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ABSTRACT

Most plants in Mediterranean ecosystems are insect pollinated, with pollen being the main
reward to pollinators. The great majority of pollinators (70%) are bees and flies. We measured
the energy content of pollen from 40 plant species in these ecosystems that represent abiotic
and biotic pollination modes as well as the number of species of their pollinators. Pollen energy
content correlates with pollinator diversity. Pollen of wind-pollinated plants contained less
energy than that of insect-pollinated plants; there was no difference between insect-pollinated
dicots and insect-pollinated monocots. The median date of flowering (from 1 January) estimated
for each of the plant species did not vary significantly either with the number of pollinator
species or with the energy content of pollen. The reasons for the differing values of pollen energy
content are discussed; in particular, its relation to the type of pollen reserves, length of the

flower style, and pollination enhancement.

MEDITERRANEAN €COSystems occupy approxi-
mately 40% of the surface of Greece (Margaris,
1981). The basic types are the maquis (ever-
green sclerophyll shrubs), phrygana (seasonally
dimorphic shrubs), and the Mediterranean co-
nifer woodlands. Although woody plants char-
acterize these ecosystems, particularly in phry-
gana the dominant life-form (=45%) is that of
therophytes (Margaris, 1980).

The majority of phryganic plant species are
insect pollinated (Margaris, 1984). In maquis,
many of the woody plants are primarily ane-
mophilous, temporarily visited by insects like
honeybees (Apis mellifera L., Hymenoptera:
Apidae). In the Mediterranean woodlands,
purely anemophilous plants are encountered
(e.g., Pinus halepensis, Cupressus sempervi-
rens).

This work was conducted in.a typical phry-
ganic ecosystem and is part of a larger study
of the pollination food-web in Mediterranean
ecosystems. Emphasis is given to energy al-
location to pollen, since in such ecosystems
pollen is the main reward to pollinators (Her-
rera, 1985).

Most publications considering pollination
from the energetic point of view deal with the
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energetic value of nectar (Percival, 1961; Hein-
rich and Raven, 1972; Baker and Baker, 1975;
Kodric-Brown and Brown, 1978; Schaffer, Jen-
sen, and Hobbs, 1979; Southwick, Loper, and
Sadwick, 1981; Heinrich, 1983; Heyneman,
1983; Herrera, 1985; Pleasants and Waser,
1985); pollen itself has seldom been related to
the energetics of pollination (Heinrich and Ra-
ven, 1972; Smith and Evenson, 1978; Colin
and Jones, 1980; Loper and Cohen, 1982). As
stated by Colin and Jones (1980), though, *““the
nutritional values and caloric content of pollen
may provide some interesting insight into the
energetics of pollination, since pollen is utilized
as a direct food source by bees and many other
pollination vectors.” These authors have de-
termined the caloric value of pollen samples
from 42 Californian species and have attempt-
ed to relate these values to the pollination mode
and taxonomic position of the species exam-
ined. They have found significant differences
among various groups, which in some cases
could not be explained in terms of biological
significance. Since then, there has been no other
relevant publication.

In Mediterranean ecosystems, many polli-
nators are pollen consumers and since pollen
plays a major role as reward to pollinators, we
estimated the pollen caloric content of 40 plant
species, components of such an ecosystem, that
represent both abiotic (anemophilous) and
biotic (entomophilous) pollination systems.
The number of pollinator species per plant
species was also estimated, as well as the me-
dian date of the flowering period (from 1 Jan-
uary). The question asked was whether there
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is any relationship between the pollen caloric
content and either the flowering period of the
plants dealt with or with their pollination mode,
such as that described by Colin and Jones (1980)
for the Californian species—though not orig-
inated from the same ecosystem type.

MATERIALS AND METHODS— Pollen —Pollen
samples were collected from plants naturally
occurring in Diomedes Botanical Garden of
the University of Athens (Dafni, Athens), a
reserve area with Mediterranean-type ecosys-
tems. Only some anemophilous plants (e.g.,
Cupressus sempervirens, Populus alba) do not
constitute part of the native flora. Voucher
specimens of the plant species studied are de-
posited in the Herbarium of the Institute of
Systematic Botany and Phytogeography of the
University of Thessaloniki (TAU).

Pollen was collected from June 1985 to
March 1988. Species with prolonged flowering
periods were sampled at different times to check
for variability in pollen energy content. A num-
ber of flowers of each plant species were cov-
ered with fine pieces of gauze late in the after-
noon to prevent insect access and subsequent
pollen contamination. The following morning,
when the anthers were about to dehisce, they
were collected, put in small petri dishes, and
allowed to dry at room temperature until they
had dehisced fully exposing their pollen. An-
ther tissues were separated by consecutive siev-
ing through plastic sieves with openings of 236
um, 132 um, 95 um, and 50 um. Pollen was
then examined under a stereoscope to ensure
its purity. When contaminants were present,
they were removed by hand with the aid of a
thin pair of forceps. The pure pollen was stored
in corked vials in a dry, fairly cool place (15
C and 40% relative humidity, average). The
energy content of pollen samples was always
determined within 40 days of the collection
date.

Before energy analysis, pollen was placed in
an oven at 35 C for at least 2 days. This low
temperature was used because pollen contains
volatile oils of high energy yield (Hisamichi
and Abe, 1967; Hess et al., 1973; Stanley and
Liskens, 1974). Pollen was further dried in a
vacuum for at least 12 hr. Compressed tablets
were made from this material, which weighed
from 8.5 to 20 mg each.

A Phillipson oxygen microbomb calorimeter
was used to determine the pollen caloric con-
tent as outlined by Phillipson (1964) and Gen-
try Instruments, Inc. (1977). Tablets were ig-
nited at 35 atm (425 psi) pressure. Calibration
of the bomb was accomplished by burning
standard benzoic acid tablets (at least ten runs
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every 30 measurements). Three runs were made
for each pollen sample and caloric content was
recorded. Where variation of values exceeded
4% for non-ash-free measurements or 3% for
ash-free (Golley, 1961; Colin and Jones, 1980),
a fourth run was made. Fuse-wire correction
of platinum (Golley, 1961) followed (No.45C10
fuse wire for Parr oxygen bombs, correction in
calories for residual fuse wire: 1,400 cal-g~! or
2.3 cal-cm™!). Finally, the ash-free caloric con-
tent was estimated, accounting for the pollen
residues after combustion. Data are expressed
in kcal-g~!'.

Insects —Six of the 40 plant species exam-
ined (Table 1) are anemophilous (both gym-
nosperms and angiosperms), some are occa-
sionally visited by bees, i.e., Quercus coccifera.
The remaining 34 species are either purely en-
tomophilous or entomophilous with anemo-
philic tendencies. For example, Cyclamen
graecum, a late flowering dicot, exhibits two
pollination syndromes: during early anthesis it
is clearly entomophilous; later, changes in the
position of the different parts of the flower al-
low abiotic cross-pollination (see Kugler, 1977,
for similar observations regarding Cyclamen
repandum). We collected pollinators of these
species from June 1983 to April 1987. For
Ophrys spp., pollinators were identified indi-
rectly by the presence of pollinia on insects
collected on other plants. The number of pol-
linator species thus estimated (nine) was at-
tributed to each of the three Ophrys species.
Table 2 presents the observed number of pol-
linator species for each plant species, identified
with the help of specialists in the field. The
number of Lepidoptera, which are not known
to make any use of pollen, included in the
overall number of pollinator species for each
plant species, is also given separately.

REsuLTS—Entomophilous plants varied
more within species in the energy content of
their pollen (up to 15.80%) than anemophilous
species (up to 4.36%; Table 2).

Analysis of variance indicates significant dif-
ference (P < 0.001) in the caloric content of
wind-pollinated species, entomophilous
monocots, and entomophilous dicots (F,3; =
8.18). LSD multiple comparisons indicate that
the energy content of entomophilous monocots
and dicots did not differ significantly (P > 0.05),
but entomophilous species as a group invested
more energy per gram than anemophilous
species. By further subdividing the group of
wind-pollinated plants and comparing wind-
and insect-pollinated dicots, it was found with
t-test analysis that the pollen caloric content






