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The discovery of discrete vocal types of Common Crosshill in Western
Europe opens the possibility that the nominate subspkeaciga c. curvi-
rostrain fact consists of a group of cryptic, vocally differentiated and repro-
ductively isolated sibling species, reflecting a similar situation in North
America. We compared measures of Common Crossbills collected at a sin-
gle Dutch site by a single observer from 1983 to 2001. During 1983-84
—and to a lesser extent also in 1985-88 and 1992 — Common Crossbills had
relatively long wings, low body masses, and deep but short bills compared
to other years. Changes in methods or phenotypic flexibility of the measures
do not explain these results. Biometric differences among years are likely
linked to the proportional abundance of different populations of Common
Crossbills at the catching site. A difference between years in the relationship
between wing length and bill depth supports the idea that differences between
populations are the result of selection, not neutral differentiation. These
results are consistent with the variable presence of multiple, at times sym-
patrically occurring, cryptic species.
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INTRODUCTION description of several subspecies within North
America, based on morphological traits only.

Recent work has shown that in North America thélowever, authors disagreed on the characteristics
Common or Red Crossbilloxia curvirostrais  of these subspecies and on their distribution since
comprised of at least nine different taxa. Theseollections at the same location but in different
taxa differ in their vocalisations, in biometry, inyears yielded very different kinds of crossbills
distribution (Groth1993 and in resource speciali- (reviewed in Groth1993. It is now becoming
sation (Benkman993 1999. Some of these taxa clear that the occurrence of different types/
are regularly found breeding sympatrically, buspecies of crossbills depends on the resources
hybridisation seems rare (Benkma®93 Groth available at a particular time, and that breeding
1993. Therefore, these taxa most likely represerdnd wintering distributions of the types/species
reproductively isolated species. This differentiamay vary widely among years.
tion of crosshills was already indicated by the Discrete vocal types of Common Crossbills
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have recently also been identified in Westerft allows us to test whether different morphologi-
Europe, based on the so-called flight calls andal types of Common Crossbills occur within the
excitement calls (Clouet & Joachin®96 Robb range of the nominate subspediexia c. curvi-
200Q Summerst al 2002 Edelaaret al.2003. In  rostra and whether these are differentially repre-
contrast to the American vocal types, very little isented among years at a single site. In doing so,
known about the distribution, morphology, ecolowe assume that individuals of putatively resident
gy, and evolutionary status of the European vocalubspecies from outside the currently accepted
types. However, the discovery of vocal types imange ofL. c. curvirostra(occurring in north-
Western Europe opens the possibility that thevestern Africa, the Balearic Islands, Corsica,
nominate subspecigéoxia c. curvirostrais actu- Cyprus, far eastern Siberia: Cramp & Perrins
ally polytypic (i.e. comprised of several sub-1994) do not occur at the study site, or at least not
species with little geographic overlap in breedingn significant numbers.
distribution), or even comprised of a group of
cryptic sibling species (with overlapping breeding
distributions). This paper, dealing with morpho- METHODS
logical differences among years of Common
Crossbills caught at the same site, is a first aB37 Birds were caught and banded under license
tempt to address these issues. in the northeastern part of the Veluwe, The
Several studies have described the biometifetherlands (52°23'N, 5°55’E) during 1983-
of Common Crossbills in Western Europe. In lin2001. The site is situated in an area of predomi-
with the presence of morphologically differentnantly dry Scots PinBinus sylvestriplantations,
populations, some studies report differencealthough a small (one square km) plot of mature
between years (David964 Herremans1988 Douglas-fir Pseudotsuga menziesis nearby.
Marquiss & Rae002), and differences also exist Individuals were attracted to caged Common
between studies performed on different location€rossbills and the presence of small ponds for
(Clouet & Joachin1996 Cramp & Perrind994  drinking and bathing, and were caught in mist
Summerst al. 1996. Such biometric differences nets upon approach (predominantly before drink-
in time and space are indicative of the presence wfg or bathing). The types of measurements taken
different populations, but alternative explanationsaried between years, and thus some useful mea-
exist. Measures may vary due to phenotypic flexsures such as bill width could not be included in
ibility, e.g. different degrees of wear (Benkmarthe comparison without sacrificing data from
1993. Also, the observed differences are usuallynost other years. We decided to limit the analysis
subtle, and differences in measuring method® wing length (maximum stretched, to nearest
among observers (Summaetsal 1996 and even mm), bill length (from beginning of skull to tip of
between years by the same observer are likely tpper mandible, to nearest 0.1 mm), bill depth
explain at least part if not most of these differ{callipers placed at start of feathering on forehead
ences. Another drawback of the published studiemd perpendicular to cutting edge, to nearest
is that they mostly deal with birds caught durind).1 mm) and body mass (to nearest gram), as
irruption years, thus biasing against any residehese were measured in most of the years
local birds that may have a quite different mor{Svenssori992. All measures were taken with
phology (Marquis4980. the same wing rule, callipers and pesola through-
We present an analysis of the biometry ofout the whole study. Birds were sexed and aged
Common Crossbills caught during 19 consecutivasing the criteria in Svenssotog?). Five ageing
years on the same site and measured by the sacagegories were used talendar year,"2calen-
observer. Hence this unique dataset overcomesar year, aftersicalendar year, after®calendar
the limitation of previous studies regarding irrupyear and full-grown birds. Birds that were not
tive years and the problem of multiple observersexed were excluded from analysis. This also
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excludes all newly fledged and potentially stillusing the data that was corrected for age and sex
growing juveniles that did not yet show bodybut not for immigration-year. Finally, we tested
moult: biometric measures of birds with somdor immigration-year differences of PCA scores
adult feathers have reached their final size (Grotty ANOVA.
1993. Any differences found could be caused by dif-

Common Crossbills are known to be sexuallyerences in measurement; i.e. the biometric meth-
dimorphic, and juveniles are sometimes smallesds, not the Common Crossbills, differ among
than adults (especially in wing length and bodymmigration-years. If a change in methods oc-
mass). Therefore we corrected all individual meaeurs, it would most likely happen only once or
sures for age and sex based on the effect sizeswoduld change gradually (yielding a trend without
the factors sex and age combined in an ANOVAeversals). We therefore present the average for
of each of the four log-transformed variables (aleach of the four measures plotted against immi-
years combined). The effect of sex was alwaygration-year for visual inspection of such a pat-
highly significant P < 0.0001). The effect of age tern.
was only close to significance for bill depth If differences in methodology can be suffi-
(F4.831= 2.10,P = 0.079) and significant for body ciently excluded, we remain with the question
mass £, g31 = 2.43,P = 0.046), but not for wing why Common Crossbills have a different mor-
length @ = 0.47) and bill lengthH = 0.91). We phology among immigration-years. To distin-
still corrected all variables for both sex and age iguish between differences due to neutral evolu-
order to keep all manipulations of the data consigion and due to selection, we compared two
tent (just like Marquiss & Rae2@02). Further- groups of immigration-years when Common
more, correcting for non-significant factorsCrossbills differed most, and plotted the two traits
removes existing small biases that could not binat are least affected by phenotypic flexibility
detected statistically, without introducing statisti{wing length and bill depth, see Discussion).
cally significant new biases. We visually exam-Assuming that the positive correlation between
ined probability distributions of these correctedhese two traits (see Results) has a genetic basis,
data to test for normality and outliers: the dataeutral changes in biometry between populations
conformed to normality, and no outliers werewould be expected to occur along this correlation.
identified. However, if populations differ in biometry away

In The Netherlands crossbill influxes normal-from this correlation, it is less likely that this is
ly start in June. If local food conditions are gooddue to neutral evolution, and selection is the more
birds may stay until the next spring. Once conifeparsimonious explanation (Schluteoog. We
seeds are shed in April/May, most birds disappeaised ANCOVA to test whether significant
again. We thus divided the records in ‘immigrachanges in intercept and slope of the relationship
tion-years’, running from 1 June to 31 May thebetween bill depth and wing length are present.
next year, and identify each immigration-year by
the year of arrival. We tested for immigration-
year differences in biometry by comparing PCA
scores of all birds. For this, we first corrected for
immigration-year differences in each of the four
biometric variables and then calculated four prinsing the age-, sex- and immigration-year-cor-
cipal components for the combined dataset (@cted data, the first principal component des-
‘generalised’ Common Crossbill). Again, tlx¢, cribes variation in size as judged by the large pos-
probability distribution oft2-values showed no itive loadings of all four traits (table 1). The other
outliers (Johnson & Wichertegg. Next, we cal- principal components represent shape variation,
culated PCA scores for each of the birds based avith different traits being important in different
the factor scores of each of the four variablegrincipal components. Low PC2 scores identify

RESULTS
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Table 1. Factor scores for each of four biometric traits of Common Crossbills caught at a single Dutch site (da
corrected for age, sex and immigration-year differences). Important factor scores (based on their absolute devia
from zero and standard error) are underlined. Eigenvalues and percentage of variance explained by each prin
component are listed at the bottom of the table.

Trait PC1 PC2 PC3 PC4
wing length 0.64 0.24 -0.73 -0.06
bill depth 0.73 -0.16 0.29 -0.60
bill length 0.64 -0.64 0.02 0.43
body mass _0.63 0.59 0.39 0.32
eigenvalue 1.74 0.84 0.76 0.65
% variance 43.6 21.0 19.1 16.3
explained

birds with relatively long bills and low body  Differences among immigration-years in indi-
masses, low PC3 scores identify birds with relavidual scores for each of the four principal com-
tively long wings, and low PC4 scores identifyponents are highly significant (ANOVA - PC1.:
birds with relatively deep, short bills and lowF,g4,4= 17.4,P < 0.001; PC2F g 4,4= 10.7,
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Fig. 1. Variation among immigration-years in the morphology of Common Crossbills caught at a single Dutc
site. Plotted are annual meanSE of scores for four principal components based on log-transformed age- and se»
corrected measures of wing length, bill depth, bill length and body mass.
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Figg18= 38.7,P < 0.001). Judging by the-val-  reveals that (especially for PC1 and PC3), the
ues of the ANOVA's (equivalent to theRalues), same is true for the immigration-years 1985-88
differences among immigration-years are noand 1992.
mostly caused by general size differences (PC1) Figure 2 depicts the averages per immigra-
as was true for the immigration-year-correctedion-year for each of the four measures.
data, but mostly by the shape-component PC3ignificant year to-year differences occur (wing
(deep but short bills and low body mass). length: Fig g1 = 2.81, P < 0.001; bill depth:

In order to visualise any patterns in biometrid= g g,5= 2. 23,P = 0.002; bill length: F18 818~
differences among immigration-years, we plotted3.85, P < 0.001, body mass g g1g = 26.9,
the scores of each of the four principle compoP < 0.001), but not in a very orderly fashion: mea-
nents against immigration-year (Fig. 1). A firstsures frequently increase and decrease as time
glance at the plotted data reveals that the immprogresses.
gration-year-effects are roughly similar for all  To test for neutral versus selected evolution,
four principal components: in each of the fouwe created two groups of Common Crossbills that
sub-plots the immigration-years 1983 and 198differ most (based on fig. 1): those from 1983-84,
stand out as having low scores. Birds caught iand those from 1989-2001 excluding 1992.
those first two immigration-years can beFigure 3 shows the individual values for wing
described as small Common Crossbills with a relength and bill depth. Bill depth increases with
atively long wing, a low mass, and a deep buncreasing wing length (ANCOVAF 4,,=32.2,
short bill. A more detailed comparison, takingP < 0.001), and both intercept and slope of the
into account the standard error around the mearts/o regression lines differ (group-effedt; ¢,
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Fig. 2. Variation among immigration-years in the morphology of Common Crossbills caught at a single Dutch
site. Plotted are annual meanSE of log-transformed age- and sex-corrected measures of wing length, bill depth,
bill length and body mass. There were significant differences between immigration-years in all measures.
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were similar to those in the early 1990s (exclud-
ing 1992), so Common Crossbills were unlikely
to be measured differently in 1983-85 due to inex-
perience or a change in methodology.
Furthermore, clear differences between immigra-
tion-years are apparent in all measures, even
those that are not easily measured differently
among years (e.g. body mass). We therefore reject
this explanation for the differences among immi-
gration-years in Common Crosshill measure-
ments.
B ° Second, immigration-year differences may be
9.33- o due to phenotypic flexibility in the traits. This
89.1 933 97.7 1023 1072 explanation seems supported by Fig. 2, as mostly
corrected wing length (mm, log-scale) bill length and body mass seem to vary among
Fig. 3. Individual scores and linear regression lines ofMMigration-years. Bill length is known to be
bill depth against wing length (both log-transformednfluenced by variation in wear: when crossbills
and age- and sex-corrected) for Common Crossbilkeed on closed cones or cones with thicker and
caught at a single site, during 1983-84 (filled circle angtronger scales, wear increases and bill length
black line) versus 1989-2001 excluding 1992 (open cirdecreases (Benkmar993. Body mass is inher-
cle and grey line). The arrow indicates an aberrant indénﬂy variable, largely depending on storage of
vidual (but with correct values). fat. If this explanation is true, then bill length and
body mass should be higher when food is abun-
= 4.12,P = 0.043; interaction:FL640 = 4.19, dant and easily obtained: in April/May when the
P = 0.041). The removal of a potential aberranbld cones open and expose their seeds. However,
individual (indicated by the arrow in Fig. 3) in thein immigration-years when both bill length and
first group would only increase the significancebody mass were low (1983-85), bill length was
of the interaction term. but body mass was not higher in those months
(not shown). In fact, the highest monthly mean of
body mass in those three years was still lower
DISCUSSION than the lowest monthly mean in years when birds
were heavier (1989-2001). Comparison of our
The measures of Common Crossbhills caught atverage body mass during 1983-85 with body
the same site and measured by the same obsermesses collected during the 1963 invasion in
differed significantly among immigration-years.Switzerland also showed that our birds had
Such differences can be interpreted in severahusually low body masses: whereas the average
ways, and we will discuss these below. of our birds was just below 33 grams, only 0.2%
First, perhaps the differences are caused K out of 1008) of the Swiss birds had a body
differences in measurement; i.e. the biometrimass lower than 33 grams (Newto®70. The
methods, not the Common Crossbills, differedwiss birds were caught on migration in the early
among immigration-years. We find this unlikelymorning, before drinking and foraging, yet they
for a number of reasons. In the time period preweighed on average 39.8 grams, i.e. more than
sented here, reversals in the averages of the m@&% heavier. We thus conclude that the variabili-
surements occur frequently (see Fig. 2) instead of in body mass reflects substantial variation in
only once or gradually. Additionally, a limited structural size, not just different amounts of fat.
sample measured by the second author in 19Furthermore, not only bill length and body mass,
and 1973 shows that these Common Crossbillsut also wing length and bill depth showed differ-
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ences among immigration-years (Fig. 2), whiclHowever, why these birds have relatively long
are less easily (wing length) or not at all (billwings is currently not understood. And actually
depth) explained by wear/phenotypic flexibility.the pattern in body mass is rather opposite to
Therefore, other factors besides phenotypic flexiexpectation: this putative ‘pine-specialist’ has a
bility are needed to explain the large variability inow body mass, whereas other pine-adapted
the measured traits among immigration-years. crossbill taxa with deeper, more decurved bills
Third, differences among immigration-yearstypically have higher body masses (Cramp &
at a site may arise due to selective settlement Berrins1994).
survival of Common Crossbills. If so, we would  Fourth, a decoy of a particular vocal type may
expect the bill morphology in some immigration-selectively attract crossbills of the same vocal
years to reflect adaptation to feeding on Scotype. Thus in theory differences in biometry
pine (the local dominant tree). Other pine speciabmong immigration-years could be unrelated to
ists such as Parrot Crossbill pytyopsittacus Common Crossbill numbers or local food resour-
Scottish CrossbilL. scotica and Mediterranean ces, but due to the kind of decoy used in particular
subspecies of the Common Crossbill are all iderimmigration-years. However, turnover of decoys
tified by relatively deep and more decurved billsvas rather large, and new decoys were always
(Cramp & Perrind994) compared to the bill df. taken from the local pool of birds present.
c. curvirostra which mostly utilises Norway Therefore the birds that were caught probably
SprucePicea abiesBirds in 1983-88 and 1992 reflect the presence of particular birds in the area
are characterised by deeper but shorter (so posgitite well. Yet, if the catching of only a selection
bly more decurved) bills than in the remainingof all crossbills present due to the use of decoys of
immigration-years, indicating that in 1983-88 anda particular vocal type does explain the annual
1992 Common Crossbills indeed may have bedtfifferences in biometry, we have to invoke that
more adapted to foraging on Scots pine. Commahe vocal types indeed do differ in biometry. This
Crosshill numbers in The Netherlands fluctuateonclusion would support that the nominate sub-
from a few thousand to several million betweerspecies is in fact polytypic.
years (Bijlsmaet al 2001 Linnartz 2002 and So why would Common Crossbills in differ-
such fluctuations are obviously not caused bgnt areas/years have a different morphology?
selective mortality alone. Thus it is likely that inGiven the accumulative body of recent work, this
immigration-years with low numbers in Theis most likely a reflection of adaptation to particu-
Netherlands feeding conditions elsewhere werar resources (different species or types of
better for Common Crossbills. If the suitability ofconifers). However, populations may also differ
resources is related to a particular morphologyistorically due to neutral evolution caused by
this can lead to selective settlement. Such assoprocesses such as founder events, population bot-
ment of phenotype to resource has been observiéenecks and genetic drift (Lande80. A detailed
in crossbills (Summerst al 1996 Marquiss & comparison of the different kinds of Common
Rae2009. Perhaps a pine-adapted small resider@rossbills caught in this study shows that it is
population occurs at the study site, which is imnlikely that neutral evolution has caused the
many immigration-years swamped by invadinglivergence of populations. When comparing the
Common Crossbills with different morphologiestwo groups of Common Crossbills that differed
from other areas. This is in line with the observamost (1983-84 versus 1989-2001, excluding
tion that these putative resident birds (dominatin§992), both intercept and slope of the relationship
catches in 1983-84, and to a lesser extent in 1985etween bill depth and wing length differed sig-
88 and 1992) basically stand out for all four prinnificantly. Substantial shifts in intercept and espe-
cipal components instead of for some principatially slope are strong indications that population
components in some immigration-years and othelifferentiation is due to selection, since not only
principal components in other immigration-yearsoverall size but also shape differs. It should be



100 ARDEA 92(1), 2004

noted that such a difference in slope also strongijeans that an ecological understanding of the
rules out differences in biometry between immiselective forces that have differentiated these
gration-years due to changes in measuremepbpulations is limited to extrapolations from what
techniques and due to phenotypic flexibilityis known about morphological adaptation to
(unless there has been some interactive effecesources. Such an exercise indicated that one of
which is difficult to imagine). the populations seems more pine-adapted, at least
Additional support for a selective basis forin relation to bill measures.
population differentiation comes from genetic The evidence so far identifies that biometric
studies. Piertnewt al. (2001) investigated diver- differences due to selection do exist between pop-
gence between Common, Scottish and Parratations that have different abundances among
Crossbills, using neutral, highly polymorphicimmigration-years at the catching site. It is tempt-
microsatellite and mitochondrial markers, andng to relate the occurrence of such populations to
with samples originating from Great Britain (allthe newly discovered vocal types. This interpreta-
taxa) and the Pyrenees (only Common Crossion is aided by the observation that the propor-
bills). No evidence was found for differentiationtional abundance of the different vocal types in
in these rapidly evolving markers. If this result ofThe Netherlands also varies among years (Robb
no neutral genetic differentiation between Comz200Q Weber1972for fluctuations in abundance of
mon Crossbills from Scotland and the Pyreneegocal types). Unfortunately, no calls were record-
extends to Common Crossbill populations fromed of the birds caught in this study, so such a rela-
the European mainland (likely, given the morgionship could not be tested, and there are no pub-
continuous habitat instead of an island situation)ished studies of the biometry of the European
then any genetically based phenotypic differentiarocal types so far. Thus the obvious next step is to
tion must be due to selection, since neutral evoluest whether the identified vocal types differ in
tion did not result in divergence for neutral markbiometry, indicating ecological differentiation.
ers (Schlutee000. Recent undertakings have yielded a large com-
Overall, we show that Common Crossbillshined dataset of over 500 Common Crossbills of
caught at the same site and measured by the sawigich both morphology and vocalisation is
observer differed significantly between immigra-known (Kees Terpstra, Kees van Eerde, Erik
tion-years in their morphology. We ruled out orMaassen, ringing group Nebularia-Westenschou-
provided strong evidence against these diffewen unpubl. data), so this will become clearer in
ences being due to changes in methods, phenotype near future. Ecological differentiation is aided
ic flexibility of the measures, or neutral evolutionby reduced gene flow between populations that
of traits. The most parsimonious explanation foare adapting to different resources (Schluter
the differences in morphology among immigra2001), as seems to be the case for the morphologi-
tion-years is therefore that selection has causedlly and ecologically differentiated North Ame-
differences between Common Crossbills populaican vocal types. Thus another point of investiga-
tions within the range of the nominate subspecietion should be whether the European vocal types
Given the enormous fluctuation in numbers irmate assortatively when sympatric, indicating
The Netherlands it is likely that there are populareproductive isolation and hence evolutionary
tions in Europe that differ in morphology due toindependence. A growing dataset is being collect-
selection, and that these populations occur at tleel on the assortative mating of sympatrically
study site in different proportions in any immigra-occurring vocal types of the Common Crossbill in
tion-year (cf. Davisl964 Herremand 988 Knox order to address this question. Strong assortative
1992 Marquiss & Rae002). Whether these popu- mating between the vocal types would be the
lations are discrete and have particular (overlaglearest evidence thhbxia c. curvirostras actu-
ping?) geographical distributions is unknown atlly comprised of a number of cryptic differenti-
the moment. This current lack of knowledgeated species. Overall, the results presented in this
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paper are not inconsistent with the presence innartz L. 2002. KruisbekLoxia curvirostra In: LWVT/

multiple cryptic, selection driven and at times SOVON (eds). Vogeltrek over Nederland 1976-1993: 252-
trically occurring species. As such, thi 253. Sehuyt & Co., Haarlem.
sympa Yy g sp . + MiRparquiss M. 1980. Some biometrics of Common Crossbills

paper provides the first step in identifying if dis-  from Ae Forest, Dumfriesshire. Ringing and Migration 3:
crete, morphologically specialised populations 35-36.

. s - T . Marquiss M. & R. Rae 2002. Ecological differentiation in rela-
exist within the geograph|c distribution bbxia tion to bill size amongst sympatric, genetically undiffer-
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