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Simple Summary: A non-native species, the Oriental Magpie (Pica serica) has established a population
in a restricted area of southern Hokkaido, northern Japan, since the 1990s. To clarify the current
number and distribution of the population and their major determinants, we conducted intensive
field surveys six times during the course of a year from May 2012 in Tomakomai City, the central
area of the current distribution. We found 181 to 248 magpies in every survey, and 46 active nests
in May. Most of the magpies appeared in residential areas, avoiding commercial and industrial
areas. The magpies foraged mainly in short grasslands in public spaces, such as parks, in May and
July, and most of the birds preferred house gardens for foraging from November to March. Dogs
or cats were often kept outside in the gardens where the magpies foraged, and observations of the
magpies stealing pet food were common. It is likely that the magpies rely on anthropogenic food
resources such as pet food, especially in winter. This study provides a basis for further monitoring of
this non-native magpie species that has invaded urban/suburban habitats in Hokkaido, Japan. As
magpies and their nests are easy to find, citizen science could contribute to such monitoring.

Abstract: Non-native species have caused various problems for both animal and human communities
globally, but their monitoring during the early stages of establishment is often difficult. A population
of the Oriental Magpie (Pica serica) has established on Hokkaido Island, northern Japan, since the
1990s, offering a rare opportunity for field biologists to monitor the entire history of a colonizing
avian population. To clarify the current number and distribution of the population and their major
determinants, we conducted bimonthly surveys from May 2012 to March 2013, over a total of 417 h,
in Tomakomai City, the central area of the current distribution. We found 181 to 248 magpies in
every survey, and 46 active nests in May. Most of the magpies appeared in residential areas, avoiding
commercial and industrial areas, and did not show seasonal changes in their distribution pattern. The
magpies mainly foraged in short grasslands in public spaces, such as parks, in May and July, but most
of the birds preferred house gardens for foraging from November to March. Dogs or cats were often
kept outside in the gardens where the magpies foraged, and observations of magpies stealing and
hoarding pet food were common. It is likely that the magpies rely on anthropogenic food resources
such as pet food, especially in winter. Continuous monitoring of this population will enable further
knowledge of the factors that limit the number and range of not only non-native species but also
avian populations in general to be obtained.

Keywords: non-native species; anthropogenic food resources; pet food; urbanization

1. Introduction

The invasion of non-native species has a significant impact on native communities
and is considered one of the main causes of biodiversity loss. Breeding records exist for
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43 alien bird species in Japan [1]. Various factors have been cited as relevant to whether
a non-native species has been established (in the sense of [2]), including a sedentary
habit, plasticity of behavior, food sources, and habitat preferences, as well as similarity
to the original environment; however, no consistent trends have been found except for
propagule pressure [3–5]. Non-native species often invade urban areas, which offers good
opportunities for testing general ecological hypotheses relating to invasion biology and
island biology [6]. There are, however, not many examples in which the number and
distribution range of a bird population have been monitored from the earliest days of
invasion [7–12].

The magpie genus Pica is widely distributed in the temperate Northern Hemisphere
and is currently divided into seven species, with the Oriental Magpie (Pica serica) being
an independent species, according to the International Ornithological Committee (IOC)
World Bird List [13]. All of them share a conspicuous black and white color pattern, a
distinctive voice, omnivorous diet, and highly sedentary habit. Although magpie species
are not naturally distributed in Japan, a population of the Oriental Magpie was introduced
from the Korean Peninsula approximately 400 years ago, becoming established with a self-
sustaining population on northern Kyushu Island, western Japan [14]. Sporadic breeding
has been observed in other areas, mainly Kyushu and along the Sea of Japan, but they
have since disappeared in all cases [15]. In the Iburi region on the Pacific coast of southern
Hokkaido, however, observations and breeding records have been increasing since the
1980s [16,17].

According to an earlier survey conducted in 2011, magpies have become widely
established (i.e., self-sustaining) in the urban areas of Tomakomai City, forming the largest
population of approximately 200 birds in Hokkaido [18]. Because of their high genetic
diversity, the Tomakomai magpies are presumed to have originated from several founding
groups of the Oriental Magpie, which is distributed from the Russian Primorye region to
the Korean Peninsula and eastern China [19]. Although the process of their introduction is
unknown, the Hokkaido population of magpies might have been unintentionally brought
in by ships, as Tomakomai City is home to the Tomakomai Port, which handles more
than half of Hokkaido’s port cargo volume and conducts a large amount of trade with
neighboring countries. In this paper, the term “magpies” refers to Pica serica individuals,
and “magpie species” refers to Pica spp., unless otherwise specified.

Magpie species in Europe and Asia originally inhabited rural areas, but in recent
decades they have spread into urban areas, often breeding in high densities [20–23]. In
Hokkaido, magpies have only become established in urban/suburban areas. In other
words, in Hokkaido, the Oriental Magpie is both a non-native species and an urban bird.
Magpie species are known to utilize anthropogenic food resources throughout the year in
and around urban areas [20,24]. Anthropogenic food resources in winter, when natural
food resources are scarce, increase the survival rate of Corvidae species in urban areas,
which often leads to population increases [25–27].

It is important to understand the current population size, distribution range, habitat
preference, and food resources of magpies in Tomakomai City to predict whether magpies
will spread further in the future. We conducted six bimonthly field surveys over a period
of almost one year in Tomakomai City, with the aim of understanding (1) the number
of magpies in Tomakomai City, (2) the general biology, such as the habitat preferences,
flocking, behavior, and communal roosting, of the new population, and (3) the spatial
distribution pattern and its causes. We especially focused on the spatial variation in the
magpie densities in relation to the foraging habitat and food resources.

2. Materials and Methods
2.1. Study Area

The field survey was conducted in Tomakomai City (42◦38′03′′ N, 141◦36′20′′ E) in
southern Hokkaido, Japan. Tomakomai City is located 52 km south–southeast of Sapporo
City, the largest city in Hokkaido, and is a medium-sized city with a total area of 562 km2
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and a human population of approximately 170,000 (Figure 1). On the south side, facing the
Pacific Ocean, is a plain area about 2–8 km wide, and the Tomakomai Port, a large dug-in
man-made port that opened in 1963, is located in the central part of the city. Most of the hills
and mountains in the northern parts of the city are covered with deciduous broad-leaved
forests, while intact peatlands remain in the eastern part of the plain. Tomakomai City has
little farmland that can produce grains.
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macrorhynchos) and the Carrion Crow (C. corone) were common all year round (personal 
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nus mandshurica), Japanese popular (Populus suaveolens), Japanese elm (Ulmus davidiana), 
and Japanese lime (Tilia japonica) in parks and along major streets (personal observations). 
There were not many evergreen conifers in Tomakomai City except the Japanese black 
pine (Pinus thunbergii), planted mainly in sand-prevention forests along the Pacific coast 
in the southeast area. 
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Because magpies are not observed in continuous forests or peatlands [28,29], the study
area was limited to the 79.9 km2 of plains in Tomakomai City (Figure 1). This study area
was almost identical to those of Oyake et al., 2024 [24] and Nakahara et al., 2015 [29]
except some peripheral parts. Two other species of corvids, the Large-billed Crow (Corvus
macrorhynchos) and the Carrion Crow (C. corone) were common all year round (personal
observations). There were several forest patches, consisting mainly of the Japanese oak
(Quercus crispula), and there were many planted trees such as the manchurian ash (Fraxinus
mandshurica), Japanese popular (Populus suaveolens), Japanese elm (Ulmus davidiana), and
Japanese lime (Tilia japonica) in parks and along major streets (personal observations).
There were not many evergreen conifers in Tomakomai City except the Japanese black pine
(Pinus thunbergii), planted mainly in sand-prevention forests along the Pacific coast in the
southeast area.

The study area was divided into 11 blocks, ranging in size from 59 ha to 2114 ha,
based on two criteria (Table 1, Figure 1). First, based on aerial photographs from the 1960s
provided by the Geospatial Information Authority of Japan [30], the “Central sub-area”
was defined as the central area where factories and residential areas were developed before
the opening of the Tomakomai Port in 1963. The “West sub-area” was defined as the
southwestern area that has been mainly developed as residential since the 1970s. The
east side of the central sub-area, which has been mainly developed as industrial land,
was designated the “Utonai sub-area” to the north of the Tomakomai Port, and the south
side was designated the “Yufutsu sub-area”. The study area was then divided into four
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zones according to the Tomakomai City Urban Planning Map established in 1984 [31]:
“residential zone”, “commercial zone”, “industrial zone”, and “exurban zone”. When
referring to a specific study block, we used the sub-area zone notation; for example, the
Utonai-residential block for the residential zone in the Utonai sub-area.

Table 1. Features of the 11 study blocks in the study area.

Block Sub-Area 1 City Zone 1 Area (ha) Effort Index 2 Outdoor Dogs 3 Human Density 4

C-C1 Central Commercial 152 13.9 0 26
C-C2 Central Commercial 59 11.1 0 58
C-I Central Industrial 184 3.0 0 5
C-R Central Residential 1114 13.8 22.0 (2.2) 52
U-I Utonai Industrial 2114 4.2 0 1
U-R Utonai Residential 741 13.9 23.5 (3.2) 29
W-I West Industrial 146 1.9 1.0 (0.7) 6
W-E West Exurban 286 4.2 0 4
W-R West Residential 1851 18.8 45.5 (2.5) 39
Y-I Yufutsu Industrial 1161 2.1 0 0
Y-R Yufutsu Residential 181 15.0 11.5 (6.4) 12

Total or mean 7989 9.3 105.5 (1.3) 21
1 See text for the definition of the sub-areas and city zones. 2 Effort index: the mean length of the survey tracks
(km) in the three periods, when the entire study area was surveyed, divided by the area (km2). 3 Outdoor dogs:
the mean numbers of leashed dogs found in two periods, May and September 2012, and the mean densities per
km2 in parentheses. 4 The human population density per hectare as of 2020 in each study block was roughly
estimated using government statistics [32], of which the block boundaries did not completely coincide with ours.

2.2. Field Surveys

Field surveys were conducted in six bimonthly periods in May, July, September, and
November 2012, and January and March 2013, for 8 to 10 days each. The actual survey time
ranged from 33 to 99 h per period, totaling 417.4 h. Of this total, 355.0 h were devoted to
“search surveys”, in which the study area was systematically visited to search for magpies
and their nests. In the three periods of search surveys in May, September, and January, 75.4
to 90.7 h were spent visiting the entire survey area, with the aim of finding all the magpies
and nests (in May only). In the remaining three periods of search surveys, only city blocks
where individuals or nests had been found in the previous survey were visited. In addition,
34.2 h were spent on “roost surveys”, in which individual magpies were tracked before
sunset to search for their roosts, and 28.2 h on “ad-lib surveys”, in which the nesting status
and other notes were recorded.

The search surveys were started 30 min after sunrise and finished no later than 1 h
before sunset, taking into account the time it takes for magpies to move between their roosts
and daytime feeding sites (see [33]). The survey areas were divided into small sections
(called bouts) that could be completed in about 1 h, and the surveys were conducted by
bicycle (total 237.4 h), car (total 97.8 h), or on foot (total 19.8 h), depending on the visibility.
Of the total 355.0 h of search survey time, 322.7 h (91%) were conducted by the authors, and
the remaining 32.3 h were conducted by helpers. Survey tracks were recorded using Global
Positioning System (GPS) receivers (Garmin GPSmap 60CSx) during the surveys conducted
in May, September, and January, although some data were missing. The total length of
the survey tracks was 715.2 km in May, 751.9 km in September, and 915.8 km in January,
totaling 2382.9 km. Because the number of nests and individuals may be influenced by
survey efforts, a survey effort index was calculated by dividing the survey track distance
(km) by the area (km2) for each block (Table 1). The survey effort index was lower in the
industrial and exurban zones than in the commercial and residential zones due to better
visibility and lower road density in the former.

When magpies were found during the search survey, their location was recorded on a
paper map or on a GPS receiver, and the time of discovery, behavior, habitat features (land
use and microhabitat), and flock size (number of individuals) were recorded on a field
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note. Individuals that were moving together within a few dozen meters were recorded as a
single flock. The behaviors were divided into breeding, feeding, food hoarding, resting,
preening, flying, and other. Food hoarding behavior was often indistinguishable from
feeding behavior, and resting and preening often switched, so they were each combined into
one behavior in the later analysis. The habitat features were recorded for each individual at
two spatial scales: the major land use within a radius of about 50 m from the individual,
and the microhabitat at the spot where the individual was found. The land use was
divided into five categories: residential areas, industrial areas (including business and
commercial areas), parks (including public space such as schools and golf courses), forests,
and open land (including major roads, prepared vacant lands, farmlands, and peatlands).
The microhabitat was divided into seven categories: short (i.e., well-managed) grasslands,
other grasslands, houses with gardens, bare ground, trees, artificial (including buildings,
utility poles, roads, and paved grounds), and other. If a magpie was in flight when it was
found, the habitat features where it landed were recorded, and if the landing location could
not be identified, only the land use was recorded. If a magpie was not feeding when it
was found, observation was continued for up to about 5 min, and if feeding behavior was
observed, the feeding habitat was recorded. The food items were recorded whenever they
were identified. In addition, we recorded the number of outdoor-reared dogs noted during
the magpie search surveys for each bout in May and September.

Magpie nests were searched in May 2012, before the leaves of deciduous broad-leaved
trees opened. For the nests found, the type of nest substrate and the heights of the nest
substrate and the nest were recorded. The height was measured using an ultrasonic
tree height meter (Vertex 4, Haglöf Sweden AB, Långsele, Sweden) or a laser rangefinder
(TruPulse360, Laser Technology Inc., Centennial, CO, USA). As old magpie nests can remain
in place for a long time, we judged a nest to be active only if we observed a magpie entering
or leaving the nest, or if a magpie flew out of the nest when we hit the nest tree. We did not
identify the tree species because the nest site characteristics of the population have been
reported elsewhere [29].

Roosts were searched for by tracking magpies from about one hour before sunset
in September 2012 and January 2013. At the place where magpies were confirmed to be
roosting, we counted the magpies roosting from about one hour before sunset to 30 min
after sunset on another day as necessary. In addition, some large roosts were checked in
the evening or early morning to see if they were in use in the next survey period.

To determine the area composition of the land use and microhabitat in the study area,
1600 random points were plotted within the study area using a geographic information
system (GIS, QGIS 3.22). The land use and microhabitat of these points were determined
from 2011 aerial photographs of Google Earth, with the aid of the Street View function of
Google Maps when necessary.

2.3. Data Analysis

QGIS 3.22 was used for the spatial analysis, and R4.4.1 [34] was used for the other
statistical analyses. For the spatial analysis, we used data from only the search surveys in
May, September, and January, when the entire area was surveyed. Data from all the search
surveys were used for the other analyses.

In this paper, means are shown with 1 SD, p values are shown to three decimal places
(p = 0.000 was taken as p < 0.001), and p < 0.05 is considered significant. To evaluate the
effect of one or more factors on a dependent variable, we used generalized linear models
(GLMs) or generalized linear mixed models (GLMMs) when the block ID should be set
as a random effect, together with the “glht” function in the “multcomp” package in R for
multiple comparisons. The area of each block was set as an offset term whenever necessary.
In these model analyses, models with a ∆AIC of less than 2.0 were considered valid models,
and the “performance” package in R was used to ensure that there were no problems with
multicollinearity, overdispersion, or zero excess; when any problem was found, we solved it
either by removing some independent variables or by applying a different distribution and
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a link function to the response variable. The spatial distribution of nests and individuals
was determined to be significantly concentrated or uniform based on the z-scores calculated
by the “nearest neighbor analysis” function of QGIS. Ivlev’s electivity index [35] was used
as an index of habitat preference. This index ranges from −1 to 1, with positive values
indicating preference and negative values indicating avoidance.

3. Results
3.1. Nest Features and Nest Distribution

In May 2012, 76 nests were found, of which 46 were confirmed to be in use. The
remaining 30 nests may have also been occupied but were excluded from the following
analysis because their status could be varied; ones abandoned in that season or ones used in
the last year, for example. Of the 46 nests, 29 were in trees and the remaining 17 were found
on man-made structures such as power transmission towers and utility poles (Table S1).
The nest heights were around 10 m in broad-leaved trees, coniferous trees, and utility
poles, with no significant difference between them (GLM analysis followed by multiple
comparisons, all p > 0.999). However, the nest height on the transmission towers was an
average of 37 m, which was significantly higher than the other three types (all p < 0.001). For
all the nest substrates, nests were built at about 80% to 90% of the overall height (Table S1).

Of the 46 active nests, 42 (91.3%) were located in the residential zone, and of the
remaining 4 nests, 2 were located in the West-exurban block and 2 in the Utonai-industrial
block (Figure 1, Table 2). The nest densities in the four residential study blocks were
highest in Yufutsu (5.5/km2), followed by Utonai (1.9/km2), West (0.9/km2), and Central
(0.2/km2), and the nest density in the entire study area was 0.6 nests/km2 (Table 2). The
relationship between the number of nests and the block features was analyzed using GLM.
The AIC and Akaike weight of four models with possible combinations of explanatory
variables showed that only the full model, including both the sub-area and zone, was
valid (AIC = 38.8), while the ∆AIC for the other three models was above 26.4. Multiple
comparisons showed significant differences between the sub-areas: Central and Utonai
(p = 0.006), Central and Yufutsu (p < 0.001), and West and Yufutsu (p < 0.001). There
were also significantly more nests in the residential zones than in the industrial zones
(p < 0.001). The human population density, which was excluded from the above GLM
to avoid multicollinearity, was inversely correlated with the magpie nest density in four
residential blocks (GLM analysis, p < 0.001; Figure S1a).

Table 2. Numbers of Oriental Magpie nests and individuals, with the mean nearest neighbor distances,
in the 11 study area blocks.

Num. of Num. of Individuals (Density/km2) Nearest Neighbor Distance (m) 1

Block Nests May Sep. Jan. Nests May Sep. Jan.

C-C1 0 0 1 (0.7) 2 (1.3)
C-C2 0 0 0 0
C-I 0 1 (0.5) 2 (1.1) 0
C-R 2 (0.2) 6 (0.6) 11 (1.0) 11 (1.0)
U-I 2 (0.1) 13 (0.6) 23 (1.1) 14 (0.7)
U-R 14 (1.9) 45 (6.1) 51 (6.9) 75 (10.1) 481 (a) 309 (a) 349 (a) 254 2

W-I 0 0 0 0
W-E 2 (0.7) 3 (1.0) 12 (4.2) 11 (3.8)
W-R 16 (0.9) 79 (4.3) 105 (5.7) 84 (4.5) 708 (a) 355 (a) 2 340 (a) 2 315 2

Y-I 0 8 (0.7) 5 (0.4) 5 (0.4)
Y-R 10 (5.5) 26 (14.4) 38 (21.0) 31 (17.1) 245 (b) 3 153 (b) 148 (b) 213 3

Total 46 (0.6) 181 (2.3) 248 (3.1) 233 (2.9) 583 ± 480 2 394 ± 382 2 350 ± 316 2 341 ± 330 2

1 Mean nearest neighbor distances are given for the entire study area (with SD) and for blocks where more
than 10 flocks (not individuals) were recorded; different letters (a, b) mean significant difference between blocks.
2 Significantly clumped distribution. 3 Significantly even distribution.
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For the entire study area, the mean nearest neighbor distance was 583 m ± 480 SD
and showed a strong clustering distribution (p < 0.001; Table 2). The shortest distance was
116 m in the Yufutsu-residential block. For the three study blocks in the residential zone
where 10 or more nests were found, a GLM analysis showed that the nearest neighbor
distances were significantly shorter in the Yufutsu sub-area than in the Utonai and West
sub-areas (p = 0.007 and p < 0.001, respectively; Table 2).

3.2. Distribution of Individuals

As a result of the search survey for the entire study area, 181 individuals were found
in May 2012, 248 in September, and 233 in January 2013 (Table 2). The location records of
flocks in the entire area survey showed that magpies were found almost throughout the
entire area, but they were relatively rare in the Central sub-area and the commercial and
industrial zones, and they were more abundant in the residential blocks of the sub-areas
except Central. This trend did not differ among the three periods of the search survey
(Figure 2).
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The GLMMs showed that only the full model, including the sub-area, zone, and survey
period, was valid (AIC = 181.5, Akaike weight = 0.895) out of eight possible models. The
other models had ∆AIC values of 5.1 or more and Akaike weights of 0.071 or less. Multiple
comparisons showed that there were fewer magpies in the Central sub-area than in any
of the other three sub-areas (p < 0.001 in all dyads) and significantly fewer magpies in
the West sub-area than in the Utonai (p = 0.044) and Yufutsu (p < 0.001) sub-areas. There
was no significant difference between the Yufutsu and Utonai sub-areas (p = 0.491). In
terms of the zones, there were significantly more magpies in the industrial zone than
in the commercial zone (p = 0.020) but significantly fewer magpies than the residential
and exurban zones (both p < 0.001). There were no significant differences between the
residential and commercial (p = 0.613), residential and exurban (p = 0.549), and commercial
and exurban zones (p = 0.963), although it should be noted that there were only two
commercial blocks, both in the Central sub-area, and only one exurban block, in the West
sub-area. As in the case of the magpie nest density, the number of magpies was inversely
correlated with the human density in the study blocks except the commercial and exurban
blocks where few humans live (p = 0.008; Figure S1b).
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The mean nearest neighbor distance between the locations of flocks found across
the entire survey area was 394 m (n = 105) in May, 350 m (n = 109) in September, and
341 m (n = 107) in January, showing little difference among the periods and a significant
concentration distribution in each period (p < 0.001).

The mean flock size for the entire survey period was 2.1 birds ± 1.4 SD (n = 548 flocks,
1134 individuals). Regarding the flock composition by flock size (Figure S2), the proportion
of solitary birds or pairs accounted for the majority of the flocks at all times. Flocks of
three or more birds accounted for around 20% (around 40% in terms of the number of
individuals) except in May. Multiple comparisons between the behaviors recorded more
than 100 times, i.e., flight, feeding, and resting (n = 415, excluding flocks with multiple
behaviors recorded), showed that the flock size was significantly larger during feeding
(2.24 ± 1.60 SD) than during resting (1.78 ± 1.02 SD; p = 0.007). There were no significant
differences in flock size between flying (1.71 ± 1.64 SD) and feeding (p = 0.100) and between
flying and resting (p = 0.870).

The percentages of behaviors were, in descending order, 37.5% resting, 34.1% feeding,
21.7% flying, 3.5% breeding, and 3.2% other (n = 1134 individuals). The seasonal changes
are shown in Figure S3. In May, which was the incubation period for most nests, breeding
behaviors, which were rarely observed in other months, accounted for 14%, while the
proportions of feeding and resting were low. In July, when fledglings were seen, the
proportion of feeding was high, and in September, which was the molting period, the
proportion of resting was high. From November to January and March, the proportion
of feeding decreased, and the proportion of resting increased. Chasing between magpies,
which was included in “other”, was only observed six times by 22 magpies, and none of
them were near any nests.

The land use of the locations where magpies were found (n = 1100 individuals) was,
in descending order, residential areas (57.6%), parks (20.6%), industrial areas (13.4%),
open land (5.5%), and forests (1.7%), with no clear seasonal change apart from a slight
increase in the proportion of parks in July. There was a significant difference in the land
use ratio between the magpies’ locations and random points (χ2 test, χ2 = 2443.1, df = 11,
p < 0.001). Ivlev’s electivity index, calculated by comparing the magpie observation points
with random points, was 0.410 for parks, 0.265 for residential areas, −0.405 for industrial
areas, −0.511 for open land, and −0.546 for forests, indicating that the magpies preferred
parks and residential areas and avoided industrial areas, open land, and forests.

There were clear seasonal changes in the microhabitats in which feeding behavior
was observed (Figure 3). In May and July, the proportion of feeding on short grasslands
exceeded 70%. In September, the amount of feeding on short grasslands was reduced to
less than 50%, and feeding on other grasslands increased accordingly. From November to
March, the use of grasslands decreased, and the proportion of feeding at houses increased.
Moreover, during the snowy season, feeding on snowy surfaces accounted for more than
one-quarter of feeding behaviors. Ivlev’s selectivity index, calculated by comparing the
feeding habitats over the entire season with the microhabitats at random points, in descend-
ing order of preference, was as follows: short grasslands (0.763), other grasslands (0.322),
houses (−0.159), bare ground (−0.356), trees (−0.491), and artificial structures (−0.784). We
excluded snowy surfaces from this calculation because they were only observed during
certain seasons, and there were no data on the ratio of snowy surfaces in the habitat.
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3.3. Food Items, Communal Roosts, and Outdoor Dogs

We were able to identify the food item in a total of 51 instances for 84 individuals
(Table 3). The most common food was pet food, accounting for 30 individuals on 18 occa-
sions (36% of the total). For 12 individuals on seven occasions, the food was unknown but
was foraged from a garden feeder. Other anthropogenic items included human food, such
as bread, cooked rice, and sweets, food waste, and livestock feed spilled from a feed factory
or a transport truck. In total, 64 individuals (76%) on 40 occasions were observed utilizing
anthropogenic food resources. Apart from anthropogenic food, sunflower seeds planted in
gardens or along roadsides, fruits of Moraceae sp. and Araliaceae sp., Earthworm sp., and
insects in flight were observed.

Table 3. Numbers of Oriental Magpies and observations in parentheses with respect to the season
and food items identified during the field surveys.

Food Type May Jul. Sep. Nov. Jan. Mar. Total

Pet food 6 (4) 13 (5) 10 (8) 1 (1) 30 (18)
Garden feeder 7 (3) 1 (1) 4 (3) 12 (7)
Human food 3 (2) 2 (2) 4 (3) 1 (1) 1 (1) 11 (9)

Garbage 1 (1) 1 (1) 2 (2) 4 (4)
Livestock feed 5 (1) 2 (1) 7 (2)
Sunflower seed 4 (3) 4 (3)

Berry 3 (1) 3 (1) 3 (1) 9 (3)
Earthworm 6 (4) 6 (4)

Insect 1 (1) 1 (1)

Total 3 (2) 5 (3) 28 (15) 26 (15) 20 (14) 2 (2) 84 (51)

A total of nine roosts were identified in September 2012 and January 2013 (Figure 1,
Table S2). The five of these roosts confirmed in September were in small patches of
deciduous broad-leaved forest, three of which were in the residential zone, one on a public
facility (art museum) in the commercial zone, and the remaining one in a forest adjacent to
the West-residential block. A total of 6 to 44 magpies were identified as roosting in each
roost in September. None of these roosts in the deciduous broad-leaved forest were in use
in January, and instead, 2 to 40 magpies were identified roosting in four locations: inside a
factory building, in trees surrounded by school buildings or in a private garden, and on
the exterior walls of a residential house. All of these locations provided protection from
the winter monsoons. The total numbers of roosting birds confirmed in September and
January were 88 and 69, respectively, which were 35.5% and 29.6% of those found in each
search survey.
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The number of dogs kept outside was 211 in total, with 128 in May and 83 in September
(there was some overlap between the records in May and September). Of these, only 2 were
found in the West-industrial block, with the other 209 found in the residential zone. Within
the residential blocks, the average number of dogs per square kilometer was, in descending
order, 6.4 in the Yufutsu, 3.2 in the Utonai, 2.5 in West, and 2.2 in Central (Table 1).

4. Discussion

We found 181 to 248 magpies and 46 active nests in our surveys across the study area.
Most magpies and their nests were found in residential districts except in central area of
the city; few magpies lived in commercial and industrial areas. This distribution pattern
did not change year round, but the magpies changed their main feeding habitats from
grasslands in summer to house gardens in winter. More than 70% of magpie food items we
identified were anthropogenic.

4.1. Food Resources as the Determinant of Distribution

Sol et al. [4] showed that non-native bird species in urban environments tend to be
dependent on anthropogenic food resources that have not been fully exploited by native
species in Australia. The same pattern can be found in native birds that have recently
invaded urban environments, especially in corvids [22,27,36,37]. Benmazouz et al. [38]
reviewed the literature on urban crows and found that most of the studies showed that
urbanization has a positive effect on crows and the accessibility of anthropogenic food
resources is the most important factor (but see [39]). Borray-Escalante et al. [40] revealed
that the Monk Parakeet (Myiopsitta monachus) and the Rose-ringed Parakeet (Psittacula
krameri), two introduced species of parakeets that are established in Barcelona, Spain,
heavily rely on food resources mainly provided by local people, on the basis of stable
isotope ratios in feathers. In this study, more than 70% of the food resources that could
be visually confirmed were anthropogenic, with pet food being the most often observed.
By using stable isotope analysis, Oyake et al. [24] estimated that approximately 44.6% of
magpie diets in the egg-laying period comprise pet food in the same population as our
study. Statistical analysis that carefully excluded the possibility of other factors revealed
that a rapid increase in the number of bird feeders and the variety of food in recent years
has led to national-level population increases in many species, including the Eurasian
Magpie (Pica pica) [41]. Further studies on the usage of anthropogenic food resources
by invasive bird species, which often occurs as in the above examples, could make a
significant contribution to urban ecology and invasion biology, especially to understanding
the limiting factors in terms of the number and distribution range of invasive birds.

The spatial distribution of urban birds may also be related to anthropogenic food
resources. In areas where magpie species have invaded urban areas, the density is generally
very high in the city center and decreases farther away ([22] and references therein). How-
ever, in this study, the densities of nests and magpie individuals were much lower in the
city center than surrounding residential areas, being consistent with Nakahara et al.’s [29]
study conducted in the previous year, and the magpie density was inversely correlated
with the human population density in residential areas of Tomakomai. Furthermore, the
magpie density was consistent with that of outdoor dogs, which we recorded as an index
of the availability of pet food. Higher nest densities in residential areas than in city centers
have also been reported in medium-sized cities in southwestern Finland and northern
Poland [21,42]. These studies suggest that magpie species gather more densely in urban
areas than in rural areas but that the densities can decrease in city centers, such as business
and commercial districts, where anthropogenic food may be less available. For the Kyushu
population of the Oriental Magpie in Japan, Eguchi [43] suggested that the decline in the
1990s was due to deterioration of urban foraging environments.

This study shows that Oriental Magpies in Tomakomai shifted their feeding habitat
from grasslands to houses with gardens from summer to winter. In Tomakomai, there are
about 20 days of snowfall in every winter month, with the average snow depth exceeding
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20 cm in February. Nonetheless, the time spent on feeding decreased in winter, which
may also suggest magpies’ successful use of anthropogenic food resources, especially pet
food. In rural areas of western Poland, food given to outdoor dogs was recorded as often
being stolen by wild animals such as House Sparrows (Passer domestics) and Eurasian
Magpies [44]. The range of a large terrestrial bird, the Red-legged Seriema (Cariama cristata)
on a university campus in southeastern Brazil coincided with cat food feeding points [45].
For magpie species, stealing pet food may be more efficient than feeding at garbage bins,
where much larger birds such as gulls and other corvids often explore the food [46]. Magpie
species, like other corvids, can store food temporarily in their throat pouches and then
carry it for temporary storage. Food storage behavior increased dramatically from autumn
to winter in Sheffield, UK, and anthropogenic food resources such as garbage and feed for
animals accounted for more than 70% of the stored food resources [47]. The magpies in
Tomakomai may also be able to secure more pet food than they can eat directly by storing
food [24].

4.2. Crows and Nest Sites

Magpies in Tomakomai compete with crows for nest sites and food. Although there
are no quantitative data, we observed nest takeovers and attacks on magpie fledglings by
the two species of crows, and it is likely that the main cause of magpie breeding failure
is breeding interference and predation of eggs and chicks by these crows. In Europe,
crows are often the main predators of magpie eggs and chicks [22,23]. However, crows are
widespread throughout our study area and were unlikely to have been responsible for the
observed pattern of the magpie distribution.

Nakahara et al. [29] showed that magpies chose nesting sites in urban land use with
many tall trees in Tomakomai. Some reports suggested that the use of evergreen coniferous
trees, in addition to deciduous broad-leaved trees, as nesting trees by the European Eurasian
Magpie has promoted its expansion into European cities [10,48]. Similarly, some reports
have suggested that nesting on artificial structures reduces predation and human interfer-
ence [49–52]. In this study, magpies nested most frequently in tall deciduous broad-leaved
trees but also in evergreen coniferous trees and on artificial structures. This tendency is
common among magpie species in urban areas [22,53–55]. However, none of these studies
on nesting site preference have shown a shortage of nesting sites or a spatial bias in suitable
nesting sites within their study area. In our study area, there were sufficient tall trees and
man-made structures available for nesting, even in areas where there were few magpies, so
it is unlikely that the number of nesting sites had a significant effect on the number of nests
or the distribution of the population.

4.3. General Biology

The magpies in Tomakomai did not shift their distribution seasonally, often used short
grasslands as feeding habitats, were most often seen in pairs, and formed communal roosts,
all being similar to other magpies species [20,28,33,56–59].

The spatial structure of magpie species varies widely from region to region. The
Eurasian Magpie in central and northern Europe engages in territorial defense throughout
the year [20,60]. In North America, the territorial defense of the Black-billed Magpie (Pica
hudsonia) is limited to a small area around the nest [61]. In Tomakomai, the magpies did
not show any territorial defense behavior during our surveys. Short-distance chasing was
observed on only six occasions in 22 birds out of 1134 recorded behaviors, and all of them
were away from any active nest. Furthermore, the magpies in Tomakomai were often
observed feeding in groups consisting of multiple pairs and families. Therefore, unlike
many Eurasian Magpie populations, Oriental Magpies in Tomakomai probably only defend
the small area around their nests, and they share feeding areas with other individuals, as is
the case in Kyushu [28].
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4.4. Estimate of Population Size

Magpies are highly conspicuous in terms of their plumage color pattern, calls, and
nests, so we believe that we were able to find almost all the individuals and nests in
Tomakomai City during the three survey periods (May, September, and January), when
the entire area was surveyed. However, some oversights were inevitable, such as when
the magpies were behind buildings or houses. Since this population was not banded, we
cannot know the exact oversight rate, but if we assume it to be 10%, the number of mature
birds living in Tomakomai around 2012–2013 is estimated to be approximately 201, based
on the 181 birds recorded in May. The number of 46 nests is small relative to the 181 birds
in the same survey period, suggesting a considerable underestimation of the nest numbers
or the existence of several non-breeding birds. This speculation may also be supported
by a small increase (37%) in the number of magpies from May (181 birds) to September
(248 birds), though breeding performance was not investigated in this study

4.5. Study Limitations

In this study, the survey effort index was low in the industrial zone, where magpies
were few, but there was no difference in the survey effort between the residential zone,
where magpies were many, and the commercial zone, where magpies were fewest. Ad-
ditionally, there was no difference in the survey effort among the four residential blocks,
where the density of the magpies varied. Therefore, it is unlikely that the survey effort had
a significant impact on the bias in the estimate of the magpie population and distribution.

We did not evaluate the nest site availability, which has been suggested as an important
determinant of the population increase of magpie species in urban environments [10,48–52].
Also, we did not quantify predation by crows and competition for food and nest sites with
crows, which could affect the magpie population [21,22]. Therefore, the observed spatial
pattern of the magpie distribution and magpie numbers in Tomakomai City might have
been affected not only by food availability but also by these non-food factors. In addition,
our one-year survey, limited to Tomakomai City, cannot determine whether the magpie
population and distribution range in Hokkaido is stable. These shortcomings should be
addressed by further studies of this population.

5. Conclusions

The number of mature Oriental Magpies in Tomakomai City was estimated to be about
201 birds as of May 2012. The magpies in Tomakomai preferred residential areas to central
business and commercial areas of the city, and the better availability of anthropogenic
food was likely to make residential areas more attractive to magpies. Apart from one case
where roosting magpies inside a factory building caused damage by soiling products stored
underneath, we have not heard of any negative impacts of magpies in Tomakomai on
human activities or other birds. Magpies are not persecuted in Hokkaido so far. However,
several studies have suggested that magpie invasion into urban areas reduces the repro-
ductive output of songbird populations there [62–64] (but see [65]). Therefore, extensive
and long-term monitoring is needed to predict or to control, if necessary, the further spread
of magpies in Hokkaido. Magpie nests are easy to find, and audio playback can greatly
increase the efficiency of finding magpie individuals (personal observations) in monitoring
surveys. Such monitoring of urban-invaded non-native populations will bring further
knowledge of the factors that limit the number and range of invasive birds in general
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53. Mérő, T.O.; Žuljević, A.; Varga, K. Nest-site characteristics and breeding density of Magpie Pica pica in Sombor (NW Serbia).
Acrocephalus 2010, 31, 93–99. [CrossRef]

54. Takeishi, M.; Eguchi, K. Nest-site characteristics in the Black-billed Magpies Pica pica sericea. Jpn. J. Ornithol. 1994, 42, 53–59.
[CrossRef]

55. Antonov, A.; Atanasova, D. Nest-site selection in the Magpie Pica pica in a high-density urban population of Sofia (Bulgaria). Acta
Ornithol. 2002, 37, 55–66. [CrossRef]

56. Møller, A.P. Habitat selection and feeding activity in the Magpie Pica pica. J. Ornithol. 1983, 124, 147–161. [CrossRef]
57. Kryštokofvá, M.; Fousová, P.; Exnerová, A. Nestling diet of the Common Magpie (Pica pica) in urban and agricultural habitats.

Ornis Fennica 2011, 88, 138–146. [CrossRef]
58. Vogrin, M. Density and flock size of the Magpie Pica pica on the agricultural landscape during winter period. Ornis Svecica 1998, 8,

167–170. [CrossRef]
59. Reebs, S.G. Roost characteristics and roosting behaviour of Black-billed Magpies, Pica pica, in Edmonton, Alberta. Can. Field Nat.

1987, 101, 519–525. [CrossRef]
60. Birkhead, T.R.; Eden, S.F.; Clarkson, K.; Goodburn, S.F.; Pellatt, J. Social organisation of a population of Magpies Pica pica. Ardea

1986, 74, 59–68.
61. Reese, K.P.; Kadlec, J.A. Influence of high density and parental age on the habitat selection and reproduction of Black-billed

Magpies. Condor 1985, 87, 96–105. [CrossRef]
62. Jokimäki, J.; Huhta, E. Artificial Nest predation and abundance of birds along an urban gradient. Condor 2000, 102, 838–847.

[CrossRef]
63. Jokimäki, J.; Kaisanlahti-Jokimäki, M.-L.; Sorace, A.; Fernández-Juricic, E.; Rodriguez-Prieto, I.; Jimenez, M.D. Evaluation of the

“safe nesting zone” hypothesis across an urban gradient: A multi-scale study. Ecography 2005, 28, 59–70. [CrossRef]
64. Madden, C.; Arroyo, B.; Amar, A. A review of the impacts of corvids on bird productivity and abundance. Ibis 2015, 157, 1–16.

[CrossRef]
65. Chiron, F.; Julliard, R. Responses of songbirds to magpie reduction in an urban habitat. J. Wildl. Manag. 2007, 71, 2624–2631.

[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/ani11061738
https://doi.org/10.3838/jjo.45.101
https://doi.org/10.30970/sbi.0401.106
https://doi.org/10.25225/jvb.20086
https://doi.org/10.1007/s11252-020-00996-2
https://doi.org/10.2478/v10100-010-0006-5
https://doi.org/10.3838/jjo.42.53
https://doi.org/10.3161/068.037.0201
https://doi.org/10.1007/BF01640161
https://doi.org/10.51812/of.133776
https://doi.org/10.34080/os.v8.22941
https://doi.org/10.5962/p.355987
https://doi.org/10.2307/1367140
https://doi.org/10.1093/condor/102.4.838
https://doi.org/10.1111/j.0906-7590.2005.04001.x
https://doi.org/10.1111/ibi.12223
https://doi.org/10.2193/2006-105

	Introduction 
	Materials and Methods 
	Study Area 
	Field Surveys 
	Data Analysis 

	Results 
	Nest Features and Nest Distribution 
	Distribution of Individuals 
	Food Items, Communal Roosts, and Outdoor Dogs 

	Discussion 
	Food Resources as the Determinant of Distribution 
	Crows and Nest Sites 
	General Biology 
	Estimate of Population Size 
	Study Limitations 

	Conclusions 
	References

