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Abstract
Over the past few decades, myxomycete research in the Philippines has focused mainly on
diversity and systematics studies. As an important player in forest ecosystem, cosmopolitan species
like Diderma hemisphaericum can serve as an ideal organism to be modelled for species
distribution. Hence, this study was conducted where available species occurrence data of D.
hemisphaericum in the Philippines and environmental layers for bioclimatic predictors were
subjected in the MaxEnt software to give a predictive current distribution and probable distribution
of the species under two changing climate scenarios (A2 and B1). The models show wider spread
of the species over the influence of two most important bioclimatic variables, namely isothermality
and temperature seasonality. Moreover, the models suggested areas where the species could
potentially flourish and calls for possible conservation strategies for those areas that are locally
facing threat of habitat loss and rapid deforestation caused by growing urbanization. This is the first
report of local species distribution modelling for the Philippines and the whole Southeast Asia.
Key words – climate change – environmental niche – fungus-like protist – forest management –
percent contribution – permutation importance
Introduction
Many modern technologies are applied for conservation purposes as we are experiencing an
era that deals with what we call climate change. A common trend is modelling the species
distribution of an organism (Guisan & Thuiller 2005). Most of these species distribution modelling
(SDM) techniques are found to be comprehensible since they need only two important components,
namely (i) the occurrence data or the dataset where the species are reported to be present and (ii)
environmental layers (Pearson 2010). Models then utilize the associations between the two
components to give an impression about the most probable environmental conditions where the
populations of that particular species can be retained. One of the most common approaches is
distinguishing the environmental factors in which the species are suitable to flourish and then
recognizing where habitable environments are distributed to estimate their geographical distribution
(Elith & Leathwick 2009). There are two principles of environmental conditions used for modelling
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– mechanistic and correlative. The former model has a more complicated understanding because it
requires the knowledge of the physiological response of a particular species relative to the
environmental factors (e.g., Kearney & Porter 2009), while the latter model can yield more
productive results because only the known occurrence records combined with the environmental
variables are used to determine the effects on the rate of species persistence (Rode & Lieberman
2005, Graham et al. 2004).
In spite of the many promising applications of SDM, only a very limited number of studies
have applied it to microbial groups. So far, studies in lichens (see Dymytrova et al. 2016,
Braidwood & Ellis 2012), ectomycorrhizal fungi (see Guo et al. 2017, Wolfe et al. 2010),
protosteloid amoebae (Aguilar & Lado 2012) or insect viruses (see Larson et al. 2010) have applied
SDM to address some ecological questions. In the case of the myxomycetes, only few papers have
been published that utilizes SDM. Rojas et al. (2015) used this modelling technique to get a better
understanding of the five most commonly occurring species of myxomycetes in Costa Rica. In
addition, to further prove the speculation about moderate endemicity among myxomycetes, SDM
was also used in studies of species such as Badhamia melanospora (Aguilar et al. 2014) and
Hemitrichia serpula (Dagamac et al. 2017a).
Studies of myxomycetes in the Philippines have been going on during the last five decades
and thus far most of the information is concentrated on lowland diversity studies of many forest
habitats in the country (Dagamac & dela Cruz 2015). An ideal myxomycete species that can serve
as a flagship model to begin a local species distribution modelling in the Philippines would be
Diderma hemisphaericum (Bull.) Hornem. since this species is the most common myxomycete that
has appeared in most systematics surveys conducted in the Philippines (see Macabago et al. 2017,
Pecundo et al. 2017, Dagamac et al. 2015a, b) . Moreover, there is relatively little information
about the local distribution of this species in the Philippines due to the fact that most occurrence
data that are currently available are coming only from extensive studies in selected northern islands
of the country. Thus, to address this predicament, the following research questions were
formulated: (i) What are the other possible areas or suitable habitats in the Philippine archipelago
where D. hemisphaericum can be found using the maximum entropy algorithm? (ii) How would be
the predictive local distribution of D. hemisphaericum differ after subjecting them to two (A2 and
B1) different climate change scenarios?
Materials & Methods
Gathering the distribution records of D. hemisphaericum in the Philippines
Initially, all published literatures about the distribution and diversity of Philippine
myxomycetes were surveyed. From these studies (see Carascal et al. 2017, Macabago et al. 2017,
Dagamac et al. 2017b, c, Pecundo et al. 2017, Rea-Maminta et al. 2015, Dagamac et al. 2015a, b,
Viray et al. 2014, dela Cruz et al. 2014, Kuhn et al. 2013, Dagamac et al. 2012, Macabago et al.
2012, Dagamac et al. 2011, dela Cruz et al. 2011), only those that (i) reported the presence of
Diderma hemisphaericum and (ii) annotated a valid coordinate of the locality where D.
hemisphaericum was found were used for the analysis. Overall, 46 coordinates that recorded the
occurrences of Diderma hemisphaericum from the Philippines were used for this research
framework. The valid coordinates were considered now as a presence-only input file (species
occurrence data) with negligible sampling bias with respect to sampling conditions. The input files
were converted into geographic coordinate system (latitude and longitude) format and was then
saved as a comma delimited or CSV file type.
Obtaining current and future (A2 and B1) environmental layers
In this study, two different environmental scenarios, which in this case, the 19 bioclimatic
variables, in the Philippines were used: (i) the current climate (for the period of 1950-2000) at 2.5’
resolution, which can be obtained in the PhilGIS web portal (http://ww.philgis.org) (see also
Hijmans et al. 2005), and (ii) A2 and B1 climate scenarios for the year of 2080, which can be
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downloaded in (http://www.ccafs-climate.org) following Banag et al. (2015) protocol. These two
future scenarios (A2 and B1) were chosen because they represent two different storylines of climate
change. The A2 scenario assumes a continuously growing population and higher emission rate with
a global mean temperature forecasted to rise by 3.4° Celsius. On the contrary, the B1 scenario
assumes a change in material use and technology advances in a more efficient way; as such, it
predicts that the global mean temperature will increase by only 1.8° Celsius. These two future
scenarios were downloaded as an ESRI file and were then converted to ASCII format to match the
requirements in the MaxEnt software.
Species distribution modelling
The species occurrence data that was transformed as a presence-only input file of Diderma
hemisphaericum and (19) bioclimatic variable for the local region of the Philippines were modelled
using MaxEnt v. 3.4.1 (http://biodiversityinformatics.amnh.org/open_source/maxent/). MaxEnt is
an open-source software that is used for modelling species niche and distribution that utilizes
machine-learning based on maximum entropy algorithm (Phillips et al. 2004). Typically, MaxEnt
software is applied for conservation purposes (Yang et al. 2013, Kumar & Stohlgren 2009, Thorn et
al. 2009) because it provides more accurate predictions than any other species distribution
modelling algorithm (Townsend-Peterson et al. 2007). Furthermore, MaxEnt create better
predictions even though the sample size (species occurrence data) is relatively small (Costa et al.
2010). Herein, the two datasets (1) species occurrence data and (2) bioclimatic variables were
subjected in the MaxEnt software using the default settings. Furthermore, the option “Create a
response curve” and “Do jackknife test to measure variable importance” were ticked and then the
output format was set to “logistic” in order to evaluate the importance of each biophysical variable.
The output file that was generated from MaxEnt was then exported as ASCII file format. To get a
detailed visualization, the ASCII output file format from MaxEnt was imported in ArcMap 10.4
software. In the ArcMap software, the map was then divided using defined interval as a
classification method into four different categories.
Results
The maximum entropy algorithm used for species distribution modelling for Diderma
hemisphaericum suggested different important bioclimatic variables that probably influence the
predictive local distribution of this species in the Philippines. Taking into consideration the
measure of percent contribution, both for the current predictive distribution and A2 climate
scenario, isothermality has the highest percentage contribution with 41.3, and 29.3, respectively,
but for the B1 climate scenario the highest contribution was attributed to temperature seasonality
(23.6%). In terms of permutation importance, the model calculation indicated isothermality to be
highest in the current scenario with 47.7 and temperature seasonality for both the future climate
change scenarios with 41.2 for the A2 scenario and 28.9 for the B1 scenario. Moreover, the Area
Under the Curve (AUC) values from the maximum entropy-based results for the different climatic
scenarios are (i) 0.80 for the current climate scenario; (ii) 0.90 for the A2 climate scenario; and (iii)
0.88 for B2 climate scenario which point to a good quality of predictive model performance (Table
1). Furthermore, a Jackknife test revealed that the predictor temperature seasonality contained the
most information among the 19 bioclimatic variables for creating the models for the current
distribution and two changing climate scenarios. The predictive model (Fig. 1) based on the current
species occurrence data recommended areas in the Philippines where the bioclimatic conditions are
favorable for D. hemisphaericum. A high probability of finding the species is in the areas of
Southern Luzon, in particular in Region IV-A (CALABARZON) and the coastal provinces of the
Central Luzon Region (Zambales and Bataan). In terms of the distribution of D. hemisphaericum
under future changing climate scenarios, the models (Fig. 1) showed that there will be a wider
scattering in the distribution of D. hemisphaericum. In spite of this, contrasting areas where D.
hemisphaericum can possibly occur was forecast by the model. In the Luzon Island, somewhat high
probability of occurrences under the B1 scenario but a very low probability for the A2 scenario is
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predicted in areas in the northernmost part the Luzon Island (Cagayan). For the scattered islands of
Visayas, the B1 scenario will have wider areas around Cebu where D. hemisphaericum can be
potentially found, while A2 scenario will have high probability in the southwestern areas of Bohol.
Areas in the southernmost part of Sarangani in Mindanao are expected to have moderately high
chances of D. hemisphaericum incidence for the A2 scenario but very low chances for the B1
scenario.
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Table 1 Number of species occurrence record used for the models, AUC-Values, percentage
contribution, permutation importance and training gain (with and without respective variable) for
the 5 most contributory predictors
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AUC values are threshold-independent model quality standard for that ranges between 0 (no
fitness) – 1 (perfect fitness). Only the model that gives values above 0.70 is considered to be
valuable models. Training gains are based on the result of the Jackknife test for the specific variable
in isolation (training gain with only) and exclusion (training gain without).
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Fig. 1 – Species distribution models for Diderma hemisphaericum showing map of the Philippines and the predictive suitable habitat areas (based from
the probability of presence-only input files) under current conditions and two future changing climate scenarios for the year 2080 generated by
maximum entropy algorithm. The circle on the local distribution maps indicates the locations based on the published geographic coordinates of species
occurrences where D. hemisphaericum were recorded. The next three maps were pictured on a heat map based on the yielded chance of occurrence for
D. hemisphaericum. Blue indicates very low probability (VLP) which values range from 0 – <0.25, cyan indicates low probability (LP) which range
from >0.25 – <0.50, yellow indicates medium probability (MP) which values range from >0.50 – <0.75 and red indicates high probability (HP) which
values range from >0.75 – 1.00.
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Discussion
Among the bioclimatic variables tested for the local distribution of Diderma hemisphaericum
in the Philippines, isothermality and temperature seasonality predictors have the highest
contribution for the three models (Table 1). Moreover, the high AUC values obtained for each
model, which ranged from 0.80 to 0.90 indicate strong accuracy of the predictive tests (Phillips et
al. 2006). On one hand, isothermality can be very useful in insular, maritime and tropical
environment (Nix 1986) such as the Philippines because the species could be influenced by
temperature fluctuations. A similar case from the environmental niche modelling of some Costa
Rican myxomycetes also found that isothermality has the highest contributing factors and was
suggested that this predictor could be directly influencing the life cycle of tropical myxomycetes
species (Rojas et al. 2015). On the other hand, the predictor temperature seasonality, refers to the
temperature change over the year (O’Donell et al., 2012), also has an important factor in the
predicted distribution of D. hemisphaericum. Several studies in Southeast Asia (Philippines,
Dagamac et al. 2012, Thailand, Ko Ko et al. 2011) attempted to associate seasonality with
myxomycete diversity. These studies showed that the variations in the amount of successful fruiting
between dry and wet seasons usually experienced in the tropics. However, it is recommended that
to ascertain the association of isothermality and temperature seasonality with myxomycetes
development, particularly with the cosmopolitan D. hemisphaericum, more systematic studies and a
controlled experimentation set-up are needed to validate such claims.
The maximum entropy-based modelling is based on presence-only and background data
(Merow et al. 2013) that can make accurate predictions even when there is a low sample size as low
as three for narrow-ranged and 13 for widespread species (Proosdij et al. 2016), thus making it the
most appropriate algorithm for this case study of D. hemisphaericum. This is the case on how the
models selected the expansion of possible suitable ranges of habitat in the three major islands of the
Philippine archipelago. However, it is important to note that the predictive model generated by this
study for D. hemisphaericum relies heavily only on those data for abiotic factors and does not
include possible biotic interactions such as dispersal, predation and species mobility. Furthermore,
it is necessary to know that the models have more predictive tests on species distribution in the
main island of Luzon due to the fact that most of the species occurrence data has been gathered
from this region thus, like every species distribution models (see studies of Abdou et al. 2016,
Aguilar et al. 2014), it should be treated with a caveat (Sinclair et al. 2010). Since in the current
investigations of myxomycetes in the Philippines, no records apparently have been reported in
Mindanao, hence very low probability was predicted in most areas of those islands. It is therefore
recommended to start doing biodiversity assessments in many forested habitat in the country
particularly on those areas.
In fact, knowledge about fundamental niches for many Philippine species is still missing,
especially for the myxomycetes. This kind of study can help understand the potential distribution
patterns of Diderma hemisphaericum that can provide baseline information and serve as a great
model for better conservation strategies in many terrestrial ecosystems in the country. The
predictive models suggested a high probability and wider distribution in the future; however,
several factors like deforestation, land-use change, and urbanization, that have been currently
happening on most of the predicted suitable habitats (e.g., Cebu, Sarangani, National Capital
Region) can drastically affect species distribution. Therefore, it is necessary to establish different
measures to conserve the habitats on the areas where D. hemisphaericum would suitably thrive.
With that said, this study was carried out with the hope of shedding light on many priority areas
that need to be protected using fungal biota as model for Philippine biodiversity.
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