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Geographical expansion of species is a common process.
Environmental changes over long timescales have produced new conditions that have allowed some species,
including both plants and animals, to increase their range
of distribution following such changes (Blondel & MourerChauviré 1998, Svenning & Skov 2004). But such modifications can also come about on shorter timescales, mainly
due to the effects of human activity (Johnson 1994,
Sanchez-Lafuente et al. 2001, Wehtje 2003). More recent
changes in distribution range seem to be related to current
climate change (e.g. Valiela & Bowen 2003) and some
predictions for the future have been made (Peterson et al.
2002). Available climate data for the past century indicate
an increase in mean global temperature (IPCC 2001). Such
temperature increases affect living species in different
ways, including physiological adaptations (Clarke 2003),
changes in phenological patterns (Walkowszky 1998) and/
or changes in their distribution. Studies of such effects in
southern latitudes of the Northern Hemisphere are scarce
(but see Peñuelas et al. 2002, Sanz 2002) despite the rapid
alteration of Mediterranean biodiversity owing to the
combination of both climate change and human pressure
(Santos & Telleria 1995, Sanz 2002, Opdam & Wascher
2004). Sanz (2002) pointed out the particular interest in
studying how Mediterranean species respond to climate
change in order to predict likely responses to future
changes in the Mediterranean region.
The Trumpeter Finch Bucanetes githagineus Lichtenstein
1823, a fringillid bird associated with arid habitats and hot
climates, is a good model for studying the probable effects of
climate change on animal populations for several reasons.
The distribution of this species was originally in North
Africa (Cramp & Perrins 1994), and began to expand in
the middle of the 20th century, occupying areas of southeastern Spain (Cramp & Perrins 1994). The first winter
record for southeastern Spain was in 1969 (König & Cano
*Corresponding author.
Email: barbosa@eeza.csic.es

© 2006 The Authors
Journal compilation © 2006 British Ornithologists’ Union

1971) and the first breeding record was in 1971 (García
1972). Moreover, in the second half of the 20th century, this
area has undergone changes in the seasonality of precipitation
(Sumner et al. 2001), a decrease in precipitation (Rodrigo
et al. 2000) and an increase in temperature (Watson 1998).
The aim of the current study was to investigate the influence
of climate change on the recent northward expansion of
the Trumpeter Finch.
M E T HODS
To document the expansion of the Trumpeter Finch, we
performed an extensive literature search in databases such
as the ISI Web of Knowledge, Zoological Records and Basic
Biosis, to obtain references to the Trumpeter Finch.
Spanish ornithological journals such as Ardeola and Anuarios
Ornitologicos were thoroughly reviewed as well. Additional
information was found by using internet search engines.
Finally, some information reached us through personal
contact with ornithologists and from ringing data.
To determine the probable influence of changes in aridity
in southeastern Spain on the expansion of the Trumpeter
Finch, we obtained the mean annual precipitation (data
from the Instituto Meteorológico Nacional) from 1947 to
2003 for the cities of Almería (36°50′N, 02°28′W) and
Alicante (38°20′N, 00°29′W), which are representative of
the Trumpeter Finch’s area of expansion in southeastern
Spain. Data for Almería could not be found for two years
(1979 and 1981) in the IMN records. Sample size for this
city is therefore 55. To analyse the probable trends in
precipitation over the years, we used the Mann–Kendall
test (Sneyers 1992). Mann–Kendall statistic calculations
were made using the program developed by Salmi et al.
(2002). The relationship between mean annual precipitation and the presence of the Trumpeter Finch was analysed
by means of logistic regressions with 0 = absence and
1 = presence. Presence was considered from the first year
of breeding, 1971 for Almería, 1995 for Alicante, to the
present.
RE S ULT S
The study species has been known to be present in the
Iberian Peninsula since the 19th century (López-Seoane
1861, Vayreda 1883, Arevalo y Baca 1887, Jourdain 1936),
but was considered to be accidental. In the early 1970s,
breeding of the species was recorded for the first time in
Almería (García 1972), the southeasternmost point in
Spain. Since then, the number of records has increased
with the establishment of several new breeding localities
along the Mediterranean coast. First records in Murcia date
back to the mid 1980s (Castanedo et al. 1987) and there
are currently several locations (most of them along the
coast, but also some inland) where a small number of birds
are known to breed (Manrique et al. 2003). Alicante was
probably colonized in the second half of the 1990s, as
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Figure 1. Distribution of the Trumpeter Finch in Spain. Asterisks
show Almería (* first breeding 1971), Murcia (** 1985) and
Alicante breeding localities (*** 1995). Black area = records in
the 19th century; grey area = records in the 1960s; dotted
area = current breeding area.

confirmed by the finding of several old nests, and breeding
was confirmed in 2000 (Manrique et al. 2003). There are
currently two inland breeding populations, one not far from
the inland location in Murcia. Additional recent non-breeding
records have been cited in Granada (Fernández-Ordoñez
et al. 2002), the Balearic Islands (De Juana 1996, De la
Puente et al. 2003) and Valencia (De Juana 1994), and the
species was recently observed as far north along the
Mediterranean coast as the Camargue (Kayser et al. 2003).
Therefore, in about 25 years, the Trumpeter Finch breeding
area has spread at least 250 km further north (from Almería
to Alicante) (Fig. 1). The complete list of references in which
the Trumpeter Finch has been recorded is available online
as supplementary material.
There is little information as to the size of the breeding
populations or trends. The breeding population in Spain
was estimated by Manrique and Yanes (1994) at around
100 –300 pairs, most of them concentrated in Almería.
These authors reported that the population in the Iberian
Peninsula increased between 1970 and 1990 and that
there was a decline in Almería in the early 1990s. Burfield
(2004) reported a positive trend of the Spanish population
in the last decade.
The Mann–Kendall test shows a significant decrease in
mean annual precipitation in Almería (Z = −2.12, P =
0.01, n = 55; Fig. 2a) and in Alicante (Z = −2.02, P = 0.01,
n = 57; Fig. 2b). The results of the logistic regression
between the presence of the Trumpeter Finch in both
Almería and Alicante and the mean annual precipitation in
each location show a significant relationship for both

Figure 2. Variation of mean annual precipitation in the period
1947 –2003 in (a) Almería and (b) Alicante.

localities, showing that the presence of the Trumpeter
Finch is related to a decrease in precipitation (Almería,
χ12 = 6.17, P = 0.012; Alicante, χ12 = 3.76, P = 0.055).
DI S CUS S I ON
The results presented in this study indicate that, in the last
30 years, the area of distribution of the Trumpeter Finch
has expanded along the Mediterranean coast of the Iberian
Peninsula, where arid lands in Spain are best represented.
The occurrence of winter records prior to breeding in all
the recently colonized locations (see Cano 1964, 1971 for
Almería; Castanedo et al. 1987 for Murcia; Ramos 1990
for Alicante) suggests a parallel between the advance and
creation of new winter quarters and the advance of breeding areas, as described for other bird species in expansion
( Valera et al. 1993).
The precise causes of changes in the distribution ranges
of species are in general difficult to determine (Bonham &
Robertson 1975). Several factors such as dispersion
dynamics, genetic mutation, alteration of habitat, climate
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change, protection policies or re-introduction projects can
explain the process of changes in the distribution area
(Valera et al. 1993, Sanchez-Lafuente et al. 2001, Pacheco
& McGregor 2004).
Overlap of the colonized area and the distribution of
arid lands in Spain raises the question of whether the
appropriate habitat was present before range expansion
occurred or whether the habitat has recently changed,
thus enabling birds to move into new arid habitat types.
Both climate and human-related factors have acted synergistically to shape the Mediterranean (and the Iberian
Peninsula) landscape, so that desertification is not new in
this region (Puigdefábregas & Mendizábal 1998). The
long-existing north–south aridity gradient in the Iberian
Peninsula has tended to become steeper over the past
5000 years (Araus et al. 1997). Since 1900, a general trend
of decreasing annual rainfall and increasing temperatures
along with changes in land use in the southeast of the Iberian
Peninsula have augmented the above-mentioned aridity
gradient (Puigdefábregas & Mendizábal 1998). Thus, it is
likely that an appropriate habitat for the Trumpeter Finch
has existed in southeast Spain for a long time.
What then can explain the expansion of the Trumpeter
Finch in recent decades? We found a negative relationship
between mean annual precipitation and the presence of
the Trumpeter Finch in Almería in the last 57 years. This
relationship is also found in eastern Spain (Alicante)
where the northernmost breeding population has recently
established. Thus, current climate change in the Mediterranean area (Almarza 2000, Borén et al. 2000, Sanz 2002)
may have favoured the presence and settlement of the
Trumpeter Finch in the most appropriate parts (i.e. the
most arid areas) of this region.
Of course, the expansion process could also be the consequence of climate change in other areas and/or other
factors. Dramatic changes are occurring in the southwestern
Mediterranean. For instance, a humid period from 1945 to
1968 was followed by a serious drought in the 1970s
with serious socio-economic consequences resulting in
overexploitation of the land (Puigdefábregas 1998). The
Maghreb’s population has increased by 300% since
1950 (Puigdefábregas & Mendizábal 1998), the area used
for grain crops increased from 8.6 million ha in 1950 to
9.7 million ha in 1985, and sheep stock expanded from 18
million in 1950 to 33 million in 1984 (Le Houérou 1991).
To summarize, climate changes are known to have ecological consequences on plants and animals either directly
(e.g. Peñuelas et al. 2002) or indirectly by promoting
changes in land use and affecting human populations
(Puigdefábregas & Mendizabal 1998, Puigdefábregas
1998). Such changes are likely to be more important in
sensitive ecosystems such as those of arid areas. As shown
for other species (Valiela & Bowen 2003), the northward
expansion of the Trumpeter Finch may be a consequence
of recent climate changes. What makes this species particularly interesting is that its distribution (bridging the north
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and southwestern Mediterranean) can make it a valuable
tool for monitoring the effect of changes in sensitive areas
of southern Europe and northern Africa.
This study was supported by the Project REN2002-00169 of the
Spanish Ministry of Science and Education. C.C. received an FPU
grant from the Spanish Ministry of Science and Education. A.B.
received financial assistance from Project CGL2004-01348. F.V.
received financial assistance from the Programa de Ayudas para el
retorno de investigadores de la Junta de Andalucía. R.B. received
an FPI grant from the Spanish Ministry of Science and Education.
Deborah Fuldauer is thanked for corrections to the English text.

RE F E RE NCE S
Almarza, C. 2000. Variaciones climáticas en España. Época
instrumental. In Balairón, L. (ed.) El Cambio Climático: 69 –
84. El Campo de las Ciencias y de las Artes, 137. Madrid:
Servicio de Estudios del BBVA.
Araus, J.L., Febrero, A., Buxo, R., Camalich, M.D., Martin, D.,
Molina, F., Rodríguez-Ariza, M.O. & Romagosa, I. 1997.
Changes in carbon isotope discrimination in grain cereals
from different regions of the western Mediterranean basin
during the past seven millennia. Palaeoenvironmental
evidence of a differential change in aridity during the late
Holocene. Global Change Biol. 3: 107–118.
Arevalo y Baca, J. 1887. Aves de España. Memorias de la Real
Academia de Ciencias. Tomo XI. Madrid: Real Academia de
Ciencias.
Blondel, J. & Mourer-Chauviré, C. 1998. Evolution and history
of the western Palaearctic avifauna. Trends Ecol. Evol. 13:
488 – 492.
Bonham, P.F. & Robertson, J.C.M. 1975. The spread of Cetti’s
Warbler in North West Europe. Br. Birds 68: 393 – 408.
Borén, R., Ribalaygua, J., Benito, L. & Balairon, L. 2000.
Escenarios climáticos 3: Escenarios de alta resolución para
España a partir de un experimento HadCM2. In Balairón, L.
(ed.) El Cambio Climático: 459 – 462. El Campo de las Ciencias y de las Artes, 137. Servicio de Estudios del BBVA.
Burfield, I. 2004. Birds in Europe: Population Estimates, Trends
and Conservation Status. Cambridge: BirdLife International.
Cano, A. 1964. Noticiario Ornitológico. Ardeola 14: 227.
Cano, A. 1971. Noticiario Ornitológico. Ardeola 15: 158 –159.
Castanedo, J.L., García, P. & Hernández, A.J. 1987. Noticiario
Ornitológico. Ardeola 34: 292.
Clarke, A. 2003. Cost and consequences of evolutionary
temperature adaptation. Trends Ecol. Evol. 18: 573 – 581.
Cramp, S. & Perrins, C.M. (eds) 1994. The Birds of the Western Palaearctic, Vol. 8. Oxford: Oxford University Press.
De Juana, E. 1994. Noticiario Ornitológico. Ardeola 41: 91–
102.
De Juana, E. 1996. Noticiario Ornitológico. Ardeola 43: 258.
De la Puente, J., Moreno-Opo, R., Lorenzo, J.A., López, C. &
Torralvo, C.A. 2003. Noticiario Ornitológico. Ardeola 50:
167.
Fernández-Ordoñez, J.C., Martínez, J.M. & Calderón, R.
2002. Nidificación probable del Camachuelo Trompetero
(Bucanetes githagineus) en Granada (S de España). Acta
Granatense 1: 151–152.
García, L. 1972. Primera nidificación verificada de Rhodopechys
githaginea en el sureste de Europa. Ardeola 16: 215 – 222.

Northward expansion of a desert bird

IPCC. 2001. Albritton, D.L. & Meira Filho, L.G. (eds) Climate
Change 2001: the Scientific Basis. Third Assessment Report
of Working Group I. Cambridge: Cambridge University Press.
Johnson, N.K. 1994. Pioneering and natural expansion of
breeding distributions in western North American birds. Stud.
Avian Biol. 15: 27–46.
Jourdain, F.C.R. 1936. The birds of Southern Spain. Ibis (13) 6:
725–763.
Kayser, Y., Girard, C., Massez, G., Cherain, Y., Cohez, D.,
Hafner, H., Johnson, A., Sadoul, N., Tamisier, A. &
Isenmann, P. 2003. Compte-rendu ornithologique camarguais pour les années 1995 – 2000. Rev. Ecol. 58: 5– 76.
König, C. & Cano, A. 1971. Der Wüstengimpel Rhodopechys
githaginea Brutvogel in Europa. J. Orn. 112: 461– 462.
Le Houérou, N.H. 1991. La Méditerranée en l’an 2050: impacts
respectifs d’une éventuelle évolution climatique et de la
démographie sur la végétation, les écosystèmes et l’utilisation
des terres. La Météorologie 7: 4–37.
López-Seoane, V. 1861. Catálogo de la aves observadas en
Andalucía. Revista del Progreso de las Ciencias Exactas,
Físicas y Naturales: 1–62.
Manrique, J., Ballesteros, G., Barone, R. & Lopez, G. 2003.
Camachuelo Trompetero Bucanetes githagineus. In Martí, R.
& del Moral, J.C. (eds) Atlas de Las Aves Reproductoras de
España: 590–591. Madrid: Dirección General de Conservación de la Naturaleza-Sociedad Española de Ornitología.
Manrique, J. & Yanes, M. 1994. Trumpeter Finch Bucanetes
githagineus. In Tucker, G.M. & Heath, M.F. (eds) Birds in
Europe: Their Conservation Status: 426 – 427. Cambridge:
BirdLife International.
Opdam, P. & Wascher, D. 2004. Climate change meets habitat
fragmentation: linking landscape and biogeographical scale
levels in research and conservation. Biol. Cons. 117: 285 –297.
Pacheco, C. & McGregor, M. 2004. Conservation of the purple
gallinule (Porphyrio porphyrio L.) in Portugal: causes of decline,
recovery and expansion. Biol. Cons. 119: 115 –120.
Peñuelas, J., Filella, I. & Comas, P. 2002. Changed plant and
animal life cycles from 1952 to 2000 in the Mediterranean
region. Global Change Biol. 8: 531– 544.
Peterson, A.T., Ortega-Huerta, M.A., Bartley, J., SanchezCordero, V., Soberon, J., Buddemeier, R.H. & Stockwell,
D.R.B. 2002. Future projections for Mexican faunas under
global climate change scenarios. Nature 416: 626 – 629.
Puigdefábregas, J. 1998. Ecological impacts of global change
on drylands and their implications for desertification. Land
Degr. Dev. 9: 393 – 406.
Puigdefábregas, J. & Mendizábal, T. 1998. Perspectives on
desertification: western Mediterranean. J. Arid Envir. 39: 209–
224.
Ramos, A.J. 1990. Noticiario Ornitológico. Ardeola 37: 352.
Rodrigo, F.S., Esteban-Parra, M.J., Pozo-Vazquez, D. &
Castro-Diez, Y. 2000. Rainfall variability in southern Spain
on decadal to centenal time scales. Int. J. Clim. 20: 721–
732.
Salmi, T., Maatta, A., Anttila, P., Ruoho-Airola, T. & Ammell, T.
2002. Detecting trends on annual values of atmospheric
pollutants by the Mann-Kendall test Sen’s slope estimates –

169

the Excel template application MAKESENS. Publication Air
Quality 31: 1– 35.
Sanchez-Lafuente, A., Valera, F., Godino, A. & Muela, F.
2001. Natural and human-mediated factors in the recovery
and subsequent expansion of the Purple Swamphen Porphyrio
porphyrio L. (Rallidae) in the Iberian Peninsula. Biodiv. Cons.
10: 851– 867.
Santos, T. & Telleria, J.L. 1995. Global environmental change
and the future of Mediterranean forest avifauna. In Moreno,
J.M. & Oechel, W.C. (eds) Global Change and Mediterranean
Type Ecosystems: 457 – 470. New York: Springer.
Sanz, J.J. 2002. Climate change and birds: have their ecological
consequences already been detected in the Mediterranean
region? Ardeola 49: 109 –120.
Sneyers, R. 1992. On the use of statistical analysis for the objective determination of climatic change. Meteor. Z 1: 247–256.
Sumner, G., Homar, V. & Ramis, C. 2001. Precipitation seasonality in eastern and southern coastal Spain. Int. J. Clim. 21:
219 – 247.
Svenning, J.C. & Skov, F. 2004. Limited filling of the potential
range in European tree species. Ecol. Lett. 7: 565 – 573.
Valera, F., Rey, P., Sanchez-Lafuente, A. & Muñoz-Cobo, J.
1993. Expansion of Penduline Tit (Remiz pendulinus) through
migration and wintering. J. Orn. 134: 273 – 282.
Valiela, I. & Bowen, J.L. 2003. Shifts in winter distribution in
birds: effects of global warming and local habitat change.
Ambio 32: 76 – 480.
Vayreda, E. 1883. Fauna ornitológica de la provincia de Gerona.
Imprenta Paciano Torres.
Walkowszky, A. 1998. Changes in phenology of the locust tree
(Robinia pseudoacacia L.) in Hungary. Int. J. Biometeor. 41:
155 –160.
Watson, R.T. 1998. The Regional Impact of Climate Change. An
Assessment of Vulnerability. A special report of IPCC working group II. Cambridge: Cambridge University Press.
Wehtje, W. 2003. The range expansion of the great-tailed
grackle (Quiscalus mexicanus Gmelin) in North America
since 1880. J. Biog. 30: 1593 –1607.

S UP P L E M E NTARY M AT E RI AL
The following supplementary material is available as part
of the online article from http://www.blackwell-synergy.com
Appendix S1: The complete list of references in which the
Trumpeter Finch has been recorded.
Please note: Blackwell Publishing are not responsible for
the content or functionality of any supplementary materials
supplied by the authors. Any queries (other than missing
material) should be directed to the corresponding author
for the article.
Received 4 January 2006; revision accepted 8 June 2006.

© 2006 The Authors
Journal compilation © 2006 British Ornithologists’ Union

