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Abstract

2016-2018.

Background: The uropygial gland is an exocrine gland located above the tail of birds that produces a diverse range

of biochemicals. It has been hypothesized to be involved in chemical protection, water-proofing and maintenance of
plumage brightness. Although these not necessarily mutually exclusive functions have received some empirical sup-
port, there has been little empirical research on the function of water-proofing.

Methods: Here we analyzed data for 229 individual eiders (Somateria mollissima) collected by Danish hunters during

Results: The Eider is a sea-duck that spends almost its entire life in sea water emphasizing water-proofing of the
plumage. The size of the uropygial gland increased with body mass in males, but not in females, and it increased with
age. The size of the uropygial gland decreased during winter. Eiders with small uropygial glands grew their feathers at
a fast rate. Eiders with large wing areas had large uropygial glands.

Conclusions: These findings are consistent with large uropygial glands playing a role in water-proofing during molt
and foraging, but also that uropygial glands may play a role in chemical defense.
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Background

The uropygial gland is a unique organ in birds situated
above the rump. It produces a diversity of biochemical
substances that are smeared with the beak on soft tissue
and feathers. Given the amount of waxes produced, the
amount of time allocated to preening may exceed 30%
in wild birds (Meller 1991; Walther and Clayton 2005).
The secretions are mainly a diverse array of volatile and
non-volatile fatty acids that differ in composition with a
strong phylogenetic signal (Jacob and Ziswiler 1982).

The function of the secretions by the uropygial gland
has been hypothesized to vary from anti-microbial sub-
stances, waterproofing, drag reduction, and excretion of
pollutants to intraspecific and interspecific communica-
tion (review in Elder 1954; Jacob and Ziswiler 1982; Sali-
bidn and Montalti 2009; Moreno-Rueda 2017). There is
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little evidence consistent with any particular hypothesis,
mainly because there are few studies that have investi-
gated multiple hypotheses. Furthermore, there are few
studies investigating any particular species during a num-
ber of years and sites. These studies have mainly focused
on the Great Tit (Parus major) (Surmacki 2008; Galvan
and Sanz 2006, 2008; Galvan 2011; Jacob et al. 2014)
and House Sparrow (Passer domesticus) (Pap et al. 2010;
Moreno-Rueda 2011; Czirjak et al. 2013; Filop et al
2016).

Another reason for the lack of consistency in research
findings is the absence of studies investigating the fit-
ness consequences of production of different amounts
of secretions (Elder 1954; Salibian and Montalti 2009;
Giraudeau et al. 2010a; Moller et al. 2010). There are only
a small number of such studies published, while many
others show no effects (e.g. A.P. Mgller unpublished data
on 2065 adult Barn Swallows Hirundo rustica).

Although the water-proofing hypothesis has been
around since 1954 (Elder 1954), during the last 60 years
there has been little additional evidence accumulated.
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Giraudeau et al. (2010a) showed for Mallards (Anas
platyrhynchos) that placing a catheter over the gland
impaired the condition of the plumage, although there
was no information on whether this deterioration had
any negative fitness consequences. Blocking access to
uropygial glands did not reduce water retention by feath-
ers (Giraudeau et al. 2010b). Giraudeau et al. (2013)
showed that secretions from the uropygial gland of Mal-
lards did not change the composition of feather degrad-
ing bacteria. In addition, experimental treatment did not
affect the abundance of bacteria on eggs (Giraudeau et al.
2014). Bakken et al. (2006) showed for Mallard duck-
lings that secretions reduced water retention of feathers.
However, the functions reported here are not necessarily
mutually exclusive.

The eider (Somateria mollissima) is a capital breeder
that builds up parts of its body reserves during winter for
subsequent breeding (Meijer and Drent 1999; Jaatinen
et al. 2016). When females arrive during spring to their
breeding grounds they enter colonies and produce a
clutch of 4-5 eggs with one egg laid daily and they are
incubated for about 26 days with the females staying on
the nest throughout the incubation period. Therefore,
females must build up sufficient body reserves at the win-
tering grounds for breeding, supplemented with addi-
tional resources being ingested at the breeding grounds
just before and during laying. Studies in the Wadden Sea
show that individual eiders feeding on mussels have bet-
ter body condition than those taking other types of prey,
which makes it attractive for eiders to feed on mussel
beds (Nehls and Ketzenberg 2002; Laursen and Frikke
2008; Laursen et al. 2009). During feeding eiders mostly
dive 6-8 m, but they are able to forage at 28 m (Petersen
et al. 2006). Blue mussel (Mytilus edulis) can affect feed-
ing conditions of eiders by increasing flesh content and
by increasing the size of mussel stocks.

Since eiders in many respects live under extreme con-
ditions at sea year-round, dive to great depth, are flight-
less during wing molt and accumulate great amounts
of food before breeding, it is an obvious candidate for
examining the function of the uropygial gland in rela-
tion to growth of feathers and size compared to other
bird species. The objectives of this study were to assess
(1) whether the size of uropygial glands affects daily
growth increments; (2) whether molt takes place more
rapidly among eiders with large uropygial glands; (3)
whether the uropygial gland increases among eiders with
larger wing areas, as expected because a large wing area
requires more secretions from the uropygial gland; and
(4) whether the size of the uropygial gland changes dur-
ing the year as expected because of annual differences
in use of secretions. To this end we used a sample of 229
eiders collected during 2016-2018. Eiders were sampled
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by hunters without prior knowledge of the purpose of the
study, thereby ensuring that individuals were randomly
sampled.

Methods

Measurements of eiders

We obtained samples of shot eiders in Denmark during
2016-2018 specifically collected under license from the
Ministry of the Environment (SN-302-009, SNS-3446-
00103, NST-3446-00018, NST-3465-00007) and the
Government of Aland. The eiders were collected during
winter in Denmark and during early spring at pre-breed-
ing sites at Aland (February 10-May 11) in 2016-2018
(2016: n=66; 2017: n=104, 2018: n=>59) by hunters at
coastal localities across Denmark (34 sites) and Aland (6
sites).

Eiders were weighed to the nearest 0.1 kg, sexed and
aged using standard plumage characteristics (Cramp
et al. 1982). For aging, females 1- to 2-years old were clas-
sified as sub-adults and >2 years as adults, 1- to 4-year
old males were recorded as sub-adults and >4 years as
adults.

APM and KL recorded morphological measurements
of eiders in the laboratory. We removed the second pri-
mary and recorded its length with a ruler to the nearest
mm. We determined whether the tip of the second pri-
mary was broken.

We measured daily growth increments on the second
primary by placing it on a piece of white paper under dim
light (Grubb 2006). We marked the place where the first
dark and light band started with a pin and then counted
five such bands and then made a second marking. We
measured the distance between these two marks with a
digital caliper to the nearest 0.01 mm and then divided
this measure by five to obtain an estimate of the aver-
age width of a single daily growth increment. Measuring
five rather than a single growth bar minimizes measure-
ment error. We subsequently made a second series of
measurements of growth bar width to estimate repeat-
ability of daily growth bar measurements (Falconer and
Mackay 1996). Growth increment measurements were
repeatable as shown by measurement of the same feath-
ers twice (R=0.68 (SE=0.05), F=66, 379.57, df=197,
200, p<0.0001). We obtained an index of duration of the
molting period by dividing the length of the second pri-
mary by the mean value of the two measurements of daily
growth bar width.

We obtained estimates of aspect ratios for eiders as
wingspan®/wing area. Wingspan was measured with a
ruler to the nearest mm (or to the nearest cm for larger
species) according to Pennycuick’s (2008) recommenda-
tions. Wing area was calculated by first accurately draw-
ing the half-wing profile on a piece of paper with the



Mgller and Laursen Avian Res (2019) 10:24

leading edge of the wing being held at an angle of 90° to
the axis of the body and subsequently cutting the profile,
weighing it on a precision balance and converting the
weight to wing area using the weight of a reference sur-
face of known area. Our estimates of wing area included
the so-called root box, which is the area of the body
between the wings (see Pennycuick 2008 for details).

Statistical analyses

We analysed the mass of the uropygial gland in relation
to sex, body mass and their interaction. We developed
Generalized Linear Models (GLM) for normally distrib-
uted data with an identity link function. The models were
based on initial analyses of one response variable (mass
of uropygial gland) in relation to sex, age and other rel-
evant predictor variables. We report simple bivariate
models and models that include a number of potentially
confounding variables.

We estimated correlations among variables to avoid
problems of multi-collinearity. However, variance infla-
tion factors were all less than three, implying that there
were no problems of collinearity (McClave and Sincich
2003). All analyses were made using JPM (SAS 2012).

Results

Sex and age effects of eider on uropygial glands

Males had 30% larger uropygial mass than females [GLM
with normally distributed data and identity link function:
males: 5.34 g (SE=0.08), n=116; females: 4.06 (0.09),
n=113; *=93.09, df=1, p<0.0001; estimate (SE) =0.64
(0.06)]. The mass of the uropygial gland increased with
body mass in males, but not in females in which uro-
pygial mass was basically constant across the range of
body masses [sex: y*=89.87, df=1, p<0.0001, estimate
(SE)=0.612 (0.06); body mass; y*=6.67, df=1, p=0.01,
estimate (SE)=0.91 (0.35); sex x body mass: y>=12.75,
df=1, p=0.0004, estimate (SE)=1.27 (0.35)]. Inspec-
tion of the interaction plot revealed that the size of the
uropygial gland increased more strongly with body mass
in males than in females. Age classes 2 and 3 years had
smaller uropygial glands than age classes 4, 5 and 6 years
(Fig. 1; GLM with normally distributed data and identity
link function: y*=12.23, df=4, 221, p=0.016).

Molt and mass of uropygial gland of eider

The mass of the uropygial gland of eider decreased with
the daily growth increments of feathers in a model that
included wing area, age and date [Fig. 2; full model:

)(2=156.79, df=1, p<0.0001; growth increment:
¥'=9.24, df=1, p=0.0024, estimate (SE)= — 0.44
(0.14)].
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Fig. 1 Mass of the uropygial gland (g) in relation to age of
eiders (years). The box plots show the medians, quartiles, 5- and
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Fig. 2 Mass of uropygial glands in eiders (g) in relation to the mean
daily growth increments of the second primary feather (mm)

The mass of the uropygial gland increased with the
duration of the annual molt in a model that included
wing area, age and date [Fig. 3; full model: y*=155.83,
df=1, p<0.0001; duration of molt: y*=8.28, df=1,
p=0.004; estimate (SE) =0.022 (0.008)].

Mass of the uropygial gland, flight and date of eider

Wing area increased with mass of the uropygial gland of
eider in an analysis that controlled for the effect of age
(Fig. 4; full model: LR y*=61.52, df=1, p <0.0001; wing
area and uropygial gland: y*=8.39, df=1, p=0.004, esti-
mate (SE)=6.35 (2.17); wing area and age: y>=28.14,
df=1, p<0.0001). In contrast, there was no significant
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Fig. 5 Mass of uropygial glands in eiders (g) in relation to the
number of days since October 1st (days). The box plots show
medians, quartiles, 5- and 95-percentiles and extreme data points
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effect for aspect ratio of mass of the uropygial gland (LR
¥=022,df=1,p=0.64).

The mass of uropygial glands fell during the year [Fig. 5;
LR ¥*=10.97, df=1, p=0.0009, estimate (SE)=—0.011
(0.003)]. An analysis that controlled statistically for
the effect of age and sex showed an even stronger par-
tial effect of date [full model: LR x*=144.82, df=1,
p<0.0001; age: LR y>=16.26, df=1, p=0.0027; sex: LR
¥*=0.31, df=1, p=0.58, estimate —0.20 (SE=0.36)].

Discussion

The exocrine uropygial gland has been hypothesized
to water-proof the plumage of birds, especially that of
aquatic birds, although other functions have also been
proposed. We made extensive analyses of phenotypic
variation in size of the uropygial gland. The mass of the
uropygial gland increased with age, but decreased with

the width of the daily growth increments during molt,
the duration of the annual molt and time during the year.

Sex roles differ in eiders with females producing, laying
and incubating eggs with no food consumed during incu-
bation, while males compete for access to females dur-
ing an extended mating period in spring (Cramp 1977;
Waltho and Coulson 2015). Since males spend more
time in water than females, we should expect males to
have larger uropygial glands than females if the function
of uropygial secretions is water-proofing. In fact, males
had 30% larger glands than females, as we would expect
from the larger amount of time that males spend in water
compared to females. The size of uropygial glands dif-
fered among age classes, with glands being significantly
smaller among the two youngest age classes compared
to older individuals. Younger birds spend more time in
water than older individuals, and thus we should expect
larger glands in older eiders if the function of secretions
was water-proofing.

Eiders molt during a short period by losing their flight
feathers to allow for rapid replacement (Salomonsen
1968; Waltho and Coulson 2015). Here we found evi-
dence consistent with a trade-off between molt and size
of uropygial glands. While there is a factor two differ-
ence in daily growth increments among eiders (Fig. 4),
previous research has indicated that rapid feather growth
occurs at the cost of production of poor quality feath-
ers (Vagasi et al. 2016; Moller and Nielsen 2018). We
also found that the total duration of molt was positively
related to the mass of the uropygial gland (Fig. 3). This
implies that more resources are allocated to uropygial
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secretions when eiders spend more time molting. Larger
uropygial glands imply that more secretions are allocated
to water-proofing of feathers, but also that feathers would
be less affected by draft when eiders dive.

Uropygial gland size and wing area could be adapta-
tions to migration, or it could be adaptations to preda-
tor avoidance when eiders lose flight ability during molt.
Large wing area for a given body mass implies lower costs
of flight during migration (Vagasi et al. 2016). Larger uro-
pygial glands imply reduced drag of the plumage during
flight (Thomas et al. 2010). Because males migrate earlier
to the breeding grounds than females and older eiders
migrate earlier than juveniles, we should expect selection
for larger uropygial glands. This is consistent with larger
uropygial glands in males than in females.

The size of uropygial glands decreased with the num-
ber of days since October 1st. This decrease in mass of
uropygial glands could either arise from phenotypic plas-
ticity, or it could be due to selective disappearance of
individuals later during the season prior to breeding.

Since this paper is descriptive and correlational, it has
its limitations. Still the large sample size is a unique fea-
ture that allows a number of tests that have been miss-
ing from the scientific literature dealing with the subject.
There are a number of perspectives derived from this
study. It would be desirable to analyze the microbial
community of eiders and relate it to the size of uropygial
glands. Such analyses would also allow investigation of
the link between the microbial community of the down
in nests and on adult eiders, respectively, and hatching
success, allowing for assessment of whether the size of
uropygial glands has fitness consequences.

In conclusion, phenotypic variation in the size of the
uropygial gland of eiders revealed evidence consistent
with a function of water-proofing, but also antimicrobial
defense.
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