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Abstract

Aim: Island tropical montane cloud forests (TMCFs) host a disproportionally high
share of the global biodiversity and provide critical ecosystem services to vulnerable
insular societies. However, this ecosystem is imperilled by anthropogenic impacts
including climate change that might push TMCFs towards higher elevations. The ele-
vation at which TMCFs start varies greatly among islands and may depend on topo-
graphically driven local climate, which may in turn be influenced by large-scale
climate. Thus, a necessary prerequisite to assessing the vulnerability of island
TMCFs to climate change is to determine the role of island features versus regional
climate in influencing local climate at the lower TMCF ecotone.

Location: Tropical islands.

Methods: An extensive literature review of the elevation at which island TMCFs
start was undertaken. This elevation was modelled as a function of the altitude of
the lifting condensation level (LCL) imposed by regional climate, island maximum
elevation and upwind forest loss over the past 15 years.

Results: The elevation of the lower TMCF boundary was found to have been
reported for 93 islands worldwide. TMCFs starts from as low as 300 m on the small
islands of Kosrae (Micronesia; maximum elevation = 628 m) and Aneityum (Vanu-
atu; 852 m) to a maximum of 1,600 m on the large islands of Cuba (1,974 m) and
Hispaniola (3,175 m), providing a spectacular example of the ‘Massenerhebung
effect’. Both regional climate (LCL altitude) and island features (maximum elevation)
influenced the elevation of the lower TMCF boundary, and these variables together
accounted for 79% of the variance.

Main conclusions: On islands, climate change is likely to cause significant but small
upslope shifts of the LCL and subsequently of TMCF lower boundary elevation in
the future (+4.4 m for each 1°C increase in temperature). TMCF clearing and biolog-

ical invasions might appear to be more pressing threats.
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1 | INTRODUCTION

Tropical montane “cloud forests” (TMCFs) sensu Hamilton, Juvik,
and Scatena (1995), also called “elfin woodlands” (Beard, 1949),
“mossy forests” (Gleason & Cook, 1927) or “upper montane and
subalpine forest” (Richards, 1952) are forest ecosystems of tropical
mountains (Hamilton et al., 1995). Despite their relatively small
spatial extent worldwide (1.4% of global tropical forest area; Brui-
jnzeel, Mulligan, & Scatena, 2011), TMCFs provide critical benefits
to human society by capturing, storing and transporting water,
protecting soils against erosion and acting as biodiversity reser-
voirs (Doumenge, Gilmour, Pérez, & Blockhus, 1995). TMCFs
found on islands are of critical importance as they host a dispro-
portionally high share of the global biodiversity (Irl et al., 2017),
and provide vital ecosystem services to highly vulnerable insular
populations (one-third of the world's population) (Ah-Peng et al.,
2017).

Tropical montane “cloud forests” are globally under an increasing
threat from human population pressures associated with deforesta-
tion, resource overexploitation and biological invasions, which push
the lower TMCF boundary upward (Aldrich, Billington, Edwards, &
Laidlaw, 1997; Doumenge et al., 1995). TMCFs, especially those on
islands (Loope & Giambelluca, 1998), may also be among the most
sensitive of the world’s ecosystems to climate change (Foster, 2001;
Hu & Riveros-Iregui, 2016; Oliveira, Eller, Bittencourt, & Mulligan,
2014; Still, Foster, & Schneider, 1999). Islands are expected to expe-
rience, on average, an increase in mean annual temperature ranging
from 1.3 to 2.8°C by the end of the century (Harter et al., 2015),
which may favour the “invasion” of island TMCFs by better competi-
tors from lower elevation with higher leaf area index and higher
optimum temperature for photosynthesis (Allen & Ort, 2001; Brui-
jnzeel et al., 2011). Despite severe threats to island TMCFs, little is
known about this critical ecosystem. Thus, a better knowledge of
their ecology would facilitate better conservation and maintenance
of the benefits provided by this ecosystem to island societies (Hu &
Riveros-Iregui, 2016).

Island TMCFs provide a spectacular example of the “Massener-
hebung”, “telescoping” or “mountain mass elevation” effect. This
phenomenon refers to the occurrence of physiognomically and floris-
tically similar vegetation types at higher elevations on large moun-
tains compared with those on small outlying mountains (Grubb,
1971; Richards, 1952). The Massenerhebung effect remains poorly
understood, but some explanations of the phenomenon have
involved: (1) cloud formation on isolated peaks that increases humid-
ity and reduces insolation (Bruijnzeel, Waterloo, Proctor, Kuiters, &
Kotterink, 1993); (2) lower diurnal and annual temperature ampli-
tudes on islands compared to continents because of the buffering
effect of the ocean (Leuschner, 1996); and (3) steeper lapse rates
over lowlands than over large mountain masses (Forster, 1982).
Although the Massenerhebung effect has become a paradigm in bio-
geography (Bruijnzeel et al.,, 1993; Flenley, 1995; Grubb, 1971), no

quantitative assessments have been undertaken until lately (Irl et al.,

2016; Zhao et al., 2015), and a quantitative assessment focusing on
island TMCFs remains missing.

Land use in lowlands is also thought to influence cloudiness and
thus TMCFs in adjacent mountains (Nair et al., 2003). It has been
shown from satellite imagery that deforested areas of Costa Rica's
Caribbean lowlands remain more frequently cloud-free than forested
regions, which have well-developed dry season cumulus cloud fields
(Lawton, Nair, Pielke, & Welch, 2001). Furthermore, regional atmo-
spheric simulations showed that the lifting condensation level (LCL,
the level where rising air cools to the dew point temperature) is
higher over pasture than over tropical forest areas. Despite evidence
that clearing tropical forest can alter the climate of downwind areas,
interactions of land cover change with local and regional circulation
in shaping favourable climatic conditions for TMCFs remain poorly
understood.

In addition to their effects on the lower TMCF boundary, island
characteristics might also play a role in determining the tree line ele-
vation on tropical islands. Recently, a global survey suggested that,
in addition to local influences, tree line would also be shaped by
large-scale thermal limitation as tree lines occur at lower elevations
poleward (Irl et al., 2016). However, the relationship between tem-
perature and tree line elevation is not significant within the tropics,
perhaps because of low seasonal variation of temperature (Korner,
1998). Rainfall has also been shown to have a negative effect on
tree line elevation with the highest tree lines occurring in relatively
dry regions (Paulsen & Korner, 2014). On the other hand, tree lines
may sometimes not be actual thermal ecotones, rather their eleva-
tion may be restricted by decreased moisture availability due to the
presence of the trade wind inversion layer (Leuschner, 1996). In con-
trast, relatively high humidity and cloud immersion are recognized to
have a positive effect on trees within TMCFs (Cavelier, Tanner, &
Santamaria, 2000; Crausbay, Frazier, Giambelluca, Longman, &
Hotchkiss, 2014; Fahey et al., 2015; Hu & Riveros-lregui, 2016). As
a result, tree line research provides only inconclusive and conflicting
inferences on how regional climate and the local Massenerhebung
effect drive the elevational distribution of island TMCFs. Although
the lower TMCF ecotone is known to be gradual across space com-
pared to tree line and, therefore, not as clear as a bio-indicator,
research on the lower TMCF boundary remains needed because it is
highly imperilled by anthropization, invasive species and climate
change.

Islands offer a well-suited natural laboratory for such a biogeo-
graphical study because they are “discrete, internally quantifiable,
numerous and varied entities” with different surface area, isolation,
height, etc. (Whittaker & Fernandez-Palacios, 2007). In order to
assess the vulnerability of island TMCFs to climate change, the envi-
ronmental correlates for TMCF distribution should be determined
(Morelli et al., 2016). Local climate conditions are certainly playing
some role in determining the elevation of the lower TMCF boundary.
For instance, the frequent cloud immersion, which is a prerequisite
to support TMCFs, is climatically determined (Hu & Riveros-Iregui,
2016). The zone of frequent cloud contact on a mountain slope is
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delimited by the LCL on the lower end and, for some tropical islands,
the trade wind inversion on the upper end (Oliveira et al., 2014; Still
et al., 1999). The question then arises as to how island features
affect the local elevational gradients of relevant climate variables.
This is a critical question to address in order to determine whether
climate change threatens island TMCFs and, if so, how. If the eleva-
tion of the lower TMCF boundary can be predicted on the sole basis
of “static” island features (e.g. as expected by the Massenerhebung
effect), climate change is unlikely to cause major distributional shifts
of TMCFs in the future. In contrast, if the elevation of the lower
TMCF boundary is mostly driven by already changing global climatic
conditions, appropriate adaptation and mitigation strategies should

be adopted rapidly.

2 | MATERIALS AND METHODS

2.1 | Response variable

An extensive literature review of the lower TMCF ecotone on all
oceanic and continental islands (>1 km? and <800,000 km?) situated
between the tropics (23°26’ north and south of the equator) was
undertaken. The reported elevation of the same lower TMCF eco-
tone was sometimes found to vary between references (e.g. on Ane-
ityum (Vanuatu), 300 m according to Mueller-Dombois and Fosberg,
1998 vs. 500 m according to Schmid, 1975). When reported limits
did not match among several references, the reference or alterna-
tively the author (of several references) referring to the highest
number of islands was given preference in order to promote
between-islands consistency. Mueller-Dombois and Fosberg (1998)
was the most exhaustive reference with mention of 23 islands fol-
lowed distantly by Meyer (2010) and Bruijnzeel et al. (2011) with
mention of seven and six islands, respectively. If several references
provided different values and referred to the same number of
islands, the reference providing the lowest value of TMCF elevation
was preferred as we assumed that the other author(s) may have
missed lower elevation TMCF sites (usually on an island’s windward
side). When the ecotone was given as a range (e.g. “the vegetation
graded abruptly into a Metrosideros-Weinmannia—Kermadecia (Pro-
teaceae) cloud forest at 400-500 m altitude”; Mueller-Dombois &
Fosberg, 1998), the mid-range (450 m in this example) was used.
When different lower TMCF elevations were given for leeward and

windward slopes of an island, the mid-range was also used.

2.2 | Explanatory variables

The predictive power of three island attributes was tested: (1) mean
LCL altitude imposed by regional climate; (2) maximum elevation,
considered to be a proxy of the local Massenerhebung effect (Irl
et al., 2016); and (3) forest loss between 2000 and 2014 as the
lower TMCF ecotone might be shaped by direct deforestation or
might at least be locally affected by upwind deforestation through
an increase of the orographic cloud bank altitude (Lawton et al.,
2001; Nair et al., 2003) (Table 1). Mean LCL altitude was calculated

e

through the Lawrence’s formula H, ¢ = (20 + 0.2 * T).(100-RH)
where H\ ¢, is the LCL altitude in metres, T the sea-level air tempera-
ture in degrees Celsius and RH the sea-level relative humidity in per
cent (Lawrence, 2005). Mean annual temperature was based on the
WorldClim dataset (BIO1; Hijmans et al., 2005) and taken from the
comprehensive global environmental characterization of the world’s
islands published by Weigelt, Jetz, and Kreft (2013). Mean annual
relative humidity was extracted from the global map published by
the Climate Research Unit of the University of East Anglia (available
at https://nelson.wisc.edu/sage/data-and-models/atlas/data.php?
incdataset=Average%20Annual%20Relative%20Humidity).

boundaries were derived from the shapefile of the Global Adminis-

Island

trative Areas database (available at http://www.gadm.org/version1).
Maximum island elevation was extracted from the Island Directory
of the United Nations Environment Programme (available at http://is
lands.unep.ch/isldir.htm; Dahl, 1991). The forest cover loss in the
period 2000-2014 was extracted for each island from a global dia-
chronic analysis of Landsat satellite imagery based on decisions trees
(available at https://storage.googleapis.com/earthenginepartners-ha
nsen/GFC2015/loss.txt; Hansen et al., 2013). This map with an ini-
tial resolution of 30 m at the equator has been resampled to 300 m
using a majority resampling to facilitate computation. Finally, as
TMCFs may have changed between publication of the oldest refer-
ences used to estimate the elevation of the lower TMCF boundary
(as early as 1945) and today, publication date was added as an addi-
tional variable in the model (Table 1).

2.3 | Statistical analyses

Island attributes were tested for multicollinearity by computing a
correlation matrix based on Pearson’s r. Cross-correlations did not
exceed |r| = .45 (between LCL altitude and maximum elevation),
which is below the threshold of || = .70 from which collinearity
begins to severely distort model estimations (Dormann et al., 2013).
Square root and logarithmic transformations were applied if trans-
formed variables performed better at fitting TMCF elevation in pair-
wise correlations than original variables. Then, the lower limit of
TMCFs was modelled as a function of the four independent variables
(LCL altitude, maximum elevation, forest cover loss and publication
date). Linear mixed-effect models were used to account for the fact
that, in the absence of clearly defined bio-indicator, the lower TMCF
ecotone remains author-specific and to control for any bias due to
the unbalanced number of islands, an author referred to (authors
were included as the random effect) using the ‘ImerTest’ package
(Kuznetsova, Brockhoff, & Christensen, 2017) developed in R (R
Development Core Team, 2017). The level of significance of each
significant predictor in the full model was examined. The relative
importance of each significant predictor was measured with the sum
of Akaike weights of all possible combinations of variables using the
R package ‘MuMin’ (Barton, 2018). The performance of the full
model (%) was evaluated using the ‘sjstats’ package (Liidecke, 2017).
Analyses were performed for all islands together, then on oceanic
(i.e. not connected to mainland during the Last Glacial Maximum)
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TABLE 1 Summary of the independent variables used to explain
the elevation of the lower tropical montane cloud forest ecotone on
93 oceanic and continental islands. Transformations (Transf.) used
for improving model fitting on the basis of the highest explanatory
power in an a priori univariate test are given: no transformation
(None), logarithmic (Log) or square root (\/). We set significance
levels of variables in the linear mixed-effect model with

.050 > p > .010%, .010 > p > .001**, P < .001***

Min. Max. p-

Variable Unit value value Transf. value Importance

Oceanic and continental islands
LCL altitude m 324 841 None * 0.65
Max. m 417 5030 ./ ok 1.00
elevation
Forest loss ha 0 108,499 Vi .39 —
Publication — 1945 2015 None .48 —
date

Oceanic islands
LCL altitude m 324 815 None .14 —
Max. elevation m 417 4,169 F A 1.00
Forest loss ha 0 23,630 v 41 —
Publication — 1945 2015 None .38 —
date

Continental islands
LCL altitude m 377 841 Log .28 —
Max. elevation m 940 5,030 None .23 —
Forest loss ha 47 108,499 Log 27 —
Publication — 1949 2015 None .65 —
date

and continental islands (i.e. connected) separately. Geological history
was taken from Weigelt et al. (2013) who assumed a sea level at
18,000 year BP of 122 m below the present level.

3 | RESULTS

A total of 47 references reporting the elevation of the lower TMCF
boundary for 93 islands, including 84 oceanic islands and 9 continen-
tal islands, were considered. Sampled islands included 44 islands sit-
uated in the Pacific Ocean, 18 in the Atlantic Ocean, 10 in the
Indian Ocean, and 21 in-between the Pacific and Indian Oceans (Bis-
mark and Malay archipelagos) (Figure 1; see Appendix S1 in Support-
ing Information). The most studied archipelagos comprised the Malay
archipelago (17 islands) followed by the Caribbean (15), and the
Hawaiian and Marquesas Islands (6). The lower boundary of TMCFs
was reported from as low as 300 m, on the islands of Kosrae, Feder-
ated States of Micronesia (culminating at 628 m) and Aneityum,
Vanuatu (852 m) to as high as 1,600 m on the islands of Cuba
(1,974 m) and Hispaniola (shared by the Dominican Republic and
Haiti, 3,175 m). Oceanic and continental islands were found to exhi-
bit similar maximum elevation (Wilcoxon test; p = 1.00) and similar
TMCEF lower elevation (p = .45).

When considering oceanic and continental islands together, the
lower TMCF ecotone was found to be primarily influenced by maxi-
mum island elevation then by LCL altitude imposed by regional cli-
mate (Table 1). Together, these two variables explained 79% of the
variance in the elevation at which TMCFs start. By contrast, forest
loss and publication dates were found to have no significant effect
on the lower elevation of TMCF reported by the authors (Table 1).
When oceanic islands were taken separately, maximum elevation
remained highly significant but not LCL altitude (Table 1), while no
variables were found to be significant with regard to the nine conti-
nental islands taken separately (Table 1).

The square root relationship found between the lower TMCF
elevation and the maximum island elevation means that the increase
in lower TMCF elevation will be steeper on low-elevation islands
than on high-elevation islands. As a result, the variation in lower
TMCEF elevation will be similar (c. 100 m) between two islands below
1,000 m with an elevation difference of 250 m and two islands
beyond 4,000 m high with an elevation difference of 500 m (Fig-
ure 2). In contrast, the elevation of the lower TMCF boundary was
linearly and positively correlated with LCL altitude. According to
Lawrence’s equation linking LCL altitude with sea-level air tempera-
ture and sea-level air relative humidity (assumed constant), the
upward migration of the lower TMCF ecotone will be, on average,
4.4 + 0.8 m/°C on the 93 tropical islands.

4 | DISCUSSION

4.1 | Effect of regional LCL altitude on TMCFs

Tropical islands feature a diversity of geographic, topographic and
climatic characteristics that provided the opportunity to disentangle
the drivers of the elevation at which TMCF lower boundaries occur.
This response variable was found to be significantly related to the
LCL, or at least to the level where fog presence meets or exceeds
some critical frequency of occurrence, which would in turn be
related to air temperature and relative humidity (Oliveira et al.,
2014; Still et al., 1999). On Taiwan, the elevational pattern of mon-
tane plant species even appears primarily determined by interaction
between the northeast monsoon and topography, rather than by the
Massenerhebung effect (Chiou et al., 2010). The need for further
research to address the influence of LCL seasonality and periodic
drying events such as those induced by El Nino remains as TMCFs
are recognized to be particularly responsive to such climate extrema
(Crausbay et al., 2014).

4.2 | The Massenerhebung effect on TMCFs

Maximum island elevation also largely explains the variation in the
tropics-wide pattern of the lower TMCF elevation on islands, and this
is particularly apparent on oceanic islands. With increasing island ele-
vation, the 3D land area increases due to the cone-shaped geometry
of most oceanic islands. Thus, large land areas warm more intensely

with solar radiation than surrounding air masses, leading to local
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FIGURE 1 Distribution of 93 tropical islands on which the lower elevational limit of montane cloud forest has been found to be reported

in the literature
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FIGURE 2 The lower elevational limit at which tropical montane
cloud forest (TMCF) occurs as a function of maximum island
elevation of 84 oceanic islands (black points) and 9 continental
islands (white points). Lines are univariate square root models based
on all 93 oceanic and continental islands together (solid black line),
on oceanic islands only (dashed grey line) and on continental islands
only (dotted grey line)

climatic conditions favourable for a higher elevation TMCF (Korner,
2012). This first quantitative assessment of the Massenerhebung
effect using TMCF as a model system provides evidence that the
lower TMCF boundary elevation does not rise linearly with maximum
island elevation, but increases more rapidly on low-elevation islands
than on high-elevation islands. This is consistent with results from Irl
et al. (2016), who also found the square root transformation was the
best-fitting transformation for tree line elevation on tropical islands.
Warming of the air over land causes the LCL to shift higher,
because the warmer air does not necessarily have compensating
higher water vapour content (Korner, 2012). Such a warming can,
therefore, cause the relative humidity of air approaching a mountain

slope to be lower, hence, requiring more lifting to cool it to the dew
point temperature. The differences in the lower TMCF elevation
related to temperature at sea level might reflect some effect of heat-
ing of the rising air by the land, especially for islands (during the day,
air warms up more and more as it passes over land). This would
cause the LCL to be higher on larger mountains, on which air would
travel farther over land to get to a given elevation. Island to island
variation in this effect could be explained by differences in lowland
moisture availability, for example, because of land cover effects,
which are thought to affect LCL elevation in tropical mountains
(Lawton et al., 2001; Nair et al., 2003).

4.3 | Effect of deforestation on TMCFs

Previous studies have indeed shown that lowland forest loss can
alter cloudiness on nearby mountains and thus the elevation at
which TMCFs start (Lawton et al., 2001; Nair et al, 2003). Here,
deforestation estimated from detection of change in satellite imagery
within the period 2000-2014 was used to measure this phe-
nomenon. Surprisingly, the variable did not have a significant effect
on the elevation of the lower TMCF ecotone in any multivariate
models. At least three assumptions can be made to explain this
result: (1) elevations reported in the literature arise from natural
rather than anthropogenic processes on a majority of islands; (2) the
published information about TMCF elevation often have been based
on observations made prior to the clearing; or (3) the data source
we selected offered a unique opportunity to measure forest loss at a
tropics-wide scale based on a single standardized metric, but there is
a temporal mismatch between upwind forest loss and its effect on
the elevation at which TMCF starts. Even though the considered
time lapse (2000-2014) covers the publication date of many studies
reporting TMCF limits (38% and 72% being 5 years on either side of
the period), the time required for the effects of clearing to become

apparent is probably of several decades or longer.
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4.4 | Possible climate change implications

Ice core records have provided evidence of vertical migration of
montane vegetation of hundreds of metres since the late glacial
stage in South America (Thompson et al., 1995, 1998). General circu-
lation models (GCMs) also project an increase in LCL altitude of hun-
dreds of metres in Central America as a consequence of increasing
global temperatures over the next decades, and such changes would
result in a shift of the same order of magnitude of the current eleva-
tion at which TMCFs start (Still et al, 1999). In our study, we
demonstrated that, across tropical islands, this elevation will only
shift about 4.4 m higher for each 1°C increase in air temperature.
Over large land areas, relative humidity can decrease with warming
and, hence, larger increases in LCL height are possible. In contrast,
over relatively small islands presumably with no significant change in
relative humidity, the rise in LCL with warming will be much smaller.

Assuming that air temperature decreases by c. 0.6°C per 100 m
increase in elevation on tropical islands, the lower TMCF elevation
would have been expected to occur 167 m higher in a +1°C sce-
nario if we considered temperature as the sole driving force (Bar-
uch & Goldstein, 1999; Loope & Giambelluca, 1998). This great
difference (+4.4 m vs. + 167 m) demonstrates the importance of
identifying the appropriate drivers of TMCF elevation (LCL) rather
than proxies of them (air temperature), which do not necessarily
covary linearly to produce realistic scenarios. Our upward shift of
44 m/°C is an order of magnitude smaller than upward shifts
observed in continental tropical areas: e.g. 50 to 83 m/°C esti-
mated for 38 Andean tree genera based on forest plots re-cen-
sused after an average of 4 years (Feeley et al, 2011), or in
subtropical islands: e.g. 360 m/°C measured for 24 montane plant
species on the subtropical island of Taiwan based on century-old
occurrence records (Jump et al., 2012).

But vulnerability of TMCFs cannot be fully evaluated without
considering direct causes of habitat alteration: if imminent threats to
TMCFs are not correctly managed, longer term climate change adap-
tation strategies will inevitably be useless. It was estimated that for-
ests on the Comoro Islands were lost at a rate of 9.3% per year
during 2000-2010, one of the world’s highest rate of deforestation
(FAO, 2010). There, resilience to climate change is perhaps not the
most extremely pressing issue, but rather a “second ranking priority”,
behind the cutting of trees for construction wood and the extension
of the agricultural frontier, driven by unproductive agricultural sys-
tems, a high population growth rate, poverty, a lack of economic
alternatives and uncertain land tenure (Bourgoin, Parker, Martinez-
Valle, Mwongera, & Laderach, 2016).

Moreover, Invasive alien species are one of the main drivers of
biodiversity loss on islands, with dramatic impacts on certain TMCF
endemic biota (Kueffer et al., 2010; Russell, Meyer, Holmes, &
Pagad, 2017; Tershy, Shen, Newton, Holmes, & Croll, 2015; Vitou-
sek, 1988). Invasive species often benefit from competitive advan-
tages and the lack of natural predators on islands, while many island
endemic species show lower competitive capabilities and lower

growth plasticity (Loope & Mueller-Dombois, 1989). As a result,

inherent characteristics of island ecosystems such as low species
richness and low number of species in certain taxonomic lineages or
with certain functional traits in comparison with continents provide
opportunity for invasive species to take advantage of vacant niches

and unused resources (Denslow, 2003).

5 | CONCLUSION

On tropical islands, the elevation at which TMCFs start is deter-
mined by both static island features (the Massenerhebung effect)
and regional climate (the temperature-dependent LCL altitude). We
have demonstrated that climate change is likely to cause significant
but small upslope shifts of the LCL and subsequently of TMCF lower
boundary elevation in the future (+4.4 m for each 1°C increase in
temperature). This finding suggests that, on islands, climate change
might not represent the most significant risk to TMCFs in the short-
to mid-term, and that other issues like TMCF clearing and biological
invasions perhaps are more pressing. However, notwithstanding the
seemingly small upward shift in the TMCF lower boundary with pro-
jected warming, significant losses of rare endemic plants and animals
are likely to occur in TMCFs currently surviving on isolated peaks
with limited vertical range. In this context, it is urgently needed to
reinforce and better orchestrate research on the biota, the function-
ing and the threats to island TMCFs and their interactions as well as
to develop innovative solutions in cooperation with local govern-
ments and NGOs.
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