate future
work on the topic, I have decided to explicitly mention
these oddities in the vast literature on Brambling mass
concentrations.

The perhaps most important case is a claim in the
standard reference “Finches” by Newton (1972). Re-
ferring to Guéniat (1948) and Sutter (1948), Newton
writes that there was a roost of 50 million Bramblings
in Switzerland during the 1946-1947 winter. None
of these articles contain such a number (perhaps a
reference in Guéniat (1948) to Granvik’s roost as com-
prising 52 million was misinterpreted as 51-52 million
and rounded to 50 million?). Referring to Newton’s
text, this number is unfortunately cited in other
important works. Another large number that lacks
support is the 61 million that Meller & Laursen (2019)
cites, referring to Géroudet (1952). Finally, it should
be noted that Chalverat (2003) incorrectly refers to
the PhD thesis of Jenni (1984) when stating that the
roost in Roserental 1977-1978 comprised 28 million
birds. Instead, Jenni’s thesis (p. 40-41) argues that
the roost contained around 6 million birds (the range
2—-9 million is also given). This estimation has also
been published in journals (Jenni & Neuschulz 1985,
Jenni 1991).

Discussion and conclusions

The literature review presented in this work suggests
that there is support for Brambling roosts involving up
to around 15 million Bramblings. In terms of areal den-
sity of birds, a roost may hold on the order of one mil-
lion birds/ha. As large variations in roost density can
be expected, this should be seen as an utterly rough
estimate in need of further verification. As a compar-
ison, the Passenger Pigeon with its tenfold mass has
been estimated to roost in densities of around 100,000
birds/ha (Ellsworth & McComb 2003) and the Red-
billed Quelea has been claimed to roost at densities of
2.5 million/ha (Manikowski 1988). Claims of higher
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numbers, or densities, such as the 70 million Bram-
blings from Switzerland 1951-1952, is based on ques-
tionable methods and does not fit well with the overall
picture that emerges from the collection of reports on
mass concentrations of Bramblings that has built up
throughout the years. Unfortunately, despite that the
number 70 million has been previously rejected (Jenni
& Neuschultz 1985), it keeps being cited without res-
ervations in new works on mass appearances of birds.
A main reason for this could be that it is presented,
without reservations or discussions of uncertainties,
in important reference works like “Finches” (Newton
1972) and “Bird Migration” (Alerstam 1993). (However,
in later works, such as “Population Limitation in Birds’,
Newton (1998) adheres to Jenni’s more restrictive view
that values above 20 million lack proper support.)

Given the difficulty of counting large numbers of
birds, reports of very large numbers should always be
used and cited with great care, regardless of whether
they concern Bramblings, European Starlings, North
American blackbirds, Red-billed Queleas, or Passenger
Pigeons. The ecological and economic significance of
large flocks of birds motivates further studies. Clear-
ly, much can be done to improve our knowledge of
flock sizes of our most abundant birds. This includes
Bramblings, despite all the efforts made so far. For ex-
ample, there is no publication with a solid analysis and
presentation of uncertainties in the number estimation
conducted. In addition, roost areas are often not well
investigated (map with demarcations missing). It
would also be very valuable to see more work on accu-
rate estimation of flock and roost sizes. From a critical
point of view, millions should only be interpreted as
many unless carefully described and justified. While
Hémery & Pascaud (1981) argued that, even with mul-
tiple competent observers, uncertainties may be 50%
when numbers are in the ten-million range, the dis-
cussion about the 70-million and 120-million numbers
(Miihlethaler 1952, Nardin & Brauchle 1979, Jenni &
Neuschultz 1985) indicates that uncertainties can even
be a factor of ten, depending on count method. Since a
factor of ten difference in crop damage or population
size matters, the topic of how mass concentrations of
birds are counted and accounted for deserves further
attention.
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ROOST CHARACTERIZATION: A SHORT CHECKLIST
 Counting. Try to monitor morning lift or evening
fly-in from a spot with good overview. Make careful
notes on timing (start and end of movements) and
estimate the intensity of bird streams, preferably by
taking systematic series of photographs. Avoid esti-
mating numbers from flock volumes (width, height
and length) and bird densities (birds per m?).
Roost area. Determine roost boundaries via stud-
ies of excrement layers. Although zones around
the roost, where birds gather before flying in, will
show a lot of droppings, the actual roost area will
be completely covered in excrements. Use the de-
marcation to estimate the roost area carefully, using
a map tool (e.g. Google Maps).
Document trees. Document trees in the roost (spe-
cies, age, height, and distance between trees) and
try to estimate the total number of trees.
Birds per tree. Try to estimate the number of birds
per tree, preferably during night using thermal
cameras.
Roosting in bare trees. If there are indications
that birds sleep also in non-coniferous trees (e.g. in
European beech or other deciduous trees), confirm
this with, e.g., a thermal (infrared) camera in the
middle of the night. The Bramblings move also
after dusk, and evidence of roosting in, for example,
peripheral deciduous trees would be interesting (cf.
Granvik 1916a).
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Svensk sammanfattning
Stora ansamlingar av faglar, eller avsaknaden av sadana,
ar ett fenomen kopplat till fodotillgdng och populations-
storlekar och kan darfor ge viktig information om till-
standet i var miljo. Dartill 4r stora méangder faglar inte
sdllan en kalla till betydande konflikter med ménniskan.
Till exempel blir tiotals miljoner blodnédbbsvavare
Quelea quelea drligen forgiftade eller springda (!) pa
grund av deras paverkan pa jordbruket i subsahariska
Afrika. Rodvingetrupialer Agelaius phoeniceus, batstjar-
tar Quiscalus sp. och kostarar Molothrus sp. kan efter
hackningssdsong samlas i miljoner och &r féremal for
omfattande bekdmpningsinsatser, da de arligen skapar
stor frustration hos amerikanska odlare. Staren Sturnus
vulgaris, en av tre fagelarter pa IUCNS lista 6ver virl-
dens hundra virsta invasiva arter, ar ett annat intressant
exempel. Arten kan samlas i miljonantal och betraktas
som ett allvarligt problem pa flera kontinenter, bland
annat pa grund av smittspridning och inverkan pa bar-
och fruktodlingar. Adekvat skattning av antal ar central
i ssmmanhanget, oavsett om det handlar om skador pa
odlingar eller en bedémning av populationsstorlek: det
spelar en avgorande roll om det &r en eller tio miljoner
faglar man har framfor sig. D& antalsuppskattning &r er-
kant svart, speciellt nar det géller stora méngder faglar,
finns det ett stort vdrde i att titta ndrmare pa just detta.

Detta arbete dr en djupdykning i fallet bergfink
Fringilla montifringilla (figur 1). F figelarter samlas i
miljoner, men bergfinken &r en av dessa. Det dr ocksa
den art som samlas i allra storst antal pa europeisk
mark. Till skillnad frén staren, som arligen ses i stora
antal pa ménga platser i Europa, upptrdader bergfinken
i stora antal nastan uteslutande under bokollonar (for
ett intressant undantag, se avsnittet om en ansamling i
majsdistrikt i Frankrike pd 1960-talet). Bakgrunden till
arbetet &r en vilja att ge ett historiskt och internationellt
perspektiv pa de stora méngder bergfinkar som &ver-
vintrade i Sverige pa grund av det makal6sa bokollonar
som infoll 2019. Enligt Sven G. Nilsson vid Lunds Uni-
versitet, som sedan 1971 foljt bokollonproduktionen i
Sverige, 6vertriffar bokollonméngden under 2019 samt-
liga tidigare ar i serien. Handelsen har sin bakgrund i
den extremtorra och bekymmersamma sommaren 2018,
och en koppling till de alltmer pétagliga klimatforand-
ringarna ligger néra till hands.

Att ménga bergfinkar valde att 6vervintra i Sverige
vintern 2019-2020 blev tydligt i december 2019 da
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bland annat uppskattningsvis 4-8 miljoner individer
passerade Bastad 22 december (figur 3, video 1). Sov-
platsen hittades 4 januari 2020 och omfattade knappt
sex hektar granplantering pa Hallandsésens sydslutt-
ning, strax norr om R&ssjons norra strand (figur 4,
video 1). Sovplatsen bestimdes utifrdn spillningsticke
och bestod av ungefir lika stora delar 31-3rig (figur 5)
respektive 39-arig plantering, omfattande uppskatt-
ningsvis 7 ooo trad. Att rikna antalet faglar vid sov-
platsen visade sig vara lattare sagt dn gjort, och som
antalsuppskattning anvénds darfor siffran fran Bastad
(detaljer kring denna siffra finns i den engelska huvud-
texten samt i en langre svensk text publicerad i Anser, se
Svensson 2020).

Riktigt stora ansamlingar bergfinkar hor inte
till vanligheterna i Sverige, och undertecknad har i
litteraturen endast funnit tre omskriva sovplatser. De
som studerats och beskrivits i detalj dr blott den vid
Kagerod 1915-1916 och den vid Vistersjon 1992-1993.
Bergfinkens huvudsakliga 6vervintringsomréade ater-
finns i det bokskogsrika Centraleuropa (figur 2), och
det &r frén denna region de flesta skildringar av miljon-
ansamlingar av bergfink har sitt ursprung. En narmare
titt pa alla dessa redogorelser visar tydligt att uppgifter
kring antal och sovplatsarealer spretar ordentligt, och
siffrorna &r inte sllan daligt eller obefintligt motiverade
(tabell 1). De hogsta siffrorna hirrér fran Schweiz och
Frankrike, varav de tva mest extrema dr rapporterna
om 70 miljoner fran Thun i Schweiz vintern 1950-1951
samt 120 miljoner frén Etobon i Frankrike 1977-1978
(tabell 1). Dessa siffror dr dock baserade pa bristfilligt
motiverade antaganden om flockvolym (bredd, hajd
och lingd) och tithet (faglar per kubikmeter), storheter
som i sig ar mycket svaruppskattade. Siffran 70 miljo-
ner ar flitigt omndmnd i litteratur och media men har
av Lukas Jenni - den forskare som lagt mest kraft pa
att studera bergfinkens vintervanor - démts ut som en
ordentlig verskattning (Jenni menar att det till och
med kan rora sig om en 6verskattning pa mer dn en
faktor tio). Undertecknad instimmer i Jennis kritik om
att det dr synnerligen vanskligt att uppskatta flockarnas
tathet, bredd och héjd och att en battre vag framat ar
att uppskatta antal via flodet av faglar per tidsenhet
(intervallskattning). Baserat pa studier dér sovplatsens
areal bestdmts via spillningstédcke och dér man skattat
antal via flode kan man méjligen skonja att fageltat-
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heten for en sovplats ligger p4, i storleksordningen, en
miljon figlar per hektar (figur 9). Detta ska dock ses
som en grov skattning i behov av ytterligare verifiering.
De storsta sovplatserna rapporteras omfatta 6ver tio
hektar och visst stod finns for ansamlingar upp till
kring 15 miljoner faglar. Flest kan mojligen ha funnits
i sydvéstra Frankrike i slutet av 1960-talet, d& miljo-
ner bergfinkar arligen nyttjande samma sovplats och
fodosokte pa majsfalt. Till skillnad frén andra kidnda
sovplatser, vilka utgjorts av barrtriad och anvénts ett en-
staka ar, utgjordes denna sovplats av vintergron jarnek
Ilex aquifolium i kombination med ek Quercus sp. med
kvarsittande déda (marcescenta) 16v. Vissa bedomare
menar att denna sovplats till och med kan ha omfattat
upp till 20 miljoner faglar, men i och med forandrade
lantbruksmetoder ebbade detta Gvervintringsfenomen
ut under 1970-talet.

Givet de stora svarigheterna i att uppskatta antalet
for stora ansamlingar figlar boér man alltid se pa
miljonsiffror med forsiktighet och noggrant granska
underlaget, oavsett om det handlar om bergfinkar,
starar, vandringsduvor Ectopistes migratorius eller
blodnabbsvavare. I fallet bergfink har, som diskuterats
i foreliggande artikel, aven etablerade ornitologer visat

submission at os.birdlife.se.
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sig vara oense om en faktor tio. Ur en kritisk synvinkel
bor nog miljoner tolkas som manga i de fall dér gediget
underlag saknas.

Vad giller bergfinksansamlingar finns fortfarande
mycket att reda ut, och foljande rad ges till den som far
chansen att studera en sovplats:

« Forsok att rakna flodet av faglar vid morgonlyft
eller inflygning. Undvik att skatta antal via flock-
volym och tithet da detta &r synnerligen svart.

« Bestim sovplatsens area genom att mita den
area som ar tdckt av ett ordentligt lager spillning.
Mit arean med hjalp av ett kartverktyg som kan
rakna ut arean utifran en noggrant uppritad
granslinje (t.ex. Google Maps).

« Dokumentera triden inom sovplatsen (art, alder,
héjd, avstind mellan trid, totalt antal).

Forsok uppskatta antalet faglar per trad. Detta
kan forslagsvis goras nattetid med hjalp av t. ex.
viarmekamera.

« Om faglar tros sova dven i kala 16vtrad, bekrifta
detta med t. ex. virmekamera under natten. Berg-
finkarna ror sig dven efter morkrets inbrott och
belagg for att nattkvist tas aven i kala 16vtrad runt
sovplatser i barrtradsdungar dr av intresse.
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