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ABSTRACT

This study was conducted to clarify the effect of nutritional content on artificially supplied seed utilization
of wintering birds in a mixed forest in South Korea. The dominant tree species in this forest were Japanese
red pine (Pinus densiflora), Mongolian oak (Quercus mongolica), Japanese emperor oak (Quercus
dentate). At the study site, we selected 6 plots and set up 3 feeders in each plot. The feeders were located
1.5 m above the ground and spaced 1 m apart. We selected 3 types of food resources (kidney beans,
brown soybeans, and peanuts) based on their energy per 100 g. We supplied 200 g of each food type at the
feeders. Feeders were recorded with a digital camera (HDR AS15, Sony, Tokyo, Japan) for 2 h. This was
conducted 3 times per day. The videos were then analyzed to determine the frequency of visits, duration
of stay at the feeder, frequency of pecking on food items, and number of consumed food items. Moreover,
social behaviors were analyzed. In this study, we used peanuts as high-fat food type. Peanuts were
consumed at the highest frequency by marsh tits (Poecile palustris), great tits (Parus major), and Eurasian
nuthatches (Sitta europaea). In addition, the type of food, temperature, and metabolic energy requirement
affected food utilization in marsh tits and great tits. In our study, some evidence was found that wintering
birds in temperate zones prefer high-energy food items. Limited food availability during winter affects
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social hierarchies.

INTRODUCTION

Food utilization differs due to various causes such as
the type and amount of food resources in the habitat,
fluctuations in energy demand within an organism’s life
cycle, and the digestion efficiency, taste, and color of
food (Samuni-Blank ef al., 2013). Understanding species-
specific food preferences is crucial for understanding
habitat adaptations, as both the type and amount of food
resources and the local species composition in a habitat
vary with one another (Hinsely et al., 2002; Chatterjee and
Basu, 2018).
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The choice of food also differs seasonally. In the case of
Passeriformes that live in temperate regions, invertebrates
such as caterpillars and other insects were the primary
food sources used while brooding young (Chamberlain
et al., 2005; Johansen et al., 2014). However, there is a
difference in the type and amount of food resources that
occur in a given season due to changes in temperature,
humidity, and available plants (Koenig and Knops, 2001;
Thomson et al., 2012; Sanchez-Reyes ef al., 2019). As a
result, the utilization rate of vegetative food increases in
autumn and winter (Behmer et al., 2001).

For birds in northern temperate zones in particular,
access to sufficient food resources is likely to vary between
seasons (Plummer ez al., 2013). In winter, these birds face a
limited quality and quantity of habitat factors (Carrascal et
al., 2012). This includes a dramatic reduction in arthropod
populations as well as reduced foraging opportunities
caused by snow cover (Walter and Gosler, 2001; Renner
et al.,2012). Winter survival depends on obtaining enough
food for self-maintenance (Cresswell et al., 2010), and
wintering birds need large amounts of energy to maintain
homeostasis. Because of only a few daylight h and low
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temperatures, birds experience increased energy losses
and prefer high-energy foods (Johansen et al., 2014).

It is well known that food availability in wintering
sites influences survival and productivity in migratory
birds. Previous studies of food preferences in winter
have examined the role of seed size, nutritional content,
and handling time, as well as bird bill size (Rios et al.,
2012; Johansen et al., 2014). The feeding preferences of
wintering birds have been related to the amount of fat
needed to maintain homeostasis (Desmond et al., 2008).
Moreover, high-carbohydrate foods may be preferred, as
they can be easily digested and used as energy sources
(Brown et al., 2012).

The provisioning of anthropogenic food to wild birds
is a popular method for conserving bird communities
(Ewen et al., 2014; Wilcoxen et al., 2015). Moreover,
winter food supplementation may influence the body
condition of birds in the subsequent breeding season,
potentially being reflected in their reproductive success
(Plummer et al., 2017). Supplementary foods may help
birds overcome short periods of food availability in
winter. In particular, feeders may be an important tool for
offering predictable and abundant food resources to meet
high energy demands in winter (Carrascal and Polo, 1999;
Carrascal et al., 2012).

The purpose of this study was to identify the food
preferences of wintering birds. We set out to investigate
the effect of nutritional content on artificially supplied
seed utilization of birds in a mixed forest of South Korea.

MATERIALS AND METHODS

This study was carried out from November 2018 to
February 2019 in a mixed forest at Chung-Ang University
in Ansung, Gyeonggi Province, South Korea. This area
was dominated by Japanese red pine (Pinus densiflora),
Mongolian oak (Quercus mongolica), and Japanese
emperor oak (Quercus dentate). AHOBO data logger was
placed at the center of the study area. During this study,
temperatures ranged from -7.18°C to 8.60°C, with the
average temperature being -0.61°C.

We selected six plots in the study area, with each plot
being separated by at least 700 m. Three feeders were set up
in each plot. The feeders were located above 1.5 m above
the ground and spaced 1 m apart. The size of the feeder
was 2 cm x 30 cm x 30 cm (height x width x length).
We selected three types of food resources (kidney bean,
brown soybean, and peanut) based on their energy per 100
g. These resources have different ratios of carbohydrates,
proteins, and fats (Ministry of Food and Drug Safety,
2016, Table I). To reduce the effect of food size on birds’
food preference, we randomly selected 1000 seeds for

each food type. We measured the length, depth, and weight
of seeds of each food type using Vernier calipers (530-123,
Mitutoyo, Kawasaki, Japan) and a digital balance (FX-
200i, AND Labtech, Gimpo, South Korea). There were
no differences in food size and weight among food types
(Table II). Thirty days prior to the experiment’s start, we
added food to the feeder to make local birds aware of the
food. We supplied 200 g of each food type on the feeder.
At the end of each experiment, we measured the amount
of consumed food.

Table 1. Differences in the nutritional content of kidney
beans, brown soybeans, and peanuts (Ministry of Food
and Drug Safety, 2016).

Kidney bean Brown soybean Peanut

Carbohydrate (%) 64.00 30.60 17.10
Protein (%) 21.00 35.00 26.10
Fat (%) 1.00 17.20 49.10

Table II. Differences in the size and weight of kidney
beans, brown soybeans, and peanuts, with results from
an analysis of variance.

Kidney Brown 2
bean soybean

Length (mm) 16.88+0.10 17.92+0.08 17.02+0.19 0.53 0.59

Depth (mm) 8.34+0.06 8.65+0.06 8.28+0.18 2.74 0.07

Weight (g) 0.56+0.01 0.54+0.01 0.58+0.01 2.79 0.06

Peanut Y p

To assess the interaction between birds’ morphological
characteristics and feeding behavior, we captured birds
using a mist net. Mist nets were set up around feeders and
the body length, tarsus length, head to bill length, bill to
skull length, tail length, wing length, and weighed body
mass of captured birds were measured. Same researcher
measured the traits with same instruction to decrease
the measuring deviation. Different combinations of
colored bands were placed on the tarsus of each captured
bird to enable individual identification. We calculated
maintenance energy expenditure (MEE) based on weight
(W, g) (Harper, 2000).

MEE (kcal/day) = 0.50W 1!

We supplied the feeders with food items and recorded
feeders using a digital camera (HDR ASI15, Sony,
Tokyo, Japan) for 2 h. The videos were then analyzed
in a laboratory. To minimize the influence of inclement
weather, such as snow, clouds, and mist, on the foraging
behavior of birds, videos were only recorded on sunny
days. We analyzed the frequency of visits, duration of stay
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at the feeder, frequency of pecking on food items, and
number of consumed food items using a Sony Vegas Pro
13.0. We calculated the number of consumed food items
based on the average weight of each food item.

When two or more individuals were present at the
same feeder, the social behaviors were recorded (Hwang,
2020). Social behavior among individuals was classified
into one of three types:

I. One individual approaching the others,
spreading its wings, or inflating its feathers, or
one individual attacking the others with its beak
or claws

2. Moving or leaving the feeder when the others
approach it

3. No response to the others

Relative aggression was calculated by analyzing
individual social behaviors (Haythorpe et al., 2012). To
calculate a relative aggression score, we used the following
formulae:

E, = (ab/AB) xA

NEagg - A N Eagg

In these formulae, E.. is the predicted occurrence of
aggressive behaviors of X species, and ab_is visit frequency
of X species confirmed at one point. AB represents the
frequency of visits of all birds identified at one point. A
is the frequency of total aggressive behaviors identified
at one point. NE, , is a value that predicts that species X
will not behave aggressively. It uses a value excluding the
value expected that species X will behave aggressively
from the total aggressive behavior identified at one point.

The relative aggression (RA) of each species was
calculated as follow:

RA= [(Eagg_ Qagg)z / Eagg] + [(NEagg_ Noagg)z / NEagg]

O,,, represents the number of times species X initiated
an aggressive behavior, while NO,_ expresses number of
times species X did not initiate an aggressive behavior.
When the frequency of actual aggression was lower than
the expected value (Eagg), the relative aggression value
was expressed as a negative number, and when frequency
of aggressive behavior was higher, it was expressed as a
positive number.

To investigate differences in the feeding behavior
of marsh tits, great tits, and Eurasian nuthatches, we
used a one-factor repeated-measures ANOVA. If each
foraging behavior differed based on species, we ran a
Bonferroni post-hoc test. We tested the effect of variables
on the food choices of wintering birds with an analysis
of covariance (ANCOVA). Before running the ANCOVA,
we used a correlation analysis to examine associations
among variables such as wintering bird morphological
characteristics, food type, and temperature. Frequency
of visits on the feeder was significantly correlated with

temperature, food type, and MEE. Therefore, these
variables were included as covariates in the corresponding
analyses. The ANCOVA was performed with the package
‘datarium’ in R.

RESULTS

During this study, the feeders were used 165,120
times. Of the 13 species that used the feeders, great tits
showed the highest visit frequency, visiting feeders 57,355
times. Marsh tits and Eurasian nuthatches visited 45,901
and 39,245 times, respectively.

All three of these bird species visited the peanut
feeder at higher frequencies. In particular, marsh tits
(ANOVA, > = 9.78, p = 0.01), great tits (y*> = 6.71, p
= (0.04), and Eurasian nuthatches (y*> = 44.63, p < 0.01)
mostly visited the peanut feeder. The frequency of visits
did not differ between brown soybean and kidney bean
feeders for marsh tits (Mann—Whitney U test, Z = 0.55,
p = 0.84), great tits (Z = 1.11, p = 0.46), or Eurasian
nuthatches (Z = 2.54, p = 0.55). Time spent on the feeder
per visit was longer on the kidney bean feeder for marsh
tits (? = 27.25, p < 0.01) and great tits (y*> = 27.25, p <
0.01). For all wintering birds, the frequency of pecking
for food items was the highest at the peanut feeder and
the lowest at the brown soybean feeder. The amount of
consumed food differed among food types. Marsh tits (y?
= 945.88, p < 0.01), great tits (> = 3146.09, p < 0.01),
and Eurasian nuthatches (x> =2941.79, p <0.01) preferred
peanuts. Marsh tits did not use kidney bean and brown
soybean feeders. Great tits and Eurasian nuthatches
pecked occasionally at kidney beans, and did not use
brown soybean feeders (Table III).

Analysis of the factors influencing food utilization
revealed that marsh tits were influenced by food type and
the interaction between food type and MEE, while great
tits were influenced by the type of food resource, MEE,
and the interaction between food resource and MEE.
On the other hand, type of food, MEE, and temperature
did not affect the food utilization of Eurasian nuthatches
during the winter season (Table IV).

In the analysis of interspecific interactions, Eurasian
nuthatches were more aggressive than other species.
Eurasian nuthatch relative aggression values were higher
than those of marsh tits and great tits (> = 11.39, p <
0.01), while marsh tits and great tits did not differ in their
relative aggression value (Z =2.39, p =0.57). While using
feeder, Eurasian nuthatches were dominant compared to
other bird species. If Eurasian nuthatches were feeding at
a peanut feeder, marsh tits and great tits stayed on other
feeders (Fig. 1).
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Table III. Differences in the feeding behavior of marsh tits (Poecile palustris), great tits (Parus major), and Eurasian
nuthatches (Sitta europaea) at feeders with different food types, with results from an analysis of variance.

Species Feeding behavior Kidney bean = Brown soybean  Peanut e p
Marsh tit Frequency of visit (no/hr) 1.65+0.17 1.56 £0.16 12.14 +1.31 9.78 0.01
Duration of visit (s/visit) 65.01 £4.77 4522 +3.77 38.01 £4.81 27.25 <0.01
Frequency of pecking (no/visit) 0.10£0.07 0.04 £0.04 2.89+0.25 1171.88 <0.01
Feeding amount (g/visit) 0.00 +0.00 0.00 = 0.00 0.37+0.02 94588  <0.01
Foraging success (%) 6.67 +6.67 16.67+16.67 46.39 +3.09 58.78 <0.01
Great tit Frequency of visit (no/hr) 343+0.36 3.73+£0.38 15.33 £1.47 6.71 0.03
Duration of visit (s/visit) 95.49 £ 5.80 63.89 £4.79 48.70 = 4.04 27.25 <0.01
Frequency of pecking (no/visit) 0.25+0.02 0.08 £0.08 1.20£0.07 219792 <0.01
Feeding amount (g/visit) 0.06 + 0.04 0.00 + 0.00 0.46 +0.02 3146.09 <0.01
Foraging success (%) 35.30+16.84 0.00 +0.00 84.27 £2.34 530.14 <0.01
Eurasian nuthatch  Frequency of visit (no/hr) 0.79+0.11 0.93+0.14 16.25+1.85 44.63 <0.01
Duration of visit (s/visit) 33.09+4.23 27.15+3.39 40.66 + 3.65 7.38 0.03
Frequency of pecking (no/visit) 0.80+0.42 0.08 £0.08 3.78+£0.29 780.88 <0.01
Feeding amount (g/visit) 0.06 +0.04 0.00 = 0.00 0.57+0.01 2941.79 <0.01
Foraging success (%) 12.86 £9.69 0.00 +0.00 53.16 £2.67 138.22 <0.01
Table IV. Relationship between feeder visitation and 12
factors influencing food selection in marsh tits (Poecile
palustris), great tits (Parus major), and Eurasian 10t :
nuthatches (Sitta europaea), with results from an b
analysis of co-variance. g B
Species Source d.f. Mean F P g 6
square b
Marsh  Food type 2 198.11 9.76 <0.01 g 4
tit MEE 1 1.09 153 022
Temperature 1 478 024 0.63 2
Food type x Temperature 2  8.91 0.44 0.51
Food type x MEE 2 7750 3.82 <0.05 0 ) . A
Marsh tit Great tit Eurasian nuthatch
MEE x Temperature 1 657 032 057
Food 2 1338 0.66 0.42
typexMEExTemperature Fig. 1. Differences in relative aggression values of marsh
Great tit Food type 2 1588 10.84 <0.01 tits (Poecile palastris), great tits (Parus major), and
MEE 1 628 429 004 Eurasian nuthatches (Sitta europaea), with results from an
Temperature 1 016 0.1 0.74 analysis of variance.
Food type x Temperature 2  0.31 0.21 0.65
Food type x MEE 2 1340 09.15 <0.01 DISCUSSION
MEE x Temperature 1 0.17 0.12 0.73 . . . .
Food*MEExTemperature 2 020  0.14 0.71 . Thgwm?ermg season is a Fhreat to the survival of most
Eurasian Food type 2 835 0.3 071 birds living in temperate regions. The low temperatures
nuthatch MEE 1 031 001 094 during this time increase the energy consumption
Temperature 1 135 002 088 necessary for homeostasis. As a result, birds require a
Food type x Temperature 2 5.67  0.09 0.76 tremendous amount of energy @uring thi§ period (Johansen
Food type x MEE 2105 0.02 0.90 e.t al., 2014). As predicted, wintering b1rd§ preferreq fat-
MEE x Temperature 1 310 005 082 rich and, to a lesser extent, carbohydrate-rich food, likely
FoodxMEExTemperature 2 1499 024 0.62 because of their increased energy requirements. According

MEE, maintenance energy expenditure.

to the optimal foraging theory, wintering birds should
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prefer foods with high energy content because these
foods maximize energy intake while minimizing energy
expenditure (Renner et al., 2012).

In this study, we used peanuts as a high-fat food
type. Peanuts were preferred at the highest frequency by
marsh tits, great tits, and Eurasian nuthatches. In addition,
the type of food, temperature, and metabolic energy
requirement affected food utilization in marsh tits and
great tits. Compared with kidney bean and brown soybean
feeder, peanut feeders experienced higher frequencies of
visits and pecking, as well as greater food consumption
and foraging success. Thus, overall, birds preferred the
peanut feeder, which offered more calories indicating that
peanuts represented the optimal choice (Stestad et al.,
2017). Dietary fat is assumed to be especially beneficial
in increasing individuals’ survival rate, especially in
uncertain foraging environments (Rogers and Heath-Coss,
2003).

In a harsh wintering food condition, these type of high
contents of food could be a nutrient source for wild birds
at urban parks. However, the food provision should be
considered with installation of food plates with a species-
specific condition environment in the wild to minimize the
negative effect of bird feeding.

In the case of Eurasian nuthatch, factors affecting
food utilization were not identified. This could be
attributed to the fact that Eurasian nuthatches had a
competitive advantage over great tits and marsh tits, as
well as the species-specific behavior of storing food during
the winter. One study found that, in competitions for food,
a bird with a lower hierarchy typically strives to avoid
competition with a higher-order individual (Francis et
al., 2018). Accordingly, when the higher-order individual
was using the feeder, lower-order individuals waited for
the higher-order individual’s feeding to end rather than
simultaneously feeding. Social rank was related to the
bodyweight of the individual, with heavier individuals
having a higher order than light individuals (Bergman and
Moore, 2003). In this study, relative aggression values of
Eurasian nuthatches at feeders were higher than those of
great tits and marsh tits.

While the Eurasian nuthatch was feeding at the peanut
feeder, great tits and marsh tits stayed on feeders without
Eurasian nuthatches. However, after Eurasian nuthatches
left the feeder, marsh tits and great tits began using the
feeder. Moreover, in previous work, Eurasian nuthatches
have been observed storing their food in tree trunks and
under fallen leaves during autumn and winter periods
(Galvén, 2017). In summary, Eurasian nuthatches, which
possessed a higher social rank than great tits and marsh
tits, stayed on dominant feeder and had a greater chance
of acquiring food.

In our study, some evidence was found that wintering
birds in temperate zones prefer high-energy food items.
Limited food during the winter season is known to affect
social hierarchies. However, this study was conducted in
a restricted area over a short period of time. Conducting
similar experiments at different sites would clarify the
variables influencing the feeding behavior of wintering
birds. Further work should focus on how winter feeding
may be used to benefit birds at the individual and
population levels.
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