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Morphological Differentiation in Nestlings Turdus philomelos (Passeriformes, Turdidae) and
Staging in their Development during the Nesting Period of Postembryogenesis. Peskov, V. N.,
Franchuk, M. V., Atamas, N. S. — The work demonstrates the clear presence of ageing aspects in the
postembryonic development of the song thrush in regard to its linear dimensions and body proportions.
It is proposed to distinguish the stages of early nesting, mid-nesting and late nesting. At each stage, the
mostly developed body parts and organs are those which are needed for the growing organism to provide
its best functionality at the current period of its postembryonic development.
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Introduction

Despite the multitude of works dedicated to studying the postembryonic growth and development in birds,
many aspects of the subject still await their accurate analysis and attract much discussion (Jongsomyjit et al., 2007;
Starck & Ricklefs, 1998). As an example, the rate of growth and differentiation in nestlings, and some other features
of their postembryonic development, are species-specific and inherited (Murphy, 1981; Ricklefs, 1975; Starck &
Ricklefs, 1998). At the same time, there is evidence that the growth and development rates in nestlings are more
often correlated with various environmental factors (predation, food availability, latitude, clutch size, etc.) if com-
pared to hereditary factors, for example, such as body weight of adult birds or phylogenetic proximity of related spe-
cies (Reme$, Martin, 2002). Therefore, of particular importance is studying the characteristic variability in various
traits during post-embryogenesis in closely related species, as well as the identification of developmental patterns in
nestlings at different stages of postembryogenesis and finding out whether such stages can be discriminated.

The group of thrushes of the genus Turdus is a suitable model object for such studies and, in particular,
the song thrush, which is broadly distributed in the area of examination. Many aspects of the post-embryonic
growth and development of the song thrush, Turdus philomelos C. L. Brehm, 1831, received their description in
sufficient detail in special and generalizing works dedicated to the study of the individual development in nest-
lings (Brovkina, 1959; Mal’chevskiy, 1959; Marisova, 1968; Artamonova, 1970; Poznanin, 1979; Denisova et al.,
1986; Gerasimchuk, 2011; Franchuk, 2013; Peskov et al., 2015; Rodimtsev & Yermolaev, 2016). These studies
helped establish that the nesling stage of the song thrush’s postembryonic development lasts 12-14 days, after
which the birds leave the nest (Malchevskiy, 1959; Poznanin, 1979; Franchuk, 2013). L. P. Poznanin (1979)
distinguished three developmental periods in nestlings during the postembryonic development of the song
thrush. However he himself questioned the possibility of an objective enough periodization of the postembry-
onic development in birds.
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The aim of the current study is to discriminate the peculiarities characteristic for the processes of
differentiation of the body parts in the song thrush during its postembryonic period and to find out whether
it is possible to distinguish different stages during the growth and development processes on the example of
nestlings belonging to this species.

Material and methods

The material had been collected within the period from April till June 2012, on the territory of the re-
serve object “Razvylka” (near the town of Sarny, Rivne Region), Rivne Natural Reserve (massifs Beloozersky,
Somyne) in the vicinity of Yarynivka village (Sarny District, Rivne Region) and Poliana village (Shepetovsky
District, Khmelnytcky Region). The territory of research is situated within the area of the mixed forests in the
Western Polissia.

There have been studied 118 nestlings of different age and 15 adult birds. To measure the body weight, the
nestlings were weighed daily from the moment of their hatching with the use of the typical equilateral weights,
with an accuracy of 0.1 g. The nestlings were also size-measured daily from the first day to the fourteenth, while
they were in the nest. To measure the length we used the caliper with an accuracy of 0.1 mm for: 1) body — dis-
tance from the tip of the bill (with an elongated neck) to the tailbone without feathers; 2) head — distance from
the occiput to the tip of the bill; 3) bill 1 — distance from its tip to the border of the rhamphotheca and the skin
of the frontal region; 4) bill 2 — distance from its tip to the nostril; 5) shoulder — distance from the middle of
the shoulder joint to the middle of the elbow joint; 6) forearm — distance from the middle of the elbow joint
to the middle of the wrist joint; 7) wingtip — distance from the middle of the wrist joint to the distal end of
the hand; 8) thigh — distance from the middle of the thigh to the middle of the knee; 9) tibia — distance from
the middle of the knee joint to the middle of the intertarsal joint; 10) tarsus — distance from the middle of the
intertarsal joint to the toe joint, with bent toes; 11) third toe (the longest one) — distance from the base of the
middle toe joint to the beginning of the claw base; 12) first toe (the rear one) — distance from the base of the
toe joint to the beginning of the claw base.

Nestlings of different age were compared to each other by the absolute values of the 12 morphometric
traits with the use of the hierarchical cluster analysis, calculating Euclidean distance (DE) as an indicator of
generalized differences in the linear dimensions of the body. The nestlings’ body proportions were compared by
means of the Kendall rank correlation coeflicient (t) (Zaytsev, 1984). The traits’ absolute values in millimeters
were translated into dimensionless numbers via dividing their mean values in nestlings of different age by the
means in adult specimens. By doing so, we moved from the traits” absolute values to the indices of their defini-
tiveness, or aging (organ size at certain age, expressed in % of its definitive size).

To identify the structure of the difference matrices for the body’s linear dimensions (DE, ) and the matrix
of similarity by its proportions (t,), we used the factor analysis (the principal component method). Then, the
factor loads on the main components reflect the relationship of one or another age group of nestlings to the
corresponding PC, which is determined by the entire structure of the similarity-difference relationship among
nestlings in their linear dimensions and body proportions.

Statistical calculations for all the variables were done with the use of the statistical analysis applications
PAST and Statistica for Windows, v. 6.0.

Results and discussion

Variability in basic dimensions of the body inthe postembryonic development
of the song thrush is determined primarily by the age and date (order) of hatching, as well
as by their individual variability. On the territory of Western Polissia, there is a fairly large
type of the song thrush, with the mean body mass equal to 70.9 g, and length — 137.9 mm
(table 1). The mean body length of the day-old nestlings (M = 51.2 mm) is 37.1 % of that
in adult birds, and the mass (M = 6.2 g) — 8.8 %. In the process of postembryonic growth,
the body length increases by 3.7 times, and the mass — by 11.4. Nestlings, leaving the nest
by the 12-14th day, do not still reach the body size of an adult bird in their body length
(M =109.9 mm) and mass (M = 46.1 g). Their bodies’ length and mass during their growth
in the nest (nesting stage of postembryogenesis) increase by 2.96 and 7.44 times respectively.

Variability in morphometric traits

The mean values of the 12 morphometric traits in the song thrush nestlings vary from
the minimal values in day-old nestlings to the maximum in 13-14 day-old ones that have
almost reached their peak development and are ready to leave the nest (table 2).

For the entire nesting period of development, the degree of increase in size of the traits
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Table 1. Variability of body length and mass in the three age groups of song thrush

Ace N Body length, mm Body mass, g
& min-max M min-max M
One day 31 46.2-58.5 51.2 4.5-9.5 6.2
12-14 days 27 99.8-17.5 109.9 37.0-53.3 46.1
Adult birds 15 120.0-155.0 137.9 62.0-90.9 70.9
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Fig. 1. Dynamics of changes in 12 morphometric traits in nestlings during the nesting stage of postembryogenesis
(from 1 to 14 days), the stage of fast growth (from 1 to 8 days) and of slow growth (from 8 to 14 days).

Table 2. Mean values of the 12 morphometric traits in nestlings and adult song thrush specimens

N Traits, mm 1 day-old | 8 day-old | 13 day-old | Adults
1 Body length 51.16 102.06 108.80 145.60
2 Head length 17.72 33.28 39.27 45.80
3 Billlength 1 5.68 12.85 1591 20.00
4 Billlength 2 2.92 6.47 7.79 12.20
5 Shoulder length 8.03 23.79 23.64 32.30
6 Forearm length 8.55 29.23 32.97 33.10
7  Wingtip length 8.84 26.45 28.45 32.10
8 Thigh length 10.25 26.04 27.26 32.20
9 Tibia length 13.55 37.55 42.56 47.00
10 Tarsus length 8.96 29.69 32.67 33.30
11 Third toe length 5.97 19.76 20.32 25.20
12 First toe length 3.89 11.73 13.26 13.20

varies from 2.1 times (body length) to 3.86 (forearm length) (fig. 1). The fastest growth is
characteristic for the wing parts (traits 5-7), followed by the hindlimb parts (signs 8-12),
and the slowest in growth speed are the body (trait 1), head (2) and bill (traits 3 and 4).

The major increments in size occur within the first eight days of the nestlings’
postembryonic development (stage of fast growth). By the end of this stage, the growth
is in fact finished for the forearm (trait 5) and almost finished for the third toe (trait 11),
thigh (trait 8), and body (trait 1). The rest of the traits, within the next stage of slow growth
(8-14 days), receive only a slight increase in size (by 1.1-1.2 times).

Differentiation of nestlings by their body’s linear dimensions
Generalized differences, calculated between the nestlings’ age groups for the means values
of the 12 traits, range from the minimum (DE = 2.0) between the 10 day-old and 11 day-old
nestlings to the maximum (DE = 84.5) — between the day-old and 13 day-old ones (table 3).
According to the factor analysis of the DE, matrix, the first two main components
(PC1 and PC2) explain the most part (97.6 %) of the morphological differentiation in
body’s linear dimensions of the song thrush nestlings (table 4).
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Table 3. Comparison of nestlings in their linear dimensions (DE — above the diagonal line) and
proportions (t — under the diagonal line) in reference to their age

Age, Nestling age, days

days 1 [ 2] 31 4] 5 7] 6 [ 7 1 8] 9 10 ] 11 ] 12713
1 — 98 192 341 432 548 650 735 776 80.8 817 846 845
2 089 — 95 243 334 451 553 638 678 711 720 748 748
3 089 091 — 152 241 360 463 546 587 619 629 656 656
4 063 074 074 — 92 209 312 396 437 470 480 507 507
5 047 058 058 076 — 121 225 307 348 381 391 419 419
6 036 047 047 069 076 — 107 188 231 264 274 302 302
7 036 047 047 065 067 087 — 92 130 162 172 203 20.1
8 027 038 038 060 058 08 091 — 47 80 91 11.8 122
9 023 034 034 052 058 074 087 08 — 35 45 75 78
10 023 034 034 052 058 074 087 082 09% — 20 44 49
11 021 032 032 049 056 067 080 0.80 093 093 — 40 41
12 025 036 036 049 052 067 080 0.80 089 089 096 — 3.5

13 030 041 041 049 056 067 076 071 0.80 0.80 087 0.87 —

Table 4. Results of the factor analysis of the difference matrix for the nestlings’ linear dimensions (DE,)
and the similarity matrix for their body proportions (t )

Nestling age, PC1 | PC2 PC1 | PC2
days Body linear size Body proportion
1 0.995 -0.013 0.989 -0.083
2 0.988 -0.107 0.982 0.011
3 0.947 -0.273 0.982 0.011
4 0.677 -0.712 0.629 0.684
5 0.255 -0.955 0.035 0.920
6 -0.517 -0.833 -0.727 0.624
7 -0.879 -0.439 -0.932 0.255
8 -0.976 -0.182 -0.938 0.196
9 -0.993 -0.083 -0.990 -0.024
10 -0.997 -0.027 -0.990 -0.024
11 -0.997 -0.015 -0.983 -0.113
12 -0.995 0.009 -0.973 -0.168
13 -0.995 0.008 -0.937 -0.163
Prp. Totl, % 79.47 18.17 79.48 14.49

The PC1, which explains 79.47 % of total variance, marks the one-, two-, and three
day-old nestlings by high positive correlation coefficients (0.947-0.995), and the seven- to
thirteen day-old nestlings — by high negative ones (-0.879 — -0.997) (table 4). Based on
that, one can deduce that the first principal component reflects the generalized differences
(DE,) among the nestlings of these age groups in their body linear dimensions (absolute
values of the 14 morphometric traits).

The PC2 (18.17 %) marks the four-, five-, and six day-old nestlings by high negative
correlation coefficients (-0.712 — -0.955), denoting their place in the structure of
morphological diversity of the song thrush nestlings.

Based on the data, presented above, it seems highly probable that the song thrush
nestlings during their nesting development period can be clearly differentiated by their
linear dimensions on the stages of early nesting (1-3 days of development), mid-nesting
(4-6 days of development) and late nesting (7-13 days of development).

Differentiation of nestlings by their body proportions

It is well known that in young vertebrate animals, including birds, the definitiveness
(aging) of most of the body parts and organs during some developmental periods is different,
which is determined by the starting point and the speed of morpho- and organogenesis,
as well as by the rate of postembryonic growth (Bunak, 1961; Jongsomyjit et al., 2007;
O’Connor, 1978). The indices of definitiveness or ageing of morphological traits are
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Table 5. Mean indices of definitiveness in % and ranks (1-12) of the morphometric traits in the song
thrush nestlings

Traits | 1 day-old | 8 day-old | 13 day-old
Body length 35.14 (2) 70.09 (10) 74.72 (10)
Head length 38.70 (1) 72.66 (9) 85.75 (6)
Bill length 1 28.38 (6) 64.23 (11) 79.53 (9)
Bill length 2 23.96 (11) 53.04 (12) 63.84 (12)
Shoulder length 24.86 (10) 73.64 (8) 73.18 (11)
Forearm length 25.83 (9) 88.31 (3) 99.60 (2)
Wingtip length 27.54 (7) 82.39 (4) 88.62 (5)
Thigh length 31.83 (3) 80.85 (5) 84.65 (7)
Tibia length 28.83 (5) 79.90 (6) 90.56 (4)
Tarsus length 26.89 (8) 89.15 (1) 98.10 (3)
Third toe length 23.67 (12) 78.43 (7) 80.63 (8)
First toe length 29.46 (4) 88.85 (2) 100.44 (1)

dimensionless values, which makes it possible to make a comparison among different traits
and assign ranks to them depending on these indices (in this case, from rank 1 which is the
maximum index of definitiveness to 12 being the minimum one).

In the day-old song thrush nestlings, similar to most nestling birds (Poznanin, 1979),
in accordance with their functional meaning at the current moment of organism formation,
the most developed are the head length (38.70 %, rank 1) and body length (35.14 %, rank 2),
and the least — the bill length from the tip to the nostrils (23.96 %, rank 11) and the third
toe of the hindlimb (23.67 %, rank 12) (table 5).

In the eight day-old nestlings, the most developed are the tarsus (89.15 %), the first toe
(88.85 %), and the forearm (88.31 %), the least — the body (70.09 %), the bill (64.23 and
53.04 %), which indicates that nestlings are getting ready to leave the nest.

In the thirteen day-old nestlings, the body proportions change insignificantly, which
is evident if they are compared with the eight day-olds (t = 0.71). The leading positions
are taken by the first toe (100.44 %), the forearm (99.60 %) and the tarsus (98.10 %); the
weakest definitiveness is characteristic for the body (74.72 %), the shoulder (73.18 %), and
the bill from the tip to the nostril (63.84 %).

The factor analysis results received for the nestlings’ body proportion similarity matrix
(table 3) confirm almost completely the differentiation characteristics obtained from
studying the linear dimensions of the body (table 4). The only difference is that the group
of the mid-nesting chicks differentiates not that distinctly as it was seen for the body linear
dimensions. For example, the six day-old nestlings are closer by their body proportions
to the group of the late nesting chicks (-0.727) than to the mid-nesting ones (0.624).
The correlation (0.684) for the four day-old nestlings with the PC2, which measures the
differentiation level of the mid-nesting chicks within the general structure of morphologic
diversity in the song thrush nesting chicks by their body proportions, is not high enough.

Conclusion

In the one day-old nestlings, the most mature are the body, head and bill, which is
evidence of an earlier development of the body skeleton and the head. In the thirteen
day-old nestlings, getting ready to leave the nest, the most developed are the wing (traits
7 and 8) and the hindlimb (traits 9, 10 and 12), i. e., the organs for movement along
the ground and air. Adult birds have the proportionally more developed bill and thigh,
which corresponds to the properties of their movement in search of food (jumping) and
its gathering (loosening the forest litter with the bill) (Baranovsky et al., 2007; O’Connor,
1978). It can be easily seen that at each particular moment of development the most de-
veloped are those parts and organs which are most needed for a growing organism for its
successful functioning.
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During the nesting stage of the song thrush’s postembryonic development, there is
a well expressed age-related aspect of differentiation in nestlings as to their body linear
dimensions and proportions. Within the general structure of morphologic diversity of the
song thrush nesting chicks, in reference to their body linear dimensions and proportions,
there can be clearly differentiated the groups of early nesting (1-3 days of development),
intermediate group of mid-nesting (4-6 days), and the most numerous group of late
nesting (7-14 days) chicks. That said, the nesting stage of the song thrush postembryonic
development can be divided into three stages of nestlings’ development: of early nesting,
mid-nesting and late nesting.

References

Artamonova, Z. V. 1970. Geographic variability of the growth rate of some members of the Thrush family. Proc.
of the 1V Scientific Conference of zoologists of pedagogical institutes. Gorky, 329-330 [In Russian].

Baranovsky, A. V., Khlebosolov, E. I, Marochkina, E. A., Ananyeva, S. I, Cheltsov, N. V., Lobov, I. V., Khlebo-
solova, O. A., Babkina, N. G. 2007. Mechanisms of ecological segregation of the four co-inhabiting species
of Thrushes T. pilaris, T. iliacus, T. philomelos and T. merula. Russian ornithological journal, 16, express-
is. 377,1219-1230 [In Russian].

Brovkina, E. T. 1959. Materials on the reproductive biology of Thrushes. Scientific notes of MGPI, 104 (8),
227-257 [In Russian].

Bunak, V. V. 1961. Patterns of relative growth as the main factor of morphogenesis in late (postembryonic)
ontogenesis. Archive of anatomy, histology and embryology, 40 (2), 3-16 [In Russian].

Denisova, M. N., Poduraeva, V. I, Davydova, A. S., Artamanova, Z. V. 1986. The Turdidae growth speed in
different parts of their habitat. Proc. of the I-st Meeting of the All-Union Ornithological Society of the IX
All-Union Ornithological Congress. Leningrad, 193-195 [In Russian].

Franchuk, M. 2013. On nesting biology of song thrush (Turdus philomelos, L. Brehm, 1831) in the protected
territories of the Western Ukrainian Polissya. Visnyk of Lviv University, Biological Series, 62, 234-241 [In
Ukrainian].

Gerasimchuk, A. V. 2011. Ecological aspects of nesting in Thrushes in the conditions of the Chulym-Yenisei Basin.
Ph.D thesis. Krasnoyarsk, 1-14 [In Russian].

Jongsomyjit, D., Jones, S. L., Gardali, T., Geupel, G. R., Gouse, P. J. 2007. A Guide to nestling development and
aging in altricial passerines. U.S. Department of Interior, Fish and Wildlife Service, Biological Technical
Publication, Washington, D. C., 2-66.

Mal’chevsky, A. S. 1959. Breeding life of song birds. Reproduction and postembryonic development of sylvan
passerine birds of European part of the USSR, 1-281 [In Russian].

Marisova, I. V. 1968. On postembryonic development of Song thrush and Blackbird. Ornitology, 8, 372-373
[In Russian].

Murphy, M. T. 1981. Growth and aging of nestling Eastern Kingbirds and Eastern Phoebes. Journal of Field
Ornithology, 52 (4), 309-316.

O’Connor, R. J. 1978. Growth strategies in nestling passerines. Living Bird, 16, 209-238.

Peskov, V. N., Franchuk, M. V., Atamas’, N. S. 2015. Growth Processes in the Postembryonic Development
in Altricial Birds on the Example of Song Thrush, Turdus philomelos (Passeriformes, Turdidae): a
Multivariate Approach. Vestnik Zoologii, 49 (5), 459-466.

Poznanin, L. P. 1979. Ecomorphological analysis of onthogenesis of altricial birds. Nauka, Mosscow, 1-294 [In
Russian].

Rodimtsev, A. S. & Yermolaev, A. 1. 2016. Properties of body mass growth in half-nestling and nestling birds at
a nesting stage. Russian journal of zoology, 95 (7), 837-847 [In Russian].

Ricklefs, R. E. 1975. Patterns of growth in birds. III. Growth and development of the Cactus Wren. Condor, 77
(1), 34-45.

Remes, V, Martin, T. E. 2002. Environmental influences on the evolution of growth and developmental rates in
Passerine. Evolution, 56 (12), 2505-2518.

Starck, J. M., Ricklefs, R. E. 1998. Patterns of development: the altricial-precocial spectrum. Avian growth and
development: evolution within the altricial-precocial spectrum. Oxford University Press, New York, 3-30.

Zaytsev, G. N. 1984. Mathematical statistics in experimental botanics. Nauka, Mosscow, 1-424 [In Russian].

Received 2 April 2018
Accepted 25 October 2018



