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Abstract. As environmental management techniques evolve, so do our awareness of
new issues in threatened ecosystems. While we have been focused on curbing our direct
effects, we must pay equal attention to the indirect impacts of our resource use. One such
impact is the unintentional encouragement of one native species, often one easily adapted
to disturbance, at the cost of another. On the island of Moorea in French Polynesia, this
dynamic is played out in the form of Dicranopteris linearis, a native branching fern, and
Metrosideros collina, a canopy tree in a population slump. As Dicranopteris fills in the open
spaces left by human development, Metrosideros becomes surrounded by a thick mat of
vegetation that no seedlings can grow through. On other islands, Metrosideros is able to
germinate in areas of recent and extreme disturbance, such as lava flows and landslides,
but the population of Moorea does not seem to be reproducing. This study found that
Metrosideros is declining in both number and health on the island, but that Dicranopteris is
not solely to blame.
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INTRODUCTION
Island biology often presents a unique
opportunity to study endemism, dispersal, and
organism interactions in habitats that are
smaller and simpler than their mainland
counterparts. They also present real-time study
systems for the resilience of an ecosystem to
(often human-introduced) invasive species
(Pouteau 2012). These introduced organisms
have dire effects on native species that have
evolved in the absence of competition,
resulting in constantly increasing nonnative
diversity and the gradual extinction of native
and often endemic species (Lonsdale 1999;
Brooks et al. 2002).
While direct disturbance is one of the
hallmarks of human interaction with the
environment, indirect impacts can have
equally profound consequences, such as via the
rampant propagation of a native species that
tolerates disturbance better than its peers. One
example of this is Monterey Pine, a species
native to limited areas of California but
introduced worldwide as a cheap source of
lumber. Within California, it has spread into
delicate coastal scrub habitats, overshadowing
the low-lying native plants and changing the
ecosystem from the vegetation profile to the
microbiota of the soil (Alvarez 2002; Steers
2013). Resource and conservation management
primarily focuses on controlling the spread of

nonnative
invaders,
but
as
human
development affects relative proportions of
species, management must look further into
monitoring the balance between species as well
as the species present (Mack 2000; Ehrenfeld
2010).
Dicranopteris linearis is a native fern on
Pacific islands that spreads via rhizomes and
indeterminately growing leaves in sunny, open
habitats. It is a naturally occurring part of
primary succession in island systems, filling in
the forest floor under incomplete tree canopies
(Mueller-Dombois 2013). The fern produces
dense mats of foliage that can be deeper than
three meters, inhibiting the growth of anything
beneath it (Russell 1998). When Polynesian
settlers arrived on Moorea, they cleared forest
land by cutting and burning, which created the
open habitats in which the fern thrives; the
population soared again after the arrival of
European settlers (Pimm 1996; Kirch 2009).
Today, Dicranopteris forms a dense ground
cover, a thick line of defense against introduced
species that could flourish in the resource-rich
open canopy habitat, but the mats also prevent
the germination of some native trees that prefer
similar habitats (Wickland 1999). By edging out
other native populations, as in the case of the
Monterey Pine, Dicranopteris takes on the role
of a “native invasive”.

FIGURE 1. Map of trails and ridgelines surveyed with Metrosideros and Dicranopteris
distributions overlayed (topographical map courtesy of the Geospatial Innovation Facility,
University of California, Berkeley)
Metrosideros collina is a native canopy tree
in the family Myrtaceae, closely related to the
well-studied Metrosideros polymorpha of
Hawaii. Studies of M. polymorpha have outlined
a cyclic life history dependent on natural
disturbance: M. polymorpha is one of the first
species to colonize cracks in cooled lava flows,
helping lichens break down the rock into
usable substrate over a 50-100 year period
(Mueller-Dombois 2013). Dicranopteris is one of
the first species to move in under the juvenile
M. polymorpha, preventing new seedlings from
germinating and thereby enforcing a strict
cohort structure on the Metrosideros population
(Boehmer 2013). When the juveniles of M.
polymorpha reach adulthood, they form a closed
canopy that shades out Dicranopteris, reigning
over the canopy for 200 to 700 years before
naturally senescing as a cohort (MuellerDombois 2013; Boehmer 2013; Zimmerman
2008; Mueller-Dombois 1987). In the past, this
senescence led to auto-succession: the opening
of the dying canopy provided space and
sunlight for Metrosideros seedlings to germinate
and replace the population; today, human
disturbance has exposed those gaps to invasive
species,
or
the
rampantly
spreading
Dicranopteris (Zimmerman 2008; Cordell 2009;
Mueller-Dombois 2013).

On Moorea, volcanic fires and lava flows
have long ceased to be sources of disturbance.
Since the end of the island’s volcanic period, M.
collina’s sole means of establishment must be
the same as Metrosideros umbellata of New
Zealand: colonization of landslides (MuellerDombois
1987;
Mishler,
personal
communication 2017). In the valleys where
Metrosideros may once have been able to
survive and reproduce, humans have cleared
space for roads, houses, pineapple farms, and
Caribbean pine plantations, interrupting the
natural forest succession by providing open
habitat where Dicranopteris has flourished.
The combination of habitat destruction and
passive encouragement of Dicranopteris has
threatened the Metrosideros population to the
point that one survey of the lower Opunohu
Valley found no sapling trees at all (Wickland
1999). The Opunohu Valley is one of the least
developed areas on the island, and the steep
slopes of the upper reaches have escaped
development entirely.
The goal of the present study was to
determine precisely where Metrosideros and
Dicranopteris are present today on Moorea, and
if any microhabitats are supporting juvenile
Metrosideros. I hypothesized that Metrosideros
populations on Moorea could be found on
ridgelines rather than in valleys, and that

reproducing populations would occur only on
remote ridgelines, far from human disturbance
and Dicranopteris mats. By surveying much of
the valley and surrounding ridgelines on foot,
I determined the distributions, competitive
vegetation, and habitat preferences of the
island’s
remaining
Metrosideros
and
Dicranopteris patches. Any juvenile Metrosideros
found were surveyed individually to get an
accurate picture of the future of the species on
Moorea.
METHODS
Data collection was carried out in October
and November of 2017 on the island of Moorea,
centered on the Opunohu Valley. All of the
trails within the Opunohu and Paopao valleys
were surveyed for Dicranopteris and
Metrosideros, as well as several undisturbed
ridgelines within and around the valley, seen
in Figure 1.
Valley survey
I conducted initial survey hikes along 70
kilometers of trails and ridgelines in the
Opunohu and Paopao valleys. I marked
Dicranopteris patches with GPS waypoints and
surveyed patches for size, canopy cover, and
position relative to the nearest ridgeline. Patch
size was approximated by pacing where
possible and visually where it was not (i.e. due
to steep terrain). Canopy cover was averaged
for each patch by amount and species of shade
tree. Each patch was recorded as either on the
ridgeline or not. Metrosideros patches were
marked to return to later for more thorough
surveying.
All maps were created in QGIS, by
combining my GPS waypoints with the
topographical map of Moorea provided by the
Geospatial Innovation Facility at the University
of California, Berkeley.
Habitat Analysis
Each Metrosideros individual was surveyed
for the following metrics: aspect, ground slope,
tree height, ground cover, canopy cover,
diameter at breast height (DBH), and health.
Aspect was taken with a compass, and both
ground slope and tree height were found with
a clinometer. Ground cover was determined by
surveying a 3-meter radius around the base of
the trunk, and recording the relative
percentages of different species. Canopy cover
was taken with a spherical densitometer, facing

in four directions. As Metrosideros branches at
ground level, DBH was taken for major
branches at 1.3 meters and averaged for each
tree. Health was rated on a 1-5 scale: (1) Full
canopy (2) 60-90% of canopy intact (3) 30-60%
of canopy intact (4) less than 30% of canopy
intact (5) completely bare canopy.
The following habitat metrics were
analyzed in R, with an alpha value of 0.05:
ground slope, percent Dicranopteris ground
cover, canopy cover, and aspect. The various
habitat metrics were compared site to site with
a one-way ANOVA and a post-hoc Tukey
pairwise assessment where appropriate to
determine significant difference in population
preferences.
Juvenile Population Assessment
To determine the viability of the present
population of Metrosideros on Moorea, I used
the height data collected on the valley survey
hikes to identify sapling (0-2 meters in height)
and juvenile (2-4 meters) trees, and thus
determine how much of the population is
comprised of new recruits, and using the
habitat analysis data, whether they have strong
habitat preferences.
RESULTS
Valley survey
The valley
survey
found
twelve
Dicranopteris patches throughout the Opunohu
Valley, scattered but all in the vicinity of
human clearing (Fig. 2). The fern showed no
elevational preference, growing in equally
dense mats from the lowland forests to above
Three Coconuts Pass. The patches ranged in
size from 75 to 18,750 square meters, with an
average of 6,952 square meters. Ten of the
twelve patches were on ridgelines, primarily
under acacias (seven patches) and pines (four
patches).
Metrosideros was found in five locations
(Fig. 3). One solitary individual lives on the
ridgeline of the Three Pines overlook, but given
its lack of cohort, this individual was excluded
from statistical analyses. The other four sites
were as follows:
Site 1: E’a Mata Ara Overlook, from -17.542
to -17.541 and -149.829 to -149.829. 94
individuals were recorded at this site, ranging
in height from 1.383 to 15.547 meters. The
average height was 7.245 meters, while the
average DBH was 177 cm and the average
health of the stand was 2.840. 14 of the trees

average health was 3.133. This overlook is more
than an hour from the parking lot and has
considerable elevation gain, which reduces foot
traffic somewhat from the E’a Mata Ara, but it
remains one of the popular hiking destinations
and does have visitors most days.

FIGURE 2. Map of Dicranopteris
distributions
were completely dead. This stand is a 10minute walk from the Belvedere parking area,
and is one of the busiest sections of trail on the
island.
Site 2: Three Coconuts Pass Overlook, from
-17.548 to -17.547 and -149.842 to -149.843. 15
individuals were found at this site, four of
which were dead. The heights ranged from
2.344 to 15 meters, with an average of 7.145
meters. The average DBH was 113 cm and the

FIGURE 3. Map of Metrosideros distributions

Site 3: Above Three Coconuts Pass,
separated from Site 2 by 50 meters at -17.547
and -149.843. There were only five individuals
in this stand, one of which was dead. The
heights were between 3.210 and 7.767 meters,
with an average of 5.312. The average DBH was
88 cm and the average health of the stand was
4.2. Very few people go past the initial overlook
at Three Coconuts, so this site sees much lower
foot traffic.
Site 4: Above the Belvedere parking lot,
beginning 20 meters up the ridge from the
Three Coconuts trailhead at -17.541 and 149.826. This stand is comprised of 23
individuals, with only one dead. The average
health of the stand was 1.826. The tree heights
ranged from 1.527 to 17.359 meters, with an
average of 9.153, and the stand had an average
DBH of 160 cm.

TABLE 1. Population breakdown of Metrosideros

Habitat Analysis
Metrics for ground slope, percent
Dicranopteris ground cover, canopy cover,
aspect, and health were analyzed using a oneway ANOVA and a post-hoc Tukey pairwise
assessment where appropriate. There was no
significant difference between slopes at the
four sites (ANOVA, p>0.1). There was a
significant
difference
in
the
percent
Dicranopteris ground cover between Sites 1 and
2 (ANOVA, p<0.001). Sites 3 and 4 had no
Dicranopteris present (Fig. 4). There was no
significant difference in canopy cover between
the four sites (ANOVA, p>0.1), but there was
significant difference in aspect between Sites 1
and 4 and Sites 2 and 3 (ANOVA, p<0.001).
Health
varied
somewhat
significantly
(ANOVA, p<0.05), with close similarity
between Sites 1 and 2 but strong differences
between Site 3 and Site 4.

FIGURE 4. Percent Dicranopteris ground
cover by stand

Juvenile Population Assessment
Saplings (smaller than 2m in height) were
found only at Sites 1 and 4, both within the
valley. The individuals in question were both
in at full health (health rating of 1). Juveniles (2
to 4m in height) were found at all four sites: 21
at Site 1, three at Site 2, one at Site 3, and two at
Site 4. Site 1 had the highest proportion of
juvenile trees when adjusted for population
size (Table 1), but a widely varying health
range (Fig. 6).

FIGURE 5. Metrosideros health per stand

FIGURE 6. Health broken down by height
for juvenile Metrosideros

DISCUSSION
As shown in Fig. 3, the Metrosideros
population of Moorea is concentrated on one
ridge in the valley, and one ridgeline at Three
Coconuts Pass. This strong habitat preference
suggests that they follow a similar disturbancelinked distribution pattern to populations of M.
polymorpha and M. umbellata (Mueller-Dombois
1987; Mueller-Dombois 2013). Given the lack of
recent volcanic history for Moorea, only these
landslide-prone ridgelines have created
enough of an open habitat for Metrosideros
seedlings to grow before the other forest plants
recolonize. Interestingly, the largest and
healthiest populations of Metrosideros were
within the valley, not on the more remote
ridgeline of the Three Coconuts Pass. Sites 1
and 4 were both larger and healthier than Sites
2 and 3 in the pass.
In spite of its status as the most heavily
trafficked of the four sites, Site 1 had both the
most individuals and the most juvenile trees.
As seen in Table 1, the mortality rate was
comparatively greater than Site 4, though they
shared a similar relative position in the valley.
The ground slope was not as severe as slopes in
the pass, allowing a continuous, healthy forest
canopy up to the artificial edges created by the
walking trail.
Site 2 was the larger of the two stands in the
pass, and had the highest mortality rate of all
four sites. Much of the site was covered in
Dicranopteris, but unlike Site 1, the hillsides
here were too steep to support a surrounding
forest canopy to pen in the fern with shade. The
average health of the surviving trees was
slightly worse than those of Site 1, but the
proportional number of juveniles was
approximately the same.
Sites 1 and 2 had the highest traffic of the
sites in addition to hearty Dicranopteris
populations. The fact that those factors have
not wiped out the populations can likely be
attributed to the lifespan of Metrosideros; these
populations existed long before the trails and
Dicranopteris invasions. Their future is more
uncertain: only a single sapling was found
between the two Dicranopteris sites, certainly
not enough to sustain a stable population at
either site.
Site 3 was the smallest of the sites, also
located in the pass, but did not have
Dicranopteris present in the understory. It was
the least healthy of the stands, with a mortality
rate close to that of Site 2. It had an identical
proportion of juveniles, but with a sample size
of five, that yields a single juvenile to add to the

population. The absence of Dicranopteris at the
least healthy and most meager of the sites
suggests that the fern is not the single-handed
cause of the decline of Metrosideros.
Furthermore, the high mortality rate and small
size of both of the pass populations indicates a
certain inhospitality of that habitat for
Metrosideros. Possible reasons for that
inhospitality include the weather extremes
inherent in a high-elevation mountain pass or
increased competition for the flatter parts of
very steep terrain.
Site 4 was the healthiest site, as seen in Fig.
5, which correlated with the fact that it was the
least trafficked of the sites, on a ridgeline with
no roads or trails along it. Site 4 also had the
lowest mortality rate of the four sites. Although
the proportion of juveniles to the total
population of the stand is lower than the other
sites, it is double the mortality rate, and
therefore the only one of the four stands to be
maintaining a population, rather than
declining.
The Dicranopteris patches were present on
ridgelines, but favored human-disturbed open
areas throughout the valley. Some patches
were found under the patchy canopy of
nonnative trees like acacia and pine, which
have been planted on or invaded areas where
the native forest has been removed. Other
patches occurred along roads and trails where
the forest had been cut away for accessibility or
a view. The appearance of Dicranopteris patches
on ridgelines appears to relate more to the
amount of sun and disturbance they receive,
not because of any habitat limitations on behalf
of the fern. Dicranopteris successfully
outcompetes most other plants in pursuit of
sunlight and open space, and will continue to
expand its range as human development
continues.
The outlook for Metrosideros on Moorea is
grim. Out of the four populations surveyed for
this study, three were not reproducing at levels
sufficient to sustain themselves. The dual
pressures of Dicranopteris and harsh pass
conditions has all but eliminated reproductive
potential at Sites 1, 2, and 3. If the present trail
system is not renovated in the future, the
population at Site 4 could, over time, become
the only population left in the Opunohu Valley.
Reproductive success and health are
different measurements, however, and the
health of the island’s populations is also less
than stellar. Sites 1 and 2 hover at an average of
40% intact canopy, while Site 3 has less than
20% of its canopy intact and even Site 4 only
averages ~65% intact canopy. A possible

culprit for this is a variant of Ceratocystis
fimbriata, a parasitic fungus responsible for
devastating the Metrosideros polymorpha
population in Hawaii. One of the key
symptoms of the fungus is the gradual dieoff of
the canopy, which is similar in appearance to
the state of the M. collina canopies observed on
Moorea. Ceratocystis was only discovered in
2014 in Hawaii, but could easily have reached
Moorea via the tremendous number of tourists
that pass through the Pacific islands every year
(Hawaii Department of Land and Natural
Resources 2015). A study should be undertaken
in the near future to find out if C. fimbriata or a
close relative has reached Moorea, and develop
possible treatment techniques.
As human development continues on
Moorea, conservation efforts must be
undertaken to protect Metrosideros, whether by
clearing areas for it to germinate naturally or
planting saplings raised in greenhouses.
Dicranopteris will continue to expand its range,
thriving on the disturbance that accompanies
human population growth at the expense of
native and nonnative species alike. To preserve
a viable Metrosideros population and avoid the
fate of so many threatened island species,
resource managers going forward must
consider the survivability of possible habitats,
competition with a “native invasive” like
Dicranopteris, and the constant introduction of
new threats to the ecosystem.
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