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Abstract: The biology and ecology of Orchis galilaea Schltr., a species endemic to Lebanon, Palestine, and Jordan, is 
poorly studied, a fact that hinders present and future management and conservation efforts concerning this species. 
In this paper, we report findings of a field investigation that assessed the impact of altitude, population density, and 
plant size on the reproductive success of O. galilaea. The results revealed that plant size and population density were 
significantly correlated with reproductive success while altitude was not. This study is part of ongoing research on the 
ecological responses of O. galilaea and provides a baseline for understanding the conservation potentials for this rare 
endemic species.
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Introduction
Semi-natural habitats of the Mediterranean region, 
a recognised biodiversity hotspot harbouring more 
than 50% of endemic plant species, are subject to 
increasing threats. Hence, there is a need to step 
up efforts to generate baseline data that enable 
monitoring, conservation, and management of plant 
species, particularly rare and endemic ones (Quézel, 
1985; Heywood, 1995; de Montmollin & Strahm, 
2005).

In line with this goal, the present study 
investigated Orchis galilaea Schltr., an Eastern 

Mediterranean geophyte endemic to Lebanon, 
Jordan, and Palestine. O. galilaea flowers from March 
to May; it has 2 elongated round tubers, a rosette of 4 
to 5 pale green lanceolate leaves, and a spike of 15 to 
90 densely arranged, small, white to yellowish-green 
to pinkish-purple nectarless flowers (Bino et al., 
1982; Kretzschmar et al., 2007). The plant is relatively 
tall compared to its congeners, its height usually 
ranging from 30 to 70 cm (Bino et al., 1982). O. 
galilaea belongs to the Orchidaceae, one of the largest 
families of flowering plants, represented in Lebanon 
by 10 genera and 40 to 90 species. It is 1 of at least 20 
species in the genus Orchis L. occurring in Lebanon 
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(Post, 1932; Mouterde, 1983; Tohmé & Tohmé, 2007; 
Haber & Semaan Haber, 2009). Like many rare orchid 
species, O. galilaea, is threatened with extinction 
(Kretzschmar et al., 2007). Key factors affecting this 
and many orchid populations are climate change, 
habitat destruction, overharvesting (especially for 
salep production in the Eastern Mediterranean), and 
a decline in natural pollinators resulting from the use 
of insecticides (Koopowitz, 2001; Vaasa & Rosenberg, 
2004); therefore, efforts to promote its conservation, 
including proper monitoring and management, must 
be prioritised (Işık, 2011).

Orchis galilaea grows at altitudes ranging from 100 
to 1130 m, in full sun to mid-shade, on calcareous, 
often stony, dry to moist substrates (Delforge, 2006). 
Bino et al. (1982) examined the pollination ecology 
of O. galilaea on Mount Carmel, Northern Palestine, 
and affirmed that it adopts a sexually deceptive 
pollination strategy. Instead of producing nectar as 
a reward for visiting pollinators, it generates a musk-
like scent that mimics the pheromones secreted by 
female Lasioglossum marginatum (Brullé, 1832) (= 
Halictus marginatus Brullé) bees, thus attracting 
male Lasioglossum marginatum bees to its flowers. 

Understanding the biology and ecology of species 
allows predictions of population behaviour in 
response to external influences, and is a fundamental 
component of threatened species management 
(Hutchings, 1987; Kéry & Gregg, 2004). As part of 
ongoing work on O. galilaea in Lebanon, this study 

investigated the effect of altitude, plant density, 
and plant size on the reproductive success of this 
species. We hypothesise that reproductive success of 
O. galilaea is correlated with plant size, population 
density, and altitude.

Materials and methods
Study sites
In 2010, 6 populations of Orchis galilaea were selected 
following frequent field visits that were conducted to 
locate the species in natural and semi-natural habitats 
in the region of Mount Lebanon and Greater Beirut. 
The targeted populations occurred in different habitat 
types, along the western slopes of Mount Lebanon at 
altitudes ranging from 370 m to 1140 m above sea 
level (a.s.l.) (Table 1).

Each target site was visited at least twice during 
the flowering and fruiting season between March and 
May. At each site, 1 to 3 belt-transects, each 10 m × 
30 m, were laid down and marked by metal rods at 
the beginning and end of each transect. To take into 
account the clustered distribution of the populations, 
which consisted of 31 to 147 individuals, the number 
of transects selected in each site varied as indicated 
in Table 1.
Population density
The total number of flowering individuals of Orchis 
galilaea was recorded for each transect at each of 

Table 1.	 The 6 Orchis galilaea study sites in the Chouf district, Mount Lebanon Province, Lebanon, indicating the village, habitat type, 
altitude, GPS location, and number of transects.

Site number Village Habitat type Altitude GPS location No. of transects

1 Burjein Mixed woodland 397 m 33°39.647′N 
35°28.516′E 3

2 Chhim Oak woodland 370 m 33°38.124′N
35°27.816′E 2

3 Gharifeh Oak woodland 682 m 33°38.718′N
35°33.086′E 1

4 Maaser Garrigue 1140 m 33°39.938′N 
35°39.449′E 2

5 Boutmeh Garrigue 1074 m 33°39.901′N 
35°38.587′E 2

6 Khraibeh Abandoned terraces 1120 m 33°39.506′N
35°38.873′E 3
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the sites. Population density was estimated as the 
density of flowering individuals per transect (Hansen 
& Olesen, 1999; Jacquemyn et al., 2002). The mean 
population density for all transects at each site was 
used as an estimate of the population density at each 
site.
Plant size
Twenty plants (in bud or in bloom) were randomly 
selected at each of the study sites. Each plant was 
assigned a unique number and marked using wooden 
tags, inserted into the soil 2 cm west of the plant 
with about 1 cm of the tag left above ground (Kéry 
& Gregg, 2003; Coates & Duncan, 2009). When 
flowering ceased, total plant height, spike length, and 
number of flowers per tagged plant were recorded 
as measures of plant size (Hansen & Olesen, 1999). 
Selected plants that were damaged before flowering 
bud opening (a total of 4 plants) were excluded from 
the analysis.
Reproductive success
A fruit in the Orchidaceae can be safely assumed to be 
the product of successful pollination, as agamospermy 
is rare in the family (Neiland & Wilcock, 1995) and, 
according to Bino et al. (1982), Orchis galilaea is not 
autogamous. Since fruit set is the most common 
measure of reproductive success (Proctor & Harder, 
1994), we estimated fruit set by determining the 
percentage of flowers that successfully developed into 
fruits on each tagged plant at each site (Kindlmann & 
Jersakova, 2005), and then calculated the mean for 
each site (Jacquemyn et al., 2002).  
Effect of altitude
To investigate the effect of altitude on the reproductive 
success of Orchis galilaea, the study sites were selected 

at different altitudes (Table 1). According to Delforge 
(2006), O. galilaea grows in areas ranging from 100 to 
1130 m a.s.l. However, the orchid was not observed 
at altitudes lower than 300 m a.s.l. The rarity of the 
orchid, the difficulty of Lebanon’s topography, and 
the lack of security in some areas were limiting 
factors to the selection of the study sites.

Statistical analysis
Descriptive statistics were analysed using Microsoft 
Excel (Microsoft, 2007). Prior to analysis, data for 
total plant height, spike length, number of flowers, 
reproductive success, altitude, population density, 
and pooled reproductive success were tested for 
normality using the Kolmogorov-Smirnov test. We 
investigated the relationship between reproductive 
success and altitude, population density, and plant 
size using PASW Statistics 18 (SPSS Inc., 2009). 
Correlations between total plant height, spike length, 
number of flowers, and reproductive success were 
tested using Spearman’s index. However, correlations 
between altitude, population density, and pooled 
reproductive success were tested using Pearson’s 
index.

Results
Population density
The population density of Orchis galilaea ranged 
from 0.04 to 0.16 individuals per square metre and 
averaged 0.08 ± 0.02 individuals per square metre 
(mean ± standard error of the mean).The results for 
all study sites are shown in Table 2.

Table 2. Population density, total height, and inflorescence length of Orchis galilaea at selected sites at Mount Lebanon, Lebanon.

Site code Population density (number of plants 
per square metre) Average total height per plant (cm) Average inflorescence 

height per plant (cm)

Site 1 0.04 30.63 ± 1.4 7.49 ± 0.5
Site 2 0.06 26.82 ± 1.8 5.85 ± 0.6
Site 3 0.10 34.32 ± 1.5 9.03 ± 0.4
Site 4 0.07 28.61 ± 1.5 6.92 ± 0.7
Site 5 0.06 27.95 ± 1.5 7.28 ± 0.5
Site 6 0.16 26.45 ± 1.5 6.03 ± 0.6
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Plant size
Plant size was assessed based on measurements 
taken from a total of 117 plants at the 6 study sites. 
Individual plant height ranged from 13 cm to 46 cm, 
with an average plant height of 29.03 ± 0.7 cm. The 
individual spike length ranged from 2.5 to 15 cm and 
averaged 7.08 ± 0.2 cm. The number of flowers ranged 
from 10 to 53 flowers per plant, with an average of 
22.5± 0.9. The results for plant size are shown for all 
study sites in Table 2.
Reproductive success
The average number of flowers per plant per site 
ranged from 18.0 ± 1.3 (Site 2) to 27.6 ± 2.4 (Site 
3), while the average number of fruits per plant per 
site ranged from 2.8 ± 0.9 (Site 2) to 7.2 ± 1.4 (Site 
5) (Table 3). The per-site reproductive success of O. 
galilaea ranged from 7.6% (Site 6) to 32.2% (Site 5). 

Reproductive success was significantly correlated 
with total plant height (Spearman’s rho = 0.453, P < 
0.01) and spike length (Spearman’s rho = 0.502, P < 
0.01). However, no significant correlation was found 
between reproductive success and the number of 
flowers per plant. Furthermore, reproductive success 
seems to be inversely related to population density as 
the linear regression explains 55% of the variation in 
reproductive success. However, this correlation was 
not significant (Figure 1).
Effect of altitude
Altitude was not significantly correlated with 
reproductive success (Figure 2). In fact, the 
reproductive success of Orchis galilaea was lowest 
(7.59%) at Khraibeh (Site 6), which is at an elevation 
of 1120 m a.s.l., and highest (ca. 30%) at both sites 

1 (Burjein; 397 m a.s.l.) and 5 (Boutmeh; 1074 m 
a.s.l.), despite a difference of about 700 m in elevation 
between the 2 sites.

Discussion
The biology and ecology of Orchis galilaea in its 
natural range in general and in Lebanon in particular 
are poorly known. To the best of our knowledge, this 
is the first reported study on this orchid since Bino et 
al. (1982). 

Our findings revealed 21.3% reproductive success 
of Orchis galilaea in Lebanon, lower but comparable 
to the reproductive success of O. galilaea (27.5%) 
reported by Bino et al. (1982). This is within the 
reported range for nectarless orchids (11.5% in 
the tropics to 41.4% in the temperate southern 
hemisphere) (Neiland & Wilcock, 1998), which 
typically have a lower reproductive success than 
nectariferous ones. Vandewoestijne et al. (2009) 
reported that the reproductive success of European 
orchids is on average 27.7% for nectarless species and 
63.1% for nectariferous ones. The low reproductive 
success of this orchid, compared to the reproductive 
success of nectariferous orchids, may explain its 
rarity and consequently its susceptibility to extinction 
(Jacquemyn et al., 2005). Low reproductive success 
observed in orchids suggests that these plants are 
pollinator limited. This fact was demonstrated in 
many studies through hand-pollination experiments 
(Wilcock & Neiland, 2002; Tremblay et al., 2005). 

An important factor that is found to limit the 
reproductive success of nectarless orchids is high 
population density, as pollinators learn to avoid 
the non-rewarding orchids the more often they 

Table 3. Reproductive success of Orchis galilaea at selected sites at Mount Lebanon, Lebanon.

Site Code Average flowers per plant 
(flower per plant)

Average fruits per plant 
(fruit per plant)

Reproductive 
success (%)

Site 1 24.7 ± 1.9 6.6 ± 1.0 30.0
Site 2 18.0 ± 1.3 2.8 ± 0.9 14.1
Site 3 27.6 ± 2.4 5.1 ± 0.9 18.8
Site 4 21.0 ± 2.1 3.6 ± 0.6 18.3
Site 5 20.6 ± 2.1 7.2 ± 1.4 32.2
Site 6 23.0 ± 1.9 2.2 ± 0.9 7.6
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encounter them (Vandewoestijne et al., 2009). This 
may not be uncommon among deceptive orchids 
as pollination by sexual deception is known to be 
advantageous at low population densities (Peakall & 
Beattie, 1996). In our study, the population density 
of O. galilaea did seem to have a negative effect on 
its reproductive success; however, this effect was not 
statistically significant (Figure 1). 

Plant size was found to have a significant effect on 
reproductive success of O. galilaea, with 2 parameters, 
total plant height and spike length, showing 
significant correlation with reproductive success. 
In contrast, the number of flowers per plant was 
not significantly correlated to reproductive success. 
This is in accordance with the conclusion reached by 
Kindlmann and Jersakova (2005) that reproductive 
success of terrestrial orchids is independent of the 
number of flowers per plant in many populations 
and years. It is thought that the reason for having 
taller plants and larger inflorescences is to increase 
visibility in terms of visual and/or olfactory cues, thus 
attracting more pollinators (O’Connell & Johnston, 
1998; Vandewoestijne et al., 2009).

Previous studies of the effect of altitude on seed set 
in plants have yielded inconsistent results rendering 
generalisation very difficult (Gugerli 1998). In our 
study, the reproductive success of O. galilaea was 
found to be independent of the site altitude, as there 
was no significant correlation between altitude and 
reproductive success. Differences in reproductive 
success among the 6 study sites must therefore be 
related to pollinator availability, plant performance, 
and plant community composition, in addition to 
population density. 

The findings of this study suggest that population 
density should not be used as an indicator of species 
vitality since it was found to be negatively correlated 
with the species’ ability to reproduce. Furthermore, 
since the average reproductive success of O. galilaea 
was found in the range of the pollinator-limited 
nectarless orchids, we think that pollination 
limitation is likely to be the main limiting factor. 
Accordingly, provisions for conservation will need to 
further understand factors affecting pollinators and 
pollination; research is in progress to address these 
questions.
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Figure 1.	 The effect of flowering plant density on reproductive 
success in Orchis galilaea recorded at selected sites 
at Mount Lebanon, Lebanon.
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Figure 2.	 The effect of elevation on reproductive success in 
Orchis galilaea recorded at selected sites at Mount 
Lebanon, Lebanon.
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