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Growth Processes in the Postembryonic Development in Altricial Birds on the Example of Song
thrush, Turdus philomelos (Passeriformes, Turdidae): a Multivariate Approach. Peskov, V. N.,
Franchuk, M. V., Atamas’, N. S. — The paper explores the possibility of implementing the methods
of multivariate statistics into studying the growth processes on the example of song thrushes, Turdus
philomelos, Brehm, 1831, during their postnatal development as nestlings. The developmental trends in
12 morphometric traits in T. philomelos in the course of postembryogenesis is shown to be explained
for 99.3 % by the first two principal components (PC). The major developmental trend (PC, — 95.1 %)
is defined by a highly correlative though irregular growth of linear forms of nestlings’ body parts, the
two other trends relate to the body proportion formation (PC, — 4.2 %). There have been discovered
the two growth stages: (1) of fast growth: from birth up to the 8th day with relative increment in growth
of traits equal in average to 91.9 %, and (2) of slow growth: from the 8th to the 14th day, characterized
by a reduction of an average growth increment being five times lower, and by intense feather cover
development. There have been demonstrated that all the variables can be structured into the four groups
or growth correlation pleiads (groups comprising similarly growing traits). The growth is shown to be
most specific for the song thrush’s body, head and bill, being a part of a singl e pleiad. While still forming
the three different growth pleiads the properties of the bird’s wing, leg, the 3rd and the 4th toes differ
significantly less in respect to their growth characteristics.

Key words: song thrush, postembryonic growth, growth phases, developmental trends, multivariate
analysis.

PocroBbie nmpouneccol B IIOCT3M6P]/IOHaJI])HOM PpasBUTUM INITEHLOBBIX NTHUII HA IIPUMEPE IEBYETO
mposma, Turdus philomelos (Passeriformes, Turdidae): mHoromepupnii mopxon. Ileckos B. H.,
®panyyk M. B., Aramace H. C. — Ha npumepe nesuero npospua, Turdus phillomelos, Brehm, 1831,
aHaHI/IST/IpY}OTCH BO3MOJXHOCTU M3Y4IE€HINA POCTOBBIX IIPOLIECCOB B HOCT3M6PI/IOH3J'H)HOM pasBuTun
ITEHIIOBBIX IITUI] C ICIIO/Ib3OBAHMEM METOJOB MHOI‘OMepHOI;I CTAaTUCTUKIU. HOKa3aHO, YTO MSMEHYMBOCTD
12 MopdoMeTpuuecKMX NpU3HAKOB B mocTamOpuoreHese 1. phillomelos Ha 99,3 % ommceiBaercs
nepBbIMU ABYM: maBHbIMM KoMroHeHTaMu (I'K). OcHOBHOIT TpeHJ, MSMEHYMBOCTY IIPU3HAKOB (I‘Kl —
95,1 %) ompefienAeTCsA BBICOKO COIIACOBAHHBIM, HO HePaBHOMEPHBIM YBe/IIYeHJeM TMHEIHBIX Pa3MepoB
Jacreil Te/a ITEHI[OB, B APYTUX TPeH/a CBsAsaHbl ¢ GopMuposannem ero nporopumit (IK, — 4,2 %).
BrisBieHbt (basa MHTEHCUBHOTO pOCTa (C 0 o 8 CyTOK, OTHOCUTETbHBIN TIPUPOCT IIPU3HAKOB B CPpENHEM
cocrapnser 91,9 %) u ¢asa samepyieHHoro pocra (8-14 cyTok, XapaKTepHO yYMEHbIIEHME BeTNYMHbI
CpefHero OTHOCUTE/IBHOTO IIPUPOCTA B 5 pas, MHTEHCUBHOE PasBUTIE IIePbeBOro IOKpoBa). [TokasaHo,
9TO IIO BEIMYMHE CYyTOYHOTIO IIpUpocTa N XapaKTepy JUHAMUKN POCTOBBIX IIPOLECCOB BCE NPU3HAKU
O0DeNUHAIOTCS B 4 TPYNNBl JWIN POCTOBBbIE IUIESABI (TPYIIBI OZMHAKOBO PACTYIINX IIPU3HAKOB).
Hau6ornee criennduyHo pacTyT Tejo, rOIOBa 1 KII0B, 00pasyroliye efuHyIo 1wiesny. [[pusHaky Kpbiia,
HOTY, TPETHETO M Y€TBEPTOTO IMAJIBLEB, XOTA N 06pa3y10T Tp¥ OTAE/TbHBIE POCTOBBIE IVIEANIBI, PA3TNYIAIOTCA
I10 XapaKTePICTUKAM POCTOBBIX IIPOLIECCOB 3HAUNTETBHO MEHBDIIIE.

KnioueBble C10Ba: MeBYMIt APO3TI, HOCTIMOPUOHATIBHBIN POCT, pasbl POCTa, TPEH/IBI M3MEHUYNBOCTY
IIPU3HAKOB, MHOTOMEPHBbII aHA/IU3.
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Introduction

Postembryonic growth and development of altricial birds has been thoroughly examined to date, as ev-
idenced by numerous studies encompassing both general and specific research on various aspects of avian
development (e. g. see Mal’chevsky, 1959; Poznanin, 1979; Rodimtsev, Konstantinov, 2006; O’Connor, 1984;
Ricklefs, 1968, 1983). In most of these studies analysis is more concerned with the general growth of the whole
organism (body mass and length) than with growth of its parts and organs. In particular in the papers of for-
eign authors, body weight shifts are considered to be the main characteristic of a growing organism far more
frequently than correlated trends for separate body parts and organs (Dunn, 1975; Ricklefs, 1967, 1968, 1979;
O’Connor, 1978). Phylogenetic and ecological aspects of an organism’s growth are given preference in the stud-
ies (Becker, Specht, 1991; Bryant, 1978; Coulter, 1981; Dawson, Evans, 1960; Hébert, Barclay, 1986; Lilja, 1982;
O’Connor, 1978; Ricklefs, 1967, 1975). However, the correlated dependencies between the developing struc-
tures of the organism’s organs and body parts in relation to their significance in organism’s holistic vital activity
(ecology) were not paid enough attention in the research literature in the past. There are hardly any studies on
correlative relationships between body parts and organs of the developing organism (O’Connor, 1978; Peskov,
1990; Peskov et al., 2013). Although according to Poznanin’s opinion (1979), this approach would allow us to
understand the mechanisms of the body proportion formation as conditioned by specific connections between
the organism and its environment.

Based on the facts referred above, the main aim of this study was to identify the most important signs
of integrity of the growing organism in the postembryogenesis of altricial birds using multivariate statistics
methods.

Material and methods

Place of data collection. In our study we used the research data on breeding biology of the song
thrush. The data were collected in June 2012, in natural object “Razvylka” (near Sarny, Rivne Region), Rivne
Natural reserve (the Biloozersky and Somyne areas near Yarynivka village, Sarny District of Rivne Region) and
near Poliana village, Shepetovsky District of Khmelnytcky Region. The area of research is located in the mixed
forests of Ukrainian West Polissia.

Data. There have been studied 118 nestlings of different age in total and 15 adult birds. Nestlings of 1 to
14 days of age were measured with digital calipers. Each nestling was measured regularly with a two-day period
since hatching till leaving the nest.

The analyzed traits included: 1) body length — the distance (with the neck extended) from the bill point to
coccyx (feathers not counted); 2) head length — the distance from the back of head to the bill tip; 3) total bill length
(survey 1) — the distance from the bill’s tip to the edges of ramphotheke and skin cover of the frontal area; 4) bill
length from the tip to the nostrils (survey 2) — the distance from the bill tip to the nostrils; 5) shoulder length — the
distance from the middle of shoulder joint to the middle of the elbow; 6) forearm length — the distance from the
middle of the elbow to the middle of the carpal joint; 7) wingtip length — the distance from the middle of carpal
joint to the distal edge of the wingtip; 8) thigh length — the distance from the middle of hip joint to the middle of
knee joint; 9) tibia length — the distance from the middle of knee joint to the middle of intertarsal joint; 10) tarsus
and foot length — the distance from the middle of intertarsal joint to the toe joint (with toes bent); 11) third (the
longest) toe length — the distance from the base of the middle toe joint of foot to the emerging claw; 12) fourth toe
length — the distance from the base of toe joint of foot to the emerging claw (Poznanin, 1979, with corrections).

The original surveys were used to calculate: 13) head length without bill; 14) shoulder and forearm length;
15) forearm and wingtip length; 16) total wing length; 17) thigh and tibia length; 18) tibia and tarsus length;
19) total leg length; 20) fourth and third toe length.

Statistical methods. For every age group of nestlings the means of measured values were calculated,
which were further analyzed in the study of growth development. The variability of morphological traits in
postembryonic development of the song thrush was studied using principal components analysis. The growth
of the whole body and its different parts was estimated by the relative percentage increment (RPI, %), calculated
according to Brody’s formula (Schmalhausen, 1982). Hierarchical cluster analysis was implemented to compare
all the twenty traits by their diurnal relative percentage increment (DRPI, %). The differences were calculated
by means of Euclidean squared distance metric (SqDE), with implementation of Spearman rank correlation
coefficient (RS) for the analysis of growth dynamics (variations in DRPI, %) Data processing and analysis were
conducted with the help of Microsoft Office Excel and Statsoft Statistica 6.0.

Nestlings and their parents had been treated so that to maximally reduce any unfavorable effects on them.
No nestlings during the measurement procedures had been harmed.

Results and discussion

Component analysis of ontogenetic developmental trends.
According to the analysis results (table 1) the first two principal components describe
developmental shifts for the 12 morphometric traits in the sample of nestlings, fledglings
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Table 1. Factor loadings for two first principal components (PC, and PC))

No. Traits, mm | PC, | PC,
1 Body length -0.991 0.091
2 Head length -0.984 0.170
3 Total bill length -0.941 0.328
4 Bill length from the tip to the nostrils -0.927 0.374
5 Shoulder length -0.996 0.005
6 Forearm length -0.976 -0.202
7 Wingtip length -0.968 -0.249
8 Thigh length -0.989 0.101
9 Tibia length -0.994 -0.072
10 Tarsus and foot length -0.975 -0.210
11 Third toe length -0.969 -0.221
12 Fourth toe length -0.990 -0.092
Prp. totl., % 95.10 4.20

and adult song thrushes (99.3 % of total variance). Negative sign and high values of factor
loadings on the first component attest to their tightly coordinated changes in the course of
postnatal development.

Biological nature of these changes is quite obvious. The first principal component
(PC)) that explains 95.1 % of total variance, characterizes age-related changes in the linear
size of the body and its parts. Thus, coordinated increment in all the traits in the postnatal
development of song thrush nestlings should be interpreted as the main “growth trend”.
Negligible differences in values of the calculated factor loadings of different traits on PC,
signify that changes are irregular (allometric growth) which is characteristic for the body
proportion formation in nestlings.

PC, (3.10 % of total variance) characterizes different growth vectors in the traits as
they relate to each other, i.e. the formation of body proportions. It is evident from the
value and sign of factor loadings for PC, (table 1). For example, low positive factor loadings
of body, head, bill and thigh lengths mean that there is an independent developmental
trend which is though aligned with the main trend (PC,), determined by growing body
linear metrics in nestlings during their nesting period of development. Negative loadings
for forearm, wingtip, tarsus and foot, third toe, forearm and wingtip, tibia and tarsus, third
and four toes’ lengths indicate that there is a specific developmental trend for the traits,
partly independent from the main ‘growth trend’.

Factor analysis of the growth processes. Considering that PC and PC,
explain 99.3 % of song thrush’s postnatal developmental trends in respect to the described
12 traits, the factor scores of these components carry similarly meaningful information about
the changes in the body linear sizes (PC,) and body proportions (PC)). Having connected these
values (dots) in the graph (fig. 1) with a broken line, we can observe a schematic trajectory
representing the postembryonic development of song thrush’s body in a multivariate space.

Judging by figure 1, there is an irregular increment of linear body metrics in the song
thrush’s postembryonic development. For instance, since hatching till the 8th day nestlings
rapidly grow (phase of rapid growth). The mean value of RPI for the 20 traits equals 91.9 %.
From the 8th day till leaving the nest (at the 13th-14th day) the rates of linear growth drop
considerably (phase of slow growth). The mean RPI value is reduced by almost 10 times and
makes up 9.56 %. Such a big size increment drop for the axial and limb skeletons of nestlings
is definitely a result of the processes of intense growth and feather cover differentiation
(Mal’chevsky, 1959; Bel’sky, 1960; O’Connor, 1978; Poznanin, 1979; our own data). Similar
relation between the processes of growth and differentiation was found by Bel’sky (1960)
for snowbird and some other bird species.
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Fig. 1. Distribution of centroids for the age-based song thrush samples in the factor space of PC and PC,
(figs 1-13 denote nestling’s age in days).

The trait-related structure of growth processes can be clearly seen
in figure 2. During the phase of rapid growth (0-8 days) wings demonstrate the most
prominent growth increment (103.1 %) together with almost all its parts (RPI is maximal
for forearm: 110.3 %, and minimal for wingtip: 99.0 %). The second-largest RPI is found
for legs and is maximal for tarsus (107.3 %) and the third toe (107.3 %), and minimal for
thighs (87.0 %). The third place was shared among bill (77.4 and 75.5 %, respectively), body
(66.4 %), head with bill (59.8 %) and head without bill (49.8 %). The main task to be solved
by the nestling’s organism in the phase of intensive growth is the maximal increase in the
linear size of the body and formation of its definitive proportions.
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Fig. 2. RPI values for 20 traits during the phase of rapid growth (0-8 days), phase of slow growth (8-14 days)
and after leaving the nest (14 days to adulthood). Numbers of traits as given in table 1.
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Between the 8th and the 13th-14th days (phase of slow growth), the body’s linear size
continues to increase though at a much slower pace (fig. 2). Of interest is that the bird’s
head and bill in particular are growing significantly faster than its wings and legs. The
maximal RPI value is observed for bill (20.6 % and 17.2 %), head with bill (16.2 %) and
head without bill (13.4 %). Minimal RPI is demonstrated by thigh (4.2 %) and the third toe
(2.8 %), while the fourth tow significantly adds in size (12.4 %). Shoulders stop their growth
almost completely (0.38 %). These and some other growth indices denote the final stage of
a nestling’s development before it is ready to leave the nest.

After leaving the nest by the 13th-14th days, nestlings continue to grow until they
reach the size of an adult bird. During that period, their bills elongate from tip to nostrils
for 42.1 % and for 31.7 % in total, which is undoubtedly a result of a transition to feeding
by their own. Size increments of 26.8 % for thigh and 15.5 % for thigh and tibia together
obviously reflect the heightened locomotor activity related to the search for food. These are
the indications that a nestling is about to get ready for an independent living.

Conjugated trait growth in postnatal development of song thrush
nestlings. Comparing the traits by their diurnal relative percentage increment (DRPI
values) and by the dynamics of the growth processes (sequential increases and decreases in
DRPI) we have found that all of them are clearly divided into 4 groups (fig. 3).

There have been demonstrated that all the variables can be structured into the four
groups, or growth correlation pleiads (the term is used to signify the groups of identically
growing traits).
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Fig. 3. Results of comparison of 20 morphometric traits (1-20) in nestlings of song thrush according to their
DRPI and dynamics of growth processes. Numbers of traits as given in table 1.
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However, the main differences between the traits are mostly determined by their DRPI
values and to a lesser extent by the dynamics of the growth processes (fig. 4).

The data in figure 3 demonstrate that in postnatal development of song thrush nestlings,
their bodies, heads and bills (No. 1, 2 and 13, 3 and 4 respectively) show the most specific
growth dynamics of all the examined traits. This conclusion is supported by the results
of the growth processes study in nestlings, discussed above. The differences between the
growth traits regarding wings and legs are not as significant, as the traits dealing with body,
head and bill, although sufficient enough to separate them into different growth pleiads.

It is also important to note that all the traits increase rhythmically. The rhythmic
character of the growth processes of vertebrates had already been described before
by Schmalhausen (1982). Growth rhythm (dynamics) of the body and its parts in song
thrush nestlings can be easily traced throughout the whole nesting period of song thrush
development, but most clearly is expressed in the first 8 days, i.e. in the phase of intense
growth. The effect of slowing growth rhythms can be observed in line with the decrease in
growth rate of nestlings (fig. 4).

Conclusions

The variability of morphometric traits in song thrush’s postembryonic development is
for 99.3 % explained by the first two principal components. At the same time, high factor
loadings of PC, for all the 20 analyzed traits (96.2 % of total variance) point out to the very
high coherency of their growth. Thus, correlated increment in size of the body and its parts
can be seen as a “growth trend” in the whole variance of corresponding traits.

PC, (3.1 %) has light positive factor loadings for body, head, bill, and thigh lengths,
which indicates the existence of an independent developmental trend, that matches by
sign with the main developmental trend for all the traits (PC,). Negative factor loadings
of forearm, wingtip, tarsus, third and fourth toe lengths are also pointing out to a separate
independent developmental trend in the above mentioned traits, which can be determined
by their slightly lagging growth.

During the nesting period of song thrush development there are a clearly defined
phase of rapid growth (0-8 days) and a phase of slow growth (8-14 days). During the
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Fig. 4. Dynamics of DRPI values of body, head, wing and leg in the breeding period of song thrush nestling
development.
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intense growth phase, the trait linear sizes are increased by 91.9 % in average. In the next
phase, the average value of RPI is reduced by almost 10 times, and amounts to 9.6 %. In
the period after leaving the nest and before reaching maturity the average value of RPI
reaches 9.8 %.

During the rapid growth phase (0-8 days), the linear sizes of the nestling’s body go
through the maximum increase stage and the body’s definitive proportions are being
formed. In the phase of a slow growth (8-13-14 days) nestlings go through the final stage
of their development before they are ready to leave the nest. Their growth dynamics after
leaving the nest is being determined so as to ensure a successful transition to independent
living.

All the 20 traits can be clearly structured into the four groups, or growth correlation
pleiads according to their values of diurnal relative percentage increment (DRPI) and the
dynamic nature of the growth processes (sequential DRPI increases and decreases). The
growth is shown to be most specific for the song thrush’s body, head and bill, being a part of
a single pleiad. While still forming the three different growth pleiads, the properties of the
bird’s wing, leg, the 3rd and the 4th toes differ significantly less in respect to their growth
characteristics.

We can assume that in the postembryonic development the nestling’s body and all
its parts grow rhythmically. It is most clearly expressed in the first 8 days of development
(phase of intense growth). As the relative increment of traits slows down, these rhythms
appear to fade.

References

Bel'sky, N. V. 1960. On some regularities of the growth and development of birds. Ornitologija, is. 3, 31-37 [In
Russian].

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

Peskov, V. N. 1990. Organization of growth processes in postembryonic development of starlings (attempting
the systemic analysis). Vestnik zoologii, 6, 62-67 [In Russian].

Peskov, V. N,, Tarasenko, M. O., Franchuk, M. V. 2013. Variability of linear sizes, body proportions and peri-
odization of nestling development of Lanius collurio collurio L. Branta: Sbornik nauchnyh trudov Azovo-
Chernomorskoy ornitologicheskoy stancii, is. 16, 63-78 [In Russian].

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

Rodimtcev, A. S., Konstantinov, V. M. 2006. Ecology of early onthogenesis of corvids. Prometey, Moscow, 1-312
[In Russian].

Schmalhausen, 1. I. 1982. The organism as a holistic entity in its individual and historic development. Nauka,
Moscow, 1- 383 [In Russian].

Becker, P. H., Specht, R. 1991. Body mass fluctuations and mortality in common tern (Sterna hirundo) nestlings
dependent on weather and tide in the Wadden Sea. Ardea, 79 (1), 45-56.

Bryant, D. M. 1978. Enviromental influences on growth and survival of nestling House Martins (Delichon ur-
bica). Ibis, 120 (3), 275-304.

Coulter, M. C. 1981. A source of variation in avian growth studies: undigested food. J. Field Ornithol., 52 (1),
1-62.

Dawson, W. R., Evans, F. C. 1960. Relation of growth and development to temperature regulation in nestling
Vesper Sparrows. Condor, 62 (5), 329-340.

Dunn, E. H. 1975. Growth, body components and energy content of nestling Double-cresred Cormorants.
Condor, 77 (6), 431-438.

Hébert, P. N, Baclay, R. M. R. 1986. Asynchronous and synchronous hatching: effect on early growth and sur-
vivorship of Herring Gull (Larus argentatus) nestlings. Canadian J. Zool., 64 (10), 2357-2362.

Lilja, C. A. 1983. A comperative study of postnatal growth and organ development in some species of birds.
Growth, 47 (4), 317-339.

O’Connor, R.J. 1978. Structure in avian growth pattern: a multivariate study of passerine development. J. Zool.
Lond., 185, is. 2, 147-172.

O’Connor, R. J. 1984. The growth and development of birds. Chichester, 1-315.

Ricklefs, R. E. 1967. Relative growth, body constituents and energy content of nestling Barn swallows and Red-
winged blackbirds. Auk, 84, 560-570.



466 V. N. Peskov, M. V. Franchuk, N. S. Atamas’

Ricklefs, R. E. 1968. Patterns of growth in birds. Ibis, 110 (4), 419-451.

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

Ricklefs, R. E. 1979. Adaptation, constraint and compromise in avian postnatal development. Biol. Rew., 54,
is.3, 269-290.

Ricklefs, R. E. 1983. Avian postnatal development. Avian Biology, 7, 1-83.

Received 30 June 2015
Accepted 29 October 2015





