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ABSTRACT

The purpose of this work was to perform morphometric characteristics of the Tufted Duck Aythya fuligula obtained
in Western Pomerania, according to their sex and age. The research material consisted of 197 Tufted Ducks obtained
in December 2013. The biometric characteristics was performed on the basis of 20 measurements of linear and mass
quantities. All internal organs measured and most of the individual body parts of the Tufted Duck were slightly
larger in the case of males. Despite the differences in the body size of males and females, the studied birds showed
similar variability in both length and mass. The differences between adult and young Tufted Ducks were not so well
defined. Adult Tufted Ducks had significantly larger body mass, pectoral muscle mass and lung mass than juveniles.
No significant differences were found in the linear values of the examined features.
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INTRODUCTION

Water and wetland birds are considered to be bioindica-
tors describing the condition of their habitats [Ferndndez
et al. 2005, Behrouzi-Rad and Ghaemi 2015, Vala
Dolatsang and Trivedi 2018]. Observations of these birds
have been carried out all over the world for a long time,
and their populations have been carefully counted even
for many years [Nieoczym et al. 2021]. Determination of
bird morphological, biochemical or physiological metrics
is used in assessing their condition [Peig and Green 2010,
Wilder et al. 2016, Molina-Marin et al. 2022]. The re-
sults of such studies also contribute to the assessment of
the state of the environment and the population of wild
animals in a given habitat [Jiménez-Pefiuela et al. 2019].
One of the species of wetland birds whose research could
contribute to the assessment of the state of the envi-
ronment in Poland is the Tufted Duck Aythya fuligula
(Linnaeus, 1758), the species of diving ducks Aythyini
(Delacour et Mayr, 1945) [Nieoczym et al. 2021]. They
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are omnivorous animals, feeding mainly on seeds and
aquatic plants as well as small crustaceans, bivalve mol-
luscs, snails and insect larvae [Sekiya et al. 2000, van
Nes et al. 2008, Rose and O’Brien 2020]. These birds
obtain their food by foraging mainly in the bottom zone
at the depth of up to 6 m [Sokotowski 1977]. Western
Pomerania is one of the areas in which the Tufted Duck
and other Anseriformes are gathered in large numbers.
Due to the presence of freshwater reservoirs and mild
winters, it plays a very important role as a wintering
area for many species of birds [Krélaczyk and Kavetska
2019]. About 33,300 Tufted Ducks were recorded around
the outlet stretch of the Odra and the Szczecin Lagoon
[Lawicki et al. 2008]. However, for several years, there
has been a decrease in the number of Tufted Ducks
in Western Pomerania [Krélaczyk and Kavetska 2019],
which is related to the breeding predation and the decline
of the Black-Headed Gull rookery that they willingly ac-
company [Gorski and Mohr 2007, Poysi et al. 2019].
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The ecosystem (aquatic and terrestrial) biological
equilibrium is the basis for maintaining species biodi-
versity [Pham et al. 2020, El Ghizi et al. 2021]. All
changes (including climatic ones) influence both the en-
tire ecosystem as well as individual species [Eissa and
Zaki 2011, Alfonso et al. 2021]. The birds inhabiting
aquatic and marsh environments constitute an integral
part of the ecosystems of the West Pomerania Province
[Dabkowski et al. 2017]. The Tufted Duck belongs to
the species of least concern (globally) or near threatened
(in Europe) [TUCN 2012]; however, due to the decrease
in the breeding population size observed for about 40
years in Poland (by approximately 63% between 1980
and 2018 [Chodkiewicz et al. 2019]), it requires special
interest. The research on species condition, the threat of
heavy metal pollution and helminth fauna, would allow
for population monitoring and the observation of changes
and their direction [Morado et al. 2017, Jiménez-Pefiuela
et al. 2019].

Therefore, the purpose of this work was to perform
morphometric characteristics of the Tufted Duck ob-
tained in Western Pomerania, taking into account the sex
and age of the birds.

MATERIAL AND METHODS

The research hypothesis was that the selected linear and
mass measurements differed between the predetermined
age groups and both sexes and that a significant interac-
tion between age and sex existed in terms of measurement
values. The research material consisted of 197 Tufted
Ducks (Anseriformes: Aythyini) which died in fishing
nets in December 2013 on Dabie Lake. It should be em-
phasized that the study population was quite large. The
majority of the studied ducks were males and adult birds
(Table 1). Fresh bodies were frozen after delivery to the
laboratory and then successively defrozen and measured.

The biometric characteristics of the Tufted Duck was
performed on the basis of 20 linear and mass measure-
ments. A total of 13 linear and 7 mass measurements were
collected according to the method suggested by Dzubin
and Cooch [1992]. The linear measurements were taken
using a tape measure (with precision up to 1 mm), an or-
nithologic ruler (with precision up to 1 mm) and a calliper
(with precision up to 0.01 mm). Organ and body mass
was measured using an electronic laboratory scale (with
precision up to 0.01 and 5 g, respectively).

The linear measurements included: body length (BL),
tail length (TL), skull rump length (SRL), beak rump
length (BRL), head length (HL), head width (HW),
head height (HH), beak length (BKL), head beak length
(HBL), tarsometatarsus length (TTL), keel skin length
(KSL), keel length (KL), wing length (WL), whereas the
mass ones consisted of body mass (BM), pectoralis mass
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(PM), liver mass (LRM), lung mass (LM), kidneys mass
(KM), heart mass (HM) and fat mass (FM).

On the basis of the obtained absolute values, the rel-
ative values of all linear measurements were determined
in accordance with the following equation:

body part length

100%
body length X

and the mass ones in accordance with the following equa-
tion:
organ mass
A T 100%
body mass
The variation coefficients were also calculated for
both relative and absolute measurements according to the
following equation:

CV =—-x100

=il »

where:

s — standard deviation,
X — arithmetic mean of the sample.

A two-factor multivariate analysis of variance
(MANOVA) with interaction was used to determine
the relationships between the age and sex of the stud-
ied ducks and their morphological features [Aranowska
and Rytel 2010]. Two MANOVA models (for absolute
and relative measurements) were created [Keppel and
Wickens 2004]:

%’jk = Ut +ﬁ] + ’yl] +eijk
where:

Yijk — dependent variable vector (absolute or relative
measurements depending on the model),

u — mean value vector,

«; — main effect vector of the i-th sex level (i = female,
male),

p;j — main effect vector of the j-th age level (j = adult,
juvenile),

7ij — interaction vector of the i-th sex level and the j-th
age level,

ejjx — random error effect.

The significance of differences in the sex and age sub-
groups was also determined using Tukey’s test for un-
equal sample sizes following ANOVA. Statistical anal-
ysis was performed using Microsoft Office Excel 2010
(Microsoft Inc., Redmont, WA, USA) and Statistica
ver. 12 (StatSoft Inc., Tulsa, OK, USA). The value of
P < 0.05 was assumed as the statistical significance level
in all analyses.
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Table 1. The number of examined ducks by sex and age
Male Female
Sex/Age
Adult Immature Adult Immature
Number 120 51 10
Total 136 61
Table 2. Absolute mass quantities of the Tufted Duck Aythya fuligula
Species Adult Immature Male Female
Measurement
n=197 n=171 n=26 n=136 n=6l
£ +SD 1161.12 £65.61 1167.89* £60.43 1116.54" +80.86 1184.04* £60.11 1110.00° +45.65
BM, g Range 1015.0-1320.0 1040.0-1320.0 1015.0-1280.0 1040.0-1320.0 1015.0-1220.0
CV, % 5.65 5.17 7.24 5.08 4.11
£ +SD 72.11 £6.90 72.67° +£6.33 68.40°+9.16 72.71* £7.44 70.78" +5.30
PM, g Range 50.20-88.32 54.68-86.33 54.68-88.32 50.20-88.32 54.68-85.95
CV, % 9.56 8.71 13.40 10.24 7.49
£ +SD 34.61 +4.64 34.80 +4.50 33.37+5.45 35.19°+4.79 33.31°+4.04
LRM, g Range 22.70-47.00 23.78-44.54 22.70-47.00 22.70-47.00 22.70-42.24
CV, % 13.41 12.93 16.33 13.61 12.13
X +£SD 12.86 +1.71 13.00° £1.68 11.96° £1.65 12.95 +1.82 12.67 +1.44
LM, g Range 9.31-17.64 9.31-17.64 9.97-16.18 9.31-17.64 9.68-16.18
CV, % 13.30 12.93 13.82 14.04 11.33
% +SD 10.73 +£1.38 10.82 +1.32 10.18 +1.61 10.79 £1.42 10.61 +1.28
KM, g Range 7.40-14.37 7.47-14.37 7.94-14.37 7.40-14.37 7.76-14.37
CV, % 12.83 12.24 15.81 13.15 12.10
£ +SD 11.34 £1.12 11.37£1.15 11.12 +0.88 11.45 £1.11 11.09 £1.12
HM, g Range 8.65-14.62 8.65-14.62 8.79-12.57 8.65-14.62 8.65-14.06
CV, % 9.91 10.15 7.95 9.69 10.14
£ +SD 38.36 +6.33 38.39+6.48 38.17 +£5.39 38.34 +6.79 38.42+5.23
M, g Range 20.13-56.02 20.13-56.02 27.80-56.02 20.13-56.02 27.39-56.02
CV, % 16.51 16.87 14.12 17.70 13.61

~*_ various lowercase letters within the lines indicate differences statistically significant at P < 0.05 (variables for which significant differences
were observed are marked in bold); BM — body mass, PM — pectoralis mass, LRM — liver mass, LM — lung mass, KM — kidneys mass, HM —

heart mass, FM — fat mass.

RESULTS AND DISCUSSION

As expected, male Tufted Ducks turned out to be larger
than females. They were, on average, 7.4 mm longer
and 74.0 g heavier (Tables 2 and 3). However, signif-
icant differences in the mean values of biometric traits
between males and females were found only in the case
of three absolute mass (BM, PM and LRM) and five ab-
solute linear (BL, SRL, BRL, KSL, and KL) measure-
ments (Tables 2 and 3). Immature males and females dif-
fered significantly in the mean values of one absolute
mass (BM), three relative mass (RLM, RKM, and RHM)
and two linear (KL and KSL) measurements. Significant
differences in the mean values of absolute mass (BM),
linear (BL, KL), and relative linear (RTTL) measure-
ments were observed between adult males and females
(Tables 6 to 9).

The Tufted Ducks show a clear sexual dimorphism,
i.a. in size, that is, males are larger than females [del
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Hoyo et al. 1992]. Consequently, in order to avoid er-
rors while comparing the sizes of individual body parts
of both sexes, the relative values of all linear and mass
measurements were also calculated [Labocha and Hayes
2012]. Body length variation for both sexes turned out
to be small and amounted to about 2.0%; however,
both sexes showed considerable variability in body mass,
whose CV was more than twice as high as that for body
length and amounted to 5.1% for males and 4.1% for fe-
males (Table 2). All internal organs measured (including
the pectoral muscle) and most of the individual body parts
of the Tufted Duck were slightly larger in males. The ex-
ceptions were: BKL and FM, the mean values of which
were slightly higher in the case of females (by 0.1 mm
and 0.1 g, respectively) but the differences were not sta-
tistically significant. Despite the smaller body size, the
females had a (relatively) larger head (individual param-
eters describing the size of the head were about 1.5%
higher), internal organs (significant differences found for
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Table 3. Absolute linear quantities of the Tufted Duck Aythya fuligula
Species Adult Immature Male Female
Measurement
n=197 n=171 n=26 n=136 n=~61
X +SD 45.73 £0.92 45.75+£0.91 45.63 £0.96 45.96" +0.86 4522 +0.84
BL, cm Range 43.20-48.10 43.20-48.10 44.30-47.10 43.2048.10 43.20-47.20
CV, % 2.01 2.00 2.11 1.87 1.86
X+ SD 8.90 £0.10 8.90 £0.08 8.91 £0.20 8.91£0.12 8.90 +0.05
TL, cm Range 8.40-9.60 8.40-9.30 8.50-9.60 8.40-9.60 8.60-9.10
CV, % 1.12 0.90 2.24 1.35 0.56
X+ SD 27.75 +0.88 27.76 £0.87 27.68 £0.93 27.97* +£0.81 27.26°+0.83
SRL, cm Range 25.36-29.89 25.36-29.89 25.59-29.09 25.59-29.89 25.36-29.09
CV, % 3.17 3.13 3.36 2.90 3.04
X+ SD 32.87 £0.90 32.89 +0.90 32.75 £0.96 33.09* +0.84 32.37°+0.84
BRL, cm Range 30.20-35.08 30.20-35.08 30.65-34.11 30.20-35.08 30.20-34.28
CV, % 2.74 2.74 2.93 2.54 2.59
X+ SD 51.17+£2.23 51.25+2.33 50.66 +1.41 51.21 +£2.08 51.07 £2.56
HL, mm Range 43.40-58.85 43.40-58.85 49.29-52.48 43.40-58.01 43.40-58.85
CV, % 4.36 4.54 2.77 4.06 5.02
X+ SD 26.60 £1.32 26.59 £1.37 26.67 £0.91 26.64 £1.41 26.49 £1.09
HW, mm Range 21.56-28.65 21.56-28.65 26.18-27.70 21.56-28.65 23.50-28.37
CV, % 4.97 5.17 343 5.31 4.10
X+ SD 33.57 +1.42 33.60 +£1.45 33.40+1.18 33.72 +1.41 33.25+1.38
HH, mm Range 30.01-36.84 30.01-36.84 32.60-35.84 30.01-36.84 30.01-36.67
CV, % 4.22 4.31 3.53 4.18 4.16
BKL. mm X+ SD 39.60 +1.26 39.59 +1.27 39.67 +1.18 39.54 +1.49 39.56 +£1.25
’ Range 35.92-42.44 35.92-42.44 38.37-41.24 30.46-42.44 35.92-42.44
CV, % 3.17 3.21 2.98 3.76 3.15
X+ SD 90.77 £2.55 90.83 +2.61 90.34 +£2.07 90.76 £2.50 90.63 £2.82
HBL, mm Range 82.16-99.54 82.16-99.54 87.66-93.50 82.16-99.54 82.16-98.15
CV, % 2.81 2.87 2.29 2.75 3.11
X+ SD 36.36 +£1.28 36.34 +1.20 36.51 +1.71 36.39 +£1.31 36.31 +£1.20
TTL, mm Range 33.50-39.60 33.50-39.60 34.80-39.60 33.50-39.60 33.92-39.60
CV, % 3.51 331 4.69 3.61 3.30
X+ SD 91.08 +£3.96 90.93 +3.79 92.09 +4.93 91.49*+4.05 90.19° +3.64
KSL, mm Range 81.30-107.10 81.30-107.10 86.20-99.00 81.3-107.1 81.30-99.00
CV, % 435 4.17 5.35 4.43 4.04
X+ SD 85.27 +£2.95 85.18 £2.86 85.89 £3.52 85.67"+2.99 84.38°+2.68
KL, mm Range 79.30-93.20 79.20-93.20 82.90-92.60 79.20-93.20 79.30-91.80
CV, % 3.46 3.35 4.10 3.49 3.18
X+ SD 20.85 +0.51 20.86 +£0.48 20.78 £0.65 20.91 £0.48 20.74 £0.55
WL, cm Range 19.10-23.10 19.10-23.10 20.20-23.10 19.10-23.10 19.10-23.10
CV, % 243 2.31 3.11 2.30 2.67

**_ various lowercase letters within the lines indicate differences statistically significant at P < 0.05 (variables for which significant differences
were observed are marked in bold); BL — body length, TL — tail length, SRL — skull rump length, BRL — beak rump length, HL — head length,
HW — head width, HH — head height, BKL — beak length; HBL — head beak length, TTL — tarsometatarsus length, KSL — keel skin length, KL —

keel length, WL — wing length.

RPM, RLM, RKM, RHM, RFM, RTL, RSRL, RBRL,
RHBL, and RWL; Tables 4 and 5) and greater visceral
fat mass. Only the liver was relatively similar in size
(a non-significant difference). It was most likely related
to the higher level of oestrogens, which contributed to
the growth of adipose tissue deposited both in the ab-
dominal cavity and in internal organs [Sieminska 2007,
Coelho et al. 2013]. Contrary to the mean size of individ-
ual body parts, their mean differentiation of both sexes
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was similar and amounted to 6.8% for males and 6.0%
for females (Tables 2 and 3). Similar observations were
made by other authors who studied the Anseriformes
[Dziata-Szczepanczyk and Pierko 2010]. Detailed anal-
ysis showed that the mass and linear measurements of
both sexes also had almost identical mean differentiation,
except that the CV values of the mass quantities were
several times higher than those of the linear quantities.
Despite similar CV values for both sexes, both linear and
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Table 4. Relative mass quantities of the Tufted Duck Aythya fuligula
Species Adult Immature Male Female
Measurement
n=197 n=171 n=26 n=136 n=>06l
x+SD 6.22 £0.54 6.23 £0.49 6.14 £0.82 6.14 +£0.54 6.38°+0.52
RPM, % Range 4.37-7.49 4.84-7.49 4.96-7.42 4.37-7.19 4.97-7.49
CV, % 8.74 7.86 13.43 8.79 8.08
£+ SD 3.01 £0.55 3.01 £0.56 2.99 +0.43 3.01 £0.61 3.00 £0.37
RLRM, % Range 1.89-8.36 1.89-8.36 2.56-4.09 1.89-8.36 2.09-3.83
CV, % 18.18 18.71 14.49 20.26 12.48
X+ SD 1.11 £0.15 1.11 £0.15 1.08 £0.18 1.09* +0.15 1.14°£0.14
RLM, % Range 0.79-1.59 0.79-1.56 0.79-1.59 0.79-1.56 0.88-1.59
CV, % 13.46 13.01 16.25 13.80 12.32
X+ SD 0.93 +0.13 0.93 +£0.12 0.92 +0.18 0.91*+0.12 0.96*+£0.13
RKM, % Range 0.62-1.40 0.62-1.26 0.63-1.40 0.62-1.26 0.68-1.40
CV, % 13.59 12.58 19.34 13.44 13.42
%+ SD 0.98 £0.10 0.97 +0.09 1.00 £0.10 0.97*+0.09 1.00°+0.11
RHM, % Range 0.70-1.28 0.70-1.28 0.85-1.23 0.70-1.28 0.76-1.28
CV, % 9.79 9.67 10.42 9.22 10.63
%+ SD 3.31+0.55 3.29+£0.54 3.44 +0.58 3.24* +0.56 3.47° +0.50
RFM, % Range 1.79-5.14 1.79-5.14 2.52-5.14 1.79-5.14 2.45-5.14
CV, % 16.55 16.47 16.83 17.14 14.40

»* _ various lowercase letters within the lines indicate differences statistically significant at P < 0.05 (variables for which significant differences
were observed are marked in bold); RPM — relative left pectoral muscle mass, RLRM — relative liver mass, RLM — relative lung mass, RKM —
relative kidney mass, RHM — relative heart mass, RFM — relative visceral fat mass.

mass measurements showed slightly greater variation in
the case of males (Tables 2-5).

The differences between adult and young Tufted
Ducks were not well defined. Adult Tufted Ducks had
significantly larger BM, PM and LM (Tables 2-5) than
juveniles. However, no significant differences were found
in the linear values of the examined traits. This may in-
dicate that in the first year of life, ducks quickly reach
the size of adult birds, and with age they only increase
their muscle mass and accumulate fat tissue. Although in
the discussed age ranges, slight differences in the mass
(usually not exceeding 5.0%) and linear (about 1.0%)
values were noticed; however, the statistical analysis did
not confirm their significance (Tables 2-5). Similarly to
the mean values of the analysed parameters, their mean
differentiation was almost identical in both age groups
(Tables 2-5).

The adult males were larger than the young ones in
almost every aspect examined. However, significant dif-
ferences in the mean values of biometric parameters were
demonstrated only for one mass (KM, Table 6) and one
linear (BL, Table 7) measurement. Particularly large dif-
ferences were found in the relative head size, which was
approximately 11.0% larger in the case of adult males.
These discrepancies were best seen in the relative height
and width of the head (Table 9). A large variation was also
noticed in the fat amount in the two age groups of males.
The RFM was 14.3% higher in adult drakes (Table 8). Of
all linear and mass measurements (both absolute and rel-
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ative ones), only the relative liver mass turned out to be
almost the same (0.01% higher, on average, in the case
of adult males) in both age categories. The CV for adult
drakes remained at the level of 6.7%, and was slightly
lower for the young ones (6.1%). Among the analysed
features, the mass values (mean CV equal to 13.2%) were
marked by a much greater variability than the linear ones,
whose mean CV value was approximately 3.0%. No ma-
jor differences in the CV for the mass and linear values
were observed; however, they were somewhat greater for
several parameters (PM, RPM, WLR, and RFM). The
largest discrepancies were found in the amount of vis-
ceral fat, for which adult males had almost 10.0% greater
variability than the young ones (Table 2).

Among females, the differences in the age subgroups
were not so clearly visible (usually a slight variation in
size), nor so obvious, because young females often had
relatively larger body parts. Although adult females were,
on average, 73.0 g heavier, as many as 18 parameters
were higher in young ducks (Tables 6-9). Those were
mainly the relative sizes of the internal organs. While
the differences in organ size were usually small, there
were some exceptions, including RKM and RFM, which
were higher in young females (Table 8). The mean dif-
ferentiation of characteristics in individual age groups
of females was also larger in the case of juveniles and
similarly to males, a much larger variation was found
among the mass parameters than the linear ones. The
largest (approximately 15.0%) differences in the age sub-
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Table 5. Relative linear quantities of the Tufted Duck Aythya fuligula
Species Adult Immature Male Female
Measurement
n=197 n=171 n=26 n=136 n=061

X+ SD 20.15 +0.85 20.19 +£0.82 19.86 +1.04 20.03*+0.85 20.40° +0.81
RTL, % Range 17.28-22.10 17.93-22.10 18.90-21.43 17.28-22.10 17.93-21.83

CV, % 423 4.04 5.25 424 3.98

£+SD 60.00 £1.10 59.95 £1.10 60.34 +1.05 60.22* £1.06 59.56" +1.14
RSRL, % Range 57.40-62.79 57.40-62.59 58.66-62.79 57.40-63.46 57.42-62.59

CV, % 1.83 1.83 1.74 1.76 1.91

%+ SD 71.19 £0.95 71.15 +0.93 71.44 £1.06 71.36* +0.97 70.85" +0.93
RBRL, % Range 68.90-73.97 68.90-73.79 70.11-73.97 69.33-75.01 68.90-73.79

CV, % 1.33 1.31 1.48 1.35 1.31

X+ SD 11.19 £0.49 11.20 £0.51 11.11 +£0.32 11.14 £0.45 11.29 £0.56
RHL, % Range 9.40-12.99 9.40-12.99 10.65-11.69 9.40-12.64 9.62-12.99

CV, % 4.37 4.55 2.90 4.00 4.99

X+ SD 5.82 +0.30 5.81+0.31 5.85+0.21 5.80 +0.32 5.86 £0.25
RHW, % Range 4.63-6.37 4.63-6.37 5.64-6.25 4.63-6.37 5.16-6.27

CV, % 5.16 5.36 3.59 5.47 4.34

X+ SD 7.34 £0.32 7.35+0.32 7.32 £0.25 7.34 +0.31 7.36 £0.33
RHH, % Range 6.36-8.05 6.36-8.05 7.17-7.92 6.36-8.05 6.36-8.03

CV, % 4.29 442 343 422 4.49

X+ SD 8.66 £0.30 8.66 £0.30 8.70 £0.30 8.61 +£0.33 8.75 +£0.32
RBKL, % Range 7.85-9.49 7.85-9.49 8.29-9.29 6.65-9.49 8.00-9.49

CV, % 3.47 3.47 3.46 3.83 3.65

%+ SD 19.85 +0.58 19.86 +0.59 19.80 +0.52 19.75" £0.54 20.04° +0.66
RHBL, % Range 18.22-21.69 18.22-21.69 18.93-20.90 18.20-21.69 18.22-21.67

CV, % 2.95 3.00 2.63 2.74 3.30

X+ SD 7.95 +0.31 7.95 +0.30 8.00 +0.35 7.92 +0.31 8.03 +0.28
RTTL, % Range 7.19-9.00 7.19-9.00 7.65-8.80 7.19-8.84 7.61-9.00

CV, % 3.84 3.77 4.32 391 3.54

X+ SD 19.92 +0.87 19.88 +£0.85 20.18 +0.98 19.91 +0.85 19.95 +£0.92
RKSL, % Range 18.07-22.50 18.07-22.50 18.62-22.00 18.07-22.50 18.07-22.50

CV, % 4.36 4.26 4.85 4.25 4.62

£+SD 18.65 +0.67 18.62 +0.67 18.82 +0.65 18.64 +£0.65 18.67 +£0.71
RKL, % Range 17.35-21.20 17.00-21.20 17.99-20.40 17.00-21.20 17.51-21.20

CV, % 3.57 3.58 3.46 3.47 3.81

%+ SD 45.60 +1.23 46.51 +1.12 45.57 +1.82 45.49* +1.09 45.87°£1.46
RWL, % Range 43.01-52.98 43.01-52.98 43.63-52.98 43.01-52.98 43.30-52.98

CV, % 2.69 2.45 4.00 2.39 3.19

»*_ various lowercase letters within the lines indicate differences statistically significant at the level of P < 0.05 (variables for which significant
differences were observed are marked in bold); RTL — relative tail length, RSRL — relative length from the skull base to the beginning of the
croup, RBRL — relative length from the beginning of the beak to the beginning of the croup, RHL — relative head length, RHW — relative head
width, RHH — relative head height, RBKL — relative beak length, RHBL — relative head and beak length, RTTL — relative left tarsometatarsus
length, RKSL — relative keel—skin length, RKL — relative keel length, RWL — relative left wing length.

groups were found in the amount of fat and the mass
of lungs and kidneys (Tables 6 and 7). In each of the
above features, young females showed greater differen-
tiation (about 5.0% on average).

The biometric characteristics of the Tufted Duck cov-
ered the relative and absolute values of the parameters
describing both the body size and internal organs of all
the studied birds. According to del Hoyo et al. [1992]
the body size of the Tufted Duck varies from 40.0 to
47.0 cm in length and from 1000.0 to 1400.0 g in body
mass. The birds collected for the present study corre-
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sponded to this description (BL from 43.20 to 48.10 cm,
BM from 1015.0 to 1320.0 g). Similar results for the
Tufted Duck from Western Pomerania were obtained in
2008, 43.7 cm and 1038.6 g [Dziata-Szczepaniczyk and
Wesotowska 2008]. In general, bird body mass (includ-
ing the mass of muscles and internal organs) is differ-
ent in both sexes. It also varies significantly depend-
ing on age, nutrition and the distance covered during
migration [Austin and Fredrickson 1987, Gammonley
and Heitmeyer 1990]. Compared with the mass measure-
ments, linear ones do not fluctuate so much [Freeman and
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Table 6. Absolute mass quantities of the Tufted Duck (Aythya fuligula) in the age—sex subgroups
Immature male Adult male Immature female Adult female
Measurement
n=16 n=120 n=10 n=>51
X+ SD 1158.75* +£72.12 1187.42* +57.85 1049° £35.42 1121.96° +£37.22
BM, g Range 1045.00-1280.00 1040.00-1320.00 1015.00-1115.00 1045.00-1220.00
CV, % 6.22 4.87 3.38 3.32
X+ SD 68.67 £10.68 73.24 £6.78 67.96 +£6.55 71.33 +4.91
PM, g Range 50.20-88.32 54.68-86.33 54.68-76.02 62.67-85.95
CV, % 15.55 9.26 9.63 6.88
X+ SD 34.74 +£5.63 35.25+4.69 31.19 +4.57 33.73 £3.84
LRM, g Range 22.70-47.00 23.78-44.54 22.70-39.73 23.78-42.24
CV, % 16.21 13.30 14.67 11.37
X+ SD 11.65 £1.51 13.13 £1.79 12.47 +1.82 12.71 £1.37
LM, g Range 9.52-14.82 9.31-17.64 9.68-16.18 9.95-15.39
CV, % 12.98 13.63 14.61 10.75
X+ SD 9.67"£1.29 10.94° +1.37 11.00 +1.80 10.53 +1.17
KM, g Range 7.40-12.14 7.47-14.37 8.05-14.37 7.76-13.32
CV, % 13.33 12.55 16.34 11.07
X+ SD 11.08 £0.67 11.50 £1.15 11.20 £1.19 11.07 £1.12
HM, g Range 10.14-12.35 8.65-14.62 8.79-12.57 8.65-14.06
CV, % 6.07 9.98 10.60 10.15
X+ SD 36.96 +3.63 38.52 £7.09 40.11 £7.21 38.08 +4.77
FM, g Range 31.59-42.86 20.13-56.02 27.80-56.02 27.39-51.21
CV, % 9.81 18.41 17.97 12.52

b _ various lowercase letters within the lines indicate differences statistically significant at P < 0.05 (variables for which significant differences
were observed are marked in bold); BM — body mass, PM — pectoralis mass, LRM — liver mass, LM — lung mass, KM — kidneys mass, HM —

heart mass, FM — fat mass.

Jackson 1990, Piersma and Davidson 1991, Badzinski et
al. 2009]. For this reason, linear measurements were also
used for morphometric characterization, in addition to
the most commonly used mass quantities [Freeman and
Jackson 1990, Piersma and Davidson 1991, Badzinski
et al. 2009]. Consequently, the coefficient of variation
for the mass measurements of the Tufted Ducks in the
present study was more than three times higher (12.7%
on average) than that for the linear ones (3.5% on aver-
age).

The body dimensions of the tested ducks did not show
great variability; the mean CV value was 6.6%. Particular
parts of the body differed mainly in mass, while the varia-
tion in their length was much smaller (Tables 2-5). Body
mass, averaging 1.161 g, varied more than twice as much
as body length, which averaged 45.7 cm (Tables 2 and 3).
The other mass values, i.e. PM, LRM, HM, LM, KM and
FM, were marked by even higher differentiation (CV >
9.0%). The greatest variability among the examined fea-
tures was found in the FM and LM (Table 2). The CV
of any of the linear parameters did not exceed 6.0%, and
the lowest differentiation was found in BL, for which CV
was only 2.0% (Table 3).

Of all the internal organs examined, liver mass had
the highest CV. These results confirmed the reports of
other authors studying the Anseriformes [Kalisifiska et
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al. 1999, Kalisinska et al. 2010]. The relative size of
the Tufted Duck liver was also similar (2.5-3.5%) to
the values reported by other researchers [Gammonley
and Heitmeyer 1990]. The duck kidneys are usually two
or three times smaller than the liver, which was also
confirmed in the present study (0.9% of the total body
mass). According to Kalisifiska et al. [1999, 2010], the
birds from the Aythyni and Mergini tribes have slightly
larger kidneys (RKM = 0.8-1.9%) than the dabbling
(non-diving) ducks from the Anatini (0.6-1.4%). It is
probably related to the high level of metabolism in the
case of flying and well-diving birds, because their kid-
neys are forced to excrete more metabolites [Kalisifiska
et al. 2010]. A similar relationship occurs in the case
of the heart, which must supply more oxygenated blood
to intensively working muscles [Kalisinska and Danczak
1997, Kalisinska et al. 1999]. The results of our own re-
search partially confirmed this relationship, as the relative
heart mass of the studied birds amounted to an average of
1.0% of the total body mass, which was close to the value
(0.7-1.1%) reported by the authors examining non-diving
ducks from the Anatini tribe [Kalisinska and Danczak
1997, Bartyzel et al. 2005, Charuta et al. 2005]. The linear
sizes of the examined Tufted Duck, as well as the sizes of
internal organs, also did not differ from the sizes given
by others. Dziata-Szczepariczyk and Wesotowska [2008]
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Table 7. Absolute linear quantities of the Tufted Duck (Aythya fuligula) in the age—sex subgroups
Immature male Adult male Immature female Adult female
Measurement
n=16 n=120 n=10 n=>51
X+SD 45.96* £0.83 45.96" +0.87 45.09* £0.95 45.25*+0.83
BL, cm Range 44.20-47.10 43.20-48.10 43.60-46.60 43.20-47.20
CV, % 1.81 1.89 2.11 1.82
X+SD 8.92+0.26 8.90 +£0.09 8.90 +£0.00 8.90 +£0.05
TL, cm Range 8.50-9.60 8.40-9.30 8.90-8.90 8.60-9.10
CV, % 291 1.01 0.00 0.56
%+SD 27.96 £0.77 27.97 £0.82 27.24 £1.02 27.27 £0.80
SRL, cm Range 26.35-29.09 25.59-29.89 25.59-28.63 25.36-29.09
CV, % 2.75 2.93 3.74 2.93
%+ SD 33.04 +£0.85 32.10 +£0.84 32.28 £0.99 32.39 +£0.82
BRL, cm Range 31.22-34.11 30.20-35.08 30.65-33.66 30.20-34.28
CV, % 2.57 2.62 3.07 2.53
X+ SD 50.82 £1.31 51.27 £2.16 50.41 £1.59 51.20£2.71
HL, mm Range 47.68-52.48 43.40-58.01 46.97-51.80 43.40-58.85
CV, % 2.58 4.21 3.15 5.29
X+SD 26.56 £0.81 26.66 £1.48 26.85 +1.08 26.42 £1.09
HW, mm Range 24.73-27.60 21.56-28.65 24.40-27.70 23.50-28.37
CV, % 3.06 5.55 4.02 4.11
%+SD 33.37 +1.25 33.76 +1.43 33.44 +1.11 33.22+1.44
HH, mm Range 31.00-35.84 30.01-36.84 31.00-35.08 30.01-36.67
CV, % 3.75 4.23 3.32 4.33
BKL. mm %+ SD 39.54 +1.49 40.05 +£0.87 39.56 +1.30 39.56 +£1.25
’ Range 30.46-42.44 37.71-41.24 35.92-42.44 35.92-42.44
CV, % 3.76 2.17 3.29 3.15
X+ SD 90.76 £2.50 90.87 £1.42 90.83 £2.53 90.63 £2.82
HBL, mm Range 82.16-99.54 88.19-93.50 82.16-99.54 82.16-98.15
CV, % 2.75 1.56 2.78 3.11
X+SD 36.39 £1.31 36.98 £1.81 36.31+1.22 36.31 +£1.20
TTL, mm Range 33.50-39.60 34.10-39.60 33.50-39.11 33.92-39.60
CV, % 3.61 4.90 3.37 3.30
%+SD 91.49* +4.05 93.84 +4.22 91.17°+3.94 90.19 +3.64
KSL, mm Range 81.30-107.10 86.00-99.00 81.30-107.10 81.30-99.00
CV, % 4.43 4.50 4.32 4.04
%+ SD 85.67*£2.99 87.34 £3.37 85.45"+2.88 84.38"+2.68
KL, mm Range 79.20-93.20 81.80-92.60 79.20-93.20 79.30-91.80
CV, % 3.49 3.86 3.37 3.18
X+SD 20.91 +0.48 20.75 +£0.48 20.93 +£0.48 20.74 £0.55
WL, cm Range 19.10-23.10 20.10-21.40 19.10-23.10 19.10-23.10
CV, % 2.30 2.31 2.29 2.67

*® _ various lowercase letters within the lines indicate differences statistically significant at P < 0.05 (variables for which significant differences
were observed are marked in bold); BL — body length, TL — tail length, SRL — skull rump length, BRL — beak rump length, HL — head length,
HW — head width, HH — head height, BKL — beak length; HBL — head beak length, TTL — tarsometatarsus length, KSL — keel skin length, KL —

keel length, WL — wing length.

recorded a similar sternum crest length (M = 89.9 and
F = 84.5 mm) and tarsometatarsus length (M = 35.2 and
F =34.7 mm) to those presented in our study.

CONCLUSIONS
The biometric characteristics of the Tufted Duck was per-

formed on the basis of 13 linear and seven mass mea-
surements describing the proportions of the size of in-
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ternal organs and the shape of the body. Mass quanti-
ties were characterized by a much higher coefficient of
variation than linear measurements. The relative dimen-
sions of individual internal organs of the studied Tufted
Ducks corresponded to the average dimensions of these
organs studied by other authors and in other free-living
waterfowls; hence it was assumed that the studied Tufted
Ducks were characterized by good condition. Females
had relatively larger internal organs and a higher relative
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Table 8. Relative mass measurements in the Tufted Duck (Aythya fuligula) in the age—sex subgroups
Immature male Adult male Immature female Adult female
Measurements
n=16 n=120 n=10 n=>51
X+ SD 5.93 £0.84 6.17 £0.48 6.49 £0.71 6.36 £0.48
RPM, % Range 4.37-7.15 4.84-7.19 5.28-7.42 5.60-7.49
CV, % 14.17 7.86 10.88 7.48
X+ SD 3.00 £0.47 3.01 £0.63 2.97 £0.40 3.01 £0.37
RLRM, % Range 1.964.09 1.89-8.36 2.20-3.56 2.09-3.83
CV, % 15.56 20.85 13.33 12.43
X+ SD 1.01*+0.12 1.11 £0.15 1.19°+0.19 1.13 +0.13
RLM, % Range 0.79-1.24 0.79-1.56 0.93-1.59 0.89-1.39
CV, % 12.24 13.65 16.05 11.39
%+ SD 0.84* +0.11 0.92 +£0.12 1.05°+0.19 0.94°+0.11
RKM, % Range 0.63-0.99 0.62-1.26 0.77-1.40 0.68-1.19
CV, % 13.61 13.08 17.78 11.40
X+ SD 0.96* +0.07 0.97 £0.09 1.07°+0.12 0.99 +£0.10
RHM, % Range 0.85-1.07 0.70-1.28 0.86-1.23 0.76-1.28
CV, % 6.85 9.49 11.38 10.03
X+ SD 3.21 £0.40 3.24 +0.57 3.82 +0.64 3.40 +0.44
RFM, % Range 2.52-3.79 1.79-5.14 2.69-5.14 2.45-4.66
CV, % 12.59 17.69 16.64 13.06

** _ various lowercase letters within the lines indicate differences statistically significant at P < 0.05 (variables for which significant differences
were observed are marked in bold); RPM — relative left pectoral muscle mass, RLRM — relative liver mass, RLM — relative lung mass, RKM —
relative kidney mass, RHM — relative heart mass, RFM — relative visceral fat mass.

fat content, however, the coefficient of variation of these
characteristics did not differ between males and females.
Adults were significantly larger than juveniles only in
terms of the mass values; there were no significant dif-
ferences in the values of the linear parameters.
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Table 9. Relative linear measurements in the Tufted Duck (Aythya fuligula) in the age—sex subgroups

Immature male Adult male Immature female Adult female
Measurements
n=16 n=120 n=10 n=>51
%+SD 19.61 £0.97 20.09 +£0.82 20.25 £1.08 20.43 £0.76
RTL, % Range 17.28-21.43 17.93-22.10 18.06-21.43 17.93-21.83
CV, % 4.96 4.08 5.33 3.72
x+SD 60.61 £0.94 60.14 £1.03 59.90 £1.12 59.49 £1.14
RSRL, % Range 58.82-62.79 57.40-62.59 58.46-61.44 57.42-62.59
CV, % 1.55 1.71 1.88 1.91
X+ SD 17.67 £1.01 71.30 £0.91 71.08 £1.07 70.81 +£0.90
RBRL, % Range 69.69-73.97 69.33-73.79 69.69-72.80 68.90-73.79
CV, % 1.41 1.27 1.51 1.28
X+ SD 11.06 +£0.23 11.16 £0.47 8.67 £0.40 11.32 +£0.59
RHL, % Range 10.67-11.49 9.40-12.64 8.00-9.29 9.62-12.99
CV, % 2.09 4.18 4.60 5.19
%+SD 5.78 £0.16 5.80+£0.33 5.96 £0.24 5.84 £0.25
RHW, % Range 5.45-6.13 4.63-6.37 5.42-6.25 5.16-6.27
CV, % 2.76 5.74 4.05 4.36
X+ SD 7.26 £0.23 7.35+0.32 5.96 +0.24 7.34 £0.34
RHH, % Range 6.89-7.71 6.36-8.05 5.42-6.25 6.36-8.03
CV, % 3.16 433 4.05 4.66
X+ SD 8.72+0.23 8.61 £0.29 8.67 £0.40 8.77 £0.30
RBKL, % Range 8.20-9.17 7.85-9.49 8.00-9.29 8.07-9.49
CV, % 2.68 3.34 4.60 3.46
X+ SD 19.77 £0.29 19.76 £0.55 19.85 +0.78 20.08 £0.64
RHBL, % Range 19.35-20.25 18.22-21.69 18.44-20.90 18.22-21.67
CV, % 1.47 2.79 3.94 3.18
%+SD 8.05+£0.37 7.90* £0.30 7.93 +£0.31 8.05"+0.28
RTTL, % Range 7.61-8.80 7.19-8.84 7.61-8.69 7.62-9.00
CV, % 4.57 3.78 3.93 345
X+ SD 20.42 +0.84 19.84 +0.83 19.81 £1.10 19.98 +0.89
RKSL, % Range 18.70-22.00 18.07-22.50 18.50-21.42 18.07-22.50
CV, % 4.13 4.17 5.57 446
%+ SD 19.00 +£0.68 18.59 +£0.63 18.54 £0.51 18.69 £0.75
RKL, % Range 18.17-20.40 17.00-21.20 17.76-19.55 17.51-21.20
CV, % 3.57 3.39 2.76 3.99
X+ SD 45.15 +0.88 4554 +1.10 46.24 +2.67 45.80 +1.12
RWL, % Range 43.52-46.22 43.01-52.98 43.63-52.98 43.30-48.01
CV, % 1.95 2.43 5.77 2.45

*® _ various lowercase letters within the lines indicate differences statistically significant at P < 0.05 (variables for which significant differences
were observed are marked in bold); RTL — relative tail length, RSRL — relative length from the skull base to the beginning of the croup, RBRL —
relative length from the beginning of the beak to the beginning of the croup, RHL — relative head length, RHW —relative head width, RHH —
relative head height, RBKL — relative beak length, RHBL — relative head and beak length, RTTL — relative left tarsometatarsus length, RKSL —
relative keel-skin length, RKL — relative keel length, RWL — relative left wing length.
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CHARAKTERYSTYKA BIOMETRYCZNA CZERNICY AYTHYA FULIGULA (LINNAEUS, 1758)
Z POMORZA ZACHODNIEGO (POLSKA)

STRESZCZENIE

Celem niniejszej pracy byta charakterystyka morfometryczna czernicy wystepujacej na Pomorzu Zachodnim z uwz-
glednieniem pici i wieku ptakéw. Material do badarn stanowito 197 czernic pozyskanych w grudniu 2013 roku.
Charakterystyki biometrycznej czernicy dokonano na podstawie 20 pomiaréw wielkoSci liniowych oraz masowych.
Wszystkie zmierzone narzady wewngtrzne i wigkszos$¢ poszczegdlnych czesci ciata czernicy byta nieco wigksza
u samcOow. Pomimo réznic w wielko$ci ciata samc6éw i samic, badane ptaki wykazywaty podobna zmiennos$¢
zaréwno pod wzgledem dtugosci, jak i masy. Réznice migdzy dorostymi i mtodymi czernicami nie byly tak do-
brze zarysowane. Doroste czernice charakteryzowaty si¢ znacznie wigksza masg ciata, masa migéni piersiowych
i masa ptuc niz osobniki mtodociane. Nie stwierdzono istotnych réznic w warto$ciach liniowych badanych cech.

Stowa kluczowe: morfometria, czernica, Anseriformes, Polska
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