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EVALUATING THE WIND POLLINATION BENEFITS OF MAST SEEDING
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Abstract. We developed a conceptual model for evaluating the benefits of wind pol-
lination to mast-flowering species. The benefit that a plant population gains from mast
flowering via increased wind pollination efficiency was predicted from how far pollination
efficiency at mean seed crop size falls below the maximum. Species were most likely to
benefit from mast seeding if mean reproductive effort in the field gave an intermediate
level of pollination efficiency, regardless of the cost of unpollinated female structures. To
quantify the benefits of different degrees of mast flowering, a simulation model was used
to alter the seed production coefficient of variation (cv) and to calculate its effects on
weighted mean pollination efficiency. The model was applied to seven real data sets for
five species with pollination benefits from masting that ranged from relatively small (Chion-
ochloa pallens), to moderate (Dacrydium cupressinum, Betula alleghaniensis), to large
(Nothofagus solandri, N. menziesii).

Many studies have reported higher seed production coefficients of variation at higher
altitudes and latitudes within a species. Our model showed that higher coefficients of
variation are favored by reduced mean seed output per plant at higher altitudes. Data for
N. solandri at three altitudes in one site showed much higher pollination benefits from
masting at higher altitudes. Reduced plant density (e.g., through fragmentation), which also
lowers mean flowering effort per unit area, resulted in large increases in masting benefits
in N. solandri, but only small increases in C. pallens. These contrasting results were
primarily due to differences between the two species in mean reproductive effort vs. wind
pollination efficiency, rather than to differences in the effects of fragmentation and altitude.

The relative effects of masting on pollination, insect seed predation, and bird seed
predation were modeled in B. alleghaniensis. Masting produced a small economy of scale
from insect predator satiation, but an almost equivalent diseconomy of scale resulted from
increased levels of bird seed predation. Efficiency of wind pollination improved moderately
with increasing cv, providing some overall benefits from masting in this species. Accord-
ingly, we propose that masting can be favored by either one dominant economy of scale
(such as wind pollination efficiency in N. solandri or predator satiation in C. pallens), or
a balance among several factors (such as pollination, predator satiation, and predator at-
traction in B. alleghaniensis). We predict that, in the absence of any selective benefits or
disadvantages of masting, plants would be expected to have coefficients of variation in the
range 0.85-1.35.
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INTRODUCTION

Mast seeding (synchronous, highly variable seed
production among years by a population of plants: Kel-
ly 1994) is characteristic of many species worldwide,
including temperate forest trees (Silvertown 1980,
Nilsson and Wistljung 1987, Norton and Kelly 1988,
Allen and Platt 1990, Sork et al. 1993, Koenig et al.
1994, Koenig and Knops 1998), tropical trees (Janzen
1971, Foster 1977, Ashton et al. 1988), and temperate
herbs (Campbell 1981, Brockie 1986, Kelly et al. 1992,
Kelly and Sullivan 1997). The evolution of mast seed-
ing is puzzling because it imposes a number of clear
selective disadvantages, including lost opportunities
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for reproduction (Waller 1979, 1993) and more severe
density-dependent mortality among seedlings produced
in mast years (Hett 1971). To counter these inescapable
disadvantages, some benefits from mast seeding must
exist, otherwise masting would be selectively disad-
vantageous. Such benefits must provide economies of
scale, i.e., greater reproductive efficiency at high re-
productive effort (Norton and Kelly 1988).
Numerous, non-mutually exclusive hypotheses have
been advanced as possible evolutionary advantages of
mast seeding. Kelly (1994) identified eight, of which
the two best supported empirically are predator sati-
ation (Silvertown 1980, Nilsson and Wistljung 1987,
Kelly and Sullivan 1997) and wind pollination (Nilsson
and Wistljung 1987, Norton and Kelly 1988, Smith et
al. 1990). A recent survey of 296 data sets showed that
wind-pollinated species were significantly more vari-
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able in seed output than animal-pollinated species (Her-
rera et al. 1998). The principal potential wind polli-
nation benefit of masting is higher fertilization and seed
set during years of heavy flowering, due to a pollination
economy of scale (Nilsson and Wistljung 1987, Norton
and Kelly 1988, Allen and Platt 1990, Smith et al. 1990,
Sork 1993, Kelly 1994). It should be noted that masting
occurs in both angiosperms and gynmosperms; for sim-
plicity, we apply the general term “‘flowering” to both.
In an important paper, Smith et al. (1990), made
predictions about which characteristics should favor
mast seeding in wind-pollinated species. They pro-
posed that wind pollination benefits from mast seeding
are likely to occur only in taxa with ‘‘expensive flow-
ers’’ that invest the majority of female effort regardless
of fertilization success (Smith et al. 1990:157, as-
sumption 6), either because flowering structures are
large, or because unfertilized flowers still develop into
inviable seeds. They suggested that members of Ty-
phaceae, Poaceae, Cyperaceae, and Juncaceae (which
produce large inflorescences with extensive structural
support) and Pinaceae, Taxodiaceae, some Cupressa-
ceae, Salicaceae, and Betulaceae (which group many
ovules together in strobili) are likely candidates for
pollination benefits from masting. Smith et al. (1990)
also state that pollination benefits of masting may be
“completely eliminate[d]”’ in species in which the fe-
male parent commits resources to fruit only after fer-
tilization of an inexpensive flower, as in certain nut-
bearing trees in the families Fagaceae, Juglandaceae,
and, to a lesser extent, Ulmaceae (Smith et al. 1990:
162), and in the genera Acer and Fraxinus. (Note that
expensive flowers could favor mast seeding in animal-
pollinated, as well as wind-pollinated. plant species.
This paper concentrates only on wind pollination.)
This postulated link between expensive flowers and
mast seeding has been widely quoted in the literature
since its publication in 1990 (Sork 1993, Kelly 1994,
Koenig et al. 1994, Tapper 1996, Kelly and Sullivan
1997). However, the model of Smith et al. (1990) has
not always successfully predicted the occurrence of
mast seeding in the field. Koenig et al. (1994:108) not-
ed that *‘the success of the wind pollination hypothesis
[in various Californian Quercus spp., Fagaceae] is sur-
prising given that oaks commit most of the energy to
female growth only after pollination, thereby appar-
ently eliminating the potential advantages of synchro-
nous investment in male and female reproduction.”
Other papers that do not fit the theory of Smith et al.
(1990) include those showing large benefits from pol-
lination in Fagus (Nilsson and Wistljung 1987), and
little benefits from pollination in Chionochloa (Po-
aceae; Kelly and Sullivan 1997). Masting has also been
documented in Acer (Graber and Leak 1992) and Frax-
inus (Tapper 1996), which have inexpensive flowers.
Here, we propose an alternative model for predicting
which plant species will gain wind pollination benefits
from mast seeding. We suggest that pollination effi-
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ciency (percentage of ovules pollinated) at mean flow-
ering efforts, relative to the maximum achievable at
high flowering efforts, is the primary criterion of
whether wind pollination economies of scale give mast-
ing a selective advantage. The cost of unpollinated fe-
male flowers is a secondary influence operating in spe-
cies that meet this first criterion.

We also consider the relative importance of wind
pollination and alternative selective benefits from mast-
ing, such as predator satiation. Both wind pollination
mechanisms and seed predation by animals are wide-
spread in nature, often in the same plant species. There-
fore, isolating the actual present importance of wind
pollination to mast seeding species has frequently
proved difficult. Kelly and Sullivan (1997) used a sim-
ulation model to examine, separately, the importance
of seed predation and pollination efficiency at different
levels of flowering variability relative to constant flow-
ering in the tussock grass Chioriochloa pallens. Here,
we extend this approach to evaluate the relative im-
portance of three different factors in a single species.

In this paper, we test three questions. First, we use
data on variability of seed production in five species
to determine the magnitude of pollination benefits from
mast seeding. This is done both qualitatively, with a
conceptual model that indicates whether a species is
likely to gain large benefits from masting; and quan-
titatively, using a detailed simulation model and field
data to calculate what benefits each species gains at
different levels of variation. Second, we use three spe-
cies to test how any pollination benefits are affected
by increased altitude and reduced plant density. Third,
using one species, we test how wind pollination ben-
efits from masting contrast with benefits gained from
altering seed predation by invertebrates and verte-
brates.

THE CONCEPTUAL MODEL

To evaluate the importance of wind pollination in
mast-seeding species, we propose a conceptual model
that predicts in which species mast flowering improves
wind pollination efficiency. In wind-pollinated species,
there is a curvilinear relationship between flowering
effort (pollen crop, or as a proxy, general seeding ef-
fort) and pollination efficiency (the percentage of
ovules that are pollinated), as shown in Fig. 1. Each
plant species will have characteristic values for the
asymptote, threshold, and maximum slope, but with
this same general shape.

The shape of the pollination efficiency curve shows
that very low pollen densities are associated with low
seed set (Fig. 1). Seed set increases as pollen densities
increase, but benefits diminish with each increment of
pollen density. Eventually, seed set reaches an asymp-
tote, where additional pollen density has no effect at
all. The position of the asymptote for each species is
presumably determined by resource availability or oth-
er nonpollination factors. This type of relationship has






