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The uropygial gland, also called preen gland, is commonly found in birds. Waxes
secreted from the gland are spread over the plumage with birds’ bill during
plumage maintenance. In captive red knots Calidris canutus, plumage mainte-
nance took on average 7.2% of the time, but only 2.9% of all preening bouts in-
volved the application of preen wax (box A). The biological function of the preen
waxes have been debated for many centuries and their chemical composition
studied rather extensively, but both fields of research were never combined (re-
viewed in chapter 1). The scientific debate got a new impulse with the discovery
that in red knots, sandpipers that winter in tropical or temperate coastal inter-
tidal areas and that breed in the High Arctic, the chemical composition of their
preen gland secretions changed prior to departure on a long-distance flight to the
breeding grounds in spring. Within a few days, at the level of a population, the
secretions consisting of monoesters only were replaced with a preen wax mixture
of pure diesters. The selection pressures that have led to the seasonally changing
preen wax composition in sandpipers are the focus of this thesis. To examine the
putative selection pressures, comparative and experimental, biological and chem-
ical studies were carried out both in the field and in the laboratory.

At least 18 species of sandpipers other than red knots also showed preen wax
composition seasonally changing from mono- to diester preen waxes. Diester se-
cretion extended beyond the period of courtship and mate choice and continued
throughout incubation. At hatch, the secretions reverted to the usual monoester
waxes (chapter 2). All investigated sandpipers secreted species-specific mixtures
of monoesters and diesters. The diesters of most sandpipers can be divided in
two groups; diesters that are based on 1,2-diols and diesters based on ß-hydroxy
fatty acids, both of which may occur in the secretion of a single individual, but in
different percentages per species (box B). 

This drastic shift in preen wax composition naturally leads us to wonder
about its biological function. In chapter 3, the comparative study as described in
chapter 2 was extended by studying seven sandpiper species with different incu-
bation patterns, including species where both sexes incubate, only males incu-
bate, or where only females incubate. During the breeding period, diester preen
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wax was secreted almost exclusively by the incubating sex in species with uni-
parental incubation, and by both sexes in species with biparental incubation.
These findings clearly suggest that diester preen waxes have a function that is di-
rectly related to the act of incubation. Some male curlew sandpipers and buff-
breasted sandpipers –  species with female-only incubation – nevertheless secret-
ed diester preen waxes during the breeding period. These exceptions to the rule
that diester preen waxes are only secreted by incubating individuals can be ex-
plained if these diester waxes are a remnant from an evolutionary past when
both sexes in these two species incubated. An alternative explanation could be
that males need to be olfactory cryptic (a function enhanced by diester preen
wax which is less volatile than monoester wax; see below) because they are in-
volved in the making of nest scrapes that will later be used by the females.

The secretion of diester preen waxes seems particularly functional during in-
cubation, but probably entail certain net costs in other periods. A close match be-
tween the secretion of diester waxes and incubation would avoid redundant
costs, but requires a flexible temporal organisation of preen wax shifts. The flexi-
bility of seasonal cycles in preen wax composition, relative to better understood
seasonal cycles in body mass and moult, were investigated in chapter 4. Two ex-
perimental perturbations were used to get insight in the (constraints in) flexibili-
ty of preen wax changes: (1) giving birds restricted access to food and (2) moni-
toring them long-term under a constant photoperiodic regime. Red knots subject-
ed to a constant photoperiod continued to show seasonal changes in preen wax
composition. These rhythms became free-running and diester secretion was tem-
porally correlated with changes in body mass, suggesting that preen wax shifts,
like seasonal changes in body mass and moult, are under endogenous control.
However, diester preen wax secretion was more poorly expressed in the experi-
mental treatments. That complete changes from mono- to diester preen waxes in
captive red knots took on average 30 days, together with the fact that these
changes are endogenously controlled, showed that preen wax shifts are similarly
time-constrained as seasonal changes in body mass and moult. 

It has been hypothesised that the shift to diester preen waxes by red knots in
spring is a sexually selected trait that enhances birds’ plumage appearance, sig-
naling individual condition during the period of mate choice. This hypothesis as-
sumes that a compositionally different preen wax coat alters the light reflectance
(colour) of the plumage. This assumption was tested in chapter 5 by the use of
spectrophotometry of plumages of six red knots before and after they had under-
gone a complete shift from monoesters to diesters in spring. In addition, preen
wax was (partially) removed from the plumages after which its reflectance was
measured again, to make sure that possible changes in plumage reflectance are
attributable to the shifts in preen wax composition only. Light absorbance by the
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pure monoester and diester waxes was also measured. Although diesters ab-
sorbed more light, especially in the ultraviolet light spectrum, a shift in plumage
reflectance was not observed with a change in preen wax composition. Because a
small change in hue and chroma of the plumage with preen wax change was also
observed in the plumages after preen wax removal, it can not be attributed to the
(shift in) preen wax. I conclude that the layer of preen wax on the plumage is too
thin to bring about a change in colouration.

In contrast to the expectations, an observed change in plumage colouration
of female lapwings, appeared not to be caused by changes in preen wax composi-
tion. Lapwings (both sexes), dotterels and Kentish plovers, secrete monoester
preen wax year-round and are thus unexplained exceptions to the rule of season-
al changes in preen wax composition in shorebirds (box C).

In chapter 6 we report on the effect of monoester and diester preen wax on
the growth of a feather-degrading bacteria Bacillus licheniformis, shown to occur
in plumages of red knots also. As growing conditions for these bacteria are pre-
sumably better in the nest cups of incubating sandpipers that are relatively warm
and humid, it was hypothesised that diesters would offer a better protection
against these bacteria. A difference in break-down of breast feathers of red knots,
applied with mono- or diesters by the birds themselves was, however, not ob-
served. The removal of preen waxes (mono- or diesters) from feathers resulted in
faster degradation of the feathers, confirming earlier studies that preen wax in-
hibits growth of feather-degrading bacteria. In a field experiment we did not find
evidence for the idea that (diester) preen waxes protect wing feathers against
(physical) abrasion (box D).

A trained sniffer dog was used in an experimental set-up to test whether di-
ester preen waxes are more difficult to detect by smell than monoester preen
waxes (chapter 7). The olfactory-searching dog indeed had greater difficulty de-
tecting mixtures of the less volatile diesters than mixtures of monoesters. This is
consistent with the hypothesis that diester preen waxes reduce birds’ smell and
thereby reduce the risk of predation of their clutches. 

In chapter 8 the main findings of the research described in this thesis and sug-
gestions for future research on (seasonal) variation in preen wax composition are
discussed in a broader context. In brief, I conclude that more can be learnt about
variation in preen wax by looking at a broad scale for patterns in preen wax com-
position with species’ habitats, breeding system and phylogeny. Also, knowledge
of the physical aspects of preen wax composition and of the (causes of) turn-over
rates of preen wax once applied onto the plumage, is still limited. A combination
of chemistry, physics and biology will increase our understanding of the large
variation in preen wax composition between species and within individuals.
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