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Abstract

Flowering and fruiting phenological patterns at the individual-, population-, and community level were
studied in a southern Spanish scrub community composed of 30 shrub species. Few individuals of any species
produced a high number of flowers. Intrapopulation deviation in the peak time of flowering showed a strong
and positive skewness. Relative flowering duration, however, displayed a virtually normal distribution. Gener-
ally, species flowering in spring have a short flowering time, while species flowering earlier or later in the
year show significantly longer flowering periods.

Species were in bloom throughout the year, but there was a major peak during spring and two lesser ones
in autumn and early summer. Shallow rooting taxa in typically mediterranean genera displayed a strategy
of spring flowering and summer fruiting. Summer and autumn flowering occurred among heath-like shrubs
of relatively wet places, and forest-associated, vertebrate-dispersed species which commonly have under-
ground storage organs. Species with ripe fruits presented two peaks, the major one during the summer in-
cluding the majority of taxa with seeds dispersed by non-vertebrate agents. There was a minor fruiting peak
in autumn dominated by taxa that rely on vertebrates for dispersal.

The complex seasonal patterns observed are interpreted in relation to environmental conditions and phys-
iological constraints on species living in a highly seasonal climate.

Introduction

Information on flowering and fruiting phenolo-
gy in Mediterranean-type areas refer mainly to
North America (Mooney & Parsons, 1973; Mooney
et al., 1974; Baker et al., 1982; Kummerov, 1983)
and, to a lesser extent, to South Africa (Kruger,
1981) and Australia (Specht et al., 1981). Surprising-
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ly, the most extensive region in the world with a
Mediterranean climate, the true Mediterranean Ba-
sin, is poor in information (see however, Vernet,
1971; Dafni et al., 1981; C. M. Herrera, 1981, 1984;
Jordano, 1984).

Primack (1985) emphasized the need of studying
flowering phenology at four levels: the single flower
(which is the basic unit of all flowering processes),
the individual plant (the unit upon which natural
selection operates), the population, and the com-
munity. Unfortunately, few phenological studies in
any area of the world are based upon data on in-
dividual plants, the majority presenting population
curves (but see Bawa, 1977; Primack, 1980; Bullock
et al., 1983; Gross & Werner, 1983; Schmitt, 1983;
C. M. Herrera, 1985). In the present study we have
focused on (1) the variation among individual
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plants of the studied populations with respect to
flowering, and (2) on the species patterns within the
community with respect to flowering and fruiting.
We also consider the use of statistics suggested by
Primack (1985) to explore some characteristics of
flowering in plants of Mediterranean shrublands.

Study area

The study was conducted in the Reserva Biologi-
ca de Donana (37°1'N-6°33'W), a sandy coastal
area on the Gulf of Cadiz, southern Spain.
Sclerophyllous scrub constitutes a major compo-
nent in the vegetation of the area. Many species of
Cistaceae, Leguminosae, Labiatae, and Ericaceae
grow on old stabilized dunes. Over short distances
the composition of the scrub may vary greatly ac-
cording to ground water table level (Allier et al.,
1977; Ramirez-Diaz et al., 1977). Depressions sup-
port mainly heathlands and remains of the original
Quercus suber (cork oak) forests. Highly xerophyt-
ic scrub dominates the places where the average wa-
ter table depth in summer is over 3 m (Garcia-
Novo, 1979).

The climate is of the Mediterranean type (Lines-
Escardo, 1970), with an average precipitation of
537 mm/yr for the period 1970–1984, and most
rain falling during the cooler part of the year
(October–April). Temperatures only occasionally
descend below 0 'C. January is the coldest month
(means of the minima and maxima 1.9 °C and
13.1 °C respectively) and July the warmest (16.8 ° C
and 26.3 °C). Mean annual temperature is 16 'C.

Most of this study was conducted in a plot of
about 1 ha encompassing both xerophytic and
hygrophytic scrub. From a phytosociological point
of view the studied set of taxa is a mixture of spe-
cies from the associations Halimio halimifolii-
Stauracanthetum genistoidis, Erico scopariae-
Ulicetum australis, and Erico ciliaris-Ulicetum
(minoris) lusitanici (Rivas-Martinez et al., 1980).
The main plot consisted of Halimium dominated
scrub up to 1.5 m high, changing abruptly to an
Erica and Ulex dominated heathland up to 3 m
high. Individuals of Lonicera periclymenum, Core-
ma album, Cytisus grandiflorus and Osyris quad-
ripartita were absent or too uncommon for study in
the main plot. Dense populations of such species
not more than 2 km away from the main site were
included in the study.

Material and methods

A total of 300 individual plants belonging to 30 representative
(by its regional abundance) shrub species were marked and
weekly checked for flowering from November 1982 through
March 1984 (Table 1). The individuals were selected in order to
encompass as much heterogeneity of any kind as possible (small
and large plants, in full sun and in shade, half males and half
females in dioecious species). Since some died or were cut dur-
ing the course of the study the original plant sample was
reduced to 276. The smallest sample sizes resulting from this
reduction were 4 plants (Lonicera periclymenum and Myrtus
communis) and 5 (Erica scoparia).

In very large plants and/or in those with many thousands of
small flowers, counting the actual flower number was impracti-
cal (Corema album, Lonicera periclymenum, Osyris quadripar-
tite, Pistacia lentiscus and Ulex minor). In such cases tagged
branches instead of whole plants were used as sampling units.
In the remaining taxa flower numbers refer to whole plants. in
entomophilous species the actual number of open flowers was
counted, while only the presence of receptive stigmas and the
liberation of pollen was recorded in anemophilous ones. We
want to report on inherent phenological properties of the species
regardless of their mode of pollination, so we don't have treated
anemophilous and entomophilous species separately. Wind-
pollinated species represent less than 20% in the studied sample
(J. Herrera, 1987).

Blooming time and duration of flowering was estimated by
plotting flower numbers throughout the year. Population curves
were drawn by adding the number of flowers of every conspecif-
ic plant or part of a plant used as sampling unit. We considered
that a plant had flowered if it opened at least one flower. Also,
we characterized the flowering behaviour of a plant in any spe-
cies by three variables: the time it remained in bloom, the syn-
chrony with respect to other conspecific plants, and the intensity
of flowering (the number of flowers in peak bloom). All three
variables have been expressed in relative terms to make appropri-
ate frequency distributions. The relative intensity of flowering
for a given plant is the number of flowers in its individual peak,
expressed as a percentage of the number of flowers for the con-
specific individual with the highest number of flowers. The rela-
tive duration of flowering is the number of days the plant re-
mained in bloom, expressed as a percent of the flowering
duration of the conspecific plant with the most extended flower-
ing. Finally, the relative deviation of flowering peak for a given
plant is the number of days past between its individual flowering
peak and the overall date of peak flowering in the population;
this magnitude is expressed as a percentage of total flowering
duration in the population to compensate for the appreciable
between-species differences.

We have computed intraspecific overlap in flowering among
two individuals (c) as the ratio of their flowering period to their
overall flowering period. After calculating c for all possible pairs
of N conspecific plants, we compute the mean intraspecific
overlap as Z = c/n, where n is the number of possible pairs (Pri-
mack, 1980). Z would be 1.0 with complete overlap and 0.0 with
no overlap. Also, we have defined a synchrony index for any spe-
cies as the maximum number of individuals found simultane-
ously in peak bloom.

The fruits of non-vertebrate dispersed species (legumes, cap-
sules, achenes) were considered to be ripe when actual seed dis-
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Table I. Flowering duration (in days), and flowering features in the studied species. Overall duration is the time between first and
last flower in any marked plant. Intense, is the time with 25% or more of maximum flower number. Individual flowering durations
are not given for species in which inflorescences instead of individuals were studied. The overlap index indicates the mean overlap
of any individual with the remaining conspecifics (see Methods). The synchrony index is the maximum number of plants found simul-
taneously in peak bloom. N, number of plants. D, seed dispersal system. H, habitat preferences. Numbers in parenthesis are standard

errors of the mean.

Species (Family) Flowering duration Overlap Synchrony N D(' ) H(2 )

Overall Intense Individual

Armeria velutina (Plumbaginaceae) 41 28 24 (2) 0.74 (0.050) 6 10 o x

Asparagus aphyllus (Liliaceae) 128 11 51 (13) 0.45 (0.053) 4 10 v fa

Calluna vulgaris (Ericaceae) 56 30 14 (2) 0.27 (0.035) 5 12 o h

Chamaerops humilis (Palmae) 33 23 - - - 11 v fa
Cistus libanotis (Cistaceae) 45 28 28 (1) 0.73 (0.032) 8 10 o x

Cistus salvifolius (Cistaceae) 34 16 21 (1) 0.70 (0.043) 8 10 o fa

Corema album (Empetraceae) 30 - - - - 5 v x

Cytisus grandiflorus (Leguminosae) 42 24 20 (2) 0.55 (0.030) 6 10 o x

Daphne gnidium (Thymeleaceae) 181 100 119 (24) 0.61 (0.045) 5 9 v fa

Erica ciliaris (Ericaceae) 140 78 61 (15) 0.49 (0.047) 4 9 o h

Erica scoparia (Ericaceae) 6 6 6 (0) 1.00 (0) 5 5 o h

Halimium commutatum (Cistaceae) 66 31 44 (3) 0.75 (0.047) 5 10 o x

Halimium halimifolium (Cistaceae) 71 37 33 (6) 0.57 (0.059) 3 10 o x

Helianthemum croceum (Cistaceae) 60 33 32 (5) 0.57 (0.022) 5 10 o x

Helichrysum picardii (Compositae) 49 29 22 (4) 0.54 (0.055) 5 10 o x

Lavandula stoechas (Labiatae) 103 33 67 (6) 0.82 (0.038) 6 10 o x
Lonicera periclymenum (Caprifoliaceae) 170 - 107 (27) - 3 4 v fa

Myrtus communis (Myrtaceae) 35 25 24 (6) 0.69 (0.104) 2 4 v fa

Osyris alba (Santalaceae) 35 18 24 (2) 0.76 (0.029) 6 8 v fa

Osyris quadripartita (Santalaceae) 200 52 141 (13) 0.80 (0.025) 4 10 v x
Phillyrea angustifolia (Oleaceae) 14 8 8 (2) 0.81 (0.092) 5 7 v fa

Pistacia lentiscus (Anacardiaceae) 5 - - - - 10 v fa

Rhamnus lycioides (Rhamnaceae) 26 - - - - 5 v fa
Rosmarinus officinalis (Labiatae) 142 79 85 (6) 0.77 (0.028) 7 14 o x

Rubus ulmifolius (Rosaceae) 62 48 34 (6) 0.59 (0.027) 7 10 v fa-h

Smilax aspera (Liliaceae) 104 54 35 (6) 0.28 (0.041) 4 11 v fa

Stauracanthus genistoides (Leguminosae) 60 29 37 (4) 0.68 (0.033) 4 10 o x

Thymus tomentosus (Labiatae) 75 24 28 (8) 0.48 (0.055) 9 9 o x

Ulex minor (Leguminosae) 125 43 63 (7) 0.60 (0.035) 7 14 o h

Ulex parviflorus (Leguminosae) 105 80 46 (8) 0.47 (0.045) 2 9 o h

(1) v, vertebrate dispersed; o, other dispersal systems.
(2) x, elevated sites where water table depth in summer is over 3 m; h, depressed, relatively moist places in summer; fa, forest-

associated species (see Garcia-Novo, 1979; Rivas-Martinez et al., 1980).

persal was occurring. In vertebrate-dispersed ones ripeness was
inferred from attributes such as colour and consistency. (See fur-
ther C. M. Herrera (1984), Jordano (1984) and J. Herrera (1987)
for details of seed dispersal systems, and to J. Herrera (1987) for
pollination ecology characteristics).

Results

Variation among individual plants

Most plants are on the side of the frequency dis-

tribution corresponding to low blooming intensi-
ties (Table 2). Forty-two plants (14 07o of the original
sample) did not bloom at all and have been exclud-
ed from the sample. Thus, frequency values for
weakly flowering plants are conservative. The fre-
quency distribution for flowering duration shows
an accumulation of plants in the classes near the
mean, implying a distribution closely resembling a
normal type but still slightly skewed and platykur-
tic. The distribution for the third relative variable
(deviation) is strongly right-skewed and leptokurtic,
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and denotes an overwhelming majority of plants
having only slight deviations from the population
blooming peak. A general trend to high intrapopu-
lation synchrony is concluded.

All the species except one had `cornucopia' (Gen-
try, 1974) flowering patterns, that is, the studied
plants were in bloom with appreciable synchrony
and producing just one populational flowering
peak. There was a remarkable uniformity in this re-
spect. The only exception was Asparagus aphyllus,
where a few and short bursts of flowering occurred
along its blooming season. Such pattern appears
too in other congeneric taxa (Vernet, 1971; Jor-
dano, 1984) and resembles the `multiple bang' type
of Gentry (1974) although in a much shorter tem-
poral scale.

If we arrange the species according to their over-
all flowering duration (time between first and last
flower) and their mean individual duration, a
strong positive correlation is found (rs = 0.917,
p < 0.001; Table 1). This indicates that the species
with long flowerings have these because the in-
dividuals in the population have long flowering
periods, not by staggering of individual flowerings.
Although sizeable differences concerning the dura-
tion of flowering do exist among taxa (Daphne
gnidium and Erica scoparia are extreme cases)
most species had blooming periods which occupied
two months (30–80 days).

Overall flowering duration and intense flowering
duration (25 07o or more of maximum flower num-
ber; Table 1) are strongly and positively correlated
(rs = 0.728, p < 0.001) denoting that the period
with good bloom is not arbitrarily short or extend-
ed but is proportional to the total flowering season.
Again, this result reveals an appreciable similarity
in the models of flowering of the studied species
which, in practice, would appear to differ only in
the time they remain in bloom. They may also dif-
fer, however, in two traits related with the flowering
pattern, i.e. mean intraspecific overlap and syn-
chrony (Table 1). Most species have overlap values
between 0.4 and 0.8. Extreme values are 0.27 and
1.0. With respect to synchrony, most species have
values near 50 070, i.e. half of the plants reached their
blooming peaks simultaneously. Furthermore, syn-
chrony is significantly and negatively correlated
with overall flowering duration (rs = – 0.549,
p < 0.01). Thus, species with extended flowering
tended to have a poor intraspecific synchrony,

Table 2. Frequency distribution of shrub plants with respect to
their relative intensity (I), relative duration (T), and relative
deviation (D) of flowering, Skewness (g 1) and kurtosis (g 2) for
each distribution are also given. n is the number of plants upon
which the distribution is based, i.e. the original sample minus
the plants that died, those that did not flower, and those for
which data are not available.

Relative magnitude Flowering variable

I T D

20 88 24 206

20 — 40 65 30 27
40 — 60 39 63 12
60 — 80 16 62 0
80-100 13 40 0
g 1 1.59 1.43 2.56
g 2 0.03 -0.03 4.97
n 221 219 245

while species with short blooming periods had a
better one.

Flowering and fruiting patterns within the commu-
nity

The phenological spread in the community is
shown in Fig. 1. Although there were species in
bloom throughout the year, the distribution of
flowering is significantly non-regular (Kolmogorov-
Smirnov test, D = 0.30, n = 30, p < 0.01) as is the
distribution of fruiting periods (D = 0.34, n = 28,
p < 0.05). Spring blooming taxa (50 0

70 of the total)
had a relatively short flowering season. Duration of
flowering for such species is significantly shorter
than for those blooming in any other part of the
year (t = 2.906, df = 28, p < 0.005). Usually, there
are clear gaps of time between flowers and fruits.
An exception is Daphne gnidium, a species that
could be seen in full bloom and in fruit simultane-
ously. At the other extreme, Smilax aspera delayed
the ripening of the fruits as much as 10 months
from flowering.

Figure 2 shows the blooming and fruiting seaso-
nality in the community. There was a major flower-
ing peak in early spring and two lower peaks in ear-
ly summer and autumn. The maximum number of
species in flower for any month was 12, the mini-
mum 2. If we represent the number of species in
bloom through the year separately for (1) highly
xerophytic taxa living on the driest sites (water table
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Fig. 1. Flowering and fruiting phenology of 30 mediterranean shrub species. The length of the horizontal line indicates the blooming
period, the horizontal bar the period with 25 ,7o or more of the maximum flower number. The vertical line corresponds to the blooming
peak. Dashed lines represent the period with ripe and dispersable fruits and seeds. Species names are abbreviated to the first letter of
genus and species (see Table 1).

depth over 3 m, see Study area), and (2) forest-
associated species and/or species living in relatively
wetter places (Table 1), it becomes clear that the
first mostly flower at the end of the rainy season
while the latter do at the end of the dry season.

The curve representing the number of species
with ripe fruits (Fig. 2) presents a major peak in the
summer (13 species) and a secondary one in the ear-
ly wet season (9). The first peak originates with the
majority of spring flowering taxa, with rapid de-
velopment of their fruits. The autumn peak is
produced by spring flowering taxa with slow ripen-
ing fruits along with a few summer flowering and
quickly ripening species. Basically, the autumn
ripening group is composed of species with fleshy
fruits whose seeds are dispersed by migrant birds
(C. M. Herrera, 1984). The summer ripening group
is dominated by species relying on non-vertebrate,
largely abiotic agents for dispersal (wind, gravity; J.
Herrera, 1987). There are significant differences in
the proportion of species with dry and fleshy fruits
that come into fruit during the year (Table 3).

Discussion

Primack (1985) points out the possibility of us-
ing statistics such as skewness and kurtosis to
properly describe the variations in flowering phe-
nology among individual plants. In the present
study we have shown that the frequency distribu-
tion for relative blooming intensities was strongly
skewed, which denoted a general scarcity of plants
with intense flowering. This is a kind of spatial dis-
tribution of floral resources which may act on pol-
len flow patterns (Levin, 1981). It has been report-
ed, for example, that pollinators may cause pollen
flow to be unidirectional, from the plants with
more flowers to those with fewer, the individuals
with greatest displays being more successfull as pol-
len donors (Willson & Price, 1977; Beach, 1981).
Our data support the hypothesis that unidirectional
pollen flow is widespread in southern Spanish
shrub populations, but the implications for their
reproductive biology are unknown. The fact that
most studied taxa (80 070) are entomophilous and do
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Fig. 2. Seasonal changes in the number of species flowering and
fruiting in a southern Spanish sandy coastal shrub community
(Doflana National Park), and monthly precipitation in the same
area during the time of study. Top, number of species flowering
(solid line) and fruiting (dashed line). Bottom, number of spe-
cies in bloom; the solid line corresponds to xerophytic- and the
dotted line to the forest-associated plus heathland species.

Table 3. Number of species with ripe fruits according to sea-
sons. Species with fleshy fruits have their seeds dispersed by ver-
tebrates; those with dry fruits rely on non-vertebrate agents for
dispersal (see Table 1). Winter encompasses January through
March; spring, April— June; summer, July — September; au-
tumn, October—December. G = 13.88, p < 0.005.

Type of fruit Season

Sp Su Au Wi

Dry 10 7 3 3
Fleshy 1 9 11 2

not self-pollinate (J. Herrera, 1987) reinforces the
interest of undertaking studies on pollen flow pat-
terns.

Unlike Spanish shrublands at higher elevations,
where the flowering season is short (C. M. Herrera,
1984), the studied community showed uninter-

rupted flowering activity throughout the year.
Heavy flowering occurred just after winter rains,
which is consistent with the pattern found in other
mediterranean climate areas in the world (Mooney
et al., 1974; Kruger, 1981; Specht et al., 1981; Kum-
merov, 1983; Reader, 1984). Blooming in spring has
been claimed to be optimal due to good water avail-
ability, mild temperatures and high insect activity
(Mooney et al., 1974; Baker et al., 1982; Kummerov,
1983). All these factors may apply to the studied
community, but explaining summer, autumn and
winter flowering would require some additional
factors.

There are three different groups within our shrub
species sample: (1) taxa on elevated ground where
the water table level is over 3 m deep in summer; (2)
forest-associated, mostly vertebrate-dispersed spe-
cies, remnants of oak woods that dominated the
area earlier; (3) species in the heath-like scrub
growing on depressed sites which experience flood-
ing conditions periodically. Flowering and fruiting
phenology needs not be subjected to the same limi-
tations in each of these three groups. Among the
taxa associated to heath-like scrub, flowering most-
ly took place at the beginning of the wet season.
Pollination can be accomplished then since the
proximity of the ocean makes temperatures so mild
that the activity of insects is not severely inhibited
(J. Herrera, 1985). On the other hand, the soil is
moist and there is no major water stress, seed dis-
persal being performed by the wind or the gravity
along the rainy season. Besides, we want to point
out the fact that Calluna vulgaris flowered in
October-November in our study site while it does in
August at higher latitudes or elevations (Ranta et
al., 1981; Reader, 1984; and pers. obs.). It is suggest-
ed that phenology may be very related to particular
ecophysiological conditions, at least in plant taxa
with an ample geographical distribution as Calluna
does.

It is remarkable that all taxa in the typically med-
iterranean genera Cytisus, Cistus, Thymus, Lavan-
dula, Helianthemum, Armeria and Halimium
flowered in the transition from the wet to the dry
season. These plants have shallow roots, lack stor-
age organs and tend to occupy the driest sites (see
Table 1). We suggest that such peculiarities force
them to a spring flowering-quickly ripening pheno-
logical strategy. Since seed dispersal in this group
depends largely on inanimate vectors, summer is as
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good a season for dispersal as any other could be.
Contrastingly, the species in the vertebrate-
dispersed group need to match the fruiting season
to the period with ample availability of avian dis-
persers (autumn and winter, C. M. Herrera, 1984).
These species almost invariably are long-lived, deep
rooted perennials (often with lignotubers or burls)
having access to a longer lasting water supply, thus
allowing for a particular adjustment of pheno-
phases (Kummerov, 1983). It is worth noting
that they belong to ancient genera in families with
tropical affinities (for example Anacardiaceae, San-
talaceae, Rhamnaceae, Palmae, Oleaceae), and it is
likely that these taxa existed well before the arrival
of the mediterranean life conditions (Raven, 1973;
Axelrod, 1975).

To resume, we suggest that flowering and fruiting
seasons encompassing the whole year in this com-
munity are a result of relatively mild environmental
conditions and high ecophysiological heterogeneity
of the species sample. The heterogeneity of the en-
vironment itself would be the proximate cause. The
ultimate functions remain to be discovered.
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