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The study addressed different biological aspects of Juniperus oxycedrus subsp. macrocarpa, including female cone
production, biometric analysis of mature cones and seeds, and their viability. The results indicate that the proportion
of aborted female cones was very high. In the four populations studied, cone diameter and weight and seed length and
weight were closely related. The distribution of numbers of seeds with and without embryos in mature cones was
examined, as well as the frequency of numbers of seeds with embryos. The general trend in all populations was three
seeds per mature cone, of which only one or two showed embryos. Tetrazolium tests showed the percentage of viable

seeds to be lower.
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INTRODUCTION

Using material from Greece, Smith (1816) described
coastal juniper and named it Juniperus macrocarpa.
Later, Ball (1878) classified it as a subspecies of
Juniperus oxycedrus L., a taxonomic status still sup-
ported by different authors (Amaral Franco, 1986,
1993; Fernandez Galiano, 1987). Recent studies based
on leaf essential oils and molecular DNA data (Adams,
2000) point to its delimitation as a species. This taxon
has a relatively wide distribution in the Mediter-
ranean region (Coode and Cullen, 1965; Jalas and
Suominen, 1973; Boratynski and Browicz, 1982; Ama-
ral Franco, 1986, 1993), although nowadays in the
Iberian Peninsula its population is distributed in a
discontinuous pattern along a narrow coastal strip
(Pastor and Juan, 1999). This fragmentation, due to
the high human pressure exerted on the populations,
has caused it to be considered an endangered species
(Blancaetal., 1999) and subject to a recovery program.

Among the gymnosperms, the genus Juniperus
is one of the few that develops fleshy mature cones
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and, according to Herrera (1992), has functional beha-
vior similar to angiosperms with fleshy fruits. We
studied different biological aspects of J. oxycedrus
subsp. macrocarpa, including female cone produc-
tion, biometric analysis of mature cones and seeds,
and their viability, because differences between
these characters at the population level have been
found in other Juniperus species such as J. com-
munis var. depressa (Houle and Babeux, 1994).
Cone production, exhibiting very significant in-
terannual fluctuations, is one of the most common
problems in conifers. According to Houle and Filion
(1993) or Garcia et al. (2002), this variability in
production is due in most cases to climatic factors.
On the other hand, Ortiz et al. (1998) cite the polli-
nation period as the most critical factor in Juniperus
oxycedrus because the bulk of seed and cone abortion
occurs during this stage, indicating that pollen is
essential for seed strobilus development.
Generally, biometric studies in the genus
Juniperus have been very useful taxonomically,
allowing interspecific and infraspecific differences
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TABLE 1. Characteristics of four populations of Juniperus oxycedrus subsp. macrocarpa in the SW littoral of Spain

Populations Status Altitude (m) Geographic location Habitat
Punta Umbria (PU) Natural site 0 37713 N-6"57W Dunes and pine forest
Dofiana (DO) National park 0-10 36° 48 N-6"22' W Dunes
Cafios de Meca (CM) Natural park 100 36°11'N-5"55"W Pine forest and sea cliff
Punta Paloma (PP) Unprotected site 0 36° 00 N-5"43' W Dunes and pine forest

to be established (Smith, 1816; Ball, 1878; Lebreton
and Thivend, 1981; Gauquelin et al., 1988; Lebreton
and Rivera, 1988; Lebreton et al., 1991). However,
attention recently has turned to the relation between
these aspects, basically seed size and adaptation ca-
pacity (Hewitt, 1998), germination processes (Dunlops
and Barnett, 1983; Vera, 1997) and seedling develop-
ment and survival (Jurado and Westoby, 1992; Ocafia
et al., 1997; Garcia et al., 2002).

We assessed viability because most species of
Juniperus show difficulties in the process of seed
germination. It is also well known that one of the
principal ecological problems in Cupressaceae is low
production of viable seed (Colangeli and Owens,
1990; Owens et al., 1990; Owens and Schliesing,
1995; Ortiz et al., 1998).

At present this taxon is clearly in regression in
the coastal zones of southwestern Spain, in part due
to anthropogenic disturbances.

The aim of this study is to examine the repro-
ductive behavior of this species: (1) to study the
biometric characters of mature cones and seeds; (2)
to search for a successful method of selecting mature
cones and seeds; (3) to analyze the percentages of
seeds with or without embryos in order to observe
any pattern; and (4) to verify the viability of seeds
with embryos by means of the tetrazolium test.

MATERIALS AND METHODS

Juniperus oxycedrus subsp. macrocarpa is a
dioecious plant, generally a shrub in the studied
area. Its vegetative growth occurs basically during
spring and to a lesser extent in autumn. Flowering
occurs from October to December and the cones
mature and become fleshy in the second year, be-
tween September and December.

This study was carried out from 1997 to 1999 in
four different populations in the SW littoral of Spain
(Tab. 1).

To estimate fertility rates, ten individuals in
each population (PU, DO, CM, PP) were randomly

chosen, and in each one five branches were marked
and its female cones were counted. Afterwards the
number of these cones that ripened were also
counted.

Fresh mature cones were examined in each
population, over a sample of 200—400 obtained from
ten individuals. Diameter and weight were mea-
sured and the number of included seeds was
counted.

Biometric data on length and weight were ob-
tained from 3925 seeds taken from mature cones,
considering the four populations.

To assess seed viability, the cutting method was
applied in the first instance: each seed was opened
to determine the presence or absence of an embryo.
This method cannot distinguish embryos that look
normal but are not viable, so the topographic tetra-
zolium method was employed: the seeds were im-
mersed in 2,3,5-triphenyltetrazolium chloride
solution as indicated by international rules metho-
dology (ISTA, 1976, 1999).

Finally, to establish the relationship between
seed viability and sinking/floating mature cones and
sinking/floating seeds, a sample consisting of 20,000
mature cones taken from the four populations was
used. The mature cones were kept in water for 48 h,
the sinking and floating ones were separated, and
seeds were extracted. Seeds from sinking mature
cones and from floating ones were separated by
floatability.

The data were analyzed by one-way or two-way
ANOVA and, using Tukey's test where the differen-
ces were significant, the means were separated.
Prior to statistical analyses, variables were checked
for normality and transformed when necessary
(Steele and Torries, 1980).

RESULTS

FERTILITY

The mean percentage of cone formation varied from
8.39% in Punta Umbria to 12.10% in Dofiana
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TABLE 2. Summary of several cone traits in four Juniperus oxycedrus subsp. macrocarpa populations.
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Different letters in

same column indicate significant differences between values (Tukey'’s test, p < 0.001)

Mature cone production (%)

Weight and size of cones

Population weight (g) diameter (mm)
mean * se Range n range range n
(mean * se) (mean = se)
Punta Umbria 8.39 +3.56° 4.65-15.55 10 1.94 +0.75% 0.72-4.94 16.37 £ 2.16% 11.13-23.8 400
Dofiana 12.10 £6.77%  1.25- 9.20 10 1.36 £ 0.47° 0.47-4.23 15.40 + 1.85° 10.80-21.5 400
Cafios de Meca  10.23 £8.91* 2.25-33.08 10 1.50 +0.52° 0.52-3.68 15.23 + 1.57° 11.30-20.0 400
Punta Paloma  11.16 +3.78% 5.73-17.30 10 1.75 + 0.57% 0.85-3.48 15.23 + 1.56° 12.40-18.8 200

TABLE 3. Summary of seed weight and length in four Juniperus oxycedrus subsp. macrocarpa populations. Different letters
in same column indicate significant differences between values (Tukey’s test, p < 0.001)

Seeds
S v Y ”
Punta Umbria 0.08 +0.03% 0.01-0.20 7.20 £ 0.90° 3.95-9.7 1150
Dofana 0.09 +0.03" 0.01-0.30 7.66 + 0.83" 4.20-9.9 1200
Cafios de Meca 0.09 +0.03" 0.01-0.21 7.61+0.86" 4.20-9.6 1050
Punta Paloma 0.11+0.04° 0.02-0.26 7.54 +0.92° 4.90-9.7 625

TABLE 4. Pearson’s product-moment correlation coefficients (cc) between cone weight and diameter, and between seed
weight and length in each Juniperus oxycedrus subsp. macrocarpa population studied

Cone weight — cone diameter

Seed weight — seed length

cc n

Population
cc n
Punta Umbria 0.8659* 400
Dofana 0.8744* 400
Cafios de Meca 0.7989* 400
Punta Paloma 0.8861* 200

0.5577* 1150
0.6592* 1200
0.6610* 1050
0.5576* 625

*p<0.05

(Tab. 2), without significant differences among the
four studied populations. Despite the similar beha-
vior observed in the four populations examined,
there was great intrapopulation variability, with
Canos de Meca being the population with the hig-
hest range of variation (2.25-33.08) (Tab. 2).

MATURE CONES AND SEEDS STUDY

Mature cone weight varied from 1.36 g in Dofiana to
1.94 g in Punta Umbria (Tab. 2). There were three
significantly different groups (F = 71.27, df 3-1396,
p < 0.001): the first formed by the populations of
Punta Umbria and Punta Paloma, the second
formed by the Cafios de Meca population, and the

third by the Dofiana population. Regarding size,
mature cones were clearly bigger in Punta Umbria
(F = 29.85, df 3-1396, p < 0.001) (Tab. 2). Mature
cone weight and size correlated well in the four
populations, especially in Punta Paloma (r = 0.886)
and Doflana (r = 0.874) (Tab. 4).

Seed weight varied from 0.08 g in Punta Umbria
to 0.11 g in Punta Paloma (Tab. 3). Three different
groups were distinguished here as well (F = 46.67,
df 3-4021, p < 0.001), the first being Punta Umbria,
the second including Dofiana and Carfios de Meca,
and the third Punta Paloma. Seed size presented
higher homogeneity; only the Punta Umbria seeds,
being smaller, showed differences from those of the
other populations (F = 63.18, df 3-4021, p < 0.001).
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TABLE 5. Mean number of seeds per cone and frequency of cones with 1, 2, 3 or >3 seeds in each Juniperus oxycedrus
subsp. macrocarpa population studied. Different letters in the same column indicate significant differences between values

(Tukey's test, p < 0.001)

No. of seeds/ cone

% of cones with n seeds (mean * se)

Population n
mean + se range 1s 2s 3s >3s
Punta Umbria 2.89 £ 0.91% 1-8 4.68+ 6.06 28.61 + 14.60 57.33 £+ 14.51* 9.38 +15.20 400
Dofana 2.96 £ 0.79% 1-7 3.02+ 258 16.38 £ 12.27 68.28 £ 11.44** 1207+ 7.14 400
Cafos de Meca 2.52+0.72° 1-6 9.05+ 7.67 3135+ 9.57 56.14 + 10.19* 346+ 6.32 400
Punta Paloma 2.46 +0.77° 1-5 14.00 £ 21.83 29.00 +11.97 55.00 + 20.95* 2.00+ 2.58 200

*p<0.01, **p<0.001

TABLE 6. Pearson’s product-moment correlation coefficients (cc) between number of seeds per cone and three other traits
of Juniperus oxycedrus subsp. macrocarpa in the four examined populations

Cone weight (g)

No. of embryos /cone

Seed weight (g)

Population
cc n n cc n
Punta Umbria 0.4655* 400 0.4717* 400 —-0.0570 1150
Dofana 0.5217* 400 0.4643* 400 —0.0452 1200
Cafos de Meca 0.4829* 400 0.4422* 400 -0.0632 1050
Punta Paloma 0.3719* 200 0.4831* 200 —-0.0816 625

*p<0.05

As seen in mature cones, seed weight and length
correlated (Tab. 4).

Although seed number per mature cone could
be quite high (up to 8 in Punta Umbria), the mean
value was less than three in all populations (Tab. 5).
Mature cones with three seeds predominated in the
four studied populations, which always had percen-
tages above 50% (Tab. 5). The differences between
numbers of cones with three seeds and those with
one, two and more than three seeds were significant
(p < 0.01 in Punta Umbria, Cafios de Meca and
Punta Paloma; p < 0.001 in Doflana). This pattern
is similar in all the populations, with a small per-
centage of mature cones with only one and more
than three seeds, a significantly different number
with two seeds in Punta Umbria (p <0.01) and Cafios
de Meca (p < 0.001), and the majority of the cones
having three seeds. Figure 1 represents the reproduc-
tive behavior of the four studied populations, with the
state of seeds in the different kinds of mature cone
specified. Usually at least one of the seeds of the cone
was empty, mainly in the mature cones with two or
three seeds. Because of this, and because cones with 2
and 3 seeds were the most frequent ones, the usual
finding was one or two seeds with embryos per cone
(Fig. 1b). The only exception was Dofiana, where the
higher proportion of seeds with embryos per mature

cone usually coincided with the number of seeds, so
that cones with two or three embryos were predomi-
nant (Fig. 1a,b). In terms of number of seeds with
embryos per cone, there were three significantly
different groups in the four populations (p < 0.001):
first, cones with more than three seeds with em-
bryos; second, those with three seeds with embryos
or cones with seeds without embryos; and third,
those with one or two seeds with embryos (Fig. 2).

The number of seeds per mature cone and cone
weight correlated (Tab. 6). However, in none of the
examined populations was there a correlation be-
tween the number of seeds and seed weight, al-
though there was a relation between the number of
seeds per mature cone and the number of embryos
in each cone (Tab. 6).

VIABILITY

The frequency of seeds with embryos was checked
using the cutting method; it was similar in the four
populations, ranging from 55.85% in Punta Paloma
t0 64.81% in Dofana (Tab. 7). Later the tetrazolium
test indicated that the rate of viable embryos was
lower: the percentage of completely dyed seeds
ranged from 6.43% in Punta Paloma to 11.92% in
Dofiana (Tab. 7).
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Fig. 1. (a) Distribution of numbers of seeds with and without embryos among mature cones in four J. oxycedrus subsp.
macrocarpa populations, (b) Frequency of numbers of seeds with embryos, regardless of number of seeds, in four J. oxycedrus
subsp. macrocarpa populations. Means with the same letter do not differ significantly (Tukey’s test). | — cones with n seeds,
all empty; 11 — cones with n seeds, with only one full seed; 111 — cones with n seeds, with two full seeds; IV — cones with n seeds,

with three full seeds; V — cones with n seeds, with more than three full seeds.
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Fig. 2. (a) Distribution of numbers of seeds with and without embryos among the mature cones#, (b) Frequency of numbers
of seeds with embryos, regardless of number of seeds, in all J. oxycedrus subsp. macrocarpa populations studied. Means with
the same letter do not differ significantly (Turkey's test). | — cones with n seeds, all empty; Il — cones with n seeds, with only
one full seed; I11 — cones with n seeds, with two full seeds; IV — cones with n seeds, with three full seeds; V — cones with n

seeds, with more than three full seeds.

METHOD FOR SEED SELECTION

Due to the high percentage of seeds without embryos
in all the populations, it would be useful to find a
method to eliminate as many such seeds as possible.
Following Jordan de Urries (1997) we tested the
floatability of mature cones. Similar floating results
were found in the four populations (Tab. 8). The
percentage of floating mature cones was higher than
the sinking ones in Cafios de Meca and Dofana. In
both kinds of mature cones, the percentage of sink-
ing seeds did not differ significantly between the
populationsstudied, although it ranged from 71.36%
(Cafios de Meca) to 84.77% (Punta Umbria) for sink-
ing mature cones and from 58.53% (Cafos de Meca)
to 93.65% (Punta Paloma) for floating ones.

In samples of 1000 seeds from each population,
the percentages of sinking seeds with embryos, in
both sinking and floating mature cones, did not
differ significantly between populations, ranging
from 57% (Dofiana) to 68% (Cafios de Meca) in the
case of sinking mature cones and also from 57%
(Punta Umbria) to 68% (Dofiana) in floating cones.
Once all the seeds were opened, it was found that
only 2.5% (Doflana) and 1% (Cafos de Meca) of the
floating seeds obtained from floating mature cones
had embryos. Over 50% of the sinking seeds had
embryos, regardless of the sort of mature cone
they belonged to; this was significantly different
reproductive behavior (F = 323.65, df 1, p < 0.001)
(Tab. 9).

DISCUSSION

Juniperus oxycedrus subsp. macrocarpa presents
high male and female cone production, to compen-
sate the negative influence that dioecy combined
with anemogamy (unspecific pollination) has on the
amount of pollen that reaches female individuals
(Jordano, 1991; Wilson et al., 1996). In some angio-
sperms, low reproductive success is due to low in-
cidence of pollen and therefore low production of
mature cones (Martinez-Pallé and Aronne, 2000). In
any case, in all the studied populations the rate of
aborted female cones or those with incomplete de-
velopment was very high, over 90% in Punta Um-
bria. These observations differ from those of Ortiz et
al. (1998), which indicate mature cone production of
19.23%, 29.39% and 38.32% for Punta Umbria,
Canfos de Meca and Punta Paloma (8.39%, 10.23%
and 11.16% in the present study). Garciaetal. (2001,
2002) found that cone production in J. communis
differed significantly between years in the same
population.

One of the characters typically used taxo-
nomically is the size of ripe cones. Particularly in
the genus Juniperus it delimits some taxa, and in
J. oxycedrus it helps to distinguish the subspecies
oxycedrus and macrocarpa (Amaral Franco, 1986,
1993; Fernandez Galiano, 1987; Lebreton et al.,
1991; Lopez Gonzalez, 2001). Our results show that
in the population of Punta Umbria it is clearly big-
ger, although cone size adjusts to the recognized
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TABLE 7. Summary of seed viability assessed by two methods

Cutting method Tetrazolium method

Punta Umbria 56.53 + 13.67 3.09 £5.60 44,96 + 12.89 8.48 £ 7.00 1800
Dofiana 64.81+12.28 6.45 + 8.26 46.44 + 13.27 11.92 £8.11 1500
Cafos de Meca 60.49 £ 16.59 3.60 £5.30 48.39 + 14.99 8.50 + 6.56 1400
Punta Paloma 55.85+17.49 3.46 £4.00 45,96 + 18.82 6.43 £5.87 1000

TABLE 8. Percentage of sinking and floating cones in samples of 5000 cones/population and frequency of sinking seeds in
subsamples

Sinking cones Floating cones

Population % (mean + se) % frir:]eg:g;;(;ds N seeds % (mean + se) % (srinneI;i:gis;(;ds N seeds
Punta Umbria 60.18 + 32.48 8477+ 9.34 7675 39.82 + 32.48 84.13 + 14.56 5211
Dofiana 35.78 £ 18.82 83.90 + 15.30 3744 64.22 + 18.82 83.02 + 8.44 8039
Cafios de Meca 36.50 + 15.21 71.36 £ 23.73 3690 63.50 £ 15.21 58.53 + 16.90 6963
Punta Paloma 62.26 + 21.04 8426+ 6.64 5699 37.74+21.04 93.65 + 6.31 3162

TABLE 9. Percentage of sinking and floating seeds with embryo in samples of 1000 seeds/population, in both sinking and
floating cones. Different letters in the same row indicate significant difference between values (Tukey'’s test, p < 0.001). No

significant differences in the same column

Sinking cones

Floating cones

Population % sinking seeds with

embryo (mean + se)

% floating seeds with
embryo (mean + se)

% floating seeds with
embryo (mean + se)

% sinking seeds with
embryo (mean + se)

Punta Umbria 64 + 12.94° 0+0P 57 +19.23° 0+0°
Dofiana 57 + 13512 0+0P 68 +11.51% 2.5+4.33"
Carios de Meca 68 + 23.87% 0=+ob 67 + 20.80% 1.0 +2.24°
Punta Paloma 65 + 23.18% 0+0P 63 + 15.00° 0+0P

range in this taxon. On the other hand, the weight
of the cones shows higher variability, differing in
three of the four populations studied. This may be a
species characteristic, as Gauquelin et al. (1988)
suggest for J. thurifera, where neither cone weight
nor cone size were useful for separating infraspecific
categories, or it may due to the conditions in which
the cones developed in each population, which fre-
guently affect seed weight (Westoby et al., 1992;
Bonfil, 1998; Zhang, 1998).

Another useful biometric character in this
genus is the number of seeds per cone. Previously,
Gauquelin et al. (1988) separated two subspecies in
J. thurifera according to this character and bio-

chemical characters. In the studied populations of
J. oxycedrus subsp. macrocarpa, most of the cones
contained three seeds, but a trend to having more
was observed in the populations of Huelva Province
(Punta Umbria and Dofiana). This would explain
why the population of Punta Umbria had smaller
seeds although it formed bigger cones. A good rela-
tion between number and weight of seeds was been
found, unlike in other gymnosperms such as J. com-
munis var. depressa (Houle and Babeux, 1994), or
some angiosperms such as Convallaria majalis
(Eriksson, 1999), Messua ferrea (Latif Khan et al.,
1999) or Lupinus polyphyllus (Aniszewski et al.,
2001). On the other hand, the number of seeds per
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cone was positively related to other characters like
cone weight or the number of seeds with embryos
per cone.

Inthe different cones there was a relatively high
proportion of aborted seeds, but the percentages
were much lower than those observed by Ortiz et al.
(1998) in three of the four populations studied in a
sample of 30 cones. The effect of population vigor on
the frequency of empty seeds (Woodward, 1990;
Houle and Filion, 1993) could explain why the Do-
fiana population had a higher number of seeds with
embryos; it is inside a national park so its state of
conservation is better. Fuentes and Shupp (1998)
suggest that in J. osteosperma empty seed produc-
tion could be favored by natural selection as it re-
duces the predation rate. Garcia et al. (2000) later
observed a reduction in predation when the propor-
tion of empty seeds increased in J. communis.

In our study, the general trend in all popula-
tions was for most of the cones to contain one or two
seeds with embryos, in contrast to Ortiz et al. (1998)
who reported most cones with empty seeds exceptin
the Punta Paloma population, where cones with one
full seed were the more frequent.

Regardless of the number of seeds per cone, the
presence of aborted seeds in the genus Juniperus
seems common, reaching up to 96% in a population
of J. communis var. depressa studied by Houle and
Babeux (1994). Altogether, the four examined popu-
lations of J. oxycedrus subsp. macrocarpa presented
a 55-65% proportion of seeds with embryos, very
similar to the 54% found by Cantos et al. (1998) in
the population of Cabo Roche (Cadiz), and somewhat
higher than the percentages indicated by Ortiz et al.
(1998) in the populations of Punta Umbria and Bar-
bate (Cafios de Meca), which were always lower than
30%.

Compared to other subspecies of J. oxycedrus,
subsp. macrocarpa is the one with the highest per-
centage of seeds with embryos. In subsp. oxycedrus,
Pardos and Léazaro (1983) gave between 25% and
35%, Cantos et al. (1998) indicated 38%, and Ortiz
et al. (1998) found 30.8%. In subsp. badia, between
24% and 48% has been cited (Jordan de Urries,
1997). In other species the percentage is rather
higher than the 4% found in J. ashei by Owens and
Schliesing (1995).

When the tetrazolium test was applied the pro-
portion of viable embryos decreased dramatically in
all the studied populations; no case of more than 12%
full seeds was found. Previously, Pardos and Lazaro
(1983) reported 20% of seeds completely dyed with
tetrazolium solution in subsp. oxycedrus; Jordan de

Urries (1997) obtained 2.5% in subsp. badia and
11.22% in J. cedrus.

We found the separation method based on ma-
ture cone floatability to be satisfactory for J. oxyce-
drus subsp. macrocarpa, although it has been used
in other taxa such as J. cedrus and J. oxycedrus
subsp. badia (Jordan de Urries, 1997). However, our
results on seed selection by the floatability method
showed it to be a very efficient method that elimi-
nates the high percentage of floating seeds, most of
which lack embryos (Tab. 8), although, as previously
indicated, the proportion of viable potential embryos
is lower than 12%.

ACKNOWLEDGEMENTS

This research was supported by the Consejera de
Medio Ambiente de la Junta de Andalucia. The
authors wish to thank the personnel of the Parque
Natural de Dofiana for their help during the work,
and Francisco Javier Manzano for linguistic advice.

REFERENCES

Abams RP. 2000. Systematics of Juniperus section Juniperus
based on leaf essential oils and random amplified polymor-
phic DNAs (RAPDs). Biochemical Systematics and Ecology
28:515-528.

AMARAL Franco J. 1986. Juniperus. In: Castroviejo S, Lainz M,
Lopez Gonzalez G, Montserrat P, Mufioz Garmendia F,
Paiva J, and Villar L [eds.], Flora iberica, vol. 1, 181-188.
CSIC, Madrid.

AMARAL FRANCO J. 1993. Juniperus. In: Tutin TG, Burges NA,
Chater AO, Edmondson JR, Heywood VH, Moore DM,
Valentine DH, Walters SM, and Webb DA [eds.], Flora
Europeae, vol. 1. Cambridge University Press, Cambridge.

ANiszewski T, Kuparl MH, and LEiNONEN AJ. 2001. Seed number,
seed size and seed diversity in Washington lupin (Lupinus
polyphyllus Lindl.). Annals of Botany 87: 77-82.

BaLL J. 1878. Description of some new species, subspecies and
varieties. The Journal of the Linnean Society of London.
Botany 16: 670.

BLANCA G, CaBEzUDO B, HERNANDEZ-BERMEJO JE, HERRERA CM,
MoLERO MEsA J, MuRioz J, and VALDEs B [eds.]. 1999. Libro
rojo de la flora silvestre amenazada de Andalucia. Tomo 1.
Especies en peligro de extincién. Consejeria de Medio Am-
biente, Sevilla.

BonNFIL C. 1998. The effects of seed size, cotyledon reserves, and
herbivory on seedling survival and growth in Quercus rugo-
sa and Q. laurina (Fagaceae). American Journal of Botany
85: 79-87.

BoraTYNskl A, and Browicz K. 1982. Chorology of trees and
shrubs in South-West Asia and adjacent regions, vol. 1.
Polish Academy of Sciences, Institute of Dendrology, Kérnik
near Poznah.



Seed viability in Juniperus oxycedrus 77

CanTos M, CuEVA J, ZARATE R, and TRoNncoso A. 1998. Embryo
rescue and development of Juniperus oxycedrus subsp.
oxycedrus and macrocarpa. Seed Sciences and Technology
26:193-198.

CoLANGELI AM, and OweNs JN. 1990. The relationships between
time of pollination, pollination efficiency, and cone size in
western red cedar (Thuja plicata). Canadian Journal of
Botany 68: 439-443.

Coope MJE, and CuLLEN J. 1965. Juniperus. In: Davis PH [ed.],
Flora of Turkey, vol 1, 78-84. University Press, Edinburgh.

Dunirops JR, and BArRNETT JP. 1983. Influence of seed size on
germination and early development of loblolly pine (Pinus
taeda L.) germinants. Canadian Journal of Forest Research
13: 40-44.

ErikssoN O. 1999. Seed size variation and its effect on germina-
tion and seedling performance in the clonal herb Convalla-
ria majalis. Acta Oecologica 20: 61-66.

FERNANDEZ GALIANO E. 1987. Juniperus. In: Valdés B, Talavera
S, and Fernandez-Galiano E [eds.], Flora Vascular de An-
dalucia Occidental, vol. 1, 85-86. Ketres SA, Barcelona.

FUueNTEs M, and ScHupp EW. 1998. Empty seeds reduce seed
predation by birds in Juniperus osteosperma. Evolutionary
Ecology 12: 823-827.

GARCIA D, GOMEZ JM, ZaMORA R, and HopAR JA. 2000. Do empty
Juniperus communis seeds defend filled seeds against pre-
dation by Apodemus sylvaticus? Ecoscience 7: 214-221.

GARCIA D, ZamorA R, GoMEz JM, and HopAR JA. 2001. Frugivory
at Juniperus communis depends more on population char-
acteristics than on individual attributes. Journal of Ecology
89: 639-647.

GARcia D, Zamora R, GomEz JM, and Hobar JA. 2002. Annual
variability in reproduction of Juniperus communis L. in a
Mediterranean mountain: Relationship to seed predation
and weather. Ecoscience 9: 251-255.

GAUQUELIN T, Iprissi Hassanl M, and LEBrReTON P. 1988. Le
genévrier thurifere, Juniperus thurifera L. (Cupressacées):
analyse biométrique et biochimique; propositions systé-
matiques. Ecologia Mediterranea 14: 31-42.

HERRERA CM. 1992. Interspecific variation in fruit shape: allo-
metry, phylogeny, and adaptation to dispersal agents. Eco-
logy 73: 1832-1841.

HewitT N. 1998. Seed size and shade-tolerance: a comparative
analysis of North American temperate trees Oecologia 114:
432-440.

HouLE G, and BaBeux P. 1994. Variations in rooting ability of
cutting and in seed characteristics of five populations of
Juniperus communis var. depresa from subartic Quebec.
Canadian Journal of Botany 72: 493-498.

HouLE G, and FiLion L. 1993. Interannual variations in the seed
production of Pinus banksiana at the limit of the species
distribution in northern Québec, Canada. American Jour-
nal of Botany 80: 1242-1250.

ISTA. 1976. International rules of seed testing. Rules and an-
nexes. International seed testing Association. Seed Sciences
and Technology 4: 3-177.

ISTA. 1999. International rules for seed testing. Rules 1999. Seed
Science and Technology 27, Supplement: 1-303.

JaLas J, and SuoMINEN J [eds.]. 1973. Atlas Florae Europaeae,
vol. 2. The Committee for Mapping the Flora of Europe and
Societas Biological Fennica Vanamo Helsinki.

JorpAN DE URRIEs F. 1997. Aproximacién a la viabilidad de las
semillas de J. cedrus Webb & Berthelot de Canarias. Apli-
cacién y comparacion con J. oxycedrus ssp. badia Debaux
del centro peninsular. In: Puertas F, and Rivas M [eds.], |
Congreso Forestal Hispano Luso. Il Congreso Forestal Es-
pafiol, vol. 3, Junio 1997, 331-336. Pamplona, Espafa.

JorbDANO P. 1991. Gender variation and expression of monoecy in
Juniperus phoenicea L. (Cupressaceae). Botanical Gazette
152: 476-485.

JuraDO E, and WEsToBY M. 1992. Seedling growth in relation to
seed size among species of arid Australia. Ecology 80: 407—
416.

LATIF KHAN M, BHUYAN P, SHANKAR U, and TobARiA NP. 1999.
Seed germination and seedling fitness in Mesua ferrea L. in
relation to fruit size and seed number per fruit. Acta Oeco-
logica 20: 599-606.

LEBRETON P, and RivErRA D. 1988. Analyse du taxon Juniperus
phoenicea L. sur des bases biochimiques et biométriques.
Naturalia Monspeliensia, Série Botanique 53: 17-41.

LEBRETON P, and THIVEND S. 1981. Sur une sous-espéce du gené-
vrier de Phénicie Juniperus phoenicea L., définie & partir de
critére biochimiques. Naturalia Monspeliensia, Série Bo-
tanique 47: 1-12.

LEBRETON P, BAYET C, and MuURAccIoLE M. 1991. Le statut systé-
matique du genévrier oxycédre Juniperus oxycedrus L. (Cu-
pressacées): une contribution d’ordre biochimique et
biométrique. Lazaroa 12: 21-42.

LorPEZz GoNzALEZ G. 2001. Los arboles y arbustos de la Peninsula
Ibérica e Islas Baleares, vol. 1, 265-268. Mundi-Prensa,
Madrid.

MARTINEZ-PALLE E, and ArRoNNE G. 2000. Pollination failure in
mediterranean Ruscus aculeatus. Botanical Journal of the
Linnean Society 134: 443-452.

OcaANA L, DoMiINGUEZ S, CARRAScO |, PENUELAS JL, and HERRERO
N. 1997. Influencia del tamafio de la semilla y diferentes
dosis de fertilizacion sobre el crecimiento y supervivencia
en campo de cuatro especies forestales. In: Puerta F, and
Rivas M [eds.], | Congreso Forestal Hispano Luso. 11 Con-
greso Forestal Espafiol vol. 3, Junio 1997, 461-466. Pamplo-
na, Espafa.

ORTIZ PL, ARISTA M, and TALAVERA S. 1998. Low reproductive
success in two subspecies of Juniperus oxycedrus L. Inter-
national Journal of Plant Sciences 159: 843-847.

OweNs MK, and ScHLIESING TG. 1995. Invasive potential of ash
juniper after mechanical disturbance. Journal of Range
Management 48: 503-507.

Owens JN, CoLANGELI AM, and Morris SL. 1990. The effect of
self-cross, and no pollination on ovule, embryo, seed, and
cone development in western red cedar (Thuja plicata).
Canadian Journal of Forest Research 20: 66—75.

ParDOs JA, and LAzaro G. 1983. Aspectos de la germinacion de
Juniperus oxycedrus L. Anales del INIA. Serie Forestal 7:
155-163.

PasTor J, and JuaN R. 1999. Juniperus oxycedrus subsp. macro-
carpa. In: Blanca G, Cabezudo B, Hernandez-Bermejo JE,
Herrera CM, Molero Mesa J, Mufioz J, and Valdés B [eds.],
Libro rojo de la flora silvestre amenazada de Andalucia.
Tomo I. Especies en peligro de extincién, 156—159. Consejera
de Medio Ambiente, Sevilla.



78 Juan et al.

SmiTH J. 1816. In: Sibthorp J, and Smith J. [eds.], Flora Graeca
Podromus. London.

STEELE RGD, and TorrIies JH. 1980. Principles and procedures of
statistics, 2nd edition. McGraw-Hill, New York.

VERA ML. 1997. Effects of altitude and seed size on germination
and seedling survival of heathland plants in north Spain.
Plant Ecology 133: 101-106.

WEsToBY M, JurADO E, and LEISHMAN M. 1992. Comparative
evolutionary ecology of seed size. Trends in Ecology and
Evolution 7: 368-372.

WiLsoN P, BouNorPANE M, and AcrLisoN TD. 1996. Reproductive
biology of the monoecious clonal shrub Taxus canadiensis.
Bulletin of the Torrey Botanical Club 123: 7-15.

WoobwaRrD FI. 1990. The impact of low temperatures in control-
ling the geographical distribution of plants. Philosophical
Transaction of the Royal Society of London, Serie B 326:
585-593.

ZHANG J. 1998. Variation and allometry of seed weight in Aeschy-
nomene americana. Annals of Botany 82: 843-847.



