Lagascalia 19(1-2): 845-850 (1997)

FLORAL SIZE VARIABILITY OF CYTISUS SCOPARIUS
ALONG AN ALTITUDINAL GRADIENT

JORGE BAONZA & JUAN E. MALO.

Abstract

The variability of Cytisus scoparius floral size is analyzed along an altitudinal gradient in
Central Spain and through its flowering season. Flower size shows a clinal variation with bigger
flowers at higher elevations, as well as a non-directional seasonal change within individuals. These
results are discussed in terms of resource allocation.

Introduction

Many floral traits are related to selective pressures exercised by pollinators
(STEBBINS, 1981), being pollination by animals a driving force in angiosperm evolution
(CREPET, 1983; LEPPIK, 1966). Thus, floral morphology is basic for the taxonomy of
many plant groups, as it happens among genisteae (BISBY, 1981).

The interest on the size variability of hermaphrodite flowers among conespecific
individuals has recently increased as it is a potential source of diferential reproductive
success mediated by pollinator behaviour (WASER, 1983). Bigger flowers have been
found to be more attractive to pollinators (GALEN & STATON, 1989; ECKHART, 1991;
YOUNG & STATON, 1990) due to a greater pollen production (STATON, & al. 1992), or
to a differential efficiency of pollinators (ANDERSON, 1988). Thus, flower selection by
pollinators plays a role on the evolution of some species’ flower size (GALEN, 1989).

This could be the case of Cytisus scoparius, as 1, it has an explosive floration, 2,
its zygomorphic flowers are pollinated by bees (Hymenoptera, apoideae) searching for
pollen, and 3, only one effective insect visit is possible, due to the explosive mechanism
released by the visitor (similar to the one of C. grandiflorus, HERRERA, 1987). Finally
(iv), C. scoparius is among to the biggest-flowered species within its genus (FRODIN
& HEYWOOD, 1968). MALO & al. (1995) found that, within the altitudinal range of the
species in central Peninsula Ibérica, a peripheric population had smaller flowers than
a population located in the center of the altitudinal range. Also, flower size of the
species varies among years, probably associated to wheather conditions.

This paper analyzes flower size variability of Cytisus scoparius among different
moments of the blooming season and among locations along the altitudinal gradient
of the species in central Peninsula Iberica.

Material and methods

Cytisus scoparius (L.) Link. is a shrubby genisteae (Leguminosae, papilionoidea)
frequent on acid substrata in central Peninsula Iberica, where it grows through the 700-
1500 m altitudinal range.
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The study was carried out in the Madrid Province (Central Spain). Populations of
the species growing on gentle South facing slopes lacking trees were selected along
the altitudinal gradient. Three populations were used in 1994: Tres Cantos (740 m a.s.1.),
Colmenar Viejo (920 m a.s.l.) and Bustarviejo (1400 m a.s.l.). Eighteen plants from
each population were chosen and 5-8 flowers of each were taken for measurement in
1-3 moments during the blooming season. This procedure was repeated in the blooming
peak of 1995 for all plants but 15 of them (3 in Tres Cantos, 6 in Colmenar Viejo and
6 in Bustarviejo) that did not produce enough flowers due to different reasons (death,
senescence, late frost, floral herbivore attack and/or livestock browsing). Due to the
same reasons, some collections of the previous year were also incomplete. In 1995 a
very extreme population (Puerto de Navacerrada, 1840 m a.s.l.) was also included in
the study, though only 7 plants had enough flowers for collection.

Regional climate is Mediterranean, but the altitudinal gradient modifies its major
parameters. Mean temperature varies from 13° in lower areas to 6.3° in the higher part
of the gradient, and precipitacion increases with altitude from 500 mm to 1331 mm.
The climate at higher altitudes is colder, wetter and more constant among years, as
summer drough is retarded, and its duration and intensity diminish. This leads to a
phenological retard with altitude and conditions sampling dates: March-April in Tres
Cantos, April in Colmenar Viejo, May in Bustarviejo and June in Puerto de
Navacerrada.

Floral size is analyzed through standard length measure, as it is the most attractive
petal and its length is highly correlated with all floral pieces (MALO & al., 1995). Data
analysis is carried out with parametric procedures because no significant deviations
from normality were found among the values of variables. Type III ANOVAs for
unbalanced samples (SYSTAT 1992) were carried out with locality as a fixed factor
and year as a random one. The individual factor is analyzed nested within locality and
moment within individual.

Results !

Standard length varied significatively during the 1994 blooming season in Tres
Cantos (10 plants in three moments; F=1.8; p<0.05) and in Colmenar Viejo (4 plants
in two moments; F=2.7; p<0.05), but not in Bustarviejo, where flowers were in fact
almost significatively equal in size in two moments (9 plants; F=0.5; p=0.9). Such intra-
seasonal variation of standard length shows no common trend among plants (fig 1).
Thus, variability between years and among localities is analyzed only for flowers
collected in the blooming peak.

Flowers were smaller the second year in all three populations. In Tres Cantos, a
significant decrease from 18.4 to 17.7 mm in standard size was detected (paired t-test
for mean standard size of n=7 plants; t=2.64; p<0.05). However, standard size decrease
in the two other populations was non-significant: from 18.6 to 18.2 in Colmenar Vie-
jo (n=7) and from 20.5 to 20.2 in Bustarviejo (n=4).

Differences in flower size among years and among individuals are significant in
1994 (table 1) and 1995 (table 2). Flower size increased in 1994 with altitude (mean
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Fig. 1. Standard size variability (mean + standard error) of 10 plants from Tres Cantos (740 m
a.s.l.) in three moments during the 1994 blooming season.

Factor S.S. d.f. M.S. F p
Locality 64,71 = 32,36 3,33 <0,05
Individual[Locality] 300,90 31 9,71 18,52 <0,001
Error 114,25 218 0,52

Table 1. Results from the ANOVA of the locality and individual effects on standard size of three
localities in the 1994 blooming season (n=7 plants in Tres Cantos, N=8 in Colmenar Viejo and
n=9 in Bustarviejo).

Factor S.5. d.f. M.S. F p

Locality 027,75 3 309,25 15,20 <0,001
Individual[Locality] 712,232 35 20,35 41,47 <0,001
Error 122,19 249 0,49

Table 2. Results from the ANOVA of the locality and individual effects on standard size of four
localities in the 1995 blooming season (n=10 plants in Tres Cantos, n=11 in Colmenar Viejo, n=11
in Bustarviejo and n=7 in Puerto de Navacerrada).
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standard size in Tres Cantos, Colmenar Viejo and Bustarviejo: 18.2; 18.6 and 19.6 mm)
and an almost similar trend was found in 1995 with the inclusion of the Puerto de
Navacerrada extreme population (17.9; 17.8; 19.5 and 22.7 mm, fig 2).

Discussion

Results show an important flower size variability within individuals (along the
blooming season and between years), among individuals within a population and
specially so along an altitudnal gradient. Within-individuals variability could reflect the
role of phenotipic plasticity on the inmediate response to environmental changing
conditions and it is probably related to to different patterns of resource acquisition and
allocation (FITTER, 1986: 395-396). The variability among individuals can also reflect
a genetic diferentiation due to long-term differences in environmental pressures.
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Fig. 2. Mean (+ standard error) standard lenght of plants in each locality and year (filled, 1994;
stripped, 1995). Sample size in 1994 and 1995 are n=17 and n=10 in Tres Cantos (740 m a.s.l.),
n=8 and n=11 in Colmenar Viejo (920 m a.s.l.), and n=9 and n=11 in Bustarviejo (1400 m a.s.l.).
Sample size in 1995 data for Puerto de Navacerrada (1800 m a.s.l.) is n=7.
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As branch growth and legume development beging before the end of blooming,
there could be a trade-off between vegetative and reproductive resource (energy,
nutrients, water) allocation in that moment (SILVERTOWN, 1987: 133-137: WILSON.,
1983: 5-9). Also, a trade-off could appear between flowering and fruiting (LAWRENCE,
1993). However, other factors such as wheather, plant age and the interaction with
herbivores affect the physiological state of plants and can therefore influence resource
allocation (WALOFF & RICHARD, 1977). The lack of a common pattern of flower size
variation within a blooming season among plants can mirror the heterogeinity of factors
affecting resource allocation at the individual level.

Water is probably the resource with a variability which best parallels that of flower
size. Thus, flower size decrease the second year coincides with a very severe drought
(a similar result to the one reported by MALO & al., 1995). Also, bigger flowers at
higher altitudes could be a consequence of higher precipitation and a less severe drough
at the upper parts of the altitudinal gradient.

Floral size variation of C. scoparius in the study area shows a clinal variation with
altitude and not a central-peripherical population pattern (PARSONS, 1991) as it had been
suggested (MALO & al., 1995). Floral size measured in that study (16.2 mm and 18.2
mm in a population at 680 m a.s.l., and 19.9 and 18.8 at 840 m a.s.l.) would also
reinforce the clinal variation trend. The very big flower size of the extreme population
(up to 27% bigger than the two at low altitudes) shows that no peripherical effect is
noticeable in populations at higher altidues. A clinal increase of flower size with altitude
is thus present.

Anyhow, the floral size of C. scoparius could show a central-peripherical pattern
along its distribution range. The species has a wide distribution in Europe for which
all populations of this study are peripherical (FRODIN & HEYWOOD, 1968). In fact, many
environmental conditions as temperature and water availability are in the center of
distribution of the species (Central-Eastern Europe) more similar to those in the upper
extreme of the altitudinal gradient studied here. Thus, the clinal variation stated here
could anyhow be the result of a central-peripherical response at a much broader spatial
scale.
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