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The pollination of Anagyris foetida L. (Fabaceae), a Mediterranean species that is a
relict of the Tertiary, was studied in two populations of SW Spain over a three-year
period. Numerous censuses of birds and insects were carried out, the floral nectar was
quantified, and specific tests were performed to determine the pollinators’ pollen load,
the pollen’s effective transfer to the pistil, and spontaneous self-pollination. The most
important pollinators were three species of passeriforms �/Phylloscopus collybita
Vieillot, Sylvia atricapilla L. and S. melanocephala Gmelin�/ a result coherent with
findings in populations of S and E Spain. The negligible existence of insect visitors and
pollinators of A. foetida flowers could be explained by the early flowering of this
species during the autumn�/winter, coinciding with the coolest and wettest months of
the year (cold, high winds, almost daily mists that persist until nightfall, and above all,
abundant rainfall). The pollen loads carried by the birds were high, as were also the
loads transferred to the pistil. The fruit-set of bagged flowers was very low, evidence of
the plant’s need for the birds as pollinators. This is the first proof of the existence of a
native European bird-pollinated plant, since besides its peculaliarities (flowers
odourless, pseudotubular, with no landing platform, pendulous, diurnal populations
were mainly pollinated by three passeriform species.
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"Pollination syndromes" are suites of floral characters

(morphology, colour, nectar, and odour) that presumably

serve to attract specific vectors for effective pollination.

The predictive value of pollination syndromes is, how-

ever, limited (Herrera 1996, Ollerton 1998). They con-

stitute only an approximation to a plant’s pollination

ecology, and conclusions should never be established on

their basis alone in the absence of field data. As

indicated by Pellmyr (2002), pollination syndromes can

serve to suggest hypotheses for subsequent testing, and

to allow educated guesses to be made in drafting

protocols for empirical studies of plant�/pollinator

interactions. In general, the pollinators of many species

may vary between seasons and between populations

(Herrera 1996), and indeed flowers are usually pollinated

by a broader taxonomic spectrum of pollinators than

their syndrome classification would lead one to expect

(Ollerton and Watts 2000).

The inherent characters of the ornithophile syndrome

are traditionally stated to include the possession

of corollas that are showy, often bright reddish, often

tubular, with no landing platform, odourless, robust,

pendulous, with diurnal anthesis, copious nectar,

and rarely with nectar guides (Stiles 1981, Proctor

et al. 1996, Rathcke 2000, Pellmyr 2002), although birds

also pollinate flowers with a greater variety of

colours and shapes in different parts of the world

(Ford 1985). Bird flowers are distributed through

America, central and south Africa, Australia, New

Zealand, and tropical Asia. The seven groups of

birds that visit and often pollinate them are: the New

World Trochilidae (hummingbirds and hermits), the
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Palaeotropical and Pacific Nectariniidae (sunbirds, flow-

erpeckers), the South African Promeropidae (sugar-

birds), the Australian and New Zealand Meliphagidae

(honeyeaters and chats), Psittacidae (brushtongued

parrots) and Fringillidae (tanagers), and the New World

and Hawaiian honeycreepers (Stiles 1981, Ford 1985,

Pellmyr 2002).

In Europe, there is evidence that certain passeriforms

feed to a greater or lesser extent on nectar (Holm and

Laursen 1982, Kay 1985, Proctor et al. 1996, Harrup

1998, Schwilch et al. 2001, Merino and Nogueras 2003).

This phenomenon has been observed above all in exotics

that show a bird-flower behaviour in their countries of

origin, although there also exists evidence for the native

Rhamnus alaternus, Ferula communis, Brassica fruticu-

losa , Acer, Crataegus, Salix , Ribes, etc. (reviewed by

Ford 1985, Kay 1985, Calvario et al. 1989, Schwilch

et al. 2001). In no case, however, has there been proof of

effective pollination, only observation of nectar sipping

or of pollen in the plumage (Campbell 1963, Kay 1985,

Calvario et al. 1989, Harrup 1998). The only exception is

Parus caeruleus on the exotic plant Fritillaria imperialis

in Great Britain (Búrquez 1989). Indeed, it has always

been believed that there exist no bird pollinators in

Europe and northern Africa (Faegri and van der Pijl

1979, Stiles 1981, Proctor et al. 1996), and Ford (1985)

indicates that, while the warblers (Sylviidae ) would be

the principal floral visitors and potential pollinators in

Europe, no native plant has typically ornithophilous

flowers.

For an animal to be categorized as a true pollinator,

there should be experimental proof that, on visiting the

flowers, it picks up pollen and that its body has

adaptations to appropriately transport the pollen (e.g.

hair or feathers) to the stigma of another flower. There

evidently has to be flower constancy (Pellmyr 2002). The

present work, carried out over three years, demonstrated

experimentally that Anagyris foetida L. (Fabaceae) can

be regarded as the first case of a bird flower in Europe,

since, as well as its morphological peculiarities, the

flowers of the studied populations were mainly polli-

nated by three passeriform species.

The distribution of A. foetida is Mediterranean,

while the single other known species of the genus

�/A. latifolia �/ is endemic to the Canary Isles. The genus

is included in the tribe Thermopsidae (Turner 1981), a

group that is considered to be a sibling of the Cytiseae

tribe (Cristofolini and Conte 2002), the latter consisting

mostly of species adapted to bee pollination (Faegri and

van der Pijl 1979).

The palaeontological data show A. foetida to be an

element of the Tertiary flora that arose between the

middle and the end of the Miocene (Palamarev 1989), at

which time its area was diffuse and more restricted than

today. In spite of its distribution, it shows none of the

characters typical of "Mediterranean-ness" (Herrera

1992, Verdú et al. 2003), since it is a non-thorny shrub,

deciduous in summer, and with large non-sclerophyllous

leaves, amongst other characters. It can be regarded as a

survivor of a tropical Tertiary flora that has not evolved

in current Mediterranean environments.

Material and methods

Study of the species

Anagyris foetida inhabits the eastern and southern

Iberian Peninsula, reaching as far as the provinces of

Jaén, Córdoba, and Badajoz (Spain), and Alto Alentejo

(Portugal). It is a scarce and rare calcicolous thermo-

phile, forming part of Mediterranean scrub in which it

never constitutes dense formations.

Its flowers are papilionoid, 18�/25 mm, pendulous,

yellowy-greenish when young turning to intense yellow,

and odourless. The standard, smaller in size than the

wings and the keel, has two blackish spots that turn

reddish-black after anthesis (Fig. 1). The androecium

consists of 10 free stamens. The monocarpellate gynoe-

cium is located on a stipe at the base of a small

hypanthium (Fig. 2). The flower produces great quantity

of pollen (ca 280 000 grains/flower, Rodrı́guez-Riaño

et al. 1999), and has a nectary at the base of the calyx

whose nectar is deposited onto the hypanthium,

although, the low concentration and the great amount

produced, together with the downward-facing orienta-

tion of the flowers, cause the nectar to overflow forming

a large drop on the upper part (Fig. 1) or, less often, on

the opposite side of the standard. The flowers form

clusters of (3)9�/18(24) flowers, arranged in whorls of 3

on a three-angled axis. Since the clusters are born

directly from the main stems or trunks, the species could

be said almost to possess cauliflory. Flowering in the

two populations studied occurred from November to

February (March).

Study of the area

The two populations studied are located ca 15.1 km

apart in the municipal district of Olivenza, ca 15 km

from the city of Badajoz (Fig. 3). One of the populations

(henceforth population 1) is within the "La Silveriña"

estate, and has been traditionally subjected to live-

stock use, mainly sheep. It is at 195�/220 m a.s.l. on a

limestone-substrate hill, and is strongly affected by

western and northern winds in autumn and winter. The

climate is Mediterranean, characterized by cool rainy

winters and hot dry summers. The mean annual

temperature is 17.58C (the coldest month has a mean

minimum temperature of 4.98C and a maximum of

12.28C). The mean annual rainfall is 584.2 mm (Tormo

et al. 1995). The A. foetida individuals (ca 90) are
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dispersed, and present in an general almost arborescent

aspect that recalls the cultivated olive, reaching up to 4 m

in height.

The other population (henceforth population 2) is

within a long-standing, very open, Quercus rotundifolia

dehesa (the traditional managed parkland system

typical of the western Iberian Peninsula) in the "La

Sancha" estate. This is a mixed livestock estate, with

cattle, sheep, and horses. It is more or less flat terrain at

250�/260 m a.s.l., again on a limestone substrate. The

climate is the same as for population 1, although it is

less affected by the dominant winds in autumn�/winter

when the abundant mists have a far more negative effect

than in population 1. The individuals here (ca 500)

present a shrubby, sometimes more or less entangled,

aspect, with maximum heights of ca 4 m (most do not

surpass 2 m).

Pollinator censuses

During the periods 2002�/03 and 2003�/04, and, to a

lesser degree, during January and February of the period

2001�/02, systematic bird and insect censuses were

carried out under very diverse weather conditions. The

censuses were made throughout the hours of daylight

and into the first hours of the night, with the bird and

the insect censuses being performed independently.

Abundance or density of bird visitors

Two line transects were established and traversed daily,

recording the time of the traverse and the number of

birds observed. These counts were made during the

autumn�/winter of 2003�/04.

Bird pollinator visitation rates

Bird visitation rates were determined by carrying out

15-min (2001�/02 and 2002�/03) or 7�/15-min (2003�/04)

censuses, observing and video-taping at a distance of ca

1.5�/5 m from the plants the activity and the duration of

the visit. The observations included the most frequent

patterns of behaviour: beak cleaning, fighting with

another bird of the same or a different species, hunting,

Fig. 2. Longitudinal section of a flower with the petals and
anterior parts of the calyx removed.

Fig. 1. Aspect of Anagyris
foetida flowers at different stages
of development. On the left, a
flower with a drop of nectar on
the upper part of the standard.
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flying, sipping nectar, resting, etc. Particular attention

was paid to the time spent in extracting nectar from the

flowers, observing whether this action was carried out

more than once on the same flower or whether the visitor

changed to another flower of the same or another plant,

and noting subsequently the flight distance between

plants and whether the foraging was by means of

hovering or perching.

Search for other potential (diurnal and nocturnal)

pollinators

Diurnal and nocturnal censuses were carried out in both

populations in order to detect other possible pollinators

(insects, for example). The nocturnal observations began

at sunset (between ca 18:30 h and 19:30 h, according

to the month), using red-light lanterns for periods of

20 minutes. In the diurnal censuses, the existence or

absence of insects on the flowers was noted, together

with their behaviour (robbing nectar, robbing pollen,

rubbing against the flower’s sex organs, settling on the

calyx and corolla, etc.), and the time invested. The

insects were identified at the order level, and on some

occasions were captured in order to facilitate their

identification.

Censuses of the same type were made in 13 popula-

tions far from the study area in order to check whether

birds were the habitual visitors. In particular, from 21�/

23 January 2004, 8 populations of southwestern Spain

were censused (in provinces of Andalusia: 6 in Cádiz, 1

in Málaga and 1 in Sevilla), distant by between 158 km

(the nearest population) and 280 km (the farthest

population) in a direct line from the study populations,

and from 4�/6 February, 5 populations of eastern Spain

(provinces of the Valencian Community: 3 in Alicante

and 2 in Valencia), distant by between 560 and 620 km in

a direct line from the study populations, in this case

when flowering was already in decline.

Effectiveness of birds as pollinators

In order to confirm that birds were the pollinating

agents, since no insects were observed pollinating the

flowers in the two study populations, the following

experiments were performed during the 2003�/04 period.

Pollen load on the body

To evaluate the pollen load, birds were captured with

Japanese nets, and the species and sex of the individuals

were recorded. An adhesive strip of ca 3�/1 cm was

applied to the part of the body on which the pollen

was transported (throat, forehead, or both), and then

stuck onto a microscope slide, labeled, and stored in

a petri dish. In the laboratory, the strip was cut into 3 or

5 sections (depending on the density of pollen observed

in the sample), and each section was put into an

Eppendorf vial with 1 ml of glycerol plus detergent.

The vials were subjected to an ultrasonic bath for ca 2 h,

the adhesive strip was removed, the suspension was

homogenized on a shaker, and an aliquot of 10 ml was

taken and put onto a microscope slide with a drop of

lactophenol blue. Pollen grains were counted with the aid

of a grating on one of the microscope objectives and a

manual counter. The pollen load was estimated as the

sum of the pollen counts on the sections of adhesive strip

plus the count corresponding to the suspension in the

Eppendorf vial. Since, in some distant populations,

bumblebees were occasionally observed visiting the

flowers, their pollen load was determined by brushing

their bodies with a fine paintbrush onto a microscope

slide, to which was then added some drops of glycerol

and lactophenol blue. Pollen grains were then counted as

in the case of the birds.

To determine whether the birds also ingested pollen,

samples were taken of the faeces habitually deposited by

the birds on capture as a consequence of the stress. The

samples were put into petri dishes with filter paper,

covered, and allowed to dry before weighing. The dried

sample was put into a vial containing 1.5 ml of glycerol

and homogenized on a shaker. Several drops of the

homogenate were deposited onto a microscope slide, and

the pollen grains counted as in the previous case. In the

counts for each drop, it was noted whether full (un-

digested) or empty (possibly digested) pollen grains of

either Anagyris or other species existed.

Fig. 3. Locations of the study
populations and the distant
populations of Anagyris
foetida . Circles�/Badajoz
populations; squares�/

Andalusian populations;
triangles�/Valencian
Community populations.
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Two sampling campaigns were carried out in each

population, during the months of December-February of

the period 2003�/04. A greater number of campaigns was

impossible because of adverse weather conditions (rain,

heavy mist, or strong wind). A preliminary sampling

campaign had been carried out in the period 2002�/03 in

population 1.

Pollen load transferred by the birds to the gynoecium

(stigma-style)

The transferred pollen load was evaluated in 10 indivi-

duals per population per month (December, January and

February) and 2�/5 branches per individual, manipulat-

ing about 200 flowers close to anthesis (about 20 flower

buds per individual). The flowers were emasculated

towards evening, marked on the pedicel with yellow

plastic paint, and left exposed to pollinators for 3 days.

They were then gathered carefully, and transported to

the laboratory in plastic containers. The stigma-styles

were mounted separately on a drop of lactophenol blue

on a microscope slide, and the pollen grains counted as

in the previous cases.

Nectar production

During the 2002�/03 and 2003�/04 study periods, sam-

ples of 10 individuals per population (20�/30 flowers per

sample) were made in November, December, and

January to estimate the production of nectar. The

flowers were put into white nylon bags for 24 hours,

and accumulated nectar was extracted with graduated

micropipettes. The sugar concentrations were measured

using pocket refractometers (Bellingham�/Stanley Lim-

ited; 0�/50%). The caloric value per nectar sample was

determined by transforming the percentage of sugar in

the nectar to mg per ml, and multiplying by 4 calories to

give the energy content (Kearns and Inouye 1993).

Nectar was also quantified in the distant populations

of Valencian Community, although in this case the

plants were not bagged.

To determine which were the main types of sugar in

the nectar (sucrose, glucose, or fructose), samples of

nectar were collected on Whatman no. 1 filter paper,

put into petri dishes, and stored at 48C until assay.

The assays were performed by the Centro Tecnológico

Agroalimentario de Extremadura, using an HPLC

device equipped with quaternary pump, degassifier,

automatic sampler, thermostatic column compartment,

and index-of-refraction detector. The flow rate was

1.8 ml min�1 through a Zorbax-NH2 carbohydrate

column, with acetonitrile-water (75:25) as eluent. The

sucrose/hexose ratio was determined in accordance with

Baker and Baker (1990).

The role of birds in the plant’s reproduction

Ten individuals per population per year were selected

(three years for population 1, and two years for

population 2), and three branches per individual. These

branches were bagged from before the opening of the

first flowers until the last had withered. Then the number

of flowers produced and of fruits initiated were counted,

leaving the latter on the plant until complete maturity.

Some branches were attacked by aphids and were

therefore excluded from the final analysis.

Statistical analysis

When the data were normally distributed, a one-way

ANOVA and a nested ANOVA for within-population

nested samples were used for the comparison of means;

otherwise, Mann�/Whitney or Kruskal�/Wallis tests were

used for two or for more than two independent samples,

respectively (Sokal and Rohlf 1979). The Spearman rank

test was used for correlations between some variables.

The analysis was performed using the statistical program

package SPSS version 11.5.1.

Results

Pollinator censuses

The total time spent formally on the observation of

floral visitors was 85 h 06 min over the three years. The

real time spent in the populations was far greater, as

researchers were present almost daily during the

study period due to other experiments on the plants’

reproduction.

Abundance or density of bird visitors

The total time used in performing the transects was

2 h 30 min for population 1 and 2 h 45 min for

population 2, with mean time per transect during the

flowering period of 6.12 min and 7.06 min, respectively.

The mean numbers of warblers �/ Sardinian warblers

(Sylvia melanocephala ) and blackcaps (S. atricapilla ) �/

per transect were 2.63 in population 1, and 1.26 in

population 2. The corresponding means of chiffchaffs

(Phylloscopus collybita ) were 0.33 and 4.44, respectively.

The presence of warblers was significantly greater in

population 1 (U�/46.00, PB/0.001), and that of chiff-

chaffs in population 2 (U�/89.50, PB/0.001). Also,

blue tits (mean�/0.21; Parus caeruleus ) and stone-

chats (mean�/0.21; Saxicola torcuata ) were observed

in population 2. House sparrows (Passer domesticus )

were observed outside the transects in population 1.
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Bird pollinator visitation rates

The total time spent formally on the censuses was 39 h

45 min (27 h for population 1 spread over 24 days, and

12 h 45 min for population 2 spread over 7 days)

throughout the day during flowering (Table 1).

During the three years of observation, the flowers

were visited almost exclusively by only the two species of

warblers (henceforth cited only at the genus level, Sylvia ,

since they had similar foraging behaviour and pollen

loads) and the chiffchaffs to sip nectar, and only very

rarely by sparrows (P. domesticus ). The observed fora-

ging system used by both the warblers and

the chiffchaffs was perching, although the latter also

frequently took nectar by hovering.

The two warblers showed no differences in nectar

gathering behaviour. The bird lands either on the same

branch as the flower or on a branch close by (generally

below the flower), places itself in front of the flower, and

inserts its beak between the standard and the keel. In this

way, the bird’s forehead is uppermost, and the androe-

cium and the gynoecium make contact with its throat.

Occasionally, the bird perches at a level somewhat above

the flower. In this case, it places itself behind the flower,

and inserts its beak in such a way that now its throat is

closest to the standard, and the androecium and

gynoecium make contact with its forehead. These visits

are usually repeated on the same flower, and occasion-

ally are very acrobatic. The foraging of these birds is

much favoured by the pedicel’s great capacity for torsion,

allowing the flower to be sufficiently mobile for it to be

accessed by the bird from any position without suffering

damage.

In the case of the chiffchaff, foraging by perching is

similar to the behaviour of the warblers, except that

access to the flower is always from the front, so that

contact of the flower’s sex organs is always with the

throat. When foraging by hovering, they land on a

branch at most 50 cm from the flower to be visited,

and from that point move in hovering flight up to the

flower and, without landing, insert their beak into

the flower (Fig. 4), and then in most cases return to

the point of departure. The mean duration of the entire

process was 1.30 s, of which only 0.509/0.16 s were

spent in taking the nectar. This time was not significantly

different from that spent by this species in the perching

method (0.559/0.24; F�/0.26, P�/0.05). As in perching,

this foraging mode was often repeated on the same

flower. Occasionally, there were visits that could be

classified as a combination between perching and

hovering, since, without letting go of the branch on

which they were perched, they fluttered their wings as in

hovering flight in order to maintain their balance.

The ratio between the time that a bird was observed

on a given plant and the number of flowers visited (T in

Table 1) is far greater than the average time really used in

visiting a flower (RTV in Table 1) because most of the

time on a plant was spent in other activities (warblers�/

12.77 s; chiffchaff�/14.16 s), including beak cleaning,

territorial defence, etc. There was a significant difference

(F�/13.28, PB/0.001) in the real visitation time (RTV)

between the warblers (0.749/0.25 s, range�/0.42�/1.38)

and the chiffchaffs (0.539/0.20 s, range�/0.17�/0.83).

With respect to the sparse observations of the sparrows,

they foraged on the flowers by a fairly unorthodox form

of perching, since their visits usually left the flowers in

shreds. They normally made 3�/4 visits to the same

flower in 5 s, with a brief recess between each, and

spending 1.549/0.99 s per visit.

Table 1. Visitors to Anagyris foetida flowers in the study populations (Pop. 1�/La Silveriña; Pop. 2�/La Sancha) and the distant
populations (A�/Andalusia; V�/Valencian Community). n�/number of visitors; Fl/min�/flowers visited per minute; T�/ratio
between the time that a bird was observed on a given plant and the number of flowers visited in that time; RTV�/real visitation
time; �/�/no data. For T and RTV, the time is expressed as the mean9/SD in seconds.

Species Population n Fl/min T RTV

Badajoz populations
Sylvia spp. pop. 1 88 6.859/5.01 13.449/8.76

pop. 2 12 7.609/7.43 15.139/14.80
mean 100 6.879/5.02 13.519/8.84 0.749/0.25

Phylloscopus collybita pop. 1 76 6.259/4.57 17.199/22.04
pop. 2 61 6.599/3.34 11.899/7.38
mean 137 6.419/3.99 14.699/16.79 0.539/0.20

Distant populations
Sylvia spp. A 52 3.009/1.41 22.509/10.61 �/

V 5 �/ �/ �/

Phylloscopus collybita A 39 4.749/2.04 15.319/8.55 �/

V 4 0.939/0.51 75.839/41.25 �/

Bombus terrestris A 17* 5.059/3.15 10.629/4.14 10.239/7.38
V 2 1.239/0.04 49.009/1.41 8.099/5.61

Sylvia spp. includes S. melanocephala and S. atricapilla .
*Including also illegitimate visits.

OIKOS 110:3 (2005) 583



The warblers and chiffchaffs usually visited flowers

on both the same plant and on nearby plants. The

minimum distance between visited plants was 2 m, and

the maximum was 36 m. The number of individuals

observed visiting flowers was very similar (6 birds per

hour) in the two populations.

For the distant populations, the time employed in

censuses was 3 h 37 min, spread out over 5 days. The

same species of bird visitors were found (Table 1).

Nevertheless, fewer flowers per minute (Fl/min) were

visited, and the T ratio was higher. This was possibly a

consequence of there being fewer flowers available, as

was particularly the case for the Valencian Community

populations where flowering had practically finished

(Table 1).

Search for other potential (diurnal and nocturnal)

pollinators

The total time used formally in the diurnal censuses was

ca 15 h (8 h 25 min in population 1 over 7 days, and 6 h

26 min in population 2 over 5 days) spread over the

flowering period, and in the nocturnal censuses was 5 h.

No visitors were observed in the nocturnal censuses. In

the diurnal censuses, although many mosquitoes

(Diptera) were counted hovering around the plants,

only hoverflies (Diptera), flies (Diptera), and ants

(Hymenoptera, Formicidae) entered the flowers to rob

nectar, but in no case rubbed against the flower’s sex

organs. In the 2002�/03 period, outside the time of the

systematic censuses, an Apis mellifera (Hymenoptera,

Apoideae) individual was observed on one occasion

robbing nectar, although the species was frequent on the

flowers of some of the common weeds in the vicinity.

Likewise, at the end of the 2003�/04 flowering period,

when the environmental conditions were drier and

warmer in both populations, several individuals of

Xylocopa violacea (Hymenoptera, Apoideae) were also

observed acting as nectar robbers.

In the distant populations, 8 h 03 min were used in the

diurnal and 2 h in the nocturnal censuses. As well as

ants, flies, and X. violacea , bumblebees (B. terrestris,

Hymenoptera, Apidae) were also observed taking nectar

illegitimately (robbing nectar through the front and rear

parts of the flower but without making contact with the

sex organs, both in flowers in anthesis and in pre-

anthesis flower buds) and, on rarer occasions, legiti-

mately. In the latter case, on inserting their proboscis

inside the standard they sometimes caused pressure on

the keel which caused the sex organs to strike the bee’s

abdomen ventrally which could probably lead to pollina-

tion. The bumblebees spent between 2 and 30 s per

flower, visiting 5 flowers per min, although this latter

figure fell to 1.2 flowers per min in the Valencian

Community populations as a consequence of the flower-

ing period being at an end (few flowers in anthesis). The

variable T for the bumblebees, unlike for the birds, was

similar to the variable RTV in the Andalusia populations

(Table 1), because practically their only activity on a

plant was visiting flowers. When the number of flowers

per plant was very low (the Valencian populations), the

variable RTV was much smaller than T because these

insects spent much time looking for flowers (Table 1).

Effectiveness of birds as pollinators

Pollen load on the body

The birds that were netted in order to measure the

pollen load that they were carrying comprised indivi-

duals of 5 species for the two populations: 23 Sylvia

melanocephala (both sexes), 20 S. atricapilla (both

sexes), 33 P. collybita (without differentiation of sex),

one P. domesticus in population 1, and one Parus

caeruleus in population 2. All bore greater or lesser

amounts of Anagyris pollen on the body (range 15�/313

917), although the last two species should be regarded as

Fig. 4. A chiffchaff (Phylloscopus collybita ) foraging by hovering on an Anagyris foetida flower, in a consecutive sequence.
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occasional, because sparrows were only observed visiting

flowers in the 2001�/02 period (population 1) and blue

tits in none of the 3 years of the study.

With respect to the pollen load transported by

warblers, there were no significant differences either

between populations for the same species (S. melanoce-

phala U�/36, P�/0.05; S. atricapilla U�/16, P�/0.05)

or between species (U�/102, P�/0.05). Neither were

there any significant differences between populations

for Phylloscopus (U�/86, P�/0.05). The mean pollen

load transported by Sylvia (mean9/SD; 100 268.59/78

777.5; range�/211�/313 917) was significantly greater

that that transported by Phylloscopus (14 288.49/

38 298.9; range�/15�/180 908; U�/102, PB/0.001).

There were differences in the zone of the body on which

the pollen was transported. In the warblers, both the

forehead and the throat were involved, but in the

chiffchaff, only the throat. This is a reflection of the

predominant foraging mode in the two groups.

In the case of bumblebees, which were only observed

in some of the distant populations, the pollen load was

3348.89/2282.8 (n�/5), of which nearly 23% (769.49/

1215.8) corresponded to pollen grains from species other

than A. foetida . This confirms the observation that

bumblebees were also visiting flowers of other species,

behaviour that was not observed for the case of the birds

in any of the study populations.

With respect to the faeces, pollen grains were detected

of A. foetida (warblers�/367.59/485.4; chiffchaffs�/

437.59/615.6) and of other species, as also were fungus

spores (warblers�/2859/349.6; chiffchaffs�/1759/204.9).

The grains were intact in all cases, presenting no signs of

digestion. The interpretation of their presence is there-

fore to be interpreted as involuntary contamination on

collecting the samples in the field.

Pollen load transferred by the birds to the gynoecium

(stigma-style)

617 pre-anthesic flowers were emasculated in population

1, and 635 in population 2, and then left exposed to

birds. After 3 days, pollen was found in 33.4% and

34.8%, respectively. The percentage of visited flowers was

not significantly different overall between populations

(H�/343.00, P�/0.05), but was significantly different

between sampling periods (H�/26.41, PB/0.001). The

January flower visits were significantly less successful

than those of December and February, but there were no

differences between these last two months. The explana-

tion of this result was the persistent mist during the three

days of January on which the flowers were left exposed

to birds, while in the other two months the morning mist

had completely dissipated by late afternoon.

The birds observed were found to be able to transfer a

mean of 286.119/368.31 (population 1) and 299.539/

267.5 (population 2) pollen grains to the stigma-style

(data not shown in the tables). There was no significant

difference in this parameter between populations (nested

ANOVA, F�/0.051, P�/0.822), but there were within-

population differences between sampling periods (nested

ANOVA, F�/18.76, PB/0.001).

Nectar production

In the two Badajoz populations, the mean volume of

nectar per flower at the end of 24 h was 23.79/1.7 ml, the

mean concentration was 14.49/1.1%, and the mean

sugar content was 3.49/0.6 mg. These parameters varied

over the course of the flowering period, with significant

within-population differences between sampling periods

(nested ANOVA, PB/0.001). Those differences may

have been due above all to a variation in relative

Fig. 5. Relationship of nectar
volume (circles and dashed line)
and concentration (black dots
and continuous line, mean9/SE)
with relative humidity in
populations
1 and 2.
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humidity, since at high relative humidity there was a

significant negative correlation with nectar concentra-

tion (rs�/�/0.91, P�/0.02, Fig. 5), and a slight, but not

significant, positive correlation with nectar volume

(rs�/0.30, P�/0.46, Fig. 5). Neither parameter, however,

seemed to be influenced by temperature. Between

populations, there were no significant differences in the

volume (nested Anova, F�/3.04, P�/0.05) or the amount

of sugar per flower (nested Anova, F�/0.12, P�/0.05),

but there were significant differences in concentration

(nested Anova, F�/17.31, PB/0.001). The mean caloric

value of the nectar per flower was 13.69/0.2 calories.

In the eastern Spain populations for which the nectar

production per flower was also evaluated, the greatest

volumes were observed in flowers sampled in the early

morning, possibly indicating the existence of secretion at

night (Table 2), although, as in this case the flowers were

not previously bagged, the flowers sampled later in the

day may already have been visited.

With respect to the quality of the nectar in sugar

content, the samples assayed (4 in the year 2003, and 5

in 2004) were hexose-rich, with sucrose/hexose ratios

between 0.05 and 0.36, the means being 0.11 for

population 1, and 0.18 for population 2 (Table 3).

The role of birds in the plant’s reproduction

The fruit-set in bagged flowers was practically null in

both populations, less than 0.4% in almost every year

(Table 4). Moreover, it is possible that in the formation

of some or all of even this small number of fruit the

pressure of the bag wall against the flowers favoured

pollination.

Discussion

Although there have been many indications that birds

were visiting flowers in Europe, it has never before

been shown that birds are pollinators of any native

species. The present work is therefore the first experi-

mental demonstration of the existence of an indigenous

European bird-flower, with characteristics that coincide

with those found in other species of passerine flowers:

odourless, pseudotubular, pendulous, diurnal anthesis,

with copious dilute hexose-rich nectar.

The monitoring of the flowering of A. foetida in

the two populations of Badajoz (southwestern Spain)

showed that the incidence of insect visitors was very

low, with only a few taxonomic groups involved (mos-

quitoes, flies, ants, hoverflies, and occasionally honey-

bees) always acting as nectar robbers. Some nectar

robbing visits by X. violacea were observed in just one

of the study years, and then only at the end of February.

In the distant populations of south and eastern Spain,

the same visitors and behaviour were observed with the

additional presence of some bumblebees (B. terrestris )

acting both illegitimately and, more rarely, legitimately.

The presence of this species is to be understood as

circumstantial, since these nectarivorous bees probably

prefer sucrose-rich nectar of intermediate concentration

(Baker and Baker 1990), not the extremely dilute hexose-

rich nectar of A. foetida (below). Nonetheless, future

studies should be able to determine the importance of

Bombus as a pollinator in years that are less wet and

cold, or in localities of the Mediterranean that are

warmer and drier than those studied here.

The negligible existence of insect visitors and pollina-

tors of A. foetida flowers could be explained by the early

flowering of this species during the autumn�/winter. This

is the period of the year with the worst weather

conditions (cold, high winds, almost daily mists that

persist until nightfall, and, above all, abundant rainfall).

Few insects are observed under such conditions, since

their activity peaks much later. In all the populations

studied, however, there were three passeriforms that were

frequent flower visitors �/S. atricapilla , S. melanocephala

(both sedentary in the territory; Pérez Chiscano 1983,

and pers. obs), and P. collybita (wintering)�/ and

occasionally P. domesticus and P. caeruleus, indepen-

dently of the adverse weather conditions of the time of

flowering.

These birds were visiting the A. foetida flowers seeking

nectar, despite the diet of Sylviidae being associated with

the ingestion of invertebrates, and only more rarely

nectar, pollen, or other flower parts (Hardy 1978, Ford et

al. 1979, Holm and Laursen 1982, Kay 1985, Calvario et

Table 2. Mean nectar volume per flower, concentration, and amount of sugar and caloric reward per flower (mean9/SE) for
unbagged Anagyris foetida flowers in the Valencian Community populations. T�/temperature; RH�/relative humidity. n�/10�/12
flowers population�1 sampled 5 and 6 February 2004.

Population Hour T (8C) RH
(%)

Volume (ml) Concentration
(%)

Sugar (mg) Caloric reward
(calories)

Valencia
Castillo de Corbera 10:00 h 12 80 43.509/4.81 10.039/0.32 4.529/0.49 18.109/1.96

Alicante
Castillo de Gallinera 13:30 h 18 87 7.009/3.64 10.859/1.18 0.779/0.40 3.089/1.58
Gata de Gorgos 15:00 h 17 66 7.419/8.19 9.739/1.29 0.729/0.71 2.879/2.83
Castillo de Guadalest 17:30 h 17 70 19.609/8.77 12.659/3.04 2.699/1.52 10.769/6.08

10:00 h 11.5 78.5 31.109/17.81 12.409/2.22 4.009/2.35 16.019/9.42
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al. 1989, Harrup 1998, Schwilch et al. 2001, Nicolson

and Fleming 2003), and especially fleshy fruits (Hardy

1978, Jordano and Herrera 1981, Pérez Chiscano 1983,

Harrup 1998, Herrera 2001). According to Búrquez

(1989), Sylvia , Phylloscopus and Parus species behave

as insectivores in summer in northern zones, but in their

wintering zones they are partially nectarivores, as in the

case of the present study, making use of an energy

resource that is readily available to them during that

period. Indeed, it has been noted that the tongue of

warblers (Sylviidae ) is remarkable similar to that of

obligate nectarivores such as hummingbirds (Holm and

Laursen 1982). Given that A. foetida flowers during

autumn�/winter, a nectar-based diet could be a response

of these passeriforms to the abundant availability of

nectar relative to the scarcity of arthropods at this time

of year. It is less probable that pollen is the reward since

hardly any was observed in the faeces, and the grains

that were seen were undigested suggesting that they

might have come from contamination at the time of

collection of the samples.

Anagyris foetida ’s attractiveness for these birds is due

to the copious production of nectar and to the nectar’s

high sugar content, both being variables that are strongly

influenced by chemical effects and microclimatic gradi-

ents (Corbet et al. 1979, cited in Nicolson 2002). The

large volume of nectar produced (a mean of 23.7 ml per

flower in the two Badajoz populations) is characteristic

of ornithophilous species (Stiles and Freeman 1993,

Nicolson 2002). It is far more dilute and copious

(14.4% mean concentration in the two Badajoz popula-

tions) than the nectar consumed by hummingbirds but

very similar to that of the bird flowers of southern Africa

(10�/15%; Nicolson 2002). Moreover, the pseudotubular

form of the Anagyris flowers together with the almost

continuously humid climatic conditions should aid in

reducing evaporation of the nectar.

To extract the nectar, the chiffchaff frequently

forages by hovering, behaviour that is known in other

typically nectarivorous birds (Nectariniidae and Meli-

phagidae ), and in warblers (Sylviidae ) and finches. The

chiffchaff’s foraging is, however, not as elegant as that of

hummingbirds (Westerkamp 1990), since it is maintained

for only a short time. The decision whether to hover or to

perch while feeding seems to depend on a bird’s weight

(Pyke 1981, cited in Westerkamp 1990). This could

explain the difference that we observed in foraging

behaviour between the chiffchaffs and the warblers,

since the former are lighter (7.09/0.6 g, range 5.8�/8.1,

n�/33) and forage more frequently by hovering, while

the latter are heavier (Sylvia atricapilla : 17.19/0.9 g,

range 15.7�/19.1, n�/15; S. melanocephala : 10.99/0.4 g,

range 10.2�/11.7, n�/20) and forage by perching. Ana-

gyris has characters that are typically adapted for

hovering and above all for perching, since the short

cauligenous inflorescences possess several flowers in

Table 3. Composition and sugar ratio (S/F�/G, sucrose/fructose�/glucose) of Anagyris foetida nectar (mean9/SD) in the study
populations (Pop. 1�/La Silveriña; Pop. 2�/La Sancha).

Population Fructose Glucose Sucrose Sugar ratio
(%) (%) (%) S/F�/G

Pop. 1
2002�/2003 46.769/0.66 48.199/1.51 5.309/0.51 0.069/0.01
2003�/2004 36.699/7.16 50.809/3.89 13.019/3.97 0.159/0.06
Mean 41.739/7.12 49.509/2.86 9.169/5.45 0.119/0.06

Pop. 2
2002�/2003 46.609/0.74 46.459/3.13 6.939/2.36 0.089/0.03
2003�/2004 37.639/4.35 40.709/4.55 21.669/6.23 0.289/0.10
Mean 42.119/6.34 43.579/4.06 14.309/10.42 0.189/0.15

Mean Pop. (1�/2) 41.929/0.27 46.549/4.19 11.739/3.64 0.159/0.05

Table 4. Initial and final fruit-set percentage (mean9/SE) after spontaneous self-pollination (bagged flowers) in the study
populations (Pop. 1�/La Silveriña; Pop. 2�/La Sancha). n�/number of plants; Fl�/number of bagged flowers; InFr�/number of
initiated fruits; MatFr�/number of matured fruits; -�/no data.

Population Year n Fl InFr Initial fruit set MatFr Final fruit set
(%) (%)

Pop. 1
2002 10 3019 2 0.099/0.07 * �/

2003 10 2425 98 3.849/1.15 15 0.789/0.32
2004 10 7891 27 0.369/0.13 10 0.149/0.08

Pop. 2
2003 10 1163 41 5.689/3.74 4 0.329/0.17
2004 10 7133 31 0.499/0.33 11 0.169/0.10

*predation by sheep.

OIKOS 110:3 (2005) 587



anthesis at the same time, and are located preferentially

towards the interior of the crown or on inner branches,

not openly exposed to the outside. Perching is facilitated

by numerous branches close to the flowers and inflor-

escences serving as support structures. Characters re-

lated more to hovering are the flowers’ lack of a landing

platform (though zygomorphic, the flower has a very

reduced standard, and the perianth has a pseudotubular

appearance) and drooping orientation in anthesis.

With respect to the quality of the A. foetida nectar, its

richness in hexoses is to be expected in flowers pollinated

by passeriforms (Baker and Baker 1990, Schwilch et al.

2001), whereas the nectar of flowers pollinated by

hummingbirds is usually sucrose-rich and less dilute

(Baker and Baker 1990, Stiles and Freeman 1993,

Nicolson and Fleming 2003). The reason why nectars

rich in hexoses are more dilute than those rich in sucrose

is an as yet unresolved question, and probably involves a

combination of several factors (Nicolson and Fleming

2003). In general, passeriforms’ preference for hexose-

rich nectars seems to be because they lack the sucrase

enzyme (Martı́nez del Rı́o 1990, Martı́nez del Rı́o et al.

1992) which hydrolyses sucrose into glucose and fruc-

tose. To this must be added the fast passage rates

characteristic of many small frugivores, which impedes

the assimilation of complex nutrients that require

hydrolysis before absorption (Martı́nez del Rı́o et al.

1992). Curiously, the pulp of most fruits dispersed by

frugivores is rich in glucose and fructose, with only

very small quantities of sucrose (Martı́nez del Rı́o

et al. 1992).

The possibility that warblers and chiffchaffs act as

pollinators in A. foetida is supported by their role as real

pollen vectors after visiting the flowers, in the absence of

other visitors. Indeed, the warblers were found to

transport a mean of 100 268.59/12 013.5 grains in the

plumage of their forehead and throat, and even though

the amount transported on the throats of the chiffchaffs

was significantly less (14 288.49/370.6 grains), it still

represented a very high pollen load. The transfer tests,

carried out on days of inclement atmospheric conditions

(dense mist at least in the morning) when insect activity

was impeded, showed that much of this pollen ended by

being deposited on a pistil. The percentage of previously

emasculated flowers that had pollen deposited on

the pistil was similar in the two Badajoz populations

(33.4�/34.8%), with the mean transferred pollen load per

flower being 286.1 in population 1 and 299.5 in

population 2. Although there were no between-popula-

tion differences in this parameter, there were differences

between sampling periods by population, with the values

being significantly lower in the samples carried out in

January.

There is no question about the effectiveness of

the pollination of A. foetida by these birds, since they

not only transfer pollen from one flower to another,

but do so in an amount far greater than the number

of ovules in the ovary (8.879/0.74, Rodrı́guez-Riaño

et al. 1999). The spontaneous self-pollination tests

demonstrated that there is a need for pollinator involve-

ment, since the resulting fruit-set in the three years

of study was very low (0.1�/0.8%). Hence, in the

absence of insect visitors, the only pollinating vectors

may be these birds, which transport the pollen very

effectively and deposit it in large quantities. In the

flowers of this species, spontaneous self-pollination is

impeded by the presence of a stigma cuticle that has to

be broken by the pollinator’s rubbing against it for the

pollen to germinate on the stigma. The plant is self-

compatible, however, and selfing via geitonogamy or

vector-facilitated self-pollination may occur, although

the level of production of fruit is generally higher after

outcrossing (unpubl.).

Ford (1985) hypothesized that bird-pollinated plants

may have existed in Europe until recently, disappearing

only some thousands of years ago during the glaciations

or as a consequence of anthropic activity in the

Mediterranean basin. In support of this idea, one notes

that A. foetida is probably an element of the primitive

subtropical flora of the Tertiary (fossils marking its

presence are found in Poland; Palamarev 1989) with a

fundamentally Mediterranean distribution, that has

survived the adverse effects of glaciations. Indeed, the

Canary Isles, which were unaffected by the glaciations

of the Quaternary, conserve the closely related A.

latifolia , a species that has also been described as

ornithophilous (Vogel et al. 1984). In the Canary Isles,

certain passeriforms also visit and probably pollinate

the flowers of exotic (Vogel et al. 1984) and at least 11

native species (Olesen 1985, Valido et al. 2002, 2004).

Included in the latter are some (Isoplexis canariensis,

Canarina canariensis, for example) that are typical of

the laurisilva, which is probably the oldest climax

vegetation of Macaronesia that could have had an

enormous extension in northern Africa and southern

Europe in the Tertiary (Olesen 1985). In some places in

southern Europe (e.g. S Spain, W Portugal) relicts of this

flora are still conserved today in a highly modified form

(e.g. Laurus nobilis, Prunus lusitanica , Viburnum tinus,

Nerium oleander, Arbutus unedo, Rhamnus alaternus,

Woodwardia radicans, Convolvulus fernandesii , Rhodo-

dendron poncticum , etc.; Palamarev 1989, Bramwell and

Bramwell 2001).

It is difficult to distinguish with the present data

whether the interaction of A. foetida and the passeri-

forms is a recent or a long-standing phenomenon.

According to Stiles (1981), flower-visiting birds per se

do not appear in the fossil record until the Pleistocene.

The palaeontological data indicate that the oldest fossil

remains of Sylviidae in Europe correspond to the lower

Pleistocene or upper Pliocene (Sánchez Marco 2004,

Tyrberg 2004). If the origin of A. foetida is in the
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Miocene, it does not seem unreasonable to think that

the beginnings of the interaction could date from the

end of the Tertiary and the beginning of the Quaternary.

Olesen (1985) hypothesized in a general form that Old

World bird-flower interactions could have begun in

the mid Tertiary. This has recently been confirmed by

Mayr (2004) with the discovery of a hummingbird

fossil from the Oligocene in Germany that exhibits

morphological specializations towards nectarivory and

hovering flight.

Finally, it should be noted that, since modern

Mediterranean climate conditions may have originated

in the second half of the Pliocene (Herrera 1992),

the flowering of A. foetida , coinciding with the coolest

and wettest months of the year, is a reminiscence or

relict behaviour of its Tertiary past (Verdú et al. 2002)

and a strategy for withstanding the Mediterranean

climate. Under these conditions, passeriforms, unlike

most Mediterranean anthophilous insects, remain active

and have no problem in visiting and pollinating its

flowers. In Australia bird pollination is more prevalent in

temperate zones, and indeed many of the bird-pollinated

plants flower in winter (Ford et al. 1979). Also, a lot of

South African Aloe species flower in the winter (Dr. J.

Ollerton, pers. comm.). Stiles (1978) indicates that birds

are more reliable pollinators than insects under cool and/

or rainy conditions such as those of Mediterranean

winters. It is very likely that the drooping orientation of

the flower is not only associated with this type of

pollinator, but is also an adaptation to combat the

deleterious effects of rain or excessive humidity that

would dilute the nectar and wash away the pollen, as

indicated by Aizen (2003) with regard to hummingbird-

pollinated flowers.
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