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Present and potential distribution of Snub-nosed Monkey
Introduction:
Snub-nosed Monkeys (Rhinopithecus) are a group of threatened primates in Southeast Asia, which comprises of five species; Black
(Yunnan) Snub-nosed Monkey (R. bieti), Grey (Guizhou) Snub-nosed Monkey (R. brelichi), Golden (Sichuan) Snub-nosed Monkey (R.
roxellana), Myanmar (Burmese) Snub-nosed Monkey (R. strykeri) and Tonkin Snub-nosed Monkey (R. avunculus).
Overall, the current knowledge about the Snub-nosed Monkeys is limited, e.g. R. strykeri was first discovered in 2010 in Myanmar
and in 2011 in China. All five species are listed as endangered on the IUCN Red List with a decreasing trend in population sizes, e.g.
R. roxellana have declined by c. 50% in the last 40 years. The population sizes is estimated to 250 individuals for R. avunvulus, 750
individuals for R. brelichi, 750-950 individuals for R. strykeri, <2000-2500 individuals for R. bieti and 14500 individuals for R.
roxellana and all species are today restricted in fragmented populations. However, fossil and historical records show that at least
some of the species historically have been widely distributed over south, east, and central China. Here we investigate the following
three questions; 1) Which factors determine the present distribution of Snub-nosed Monkey within Southeast Asia? 2) To which
extent does Snub-nosed Monkey today live in refuge habitats, occupying an anthropogenically truncated niche space? 3) What are
the potential distribution of Snub-nosed Monkey within the region, considering climate, habitat availability and the locations of
nature reserves?
Data & Methods:
We used present1 and historical distribution data2, together with bioclimatic data from WorldClim, human influence data from Last
of the Wild Project (SEDAC), topographic data3, tree cover data from MODIS VCF and protected areas location data4.
ArgGIS 10.2 (ESRI, Redlands CA) was used for all GIS operations and we used Maximum entropy modeling (Maxent version 3.3.3k) to
model the potential distribution. We used the area under the curve (AUC) of the receiver operating characteristics (ROC) curve and
true skill statistic (TSS) to validate our models.

FIG 1: Distribution of Rhinopithecus. IUCN range maps for all five
species and historical records from 1616 – 1949.

Preliminary Results & Discussion:
Annual precipitation (PANN), precipitation of the driest quarter (PDryQ), minimum temperature of the coldest month (MinTCM),
mean temperature of the coldest quarter (MTCQ) and mean temp. of the warmest quarter (MTWQ) were the variables that best
explained the present distribution of Rhinopithecus. MinTCM and MTCQ were run separately in the modeling because of correlation.
Furthermore, MTWQ did only result in a small increase in the predictive
power and were therefore excluded in half of the models. Furthermore,
altitude contributed a little to the overall predictive power. However,
altitude probably reflects indirect effect of human influence more than
actual elevation preference and were therefore excluded in the final
models. This resulted in a total of 2×4 models (four models using only
present distribution data and four models using both present and
historical distribution data); two models with PANN, PDryQ, MinTCM
and MTWQ, two models with PANN, PDryQ, MTCQ and MTWQ, two
models with PANN, PDryQ and MinTCM and two models with PANN,
PDryQ and MTCQ. All models got AUC values > 0.924 and TSS values >
0.7, which indicate very good predictive power.
There were high consistency for predicted potential distribution
between the models using only present data and the models using both
present and historical data. However, models using both present and
historical data predicted a larger potential distribution. Considering only
climatic variables and present data an area of 1,887,400 km2 was
predicted as potential distribution (above 10th percentile training
presence thresholds) by minimum one model and an area of 999,525
km2 by all four models together. Of the area predicted by at least one
model c. 96,450 km2 was within a protected area, and 68,275 km2 of the
area predicted by all four models. In contrast an area of 1,950,725 km2
was predicted by minimum one model using both present and historical
data, and an area of 1,262,800 km2 by all four models together.
Approximately 120,400 km2 of the area predicted by at least one model
was within a protected area, and 80,475 km2 of the area predicted by all
four models..
Snub-nosed Monkeys can cope with very varying climate and have a
high dietary plasticity and the climatic variables probably influence the
distribution indirect through vegetation and thereby habitat availability.
Climatic suitable habitat within protective areas are more likely to have
the necessary vegetation and relative low human influence.
FIG 3: Potential distribution for Rhinopithecus (using 10th percentile
training presence threshold), for the 4 models using only present
data (top) and for the 4 models using both present and historical
data (bottom).
FIG 2: Mean climatic suitability for the four models at a 5 × 5 km
resolution (modeled in Maxent), using only present (Top) and using
both present and historical (bottom) data.
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