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Introduction

Monitoring of the status of insectivorous passerines under constantly
increasing human pressure on natural biocoenoses is a priority task for
contemporary ornithology (Assandri et al., 2017; Blinkova & Shupova,
2017). Due to their mobility, birds are regarded as convenient environ-
mental indicators (Gregory et al., 2003; Blair & Johnson, 2008; Bula-
khov et al., 2008; Dranga et al., 2016; Matsyura, 2018).

The song thrush (Turdus philomelos Brehm, 1831) is a principal
contributor in communities of forest ecosystems of the temperate climate
zone (Amar et al., 2006; Domokos & Domokos, 2016). Studies of its
foraging ecology uncover the potential for the conservation of this spe-
cies as a numerous insectivorous bird and a migrant with a global (Bern
Convention) conservation status (Newton, 2007). It has been established
that habitat conditions of 7. philomelos are crucial for the successful
breeding and population stability of the species in forests of Germany
(Batary et al., 2014), Sweden (Felton et al., 2016), Romania (Domokos
& Domokos, 2016), Spain (Moreno-Rueda & Pizzaro, 2009), and for
equivalent species in Southeast Asia (Hamer et al., 2015). This issue be-
comes especially urgent in the north-eastern part of Ukraine, characteri-
sed by the intensive transformation of natural communities (Brygady-
renko, 2014, 2015; Chaplygina et al., 2016; Shupova, 2017). Understan-
ding of particular foraging characteristics of insectivorous birds is im-
portant to mitigate invasions of arthropods, which are potential carriers
of diseases dangerous to humans (Anderson & Magnarelli, 1993; Lom-
mano et al., 2014), as well as mitigate invasions of pests of forestry and
agriculture (Faly & Brygadyrenko, 2014; Chaplygina et al., 2015; Caprio
& Rolando, 2017). It is also important to regulate the size of bird flocks
which could otherwise destroy part of the harvest (Barnard, 1980; Para-
likidis et al., 2009).

In Great Britain, the population of the song thrush tends to a large-
scale decrease, which started in 1968 (Robinson et al., 2004). Since the
middle of the 1970s, its abundance has been falling in agricultural lands
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of lowland Great Britain (Peach et al., 2004). The abundance of the
song thrush in forests of North-Eastern Ukraine allows us to consider it
as a subdominant species according to its abundance (Chaplygina &
Savinskaya, 2016; Chaplygina, 2018). The timing of migrations
(Nadtochiy & Chaplygina, 2010) and nest location characteristics of this
species in Ukraine (Chaplygina, 2009) have been studied.

Up to now, research has considered foraging characteristics of a
species as those that determine the management and conservation of
bird diversity in natural and transformed areas (Amrhein, 2013; Luke,
2015; Koman & Adamik, 2017; Chaplyhina, 2018). Potential causes of
the decrease in bird numbers in the breeding season are changes in the
status of natural associations in their breeding habitats (Kirby et al., 2005;
Paker et al., 2014). It leads to the reduction in the available invertebrates
and loss of feeding habitats of ground-foraging birds (Chaplygina et al.,
2016a, 2016b; Markova, 2016).

In order to support the abundance of birds and improve their for aging
and distribution conditions, the suburban drain pits are proposed in South
Africa (Suri et al., 2017), and the extension of marginal vegetation is pro-
moted in cities of Central Italy (Morelli, 2013). Our studies of the song
thrush in the forest-steppe zone of Ukraine were made in comparison with
other thrush species (Chaplygina, 2000). Characteristics of the bird’s diet
in different transformed areas definitely require thorough investigation
since it is the main reason that limits this species’ abundance.

The aim of this study is to analyse the qualitative and quantitative
diet composition and the foraging stereotype of the song thrush in order
to reveal trophic links and conserve bird populations in transformed
ecosystems of North-Eastern Ukraine.

Materials and methods
The research was carried out over the period 2000-2017, in the fo-

rest-steppe zone of Left-bank Ukraine (Kharkiv Region and Sumy Re-
gion). The diet composition of the song thrush nestlings was studied in
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upland oak groves of the National Nature Park “Homilshanski Forests”,
(Zmiiv District), a forest park in the city of Kharkiv, pine-oak forests of
the National Nature Park “Hetmanskyi” (Okhtyrka District), and in the
site "Vakalivshchyna" (Sumy Region). According to Gensiruk’s classi-
fication (2002), three model sites, selected in the oak forests, were charac-
terized by different stages of recreational digression. The fourth model
site was located in a pine-oak forest.

Model site 1 (MS1) is situated far from settlements, on the eastern
bedrock bank of the Psel River in the site "Vakalivshchyna” and is
represented by an oak forest mixed with maple and linden trees. The
crown closure makes up circa 85% (Table 1), and the share of damaged
trees does not exceed 10% of their total abundance. The understory and
shrub layer are typical for the habitat, without traits of noticeable da-
mage. The herbaceous cover is mainly undisturbed and typical for the
forest type. In some areas, excessive development of forest herbs is
observed, due to the falling of overmature trees. The forest floor is
undisturbed and thick. The recreational coefficient of the site was deter-
mined by the area of forest paths comprising 5%. Model site 1 is cha-
racterized by the 1st stage of recreational digression.

Model site 2 (MS2) is located within the recreational zone of the
National Nature Park ‘“‘Homilshanski Forests” in the vicinities of study
plots of H. S. Skovoroda Kharkiv National Pedagogical University and
Karazin Kharkiv National University. These areas are exposed to inten-
sive recreation pressure during the bird’s breeding season. The wood
includes damaged and diseased trees (about 35%); the crown closure is
about 70%. The understory and shrub layer are available but poorly dif-
ferentiated. The herbaceous layer is partly disturbed; projective cover
reaches 85% in some areas. The forest floor is little disturbed. Forest
paths occupy up to 30% of the site. The model site is characterized by
the 3d stage of recreation digression and requires management of re-
creational pressure.

Model site 3 (MS3) lies in the forest park of Kharkiv City. It is a
predominantly a natural upland oak grove with a small part of planted
species, located in the watershed of the rivers Lopan and Kharkiv. Its
crown closure is circa 60%. Species of forest edge, meadow, riparian-
aquatic and ruderal plants are also recorded. There is an extended net-
work of forest paths and roads, which people use for jogging. Increasing
recreation pressure leads to the expansion of open glades and increasing
density of paths. The maple Acer negundo forms dense thickets at the
forest edge; in some places, garbage dumps are scattered. The closer to
the forest border, the more ruderal species can be found. The site has the
4th level of recreational digression.

Model site 4 (MS4) is situated in the National Nature Park “Hetman-
skyi”, in a pine forest near Kamianka and Klymetovo villages, in the
area called “Lytovskyi Bir”. Oak-pine and maple-linden-oak woodlands
near Kamianka are little disturbed by people, with diseased trees; the
crown closure is circa 20%. The understory and shrub layer are typical
for the habitat; 5-20% of trees have insignificant damage. The herba-
ceous layer includes meadow grasses (5—10%), not typical for this type
of the forest. The forest floor is little disturbed. The area of paths is not
large, up to 10% of the model site. In the section, lying in Lytovskyi Bir,
the area of paths exceeds 20%. In July-August, the recreational pressure
increases due to a high number of visitors but by this time the breeding
season of most of the birds has already finished. The site has the 3d
level of recreational digression.

A total of 52 nests of the song thrush with 125 nestlings were ins-
pected. 733 food pellets were collected, and 1,321 specimens of inver-
tebrates were studied: 441 (from 42 nestlings) in the oak forest MS2,
233 (from 21 nestlings) in the pine-oak forest MS4, 372 (from 38
nestlings) in the oak forest MS1, and 275 (from 24 nestlings) in the oak
forest MS3.

The research was carried out from 25 May to 15 June in the first
half of the day. The nestling diet was investigated by applying neck
ligatures to 5-8-day old chicks (Mal'chevskij & Kadochnikov, 1953).
The forage samples were fixed in a 70% solution of ethanol, and the
arthropods were further identified in the laboratory. All the invertebrates
were identified to species, genus or family (in case of significant damage)
by Associate Professor PhD Viktor Gramma by standard methods using
reference books.
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Statistical treatment of the data was performed in the program
Statistica 8.0 (StatSoft Inc., USA). Similarity coefficients in the species
composition of invertebrates found in the diet in different sites were
calculated using the formulae of Jaccard (C; =100 - j/ (a + b —j)) and
Sorensen (Cs =100 - 2/ (a + b)), where j — the number of invertebrate
species found in both groups, a — the number of species in the first
group, b — the number of species in the second group. These coefficients
had values from 0 (no similarity between compared parameters) to 1
(complete similarity).

Results

The song thrush belongs to the birds which forage in the above-
ground layer and, ethologically, is associated with forest areas rich in
herpetobionts. All thrushes feed on the ground surface, not pulling in-
vertebrates out of the ground but finding prey under fallen leaves,
stirring the litter, which positively influences ground-forming processes.
Thus, they prefer habitats with the availability of fallen leaves and well-
developed ground litter, the upper layers of which are difficult to
transform. These birds are often found in areas with pronounced micro-
relief: depressions, ground hills and other roughness. These conditions
create a sharp gradient of soil moisture. While feeding, a thrush moves
quickly, usually making 26.5 + 1.2 (25-30) hops and 16.4 = 1.5 (2-20)
pecks per minute. The duration of visual inspection of prey is 1-5 seconds.

Our research revealed trophic links of the song thrush with 45 taxa
of invertebrate animals (Table 1). Representatives of Insecta (64.6%; n=
1321; Lepidoptera caterpillars (66.2%; n = 825) dominated) constituted
an absolute majority, while Oligochaeta (16.7%) and Gastropoda
(12.0%) were found in smaller amounts. Other invertebrate groups
(0.6-6.3%) played an insignificant role (Fig. 1a, b). The birds pick up
Lepidoptera caterpillars from grassy vegetation or from the ground sur-
face in the period when they descend to the ground for pupation or fall
on the grass due to strong wind.
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Table 1

Macrofauna species in the song thrush diet (Turdus philomelos Brehm, 1831)

Order Family Species Trophicgroup MS1 MS2 MS3 MS$4 Total Notes
Odonata Gryllidae Gryllus sp. p 5 13 14 — 32(24) imag.
Psocoptera Psocoptera fam.  Psocoptera sp. s 6 6 - - 12(0.9) "
Hemiptera Miridae Miridae sp. ph 2 - - - 2(0.2) "

Pentatomidae  Palomena prasina (Linnaeus, 1761) ph — 6 — — 6 (0.6) !
. Carabidae sp. z - - - 4 4(04) !
Carabidac Harpalus rufipes (De Geer, 1774) z -1 12 - 307 n
o Silphidae sp. n 7 2 — - 9(0.7 "
Silphidac Mgfophonfv vespilloides (Herbst, 1783) n 3 2 - - 5 20.43 "
Staphylinidae Staphylinidae sp. z - - - 3 3(0.2) "
Coleoptera Anisoplia austriaca (Herbst, 1783) ph 10 8 6 24 (1.8) "
Scarabaeidae Cetonia aurata (Linnaeus, 1758) ph 6 - - 12 18(0.1) "
Scarabaeidae sp. ph 9 8 5 5 27(2.0) "
. Elater sanguineus (Linnaeus, 1758 — 6 - 8 14(1.1 "
Flateridae Flaterdac ap. ¢ ) E -6 6 12 E0.9§ "
.o Polydrosus sp. h - 2 - 4 6(05 "
Curculionidae (0 0L o o ~ 2 _ 6 3 §0.6§ "
. Tortricidae sp. ph 7 5 14 11 37(2.8) 6imag. +31 larv.
Tortricidac Pyraloidea sp. ph 2 18 — 18 4836  42imag+6larv.
Nymphalidae ~ Nymphalidae sp. ph - 11 - 17 28(2.1) 18 imag. + 10 larv.
Noctuidae Noctuidae sp. ph 18 16 21 19 74 (5.6) 74 imag.
Lepidoptera Geometridae Geometridae sp. ph 18 18 23 21 80 (6.1) 24 imag. + 56 larv.
Pieridae Pieridae sp. ph 4 38 37 46 165(12.5)  28imag.+ 137 larv.
Lycaenidae Lycaenidae sp. ph 7 17 - - 24(1.8) 24 larv.
Notodontidae ~ Notodontidae sp. ph 17 21 12 13 63 (4.8) 12 imag. + 51 larv.
Lepidoptera fam. Lepidoptera sp. ph 11 12 14 9 46 (3.5) 46 larv.
Bibionidae Bibionidae sp. s 23 19 8 - 50(3.8) -
Tipulidae Tipula sp. ph 6 15 - - 21(1.6) "
Rhagionidae Rhagio sp. z - 2 - - 2(0.2) "
Diptera Tabanidae Tabanidae sp. z - 2 - 2(02) "
Syrphidae Chrysotoxum festivum (Linnaeus, 1758) z - 4 - - 4(04) "
Muscidae Muscidae sp. s - - 2 2(0.2) "
Calliphoridae  Calliphoridae sp. z - 2 - - 2(02) "
Araneae Aranea sp. z 2 2 - 1 5004) -
Araneae Philodromidae  Philodromus rufis (Walckenaer, 1826) z 2 2 - 3 7(0.5) 4imag,, 3 juv.
Thomisidae Cozyptila blackwalli (Simon, 1875) z 4 6 - 2 12(0.9) 74juv., | larv.
Julida Julidae Rossiulus kessleri (Lohmander, 1927) s 16 5 17 - 38(29) -
Polydesmida  Polydesmidae  Polydesmus scabratus (Koch, 1847) N 3 - - - 3(02) =k
Isopoda Oniscoidea Oniscus asellus (Linnaeus, 1758) s 6 — 18 — 24 (1.8) !
Arion subfuscus (Drapamaud, 1805) s 28 20 17 - 65(4.9) "
Pulmonata Arionidae Trichia hispida (Linnaeus, 1758) s 17 11 - 7 3527 "
Succinea oblonga (Draparnaud, 1801) S 14 15 29 — 58 (4.4) !
Dendrodrilus rubidus (Eisen, 1874). s 27 53 - - 80 (6.1) !
Haplotaxida Lumbricidae Lumbricus terrestris (Linnaeus, 1758) s 42 39 32 12 125(9.5) "
Apporectodea rosea (Savigny, 1826) s — 16 — — 16(12) "
Total - 372 441 275 233 1321(100.0)

Notes: trophic groups of the macrofauna: ph — phytophages, z — zoophages, p — polyphages, s — saprophages, n — necrophages; MS1-MS4 — model sites
described in Materials and Methods; imag. — imagoes; larv. — larvae; juv. — immature specimens.
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The diet of the song thrush nestlings in all the model sites, accor-
ding to the proportion in the overall number of consumed species, was
dominated by phytophages: from 40.5% (MS2) and 43.8% (MS3) to
44.8% (MS1) and 59.1% (MS4) (Fig. 2a). Phytophages dominated
among prey items as well: 44.7% (MS2), 45.8% (MS3), 80.3% (MS4);
whereas in MS1 saprophages dominate (48.9%, Fig. 2b). In the breeding
period, the song thrushes eliminate phytophages of forest plantations, in
particular, larvae of Lepidoptera and Diptera, beetles from the families
Curculionidae, Scarabaeidae, etc. Irrespectively of availability of sapro-
phages (Oligochaeta) in their diet, the thrushes can undoubtedly be clas-
sified as important insectivorous birds.

The highest values of biodiversity indices were revealed in trophic
links of the song thrush nestlings in the oak grove of the 3d stage of
recreational digression (Fig. 3). They decrease according to the increa-
sing transformation of the environment in the oak groves of the 1st and
Sth stages. Mclntosh’s and Pielow’s evenness indicates a uniform use of
prey items in different model sites (Table 2). All of this proves the ab-
sence of specificity in the song thrush diet (Aleksandrova, 1959). Shan-
non diversity index of the song thrush diet increases from 2.62 (MS3)
and 2.74 (MS4) to 3.22 (MS2) and 3.03 (MS1). Therefore, the song
thrush has the highest diet similarity in natural protected areas of the oak
grove of the 3d st. of recr. digr. (MS2) and the pine-oak stand of the 3d
st. of recr. digr. (MS4) (Table 3).

160

140

120

Dietance
g

MS2 MS4 MS1 MS3

Fig. 3. Similarity of trophic links of the song thrush
in studied sites of North-Eastern Ukraine

Table 2
Indices of diet diversity of the song thrush
in model sites of North-Eastern Ukraine

Parameters MS1 MS2 MS3 MS4
Number of species 29 37 16 22
Total number of specimens 372 441 275 233
Margalef index 439 5.58 2.67 349
Manhinick index 1.40 1.67 0.96 131
Shannon index 3.03 322 262 2.74
Simpson dominance index 093 092 0.95 0.92
Simpson diversity index 1.08 1.08 1.06 1.09
Berger-Parker dominance index 0.12 0.12 0.13 0.20
Meclntosh diversity index 90.93  100.08 7794 67.18
MclIntosh dominance index 0.80 0.81 0.76 0.76
Mclntosh evenness 0.94 093 0.96 0.92
Pielow evenness 0.61 0.62 0.70 0.64

Table 3
Invertebrate similarity in the song thrush diet
in model sites of North-Eastern Ukraine

Pair of model sites Number Similarity index
of invertebrate species Jaccard Sorensen
MSI1-MS2 25 379 758
MS2-MS4 18 305 61.0
MS1-MS4 15 294 58.8
MSI1-MS3 13 289 577
MS2-MS3 14 264 52.8
MS3 - MS4 8 21.1 42.1

Discussion

In general, in surveyed ecosystems, thrushes play a significant role
in regulating the number of invertebrates (Bulakhov et al., 2008). For
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one nesting cycle (5 chicks on the average), song thrushes consume
13,850 g of biological production, blackbirds — 18,360 g, fieldfares —
21,450 g (the impact of adult birds on biocoenoses biomass was not
taken into account) (Chaplygina, 2000).

Song thrushes are characterized by lack of foraging preferences
(Alexandrov, 1959), which makes the birds quite plastic in occupying
anthropogenic landscapes (Chaplygina, 1998). However, we found a
foraging stereotype, dominated by representatives of three groups:
earthworms, caterpillars and gastropods, which had been also indicated
(Berezantseva, 1997; Baranovsky et al., 2008). There are also myriapods
(Myriapoda), mentioned in studies in Belarus and click beetles (Elateri-
dae) (Abramova & Haiduk, 2017). While migrating to wintering grounds,
the birds eat fruits of Cornus sanguinea L., Sambucus nigra L. and
Rubus sp. The prevalence of dogwood fruit is probably explained by the
high content of lipids required by birds before their long-distance migra-
tion (Hernandez, 2009).

Conclusions

The diet of the song thrush in anthropogenically transformed sites is
quite diverse. It allows the birds to change the species composition of
their prey depending on the dominance of prey in each particular model
site. Studies of the diet of other species of insectivorous birds in these
model sites will help to identify the differentiation peculiarities of tro-
phic niches in various species of insectivorous birds. The song thrush,
which feeds on the soil surface, has a diverse variety of forage in anthro-
pogenically transformed sites, with the dominance of Lepidoptera cater-
pillars, Oligochaeta and Mollusca. Birds change the species composi-
tion of their prey depending on the dominance of prey in a particular
model site. The development of similar studies will help to identify the
functioning characteristics of trophic networks in natural and anthropo-
genically transformed areas, a special role in the regulation of which is
played by polyphages with a wide diet spectrum, such as the song thrush.
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