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ABSTRACT

The patterns of variability in the production of staminate inflorescences, pistillate flowers,
and fruits for Carpa ovata (Mill.) K. Koch and €. tomentasa (Poir.) Nutt. at Hutcheson Mertiorial
Forest (Somerset County, New Jersey) were examined over a four-year period. We sought to
determine 1) the patterns of variability in lowering and fruiting (within-trees, among-trees, and
between-years), 2) if variable flowering might account for observed nui-hearing patterns, and
3) what were the relative contributions of intrinsic (genetic) and/or extrinsic (environmental)
factors in determining flower preduction and fruit set. In general, our fine-scale analysis of
shoots within canopies did not reveal a distinct mast fruiting pattern. While the number of
male and female flowers varied significantly (among trees and between years), fruit set was not
markedly affected. Variability of flowering and fruiting among shoots within trees was low.
Both flowering and fruiting were observed to have a strong genetic and/or microenvironmental
basis; however, flowering appeared more plastic and thus more sensitive Lo yearly environmental
vagaries than did fruiting. Favorable environmental conditions at the time of flower differen-
tiation may result in increased flower production; but, this does not necessarily result in increased
fruit set. Many pistillate flowers abscise around the time of pollination and feriilization, ap-
parently adjusting fruit set to available shoot resources. Approximately 50% of the pistillate
flowers of both species fail to set fruit. Qverall, individual trees exhibit their own flowering and
fruiting schedules, suggesting the need to account for this level of variability in future siudies

of mast fruiting.

MANY TEMPERATE TREE species-populations
exhibit periodic synchronous production of
large seed crops; this phenomenon is com-
monly referred to as “mast fruiting” (Janzen,
1971; Harper and White, 1974; Waller, 1979;
Silvertown, 1980). Much research has been de-
voted to determining the proximal and ulti-
mate causes for mast fruiting. A wide range of
environmental and genetic factors have heen
found to correlate with large seed crops {(e.g.,
Adriance, 1931; Downs and McQuilken, 1944;
Christensen, 1955; Sharp and Chisman, 1961;
Sharp and Sprague, 1967; Shaw, 1968; Wol-
gast, 1978); however, the majority of these
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studies have tended to be anecdotal or descrip-
tive in approach, or species-level oriented, and
therefore unable to statistically assess within-
and among-tree variation in flower and fruit
production. Thus, while variation in repro-
duction may be a broadly recognized charac-
teristic of temperate tree populations, it is rare-
ly known what proportion of a population
reproduces and whether specific individuals are
consistently high or low flower and seed pro-
ducers. Studies of Pinus ponderosa Laws. in
Colorado (Linhart et al., 1979; Linhart and
Mitton, 1985) found that the majority of cones
produced over a six-year period came from the
same few trees each year. Likewise, Sork (1983}
made the observation that seed production
among trees of Carya glabra generally followed
the same rank order from year to year in a
Michigan forest. Alternatively, Carmen, Koe-

. nig, and Mumme (1987) found that patterns

af acorn production by individual trees, among
five western species of Quercus, did not re-
spond individualistically but instead tracked
the overall population pattern.

Feret et al. (1982) note that quantitative
models relating easily measured parameters to
fruit crop variability are generally lacking. The
development of quantitative models is prob-
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ably harapered by the lack of consensus as to
the causes and sources of variability within and
amaong masting trees. While Carmen et al.
{1987) found no correlation among 14 envi-
ronmental variables and fruit crop variation,
Sharp and Sprague (1967) suggested that vari-
ability could be controlled by environmental
conditions (i.e., extrinsic factors) during the
spring when flowering occurs; however, they
also observed differences among trees. This
latter observation, one of genetic and/or phys-
iological control (i.e., intrinsic factors), may be
more consistent with commonly accepted
causes of fruit crop variability (Davis, 1957;
Williamson, 1966; Wolgast, 1978, Linhart and
Mitton, 19835).

The vast majority of data pertaining to vari-
ability in fruit production comes from the study
of commercially important tree species. Un-
fortunately, these cultivated species have been
subjected to a tremendous amount of selection
through breeding programs and stock grafting
to eliminate or reduce alternate bearing which
is considered a commercial nuisance. Thus,
with few exceptions (e.g., Linhart et al. 1979;
Linhart and Mitton 1983), quantitative data
for within- and among-tree variability in flower
and fruit production in naturally growing forest
tree species are generally lacking. Quantitative
estimates of flower and fruit production {and
patterns of annual variation) are an important
first step in facilitating management techniques
through selection criteria, understanding basic
population structure, and determining the rel-
ative influences of environmental and/or ge-
netic components in mast fruiting.

In addition, data on the reproductive allo-
cation of long-lived species are sorely needed
in the development and testing of theoretical
expectations concerning genetic differentiation
vs. plasticity in resource allocation. Except for
a few pioneering studies (Pritts and Hancock,
1983, 1985), annuals and herbaceous peren-
nials provide the bulk of our information on
the genetic and environmental determinants
of reproductive allocation. Until such data be-
come available for a larger number of trees and
shrubs, there is not a valid basis for generaliza-
tions in regard to life-form, longevity, habitat,
and/or life history (Quinn, 1985).

This study was initiated to quantify the
abundance of male and female flowers and fruits
produced in single populations of Carya ovata
and C. romentosa (Juglandaceae) in successive
years. Specifically, we sought to determine 1)
the patterns of variability in flowering and
fruiting (within-trees, among-trees, and be-
tween-years), 2) if flowering variability might
account for differential patterns of fruit set, and
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3) the relative contributions of intrinsic (ge-
netic) and/or extrinsic {environmental} factors
in determining flower production and fruit set.

MATERIALS AND METHODS—The species se-
lected for this study were Carya ovara (Mill.)
K. Kach (shagbark hickory) and C. tomentosa
(Poir.) Nutt. (mockernut hickory). Both species
are monoecious and anemophilous, and they
occur sympatrically in mixed hardwood stands
throughout much of eastern North America.
The structure of the staminate inflorescence,
pistillate flowers, and fruits has been described
in detail by Manning (1940, 1948). Madden
and Malstrom (1975) have summarized the
floral biology studies of the cultivated pecan
{(Carya illinoensis); the floral biology of Carya
ovata and C. fomentasa have not been studied
in great detail but appear to be similar to C.
illinoensis (personal observation, BCM). In a
mature tree the apical buds {terminal or pseu-
daterminal) of many trees are mixed (i.e., con-
tain both vegetative and reproductive points
of growth); the apical bud normally gives rise
to a leafy shoot that differentiates terminal pis-
tillate flowers, with vegetative buds axillary to
the leaves. Both species are herkogamous; the
staminate inflorescences (catkins) are axillary
to bud scales at the base of the shoot, and the
pistillate flowers are borne distally (at the tip).
Catkins are initiated in the early summer of
the year prior to the vear in which they produce
pollen (Woodroof and Woodroof, 1926). Pis-
tillate flowers (each bearing a single orthotropic
ovule) are borne in a terminal cluster of 1-3
flowers for most Carya spp. and differentiate
in early spring after shoot initiation (Shuhart,
1927). After the pistillate flowers develop into
fruits, there is no terminal bud on the shoot,
and often the enlarged pseudoterminal bud (the
uppermost axillary bud) may produce a flow-
ering shoot the following season. The amount
of pollen praoduced at the time that the stigmas
arereceptive varies, depending on the tree (l.e.,
dichogamous; unpublished data). Some culti-
vars of C. illinoensis have been shown to ex-
hibit pronounced dichogamy.

The study site for this investigation was the
Hutcheson Memorial Forest (HMF) located in
Somerset County, New Jersey (40°30'N,
74°34'W). HMF experiences a subcontinental
temperate climate with [ 12 cm of precipitation
annually and a mean annual temperature of
11.7 C (Robichaud and Buell, 1973). Forests
of the region are generally considered as mixed
oak (Robichaud and Buell, 1973; Forman and
Elfstrom, 1975) and were included in the oak-
chestnut region of Braun (1950). The forest lies
on soils developed from the Triassic red shales
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TapLe 1.  Ages and dimensions aof Carya study trees
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TaBLE 2. Date and rank order of peak pollen shedding

Tres Age DBH* Height
Species ID {yr) fem) (i}

Carya ovaia A 36 17.4 1.5
B 56 26.3 16.9

C 57 27.2 13.6

I 53 21.3 13.5

K. 36 17.0 12.8

Carya tomentosa D 41 18.4 9.5
E 74 41.1 14.3

G 35 29.4 9.9

H 49 221 10.1

= Diameter at breast height.

ofthe Piedmont (Wolfe, 1977). These soils may
be generally classified as Penn Shaly Silt Loams
(Kirkham, 1976).

Nine trees in a wooded hedgerow at the south
end of the forest were selected for study. These
-edge-grown trees, all on the same soil type and
with the same aspect, were presumed to have
similar microenvironments. All individual
trees (Table 1) were dominant canapy speci-
mens that were reproductively mature and ob-
served to produce nuts in 1985. Of the nine
trees, five were Carva ovata (A, B, C, ], K)and
fourwere C. romentosa{(D, E, G, H). Flowering
and nut production were monitored for five
trees in 1985 (A, B, C, I, E), for eight trees in
1986 {A, B, C, D, E, G, H, I), and for nine
trees in 1987 and 1988 (A, B, C, D, E, G, H,
I, K). Detailed observations were made in all
four vears and quantified in 1986 and 1987, It
should be emphasized that it was not possible
to increase the sample size due to 1) limitations
on the construction of sampling towers (de-
scribed in McCarthy, 1988) 2) the short-du-
ration and labor-intensive nature of the sam-
pling, and 3} the lack of other Carya trees in
the area with comparable microenvironments.

In 1985, observations on flower and fruit
production suggested distinct within- and
among-tree (as well as between-species) differ-
ences. Observations were quantified in 1986
and 1987 in order to statistically assess patterns
and levels of vardability in flower and fruit
production. In March of these twa years, before
bud break, ten shoots from the canopy of each
tree were randomly selected. As the buds burst
and flowers differentiated, the number of pis-
tillate flowers, staminate inflorescences, and
number of leaves on each shoot were recorded.
Date of peak pollen shedding was also recorded
for each tree. Fruit set (fruit initiation) was
assessed four weeks after pollen shedding for
each tree.

Analysis of variance (ANQVA) procedures
{Chatfield and Collins, 1980; Sokal and Rohlf,

L1985 L9g4" (987"

Species Tree Date {rank)  Date {rank)  Date (rank)
Carva ovata A 5041 SA0¢1) S/2(D)
B S/14¢0)  5/12(2)  SHB (D)
C OS82 S8R 5/22(%)
] NA 5730 (4) 5725 (4)
K NA nd nd
C tomentasa D 5/15(1)y  5/15(L) 5/16 (1)
E  5720¢2) 5/19(3)  5/2503)
G NA 5/16 () 5/17(2)
H NA 5/25(4)  5/25(4)
2 +1.5 days.
b +0.5 days.

NA. = Data not available (tree not examined that year).
nd = No data because tree was used for other experi-
mental purposes.

1981) were used to assess patterns of flower
and fruit variability. Two-way analyses were
applied to assess the variation among trees and
between vears for each species, where the de-
pendent variables for all tests were the number
of staminate inflorescences, pistillate flowers,
and fruits set. To correct for multicolinearity
and heteroscedasticity a \/Y + 0.05 transfor-
mation was used (Sokal and Rohilf, 1981). Two-
way multivariate analysis of variance (MAN-
OVA) was applied to assess general differences
among reproductive traits across trees, vears,
and the trees X year interaction (Hand and
Taylor, 1987). These analyses were followed
by two-way ANQOVAs to account for the spe-
cific patterns exhibited by the individual de-
pendent wvariables. All analyses were per-
formed using the GLM procedure provided by
SAS (SAS Institute, 1982).

Since we had repetitive measures of the same
individual trees at two times, we applied an
analysis of repeatability (Falconer, 1981} to
shed light on the nature of the reproductive
variability, The number of flowers and fruits
(i.e., phenotypic variance, V) was partitioned
into a within-individual component and a he-
tween-individual component. The within-in-
dividual variance (environmental variance,
Vi), refers to that variance arising from de-
velopmental or temporary circumstances {i.e.,
shoot-to-shoot or year-to-year). The between-
individual variance (genetic and microenvi-
ronmental variance, Vg + V), refers to that
portion of the variance arising from permanent
circumstances (variation due to genotype and
microenvironment). The repeatability (r) rep-
resents the correlation between repeated mea-
surements of the same individual. Additionally,
#sets an upper limit to the degree of heritability
(narrow and broad sense).
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MANOVA results for the effects of tree, year, and tree x vear interaction on flower and fruit production jor

Parameter*
Wilks'
Spearies Source ¥y b, m lampda® P
Carya avata Tree 4 81 3 0.7476 1.0233
Year 1 81 3 0.7270 (.0001
Tree » year 3 81 3 0.7520 0.0063
C. tomeniosa Tree 3 72 3 0.3760 0.0001
Year 1 72 3 0.8715 0.0214
Tree % year 3 72 3 0.6335 0.0002

» The parameters v,, »,, and u identify respectively, the degrees of freedom for the hypothesis sum of squares and
cross product (SSCP) matrix (H), the degrees of freedom. for the error SSCP matrix (E), and the number of variables

analyzed.

o Wilks' lambda = [det{E))/[det(E+H)] where H = the type [11 SSCP matrix for the effect and E = the type III SSCP

matrix for tree (species x year).

REsuLTS —Observations on date of peak pol-
len shedding indicate that individual trees,
within a species, are remarkably consistent in
-their rank order for the three vears of obser-
vations (Table 2). Specifically, tree A was al-
ways the first Carpa ovata to shed pollen fol-
lowed by trees B, C, and J. Likewise, tree D
was always the first C. tomentosa to shed pollen
followed by trees G, E, and H. Due to the
similarity in microenvironments, these data
indicate that flowering (and probably fruiting)
is strongly genotype-dependent and that anal-
yses should focus on among-tree differences.

Flower and fruit production varied greatly
among trees and between years (Fig. 1-3).
However, all trees were abserved to produce
a similar number of pistillate flowers in 1986
(P > 0.05; one-way ANOVA). All other re-
productive traits varied significantly (P < 0.05)

between trees, yvears, and species in a complex
fashion. Coefficients of variation (not shown)
were consistently highest for fruiting in 1986
and staminate flowering in 1987, Results of the
multivariate analyses summarize the overall
reproductive variability for both species (Table
3). Two-way MANOVAs assessing variation
attributable to trees, vears, and tree x vyear
interaction were all significant (? < 0.05). Sub-
sequentanalysis by two-way ANOVAs foreach
dependent variable highlighted some interest-
ing trends. For both species of Carya, the num-
ber of staminate inflorescences was consis-
tently the most variable (P < 0.03) among
trees, between years, and for the interaction
(Table 4). Patterns of pistillate flowering, for
both species, were somewhat less clear. The
number of pistillate flowers, for Carya ovaia,
was generally constant among trees (P = 0.76)

TanLe 4. ANOVA resulls for the effects of tree, pear, and tree X year interaction on the dependent reproductive variahles

Jor pwo Carva species

Species Wariable Saures df S5 F £

Carpa ovare Stam. infl. Tree 4 12.0727 4,09 0.0045
Year 1 L1.8361 16.04 0.0001

Tr x yr 3 12.9065 5.83 0.0012

Pist. flowers Tree 4 0.2740 0.47 0.7585

Year 1 1.4855 10017 0.0020

Tr x yr 3 (0.9998 228 0.0855

Fruits Tree 4 0.3353 0.55 0.7027

Year 1 0.0003 Q.01 0.9634

Tr % yr 3 0.7197 1.56 0.2051

C. tomentosa Stam. infl. Tree 3 51.0462 28.47 0.0001
Year 1 3.0314 5.07 0.0274

Tr % yr 3 14.0266 7.82 0.0001

Pist. flowers Tree 3 1.6869 245 0.0703

Year 1 0.4225 1.84 0.1790

Tr % yr 3 1.4373 2.09 0.1092

Fruits Tree 3 1.10R3 2.38 0.0764

Year 1 0.0216 0.14 0.7103

Tr = yr 3 2.2864 4.92 0.0037
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Fig. 1. Mean number of staminate inflorescences pro-

duced per shoot in 1986 and 1987, The mean value for
each tree is based on a sample size of 10 shoots.

but varied significantly (7 = 0.002) between
yvears, oddly, this latter difference was not re-
flected in differential fruit set between years (P
= 0.96). The number of pistillate flowers, for
C. tomentosa, was not statistically different be-
tween years (P = 0.18) and among trees (P =
0.07); however, these probability levels are
suggestive of ecologically important differ-
ences. The direction and magnitude of re-
sponse, of individual trees for the measured
reproductive variables over the two-year pe-
riod, are shown in Fig. 1-3. The survival of
flowers to fruit set for Carpa ovata was 39% in
1986 and 54% in 1987, for C. tomentosa it was
59% in 1986 and 63% in 1987.

Lastly, the repea 1bility analysis indicated
that for all reproductive variables, for both
species, the environmental variance arising
from temporary or developmental circum-
stances (i.e., shoot-to-shoot and vearly envi-
ronmental variation), was consistently incon-
sequential (<20%; Table 5). The variance
arising from permanent circumstances {geno-
type and microenvironment) was consistently
more important (= 80%). While the latter vari-
ance has a microenvironmental component that

1019

I
—
g 1= Carya ovata
g B:=C tomentosa
tr
L
o
3 3
9 E
[
b=
o
™ , 0
w
- 2 u OH
«
21¢
= AL E
% A
o
W B
S 1}
o
z G
=
Y .
=
0 i i
1986 1987

Fig. 2. Mean number of pistillate flowers produced per
shoot in 1984 and 1987. The mean value for each. tree is
based on a sample size of L{ shoots.

cannot be separated from the genetic compo-
nent, it is clear that year-to-year environmental
differences contributed little to the observed
variation in reproduction (Table 5). Thus, the
high repeatability estimates {r > 0.800) suggest
that the variation was due primarily to geno-
type and/or microenvironment. Since every ef-
fort was made to minimize microenvironmen-
tal variability we presume that genotype
explains most of the total variance associated
with Vg + V.

DiscussioNn —Flower and fruit abundance
varied considerably among trees and between
years for both species of Carva at Hutcheson
Memorial Forest. Variation in flowering and
fruiting is probably the rule rather than the
exception for many forest tree species, owing
in part to genetic differences among trees, the
tendency to alternate fruit crops as a function
of depletion and accretion of resources, and
the influence of yearly weather patterns (Mat-
thews, 1963). The relative contribution of each
of these factors is additionally impacted by
geography, site quality, population genetic
structure, etc. in a complex fashion. We suspect
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sample size of 10 shoots.

that at least two of these factors contributed to
variation at our study site. A previous study
of Carya, which only assessed variability in
fruit production, indicated that all three of the
abave factors played a role (Nixon, McClain,
and Hansen, 1980Q).

QOur data suggest that differences between
trees are greater for floral traits (particularly
staminate flowering) than for fruiting. Pistillate
flower production also varies more between
years than does fruit set. Collectively, these
data indicate that flowering is probably more
sensitive to local and yearly environmental va-
garies than is fruit set. This is not to say that
floral traits do not have a strong genetic com-
ponent (which they do have based on our pol-
len shedding observations), but only that the
traits may be more plastic as indicated by sig-
nificant tree x year interactions. Apparently,
a sufficient amount of staminate inflorescences
is produced every year for adequate pollina-
tion, with occasional years of two- and three-
fold increases. It is impaortant to note that these
years of excess pollen praduction do not nec-
essarily result in increased fruit set {unpub-
lished data). These highly self-compatible
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species (unpublished data) may, however, ben-
efit from increased outcrossing events due to
increased pollen production. The observed pis-
tillate flower mortality patterns (ca. 50% for
both species, compare Fig. 2 and 3) during the
stage of pollination to fruit set are consistent
with recorded patterns for other hardwood
species (Williamson, 1966; Feret et al., 1982).
A much greater percentage of mortality (70—
98%) would be indicated if one considered the
whole predispersal stage from pollination to
fruit maturation (Williamson, 1966; Sork,
1983; unpublished data).

Comparisons of flower production within-
and between-species highlight additional pat-
terns regarding flowering dynamics. Within a
species, there is a high degree of concordance
between male and female flowering. With the
exception of tree G, the direction and mag-
nitude of change (between years) in both male
and female flower number is consistent within
each tree; i.e., an increase in the number of
staminate inflorescences coincides with an in-
¢rease in the number of pistillate flowers. How-
ever, between the two species we see that male
and female flowering follows different dynam-
ics. From 1986 to 1987 the number of sta-
minate inflorescences increases for three of four
C. tomentosa but decreases for three of four
C. ovata. Additionally, the number of pistillate
flowers increases in two of four C. tomentosa
but decreases in four of four C. ovata. Taken
together, these data suggest that within a species
there is apparently a similar response to the
influence of environment on flowering but that
evolutionary divergence among congenerics
probably resulted in differing responses to the
environment.

In contrast to other studies of hardwood
species (e.g., Feret et al., 1982), flower abun-
dance in Carva is not always a good “predic-
tor™ of fruit set. While the number of female
flowers produced obviously sets an upper limit
to the number of fruits that can be set, the
converse is not true; many flowers fail to set
fruit. In the presence of an adequate pollen
supply (unpublished data), and absence of sex-
ual selection, fruit set is apparently adjusted as
a function of available resources within a given
shaoot (study in progress), i.e., regardless ofhow
many pistillate flowers are produced and fer-
tilized per shoot, fruit set remains relatively
constant from year-to-year. Our four years of
observations on fruit production in Carpa are
somewhat inconsistent with the commeonly ac-
cepted hypotheses of shifting resource avail-
ability affecting fruit crop periodicity; how-
ever, as a caveat our small sample size should
be recagnized.
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Partitioning of the phenotypic variance for the flower production and fruit set of two hickory species. Each

component IS given-as the actual variance and as a percentage of the rotal variance based on 10 observations per

tree aver two medsurement periods

Carpa amentasa Carya ovata
Variance Fruits Female flowers tale flowers Fruits Female flawers Male Aowers
Total phenotypic (V) 0.333 0.477 29.311 0.077 0.231 5.974
(L00%) (100%) (100%) (100%) (100%) (100%)
Between trees (Vg + Vi) 0.281 0.452 26.556 0.068 0.215 4.791
(84%) (95%) (91%) (88%) {93%) (80%)
Within trees (Vi) 0.052 0.025 2,755 0.00% 00186 1.183
(16%) (15%) (4%) (12%) (7%) (20%)
Repeatability () 0.843 0.947 0.906 0.880 0.932 0.802

Alternate bearing of fruits (i.e., 2-year cycle),
as suggested by Boisen and Newlin (1910) and
Fowells (1965) as being characteristic of the
Carya, was not clearly observable in this study.
The ability to recognize and quantify seed crop
periodicity may be closely linked to the scale
at which it is examined. The effects of scale on
the interpretation of fruit crop variability are
only beginning to be explored. Implicit in the
study by Carmen et al. {1987) of acorn dynam-
ics are the differing ecological and evolutionary
implications for interpretations based on data
from individuals, populations, or communi-
ties. Previous studies of fruit crop variability
have often tended to be of an extensive nature
looking at species-level or between-species pat-
terns at one site, or looking for patterns at a
broader geographic level (Sharp and Sprague,
1967, Nixon et al., 1980). These approaches
do not permit the fine-scale assessment of fac-
tors affecting differential reproductive success
within and among individuals of a population.
An understanding of the physiological, genetic,
and environmental influences on reproductive
success can only be achieved by intensively
examining a smaller number of trees at a suf-
ficiently fine scale for extended periods. More-
over, future research initiatives should focus
on examining reproductive variability in terms
of the interacting modules {(shoots) which com-
prise the genet (tree). Indeed, it is the behavior
of these modular subpopulations that defines
the ecological properties of the genet (Harper
and White, 1974). The consideration of trees
as metapopulations of shoots (White, 1979,
1984) may help in focusing critical attention
on current perspectives of reproductive vari-
ability (mast fruiting), resource allocation, and
the genetic and environmental determinants
of variability and allocation in woody plants.

Flowering and fruiting of Carpa were found
to be largely innate and strongly influenced by
genotype and/or microenvironment. This ob-
servation is consistent with that made by Sharp

and Sprague (1967) and Walgast (1978) in re-
gards to Quercis acorn yield being consistently
low for some trees and consistently high for
others. Linhart and Mitton (1983} determined
that a minority of trees consistently produced
the majority of cones year after year in Pinus
ponderosa. There are a number of implications
concerning this hereditary element. The first
concerns community structure. In general, a
given population will contain a range of trees
varying in reproductive potential from low to
high. Seed dispersal and seedling establishment
may be spatially correlated (sensu Janzen, 1970)
to those trees of high reproductive potential
(i.e., recruitment foci), assuming equal patterns
of seed predation across phenotypes. With the
presence or absence of disruptive disturbances,
patterns of distribution and abundance in time
and space may vary considerably. Secondly,
our data suggest the importance of considering
individual-level variation as well as species-
level variation when evaluating the ultimate
factors influencing mast fruiting. Janzen (1971)
and Silvertown {1980) suggested that periodic-
ity in seed crops may be an evolutionary strat-
egy to starve out seed predators {(small mam-
mals and/or insects) in years of low seed output,
This hypothesis relies on a more-or-less boom
and bust cycle for effectiveness. But, suppose
that individual trees, on their own fruiting
schedules, are known by predatars to be con-
sistently good seed producers. It is less likely
that the population size of predators will be
significantly altered in this case, and in fact the
more prolific phenotypes may be selected
against by serving as feeding foci for predators
in all years and thus suffering a reduced re-

cruitment in subsequent generations. Assum-

ing that phenotypes (genotypes) with lower seed
output have a larger proportion of seeds es-
caping predation (i.e., trees are visited infre-
quently by predators because they represent a
nonoptimal resource), the absolute number of
seeds escaping predation for both low and high
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seed producing phenotypes may be similar, thus
serving to maintain the Carva population
structure. Lastly, the forest management im-
plications are that individual trees should be
observed for several years prior to timber stand
improvement ar clear-cutting practices. The
amount of mast for wildlife can be potentially
increased by cutting out genotypes of low seed
production, or when clear-cutting, preserving
the best genotypes for reseeding and mast food.
Retaining the better genotypes will maximize
vertebrate conservation efforts by ensuring that
there is sufficient mast availability during the
poorest nut production years.
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