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Brief report

Population fluctuations of Siskins Carduelis spinus,
Common Crossbills Loxia curvirostra, and Citril Finches
Carduelis citrinella in relationship to flowering intensity

of spruce Picea abies
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Annual population abundances from 1992 to 2002 of Siskins Carduelis spinus, Common
Crossbills Loxia curvirostra and Citril Finches Carduelis citrinella were studied in rela-
tion to flowering intensity of spruce Picea abies. We used point count method to study the
changes in abundance of the three species in the Northern Black Forest (southwest Ger-
many). Our results indicated that Siskins and Crossbills showed large fluctuations in
abundance that correlated with spruce flowering intensity in the preceding year. In con-
trast, abundance of Citril Finches did not correlate with spruce flowering intensity. We
suggest that Citril Finches, due to their high breeding site fidelity, their less expressed
exploratory breeding behaviour and their preference for pine seeds, do not react to spruce

seed availability by a change in abundance as documented for the other two species.

1. Introduction

Siskins Carduelis spinus, Common Crossbills
Loxia curvirostra, and Citril Finches Carduelis
citrinella are typical breeding birds of the moun-
tain zones of Central Europe. In the Black Forest,
they are characteristic species of mountainous co-
nifer forests in areas above 900 m.a.s.l. (Dorka
1986, Holzinger 1997). Conifer seeds play a cru-
cial role in the nutrition of all three species (Glutz
von Blotzheim & Bauer 1997). Common Cross-

bills are widely known to feed on several conifer
species, mainly on spruce Picea abies, mountain
pine Pinus mugo, Scots pine Pinus sylvestris and
larch Larix decidua (Reinikainen 1937, Pulliainen
1974, Glutz von Blotzheim & Bauer 1997), and
even to adapt their migratory behaviour to the
more or less predictable availability of these seeds
(e. g. Reinikainen 1937, Gatter 1993). Crossbills
show extensive exploratory movements, which al-
low them to breed in distinct areas from year to
year. Siskins in Central Europe are known to for-
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age during breeding season mainly on spruce
seeds and to show large fluctuations in their abun-
dance due to these food resources (Gatter 2000).
Ringing data on Siskins has shown that birds may
settle far from their native breeding places in a re-
sponse to good food conditions (Holzinger 1997).
Citril Finches are general considered to show more
generalist feeding behaviour (Cramp & Perrins
1994) than the other two species. However, recent
studies have shown that Citril Finches depend in
the spring breeding season on relatively few plant
species, especially on conifer seeds of mountain
pines (Forschler 2001, Borras et al. 2003, For-
schler ef al. 2005, Forschler & Kalko 2006). Pro-
ductivity of this pine species does not show signif-
icant fluctuations between years (Genard & Les-
courret 1986, 1987).

In contrast to Siskins and Crossbills, the im-
portance of spruce seeds for Citril Finches is con-
tradictory. While spruce seeds in the Northern
Black Forest seem to play only a subordinate role
(Forschler 2001), R. Kilzer found significantly
higher settlement densities in years of high spruce
seed productivity at Vorarlberg/ Northern Alps
(Glutz von Blotzheim & Bauer 1997). Citril
Finches are generally far more sedentary birds
than the other two species. They mostly breed at
traditionally used breeding sites (Forschler 2002)
and are not known to show large changes in breed-
ing ranges due to food availability (pers. obs.).
However, in Catalunya early opportunistic breed-
ing in spring at lower elevations indicates that such
opportunistic movements may also appear in this
species in a response to high seed availability
(Borras & Senar 1991).

Bird populations, which rely on variable conif-
erous food sources show significant fluctuations in
their abundance and erratic movements (Bock &
Lepthien 1976, George 1968, Koenig 2001a, Koe-
nig 2001b, Larson & Bock 1986, Svirdson 1957),
whereas populations relying on stable coniferous
food source do not fluctuate (Massa 1987,
Benkmann 1987, 1989, Senar et al. 1993). The
distinct basic food sources (spruces versus pines)
and the degree of nomadism of the three species
(erratic versus more sedentary) differ between
Crossbills, Siskins and Citril Finches. Further,
spruce seeds fluctuate strongly from year to year
(Svérdson 1957). We therefore expect that
Crossbills and Siskins show pronounced variation
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in their numbers which correlate with spruce fruc-
tification, whereas spruce seeds should not have
the same influence on the abundance of Citril
Finches. To support this hypothesis, we present the
results of a point stop monitoring we conducted
over ten years between 1992 and 2001 in the
Northern Black Forest.

2. Material and methods

We studied population abundance of Siskins,
Crossbills and Citril Finches in the Northern Black
Forest (Schwarzwald) in southwest Germany.
This area provides good habitat conditions (coni-
fer-dominated forests) for all three species be-
tween the localities Kniebis (920 m) — Schliffkopf
(1060 m) — Ruhestein (950 m) — Mitteltal (600 m)
(district Freudenstadt) on an area of about 40 km”.
Dominant plant societies in the area are semi-open
heath land structures (Molinia caerulea, Calluna
vulgaris, Vaccinium myrtillus) on the summits,
with open to scattered mountain pine Pinus mugo
forest and extensive woodland on the slopes domi-
nated by spruces Picea abies (Bartsch & Bartsch
1940, Murmann-Kristen 1987). Firs Abies alba
play only a subordinate role in the study area.

For our study, we used the point stop counting
method introduced by the monitoring program
Dachverband Deutscher Avifaunisten (DDA)
(Flade & Schwarz 1996, Schwarz & Flade 2000),
where 20 point counts were distributed along 25
kilometers. During each point count all birds in the
surrounding were counted for exactly five minutes
counting sightings, calling and singing individu-
als. The sites of the point counts were at least 300
meters apart from each other to avoid double
counting.

The census of the 20 point counts was con-
ducted five times a year during good weather con-
ditions (dry and no windy weather) in five periods,
16"-30" April, 1°-15" May, 16"-31" May, 1*-
15" June and 16"-30" June. (exceptions: 2000
only 4 and 2001 only 2 countings). In total, 920
point counts were conducted between 1992 und
2001 on the same area (100 point counts per year
during 1992-1999, 80 in 2000 and 40 in 2001).
The elevation of the sites was between 600 m
(Mitteltal) and 1050 m (Schliffkopf), on average
around 920 m. The main observations were con-
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ducted in the spruce-dominated habitat type coni-
fer forest.

We calculated abundance values for each year
by averaging the number of observed birds per
census. To compare between these annual abun-
dance values and the availability of spruce seeds
we used published data about the annual flowering
intensity (scale 1-4) in the Black Forest and in to-
tal Germany conducted regularly by national and
private forest seed farms (Eicke 1991, 1992, 1993,
1994, 1995, 1996, 1997, Schneck 1998, 1999,
2000,2001). Index 1 =no flowering, 0— 10% of all
trees, 2 = weak (11 —30%) flowering, 3 = average
(31-60%) flowering, 4 = full (61 — 100%) flower-
ing. These indices of flowering spruce are good in-
dicators for the availability and fructification of
seeds in the following year.

3. Results

Comparing the abundance of the three finch spe-
cies we found high changes in abundance of Sis-
kins and Crossbills in relationship to mast years of
spruces in the Black Forest. Especially in the years
1993 and 1996, Siskins and Crossbills were ex-
tremely abundant after very good spruce seed
years (Fig. 1). Siskins were significantly more
abundant after a year of strong spruce flowering
(Fig. 2, linear regression: R*=0.75,P=0.01). The
same observation was made for Crossbills which
were also significantly more abundant after a
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stronger spruce flowering year (Fig. 3, linear re-
gression: R>=0.74, P = 0.01). In our study, Citril
Finches showed population changes as well. How-
ever, no significant relationship was found be-
tween abundance of Citril Finches and spruce
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Fig. 2. Relationship of spruce flowering intensity
(scale 1-4) and abundance (number of birds/ count-
ing) in the following year of (A) Siskins Carduelis
spinus, (B) Common Crossbills Loxia curvirostra and
(C)(Citril'Finches Carduelis citrinella.
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flowering year (Fig. 4, linear regression: R*=0.20,
P=0.59).

An additional comparison of abundance val-
ues of our study area with spruce flowering indices
from seed farms all over Germany revealed no sig-
nificant relationships for all three species (linear
regressions, Siskins: R> = 034, P = 0.34;
Crossbills: R* = 0.37, P = 0.29; Citril Finches:
R’=0.14, P = 0.69).

4. Discussion

Our results show clear differences between Citril
Finches on the one hand and Siskins and Crossbills
on the other hand in relation to spruce flowering
and fructification in the Black Forest. Siskins fluc-
tuate strongly in abundance in correspondence
with previous year’s spruce flowering intensity.
The abundance can be extraordinary high in years
of spruce seed mass occurrence (1993 and 1996).
June census may influence the number of observed
birds by high productivity and registration of
young birds (family groups) in late June. Numbers
may be therefore somewhat higher in seed years.
However, this does not change the fact that abun-
dance values change with fructification cycles and
that Siskins are extremely abundant in years of
high spruce seed outcome.

What we know from observational data in the
study area is that 1993 and 1996 were years with
exceptional high spruce fructification in line with
strong flowering intensity in 1992 and 1995.
Therefore, the flowering index must have been
even higher (full flowering) in the study area
(Kniebis-Schliftkopf) than the values provided by
the national and private tree seed farms from the
total Black Forest used for comparison. In 1992
and 1995, Siskins were one of the dominant spe-
cies in conifer forests and nearly as abundant as
Chaffinches Fringilla coelebs and Coal Tits Parus
ater (see also Schmid et al. 1998, Gatter 2000). In
contrast, in years without spruce seeds availability
the abundance of Siskins is very low (e.g. year
1997). It even seems that in such years there are al-
most no breeding pairs in the conifer forests of the
Northern Black Forest (Forschler 2001, 2005).
The only observations refer to a few birds close to
villages, where they may use other planted conifer
species as food sources with different fructifica-
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tion cycles independent from the one of spruces.
Our data confirms observatioal data in a larger
(150 kmz) frame in the Black Forest, indicating as
well that Siskins reach significantly higher abun-
dances in good spruce fructification years (see
U. Dorka in Holzinger & Dorka 1997). Similar ob-
servations were made by Spitznagel (1999) at the
Rohrhardsberg area in the Black Forest during the
years 1992 and 1995.

Crossbills are widely known for their exten-
sive use of spruce seeds and their adaptation to
spruce seeds mass production by their nomadic
migratory behaviour (Reinkainen 1937, Gatter
1993). Our data confirms this observation. After a
good spruce flowering year, we found Crossbills
clearly more abundant in the following fructifica-
tion year. However, the change in abundance was
not as high as observed for Siskins. At most point
counts we found a clearly lower abundance in
years of less seed production in spruce forests.
Nonetheless, Crossbills were observed each year
in the Schliffkopf area, where a population exists
that relies more on mountain pine seeds and seems
to sustain itself there also in non-gradation years,
totally independent from spruce seeds (Forschler
2005). This observation comfirms the relationship
of coniferous crop stability and crossbills resi-
dence as previously observed in the Pyrenees
(Senar et al. 1993).

Finally, Citril Finches did not show any varia-
tion in abundance due to spruce mast years. In
years of spruce seed mass production, Citril
Finches showed a slightly lower abundance. Our
data supports the prediction that spruce seeds play
a subordinate role for this species (Holzinger
1997, Forschler 2001, Forschler & Kalko 2006),
which stands in contrast to other indications (R.
Kilzer in Glutz von Blotzheim & Bauer 1997).
There are various possible reasons for the low ef-
fect of spruce seed availability on Citril Finch
abundance. Main factors may be the different mi-
gratory strategies (lack of strong nomadism) and
the higher breeding site fidelity of the species
(Glutz von Blotzheim & Bauer 1997, Forschler
2002). In contrast, the high migratory and nomadic
style of Siskins and Crossbills may facilitate the
location of good areas and hence cause larger fluc-
tuations in population densities of those species.
Another important reason may be the strong spe-
cialisation of Citril Finches to mountain pine seeds
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(Forschler 2001, Borras et al. 2003), which are
available every year and possess higher nutritional
contents than spruce seeds (Pulliainen 1974). Pine
seeds are clearly preferred over spruce seeds by
Citril Finches if both food items are available
(Forschler & Kalko 2006).

Our observations confirm the hypothesis that
bird species (Siskins and Crossbills) which rely on
variable coniferous food sources such as spruces
fluctuate strongly from year to year in correspon-
dence with the availability of their main food re-
source (Bock & Lepthien 1976, Koenig 2001b,
Svirdson 1957). This behavioural adaptation may
lead to temporarily strong range expansions in
these species. In contrast, bird species which rely
on more stable coniferous food such as Citril
Finches in the Northern Black Forest, may be con-
sidered to be more ‘“conservative” concerning
range expansions due to traditionally used breed-
ing sites, the dependence on a stable coniferous
food (see also Clouet 1990. Senar ef al. 1993) and
their less expressed nomadism. These behavioural
differences may also explain the fact that the distri-
butional range of Citril Finches remained more or
less stable in the last hundred years with few range
expansions.
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Kuusen siemensadon vaikutus vihervarpusen,
pikkuképylinnun ja sitruunahempon
runsauteen Saksassa

Lounais-Saksassa sijaitsevan Schwarzwaldin
vuoristoalueen pohjoisosassa sijaitsevalla tutki-
musalueella arvioitiin vihervarpusen, pikkuképy-
linnun ja sitruunahempon populaatiokokoja piste-
laskennoilla vuosina 1992-2002. Koska kuusen
siementen arveltiin olevan kaikkien kolmen lajin
tarkedd ravintoa, saatuja kannanarvioita verrattiin
kuusen kukkimista kuvaavaan indeksiin. Viher-
varpusten ja pikkukdpylintujen runsaus vaihteli
suuresti vuodesta toiseen, ja niiden runsaus korre-
loi edellisvuoden kuusen kukintaindeksin kanssa
(kuusen siemenet ovat syotdvissd vasta kukintaa
seuraavana kevidnd). Sitruunahemppojen luku-
médrin vaihtelu ei ollut yhteydessa kuusen kukin-

taan. Tutkijoiden mukaan tdma johtuu siité, ettd
sitruunahempot sydvédt mieluiten ménnyn sie-
menid. Sitruunahempot ovat alueella myos sangen
pesépaikkauskollisia, joten tutkijoiden mukaan
niiden tiheydet eivét tdmédnkdin vuoksi reagoi
kuusen siemensadon vaihteluihin samalla tavalla
kuin liikkkuvampien vihervarpusten ja pikkuképy-
lintujen tiheydet.

References

Bartsch, J. & Bartsch, M. 1940: Vegetationskunde des
Schwarzwaldes. Pflanzensoziologie 4. — Fischer
Verlag, Jena. (In German)

Benkman, C. W. 1987: Food profitability and the foraging
ecology of Crossbills. —Ecological Monographs 57:
251-267.

Benkman, C. W. 1989: On the evolution and ecology of is-
land populations of crossbills. — Evolution 43: 1324—
1330.

Bock, C. E. & Lepthien, L. W. 1976: Synchronous erup-
tions of boreal seed-eating birds. — American Natu-
ralist 110: 559-571.

Borras, A., Senar, J. C. 1991: Opportunistic breeding of
the Citril Finch Serinus citrinella. — Journal of Orni-
thology 132: 285-289.

Borras, A., Cabrera, T., Cabrera, J., Senar, J. C. 2003: The
food of the Citril Finch in the Pyrenees and the role of
Pinus seeds as a key resource. — Journal of Ornithol-
ogy 144: 345-353.

Clouet, M. 1990: Le Bec Croise (Loxia curvirostra) dans
les forets subalpines de Pins a Crochets (Pinus unci-
nata) des Pyrenees centrales. Acta biologica montana
10: 25-35. (In French)

Flade, M. & Schwarz, J. 1996: Stand und aktuelle
Zwischenergebnisse des DDA-Monitoringprogram-
mes. — Vogelwelt 117: 235-248. (In German with
English summary)

Forschler, M. 2001: Diet of Citril Finches Serinus
citrinella during the breeding season in the Northern
Black Forest, SW Germany. — Vogelwelt 122: 265—
272. (In German with English summary)

Forschler, M. 2002: Breeding biology of the Citril Finch
Serinus citrinella in the Northern Black Forest. —
Ornithologischer Beobachter 99: 19-32. (In German
with English summary)

Forschler, M. 2005: Siedlungsdichte und Statusangaben
zur Avifauna des Schliffkopf-Gipfels im Nord-
schwarzwald. — Ornithologische Jahreshefte Baden-
Wiirttemberg: 79-92. (In German)

Forschler, M. 1., Borras, A., Cabrera, J., Cabrera, T., Senar,
J. C.2005: Inter-locality variation in reproductive suc-
cess of the Citril Finch Serinus citrinella. — Journal of
Ornithology 146: 137-140.

Forschler, M. 1. & Kalko, E. K. V.2006: Macrogeographic



96

variation in food choice of mainland Citril Finches
Carduelis [citrinella] citrinella versus insular corsican
(citril) finches Carduelis [citrinella] corsicanus. —
Journal of Ornithology 147: 441-447.

Eicke, G. 1991: Das Blithen der Waldbaume 1991. —
Allgemeine Forstzeitschrift-Der Wald 49: 858-861.
(In German)

Eicke, G. 1992: Das Blithen der Waldbaume 1992. —
Allgemeine Forstzeitschrift-Der Wald 50: 886—887.
(In German)

Eicke, G. 1993: Das Blithen der Waldbaume 1993. — All-
gemeine Forstzeitschrift-Der Wald 51: 916-917. (In
German)

Eicke, G. 1994: Das Blithen der Waldbdume 1994. — All-
gemeine Forstzeitschrift-Der Wald 52: 978-979. (In
German)

Eicke, G. 1995: Das Bliithen der Waldbdume 1995. — All-
gemeine Forstzeitschrift-Der Wald 53: 958-959. (In
German)

Eicke, G. 1996: Das Bliithen der Waldbaume 1996. — All-
gemeine Forstzeitschrift-Der Wald 54: 982-983. (In
German)

Eicke, G. 1997: Das Blithen der Waldbaume 1997. — All-
gemeine Forstzeitschrift-Der Wald 55: 958-959. (In
German)

Gatter, W. 1993: Explorationsverhalten, Zug und Migra-
tionsevolution beim Fichtenkreuzschnabel Loxia
curvirostra. Vogelwelt — 114: 38-55. (In German
with English summary)

Gatter, W. 2000: Vogelzug und Vogelbestinde in
Mitteleuropa. — Aula Verlag, Wiebelsheim. (In Ger-
man with English summary)

Génard, M. & Lescourret, F.
répartition des petits vertébrés
consommateurs de graines de pin a crochets (Pinus
uncinata Miller ex Mirbel) en forét
d’Osséja (Pyrénées -Orientales). — Vie Milieu 36:
27-36. (In French)

Génard, M. & Lescourret, F. 1987: The Common Crossbill
Loxia curvirostra in the Pyrenees: some observations
on its habitats and on its relations with conifer seeds.
— Bird Study 34: 52-63

George, W. G. 1968: The association of invading White-
winged Crossbills with southern tree. — Wilson Bul-
letin 80: 496-497.

Glutz von Blotzheim, U. N. & Bauer, K. M., 1997:
Handbuch der Végel Mitteleuropas, vol. 14. — Aula
Verlag, Wiesbaden. (In German)

Holzinger, J. 1997: Die Vogel Baden-Wiirttembergs.
Singvogel 2. Bd. 3.2. — Ulmer Verlag, Stuttgart. (In
German)

Koenig, W. D. 2001a: Synchrony and periodicity of erup-

1986: Abondance et

ORNIS FENNICA Vol. 83, 2006

tions by boreal birds. — Condor 103: 725-735.

Koenig, W. D. 2001b: Spatial autocorrelation and local
disappearances in wintering North American birds. —
Ecology 82: 2636-2644.

Larson, D. L. & Bock, C. E. 1986: Eruptions of some
North American boreal seed-eating birds 1901-1980.
— Ibis 128: 137-140.

Massa, B. 1987: Variations in Mediterranean Crossbills
Loxia curvirostra. Bulletin of the British Ornitholo-
gists Club 107: 118-129.

Murmann-Kristen, L. 1987: Das Vegetationsmosaik im

Nordschwarzwilder Waldgebiet. — Dissertationes
Botanicae Band 104, Cramer, Berlin & Stuttgart. (In
German)

Pulliainen, E. 1974: Winter nutrition of the Common
Crossbill (Loxia curvirostra) and the Pine Grosbeak
(Pinicola enucleator) in northeastern Lapland in 1973.
— Annales Zoologici Fennici 11: 204-206.

Reinikainen, A. 1937: The irregular migrations of the
crossbill, Loxia c. curvirostra, and their relation to the
cone-crop of the conifers. — Ornis Fennica 14: 55-64.

Senar, J. C., Borras, A., Cabrera, T. & Cabrera, J. 1993:
Testing for the relationship between coniferous crop
stability and Common Crosbill residence. — Journal
of Field Ornithology 6: 464—469.

Schmid, H., Luder, R., Naef-Daenzer, B. Graf, R. &
Zbinden, N. 1998: Schweizer Brutvogelatlas. Ver-
breitung der Brutvdgel in der Schweiz und im Fiirsten-
turm Liechtenstein 1993-1996. — Schweizerische
Vogelwarte, Sempach. (In German)

Schneck, D. 1998: Das Blithen der Waldbaume 1998. —
Allgemeine Forstzeitschrift-Der Wald 56: 926-927.
(In German)

Schneck, D. 1999: Das Blithen der Waldbdaume 1999. —
Allgemeine Forstzeitschrift-Der Wald 57: 828-829.
(In German)

Schneck, D. 2000: Das Blithen der Waldbdaume 2000. —
Allgemeine Forstzeitschrift-Der Wald 58: 844-845.
(In German)

Schneck, D. 2001: Das Blithen der Waldbdume 2001. —
Allgemeine Forstzeitschrift-Der Wald 59: 812-813.
(In German)

Schwarz, J. & Flade, M. 2000: Ergebnisse des DDA-
Monitoringprogramms Teil 1: Bestandénderungen
von Vogelarten der Siedlungen seit 1989. — Vogel-
welt 121: 87-106. (In German with English summary)

Svérdson, G. 1957: The “invasion” type of bird migration.
— British Birds 50: 314-343.

Spitznagel, A. 1999: Die Vogelwelt — Verbreitung, Dyna-
mik und Gefahrdung. In: Der Rohrharsberg. Verlag
Regionalkultur. — Naturschutz-Spectrum-Themen
91: 287-314. (In German)



