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Nectary structure of Labiatae in relation to their nectar
secretion and characteristics in a Mediterranean shrub
community — Does flowering time matter?
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Abstract. We studied the interrelation between
nectary structure (13 parameters), nectar charac-
teristics (yield, chemical composition), and flower
size of 11 Labiatae species in a Mediterranean
shrub community near Athens, Greece. We also
explored whether the above attributes are affected
by the Mediterranean summer drought constraints.
Our findings show that among all nectary para-
meters studied, nectary size and stomatal opening
are the most important in (positively) shaping
nectar secretion, nectary size being the most
meaningful. Nectary structure is correlated to
quantity of the nectar secreted, not its quality.
Wide flowers bear wide nectaries with large stom-
atal openings, whereas deep flowers are not related
to any nectary size. Corolla size (both length and
width) and nectary stomatal opening decrease with
flowering time. This applies also to nectary size,
nectar volume and sugar content of the perennials
(9 species). All above cases of time dependence
show that there is a constraint effect of Mediterra-
nean climate on floral and nectary structure,
reflected also as a decrease in nectar secretion.
Nectary structure in Labiatae is largely shaped by
both phylogenetic and climate constraints. On the
other hand, although nectar is largely influenced by
nectary structure, it is to a large extent ecologically
biased, implying that, in addition to phylogeny,
there are many other ecological parameters inter-

fering in its secretion such as time within the
season, life history, and light requirements.

Key words: Ballota, Lamium, Phlomis, Prasium,
Salvia, Satureja, Stachys, Teucrium, Thymus.
Modified stomata, nectarostomata, nectar com-
position, flower size. Mediterranean shrub commu-
nity, phrygana.

Floral nectaries, i.e. the nectar secreting glands
of flowers, have been extensively studied from
the morphological, anatomical and physiolog-
ical (cf. Fahn 1979, 1988; Zer and Fahn 1992;
Vogel 1997, 1998a, b, ¢ for reviews), as well as
from the taxonomic viewpoints (Smets 1986,
Smets and Cresens 1988, Smets et al. 2000).
Because nectar plays a vital role in pollination
as one of the major floral rewards, several
studies tried to detect whether nectary traits are
important in determining nectar secretion.
These studies have been conducted at a species
or a family level, but, as far as we are aware of,
never at a community level. In a detailed study
on the nectary and nectar of Bignoniaceae,
Galetto (1995) found that the longer the flower
length, the more voluminous the nectary and
the higher the stomata number, but he did not
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explore the relations of these characters to
nectar secretion. Teuber et al. (1980) and Davis
and Gunning (1991) studied the nectary sto-
mata of Medicago sativa L. and Vicia faba L.,
respectively, but they found no correlation
between nectar secretion and stomatal number.
On the other hand, Dafni et al. (1988) found
that, within a plant family, nectar yield per
flower is positively related to nectary size. Their
study focused on nine East Mediterranean
Labiatae originating from different Mediterra-
nean habitats, grown in a Botanical Garden.

Labiatae is one of the most important plant
families in the Mediterranean region (Herrera
1987, Shmida and Dukas 1990, Dafni 1991,
Petanidou and Vokou 1993). Most of the
Labiatae occur in the low shrublands, i.e. the
garrigue, in the West Mediterranean, and in
the phrygana, its counterpart in the East
Mediterranean. (An extensive description of
both phrygana and garrigue is given in Petani-
dou and Vokou 1990, 1993; Petanidou and
Ellis 1993; Petanidou et al. 1995). In these
ecosystems, the Labiatae species play a key-
role in the pollination web at the community
level: first because in the Mediterranean area
Labiatae are pollinated mainly by a high
number of wild bees which visit the flowers
for nectar (Herrera 1987, Shmida and Dukas
1990, Dafni 1991, Petanidou and Vokou 1993);
second because Labiatae species are the unique
consistent nectar producers in an area that by
definition is water-limited and, as a conse-
quence, nectar-limited (Herrera 1985, Petani-
dou and Vokou 1990). Indeed, the quantity of
nectar produced per Labiatae flower is signif-
icantly higher than in the other important
plant families in the Mediterranean area (Fahn
1949, Herrera 1985, Petanidou and Ellis 1996,
Petanidou and Smets 1995, Petanidou et al.
1999). Besides its ecological importance, Labia-
tae is the best-studied family in the Mediter-
ranean area from several viewpoints (e.g. for
their aromatic and medicinal character).

We performed a systematic study on the
nectary structure in relation to nectar secretion
at a community (i.e. in a phrygana) and, at the
same time, at a taxonomic level because we

dealt with all Labiatae species occurring in the
same community. We considered a large num-
ber of nectary features and explored their
relation to nectar characteristics (content and
chemical components). Our primary question
is “to what extent nectary characters are
shaped by the constraints imposed by the
harsh Mediterranean climate, i.e. mainly the
extreme summer drought”. Our hypothesis is
that if, indeed, summer drought plays an
important role, then the nectary characters
must vary according to the species’ flowering
time. A second question we posed is “‘whether,
and to what extent, nectary structure as a
whole or the nectary features separately affect
nectar secretion”. Finally, because the species
chosen are shaped by the same phylogenetic
and ecological constraints (same family, same
habitat), we found it interesting to test to what
degree each constraint separately affects nec-
tary and nectar features. We expect that such
results are very important both at the level of
manipulation of natural resources and that of
nature conservation management.

Materials and methods

Study site and species. Eleven Labiatae species
grown in the wild were studied — i.e., all labiates
occurring in a phryganic community located 10 km
W of the centre of Athens, Greece (Table 1). Ballota
acetabulosa and Salvia verbenaca are mainly part of
the understorey vegetation of some Aleppo Pine and
Cypress trees; they are referred to as ““shade” species,
contrasting to the rest, “‘heliophilous’ species.

The study site belongs to the nature reserve “‘I.
and A. Diomedes Botanical Garden of the Univer-
sity of Athens”, and has been described in detail in
previous studies by some of us (e.g. Petanidou et al.
1995). The fieldwork, i.e., collection of nectar and
flower material, was carried out during the years
1992-1994 from early March till early July. All
measurements were performed during the peak
of flowering for each species. Nectar volume and
concentration were measured on the spot, followed
by nectar and flower collection from the same
individuals for laboratory analyses.

Nectar — Field measurements. Nectar volume
(in pl) and concentration (as % w/w, consisting
almost totally of sugars) were measured following






