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Abstract

The Spotted Flycatcher is a long-distance migrant insectivore, breeding in western Eurasia and
migrating to Africa south of the Sahara. This paper focuses on the annual variation of its southward
post-breeding migration. It uses two monitoring datasets: bird ringing data of on passage through
Bukowo-Kopan (Baltic Sea coast, N Poland), (14 August-1 November in 1967-2025); and bird atlas
data from the Second Southern African Bird Atlas Project (2007-2025) between 24°-26°S and 27°-
29°E, on the south of the species’ non-breeding range. For each dataset, we computed the annual
anomaly as the area between the multi-year average cumulative curve and the annual curve of
migration. The number of birds ringed per 50 mistnets was an index of migrants” abundance each
year. For the atlas data, we calculated an index of peak abundance at the end of arrivals. These four
measures of migration were response variables, and indices of climate in Europe and Africa were
explanatory variables in multiple regression models. The best models showed that the East-
Atlantic/Western Russia oscillation in May-July was related to Spotted Flycatchers’ migration at
Bukowo-Kopan and South Africa. May-September temperatures around the Baltic contributed to
explaining interannual variation in passage at Bukowo-Kopan. October-November temperatures
south of Sahel largely explained variation in arrivals in South Africa; these results are less robust due
to 18 years available. We showed that climate at the breeding grounds and on route have combined
carry-over effects on migrants, manifested similarly at distant locations along flyways.

Keywords: migration phenology; climate change; long-distance migrant; Operation Baltic ringing;
Second Southern African Bird Atlas Project

1. Introduction

The advancing spring phenology of long-distance migrant birds in the northern hemisphere
over the last few decades in response to climate change has been well documented (e.g. Ahola et al.
2004, Hiippop & Hiippop 2003, Tryjanowski et al. 2005, Tottrup et al. 2006, Both & te Marvelde 2007,
Gordo 2007, Usui et al. 2017, Lehikoinen et al. 2019, Haest et al. 2020). However, analogous studies of
shifts in autumn phenology are fewer because the intertwined effects of many factors, such as spring
arrival timing, clutch number, migration distance, innate migration program, and environmental
conditions, result in varied responses (Sokolov et al. 1999, Jenni & Kéry 2003, Gordo 2007, Gallinat et
al. 2015, Miles et al. 2017, Haest et al. 2018). Short-distance migrants and multi-brooded species have
shown a tendency to delay their post-breeding migration, while long-distance migrants and single-
brooded species are prone to advance departure from the breeding grounds (Jenni & Kéry 2003,
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Gallinat et al. 2015, Halupka & Halupka 2017, Haest et al. 2018). Analogous studies of phenological
shifts in long-distance migrants on their arrivals and departures in Africa are even scarcer, due to a
paucity of long-term monitoring datasets on migrant birds (Altwegg et al. 2012, Bussiére et al. 2014).
We address the knowledge gap on climatic drivers of birds” autumn phenology, using the long-
distance migrant Spotted Flycatcher Muscicapa striata, which migrates between northwestern Europe
and southern Africa, as our model species.

We have developed an approach to quantify the interannual variation in the timing of
northward migration using the data from bird monitoring by ringing within the Operation Baltic
project (Busse & Meissner 2015), to derive the annual anomaly of their arrivals from the long-term
pattern, which we then related with large-scale and local climate indices (Remisiewicz & Underhill
2020, 2022a, 2022 b, 2025, Golebiewski & Remisiewicz 2023). This approach has been successfully
extended to investigate patterns of post-breeding migration to the south (Pinszke & Remisiewicz
2023). Recently, we developed an analogous algorithm to derive the annual anomaly from the long-
term arrival pattern from monitoring bird atlas data gathered through the protocol of the Second
Southern African Bird Atlas Project (SABAP2) (Underhill 2016, Underhill et al. 2017, Brooks et al.
2022, Lee et al 2022). The anomaly quantifies the timing and abundance of arrival and enables the
investigation of possible sources of variation, including the influence of climate change (Underhill &
Remisiewicz 2025). In this paper, we combine these strategies by relating the annual anomalies of
southward migration of the Spotted Flycatcher in Poland and South Africa to climate indices. We
expect that the timing and abundance would show some common relationships to climate indices
because ringing recoveries indicate that at least some of the Spotted Flycatchers on passage through
the Polish coast of the Baltic Sea are likely to have South Africa as their migration destination.

Some long-term phenological shifts in the timing of arrivals in South Africa and departures have
been shown for several long-distance migrants by comparing the outcomes of two atlas projects,
SABAP1 and SABAP2; these changes have been attributed to climate changes at the breeding grounds
(Altwegg et al. 2012, Bussiere et al. 2014). However, we have shown that in several long-distance
migrant passerines, the interannual variation and long-term trends in the timing of northward
migration in the Baltic region were related to large-scale climate indices at their non-breeding
grounds in Africa more than to local conditions in Europe (Remisiewicz & Underhill 2022b, 2025).
Thus, we expect that climate factors in Europe and Africa, along the southward migration routes,
should also be related to the timing of arrival at stopover and final staging destinations in South
Africa.

Considering the common breeding areas in the Baltic region of Spotted Flycatchers monitored
by our projects, Operation Baltic and SABAP2, we set out to determine whether the timing and
abundance of these birds at the southern Baltic coast, at the initial stage of their post-breeding
migration, in South Africa, at the final stage of this migration, would be related to climate conditions
at these breeding grounds. We also aimed to determine if and how the timing and abundance of
Spotted Flycatchers in South Africa were related to conditions at the preceding stages of their
migration over Africa.

2. Materials and Methods
2.1. Study Species

The Spotted Flycatcher is primarily an insectivore, hunting from a perch to feed on small flying
insects, including flies, moths and butterflies, but on migration stopovers, they also eat berries
(Davies 1977, Cramp & Perrins 1993, Hernandez 2009, Chalpygina et al. 2018). On its breeding
grounds, it occurs in open woodlands, parks and gardens (Cramp & Perrins 1993). In the northern
part of its European range, it breeds during May-July, and can lay two clutches when breeding begins
early (Cramp & Perrins 1993). In the UK, Spotted Flycatchers lay eggs earlier and have larger clutches
when May is warm, but June clutches are larger with increased rainfall (O'Connor & Morgan 1982).
This has been attributed to the positive effect of temperatures on flying insects' activity in May, but
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negative in June-July, when heat makes insects active and difficult to catch, so light rain benefits
hunting success of aerial feeders (Davies 1977, O'Connor & Morgan 1982). Spotted Flycatcher breeds
across Europe to central Asia (Figure 1).

Figure 1. Location of study areas, ringing recoveries of Spotted Flycatchers caught at the Operation Baltic stations
and in southern Africa, and recovered elsewhere up to 30 June 2025, and regions where analysed climate
variables operate, against the Spotted Flycatcher range in Europe and Africa. Operation Baltic stations: red
triangle — Bukowo-Kopan (54°20'56"-54°27'46" N, 16°15'54"-16°24'38"E), black triangles: MW — Mierzeja
Wislana (54°21°57"N, 19°23“30"E), HL — Hel (54°44"29"N, 18°33*40"E), WA — Wapnica (53°54'N, 14°23'E).
Circles: locations where birds were ringed or recaptured at these stations during breeding season (1 May-31 Jul)
(white circles) or in other periods (black circles). For South Africa: red frame — study area in South Africa (24°-
26°S, 27°-29°E), for birds captured in southern Africa: colours link ringing and recapture locations: sites where
they were ringed (stars) or recovered (squares). Black rectangles: regions for which temperatures were analysed,
ovals and arrows: approximate areas where large-scale climate indices operate. Symbols of climate indices as in
Table 1. Ringing recoveries for southern Africa courtesy of SAFRING. Map: BirdLife International Datazone
2025, modified.
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Table 1. Variables used in multiple regression models for the southward migration of the Spotted Flycatcher at
Bukowo-Kopan (N Poland) in 1967-2025.

Symbol Variable Data Source

Response variables

Annual Anomaly of autumn passage
AA through Bukowo-Kopan in relation to Operation Baltic data
1967-2025 baseline

Number of caught birds recalculated

nAB to 50 mistnets 7m

Operation Baltic data

Explanatory variables
Year Year number since 1967 Operation Baltic data

EAWR_MAY_JUL
EAWR_AUG_SEP

https://www.cpc.ncep.noaa.gov/data/teledoc/ea

East Atlantic/ West Russia Index
wruss.shtml

SCA_MAY_JUL Scandinavian Pattern Index ftp://ftp.cpc.nczgg::g.?:c\’/‘/av:c:iSrrZIdg/data/mdlce
SCA_AUG_SEP - )
NAO_MAY_JUL https://www.cpc.ncep.noaa.gov/products/precip

North Atlantic Oscillation Index /CWIlink/pna/norm.nao.monthly.b5001.current.
NAO_AUG_SEP ascii.table
Monthly average of the daily mean

TNS_JUN_JUL . ) . http://climexp.knmi.nl/select.cgi?era5_t2m_dail
temperature in North Baltic region

TNS_AUG_SEP (63.30-70.00N; 7.70-34.00E) y

WBK_MAY_JUL Monthly avgrage of the da||}/ mea.n http://climexp.knmi.nl/select.cgi?era5_t2m_dail
temperature in Western Baltic region

WBK_AUG_SEP (56.00-63.30N; 3.80-19.30E) y

EBK_MAY_JUL Monthly avgrage of the da".y mea.n http://climexp.knmi.nl/select.cgi?era5_t2m_dail
temperature in Western Baltic region

EBK_AUG_SEP (56.00-63.30N; 3.80-34.00E) y

It has Least Concern status (IUCN), although its European breeding population showed a
moderate decline since the 1980s (PECMBS 2026), but the UK breeding population suffered 88%
decline between 1970 and 2018 and since 2016 has been on the UK Red List (Banks et al. 2020). The
reasons for the species’ decline across Europe include a decrease in insect availability due the use of
pesticides and herbicides, nest predation, heat waves during the post-fledging period, droughts in
the Sahel, and habitat loss across both the breeding and non-breeding range (Freeman & Crick 2003,
Burgess et al. 2025).

The Spotted Flycatcher is a long-distance migrant, which cover up to 10 000 km between its
breeding grounds in Eurasia and non-breeding grounds in Africa south of the Sahara Desert (Figure
1). Populations breeding west of 12°E migrate mostly to West Africa, and those breeding east of this
migratory divide migrate to more eastern Africa, as far south as South Africa, north of 26°S (Cramp
& Perrins 1993, Herremans 1997, Spina et al. 2022). They leave northern breeding grounds in August-
September, and in some stopover location in Europe adults occur ahead of immatures, but in others
immature are the first migrants (Cramp & Perrins 1993). In the Baltic region, adults occur as the first
migrants, but most Spotted Flycatchers ringed on passage to the south are immatures, likely due to
the “coastal effect” (Hyttid et al. 1973, Busse & Halastra 1981, Payevsky & Shapoval 2024). This species
migrates southward across Europe during September—October, and across Africa in October—
November, to reach their non-breeding grounds in late October—early December, where they stay
until late March—early April (Figure 2; Cramp & Perrins 1993, Herremans 1997). On the non-breeding
grounds, the habitat is mostly savanna, an open woodland habitat which provides suitable hunting
perches.
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Figure 2. Stages in the life cycle of the Spotted Flycatcher Muscicapa striata from the populations breeding in

northern Europe. Months marked with two colours indicate possibly overlapping stages.

Spotted Flycatchers, which migrate in August-September through the southern coasts of the
Baltic Sea, originate from the breeding grounds in the Baltic region and east of it, as indicated by
ringing recoveries (Figure 1; Spina et al. 2022). They migrate mostly across the central and eastern
part of the Mediterranean region, to central Africa, where their ringing recoveries concentrate in
Gabon, Congo and Angola, and to northeastern South Africa, although a few recoveries also come
from the Iberian Peninsula (Figure 1; Fransson & Hall-Karlsson 2013, Valkama et al. 2014, Spina et al.
2022, Payevsky& Shapoval 2024). Spotted Flycatchers, which stay November-March in northeastern
South Africa, partly also originate from the breeding grounds in the Baltic region, but they can also
come from more eastern areas, as the few ringing recoveries indicate (Figure 1), although no
recoveries link southern Africa and Russia (Kharitonov et al. 2024).

2.2. Study Areas, Sampling and Method of Data Analyses

Our two datasets are linked by partly overlapping breeding origin of the studied populations of
Spotted Flycatchers, with the Bukowo-Kopan (N Poland) located at the initial stage of their migration
to the south, and the South African study area at their final destination.

2.2.1. Spotted Flycatcher Data from Ringing by the Operation Baltic

As the main dataset for the southern Baltic coast, we used the numbers of Spotted Flycatchers
caught at the bird ringing station Bukowo-Kopan (54°20'56"-27'46" N, 16°15'54"-24'38" E) in N
Poland, as a part Operation Baltic project. The station operated on narrow spits between the Baltic
Sea and the coastal lakes Bukowo and Koparn, which concentrate flocks of migrants (Figure 1). Birds
were mist-netted daily, from dawn to dusk, according to the monitoring protocol of the Operation
Baltic (Busse & Meissner 1995), during autumn migration (14 August and 1 November) in 1967-2025;
this period covered the whole autumn passage of the Spotted Flycatcher in the Baltic region (Cramp
& Simmons 1993). Mist nets were open in pine and broadleaved forests and in bushes on dunes, and
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in reedbeds with willows. The number of 7-m-long mist nets was stable during each season, but it
ranged from 25 to 76 in different autumns (Supplementary Material, Table S1). Mist nets were closed
during extreme wind or rain, and such days were at most four per autumn season. Birds were
extracted from mist nets, ringed and measured according to the Operation Baltic standard (Busse &
Meissner 1995). Spotted Flycatchers were identified and aged according to plumage, but not sexed,
because they lack clear sexual dimorphism (Svensson 1992, Demongin 2016). More details on the
methods used at this station are provided by Maciag & Remisiewicz (2025).

Additionally, as the background information on breeding origin and migration routes, we used
ringing recoveries of Spotted Flycatchers caught at Bukowo-Kopan and three other coastal stations
of the Operation Baltic project and ringed or recovered elsewhere up to 30 June 2025 (Figure 1). These
ringing recoveries were the effect of ringing at the stations: Bukowo-Kopan in autumns 1965-2025
and springs (23 March-15 May) in 1982-2025, Mierzeja Wislana in autumns 1965-2025, at Hel in
springs 1965-2025, and Wapnica in autumn 1966 (Figure 1). Some Spotted Flycatchers caught at
Bukowo-Kopan station possibly came from the local breeding population, but we have never
observed any breeding pairs or recaptured locally ringed birds during spring and summer (MR pers.
obs); thus the mist-netting location is a stopover site rather than a breeding site. Catching and ringing
of birds at all four stations were conducted with a permit from the General Directorate for
Environmental Protection, Poland, and the annual approval of the Polish Bird Ringing Centre of the
Polish Academy of Sciences, and with the approval of relevant land management authorities.

2.2.2. Methods of Analysing the Ringing Dataset from the Operation Baltic Project

Small gaps in data on single days when the nets were closed were imputed with bird numbers
averaged from the catches of that species on that day in six earlier and six later years, in relation to
the total number of the birds caught in these years, as in other studies (Redlisiak et al. 2018,
Remisiewicz & Maciag 2025). In 2011, Bukowo-Kopan did not operate, and in five years, fewer than
10 Spotted Flycatchers were caught, so we excluded these years from analyses. Thus, we analysed
data from 53 autumns during 1967-2025. We used only the first capture date for each individual. For
analyses, we merged adults and immatures, as the latter group formed >90% of Spotted Flycatchers
due to the “coastal effect” (Payevsky 1995). Based on the ringing data, we summed up all Spotted
Flycatchers caught each day of the autumn season at Bukowo-Kopan, and recalculated it to the daily
percentages of the total numbers caught that autumn. These daily percentages in subsequent days
were summed up into a cumulative curve of passage in each autumn. For each day, the values from
these curves were averaged across the analysed years to derive the multi-year average cumulative
curve of autumn passage. Next, for each year, we calculated the Annual Anomaly (AA) for each year
as the departure of the cumulative curve for that autumn from the average curve of autumn passage
in 1967-2025 (Remisiewicz & Underhill 2020 WW1). Negative and positive values of AA indicated
earlier and later passage, respectively, than the multi-year average curve. We then used the time-
series of AAs in 1967-2025 as the measure of the overall autumn migration timing at BK, as in our
earlier papers (Remisiewicz & Underhill 2020, 2022a, 2025, Pinszke & Remisiewicz 2023). We also
used the number of birds caught each autumn (nAB), recalculated for 50 mistnets of 7m length, as
the measure of the abundance of Spotted Flycatchers during autumn passage, as in earlier papers
(Remisiewicz & Underhill 2022b, Remisiewicz & Maciag 2025).

2.2.3. Spotted Flycatcher Dataset from South Africa

There is no long-term bird observatory in southern Africa to generate data comparable to that
described for Bukowo-Kopan. To do an analogous analysis in South Africa, we used data from the
Second Southern African Bird Atlas Project (SABAP2) (Underhill 2016, Underhill et al. 2017, Brooks
et al. 2022, Lee et al. 2022). We used bird atlas data from the start of SABAP2 in July 2007 up to
February 2025; the project is ongoing. We downloaded the SABAP2 data for the Spotted Flycatcher
for the region of South Africa for which data volumes were substantial and where the species winters
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(24°-26°S and 27°-29°E) (Figure 1). For each non-breeding season we made use of the data collected
between 1 July and 31 January of the following year, for 18 seasons between 2007/08 and 202/425.

The SABAP2 data consist of comprehensive species list within units of space called pentads, 5’
north to south and 5’ east to west (Underhill 2016, Brooks et al. 2022). SABAP2, and its predecessor
SABAPI1 have made extensive use of the concept of the reporting rate for species, defined as the
number of lists on which the species was recorded divided by the total number of lists (Harrison &
Underhill 1997, Underhill 2016, Brooks et al. 2022). In this context, Harrison & Underhill (1997)
discussed the value of, and caveats to, the use of reporting rates for species. These limitations do not
apply to the Spotted Flycatcher; reporting rates thus provide insights into its migration phenology.

Overall, there is consensus that, within a species, a relationship exists between bird abundance
and reporting rates (Underhill 2016, Brooks et al. 2022, Lee et al. 2022). As abundance increases, so
do reporting rates (Robertson et al. 1995). The First Southern African Bird Atlas Project (SABAP1)
made extensive use of the reporting rate concept, justified by the discovery that reporting rates
provided a quantitative description which coincided with the qualitative understanding of the
phenology of migration (Underhill et al. 1992). Reporting rates provide an “index” of the relative
abundance of a species at the time of the survey. The reporting rates are monotonic; they increase
with abundance, with no functional mathematical relationship.

In the initial development of the concept of reporting rates for bird species, it was assumed they
provided an index of relative abundance, with caveats to their interpretation (Linsdale 1928). A bird
atlas project in the state of Wisconsin, USA, used reporting rates (Temple & Temple 1984) and
Spearman’s rank correlation to demonstrate a strong positive relationship between actual counts and
reporting rates. The choice of Spearman’s rank correlation acknowledged an understanding that the
relationship between abundance and reporting rate was non-linear but monotonically increasing.

2.2.4. Methods of Analysing the Atlas Dataset from South Africa

We computed daily reporting rates for Spotted Flycatchers from 1 July to 31 January the
following year. We did this for both the individual seasons and for the period as a whole. There were
18 seasons of data (Season 1: 1 July 2007 to 31 January 2008, ..., Season 18: 1 July 2024 to 31 January
2025).

This analysis considers two parameters of the annual reporting rate patterns:

(1) MRR: the average maximum of mid-summer reporting rate reached at the completion of
migration, which quantifies the abundance of Spotted Flycatchers in each season;

(2) SAA: the annual anomaly of arrivals in South Africa, which quantifies whether the pattern of
arrival of migrants in each season was early or late relative to the 19-year average pattern.

The “average maximum” for a season was defined as the median of the reporting rates between
11 and 31 January (of the following year —e.g. the “average maximum” reached during the 2007/2008
arrival period was taken as the median of the reporting rates for the final three weeks of January
2008). We term this the “achieved midsummer reporting rate”. We chose this period of January for
this purpose because this is when the least movement takes place; southward migration is complete,
and northward migration has not yet begun (Herremans 1997).

Based on the underlying concept developed by Remisiewicz & Underhill (2020), we applied an
“annual arrival anomaly” to measure how early or late arrival was in each season in relation to the
long-term (2007-2024) average pattern. The concept in Remisiewicz & Underhill (2020) was to
cumulate the number of birds ringed on a daily basis during the season to estimate the pattern and
timing of arrival in that year in relation to the multi-year average. With the reporting rates we use
here, the cumulative effect is built into the observation process, because individuals of the species
which have already arrived are available to boost the reporting rate; in other words, the reporting
rates measure not only the birds which arrived on the day, but also previous arrivals.

However, the reporting rates for individual days are based on sampling, and as a result of
sampling variability, the rates do not increase steadily through the arrival period, although the
overall pattern is clearly upwards. To overcome this problem, we followed the method of Underhill

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202602.0813.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 February 2026 d0i:10.20944/preprints202602.0813.v1

8 of 19

& Remisiewicz (2025) and calculated the monotonic regression of daily reporting rates in each season
in each region. One of the first applications of monotonic regression appears to have been in non-
metric multidimensional scaling (Kruskal 1964a, b), and the properties of the method and the
algorithm are described there. In our context, given reporting rates 1, 2, ..., r21s for the days from 1
July to 31 January, the monotonic regression is a set of values di, d, ... dz1s having the properties that
disd:<...<d2s, and X(ri—di)? is minimised. In other words, the monotonic regression creates an
increasing set of numbers as close as possible to the erratically but steadily increasing reporting rates
during the arrival period. The do not increase linearly, and large blocks are identical numbers.

We computed the monotonic regression of arrival for the overall 18-year period and for each of
the 18 seasons. As done by Remisiewicz & Underhill (2020), we define the anomaly for a season as
the sum of the daily differences between the values of the overall monotonic regression for all 18
seasons and those from the monotonic regression for the season. These differences have a sign,
positive or negative, which is retained. If the monotonic regression for the season lies above and to
the left of the overall pattern, then the bulk of the differences are negative, the anomaly is negative
and arrival was early in that year. If the differences are positive, then migration was late in relation
to the overall multiyear pattern, used as a baseline.

We did not calculate the annual anomalies over the full 215-day period from 1 July to 31 January.
We examined the data for each of the 18 years, and chose a starting date five days before the year in
which reporting rates started to increase in response to arrival, with a similar strategy to choose the
end date.

2.2.5. Multi-Year Trends in Both Datasets

To check for any long-term trends in the timing of post-breeding migration, we analysed the
Annual Anomalies (AA) of Spotted Flycatcher passage at Bukowo-Kopan over 19672025 using the
linear regression against year. Analogously, we checked for multi-year trends over 20072024 for the
SABAP2 data.

2.3. Climate Indices

We used climate variables, which were large-scale climate indices and temperatures averaged
over large regions of Europe and Africa, as we can only assume general migration routes of Spotted
Flycatchers migrating between northern Europe and southern Africa, based on ringing recoveries
(Figure 1).

For the Bukowo-Kopan dataset, we used large-scale climate indices that shape the climate in
northern Europe, and temperatures in three areas of the Baltic region (Table 1). We used annual
averages of these indices during the breeding period (May-July) and during the first stage of
migration to the south (August-September) . We aimed to identify the influence of these climate
indices on the timing of passage of Spotted Flycatchers during breeding and migration (Figure 2).

The timing of arrival of Spotted Flycatchers in South Africa is likely to be influenced by the same
climate factors in northern Europe as we used for Bukowo-Kopar, and also by conditions in sub-
Sahelian Africa. Thus, we averaged the climate indices that operate in eastern and southern Africa
(IOD, SQI), and temperatures in four regions of central and southern Africa in October—-November
(Table 2), when Spotted Flycatchers migrate over these regions (Cramp & Perrins 1993).
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Table 2. Variables used in multiple regression models for the arrivals on southward migration of the Spotted
Flycatcher in South Africa in 2007-2025.

Symbol Variable Data Source

Response variables

SAA Aannual anomaly of arrivals in South Africa SABAP2 dataset
Average maximum of mid-summer reporting
MRR rate reached at the completion of arrivals in SABAP2 dataset
South Africa

Explanatory variables
Year Year number since 2007 SABAP2 dataset

https://www.cpc.ncep.noaa.gov/data/teledoc/ea
EAWR_MAY_JUL East Atlantic/ West Russia Index wruss.shtml

ftp://ftp.cpc.ncep.noaa.gov/wd52dg/datalindice
SCA_MAY_JUL Scandinavian Pattern Index s/scand_index.tim
https://www.cpc.ncep.noaa.gov/products/precip
/CWIlink/pna/norm.nao.monthly.b5001.current.
NAO_MAY_JUL North Atlantic Oscillation Index ascii.table
Monthly average of the daily mean
temperature in North Baltic region (63.30-

TNS_JUN_JUL 70.00N; 7.70-34.00E) http://climexp.knmi.nl/select.cgi?era5_t2m_daily
Monthly average of the daily mean
WBK_MAY_JUL temperature in Western Baltic region (56.00-
63.30N; 3.80-19.30E) http://climexp.knmi.nl/select.cgi?era5_t2m_daily
Monthly average of the daily mean
EBK_MAY_JUL temperature in Western Baltic region (56.00-
63.30N; 3.80-34.00E) http://climexp.knmi.nl/select.cgi?era5_t2m_daily
http://climexp.knmi.nl/getindices.cgi?WMO=UK
I10D_OCT_NOV Indian Ocean Dipole MOData/hadisst1_dmi&STATION=DMI_HadIS

ST1&TYPE=i&id=someone@somewhere
http://climexp.knmi.nl/getindices.cgi?WMO=CR
SOI_OCT_NOV Southern Oscillation Index UData/soi&STATION=SOI&TYPE=i&id=someo
ne@somewhere

Monthly average of the daily mean
TCW_OCT_NOV temperature in the western part of sub-

Sahelian Africa (3.00N-11.00S; 9.00-25.00E)
http://climexp.knmi.nl/select.cgi?era5_t2m_daily

Monthly average of the daily mean
TCE_OCT_NOV temperature in the eastern part of sub-

Sahelian Africa (3.00N-11.00S; 25.00-41.00E
ahelian Africa ( ! ) http://climexp.knmi.nl/select.cgi?era5_t2m_daily

Monthly average of the daily mean

TAW_OCT_NOV temperature in the eastern part of southern
Africa (11.00-27.00S; 9,00-25.00E) http://climexp.knmi.nl/select.cgi?era5_t2m_daily
Monthly average of the daily mean
TAE_OCT_NOV temperature in the eastern part of southern
Africa (11.00-27.00S; 25.00-36.00E) http://climexp.knmi.nl/select.cgi?era5_t2m_daily

2.4. Multiple Regression Models for Bukowo-Kopan

We used 12 climate variables and the Year (Table 1) as explanatory variables in multiple
regression models, to explain the variation in timing of Spotted Flycatcher passage at Bukowo-Kopan,
reflected by the Annual Anomaly (AA), and in their abundance, reflected by their standardised
numbers (nAB), in over 1967-2025. We used these as response variables to quantify passage at
Bukowo-Kopan. We standardised all response and explanatory variables so that they had a mean of
0 and a standard deviation of 1. Because we had 53-58 years of data available, problems of overfitting
were unlikely to be serious (Hawkins 2004). Despite that, we modelled cautiously, including only
eight climate variables in one model, taking account of hazards such as multicollinearity (using
Variance Inflation Factors), influential points (Cook’s distance), and overfitting (Dormann et al. 2013).
We used the “all subsets regression” approach, and selected the best models using the Akaike
Information Criteria corrected for small sample size (AICc), using the package “MuMIn 1.43.6”
(Bartoni et al. 2019) in R 4.3.3 (R Core Team 2025). Details of the use of multiple regressions are
provided in our earlier studies (Remisiewicz & Underhill 2020, 2022a, 2022b, 2025).
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2.5. Multiple Regression Models for SABAP2 Data

We modelled two response variables: the timing of annual arrival of Spotted Flycatchers to South
Africa (SAA), and their Maximum Midsummer Reporting Rates (MRR), which reflected the
maximum abundance (Table 2). The SABAP2 dataset included 18 seasons, so a maximum of two
explanatory variables could be fitted in regression models (Underhill & Remisiewicz 2025); this limits
the hazards of over-fitting (Hawkins 2004). We used a forward stepwise procedure of model
selection, allowing a maximum of two explanatory variables, starting with a null model, and
subsequently adding variables that provide the greatest improvement at each step until a stopping
rule is met. We did all subsets regression using the RSEARCH procedure in Genstat v. 22 (VSN
International, 2022), and selected the best model using AIC and percentages of variances explained
(AdjR?). Unlike the Bukowo-Kopan dataset, where the sample sizes were large enough for the
standard interpretations of statistical analysis to be valid, the small sample size from South Africa
means that the analyses need to be regarded as exploratory, in the sense of Tukey (1977), even though
the same multiple regression methods were used for both datasets. Thus, for the South African
component of the data, quantities such as percentage variation explained need to be treated at face
value, rather than against the background of statistical significance.

3. Results
3.1. Multi-Year Trends of Spotted Flycatchers at Bukowo-Kopani and in South Africa

The post-breeding migration of the Spotted Flycatchers at Bukowo-Kopan occurs from mid-
August till the first decade of October (Busse & Halastra 1981). The timing of this passage, reflected
as AA, showed a nearly significant tendency to earlier passage over 1967-2025, and large year-to-
year variation (Figure 3A). The number of Spotted Flycatchers caught at that station had no trend
over 1967-2025, but also showed high interannual variation (Figure 3B). The timing and the numbers
of Spotted Flycatchers in subsequent years were not correlated (r=0.14, p<0.05, n=53 years). The
Anomaly of Arrivals in South Africa (SAA) showed interannual variation, but no trend (Figure 3C),
while the Maximum Reporting Rate (MRR) showed a significant decreasing trend over 2007-2024
(Figure 3D). Multi-year trends did not explain much of the variation in our data, thus we set out to
assess if the climate conditions at the breeding grounds would better explain the interannual
variation at both study areas.
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Figure 3. Timing and abundance of the Spotted Flycacther during the post-breeding migration of the Spotted
Flycatcher at the study areas at Bukowo-Kopan in 1967-2025 and in South Africa in 2007-2024. A) The timing
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of passage at Bukowo-Kopan, reflected by Annual Annomaly (AA); B) The abundance of passage at Bukowo-
Kopan, reflected by the number of birds caught recalculated per 50 mistnets; C) The timing of arrivals in South
Africa, reflected by Annual Arrival Annomaly (SAA); D) The abundance of arrivals in South Africa, reflected as

maximum reporting rates (MRR).

3.2. Relationships Between the Timing and Abundance of Spotted Flycatchers on Passage at Bukowo-Kopan
and on Arrival in South Africa During 2007-2024

The Annual Anomaly of the autumn passage of Spotted Flycatcher through Bukowo-Kopan was
correlated neither with their Annual Anomaly of Arrivals (r= —0.13), nor with the Median End of
Arrivals in South Africa (r=0.12, for both correlations p < 0.0125, adjusted by Bonferroni correction),
during 16 years common for both monitoring schemes during 2007-2024. The numbers of this species
caught at Bukowo-Kopan were also correlated with neither measure of their arrivals in South Africa
(r=0.31, r=0.20 respectively, p < 0.0125), for 17 common years in this period. Neither parameter of
migration for Bukowo-Kopan showed any significant trend over 2007-2024.

3.3. Relationships of the Timing and Abundance of Spotted Flycatchers at Bukowo-Kopa# to Climate
Variables at the Breeding Grounds

For Bukowo-Kopan, the final multiple regression model explained over 19% of variation in AA
over 1967-2025 with the combined effect of three climate variables: NAO in May-July, and
temperatures in the Western Baltic region in May-July and Aug-Sept (Table 3; model selection in
Tables S3-54). The autumn passage of Spotted Flycatchers at Bukowo-Kopan was early with high
temperatures in the Western Baltic region in both periods, as indicated by their negative effects on
AA, and with low NAO, which had a positive effect (Table 3).

Table 3. Effects of the climate variables selected in the best models on the timing of the autumn passage (AA) in
1967-2027 of the Spotted Flycatcher at Bukowo-Kopan (N Poland). Coeff= coefficients from multiple regression,
SE = standard error of the estimates; t, p = t-test and significance of each estimate. VIF = variance inflation factor,
AdjR?= adjusted coefficient of determination, predR2 = predictive coefficient of determination. If predR?AdjR?
is close to 1, the model is not overfitted; if AdjR? - predR2 is close to 0, the model has good predictive value. Full

models and model selection are presented in Tables S3-54 in the Supplementary Material.

Response Variable
/Climate Variable
BKAA, N=53 years

AA Best model: F 5o = 6.72, AdjR® = 19.1%, AdjR2/R2=0.81; AdjR* - predR? = 0.02

Coeff SE t P VIF PR

NAO_MAY_JUL 0.20 0.13 1.54 0.1292 1.09 0.21
WBK_MAY_JUL -0.36 0.14 -2.56 0.0136 1.31 -0.34
WBK_AUG_SEP -0.21 0.14 -1.57 0.1218 1.22 -0.22

BK_nAB, N=58 years

AA Best model: F, g = 4.42, AdjR? = 10.6%, AdjR2/R2=0.77; AdjR? - predR* = 0.05
NAO_MAY_JUL -0.33 013  -2.65 0.01 1.02 -0.33
EAWR_MAY_JUL 0.21 0.13 1.71 0.09 1.02 0.22

The best model explained nearly 11% of the variation in the numbers over 1967-2025 with the
effects of NAO and EAWR in May-July. Birds were caught in greater numbers after low NAO and
high EAWR, as indicated by opposite signs of these effects (Table 3; model selection in Tables S3-54).
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3.4. Relationships Between the Timing and Abundance of Arrivals in South Africa and Climate Variables

The best models for the Anomaly of arrivals explained 33% in the timing of Spotted Flycatcher
arrivals in South Africa, by the effects of EAWR in May-July and of temperatures in southeastern
Africa (TAE) in October-November (Table 4).

Table 4. Effects of the climate variables selected in the best models for the Annual Anomaly of Arrivals (SAA)
and the Maximum Reporting Rates (MRR) in 20072025 of the Spotted Flycatcher in South Africa. Abbreviations
of climate variables are as in Table 2; the remaining symbols are as in Table 3. Model selection is presented in
Tables 56-56 in the Supplementary Material.

Response Variable
/Climate Variable
SA Anomaly of Arrivals (SAA)
AA Best model: F; 15 = 4.72, AdjR? = 33.2%, AdjR2/R2=0.79; AdjR? - predR? = 0.05
EAWR_MAY_JUL 0.50 0.21 -2.33 0.0282 1.09
TAE_OCT_NOV 0.52 0.25 1.65 0.0235 1.09
Maximum Reporting Rate (MRR)
AA Best model: F, ;5 = 32.96, AdjR? = 79.2%, AdjR2/R2=0.97; AdjR? - predR? = 0.00

Estimate SE t P VIF

TCE_OCT_NOV -0.59 0.13 -4.73 0.0002 1.28
TAW_OCT_NOV -0.45 0.13 -3.61 0.0023 1.28

AA Best model: F, ;; = 31.63, AdjR?® = 77.3%, AdjR2/R2=0.97; AdjR® - predR? = 0.03
YearSt -0.59 0.13 -4.61 0.0003 1.31
TBW_OCT_NOV -0.44 0.13 -3.41 0.0036 1.31

AA Best model: F, ;s = 27.67, AdjR® = 63.1%, AdjR2/R2=0.97; AdjR? - predR’ = 0.01
YearSt -0.81 0.14 -5.64 0.0000

Both these effects were positive, i.e. with low values of each index, the birds arrived in South
Africa late, and vice versa — with high index values, they arrived earlier.

The combined effects of temperatures in the eastern part of central Africa (TCE) and in the western
part of southern Africa (TSW) accounted for 79% of the variation in the peak abundance of Spotted
Flycatchers in South Africa, expressed by MRR; this model was not overfitted and had a good predictive
value. This model indicated that Spotted Flycatchers were more abundant in South Africa when
temperatures in these regions, likely along their migration routes to South Africa, were lower (Table 4).

4. Discussion

The EAWR oscillation pattern has largely been neglected in analyses of the phenology of bird
migration, despite its role in shaping the climate in northern Europe in combination with the NAO.
However, our results demonstrate that it was related to patterns in Spotted Flycatcher migration not
only in the Baltic region but also in South Africa. This suggests that the influence of conditions on the
breeding grounds was carried over and manifested at the arrival at the final non-breeding destination,
about 10 000 km away. We also revealed that temperatures north of each study area were related to the
timing and abundance of Spotted Flycatchers. We discuss these results in the context of the possible
effect of climate change and increasing temperatures across the migrants’ geographical range.

4.1. Relationships Between Timing and Abundance of Spotted Flycatchers in the Baltic Region and South
Africa, and Conditions at the Breeding Grounds
4.1.1. Influence of Large-Scale Climate Indices

Studies on the influence of environmental conditions on autumn migrants have mostly focused
on the temperatures, rarely also on precipitation and winds, but almost none on the influence of large-
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scale oscillation patterns (Haest et al. 2019, Pinszke & Remisiewicz 2023, Maciag & Remisiewicz 2025,
Deng et al. 2025). NAO and EAWR are the most important atmospheric oscillation patterns, which
together with SCA, jointly shape the climate in Europe (Rust et al. 2015, Craig & Allan 2021). The
relationship between EAWR and birds’ autumn phenology in Eurasia has been described for cranes
(Volkov et al. 2016) and birds of prey (Chen et al. 2025), but up to our knowledge has never been
related with the passage of smaller birds, despite a considerable effect of this oscillation on conditions
om northeastern Europe (Rust et al. 2015, Craig & Allan 2021).

A positive EAWR index in summer is associated with high-pressure systems and higher-than-
average temperatures over Sweden, Finland, and the Baltic States (World Climate Service 2025). After
a positive EAWR in May-July more Spotted Flycatchers were caught on migration at Bukowo-Kopan,
which suggests that such conditions benefit breeding success of Spotted Flycatchers. Good breeding
success with positive EAWR might reflect more frequent second clutches during early and warm
springs and summers in the north, and also increased survival of offspring when it is warm, and
insects are abundant. It is striking that the influence of EAWR in May-July been pronounced at the
Spotted Flycatchers” arrival in South Africa. The Arrival Anomaly in South Africa takes a positive
value if the migrants begin arriving at their usual time, but their arrival extended longer than the
multi-year average. If high positive EAWR promote Spotted Flycatchers’ breeding success, the arrival
of adults and immatures from two broods to South Africa would likely extend longer than after
colder springs with single broods, hence the positive relationship we noticed for this index and the
arrival timing (SAA), not on the birds” abundance (nAB), as at Bukowo-Kopan.

The influence of NAO on spring migration phenology in Europe has been demonstrated for
many species (Rainio et al. 2007, Hiippop & Hiippop 2003, Stervander et al. 2005), studies on its effect
on autumn migration phenology in Europe are scarce (Haest et al. 2019), though such a relationship
has been shown for North American songbirds (Van Buskirk et al. 2009). Haest et al. (2019) identified
some relationships between NAO and the mean autumn passage date of Garden Warblers, at
Heligoland (Germany), although temperature, precipitation and wind in northern Europe better
explained its year-to-year variation; that study did not include the Spotted Flycatcher. In our study,
NAO in May-July explained a part of the interannual variation in the Spotted Flycatcher autumn
phenology in the Western Baltic region, probably because it shapes not only temperature, but also
other weather parameters. Summer NAO was also related to both the timing and abundance of
Spotted Flycatchers on autumn passage at Bukowo-Kopan. The positive summer NAO brings sunny
weather and increased risk of heat and drought in northwestern Europe (Linderholm et al. 2008).
Such conditions in the Western Baltic region during breeding season are likely to impede the breeding
success of Spotted Flycatcher, hence their late and less numerous passage through Bukowo after
summers with high NAQO. The opposite effect, early and abundant passage with low summer NAQ,
might be related to rainfall and clouds, which improve feeding conditions for Spotted Flycatchers in
hot late summer (Davies 1977, O'Connor & Morgan 1982).

4.1.2. Influence of Temperatures

When May-September was warm across the Western Baltic region during the breeding and post-
breeding seasons (Figure 2), the passage of Spotted Flycatchers at Bukowo-Kopan was relatively early
(Table 2). This corresponds with studies from their breeding grounds in the UK, which showed that
warm and sunny breeding seasons, especially May, were correlated with early and large clutches,
probably due to increased availability of flying insects for Spotted Flycatchers (Davies 1977,
O'Connor & Morgan 1982). Our results correspond with those of Haest et al. (2019), who showed that
the Pied Flycatcher Ficedula hypoleuca, another insectivore, during 1960-2014 migrated in autumn
through Heligoland early after warm summers (May-July) in Scandinavia.

The earlier arrivals of Spotted Flycatchers with lower temperatures in southeastern Africa (TAE)
in October-November might be linked to increased availability of flying insects to insectivorous birds
during light rain and cloudy conditions in hot and dry climates (Peach et al. 1991, Allan et al. 1997).
Thus, cooler conditions at the last stages of their migration might promote their early arrival in South
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Africa. The temperatures in sub-Saharan Africa in October-November, all of which showed an
increasing trend over 2007-2024, explained the variation in abundance (MRR) of Spotted Flycatchers'
arrival in South Africa better than just the year alone (Table 3). Thus, we suggest that the multi-year
increase in temperatures, and too hot conditions being unfavourable for Spotted Flycatchers’ feeding,
might have contributed to the decreasing trend in this species” abundance in South Africa over 2007-
2024, shown by the SABAP2 dataset.

The results obtained here from the bird atlas data for South Africa are consistent with those
obtained for the Barn Swallow (Underhill & Remisiewicz 2025). Arrival anomalies for three regions
of South Africa were related to climate indices experienced by the birds in the months prior to arrival
on the breeding grounds and along the migration route. This paper adds a fourth example of the
analysis approach, and helps confirm the utility of the algorithms and methods. One common factor
in both that paper and this analysis is the skill of the climate variables to explain the midsummer
reporting rates at the end of arrival period. This has been a neglected component in analyses of the
bird atlas data in South Africa. The country’s position at the distant end of migration routes results
in it being the area where increases and decreases in population sizes will first be evident. For
example, if populations decrease, most birds will be able to find non-breeding season territories
farther north, and the decrease in the southern limits of migration will tend to be exaggerated. This
adds a level of value to the data collected by the Second Southern African Bird Atlas Project.

5. Conclusions

This study showed that the phenology of southwards migration of Spotted Flycatchers, both on
passage through the Baltic region and on arrival at their southernmost migration destination in South
Africa, is influenced cumulatively by climate conditions to the north of each locality. Even the timing
of arrival in South Africa is influenced by conditions on the breeding grounds. The results from
Poland can be considered definitive, because of the long-term dataset (58 years), whereas the results
from South Africa need to be treated as exploratory due to the shortness of the dataset (18 years).
This analysis pioneers a collaborative approach to studying the phenology of migration, which would
be further strengthened by the addition of datasets from analogous projects from other localities
along the flyway. This paper demonstrates the value of long-term projects. We therefore recommend
that the Operation Baltic project and the Second Southern African Bird Atlas Project be continued
and funded sustainably into the future.

Supplementary Materials: The following supporting information can be downloaded at the website of this

paper posted on Preprints.org.
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