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ABSTRACT: By analyzing 296 published and unpublished data sets
describing annual variation in seed output by 144 species of woody
plants, this article addresses the following questions. Do plant spe-
cies naturally fall into distinct groups corresponding to masting
and nonmasting habits? Do plant populations generally exhibit
significant bimodality in annual seed output? Are there significant
relationships between annual variability in seed production and
pollination and seed dispersal modes, as predicted from economy
of scale considerations? We failed to identify distinct groups of
species with contrasting levels of annual variability in seed output
but did find evidence that most polycarpic woody plants seem to
adhere to alternating supra-annual schedules consisting of either
high or low reproduction years. Seed production was weakly more
variable among wind-pollinated taxa than animal-pollinated ones.
Plants dispersed by mutualistic frugivores were less variable than
those dispersed by either inanimate means or animals that pre-
dominantly behave as seed predators. We conclude that there are
no objective reasons to perpetuate the concept of mast fruiting in
the ecological literature as a shorthand to designate a distinct bio-
logical phenomenon. Associations between supra-annual variabil-
ity in seed output and pollination and seed dispersal methods sug-
gest the existence of important reproductive correlates that
demand further investigation.
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The number of seeds produced by populations of poly-
carpic plants often fluctuates considerably from year to
year. This variation may have strong effects not only on
the recruitment of the plant populations themselves (e.g.,
Schupp 1990; Jones et al. 1994; Crawley and Long 1995;
Shibata and Nakashizuka 1995), but also on the popula-
tions of many species of animals that have seeds as their
major food (e.g., Mattson 1971; Flowerdew and Gardner
1978; Gashwiler 1979; Pucek et al. 1993; Wolff 1996) and
on the interactions between plants and their consumers
(Janzen 1971; Smith and Balda 1979; Ostfeld et al. 1996).
Given these manifold implications, it is not surprising that
an abundant literature has built up, nourished by both
animal- and plant-oriented ecologists, dealing with patterns
of annual variation in seed output, its consequences,
and its proximate and ultimate (evolutionary) causes.
Many of these investigations have focused on the phe-
nomenon of “masting,” or “mast seeding,” and have
dealt with species putatively exhibiting this seeding pat-
tern (see Janzen 1971, 1976, 1978; Silvertown 1980; Nor-
ton and Kelly 1988; Kelly 1994; for reviews). Masting has
been defined as “the synchronous production of seed at
long intervals by a population of plants” (Janzen 1976,
p. 354), as “[the production of] seed crops synchro-
nously at irregular intervals but with an average periodic-
ity characteristics of the species” (Silvertown 1980,
p. 235), or as “synchronously highly variable seed pro-
duction among years by a population of plants” (Kelly
1994, p. 465). The masting concept has traditionally been
invoked under the implicit assumption that it applies to
one characteristic, well-defined pattern of annual vari-
ability in seed production, whose unique features (syn-
chronicity, high variability, periodicity) distinguish it
from the patterns of variability exhibited by the rest (i.e.,
nonmasting) of polycarpic plants. Rather surprisingly,
this key assumption—that is, that masting actually repre-
sents a distinct, qualitatively different pattern of annual
variability in seed production that deserves a separate
name in its own right—has gone essentially untested un-



til recently (Kelly 1994). This has been so, at least in part,
for the following two reasons. First, published quantita-
tive, long-term comparative data on seed production by
“nonmasting” plants are scarce and thus have never been
reviewed. And second, the critical elements of the mast-
ing concept, such as bimodality in seed production, syn-
chronicity, or high variability, have only rarely been ob-
jectively assessed using quantitative methods (shifting in
resource allocation between reproduction and vegetative
growth, although considered by Kelly 1994 as a further
element essential to the masting concept, was never in-
cluded as such in any of the “classical” definitions of the
term). Only in recent years, Kelly and associates (Norton
and Kelly 1988; Webb and Kelly 1993; Kelly 1994; Kelly
and Sullivan 1997) have reviewed and reassessed some of
the hypotheses and concepts associated with mast seed-
ing. These studies have concluded that mechanisms re-
lated to economy of scale (i.e., larger reproductive efforts
are more efficient in terms of successful pollination or
seed production and survival; Janzen 1978; Norton and
Kelly 1988) seem to have favored the evolution of occa-
sional large efforts rather than regular smaller ones. Nev-
ertheless, when quantitative seed production data from a
taxonomically diverse array of species are examined criti-
cally, difficulties arise when attempting to objectively
classify species as either masting or nonmasting and,
among masting species, to define mast versus nonmast
years and to establish intermast intervals. Species appar-
ently fall along broad continua of interannual variability
in seed production, with no indication of multimodality
(Kelly 1994). These findings cast reasonable doubts on
the usefulness and ecological significance of the masting
concept and prompt for critical reexamination of pat-
terns of annual variability in seed production using data
from as many species as possible.

Questions and Predictions

By analyzing a large sample of published and unpub-
lished data on annual seed production by a taxonomi-
cally and ecologically diverse array of polycarpic woody
plants, we will specifically address in this article the fol-
lowing three questions. First, do polycarpic plants tend
naturally to fall into two distinct groups characterized by
high and low annual variabilities in seed production
roughly corresponding, respectively, to masting and non-
masting species? Second, do plant populations tend to
exhibit significant bimodality in annual seed output or,
in other words, does annual variability in seed produc-
tion tend to reflect the occurrence of distinct high and
low seed production years, rather than random fluctua-
tions around an average value? Third, are there signifi-
cant relationships between annual variability in seed pro-
duction and pollination and seed dispersal modes, as
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would be predicted if economy of scale considerations
were the major determinants of mast seeding (predic-
tions 1-3 below)?

In contrast to wind-pollinated plants, for which mas-
sive and synchronous flowering may be reproductively
advantageous, animal-pollinated plants may satiate their
animal pollinators when flower numbers exceed some
threshold (Ims 1990a; Sork 1993; Kelly 1994). According
to this view, masting should have evolved more often
(i.e., variability in seed production should be greater)
among wind- than among animal-pollinated plants (pre-
diction 1). An analogous reasoning applies to seed dis-
persal methods (Kelly 1994). The reproductive advan-
tages derived from satiation, or ‘“‘swamping”’ (Ims
1990a), of seed predators have been often considered as
a major selective pressure favoring the evolution of mast-
ing (Janzen 1971, 1978; Silvertown 1980; Sork 1993; Kelly
1994). Nevertheless, saturating crops may not only satiate
seed predators but also, in the case of some animal-
dispersed plants, seed dispersal agents as well (Herrera
1995; and references therein). We therefore suggest that,
depending on a species’ seed dispersal method (abiotic
vs. biotic and, among the latter, mutualistic vs. non-
mutualistic), a trade-off may arise between the advan-
tages of satiating predators and the disadvantages of
simultaneously satiating dispersers, leading to dispersal
dependence of variability in seed production. According
to this hypothesis, seed production of plants that have
their seeds actively dispersed by (potentially satiable)
animals should be less variable than that of those dis-
persed mainly by (insatiable) inanimate means (e.g.,
wind, water, gravity; prediction 2). Among plants with
seeds dispersed by animals, those depending on prevail-
ingly mutualistic counterparts (e.g., those with fleshy
fruits, dispersed by frugivorous vertebrates) should be
less variable than those depending for dispersal on ani-
mals that are predominantly seed predators and that
only incidentally behave as seed dispersers (e.g., plants
dispersed by scatter-hoarding vertebrates; predic-
tion 3).

Methods
The Data Sample

We screened the botanical, ecological, and, to a lesser ex-
tent due to accessibility limitations, forestry primary lit-
erature for quantitative data on annual variation in seed
or fruit abundance (“seed output” hereafter). Only poly-
carpic woody plants were considered because inclusion of
the few data available for perennial herbs would have in-
flated disproportionately the ecological and life-history
heterogeneity represented in the sample. Studies re-
porting annual variation in seed output were strongly bi-
ased in favor of abiotically dispersed, dry-fruited, com-



