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Relationship between bill morphology
and preening behaviour in waders
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The relationship between bill morphology and preening behaviour was
studied in 11 species of waders. On the assumption that species with long bills
might be less efficient at preening than birds with short bills, the hypothesis was
tested that long-billed species devoted more time to preening than short-billed
species. Results showed a positive relationship between bill length and time
spent preening, supporting the hypothesis. However, bill width, bill depth and
curvature were not related to preening behaviour.
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INTRODUCTION

The literature concerning the functional significance of bird bills is abundant.
Authors have found relationships between bill morphology (length, width and
depth) and diet (HESPENHEIDE 1973, GRANT 1986), prey size (NEWTON 1967, ZWARTS
1980), prey mobility (BEECHER 1962, LEDERER 1975), feeding techniques (BOCK
1966, CARRASCAL et al. 1990, KEAST & SAUNDERS 1991), and microhabitat use (ASHMOLE 1970, HARRINGTON 1982).
Bills are also important tools for preening (i.e. touching the plumage with the
bill to groom). Efficient preening is essential for the straightening and oiling of
feathers as well as for the removal of dirt from the body surface (SIMMONS 1985).
Preening is also important for defence against ectoparasites. Inefficient preening
results in a rapid increase in ectoparasite load (BROWN 1972, 1974; CLAYTON 1991),
which reduces survival (CLAYTON 1989) and mating success (CLAYTON 1990).
In spite of the importance of preening, little attention has been paid to the
functional significance of the bill for preening. Recently, CLAYTON & COTGREAVE
(1994) investigated the functional value of bill-related grooming behaviour. On the
assumption that species with long bills might be less efficient at preening than
birds with short bills, and that there are no differences in parasite load between
species (CLAYTON & COTGREAVE 1994). These authors therefore suggested that other
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behaviours such as scratching (i.e. touching the plumage with the foot) could compensate for inefficient preening, and they found a positive correlation between the
proportion of grooming time spent scratching and bill length. Other compensatory
behaviours might also be displayed by birds. I tested the hypothesis that long-billed
species simply devote more time to preening than short-billed species. Relationships between preening and other bill characteristics such as width, depth and curvature, which would have important mechanical consequences for handling objects
(LEDERER 1975), were also analyzed.
Waders show great diversity in bill morphology (BARBOSA 1991, 1994), making
them a good group to test the proposed hypothesis.

MATERIALS AND METHODS
I observed the preening behaviour of 11 wader species (Table 1) foraging at the Natural
Park of Delta del Ebro (NE Spain). All observations were made between November and April
1990-1992, using binoculars and a 40-60 × spotting scope. Waders have their highest rate of
mortality in winter (GOSS-CUSTARD et al. 1977) and food shortage seems to be involved (GOSSCUSTARD 1980). Therefore, they spend a very high proportion of their time feeding in winter
(GOSS-CUSTARD et al. 1977). From optimal considerations, this would place a restriction on
time available for preening. Therefore, the analyses will be based on a restricted situation
making the results more valuable than when preening is analyzed in a resting situation. Focal
birds were randomly chosen during regular surveys of the study area. To avoid problems of
pseudoreplication (HULBERT 1984), individuals were sampled only once. As birds were not
colour-marked, I sampled a small proportion of birds in each flock to ensure they were different individuals (i.e. in a flock of about 100 individuals, I sampled 5-10 birds from the upper
side, 5-10 birds from the lower side, 5-10 birds from the left side, and 5-10 birds from the
right side of the flock). Each of the birds sampled was at least 20 m from the previous bird

Table 1.
Bill morphological and preening data.
Bill length

Bill depth

Bill width

Species
n
Vanellus vanellus
Charadrius alexandrinus
Pluvialis squatarola
Haematopus ostralegus
Himantopus himantopus
Recurvirostra avosetta
Limosa limosa
Limosa lapponica
Tringa totanus
Tringa erythropus
Calidris alpina

x–

SE

40 32.91 1.21
9 23.33 0.79
21 35.23 1.67
13 75.68 5.54
6 71.01 4.21
5 80.79 8.10
8 109.2
5.29
12 92.56 13.6
23 49.36 2.96
6 66.19 3.30
38 38.45 2.77

n (sample size), –x (mean), SE (standard error).

n

–
x

SE

n

–
x

16
7
17
17
5
3
4
14
16
6
26

6.57
3.82
6.55
8.98
4.33
4.87
9.18
8.29
4.56
4.80
4.96

0.50
0.19
0.55
0.87
0.12
0.20
0.29
0.71
0.32
1.32
0.30

43 8.14
9 5.43
20 8.32
17 13.2
8 7.69
6 10.2
7 9.60
15 9.51
23 6.41
9 6.83
42 5.23

SE

% time spent
preening
n

0.59
39
0.29
31
0.62
35
0.87
8
0.39
25
0.41
51
0.53
63
0.65
10
0.59
29
0.52
10
0.56 116

–
x

SE

0.01
0.12
0.06
3.63
2.54
1.48
0.13
0.38
0.27
6.06
1.67

0.01
0.10
0.05
1.90
1.21
0.22
0.07
0.23
0.16
2.98
0.37
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sampled. This procedure assures probabilistically that different individuals were sampled (see
BARBOSA 1995). Activities during foraging including preening were tape-recorded for a 2 min
period on average, and percentage of time spent preening was subsequently calculated using
Observer 6.0 software. The study was carried out between the post-breeding moult period and
the pre-breeding moult period for all species, therefore variables such as moult schedules of
individual species do not affect the results. To avoid over- or under-estimation of time spent
preening through inclusion or exclusion of the preferred preening time of individual species,
all birds were, I sampled throughout the daylight hours.
Bill morphology (length, depth, and width) was measured with digital calipers to the
nearest 0.01 mm from skulls belonging to several museum collections (Cátedra de Vertebrados, Facultad de Biología, Universidad Complutense de Madrid; Museo Nacional de Ciencias
Naturales, CSIC, Madrid; Institut d’Estudis Avançats de les Illes Balears, CSIC, Palma de Mallorca; Laboratorio de Arqueozoología, Facultad de Ciencias, Universidad Autónoma de
Madrid; Museo de Ciencias Naturales de Tenerife; British Museum Natural History, Subdpt.
Ornithology, Tring; Zoologisk Museum, Copenhagen; Institut für Haustierkunde, Kiel; Zoologisches Forschungsinstitut und Museum Alexander König, Bonn; Institut Royal des Sciences
Naturelles de Belgique, Bruxelles). Size-corrected lengths were obtained by dividing each variable by the cube root of body weight (LEISLER & WINKLER 1985). Mean body weight data
were obtained from CRAMP (1983).
Organisms are related hierarchically, and therefore, data for different species are not
statistically independent (GRAFEN 1989, HARVEY & PAGEL 1991). To control for non-independence of taxa in comparative analysis, I used the phylogenetically independent contrasts analysis (FELSENSTEIN 1985, 1988). Phenotypic data for the tip species of any monophyletic group
can be transformed into N-1 independent contrasts. These contrasts are calculated as the
value of a trait at one tip (or node) of a phylogeny substracted from the value of its sister tip
or node. Thus each species or node is compared to its closest included relative. If characters
have evolved by independent Brownian motion, the contrast are statistically independent (see
HARVEY & PAGEL 1991, MARTINS & GARLAND 1991, GARLAND et al. 1992 for more details). Felsenstein’s method requires complete knowledge of both phylogenetic relationships among spe-

Fig. 1. — Phylogenetic relationships of the waders species
used in the analyses (based on
SIBLEY & AHLQUIST 1990).

Fig. 2. — Bill length contrasts vs preening time contrasts.
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cies and branch lengths (in units of expected variance of character change). I used phylogenetic information (Fig. 1) from SIBLEY & AHLQUIST (1990). Mean value of bill length, depth
and width and percentage of time spent preening (Table 1) were used to calculate the contrasts. As the direction of substraction in each contrast is arbitrary, regression through the
origin (GARLAND et al. 1992) was used to test the relationship between bill morphology and
preening. To make unique representations of bivariate scatterplot, one must set all contrasts
for one trait (e.g. the independent variable) to positive, while switching signs for the other
trait’s corresponding contrasts. Regression through the origin yields the same results whether
contrasts are thus positivized or not (GARLAND et al. 1992). Differences between time spent
preening by a species with a curved bill (Recurvirostra avosetta) and the other species with
straight bills, were test by means of Wilcoxon ranks test. All data were log-transformed prior
to the analyses.

RESULTS

The analysis showed a positive relationship between bill length and time
spent preening (r = 0.55 P = 0.02 one-tailed n = 10; Fig. 2). However, no significant
relationship (r = 0.12 P > 0.05 and r = – 0.31 P > 0.05 two-tailed) was found
between the other variables of bill morphology (width and depth respectively) and
the time spent preening by waders. No differences were found between time spent
preening in curve-billed species and straigh-billed species (Z = 0.94 P > 0.05).

DISCUSSION

The results support the hypothesis that long-billed species spend more time
preening during bouts of foraging than short-billed species. CLAYTON & COTGREAVE
(1994) analyzed grooming of the whole body, including the breast and neck. To
groom the breast and neck, which can be inaccessible to long-billed species, birds
must scratch, that is, touch their plumage with the foot. I have no data on scratching behaviour, so my study is limited to the body regions accessible by the bill. This
fact does not allow a strict comparison of the two studies. Nevertheless, my results
could be considered complementary to CLAYTON & COTGREAVE’s. It suggests a relative lack of preening dexterity in long-billed species which could lead them to
spend more time preening than short-billed species during stress conditions such
as foraging in winter.
CLAYTON & COTGREAVE (1994) pointed out the necessity of studying the relationships between bill characteristics other than length, (i.e. bill depth, width and
curvature) and preening behaviour. I found no relation between these bill characters and preening behaviour. Functional significance of both bill depth and width
are related to the handling of prey (e.g. LEDERER 1975). Neither oiling nor removal
of ectoparasites seem to have the mechanical requirements imposed by prey
(mobility, size, etc.), as ectoparasites are much smaller than wader prey and have
less mobility. Therefore, it is expected that bill width and depth do not correlate
with preening behaviour. On the other hand, neither did bill curvature show a relationship with preening, as the only species with such character, Recurvirostra avosetta, did not differed in time spent preening from the other species. These results
reinforce the functional importance of bill length in preening behaviour.
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