
 

 

 University of Groningen

Functional aspects of seasonal variation in preen wax composition of sandpipers
(Scolopacidae)
Reneerkens, Jeroen Willem Hendrik

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2007

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Reneerkens, J. W. H. (2007). Functional aspects of seasonal variation in preen wax composition of
sandpipers (Scolopacidae). s.n.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://research.rug.nl/en/publications/f43ab596-161f-47a4-bd3d-c23ed9fdf463


Functional aspects of variation in
preen wax composition

Jeroen Reneerkens

1CHAPTER



It is the possession of feathers that makes an organism a bird (Sumida & Brochu
2000). More than twenty functions of feathers have been suggested (Stettenheim
1976, 2000). Feathers enable birds to fly (Homburger & da Silva 2000) and thus
to have large home ranges to forage in, and the capacity to seasonally migrate
and to escape from life-threatening predators. Feathers also provide an essential
thermal buffer between the animal and its environment (Wolf & Walsberg 2000),
and by their colour patterns and form, feathers are important for communication
with conspecifics (Burtt 1979). 

Feathers function better when they resist excessive wear and tear. Neverthe-
less, they still need replacement at regular intervals; a process called moult.
Feather wear occurs by exposure to ultraviolet light, contact with hard objects
such as vegetation and airborne particles and by ectoparasites such as feather
lice and some feather mites that chew holes in feathers (Proctor & Owens 2000;
but see Blanco et al. 2001 who argue that most feather mites may not be para-
sitic) and feather-degrading bacteria that break down feather keratin (Burtt &
Ichida 1999). 

Because of the important functions of feathers and the many factors that
may cause wear, it is perhaps not surprising that birds spend a significant time of
the day maintaining their plumage. Plumage maintenance involves nibbling the
feathers by the bill, probably to remove ectoparasites and alien particles from the
feathers and also to arrange and reattach feather barbs that hook into each other
for the feathers to remain an optimal (thermal) barrier between bird and its envi-
ronment (Wolf & Walsberg 2000). 

An important aspect of daily maintenance is the lubrication of feathers with
fatty secretions. Next to lipid secretions from the skin (Menon & Menon 2000),
lipids from a specialised organ, the uropygial gland, also called the preen gland
(Elder 1954, Jacob 1976, Jacob & Ziswiler 1982), are smeared onto the plumage.
Secretions originating from the skin and the preen gland consist of different
chemical compounds and their relative amount on feathers differs among bird
species (Stettenheim 2000). 

Almost all bird species posses a preen gland. All ratids (Struthionidae,
Rheidae, Casuaridae, Dromaidae) lack a preen gland, and preen glands are also
absent in a few species of Columbidae and Psittacidae (Johnston 1988) and
members of the orders Galliformes, Gruiformes, Caprimulgiformes and Apodi-
formes (Elder 1954). The preen gland is a small organ located at the base of the
tail that consists of two (partially) subdermal lobes which are composed of nu-
merous holocrine secretory alveoli that open in a central cavity (Lucas &
Stettenheim 1972, Jacob & Ziswiler 1982, Stettenheim 2000) from which the
wax secretion is transported to the surface of the gland via ducts that open at the
top of a pappilla, a nipple-like tip of the gland that in several species is provided
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with a small feather tuft that presumably aids in the distribution of the waxes
onto the bill tip during preening (Jacob & Ziswiler 1982). 

During preening activities, often (or only: van Rhijn 1977a) soon after
bathing, the tail is spread and turned towards the head and the lower back feath-
ers near the gland are raised so that the gland becomes visible and accessible for
the bird’s bill (fig. 1.1). The bird then collects the secretions from the gland by
touching it with rapid, repetitive movements onto the bill after which preening
activities follow and the waxes are distributed over different parts of the
plumage. As the feathers on the head can not be reached by the bill, the head is
usually provided with wax by rubbing it on the shoulders after which these have
been supplied with fresh wax secretions. This may transfer the preen wax onto
the head. Subsequently, the preen wax may be further distributed evenly over the
head feathers by scratching with the birds’ toes. Sometimes the head is rubbed di-
rectly against the preen gland. Primary wing feathers are lubricated with preen
wax by moving the primaries between the bill mandibles from the base to the tip
of the feather in rapid movements after wax from the gland has been obtained on
the bill tip. Van Rhijn (1977b) provides a more detailed description of preening
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Figure 1.1 A preening red knot touches its preen gland with swift movements of the bill. Its
lower back feathers have been raised to make the gland accesible to the bill.



activities by a herring gull Larus argentatus. One should realise that, although
preening activities take considerable time in the daily time budget of birds
(5-30%; references in Haribal et al. 2005), it only partially involves application
of preen waxes onto the plumage. Preening bouts of barn swallows Hirundo rus-
tica involved contact with the preen gland in just 3.1% of the observed cases
(Møller 1991), a similar percentage as found in captive red knots Calidris canu-
tus (box A). Nevertheless, plumages normally contain significant amounts of
lipids that presumably originate from the preen gland. Hou (1928) showed that
small bundles of feathers lost about 5% in weight after fat extraction, suggesting
that birds’ feathers contain significant amounts of fatty substances, which are
likely to originate from the preen gland. More recently, Bollinger & Varga (1961)
found that feathers contained ca. 2% of lipid material extractable with ether or
chloroform.

Context of this thesis

Preen gland secretions have been subject of studies by biologists and chemists.
Biologists were interested in their biological functions and studied preen waxes
without paying much attention to their chemistry. Chemists, on the other hand,
studied the chemical composition of the waxes, but only occasionally wondered
about their functions. 

Functions of preen waxes are tightly linked with their chemical composition
that determines physical (Patel et al. 2001, Kulkarni & Sawant 2002) and thereby
biological aspects of the secretions. Variation in chemical composition results in
different functions of preen wax. Vice versa, the physical aspects and biological
functions are subject to natural selection which will result in variation in chemi-
cal composition. For example, melting temperatures and viscosity are determined
by the wax composition (Kulkarni & Sawant 2002) and affects the viscosity and
thereby the ‘smearability’ of the secretions onto the plumage. If, for simplicity
reasons, all other possible aspects of preen wax are ignored, it is to be expected
that natural selection will result in a preen wax with a for birds optimal viscosity.
The hydrophobic properties are, amongst several other chemical aspects, deter-
mined by the degree of branching of the fatty acids of which preen waxes are
composed. According to Sweeney et al. (2004) branched fatty acids are less
water-soluble and might thus aid better in waterproofing the plumage.

Below, the main findings of several centuries of biological and chemical
preen wax research will be reviewed seperately. Then, the research subject of this
thesis will be described; a biological study to the function of intra-specific seasonal
variation in preen wax composition. 
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Functions of preen gland secretions: the biologists’ approach

Waterproofing
Despite discussions about the function of preen glands in birds since at least the
17th century (Elder 1954), there still is much speculation about, and little un-
equivocal experimental evidence for, the functions of uropygial gland secretions
(e.g. Jacob 1976, 1978, Elder 1954 and references therein). As the wax is
smeared onto the plumage, the most often suggested functions of the wax involve
plumage maintenance. Waxes are hydrophobic and are likely to contribute to the
waterproofing of birds (e.g. Elder 1954, Jacob & Ziswiler 1982), in addition to the
avian epidermal lipids (Menon & Menon 2000). The feather keratin is about as
water repellent as preen wax and feathers are also water repellent by their mi-
crostructure (Rijke 1970, Elowson 1984). In several studies preen glands were
surgically removed from birds, usually at an age of a few days, to look for the ef-
fects on their adult plumages especially in relation to water retention in the feath-
ers. Remarkably, most of these studies reported no visual effects on the plumage
and in most of the cases the birds survived without preen glands, at least for some
months up to several years (Elder 1954, Jacob 1976, Chen et al. 2003). It was,
however, noted that the feathers of glandless birds appeared exceptionally brittle
and less glossy in some cases, an effect that –surprisingly- disappeared after the
first moult following preen gland removal. Elder (1954) reports of an experiment
in which the water retained in the plumage of ducks after submersion in water
was compared between ducks of which the preen glands had been removed and
control birds. After the birds were allowed to dry for fifteen minutes, the
plumages of the glandless birds appeared to contain twice as much water as those
of the control birds. These results could, however, not be confirmed in a similar
experiment in which it was shown that the amount of water repellence of
plumages was strongly related to the time spent preening, irrespective of the ap-
plication of preen wax onto the feathers (Fabricius 1959). This suggests that
feather arrangements and closing of the barbules of feathers play a more impor-
tant role in water repellence than the application of waxes onto the feathers.
Rutschke (1960) showed that experimental removal of lipid components from the
belly feathers of ducklings and adult ducks did not affect the buoyancy, but it has
been questioned whether all of the fat components were removed from the feath-
ers (van Rhijn 1977a). In an experiment, van Rhijn (1977a) compared the water
absorption of several different feathers of a herring gull before and after he re-
moved preen wax with benzene and ethanol, but found significant higher water
absorption after preen wax removal in only three of 20 pairwise comparisons. An
estimate of the amount of fatty substances in feathers, by use of Sudan III stain,
showed no relation with the degree of waterproofing of the feathers. Furthermore,
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a negative correlation between feather weight and water absorption was found,
and it was suggested that feather size and microstructure probably play a greater
role in waterproofing than the occurrence of preen wax (van Rhijn 1977a).

Perhaps, the unconfirmed general belief that preen wax is especially impor-
tant for water repellence of feathers stems from the fact that preen glands are rel-
atively large in many aquatic bird species, such as the American dipper Cinclus
mexicanus, a waterbird that lives in small streams in which it regularly plunges to
catch prey, that possesses a preen gland that comprises 0.71% of its body mass
(Montalti & Salibián 2000). Relative sizes of preen glands vary between 0.014
and 0.556% in 1164 adult birds (126 species, 49 families). Jacob & Ziswiler
(1982) already showed that relative preen gland weights constituted between
0.05% and 1.14%. The pattern of waterbirds having relatively large preen glands
was already noticed in 1860 (Elder 1954), but a clear relationship between the
relative preen gland weight of bird species and the degree of their use of aquatic
habitats could not be confirmed (Montalti & Salibián 2000). 

Flexibility of feathers
It has also been suggested that preen gland secretions protect feathers by delay-
ing abrasion and/or by keeping feathers flexible (e.g. Jacob 1976, Jacob &
Ziswiler 1982). As far as I am aware, efforts to investigate the effects of preen
waxes on abrasion resistance of feathers have never been undertaken. Rutschke
(1960) showed that preen waxes quickly penetrate into the medulla cells of the
shaft and barbs of feathers and concluded that the wax may play a role in keep-
ing feathers’ elasticity. Preen wax may then indirectly contribute to waterproofing
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Plumage of birds, repels water by its microstructure. The contribution of preen waxes to this
waterproofing effect is still unclear.



(and thermal insulation) of the plumage as this depends on tiny air bubbles that
are kept within the small meshwork of feather barbs (Rijke 1970, Rijke et al.
1989). It is also imaginable that feather barbs and shafts break less easily when
they are more flexible.

Skin and bill condition
Ducks of which preen glands were removed when several days old had, next to a
less shiny and dryer looking plumage, a dry, peeled surface of bills, legs and feet.
The effect on the plumage disappeared after eclipse moult, but the effects on the
bare unfeathered parts remained, suggesting a function of preen waxes on skin
and bill too (Elder 1954).

Anti-parasitic effects
Feathers of birds often host many different ectoparasites such as ticks, lice and
mites that are usually detrimental to their host, especially when they occur in
high densities (Clayton 1990) as they may damage the plumage, suck blood from
their host or act as disease vectors (Scullion 1989, Møller et al. 1999). Removal
of ectoparasites from the plumage with the bill is difficult (Blanco et al. 1997,
2001). Hence, birds use chemicals that may help against ectoparasites (Hart
1997). Examples are the rubbing of secretions of ants’ metapleural glands into
feathers, a behaviour known as “anting” (Ehrlich et al. 1986, Clayton & Vernon
1993, Revis & Waller 2004) and the use of green plant material in nests (Clark &
Mason 1985, 1988, Gwinner et al. 2000, but see Brouwer & Komdeur 2004 who
did not find evidence for anti-parasitic effects of the use of green plant material
in starling Sturnus vulgaris nests). In addition to the use of such exogenous re-
sources, there are examples of endogenously produced chemicals. Specialised
avian epidermal lipids (Menon & Menon 2000) have been shown to be toxic to
ectoparasites (Douglas et al. 2001, 2004, 2005a,b, Dumbacher & Pruett-Jones
1996, Dumbacher 1999, Dumbacher et al. 1992). 

Not surprisingly, preen waxes are supposed to have anti-parasitic effects too
(e.g. Jacob et al. 1997). Moyer et al. (2003) showed that feather-feeding lice
(Phthiraptera: Ischnocera) died more rapidly on feathers of rock doves Columba
livia with preen waxes than on feathers without, suggesting that waxes aid in
combating lice. However, as the removal of the preen gland from captive doves
had no significant effect on louse loads over the course of a four-month experi-
ment, it is unclear whether the preen wax also negatively effects the survival of
louse under natural conditions. Microbes, such as bacteria (Böckle et al. 1995,
Burtt & Ichida 1999, Sangali & Brandelli 2000) and fungi (Santos et al. 1996) on
the feathers of birds are able to degrade feathers in vivo, but their degrading ef-
fects on live birds have been questioned (Cristol et al. 2005). Preen wax of house
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finches Carpodacus mexicanus inhibited growth of five bacterial isolates that de-
graded feathers either strongly, weakly or not at all. The wax had no effect on
seven other isolates and enhanced growth of one weak feather-degrading bacteri-
um (Micrococcus nishinomyaensis, although no data exist of this bacterial strain
about effects on birds; Shawkey et al. 2003). Similar results, of suppression of
some and enhancement of growth of other skin surface bacteria, as well as fungi,
were found in chicken (Bandyopadhyay & Bhattacharyya 1996, 1999). Although,
the effects of preen wax on microbial communities on feathers and skin are not
unambiguous and rather complex, they suggest that preen wax might act as a de-
fense mechanism against detrimental bacteria in birds (Jacob & Ziswiler 1982,
Shawkey et al. 2003). Anti-microbial effects of preen wax were also proposed by
Jacob et al. (1997), but this conclusion resulted from experiments based on hy-
drolysis products of preen wax (alcohols and fatty acids, see ‘Chemical composi-
tion of preen wax; the chemists’ approach’) which have very different chemical
and biological properties than the intact waxes that are smeared onto the
plumage. Not only may preen wax have effects on ectoparasites, it may also af-
fect harmless or beneficial organisms living in birds’ plumage, such as feather
mites that are presumed to feed on the feather wax and may even remove ‘old’
wax (Dubinin 1951, Blanco et al. 2001). It is, however, unclear what Blanco et al.
(2001) counted as ‘old wax’ and what it implicates.

Besides effects on organisms living in the plumage of birds, preen waxes
might also attract or repel flying insects. For instance, preen wax of American
crow Corvus brachyrhynchus attracts Theobald mosquitoes (Diptera: Culicidae),
that feed primarily on birds and are known to be the major vector of West Nile
virus in North America (Russel & Hunter 2005). On the other hand, odorous se-
cretions of crested auklets Aethia cristatella, presumably originating from a spe-
cialised gland-like structure associated with the integument (Douglas et al.
2001), has been shown to repel mosquitoes (Douglas et al. 2005b).

Smell
Smell is the reception of information from a source that releases volatile compo-
nents. The volatility of these components determines the distance from the
source over which the information can be received. The composition of the
volatile compounds further determines how the information is experienced (e.g.
malodorous, sweet or otherwise ‘smelling good’), and whether the source attracts
or repels recipients of the smell. As preen wax attracts mosquitoes (Russel &
Hunter 2005), it is clear that the wax has a certain smell that can be detected by
animals. Preen wax of most bird species, however, lacks a smell obvious to hu-
mans. This obviously does not imply that preen wax may not play a role in olfac-
tory communication between birds, which have been shown to have a functional
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sense of smell (Roper et al. 1999). It has been suggested that the preen wax
products of female mallards Anas plathyrynchos may be involved in pheromonal
communication between female and chicks (Jacob et al. 1979, Balthazart &
Schoffeniels 1979). It should be noted though that preen waxes are not very
volatile and thus not the most obvious chemical compounds to play a role in ol-
factory communication.

A well-known example of a penetrating preen wax secretion is that of
hoopoes Upupa epops. The composition of the secretion becomes darker and more
malodorous in females and nestlings during the the nesting phase, creating a bad
smell in the nests. The preen wax of nesting hoopoes repels feather-degrading
bacteria (Martin-Platero et al. 2006) and presumably helps to repel vertebrate
predators (Elder 1954). Red-billed woodhoopoes Phoeniculus purpureus produce
a penetrating, black preen wax resulting from a coccoid bacterium that lives in the
preen gland in symbiosis with the birds and breaks down the preen wax secretions
into 17 preen wax compounds, thereby changing colour, viscosity, volatility and
smell of the secretion (Law-Brown 2001, Law-Brown & Meyers 2003). Seven of
the 17 identified compounds showed inhibitory action against 13 species of
pathogenic bacteria and one parasitic bacterium (Law-Brown 2001). 

A more recent study identified at least 52 compounds in the preen gland se-
cretion of red-billed woodhoopoes, also called green woodhoopoe (Burger et al.
2004). In addition to anti-bacterial effects, the malodorous compounds have also
been shown to repel vertebrate predators of eggs (Law-Brown 2001). Strong
odorous secretions of crested auklets, presumably originating from specialised
epidermal cells (Douglas et al. 2001), have been described to repel different tick
species (Douglas et al. 2004) and repel mosquitoes (Douglas et al. 2005b).
Alternatively, the citrus-like smell of crested auklets, a smell that is temporally el-
evated during the breeding season, may be a social odour that the birds use to
recognise each other, for example by sniffing in each others' neck, where the
smell is most apparent (Hagelin et al. 2003). One of the aldehyde compounds,
decanal, that produce the citrus-like smell of crested auklets is known to be se-
creted by the preen gland, although the other aldehydes were not present in
preen gland secretions (Douglas  2006). 

Colour
Plumage colouration plays an important role in communication between birds in
threat displays and mate choice (e.g. Burtt 1979, Andersson 1994, Delhey et al.
in press), during which individual variation in feather colouration may signal in-
dividual quality. As feathers are dead structures and are replaced only infrequent-
ly during moult, the signal changes little with individual condition. Some bird
species use cosmetic colouration as a more flexible visual quality signal, and dye
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their feathers with endogenously produced cosmetics or cosmetics obtained from
the environment (reviewed in Delhey et al. in press). Preen waxes have been de-
scribed to be used as a cosmetic in hornbills (several genera) that elaborately
apply coloured preen wax onto their plumage and casque that thereby change
colour (Kemp 2001). Similar cosmetic plumage colouration during the breeding
season only, has been found in brown pelicans Pelicanus thagus of which the yel-
low on the head becomes more intense after rubbing it on the preen gland
(Schreiber et al. 1989). More – unsubstantiated – examples of the use of preen
wax as avian cosmetics are given by Delhey et al. (in press).

Other functions
Cook et al. (2003) proposed that preen wax may protect birds’ eggs against infec-
tion by fungi after the wax, actively or via the plumage, has been smeared onto
the eggs. As the heat insulative qualities of (shorebird) nests are highly depend-
ent on the nest material being damp or dry (Reid et al. 2002), transfering preen
wax to the nest scrapes could increase the waterproofing effects of the nest, and
thereby the insulation.

Chemical composition of preen wax: the chemists’ approach

The composition of preen waxes varies among bird species and has been subject
of study for already four decades, resulting in many detailed chemical characteri-
sations of the preen wax mixtures of several bird species (for a review of many
species see Jacob & Ziswiler, 1982). Chemical studies of preen wax composition
are usually performed using gas chromatography (GC) - mass spectrometry
(MS), mainly after the hydrolysis of the preen gland secretions. Only recently,
more became known about the intact wax secretions (e.g. Dekker et al. 2000,
Sinninghe Damsté et al. 2000, Burger et al. 2004, Haribal et al. 2005). Preen
waxes of most species consist predominantly of wax esters, esterified alcohols
and fatty acids (fig. 1.2). As the location and length of branching of the carbon
skeleton varies, this results in very complex mixtures of waxes (e.g. Dekker et al.
2000). Most wax esters in preen wax secretions are monoesters of saturated, un-
branched and/or mono-, di- or polymethyl branched carboxyclic acids which are
esterified with alcohols, most often straight chain or methyl substituted mono-al-
cohols (e.g. Jacob 1979, Jacob & Ziswiler 1982). Next to monoester waxes, preen
gland secretions may also comprise diester waxes, which can be divided in diol-
based esters (diols esterified with two fatty acids, fig. 1.2) and diesters based on
ß-hydroxy fatty acids usually at the 2 or 3 position, esterified with an alcohol and
a fatty acid (fig. 1.2). Next to mono- and diesters, preen gland secretions of a few
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species also contain triterpenoids and steroids such as squalane, cholesterol and
cholestanone (Jacob & Ziswiler, 1982). However, some of these latter com-
pounds may have been the result of contamination (e.g. Elder 1954). Preen wax
mixtures thus mainly consist of rather stable, unsaturated, relatively large mole-
cules. However, in many studies volatile components may have remained unde-
tected (Haribal et al. 2005, Soini et al. unpubl. MS).

The fact that the secreted wax esters are composed of fatty acids and alco-
hols that not only vary in chain length but also in degree and location of branch-
ing of the carbon skeletons, results in complex mixtures of many different wax es-
ters in preen gland secretions. Each bird species secretes a unique distribution of
preen wax esters. 

Variation in preen wax secretion has been used to generate phylogenetic hy-
potheses (mainly by J. Jacob, see Jacob 1992 for a review). This was a first careful
step in the direction of biological interpretation of variation in preen wax compo-
sition. However, preen wax composition is likely the product of natural selection,
and different bird species might have the same evolutionary answer to ecological
problems, i.e. divergent or convergent evolution may take place and will bias phy-
logenetic relationships between species if based on preen wax compounds rather
than on neutral molecular markers. Sweeney et al. (2004) argued that the use of
single GC-MS peaks as independent data may flaw phylogenetic reconstructions
because the same biochemical pathway can produce several different preen wax

GENERAL INTRODUCTION

21

HO

C O C R1

O

diester

HC O C R2

OR3

H2C O C R1

O

monoester

R2 O C R1

O

diester

HC O C R2

OR3

CH2

fatty acid

HO C R1

O

alcohol

R2 OH

two fatty acids

HO C R2

O

alcohol and fatty acid

HO C R2

O

C R1

O

HC OH

R3

H2C OH

1,2 -diol

HO R1C OH
O

HC OH

R3

CH2

β-hydroxy acid

A

B

C

Figure 1.2 Schematic presentation with structural formulas of the esterification to 
(A) monoesters, (B) 1,2-diol-based diesters and (C) ß-hydroxy fatty acid based diesters.



molecules, resulting in covariation of different molecules within closely related
species. A different approach, in which a proper detailed characterisation of the
species-specific compounds of preen gland secretions in a phylogenetic context,
may yield interesting hypotheses about the biological functions of the preen wax
secretions, will bring us further in understanding variation in preen wax composi-
tion (cf. Sweeney et al. 2004, Haribal et al. 2005). This will be especially interest-
ing when combined with experiments in which the function of specific com-
pounds are being tested. Haribal et al. (2005), who studied the preen wax compo-
sition of several passerines living in different habitats in temperate regions, argue
that ectosymbionts, such as lice and mites, are the main selective force that has
led to the evolution of a wide variety of preen wax mixtures. Given the many
functions that preen waxes (might) have, it is, however, likely that many other
different environmental aspects have also shaped the great diversity in (species-
specific) preen wax mixtures (cf. Sweeney et al. 2004). The functional significance
of these differences have, as far as I know, never been investigated, but are a great
challenge to (cooperations between) chemists and evolutionary ecologists.

Seasonal variation in preen wax composition of red knots:
the biologists’ and chemists’ approaches integrated

Recent research on a long distance migrating, High Arctic breeding shorebird, the
red knot, has shown that the chemical composition of preen waxes also varies
intra-individually (Piersma et al. 1999, Dekker et al. 2000, Sinninghe Damsté et
al. 2000). Drastic shifts from the usual monoester mixtures to a mixture consist-
ing of diester preen waxes only, has been shown to take place in red knots just
before the start of the breeding season (Piersma et al. 1999, Sinninghe Damsté et
al. 2000). Similar seasonal changes in preen wax composition had been shown
before for female, wild and domesticated mallards (Jacob et al. 1979, Kolat-
tukudy et al. 1987). Piersma et al. (1999) proposed that diester preen waxes
might alter the appearance of birds’ plumage and act as a sexually selected quali-
ty signal during mate choice. The honesty of the signal would be guaranteed by
the energetic and/or time costs associated with the shift to more viscous diester
preen waxes that were presumed to be more difficult to apply under the low tem-
peratures that prevail in the High Arctic. 

The occurrence of intra-individual, seasonal changes in preen wax composi-
tion suggests different balances between costs and benefits of the production, se-
cretion and use of mono- or diester preen waxes in different times of the year.
Such seasonal variation offers a nice opportunity to investigate the functional as-
pects of variation in preen wax composition within a species. To understand the
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evolution of variation in preen wax compounds we need to establish their func-
tions, i.e. the costs and benefits of different mixtures of preen waxes. Costs and
benefits can be expressed in terms of energy, nutrition and time or as a reproduc-
tive currency. Natural selection is expected to select against costly traits if there
are no benefits involved that outweigh the costs of such traits. For example, di-
ester preen waxes could be functional in attracting mates but perform less well in
protecting plumage against ectoparasites than monoester preen waxes do. In this
thesis costs and benefits of mono- and diesters in sandpipers (Scolopacidae) will
be explored in a comparative and an experimental approach.

Outline of this thesis

In chapter 2 preen wax composition (mono- or diesters) is investigated, in a com-
parative approach, in the context of life cycle stages of 19 sandpiper species and
the habitats they live in. In chapter 3 the focus is on the parental care system of
different sandpiper species of which a possible association of diester preen wax
secretion with the incidence of incubation is investigated. In chapter 4 the degree
of flexibility of red knots to change preen wax composition is investigated by
comparing annual cycles of preen wax composition in both free-living and cap-
tive red knots and by experimentally perturbing the annual cycles by changing
light regimes and the daily food availability. In chapter 5, the hypothesis of
Piersma et al. (1999) reading that the shift to diester preen waxes in red knots
serves as a temporal individual quality signal that changes the colouration of the
plumage is tested. Spectrophotometry is used to measure the change in plumage
colouration when preen wax composition changed from mono- to diesters and to
measure the effect on plumage colouration of the absence or presence of preen
wax on the plumage. Additionally, the light absorbance of isolated samples of
preen wax is measured to investigate whether the (shift in) preen wax functions
as a (temporal) sun blocker that protects feathers from damaging ultraviolet
light. In chapter 6 the effects of natural amounts of mono- and diesters on feath-
ers on the possible growth-inhibition of a feather-degrading bacterium, now
known to occur in red knots, are tested. In chapter 7 it is experimentally investi-
gated by use of a sniffer dog, whether the change in preen wax composition may
olfactorily camouflage birds when they are incubating clutches that are easily ac-
cessible to mammalian olfactory-searching predators. Finally, in chapter 8 the
main findings are summarised and placed in the broader context of variation of
preen wax composition, the cost and benefits of -production, secretion and appli-
cation of- different preen wax compounds are discussed in this chapter and sug-
gestions for future research provided.
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Box A   Preening behaviour of red knots: time budgets
and use of preen wax

Jeroen Reneerkens & Maaike A. Versteegh

The preen gland is omnipresent in almost all bird species. It is clear that the
secreted waxes from the gland play a biological role on the feathers, where
the waxes are spread onto with the birds’ bill during daily maintenance ac-
tivities. We studied the preening behaviour of seven captive red knots to get
a better view on the time that is daily devoted on preening behaviour, espe-
cially with respect to the actual application of preen wax onto the feathers.
Furthermore, we wanted to find out on which parts of the plumage birds
smear preen wax and whether this is equal for each of the plumage parts.

Methods

Observations of an hour were done on 26 April, 24, 29, 31 May and 4 and 6
June 2002 at a random time during the daylight period (six hrs of observa-
tion in total, seven birds). The birds were studied through a small window
and never disturbed by the observers. The ground surface of the outdoor
aviary in which the red knots were housed, measured 2 m by 4 m. It con-
tained a small mudflat with flowing salt water and a tray with streaming
fresh water was available for bathing and drinking. Food (trout pellets)
were available ad libitum. 

Gas chromatograms of the preen waxes sampled on each day of obser-
vation showed that most birds secreted monoester B preen wax at 26 April,
but all gradually changed to diesters during the following days of observa-
tion secreting a mixture of monoesters B and diesters and pure diesters dur-
ing the last days in some birds. We did not collect enough observations on
red knots secreting pure diester preen waxes to have enough statistical
power to find possible differences in preening behaviour with chemical com-
position of the preen wax.

All behaviour was filmed with a small digital video camera so that all
behaviour could be studied in much more detail afterwards. The birds were
ringed with individually unique colour codes, enabling individual recogni-
tion. We analysed the behaviour afterwards using The Observer 3.0 Event
Recorder (Noldus Information Technology, Wageningen, The Netherlands)
which allowed us to precisely measure the duration of all events. 
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Every preening and bathing event was scored and the duration of each
bout was measured to the tenth of a second. Preening was defined as the ac-
tive behaviour during which a bird uses its bill to distribute preen wax onto
feathers or to rearrange the feathers. As preen wax is applied onto head
feathers by rubbing the head directly over the preen gland, and thus does
not involve the use of the bill, this behaviour was scored as preening behav-
iour too. A preening bout was defined as preening behaviour that was not
interrupted. This meant that when a bird stopped preening for a moment,
often but not always followed by preening a different part of the plumage, a
bout was ended. Bathing was included as it involves feather maintenance
too and often some preening occurred during bathing. The duration of
preen gland massage with the bill, to collect waxes onto the bill for distribu-
tion onto the plumage, was carefully measured to the tenth of a second. The
length of the following preening bout, as well of preening bouts that did not
involve preen wax application, was measured. 

We scored on which body parts the collected waxes were applied.
Because the birds usually continued preening after preen wax harvesting on
its bill for sometimes half an hour or more, it was often difficult to judge
when preen wax application stopped and feather rearrangement started.
Therefore, we only scored the first body part to which the wax had been ap-
plied after the bird touched the preen gland with its bill. We distinguished
the abdomen, breast, head, back, tail and wings as different body parts.

Results

The birds spent on average 7.2% of the time preening (range 5.0-11.2 %).
During the 6 hrs of observation we recorded 165 times that preen wax was
collected from the gland (average 23.6 times per bird, range 5 – 49). On av-
erage, 2.9% of all preening bouts involved application of preen wax. This is
similar to 3.1% found in free-living barn swallows (Møller 1991). The preen
gland was touched for wax harvesting 4.0 hr–1 (range 0.7 – 7.0 hr–1) and
lasted on average 5.1 sec hr–1. Preening bouts following wax collection last-
ed on average 1 min 13 sec (n= 142). Average preening bouts differed be-
tween individuals (ANOVA F4154,6 = 4.448, P<0.001) and those preening
bouts that did not involve wax application lasted on average 42 sec longer
(1 min 55 sec; ANOVA F4154,1 = 3.854, P=0.05). The interaction term was
not significant and removed from the test. 
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Although there was some variation in the frequency of preen wax appli-
cation on the different parts of the plumage, this was not significant (fig.
A1A, ANOVA F36,5 = 0.465, P= 0.800). The pattern that the birds more
often preened the smaller parts of the plumage (abdomen, back and head,
fig A1A) seemed reversed in the duration of such preening bouts (fig. A1B),
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Figure A1 The average number per hr that preen wax was applied to different parts of
the plumage by seven captive red knots (A). In (B) the duration of the application of
wax on these parts of the plumage is depicted (of those individuals in which bouts of
preen wax application to particular parts of the plumage were observed). The product of
(A) and (B) -again for those individuals in which a given bout of preen wax application
was observed- is depicted in (C) and represents the total amount of time spent on apply-
ing preen wax onto a given part of the plumage.



but this was also not statistically significant (ANOVA F23,5= 2.307, P=
0.142). A post-hoc analysis (Fisher’s least significant difference test)
showed, however, that bouts during which the tail was preened lasted sig-
nificantly shorter than those bouts during which other parts of the plumage
were preened (P<0.05, except for the difference with abdomen: P=0.055).
Nevertheless, the total amount of time spent preening wax (the product of
the number of bouts hr–1 and the duration of these bouts) was equal for all
parts of the plumage (fig. A1C ANOVA F23,5 = 1.955, P= 0.124).

Discussion

We can conclude that preen wax is smeared on all parts of the plumage. The
individual time bouts during which preen wax was applied onto the tail last-
ed on average a bit shorter compared with the other parts of the plumage,
but this difference was absent in the frequency of preen wax application and
the total time per hr spent preening. The distribution of preen wax over the
different plumage parts, as depicted in fig. A1A, may be biased if the birds
have a certain preening routine during which a certain plumage part (e.g.
the breast feathers) is always preened first after wax collection from the
preen gland. During a second preening bout following contact with the
gland, there might still be wax left on he bill that is spread onto (a different
part of) the plumage, but because we could not be sure of that, this was not
counted as preen wax application in our study. Only a small amount of all
time spent preening involves the application of waxes onto the feathers. It
will be interesting to find out whether preening behaviour changes with the
chemical composition of the wax. Piersma et al. (1999) suggested that di-
ester preen waxes would be more difficult to smear than monoester preen
waxes due to their higher viscosity, especially in the cold arctic environment
during which diesters are secreted under natural conditions. The captive red
knots secrete diester preen waxes during summer in The Netherlands
(chapter 4), when ambient temperatures are usually high, in contrast to the
arctic summers experienced by free-living red knots. Given the little time
daily spent on preen wax application, we do not expect that a change in
preen wax composition entails high costs in terms of time. 
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