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GENDER VARIATION AND EXPRESSION OF MONOECY IN
JUNIPERUS PHOENICEA (L.) (CUPRESSACEAE)

PEDRO JORDANO
Estacion Bioldgica de Dofiana, Apdo. 1056, E-41080 Sevilla, Spain

Variation of gender expression and cone production is described quantitatively for Juniperus phoenicea
L. populations in southern Spain and Morocco. The species is monoecious, but most populations showed
a dichotomy of gender expression at flowering, with predominantly “male” and predominantly “female”
plants and few “‘monoecious” individuals, a functionally subdioecious breeding system. The proportion
of female plants in the Spanish populations ranged from 31% (R. B. Dofiana) to 40% (Cda. Sabinas, 1988)
and did not exceed 10% in Morocco. Most plants with femaleness values < .40 failed to set full-sized
seed cones or produced very small crops. Individual plants showed a significant constancy of gender
expression in consecutive years. Most inconsistencies in sexual behavior involved transitions between
the male and female expressions and their respective “inconstant” conditions. Between-year variations
in seed-bearing cone production largely reflected changes in female flowering gender of the individual
plants; years with large crop production were characterized by increases in average female gender ex-
pression for a given gender category and, as a result, a greater percentage of the population producing
female cones. Plants differing in gender expression showed no significant differences in size. Male plants
always produced fewer than 10 female cones per crop, and inconstant males rarely exceeded 200 female
cones; female plants usually had crop sizes above 100 cones, except in the seasons of cone crop failure.
Individual plants also differed in annual shoot growth, but these differences were unrelated to both gender
expression and cone production in the previous season. Differences among populations accounted for
52% of total variance in female cone size, while the effect of the individual plant accounted for 26%; only
22% was attributable to within-plant variation. A nested model with gender category as the main effect
and plant as a nested effect accounted for 88% of total variation in five cone characteristics, but gender
effect accounted for = 2%.

Introduction pression can be constrained by phylogenetic or
ontogenetic constraints; or multiple optima can
exist due to spatial and/or temporal variation in
environmental conditions (GoLDMAN and
WiLLsoN 1986).

Central to the understanding of the selective
pressures involved in the evolution of gender ex-
pression is the documenting of individual vari-
ation in sexual behavior in wild populations. Most
studies of gender expression have been limited
to one or two reproductive seasons and, therefore,
few data are available on the complete (spatial
and temporal) patterns of variation in functional
gender (but see PRiMAck and McCALL 1986).
Moreover, ecological correlates of gender ex-
pression are poorly documented, especially how
fecundity correlates with phenotypic gender ex-
pression. This information clearly is needed to
assess existing models of gender allocation (LLOoYD
19805, 1984).

Diclinous breeding systems, such as dioecy, are
frequent among Cupressaceae (GivnisH 1980;
DonoGHUE 1989) and strongly associated to oth-
er life-history characteristics. Among European
Jjunipers, dioecy is the predominant breeding sys-
tem; Juniperus phoenicea is the only monoecious
species and, presumably, illustrates the primitive
condition (RoQuEs et al. 1984). The few studies
attempting to document variation of gender ex-
pression in monoecious Cupressaceae (Eck-

Attempts in the past 2 decades to describe
quantitatively the expression of gender of higher
plants (LLoyp 1972, 1979, 1980b) have revealed
an enormous variation frequently hidden within
single terms used to qualify breeding systems
(monoecy, polygamodioecy, andromonoecy,
among others; LLoyD 1980a; PRiMAcK and LLoYD
1980; Lroyp 1981; GARNOCK-JONES 1986;
McKoNE and TonNkyN 1986; PRIMACK and
McCALL 1986). Even in monomorphic popula-
tions (hermaphrodite, monoecious), a continuum
of variation exists between the extremes of func-
tional male and female expressions (LLoyD 1980a;
Bawa and WEBB 1984).

The prospective success of the individual plants
through pollen and/or seeds depends on both in-
dividual and population patterns of parental in-
vestment. In the short term, the phenotypic ex-
pression of gender depends on the distribution of
resources to male and/or female functions in each
reproductive episode. Extreme individual vari-
ation in these patterns of sex allocation has been
documented and reveals a range of potential caus-
es for a lack of consistency in the results obtained
so far (GoLpmAN and WILLsON 1986). Thus, se-
lection might be low or nonexistent for a given
pattern of sex allocation; variation in gender ex-

Manuscript received March 1991, revised manuscript received
July 1991.
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ENWALDER 1976; DoGRA 1983; LEV-YADUN and
LipascHITZ 1987) reveal that patterns of gender
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expression in monomorphic populations are far
from cosexual for every individual and frequently
depict a subdioecious or paradioecious situation
with functional males and females in variable
proportions. For example, variation in these pro-
portions (“functional” sex ratio) in Cupressus
sempervirens is frequently associated with stress
and environmental conditions (FREEMAN et al.
1981; LEv-YADUN and Lipuscuitz 1987) that in-
fluence vegetative growth and the pattern of hor-
monal balance.

The objectives of this study were to document
among-population and interannual variation of
gender expression in Juniperus phoenicea and to
examine its correlates with female fecundity (cone
production), characteristics of the female cones,
and vegetative growth.

Material and methods

Production of polliniferous and ovuliferous
cones was studied on wild plants in populations
of southern Spain and Morocco. Locations, sam-
pling years, and elevations of the Spanish pop-
ulations follow. The population at Cafiada de las
Sabinas (Cda. Sabinas, hereafter), Parque Natural
de las Sierras de Cazorla, Segura y las Villas, Jaén
province (elev. 1,625 m), was monitored for 5 yr
(1986-90). The population at Cruz de Quique
(same general location as the preceding popula-
tion; elev. 1,215 m) was sampled in 1989 and the
Sabinar del Marqués, Dofiana Biological Reserve
(R. B. Dofiana, hereafter), Huelva province pop-
ulation (elev. 16 m) in 1986 and 1987. Two Mo-
roccan populations in the Atlas mountains were
monitored in 1989, in Imigdal (elev. 1,310 m)
and Agaiouar (elev. 1,295 m). In addition, cone
samples were obtained from a population at Pun-
ta del Sabinal (Almeria, elev. 12 m).

Samples consisted of direct counts of male and
female cones in randomly selected branches of
20-50 plants per population. Counts were made
during or shortly after the pollination period (mid-
March). Usually five branches were counted per
plant, and these counts were used in the quan-
titative estimates of gender variation. In addition
to these counts, the relative magnitude of male
and female cone production was estimated for
each individual. I scored separately the total pro-
duction of both polliniferous and ovuliferous
cones by assigning correlative values from 0 to 5
(0, no cones produced; 1, < 10 cones; 2, 10-100
cones; 3, 100-200 cones; 4, 200-1,000 cones; 5,
> 1,000 cones). These semiquantitative scores
were highly correlated (R? = .859) with the quan-
titative estimates of gender based on the direct
counts and described between-year gender vari-
ation in the Cda. Sabinas and R. B. Dofana pop-
ulations, since counts were not available for all
years.

Estimates of functional gender were derived

from the expression
&i
G g +axE ’

where g, is the total number of female cones pro-
duced in the counted branches, a; is the number
of polliniferous cones, and E = Z g/Z a,. E is an
equivalence factor that equates the probability of
androecial units and gynoecial units contributing
genes to the next generation (LLoyp 1979, 1980a).
By this procedure, G, characterizes the functional
“femaleness” of an individual plant. Semiquan-
titative estimates of G, are derived with the above
expression by substituting a; and g; values with
the values of the scores for male and female cone
production, respectively.

Size of individual plants within randomly lo-
cated 30 m x 1.5 m plots was measured (largest
two diameters of the crown projection and total
height) and the full-sized female cone crop of the
previous year was assessed in a semiquantitative
scale (0, no cone production; 1, < 10 cones; 2,
10-100 cones; 3, 100-200 cones; 4, 200-1,000
cones; 5, > 1,000 cones). This second count was
carried out to estimate the number of full-sized
cones before consumption by seed dispersers.
Throughout this article all reference to cones will
be to female, full-sized, seed-bearing cones just
before dispersal unless otherwise stated, when re-
ferring to ovuliferous or polliniferous male cones.
Exact quantifications of crop size, however, were
available for the Cda. Sabinas and R. B. Dofiana
populations. Full-sized cones were counted dur-
ing August, just before the dispersal season.

Data on relative shoot growth were obtained
for the R. B. Doflada and Cda. Sabinas popula-
tions. Five shoots were randomly selected from
branches and the growth corresponding to the
current season was measured to the nearest mil-
limeter. Measurements were obtained in Septem-
ber each year,when shoot elongation is completed
(P. JorDANO, pers. observ.).

Full-sized, mature cones were randomly sam-
pled within each plant to determine maximum
cross diameter (diameter, hereafter), number of
seeds, total cone dry mass, dry mass of the “pulp,”
and total seed mass. Individual seed mass was
calculated by dividing the total mass of the seeds
by the number of seeds. Cone samples were ob-
tained from the populations of Cda. Sabinas, R.
B. Doifiana, Punta Sabinal, and the two Moroccan
sites.

All variables used in statistical analyses were
tested for departures from normality and hetero-
scedasticity. When appropriate, transformations
were applied before analyses; otherwise, non-
parametric tests were used. Degrees of freedom,
expected mean squares, and probability values
for ANOVA and MANOVA analyses were esti-
mated with the GLM procedure (SAS 1986;
GAGNON et al. 1989).
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Fic. 1.—Cumulative proportions of individuals (percentile curves) ranked according to female flowering gender (femaleness
value, G,; see text) in three Spanish and two Moroccan populations of Juniperus phoenicea. The sampling year is indicated.
Each point represents a sampled plant, and the percentile associated with each one illustrates the fraction of the population

with equal or lower G, value.

Results

VARIATION OF GENDER EXPRESSION
AMONG POPULATIONS

Percentile curves showing the cumulative pro-
portion of individuals with different female gen-
der values (fig. 1) illustrate ample variation among
populations in the distribution of gender. Most
populations, however, show a dichotomy of gen-
der expression between predominantly ‘“male”
and predominantly ‘“female” plants, with few
monoecious individuals. I assigned each sampled
plant to a gender category according to the fol-
lowing scale (LLoyD 1981: “male,” G; < .20; “in-
constant male,” .20 < G; = .40; “monoecious,”
.40 < G, = .60; “inconstant female,” .60 < G;
=< .80, and “female,” .80 < G, < 1.0. Frequencies
of these gender categories varied significantly
among populations (G = 35.16, P < .0001).

The proportion of female plants in the Spanish
populations ranged from 31% (R. B. Dofiana) to
40% (Cda. Sabinas, 1988) and did not exceed 10%
in Morocco (fig. 1). Proportions of male plants
were more similar, usually not exceeding 15%
(see below for between-year variations). Note that
all populations had 50% of the plants, with G; <
.40. Most of these plants failed to set cones or
produced very small cone crops.

Average female gender ranged from 0.586 +
0.336 (mean, SD), N = 45, in the R. B. Doiflana
population, and 0.354 + 0.433, N = 20, in the
Cda. Sabinas (1989) population. There were no
significant differences among populations in av-
erage gender (F = 1.61, P = .161, df = 5, 148).
However, when contrasting for differences in av-
erage female gender between populations of the
different Juniperus phoenicea subspecies, the av-
erage female gender of Spanish mountain popu-
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FiG. 2.—Between-year variation in flowering gender (fe-
maleness values obtained from scores; see methods section)
in the Cafiada de las Sabinas population. Arrows mark the
average population gender value in each flowering episode.
Curves for 1988 and 1989 differ somewhat from those illus-
trated in fig. 1 because the former are based on scores of
relative flowering intensity rather than direct counts of cone
numbers.

lations (nominate phoenicea) differed significant-
ly from the coastal population (R. B. Dofiana,
subsp. eumediterranea, var. littoralis) (F = 5.13,
P =.025) and the latter differed significantly from
the two Morocco populations (subsp. eumediter-
ranea, var. montana, LEBRETON and THIVEND

1981) (F = 5.65, P = .019). Moroccan popula-
tions ranked lowest in female gender values, fol-
lowed by the Spanish mountain and the coastal
populations.

Gender variation in the two African popula-
tions was continuous along the gradient of func-
tional femaleness, most plants being cosexual. In
contrast, the Spanish populations illustrated dis-
continuous variation in gender expression. The
two mountain populations were strongly dimor-
phic; sizable portions of the individuals behaved
as functional males and females.

ANNUAL VARIATION OF GENDER AND
FEMALE CONE PRODUCTION

Information on the between-year consistency
in sexual expression was obtained in the Cda.
Sabinas population, with records for 1986, 1987,
1988, and 1989 (fig. 2). Individual plants showed
significant constancy of gender expression in con-
secutive years (Kendall coefficient of concor-
dance, 7 = .390, P < .005 for all possible paired
comparisons).

For the period 1986-90 I recorded the gender
category for each individually marked plant and
noted the frequency of transitions between the
different categories (table 1). In a total of 67 rec-
ords, 41 instances (61.2%) indicated constancy in
sexual expression from one year to the next. Most
inconsistencies in sexual behavior involved tran-
sitions between the male and female expressions
and their respective “inconstant” conditions, i.e.,
15 (22.4%) transitions involved changes between
categories of the same gender expression. Changes
to a different gender were recorded only five times
(7.5%). Therefore, the population studied showed
high constancy in both the quantitative expres-
sion of gender and qualitative sexual behavior
(male, monoecious, or female).

Considering constancy across the whole 1986-
90 period, a total of six plants (30%) behaved
constantly as females at Cda. Sabinas. Ten plants
(50%) behaved as males or inconstant males,
showing very low G, values in all years. Only one
plant behaved as a female during the first 3 yr
and then switched to male in 1989. A constant
male sex expression during the successive 4 yr
was not recorded, most male plants behaving as
inconstant males or ‘“monoecious” in certain
years. Thus, the overall pattern was for a much
more stable gender expression among female
plants.

Extreme variations in the sizes of the cone crops
were recorded both among populations and
among years within populations (table 2). Prelim-
inary observations from Cda. Sabinas indicated
that good cone crops can take place every third
year. Thus, in a period of 5 yr, only one good
crop was recorded in this population. Data from
R. B. Dofiana indicate that this pattern also oc-
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TABLE 1

FREQUENCIES OF TRANSITIONS BETWEEN CATEGORIES OF GENDER EXPRESSION FOR
INDIVIDUAL JUNIPERUS PHOENICEA PLANTS IN CONSECUTIVE YEARS

GENDER EXPRESSION NEXT YEAR

Incon- Incon-
GENDER EXPRESSION stant Mono- stant
IN CURRENT YEAR Male male ecious female  Female

Male .................. 2 8 0 0 0
Inconstant male ........ 6 17 1 1 0
Monoecious. ........... 0 4 1 0 0
Inconstant female ...... 0 0 1 0 1
Female ................ 3 1 0 0 21

Norte.—Data for years 1986, 1987, 1988, 1989, and 1990 have been pooled.
Cda. Sabinas population (N = 20 plants).

curred in the lowlands, where 1986 was a mast
year (table 2) and then a good crop was produced
in 1989 (P. JorRDANO, pers. observ.).
“Femaleness,” estimated quantitatively, was
positively and significantly correlated with the
number of full-sized cones in those populations
with several years of data (r, = .4702, P < .045,
N = 20 for the correlations between individual
G, values and cone crop sizes of 1986, 1987, 1988,
1989, and 1990 in Cda. Sabinas; r, = .4624, P =
.002, N = 45 for the correlation between G, values
and cone crop sizes of 1986 and 1987 in R. B.
Doifiana). Thus, between-year variations in cone
production largely reflected changes in ‘““female-
ness” of the individual plants. Years with pro-
duction of large crops were characterized by in-

creases in production of ovuliferous cones. As a
result, a greater percentage of the population pro-
duced cones in these mast years.

ECOLOGICAL CORRELATES OF
GENDER VARIATION

Gender variation was not consistently associ-
ated with differences in plant size; different gen-
der categories showed no significant heteroge-
neity in plant height and diameter of horizontal
crown projection (Wilk’s A = .936, F = .959, P
= .469, df = 8, 228).

To evaluate relationships between ‘“‘female-
ness,” estimated quantitatively, and production
of full-sized cones, I compared G, values or gen-
der categories for a given year with the number

TABLE 2

SUMMARY OF FULL-SIZED FEMALE CONE CROP SIZES IN SEVERAL JUNIPERUS
PHOENICEA POPULATIONS AND YEARS

FREQUENCY OF FEMALE CONE CROP SIZES

PopuLa-
TION MEDIAN 100-  200-
AND YEAR N CROP SIZE RANGE 0 <10 10-100 200 1,000 >1,000
Cda. Sabinas:
1986 ........ 20 13 0-375 7 3 5 3 2 0
1987 ........ 20 4 0-280 9 4 5 1 1 0
1988 ........ 20 1,053 0-19,750 0 0 4 0 5 11
1989 ........ 20 11 0-1,670 9 1 1 1 5 3
1990 ........ 20 3 0-106 15 1 3 1 0 0
R. B. Dofana:
1986 ........ 50 1,765 0-21,250 2 1 5 3 6 33
1987 ........ 50 72 0-2,977 1 6 24 9 8 2
Cruz de Quique:
1988 ........ 3 10 5 5 4 3
Imigdal:
1989 ........ 3 6 5 2 3 1
Agaiouar:
1989 ........ 7 8 2 2 1 0

Note.—Direct counts of cone crop sizes in Cruz de Quique, Imigdal, and Agaiouar populations

were not available.
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Fic. 3.—Frequency distribution of female cone crop sizes (number of full-sized cones per crop; six categories with different
shadow patterns) for Juniperus phoenicea plants, differing in gender expression, in three Spanish populations. No inconsistent
female plants were present in the Cda. Sabinas and Cruz de Quique populations (see fig. 1).

of full-sized cones in the following year, since
cone growth extends over 1.5 yr in these popu-
lations (P. JORDANO, pers. observ.). For the pop-
ulations with data available for several years, cone
production varied significantly with gender ex-
pression (F = 4.96, P < .01, for all the compar-
isons in Cda. Sabinas, and F = 3.26, P < .019
for all the comparisons in R. B. Dofiana). The
contrasts between ‘““male’ gender categories (both
males and inconstant males) and the “female”
categories (both inconstant females and females)
always yielded significant results, with male gen-
der expression associated with smaller cone crop
sizes (F = 5.45, P = .024, in all possible com-
parisons).

Male plants always produced fewer than 10
cones per crop, and crop sizes of inconstant males
rarely exceeded 1,000 cones (fig. 3). In contrast,
female plants usually had crop sizes above 100
cones, except in the seasons of cone crop failure
(Cda. Sabinas, 1986 and 1990). The pooling of
data from several reproductive seasons masked
between-gender differences in crop size (fig. 3,
Cda. Sabinas and R. B. Dofiana populations)
largely because female and inconstant female
plants showed extreme variations in crop sizes

associated with alternative bearing and masting
behavior. For example, some inconstant males
produced large crops in Cda. Sabinas in the mast
year of 1988.

In summary, gender variation is not related to
plant size, but individual plants show high con-
sistency in gender expression from year to year.
The relative position of individual plants in the
femaleness gradient of the population is main-
tained in consecutive years, but the absolute
number of ovuliferous cones produced changes,
resulting in great variations of the cone crop at
the population level.

Differences in vegetative growth among indi-
vidual plants were highly significant (F = 5.80,
P = .0001, for 1986, 1987, and 1988) but were
independent of the plant’s gender (F < 1.50, P
= .200, for these 3 yr) (table 3). Correlations
between vegetative growth in a given year and
number of cones produced in the previous year
were insignificant also (r, = —.239, P > .15, in
all the comparisons for 1986, 1987, 1988, and
1989). This indicates the absence of significant
short-term trade-offs between reproduction and
subsequent vegetative growth in this species, an-
nual shoot elongation being largely independent
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TABLE 3

AVERAGE ANNUAL SHOOT GROWTH OF INDIVIDUAL JUNIPERUS PHOENICEA

PLANTS DIFFERING IN GENDER EXPRESSION

GENDER EXPRESSION?

“Male” “Monoecious” “Female”
YEAR (N =20) (N=24) (N =36)
Average annual shoot
growth (mm):
1986 ................ 17.5 £5.2 155 £ 4.0 169 + 6.8
1987 ... 21.7 = 8.0 246 7.9 252+ 132
1988 ... 37.1 £ 10 364 +9.7 39.3 £ 16.9
YEAR®
1986 1987 1988
Summary of effects:
Gender expression . . .. 1.50ns 1.46Ns 1.24ns
Plant (gender)c ....... 6.27%%* 5.87%%x 11.03%**
Shoot ............... 1.53ns 0.32ns 2.79*%

2 “Male” category groups both male and inconstant male; “female” category
groups both inconstant female and female.

b F values and associated probability for a nested ANOVA model with the
type of gender expression as the main effect and individual plant as a nested
effect with shoot as a repeated measure (five shoots measured per plant). See
methods section. *P < .05; ***P < .01; NS = not significant.

¢ Plant nested within gender expression.

of gender expression and cone production in the
previous season.

Data on cone characteristics were available for
three Spanish populations (Cda. Sabinas, Punta
Sabinal, and R. B. Dofiana), and information on
cone diameter was also available for the two Af-
rican populations (Imigdal and Agaiouar). Cone
size (maximum cross diameter) differed signifi-
cantly among populations and among plants
within populations (F = 77.10, P = .0001, df =
77, 2325). These two effects accounted for 84.8%
of variation in cone size, and individual plants
showed a significant added effect over the site
effect (F = 36.29, P = .0001). However, the pop-
ulation effect accounted for 51.9% of total vari-
ance, while the effect of the individual plant ac-

counted for 25.6%; only 22.4% was attributable
to within-plant variation. Cones of the two Mo-
roccan populations were significantly larger
(means of 10.4 and 10.5 mm for Agaiouar and
Imigdal, respectively) than those from the Span-
ish populations (10.1, 9.4, and 7.8 mm for R. B.
Dofiana, Punta Sabinal, and Cda. Sabinas, re-
spectively) (Scheffe’s S, P < .05). Differences
among the Spanish populations were also signif-
icant, cones of the two lowland populations being
larger than the mountain population.

Variation in cone characteristics was examined
in the three Spanish populations. Most variation
in the five measured traits was accounted for by
the population effect (>60%), with the exception
of number of seeds per cone, that showed most

TABLE 4

CHARACTERISTICS OF JUNIPERUS PHOENICEA CONES FROM INDIVIDUAL PLANTS
OF DIFFERENT GENDER EXPRESSION

GENDER EXPRESSION

“Male” “Monoecious” “Female”
VARIABLE (N=123) (N = 84) (N = 406)
Cone diameter (mm) ......... 9.2 £1.22 9.6 £ 1.2 9.6 £ 1.2°
Cone dry mass (mg) .......... 351.9 = 161.22 431.4 + 186.5° 393.8 £ 178.1%®
Dry mass of seeds (mg) ....... 79.9 = 40.7= 96.9 + 45.3° 84.7 £ 39.7=
Seed dry mass (mg) .......... 17.1 £ 9.52 17.0 + 8.52 15.5 £ 7.4¢
Number of seeds per cone . ... 5.1 = 1.62 6.3+ 1.8° 5.8 £ 1.5¢

NoTE.—“Male” category groups both male and inconstant male plants; “female” category
groups both inconstant female and female plants. N = 613 cones; data from Cda. Sabinas and
R. B. Dofiana populations pooled. Entries sharing the same superscript do not differ signifi-

cantly (Scheffe’s S, P < .095).
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TABLE 5

SUMMARY OF NESTED ANOVA ANALYSES FOR CONE CHARACTERISTICS WITH GENDER EXPRESSION AS THE
MAIN EFFECT AND PLANT INDIVIDUAL AS A NESTED EFFECT

SuM OF MEAN
VARIANCE COMPONENT?
SQUARES  SQUARE
(1073) (103) Gender Plant Within plant
Cone diameter (mm):
Model .......... 72 .034 —.042  (.00%) 956 (77.74%) 274 (22.26%)
Error ........... 181 .003
Cone dry mass (mg):
Model .......... 17,872.2 777.1 —486.4 (.00%) 19,595.0 (84.18%) 3,681.5 (15.82%)
Error ........... 2,537.8 4.21
Dry mass of seeds
(mg):
Model .......... 842.4 36.6 12.32 (98%) 901.39 (71.65%) 3443  (27.37%)
Error ........... 232.5 .39
Seed dry mass (mg):
Model .......... 38.24 1.66 76 (1.69%) 38.18 (85.38%) 5.78 (12.93%)
Error ........... 3.55 .006
Number of seeds
per cone:
Model .......... .59 .026 .0144 (.67%) 761 (35.10%) 1.394 (64.23%)
Error ........... 99 .016

2 Variance components and percentage of total variance for each effect.

variation within plants. Gender expression had
a highly significant effect on cone characteristics
(table 4), but this seemed attributable to variation
among individual plants and not to a direct con-
sequence of gender differences. Thus, a nested
model with gender category as the main effect
and plant as a nested effect (Cda. Sabinas and R.
B. Dofiana populations pooled) accounted for
87.6% of total variation in cone characteristics,
but gender effect accounted for = 2.0% of vari-
ation and the plant effect accounted for = 75%
of the total variation, with the exception of num-
ber of seeds per cone (35.1%) (table 5). Therefore,
most observed variation in cone characteristics
was attributable to population provenance, with
an added effect due to among-plant variation
within population; however, only a negligible
fraction of this variation among plants was at-
tributable to gender expression.

Discussion

Quantitative estimates of functional gender
have been extremely useful in characterizing the
sexual phenotype of individual plants. By de-
scribing gradients between functional ““female-
ness” and “maleness” and locating each individ-
ual of the population along them, multimodal
distributions of gender expression have been
found in monoecious and gyno- and andromo-
noecious species (LLoyD 1972; LLoyD et al. 1980;
Primack and Lroyp 1980; Lroyp 1981, 1982;
GARNOCK-JONES 1986; PrimMack and McCALL
1986).

Individuals of the monoecious species Junip-
erus phoenicea studied here depart from a cosexu-
al expression of gender and illustrate a subdioe-
cious situation. This dimorphic expression of
gender is even more marked when estimating the
“fruiting” gender (GARNOCK-JONES 1986), since
most male or inconstant male plants fail to set
full-sized female cones. Abortion of developing
female cones usually takes place during the first
summer (ca. 3 mm in diameter) and, in non-
masting years, most inconstant males have no
developing cones by October. However, strong
variation among populations in the extent of this
dimorphism exists. Thus, individuals of the
Spanish mountain populations can be readily
characterized as either male or female, and a large
gap in phenotypic gender exists (.40 < G; < .90).
This gap is absent in the lowland and African
populations. Between 30% and 40% of the indi-
viduals in the Spanish populations have totally
female gender expression, but less than 10% do
so in Morocco. Proportions of male plants are
more similar across populations, not exceeding
15%, but show wide between-year variations.

The constancy in both the quantitative (fe-
maleness values) and qualitative (gender cate-
gory) expression of gender over 5 yr suggests that
genetic differences account for a large fraction of
variance in sex expression in J. phoenicea. How-
ever, other studies (PRiMACK and McCaALL 1986)
have reported considerably higher constancy in
gender expression. The relative rank of each in-
dividual plant in the population with respect to
femaleness value is significantly invariant from
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one year to the next but between-year variations
are found, and they suggest that environmental
conditions may affect the particular gender al-
location in a given season. Plant-specific char-
acteristics can constrain the range of potential
variation in gender allocation for a given indi-
vidual. For example, between-population differ-
ences found in this study add to existing differ-
ences among infraspecific taxonomic entities
described in J. phoenicea (LeEBRETON and TwHI-
vEND 1981; LeBreTON and LARACINE 1982; LE-
BRETON 1983) and suggest that gender expression
reflects local population differentiation. Other
studies of monoecious, andromonoecious, or
“polygamodioecious” species (PRIMACK and
Lroyp 1980; LLoyD 1981; PrRiMAck and McCALL
1986) have found a similar pattern of between-
year constancy in gender expression with variable
amounts of environmental influence. Future
studies of gender variation should attempt to dis-
sect these two components of variance by ex-
plicitly considering phenotypic gender as an ad-
ditional quantitative trait of the individual plant
(LLoyp 1980a).

Realized fecundity, in terms of full-sized seeds
available for dispersal, is strongly correlated with
the expression of femaleness. Male or inconstant
male plants produce some ovuliferous cones in
certain years, but these rarely develop to full-
sized cones. This, and the finding of a marked
dimorphism in sexual behavior at flowering, in-
dicates that differential allocations to paternal
and maternal functions occur at cone initiation.
Postpollination reductions of initiated cones, ei-
ther because of lack of fertilization of sufficient
number of ovules per cone (OwENs et al. 1990)
or damage by insect seed predators (ROQUES et
al. 1984; FERNANDES and WHITHAM 1989) merely
amplify this differential. This situation contrasts
with other species (Artemisia vulgaris; GARNOCK-
Jones 1986) that regulate maternal investment
by post-anthesis reductions of fruit set and fruit
abortion.

The extreme between-year variation in cone
production at a population level observed in this
study is a result of (1) plants that regularly behave
as female increasing the number of ovuliferous
cones in certain (mast) years and (2) plants that
regularly behave as male (not producing ovulif-
erous cones) setting some seed cones (usually no
more than 10 cones) in good crop years. As a
result, during a mast year a greater portion of the
population produces full-sized cones, and aver-
age crop sizes increase.

I found no evidence of significant short-term
trade-offs between cone and seed production and
vegetative growth in subsequent seasons. Vege-
tative growth was unrelated to both gender ex-
pression and cone production in the previous sea-
son. Other studies have failed to find trade-offs

between growth and reproduction (PRiMACK and
Lroyp 1980); in other cases, the effect of gender
expression or sex was not corrected for correlated
effects of other variables such as plant size, age,
and microsite conditions. Most likely, short-term
variation in vegetative growth relative to repro-
ductive output in immediate years was damp-
ened by long-term effects in a long-lived perennial
such as J. phoenicea. The results showed that
significant between-plant heterogeneity in growth
existed, but it was totally independent of gender
allocation.

Characteristics of the cones (size, number of
seeds, seed size) were extremely variable among
the populations studied and showed additional
variation among individual plants. Most varia-
tion, however, was accounted for by the prove-
nance effect. These differences illustrate variation
specific to the different subspecific taxa sampled
(LeBrRETON 1983). Individual gender variation ac-
counted for a negligible fraction of the plant-spe-
cific variance in cone characteristics.

Male plants had smaller cones and fewer seeds
per cone than monoecious or female plants. Self-
fertilization in J. phoenicea, as in many other
Cupressaceae and gymnosperms (OwenNs and
MoLDER 1980; DoGra 1983; ALLIsON 1990; Ow-
ENS et al. 1990), may result in decreased seed set
and smaller cone size relative to cross-fertiliza-
tion. The thorough abortion of the small cone
crops initiated by male J. phoenicea plants may
thus reflect extensive self-fertilization, contrast-
ing with the predominantly outcrossed paternity
of the female and inconstant female crops.

The results of this study emphasize the need
for long-term data on gender variation in natural
populations and demonstrate a continuum of
variation in gender expression within popula-
tions. Application of gender models demonstrat-
ed a subdivision of the populations in distinct
gender types that appear fairly consistent from
year to year. Categorizing gender expression
therefore ignores biologically relevant variation
that needs consideration in studies of the evo-
lution of sex expression.
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