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ABSTRACT 

Clearing of forest land for agriculture and urbaniza-
tion following colonization have reduced the forest 
cover in Mauritius to 3% of total land cover. Today 
exotic species such as Psidium cattleianum (wild guava), 
Araucaria columnaris, and Ravenala madagascarensis 
dominate at Pigeon Wood, the only site in Mauritius 
where Beclardia can be found, leaving little space for 
very few indigenous tree species like Labourdonnaisia 
glauca, Apholoia theiformis and Foetida mauritiana. 
Beclardia macrostachya is an orchid endemic to Mau-
ritius, Madagascar and Reunion. Though it is abun-
dant in the latter countries, it is one of the rarest or-
chids in Mauritius. An assessment of the factors asso-
ciated with the stability of this orchid was carried out 
in forests of these three countries to understand the 
drastic decline of this orchid in Mauritius. Morphomet-
ric and fertility counts carried out at different forests 
revealed differences in fitness and fertility rates among 
forests of the same countries and between different 
countries. Stability of the different Beclardia popula-
tions was carried out based on counts of juveniles and 
adults. Higher fertility rates and most stable popula-
tions were observed in the forests of Reunion Island 
(Bebours) and Madagascar (Ambohitanteley), whereas 
very low fruit set were observed in Mauritius, unless 
manual pollination was carried out. Microscopic analy-
sis revealed the presence of pelotons of endomy-
corrhiza during the early development of the seed-
lings, in vivo. Based on comparative studies among 
the different sites, pollinator limitation and absence 
of suitable hosts were the primary factors that led to 
the present decline in Mauritius. The high density of 
wild guava, Psidium cattleianum, which has slowly 
taken up most of the forest areas in Mauritius has 
affected the regenerating capacity of Beclardia mac-
rostachya and the density of putative hosts of this or-

chid. GC-MS/MS analysis of nectar revealed α-D- 
glucopyranose to be the primary reward of the polli-
nators and benzyl alcohol, methoxybenzyl alcohol and 
methoxy methyl phenol to be components floral fra-
grance. 
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1. INTRODUCTION 

Beclardia macrostachya, is one of the rarest orchid in 
Mauritius. Such a low population of this orchid requires 
urgent measures to develop conservation strategies for 
propagation. However, conservation of any taxon requires 
information about the ecogeographic structure of the 
target taxon and such data should include accepted taxon 
name (taxonomic and vernacular), target area where re-
ported, flowering and fruiting timing, habitat preference, 
topographical preference, soil performance, geological 
preferences, climate and micro-climate preferences, breed-
ing system, genotypic and phenotypic variation, biotic 
interactions, archelogical evidence, ethnobotanical evi-
dence and conservation status [1]. Before starting any 
conservation strategy certain biological factors that gov-
ern the growth of the target taxon should also be evalu-
ated such as spatial distribution of diversity, ecological 
relationships, altitude, rainfall levels, and even human 
factors such as movements that leads to disturbed habitat. 
Assessments should be carried out in the different popu-
lations present at different localities to study the changes 
that are occurring and also the significance of these 
changes in terms of viability, performance and survival 
of the species. Thus optimal conditions for stable popu-
lations can be evaluated, and then artificial simulations 
created for conservation of the species. This study aimed 
at defining the different factors affecting the stability of 
the Beclardia macrostachya populations and conse-*Corresponding author. 
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quently simulating optimal conditions for the conserva-
tion of this orchid species in Mauritius. 

The flora and fauna in the islands form unique com-
munities. Island communities need not face severe com-
petitors but sudden climatic changes, such as cyclones, 
would greatly affect the populations within a short time 
span. Developing a model for an island community 
would involve factors like immigration and extinction of 
different species with time. However, factors that would 
affect the number of species at a particular time will in-
clude the island size and its remoteness. The survival of a 
species depends on its interactions with the environment, 
its niche. A study of the existing populations helps to 
understand the factors that influence the increase in 
population size which itself will depend on several fac-
tors. The niche has been defined as a volume in hyper-
space of which the axes are the relevant variables in the 
life of a species [2]. Each point represents a combination 
of environmental factors that permit the species to sur-
vive and a set of all such points is the fundamental niche. 
Therefore, a set of factors at an adequate level that per-
mit the survival and continuity of a species was consid-
ered to be the niche breadth. Factors such as high fertility 
rate and favorable climatic conditions tend to broaden 
the niche breadth and while factors like pollinator limita-
tion, invasion by a predator/disease narrow the niche 
breadth of the same species. The overall niche breadth 
would be defined as measures of population size, per-
formance of populations, the fertility rate and survival 
rate of seedlings. Thus, the niche breadths or the set of 
factors regulating the stability of Beclardia macrostachya 
was assessed with respect to its geography, presence of a 
suitable pollinator, floral characters, fruit set, presence of 
suitable hosts, mycorhizal associations and negative ef-
fects of invasive plants. 

Although most orchids provide floral reward to their 
pollen vectors, an estimated one third of all orchid spe-
cies are pollinated without offering any reward to their 
visiting insects [3]. Nectar properties tend to be similar 
for plants visited by the same kinds of pollinators, and 
phenolic substances are also relatively common scent 
products of flowers that serve to attract pollinators or 
repel nectar thieves [4]. These phenolic compounds and 
their derivatives play a major role in the first stage of 
pollination, because of their well established role to have 
an ability to allure insects [5]. Gas chromatography-Mass 
spectrometry (GC-MS) analysis have been used to detect 
nectar and fragrant composition in orchids [6,7]. Even 
though flower morphology, color, and odor are selective 
criteria for pollinators, pollinator behavior and morphol-
ogy also impose selection on flowers for effective polli-
nation [8]. The most obvious type of nectary is the nectar 
spur, which arises from one of the perianth segments, but 
in many moth pollinated orchids (Aerangis Rchb. f., An-

graecum Bory, Gymnadenia R. Br. and Mystacidium 
Lindl.), the spur nectar arises as an outgrowth from the 
proximal part of the labellum [9]. Beclardia macrostachya 
exhibit typical sphingophilous syndrome with white, 
spurred flowers and producing a strong scent [10,11]. 
Nevertheless, it has also been reported that grey white 
eye (Zosterops olivaceus) and olive white eye (Z. bor-
bonicus) are the most probable pollinators of Beclardia 
macrostachya in Reunion Island [12]. 

Orchid seeds are minute (0.1 mm - 0.25 mm long), ex-
albuminous consisting of little food reserves for the de-
veloping embryo. Germination of orchid seeds require 
ideal conditions of light, moisture and warmth and must 
also be infected immediately with a mycorrhizal fungus 
from the soil/host plant for its survival. Mycorrhizae is a 
mutualistic association between soil-borne fungi and the 
root of higher plants and these fungi play a key role in 
the ecological functioning of many terrestrial ecosystems. 
Following seedling infection by ectomycorrhizal it was 
demonstrated that performance (weight & leaf nitrogen 
content) of the plant was dependent upon specific my-
corhizal species that infected them [13]. Earliest classi-
fication based on the root fungus association classified 
mycorrhizae as endomycorhizae and ectomycorhizae. 
Presently mycorrhizae have been classified into seven 
groups [14] which are: 1) vesicular arbuscular (VAM); 2) 
ericoidmycorrhizae; 3) monotropoid mycorrhizae; 4) ar-
buloid mycorrhizae; 5) ectomycorrhizae; 6) ectendomy-
corrhizae and 7) orchid mycorrhizae. Mycorhizal asso-
ciations are found throughout the orchid family. In or-
chid 2 types of mycorrhizal colonization may occur: 1) 
seed & seedling germination and 2) new roots. 

All orchids utilize fungi to initiate seed germination 
and seedling development and availability & infection by 
mycorrhizae is an absolute part of an orchid life cycle, in 
vivo. Following dispersal of the orchid seed, if the latter 
lands on a suitable substrate, germination starts when the 
fungus penetrates the seed testa and invades the embryo. 
Fungal cells infect cortical cells, forming mass of tightly 
interwoven coils called pelotons. Pelotons are digested 
by host cells releasing carbohydrate from the hyphal 
cells [15]. Pelotons are considered to be the most distin-
guishing characteristic of orchid mycorrhizae and they 
mostly belong to the genus Rhizoctonia [15-18]. 

This study focused on five main criteria for the as-
sessing the biology of this orchid: 1) Population dynam-
ics—Population census gives relevant data about the 
existing populations, and successive census data can be 
used to assess the population tendencies. Whether the 
population is stable, shifting towards a decline or to-
wards an increase can thus be measured with time. 
Abundance is measured as frequency of individuals over 
a defined unit area, at a certain time. Data of local abun-
dance over time can be used to predict likelihood of ex-
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tinction which either occurs due to deterministic (pre-
dictable) and stochastic (random) processes or a combi- 
nation of both [19]. Factors affecting the population size 
can therefore be evaluated through analysis of different 
populations at different geographical locations or with 
different biotic and abiotic factors under the study area; 2) 
Spatial distribution—This aspect defines the different 
patterns in which the plants are distributed in the area. It 
gives an idea whether the plants are clustered together 
into a single community, or distributed as patches over 
the area, or scattered evenly in the area. The spatial dis-
tribution will affect processes like pollination, dispersal, 
colonization. A singly clustered population is prone to 
extinction if the area is affected by certain calamities 
such as a cyclone, compared to a scattered population. 
However, within a clustered population pollination suc-
cess will be much higher compared to scattered indi-
viduals. Within an area the plants may have the same 
density but need not have the same distribution pattern; 3) 
Performance of the species—It is necessary to know 
how well a plant is growing in a particular area and a 
measure of some suitable character can often be made, 
which reflects the relative vigour or performance of an 
individual. Suitable measures to assess the performance, 
include leaf length, leaf width which gives an idea of the 
leaf area available for photosynthesis; flower number, 
number of seeds per capsule, fertility rate measures that 
represent the reproductive capacity of the individuals. 
Choice of character depends on species under investiga-
tion but, generally, leaf length and fertility rate is suitable 
and gives a good measure of performance. Thus, general 
vigour under relatively different environmental condi-
tions could be determined in the fields; 4) Phenology 
and breeding System—Phenology describes the flower-
ing seasons of an orchid while the breeding system de-
scribes the fruiting ability of a population with respect to 
parental types involved in successful pollination. Phenol-
ogy includes factors that govern the flowering ability like 
vernalisation or day-length variation at different time of 
the year. Phenological variations are more dependent on 
the climatic conditions. In contrast, the breeding system 
is dependent on factors that are present in the plant itself, 
such as ability to self-fertilise or cross-fertilise. Studies 
of the breeding system include determination of the mat-
ing types; 5) Mycorhizal associations—it is important for 
the successful germination and growth of orchid seedlings. 

2. MATERIALS AND METHODS 

2.1. Data Collection and Field Surveys and  
Assessment of the Population Dynamics 

In Mauritius, initial data were collected from the Mauri-
tius Sugarcane Industry Research Institute (MSIRI) Na-
tional Herbarium. Oldest specimens collected dated back  

to 1970s and recorded from different regions, such as 
Grand Bassin, Bois Sec and Pigeon Wood. Data were 
also collected from the National Parks and Conservation 
Services (NPCS), and with help of Forest officers of 
NPCS initial surveys were carried out in the different for- 
est areas managed by NPCS. The Forestry Department 
(Ministry of Agro-Industry & Food Security) was also 
involved in the surveys in different regions of Mauritius. 

Understanding the biology involved the study of dif-
ferent aspects of the orchid. Specific considerations were 
given to the associated fauna and flora (hosts and sub-
stratum) of Beclardia macrostachya. Broader studies of 
its ecology with more emphasis on the spatial distribu-
tion and abundance of Beclardia colonies were carried 
out. The initial observations were carried out along tran-
sects, but later the whole Pigeon Wood area was sur-
veyed and each Beclardia individual was tagged and its 
relative position was noted on a map of the area. The 
relative abundance in the different forests of Reunion 
Island and Madagascar were also studied. Quadrats (1 m2) 
were set randomly to estimate the relative abundance of 
the wild guava in the Mauritian forests, and transects 
were used to estimate the abundance of Beclardia mac-
rostachya in the different forest. 

Four sites were selected from Reunion Island which 
were Piton Bebours (1800 m), Foret d’Eden (1300 m), 
Tacamaca (900 m) and Radiers (600 m). All these forests 
were at different altitudes. From Madagascar, the Na-
tional Park of Andasibe Mantadia (Crete d’Ambato-
mandondona, alt: 922 m) and Ambohitantely Nature Re-
serve (2 sites: slope 1300 m and forest boundary: 1500 m) 
were studied for the survey (Figures 1(a)-(d)). 

2.2. Assessment of Performance 

In the experiments carried out the length of the longest 
leaf was measured to the nearest mm. The second criteria 
for assessing the performance, was through the reproduc-
tive success of the species. For this experiment the fertil-
ity rate or fruiting index was measured, as ratios of the 
flower to fruit conversion. The number of capsules per 
flower stalk was determined, and the scars left (bract) 
after the flowers had shed off were considered as flowers 
which failed to produce capsule. Thus the total number 
of flowers and fruits per inflorescence were counted. 
Records of every individual that flowered were taken. 
Thus, the fruiting index was calculated as the fraction of 
fruit developed over the total number of flowers per in-
florescence. The number of flower per inflorescence gave 
an idea of the robustness and the genetic inheritance of 
the populations, while fertility rate was more environ-
mentally dependant (pollinator efficiency). 

2.3. Demographic Studies 

The stability of different Beclardia macrostachya popu- 
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(a)                                                             (b) 

 

 
(c)                                                               (d) 

Figure 1. Distribution of Beclardia macrostachya: (a) Madagascar two sites; (b) Reunion Island five sites; (c) Mauritius one site; (d) 
Distribution of Beclardia macrostachya patches at Pigeon wood (Mauritius). 

 
2.5. Qualitative Analysis of Sugars & Aromatic 

Compounds in Flower 
lations were studied at different locations based on the 
counts of plantlets, juveniles and adults, based on the fact 
that stable populations tend to have more juveniles than 
adults. The Beclardia patches were assessed within 10 
m2 quadrats within which counts were made for the 
number of putative host plants (indigenous tree species, 
number of wild guava plants and other exotic plant spe-
cies. For the wild guava density, 2 sites were chosen 
randomly and several 1 m2 quadrats were set to count the 
number of wild guavas and indigenous tree species. 

It is often observed that insect pollinated flowers (moth 
pollinated) are highly scented and chemically consist of 
aromatic compounds. Thus, the nectar and floral parts 
were analysed to determine the presence of aromatic 
compounds. Initially a very thin needle and syringe was 
used to collect the nectar but the volume collected per 
flower was less than 2 μl. Thus, the flower were sliced/ 
cut open through the nectaries using a sterile sharp blade 
and were soaked in a solvent (MS grade methanol), fol-
lowed by sonification for 1 hour for effective extraction. 
The extract was allowed to concentrate and then injected 
in GC-MS/MS (Gas Chromatography-Mass spectrometry 
Mass Spectrometry). GC-MS/MS was run 3 times with 
sub-samples of the extract to verify consistency of chemi-
cals detected. The data were then input in the GC-MS/ 
MS library to determine the presence of aromatic com-
pounds and sugars. Once the chemicals were known, their 
chemical structures were generated from ChemOffice 

2.4. Microscopic Observations 

Plantlets of Beclardia macrostachya were collected from 
the wild and brought to the lab. The plantlets were placed 
in paper envelopes and oven dried for 5 hours at 65˚C. 
The roots were then carefully chopped using a sharp 
blade and mounted on slides. Permanent slides were also 
prepared using Canada balsam. The slides were observed 
and digital photographs captured under a high power 
inverted microscope (Leica DMIL). 
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2004. 

2.6. Floral Morphometry and Breeding System 

Flowers were placed on graduated paper and digital 
photographs of flowers were taken using a Canon Pow-
ershot A470. Using the software scion Image Alpha 
4.0.3.2, the length of eperon & spur, labellum and nectar 
diameter were calculated as shown in Figure 2. With the 
assumption that the length of the beak and the length of 
the eperon (floral tube to nectar) should be complemen-
tary so as to ensure pollination, measurements of beak 
length and tongue length of 3 species of Zosterops en-
countered in Mauritius were recorded. Available data 
and measurements for these were kindly provided by Dr. 
Nicholas Zuel of the Mauritius Wildlife Foundation. 
Flowers were manually self pollinated and cross-polli- 
nated but limiting the number of fertilized flowers per 
inflorescence to 3, with the fact that in most orchid spe-
cies, the probability of a flower to produce a fruit de-
creases if many flowers are pollinated because enough 
resources is not available for fruit maturation [20]. 

2.7. Statistical Analysis 

Statistical analysis was carried out using the software 
SPSS 13.0. The readings were given as means ± SE for 
leaf diameter, floral counts and fruiting index. In order to 
ensure minimal error, temporal data were collected dur-
ing 2 years at Bebours, Takamaka and Eden. Anova was 
carried out to determine significant differences between 
fruiting index and floral counts at the same locality but at 
different flowering periods (2005, 2006 and 2010). Mul-
tiple comparative studies were carried out following 
Anova using Tukey HSD and the harmonic mean Sample  

size to determine differences in performance of Beclar-
dia macrostachya at different locations. For the wild 
guava populations, relative abundance was calculated as 
number of individuals per meter square. 

3. RESULTS 

3.1. Field Survey and Data Collection from the 
National Herbarium in Mauritius 

The preserved specimen of Beclardia macrostachya were 
analysed. It was reported that the plant is herbaceous 
with an epiphytic habit, and were commonly occurring 
on the trunk of Labourdonnasia sp. They were also re-
ported to be quite common in the areas near Grand Bas-
sin, Bois Sec and Chemin Cheval. They were also re-
ported from Plaines Paul and Pigeon Wood. Since all the 
specimens bearing flowers were collected in the months 
of March and April, it could be said that these were the 
months when this orchid flower. Field surveys that were 
carried out at different forest areas covering the whole of 
Mauritius. However, this orchid was found only at one 
region, the forest of Pigeon Wood. The orchids com-
monly sharing the habitat of Beclardia included Obero-
nia sp., Jumellea sp., Polystachya sp., and Angraecum 
pectinatum. 

Nine such areas have been found within Pigeon Wood, 
where the orchids occur in small populations. Extensive 
surveys of the forest areas were carried out based on 
phytogeographical studies. Areas that show similar cli-
matic condition as Pigeon Wood were included. By March 
2010, 82 individuals were recorded from Pigeon Wood 
and most of them tagged and the populations were 
monitored by weekly visits. 

 

 

Figure 2. Measurement of floral morphology. 
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3.2. Study Area in Mauritius (Pigeon Wood) 

Pigeon Wood is a small forest area managed by the Na-
tional Parks and Conservation Services Mauritius and, so 
far, this has been the only place from where Beclardia 
has been presently reported. The area distributes itself 
along a sloping area, 550 m altitude. It is part of the su-
per humid zone, with often rainy and misty mornings. 
The forest area is dominated by introduced tree species 
like Araucaria, Eucalyptus, Callistemom citrinus, Rave-
nalla madagascarensis and the wild guava (Psidium cat-
tleianum). However, some native plants like the La-
bourdonaisia glauca, Apholoia theiformis, Foetida mau-
ritiana are also present. The tree fern Cyathea excelsa is 
also very common in this area. This area is also a breed-
ing place for the very rare endemic bird, pink pigeon. 
Zoosterops barbonicus are also quite common in this 
place. Monkeys, rats and wild boars are very common in 
this area. 

3.3. Associated Fauna and Flora 

Being an epiphyte, suitable hosts need to occupy the 
forests area for the survival of this orchid. Beclardia 
was found to grow from 4 m up to 12 m above the 
ground level. The putative hosts bear moss and lichens 
growing along the branches and the bark were persistent. 
Pigeon Wood was predominantly dominated by Araucaria, 
Eucalyptus and wild guava, and these tree species how-
ever do not represent good hosts. Beclardia is found 
mostly on the native species such as Labourdonnaisia 
glauca, Foetida mauritiana and Mimusops sp. Beclardia 
roots are often seen anchored around the branches and 
usually covered by a layer of moss and lichens. Occur-
rence of mosses and lichens as substratum is common 
feature. 

The associated fauna comprise of pollinators and 
predators of this orchid. On the Beclardia leaves, insect 
galls were observed. Snails were also seen to be feeding 
on the young leaves. At the end of the fruiting season of 
wild guava, few tagged Beclardia individuals were seen 
to have been totally eaten up by monkeys. All the leaves 
were eaten up and only the roots and small portions of 
the stem were left. The birds that were observed in this 
forest area include the Mauritius grey white eye (Zoos- 
terops barbonicus), Mauritius olive white eye (Zoos- 
terops Chloronothus), Paradise Flycatcher (Terpsiphore 
boubonnensis desolata) and the famous Pink pigeon 
(Nasoenas mayeri). Flies are also found in this region. 

3.4. Mycorhizza 

Microscopic studies revealed presence of Mycorhiza 
(pelotons) in the roots of plantlets of Beclardia macro-
stachya seedlings (Figure 3). This suggest that presence 
of mycorhiza may have an important role in the germina-
tion of the exalbuminous seeds of this orchid Surveys 
showed the occurrence of this orchid only at Pigeon 
Wood. Beclardia macrostachya were not found from 
places where it was earlier reported. Almost all the forest 
areas in Mauritius were surveyed but, even though other 
orchids were reported Beclardia macrostachya was not 
found. Other orchids sharing common habitat with Be-
clardia include Oberonia sp., Angraecum pectinatum, 
Polystachya sp. and Jumellea sp. At the beginning the 
forest officers reported only 2 known individuals and a 
probable estimate of a population of 15 individuals was 
given by Roberts [21]. As the survey progressed more 
individuals were encountered and the actual population 
recorded was around 75 individuals (January 2006) and 
82 individuals (2010). Beclardia seemed to occur in very 

 

 

 

Figure 3. Tranverse section of Beclardia macrostachya (seedling) root to show presence of mycorrhiza pelotons Spatial distribution. 
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small populations at specific areas. They were distributed 
into smaller populations within a limited area, rather than 
between distributed evenly in the forest. Eight such 
patches have been observed and some individuals have 
been found randomly, especially along the river (Table 
1). 

3.5. Phenology and Breeding 

Beclardia macrostachya flowers from January to June. 
The breeding experiment was successful and fruit set 
was obtained from both self and cross pollinated flowers. 

3.6. Performance of the Species 

Observations of the different individuals suggest that each 
colony did not share the same developmental stage of the 
different individuals. A few individuals were older, evi-
dent by higher number of leaves, bigger in size and abil-
ity to produce inflorescence. The plants that flowered 
rarely bear more than 8 leaves, and a few individuals did 
produce more than one inflorescence at a time, but never 
more than 3 within the same flowering season. The per-
formance of the Mauritian species was thus measured 
with respect to comparative leaf length. 

The developmental stages of the individuals were de- 

termined based on leaf length measures, ability to flower 
and also the number of leaves present. Individuals with 6 
or more leaves were considered adults. The persistent 
flower stalks of Beclardia helped both in the identifica-
tion of Beclardia individuals and also to account for the 
developmental stage. Only 19 individuals were found to 
be juvenile and 46 could be considered as adults, which 
indicated a higher proportion of adults than juvenile 
plants in the population. Leaf length measures were not 
suitable for assessing the productivity, because of the 
varying developmental stages of the plant, and these 
measures were used to assess the developmental status of 
the individuals along with results from the leaf number 
and flowering reported per individual. 

3.7. Psidium cattleianum Density around  
Beclardia Patches and Other Sites 

The density of wild guava was very high compared to 
putative hosts (Table 2) at different Beclardia patches. 
This density of wild guava was observed throughout the 
forest with an average of more than 20 wild guava indi-
viduals/m2. Thus, probability of the orchid seeds to fall 
on wild guava was much higher, and consequently lower 
germination. 

 
Table 1. Site assessment of Beclardia macrostachya populations and associated flora at Pigeon Wood. 

Field 10 m2 quadrat Field observations 

 
No. of Beclardia  

individuals 
No. of putative host  
(Indiginous trees) 

No. of wild guava 
individuals 

Other dominant  
exotic plants 

 

Site 1 7 7 112 8 Ravenalla 
Aerially occupied by indigenous trees &  
Ravenalla 

Site 2 2 12 126 10 Ravenalla 
Aerially occupied by indigenous trees &  
Ravenalla and tall guavas 

Site 3 6 16 110 - 
Aerially occupied up to 3 m by guava, and 
indigenous trees 

Site 4 - 8 86 7 Araucaria Cryptopus elatus colony 

Site 5 7 22 62 7 Cyathea Beclardia grazed by snails. Oberonia common

Site 6 1 12 82 - 
Host on river edge. Beclardia pollinated  
(2 capsules) 

Site 7 4 4 76 - Beclardia pollinated ( 1 capsule) 

Site 8 16 18 96  Beclardia pollinated (1 capsule) 

 2 11 86 5 Araucaria + 3 Ravenalla
At a distance 10 m of site 8, host on cliff, 2 
Beclardia pollinated (8 capsules = 4 + 4) 

Site 9 5 14 122  *Successful Breeding experiment 

*Indicates site where successful breeding experiment was carried out and the resulting capsules were used for in vitro culture. 

 
Table 2. Wild guava population at Pigeon wood. 

 Number of quadrats Minimum Maximum Mean/m2 Std. deviation 

Site 1 guava 6 11 36 20.83333 8.658329 

Site 1 endemic 6 0 4 1.333333 1.505545 

Site 2 guava 7 14 32 22.28571 5.618846 

Site 2 endemic 7 0 2 0.857143 0.899735 
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3.8. Studies at Reunion Island 

The four different forest areas were selected based on the 
fact that they were at different altitudes and Beclardia 
macrostachya were reported in these areas. The Radiers 
(400 - 600 m) an area comparable to Pigeon Wood Mau-
ritius, low altitude forests. Tacamaca (600 - 800 m) rep-
resented a medium altitude forest, while Eden (1600) and 
Bebours (1800 m) were at higher altitudes. Each area 
represented different climatic conditions, resulting in dif-
ferences in the vegetations. 

At Reunion Island, temporal data indicated a certain 
stability of the Beclardia populations, and the fertility 
rates indicate that the pollinator is very efficient and 
there is no major concern regarding fertility rates (Fig-
ure 4). However, the wild guava has slowly crawled in-
side the forests areas of Eden, Tacamaca and also part of 
Piton Bebours. It is tough for the wild guava to compete 
with Acacia heterophyllum which takes major regions at 
Bebours and ensures a suitable host for Beclardia mac-
rosstachya. However, at Eden and Tacamaca the wild 
guava is gaining much ground, and may eventually con-
tribute to the decline in Beclardia macrostachya and 
other epiphytic orchids populations. 

The temporal data from Reunion Island (Bebours) 
serve as a control/model for the stability of Beclardia 
macrostachya. Geographical and biological dynamics that 
deviate from this ecosystem, will reflect a deviation from 
optimal conditions of this orchid. Therefore, the Mau-
ritian population represents a disturbed niche for Beclar-
dia macrostachya and tending towards extinction, unless 
restoration measures are taken. 

3.9. Studies at Madagascar 

Population count of Beclardia macrostachya at Andasibe 
was low and the individuals were scattered, whereas at 
Ambohitantely (site1, 1500 m Alt.) a very dense popula-
tion was observed near the forest boundary, whereas 
along the slope at Ambohitantely the individuals were 
very scattered and occupied the taller regions of the for-
est strata. There was a wide diversity of host plants for  
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Figure 4. Fertility rate at three different forest sites of Reunion 
Island. 

Beclardia at Andasibe whereas, at Ambohotantely (1500 
m) Owapaka densiflora was the dominating host plants. 

The average number of flowers was 6.8 ± 2.4 at An-
dasibe and 7.7 ± 3.16 at Ambohitantely, there seem to be 
2 types of individuals. The first group of individuals 
bearing shorter leaf length (<12 cm) and a floral count ≤ 
5 per inflorescence, and the second group that generally 
bear longer leaves (>12 cm) and floral count ≥6. These 
measures indicated that the plants at Andasibe were a 
different ecotype, which was earlier described by Bosser 
[22] as a different species (Beclardia grandiflora). 

Fertility rate was low at both sites in Madagascar, 
27.1% at Andasibe and 32.3% at Ambohitantely. These 
fruiting data could not be used for statistical analysis 
because very few individuals with capsules were ob-
served. Madagascar describes 2 niche systems for Be-
clardia macrostachya, one that is more stressed at An-
dasibe, and the other more stable population at Ambohi-
tantely. 

Comparative fertility rates among the three countries 
indicate high fruiting success in Forest of Reunion Island 
and very low fruit set in Mauritius and at Andasibe 
(Madagascar). Adults leaf length measurements indicates 
that the Mauritian populations have the shortest leaves (p 
< 0.05), and Andasibe (Madagascar) populations with 
longest leaves (p < 0.05). The Floral count showed no 
significant differences among the different populations 
(Table 3). 

3.10. Nectar Components-Sugars and Aromatic 
Compounds 

Three sugars were detected: DL Arabinose, D(+) Talose 
and alpha-D-Glucopyranose (D-glucose). Eight aromatic 
compounds were detected: 4-(methoxymethyl)-phenol, 
2-Methoxybenzyl alcohol, 2-Methoxy-4-Vinylphenol, 4- 
hydroxy-benzenemethanol, salicin, Desulphosinigrin, Fel-
bamate and 1,8-Diazacyclotetradecane-2,7-dione (Figure 
5). 

4. DISCUSSION 

4.1. Biological Implications 

It is often assumed that healthy populations follow a J 
shaped distribution where adults are outnumbered by 
saplings, while populations with few juveniles relative to 
adults are in decline [23]. In Mauritius, 29 % of the indi-
viduals are juvenile and in the past years very few fruit-
ing success recorded. As per Levin’s model [24], extinc-
tion being a function of population size and the fact that 
large patches with large populations being less likely to 
become extinct, this small population of this orchid in 
Mauritius is much likely to become extinct unless recolo-
nisation (rescue effects) is carried out through conserva-
tion strategies. 
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Table 3. Assessment of performance at Reunion Island, Madagascar and Mauritius based on field counts. 

 Leaf length (mm)
Anova  

(Tukey HSD) 
Flower per inflorescence

Anova  
(Tukey HSD)

Fruiting index Anova (Tukey HSD) n 

Radiers 9.9 ± 0.39 p > 0.05 7.2 ± 0.41 p > 0.05 0.41 ± 0.05 p < 0.05 36

Bebours 10.2 ± 0.38 p > 0.05 6.7 ± 0.34 p > 0.05 0.61 ± 0.03 p > 0.05 44

Eden 8.2 ± 0.40 p > 0.05 6.4 ± 0.35 p > 0.05 0.60 ± 0.04 p > 0.05 47

Tacamaca 10.4 ± 0.66 p > 0.05 7.1 ± 0.45 p > 0.05 0.43 ± 0.03 p > 0.05 30

Andasibe 15.2 ± 1.17 p < 0.05 6.8 ± 0.77 p > 0.05 - - 10

Ambohitanteley 9.1 ± 1.07 p > 0.05 7.6 ± 0.73 p > 0.05 - - 19

Mauritius 5.7 ± 0.45 p < 0.05 5.2 ± 0.51 p > 0.05 0.36 ± 0.1 - 18
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Figure 5. Components detected by GC MS/MS analysis and their structural formula. 
 

Beclardia macrostachya was found to be self and 
cross pollinating, but requires a suitable vector for polli-
nation. The low fruiting success in Mauritius can be at-
tributed to the limitation of a suitable pollinator. Several 
orchids have been found to be self-compatible, but still 
completely dependent on vectors for pollination for ex: 

Brownlea coerulea, B. macroceras and B. parviflora, 
[25], Epidendrum secundum [26], Epipactis consimilis 
[27], Habenaria paviflora [28] and Holcoglossum rupestre 
[29]. 

All the flowers that were manually pollinated devel-
oped fruits and this confirmed the fact that pollinator 
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limitation, has been the major factor in the decline in the 
Mauritian population. The scattering of the individuals in 
scarce patches have also made them less conspicuous to 
pollinators, and thus reduced pollination efficiency [30]. 
Of the few capsules that developed, it was found these 
individuals were present in host plants that were exposed 
on tall host plants along the river cliffs/sides (Table 1: 
sites 6, 7, 8 and 9). These exposed individuals were more 
visible to pollinators. 

The effects of the varying altitude could be clearly 
observed through the abundance and fertility rates, with 
the orchid showing higher fertility rates and abundance 
at high altitudes region like Bebours and Eden at Reun-
ion Island, Ambohitanteley at Madagascar. Higher fertil-
ity rates would be credited to the presence of very effi-
cient pollinators, which might have preferentially mi-
grated to the higher altitude forests where there is lesser 
disturbance, but also a much healthier habitat. 

The size of the plants were different among the popu-
lations in Reunion Island itself, the more robust indi-
viduals recorded at Eden and Bebours, and least Robust 
individuals found at Radiers and Mauritius. This can be 
reflected as the performance of the species at varying 
altitudes or climatic conditions. A general trend was ob-
served with respect to leaf length and flower number, the 
longer the leaves, the greater was the number of flower 
bearings by the inflorescence. However, at Tacamaca 
and Bebours the same trend was not observed, with Ta-
camaca showing no corelation between the two and this 
was explained by the fact that the leaves were long (9 
cm), which meant that all the plants that were flowering 
at Tacamaca had the longest leaf above 9 cm, while at 
other regions like Bebours and Eden an individual with 
the longest leaf around 3 - 5 cm was able to flower. This 
explains the fact that at higher altitudes this orchid per-
formed better both in terms of productivity and fertility 
rates [31]. 

Madagascar with a rich orchid flora of about 1000 
species and with 90% of its orchid species being endemic, 
many of these species are threatened by the rapid rate of 
environmental change in the island through deforestation 
making place for agriculture [32]. Our studies from 
Madagascar also show a preferential adaptation of Be-
clardia macrostachya to higher altitude regions. Wild 
guava has also been noticed along the track to Lekato 
(Madagascar), which implies that authorities should get 
vigilant about the widespread of this invasive species. 

The negative impact of wild Guava in Mauritius was 
very much obvious in Mauritius with a negative co-rela- 
tion between wild guava and putative hosts. In Reunion 
Island at Eden, parts of this forest were invaded by wild 
guavas, and seedlings of Beclardia macrostachya were 
seen on the ground, due to the shedding of the bark of 
wild guava. Wild guava directly prevent the growth of  

putative hosts of Beclardia and the guavas themselves 
help in reducing the population of Beclardia by captur-
ing the dispersed seeds, but not allowing them to develop 
further beyond the seedling stage through shedding-off 
of their outer bark. 

Results from GC-MS MS analysis indicate that this 
orchid offers nectar as a reward. Alpha D glucopyranose 
which is the major soluble form of sugar in plants is 
sought to be the major component of the reward in the 
nectar. Sucrose was not detected at all in the nectar, this 
has also documented by Wenzler [33]. Talose (a rare 
sugar) and arabinose were reported to be a component of 
the nectar of Brassica napa [34]. Benzyl alcohol/(Ben- 
zene methanol,4-hydroxy) is known to be insect attrac-
tant and reported to be major components of floral 
[35-40]. Of the other aromatic compounds detected in 
Beclardia macrostachya, methoxybenzyl alcohol and 
methoxy methyl phenol are also reported to be a compo-
nent of floral scents in orchids [37]. These results also 
describe the observation of 3 different kind of insects 
foraging on the flowers (Figures 6(a)-(c)) of Beclardia 
macrostachya and the fact that this orchid exhibit sphin-
gophilous syndrome. Though, these insects visit the flow-
ers of Beclardia macrostachya they may not necessarily 
pollinate the flowers as earlier reported by Micheneau 
[41] in a similar study carried out in Mauritius for an 
endemic orchid Angraecum cadetti. 

Orchids pollinated by birds generally exhibit short 
spur (<2.5 cm), bear several flowers per inflorescence 
and are not scented. Pollination of some orchids is thought 
to have evolved from sphingophily (moth pollinated) to 
ornithophily and some have become completely inde-
pendent of their insect pollinators in the mascarene is-
lands [10]. As described from the high fertility rates ob-
served in high altitude forest of Bebours and Eden of 
Reunion Island (Table 3), and the fact that most of the 
orchids that are pollinated by birds are found at high al-
titudes, it can be hypothesized that Beclardia macrosa-
tachya must be bird pollinated in Reunion island and 
Mauritius. Since these Zosterops are not observed in 
Madagascar this orchid is insect pollinated in Madagascar, 
although one species Zosterops maderaspatanus feeding 
mainly fruit, flower buds and insects [42] is reported 
from Andasibe. However, this can only be confirmed by 
further studies in Madagascar to determine the exact pol-
linator. 

4.2. Probable Reasons of Decline in Mauritian 
Population 

4.2.1. Habitat Destruction and Alterations 
Field surveys at Reunion Island showed flourishing and 
abundant populations of Beclardia macrostachya, and it 
was quite puzzling to sort out the reasons of the drastic  
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Figure 6. Visitors of Beclardia macrostachya flowers. (a) A tiger moth; (b) A hemipteran bug; (c) An aphid. 
 

decline in the Mauritian population, now to a mere 82 
individuals at a single protected forest area and with an 
extremely low fruiting success. 

The most evident fact is that, at present the Mauritian 
forest covers only 3% [43] of the total land area this is an 
indication of the ferocious deforestation which has taken 
place in the past years and the spread of exotic species in 
the remaining forest patches [44]. Beclardia was earlier 
reported in the areas near Grand Bassin and Bois Sec and 
today most of these forest areas have been cleared and 
there have also been an alteration of the habitat with in-
troduction of pine trees and Araucaria. The actual habitat 
has now been restricted to a mere 5 km2 area at Pigeon 
wood. Roberts & Wilcock [45] made similar observa-
tions and also concluded that areas like Les Mares which 
were once populated with Beclardia macrostachya have 
now been cleared and reported that this orchid showed 
no fruiting success for the period between 1997 to 2001, 
suggesting a lack of recruitment from seeds. 

 OPEN ACCESS 

The invasive wild guava did have an additive negative 
effect on the Beclardia populations. This invasive plant 
primarily prevents the growth of putative hosts for Be-
clardia. The Mauritian forests are all invaded by this 
plant and it grows so fast and propagates so quickly that 
it has become difficult to control. Only strict and me-
ticulous clearing can stop its widespread. But, even ani-
mals (wild boars) act as vectors for the dispersal of the 
seeds, such that even newer areas slowly get invaded. If 
the wild guava could be suitable hosts for these orchids 
maybe it would have had some positive impact, but evi-
dent from field observations at Eden Forest (Reunion 
Island) seedlings of Beclardia are seen to die off near the 
ground. This was the result of the shedding off of the 
outer bark of the wild guava (typical character of Myrta-
ceous plants), and along with the bark the Beclardia 
seedlings fell to the ground and died. 

The presence of a suitable pollinator determines the 
fertility rate of a population. The most probable pollina-

tor was thought to be Olive white Eye (Zosterops olivacea), 
a nectariferous bird [46] present both at Reunion Island 
and Mauritius, however, the Mauritian population of this 
bird is low. 

4.2.2. Other Factors 
Mauritius is very often exposed to strong cyclones in 
summer season, and such condition can wipe off a popu-
lation very quickly and this orchid itself being an epi-
phyte will often be exposed to violent winds, and the 
host plants themselves often end up with broken branches 
or totally uprooted after a cyclone. Even droughts can 
have severe consequence on these epiphytes, even though 
they show adaptations to xerophytic conditions. Mauri-
tius is often exposed to periods of droughts which may 
last for more than two years and under these conditions, 
such limited population would be easily wiped off. Threat 
from poaching is very much less now, as this orchid is 
present in a well monitored forest area, which has prop-
erly been fenced by the National Parks and Conservation 
services. After the end of the fruiting season of wild 
guavas, animals like monkeys are suddenly in a situation 
of reduced available food, and in such situations they 
either feed on other seeds or fruits (which become less 
abundant), and very often they feed on fleshy leaves. 
Beclardia individuals with the leaves totally eaten up by 
animals were observed and another orchid which often 
eaten up by these animals is Oberonia sp. Other animals 
like snails and caterpillars were also observed to feed 
upon the tender leaves (Figure 7) of Beclardia, which 
adds to more pressure on the existing populations. Thus 
it is not a single factor, but a whole set of smaller selec-
tive pressures like climatic conditions, grazing by ani-
mals, lack of suitable hosts, impacts of wild guava on 
seedling development and the absence of suitable polli-
nating vectors are acting together such that the orchid is 
becoming much more vulnerable to extinction in Mauri-
tius. 
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Figure 7. Grazing of Beclardia macrostachya leaves. 

5. CONCLUSION 

Stable populations of Beclardia macrostachya depend on 
the availability of suitable host plants, suitable pollinator 
to ensure effective fertilization and consequent seed re-
generation, and climatic conditions prevailing at higher 
altitude regions which are heavy rainfall and colder tem-
perature (22˚C - 28˚C). Pollinator limitation, widespread 
of wild guava and limited host plants have primarily led 
to the decline in the Beclardia macrostachya population 
in Mauritius. 
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