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Abstract. Remote tropical islands are particularly vulnerable to invasion due to their 
low native species diversity and limited terrestrial habitat. To examine the distribution 
and age structure of the invasive palm Dypsis madagascariensis in the Opunohu valley on 
Moorea, the population was mapped into high and low density zones. Within these 
zones plots were sampled using height and DBH as a proxy for age. To examine the 
distribution of individuals and their heights with respect to distance from fruiting 
individuals, transects heading in random directions were sampled starting at 5 fruiting 
trees as well as corresponding random points. The age structure did not vary 
significantly between densities. The vast majority of the population sampled was 
juveniles. There was not a relationship between height distribution and proximity to a 
fruiting individual, but the spatial distribution of individuals was significantly affected. 
Also, access to sunlight was associated with fruiting status. Future investigations should 
examine dispersal mechanisms, possibly with the use of rodent exclusion, bird behavior 
observations or a gut passage germination experiment. Recruitment might be examined 
with population genetics. Impacts on other species should ultimately be studied to 
determine what, if any, preventative action should be taken. 
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INTRODUCTION 

 
An invasive plant can be defined as a non-

native plant species, spreading without 
human help and resulting in considerable 
changes in the ecosystem (Cronk, 2008). 
Invasive species can present massive 
ecological problems by out-competing native 
vegetation, destroying habitats, even 
modifying terrain characteristics, all with the 
potential of ultimately reducing species 
diversity.  

Remote tropical islands are particularly 
vulnerable to invasion due to their low native 
species diversity and limited terrestrial habitat 
availability (Meyer, 2004). In many cases 
species that are benign or even endangered in 
other environments become highly 
problematic when introduced to tropical 
islands. Invasive species can be especially 
problematic in disturbed areas where native 
vegetation must compete against weedy 
invasive species to recolonize, without the 
advantage of already being established 
(Feenstra, 2008).  

Dypsis madagascariensis is an ornamental 
palm native to Madagascar. It is invasive 
elsewhere and has even invaded a small area 
of continental tropical forest in Panama 
(Svenning, 2002). Since continental ecosystems 

are generally more resistant to invasion than 
island ecosystems this portends a disturbing 
potential on Moorea, where this palm has 
escaped from cultivation and is naturalized.  

It is the only species in the genus Dypsis 
on Moorea. A large naturalized stand of D. 
madagascariensis exists near the Lycée Agricole 
and individuals can be seen throughout the 
Opunohu Valley.  Additionally, D. 
madagascariensis is cultivated for its handsome 
appearance, so it is a common sight in gardens 
and along roadsides around the island.  

Very little is known about the 
reproductive cycle of Dypsis madagascariensis 
in this environment. Honey Bees (Apis 
mellifera) have been observed visiting the 
flowers, however its pollinator(s) remain 
unconfirmed. In its native range lemurs are 
common seed predators and also disperse 
many species of palm, including some in the 
genus Dypsis (Fleagle, 2007), and might 
therefore also disperse D. madagascariensis, but 
there are no lemurs on Moorea. Several bird 
species including the Bulbul (Pycnonotus cafer), 
the Grey-Green Fruit-Dove (Ptilinopus 
purpuratus), and possibly the Myna 
(Acridotheres tristis) may be involved in the 
dispersal of Dypsis (Meyer, 2008). Rats might 
also participate in seed dispersal, although 
this is currently speculative.  



Examining distribution and recruitment is 
an important part of invasion biology and 
encompasses pollination, dispersal and 
germination (Deckers, 2008). Understanding 
recruitment is crucial to assessing the scope of 
potential damage, as it is the most pertinent 
factor in an invasion’s spread. But recruitment 
is difficult to measure with certainty: even 
with molecular data to aid in matching 
parents with offspring, dispersal mechanisms 
must also be considered to obtain a more 
complete picture.  

With a possibly problematic invasive 
species, an estimate of the currently affected 
area along with the age structure of the 
population and examination of distribution 
with respect to phenological stage can yield a 
better understanding of the severity of the 
invasion. I hypothesize that within the large 
naturalized population in Opunohu Valley on 
Moorea, age structure varies with respect to 
density. Additionally, I expect that individuals 
are distributed relative to phenological stage, 
in that age is related to distance from fruiting 
individuals. Furthermore, I anticipate that 
phenological stage is related to environmental 
conditions; specifically that fruiting is 
associated with greater access to sunlight. 
 

METHODS 
 

Study site 

 
Figure 1. Opunohu valley survey area 

Range survey 
 

I surveyed the extent of the Opunohu 
Valley invasion and mapped as much as 
feasible using GoogleEarth and QGIS. After 
establishing a border I divided the invasion 
area into two zones: high and low density. I 
characterized high density by roughly 

approximating the presence of 11 or more 
trees per 400 square meters and low density 
by 10 or fewer. I then arbitrarily numbered 
discontinuous areas of the same zone.  

I selected areas and the last 3 digits of 6 
decimal place Latitude/Longitude coordinates 
using a random number generator to create 5 
random points inside each zone. I used each of 
these points as the southwest corner of a 
square plot with 20 meter edges in line with 
the cardinal directions. If a point was such 
that a plot to the northeast was inaccessible, 
then I used the plot to the southwest. If that 
was also inaccessible, I used the plot to the 
southeast followed by the northeast 
respectively. If a random point was 
completely inaccessible, I generated and used 
a new random location. In low-density zones, 
if no individuals were found within the 20 by 
20 plot then I expanded that plot size to 40 by 
40 meters using the random point as the 
center of the plot.  
 

Age structure 
 

To examine age structure with respect to 
density I used size as a proxy for age. I 
sampled the plots, noting number, height, 
diameter at breast height (DBH), and the 
fruiting or flowering status of each individual. 
I recorded DBH at 1.3 meters above the 
ground, and only on individuals where the 
trunk was exposed beneath the sheath at that 
level. 
 

Distribution and parent trees 
 

I also selected 5 fruiting individuals 
(subsequently referred to as parent trees) in 
natural settings for observations regarding 
distribution with respect to phenological 
stage. From each parent tree I then conducted 
2 transects each 6 meters wide and 50 meters 
long, on randomly determined compass 
headings. I restricted the random headings to 
arcs so as to exclude unnatural areas such as 
roads and plantations. 3 of these parent trees 
were quite close together and thus I 
performed only 1 transect per tree in a 
random direction within the 120° arc away 
from the other 2 parent trees. For control, I 
conducted analogous transects from points 
chosen by proceeding 100 meters on random 
headings taken from each parent tree. Along 
all these transects I recorded data on the 
above-mentioned characteristics as well as 
distance from the parent tree or starting-point. 
 



Environmental factor: sunlight 
 

Additionally, to examine the 
relationship between access to sunlight 
and phenological stage, I used percent 
canopy cover as a proxy for sunlight 
access. I recorded percent canopy cover 
using a densiometer at each of the parent 
trees and at 7 non-fruiting trees of 
comparable size. 

I used Microsoft Excel to organize 
and graphically present the data, and 
JMP for data analysis. I employed 
correlation as well as one and two-tailed 
t-tests both paired and unpaired, and 
assuming unequal variance.  
 

RESULTS 
 

Range survey 
 

Opunohu Valley was densely vegetated. 
Its varied elevations were covered in 
secondary tropical forest dominated by 
Tahitian chestnut (Inocarpus fagifer) and 
Hibiscus tiliaceus. The lower elevations had 

large areas of cleared grazing land and the 
middle elevations (particularly in the eastern 
half of the valley) contained a number of large 
agricultural plantations. In these impacted 
environments I saw very few Dypsis 
madagascariensis. Conversely, in the Inocarpus 
understory and the largely untended pine 
plantations throughout the middle elevations 
there was a thriving population of D. 
madagascariensis. Appendix A contains maps 
of the population surveyed, their relative 
densities and the sampled plot locations.  

 
Age structure 

 
Age structure did not vary significantly 

among densities. There was a correlation of 
0.83 between the height distributions of high 
and low density plots. A paired two-tailed t-
test of percentage height distributions per 0.1 
meter increment failed to achieve significance 
(p=1, t=6.2x10-9, DF=22) in an unusual 
situation where both datasets had exactly the 
same mean. If the strong correlation is not 
immediately apparent from the histograms 
(Figures 2 & 3), note that 72% of the low 
density population and 82% of the high 
density population were 0.6 meters or less in 
height.  
 

Distribution and parent trees 
 

There were many fruiting individuals 
within my survey area, but they were mostly 
in cultivation at the Lycée Agricole. Of all the 
parent trees I observed only 7 that were 
clearly in natural areas (2 of which I found 
after sampling). In my transects from those 5 
parent trees there was a distinct lack of 
neighboring individuals for at least 22 meters 

 
Figure 4. Spatial distribution of individuals relative 
to fruiting trees.  

 
Figure 2. Height distribution of trees in high 
density plots. 

 

 
Figure 3. Height distribution of trees in low 
density plots. 

 



(Figure 4). There were also high 
concentrations of individuals between meters 
23 and 30, and again between 43 and 47.  

Conversely, the transects from random 
points showed a much more even spread of 
individuals at varying distances (Figure 5). 
Interestingly, this data also showed a peak of 
individuals around meter 40.  

The height distributions (Figures 6 & 7) 

were not significantly different 
according to a paired one-tailed t-test 
hypothesizing that there would be 
more small individuals near fruiting 
trees (p<0.24, t=0.72145, DF=49). The 
average heights of both parent tree 
and random point transects were 
within 0.1 meters of one another as 
were their median heights. Both 
means were nearly 1 meter larger 
than their medians, indicating that a 
small number of tall individuals 
raised the mean unrepresentatively.  

With the hypothesis that more 
individuals would be clustered 
around a parent tree (raising the 
mean) than around a random point, a 
paired one-tailed t-test yielded 
significance (p<0.043, t=1.76122, 

DF=49) suggesting a difference in distribution 
of individuals based on proximity to a parent 
tree.  

 
Environmental factor: sunlight 

 
Finally, I observed that fruiting 

individuals tend to be in areas with lower 
percent canopy cover (Figure 8). An 
independent one-tailed t-test yielded 
significance (p<0.009, t=3.625, DF=7.07493), 
supporting the notion that phenological stage 
was related to sunlight access.  
 

DISCUSSION 
 

The invasion near the Lycée Agricole 
extended from the ridge between Paopao and 
Opunohu valleys in the east, roughly to 
latitude -17.5419°, longitude -149.8338° in the 
south, across to a pine plantation at longitude 
-149.824 in the west, and over to the dirt road 
leading to Paopao, north of which the 
invasion was negligible (see Appendix A). 
The highest individual I observed was at ~250 
meters above sea level and most of the 
population is below 200 meters. This sizeable 
area approximately centers on the grounds of 
the Lycée Agricole where there were 
numerous fruiting and non-fruiting 
individuals of reproductive age in cultivation. 

The Inocarpus understory is a very damp 
and relatively dim environment. These factors 
and perhaps others combine to create a 
relatively open expanse at ground level. Very 
few plant species seem to be able to take 
advantage of these conditions, but Dypsis 
madagascariensis appears to thrive in this 
setting. The highest densities that I observed 

 
Figure 5. Spatial distribution of individuals relative 
to random points. 

 
Figure 5. Distribution along transects with distance 
from random points 

 

 
Figure 6. Distribution of average height of 
individuals relative to fruiting trees. 

 

 
Figure 7. Distribution of average height of 
individuals relative to random points. 



were in the boggy bottoms of ravines under 
dense Inocarpus canopy. However, these 
densest areas also consisted almost entirely of 
relatively young individuals: most I would 
categorize as seedlings and certainly none 
were of reproductive size.  

Age structure does not appear to vary 
significantly with respect to density in the 
population sampled, thus no insight regarding 
invasion expansion relative to density can be 
gained from these data. But the uniformity in 
age structure dominated by young individuals 
throughout the sampled range raises the 
question of how D. madagascariensis is 
dispersed across such a distribution. Large 
populations of non-reproductive individuals 
exist markedly separated from the observed 
fruiting individuals. The dispersal mechanism 
of fruit simply falling from the tree does not 
readily explain either this spatial 
independence or the 22 meters lacking 
neighboring individuals in the parent tree 
transect data (Figure 4). However these data 
could be consistent with bird dispersal.  

Based on my data I cannot say that age is 
related to distance from parent trees. But out 
of the 335 trees for which I recorded data in 
this survey (including the 6 fruiting 
individuals and the 7 individuals of 
comparable size), only 27 were large enough 
for me to record DBH data. 14 of those were 
less than 4 meters tall, far from reproductive 
size (the smallest fruiting tree I observed was 
8.5 meters tall with a DBH of 30 centimeters). 
Essentially, since the vast majority of the 
naturalized population was young, my 
transects were unlikely to encounter a wide 
enough gradient in age or difference in 
phenological stage to show statistical 
significance.  

However the data show that distribution 
of individuals irrespective of age was 

influenced by proximity to parent trees. The 
space without individuals around parent 
trees was unusual and unexpected. The 
concept of threshold distances in dispersal is 
consistent with the successive peaks in 
number of individuals beyond that space. 
But neither thin nor fat-tailed dispersal 
theory (Petrovskii, 2008; Goto, 2006) applied 
to tree seeds would suggest the occurrence 
of such a space. The usual inclination of 
dispersal models show higher numbers near 
parents decreasing with distance.  

With the caveat that the sampled trees 
were not necessarily offspring of the fruiting 
individual, this space diverges from the 
theory. It could be attributed to my 
sampling method, which more closely 

estimated recruitment than dispersal. Because 
it is reasonable to expect that higher 
dispersed-seed density should give rise to 
higher recruit density this is not an adequate 
confutation.  

Along my 6 meter wide transects, the data 
become more representative of the complete 
distribution of dispersal distances nearer to an 
origin parent tree. Thus some of the strongest 
data from the transects describe this space 
without neighbors. Perhaps this is an 
indication of other factors at work near parent 
trees, like seed predation, an absent seed 
treatment or some other abiotic factor.  

 Additionally, the data support a 
relationship between phenological stage and 
sunlight access (Figure 8). Fruiting trees tend 
to have more sunlight access than trees of 
similar size without infructescence or 
inflorescence. More research is warranted to 
determine if sunlight access is predictive of 
phenological stage. Other environmental 
factors such as grade or soil composition 
might also play a role in determining 
phenological stage. Examination of these 
factors might even yield insight into dispersal 
and recruitment, for example: seeds may be 
washed downhill by rainwater.  
 

Possible confounding factors 
 

Although there were many potential 
sources of error in this survey, I believe the 
single largest factor was small sample size. 
Despite capturing a large number of 
individuals, more replicates were needed to 
make trends truly suggestive. In most of my 
data there were large gaps between the mean 
and the median diminishing the 
representative power of the t-tests I used for 
significance testing. The transects were 

 
Figure 8. Canopy cover as a proxy for sunlight 
access in comparably sized fruiting and non-
fruiting individuals. 

 



particularly limited in sample size by the 
conspicuous scarcity of non-cultivated fruiting 
individuals. Also, more replicate transects per 
parent tree could have vastly improved the 
representation of the distribution of dispersal 
distances  

My randomizations combined with the 
inaccessibility of some points resulted in all of 
my high density plots being north of the Lycée 
Agricole. This factor may have skewed data 
because north also happens to be generally 
downhill.  

A more direct measurement of sunlight 
access such as the use of a light meter at 
corresponding times of day on clear days 
might yield more directly applicable results 
than measuring percent canopy cover when 
compared with fruiting or flowering status 

Also, I had to expand one of my low 
density plots in order to capture at least one 
individual. The resulting non-uniformity of 
plot size may have disrupted statistics due to 
interfering with variance calculations. 
 

Recommendations 
 

Examination of dispersal mechanisms and 
recruitment is the next step. To investigate 
dispersal, a study using metal rodent-
exclusion bands, commonly employed around 
the trunks of fruiting trees in coconut 
plantations, might isolate rats as a dispersal 
factor. A germination study considering the 
influence of bird and/or rodent gut passage 
on seed viability might also provide insight 
into dispersal. Even simple observation of bird 
movement and feeding behavior could 
determine whether birds truly have the 
potential to disperse Dypsis madagascariensis. 
Animal behavior is not well incorporated into 
many models for dispersal (Russo, 2006), and 
progress in that arena could have implications 
far beyond this invasion. 

At a more advanced level, direct 
measurements of dispersal by using genetic 
techniques to match seeds with parent trees 
could also point to dispersal mechanisms 
(Jones, 2008). And using population genetics 
and genetic microsatellites to determine 
parentage in successful seedlings (Goto, 2006) 
is an appealing way to tackle recruitment, 
again because these techniques can measure 
recruitment directly. Combined with 
geospatial data seedling parentage could also 
yield insight into dispersal mechanisms if 
spatial trends in recruitment are observed. 
Comparison of trends in such recruitment and 
dispersal data is particularly relevant in this 

type of invasion biology since it could isolate 
dispersal to reveal other factors influencing 
recruitment. 

Tangentially, I noted ants and scale living 
on a number of individuals throughout the 
invasion’s range. This mutualism has been 
studied on guava (Almarez, 2006) but it might 
merit further examination on this invasive 
palm.  

The most important findings of this study 
were that Dypsis madagascariensis is present in 
abundance on Moorea, it is capable of 
spreading, and its impacts are not yet known. 
Ultimately research should be conducted to 
determine the impacts of D. madagascariensis 
on other species and the ecosystem as a whole. 
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APPENDIX A 

 

 
Map 1. Opunohu valley survey area and density zones. 

 
Map 2. Locations of 20x20 meter plots sampled in both densities zones. 



 
APPENDIX B 

 

 
Image 1. Leaves of Dypsis madagascariensis seedlings. Youngest to oldest, left to 
right. Note the two-pronged leaflets at the terminal end and the groupings of 3 or 4 
leaflets in the more mature stages. In older individuals the two-pronged leaflets 
eventually also develop into groupings of 3 or 4. The leaflets within groups do not 
extend in the same plane (some grow upward, some grow downward) giving the leaf 
an appearance of volume that is distinct from the other palm species on Moorea. 
 

APPENDIX C 
 
ID Latitude Longitude Description 
F1 -17.53094 -149.83046 N of Marae, S of Paopao Rd 
F2 -17.53635 -149.83567 Middle Fork Ag School 
F3, F4, F5 -17.53634 -149.83742 3, W Fork Ag School 
F6 -17.54163 -149.82833 Vista SW of Belvedere 
F7 -17.53339 -149.83234 E of N Ag School Campus  

Table 1. GPS coordinates of apparently non-cultivated fruiting individuals in 
natural settings (surrounded by a minimum of 180° of natural terrain).  


