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Biodiversity Surveying and
Monitoring
GIS and GPS offer enormous potential to improve existing methods of biodiversity surveying and monitoring, supporting
sampling design, data collection, visualisation, analysis and data management. The author describes experience gained in the
Annapurna Conservation Area of Nepal.

Increased human population and industrialisation has caused degradation of wildlife habitat and, with that, biodiversity. The
major steps adopted globally for the conservation of biodiversity are the establishment of protected areas, including national
parks, wildlife reserves and conservation areas; enforcement of conservation laws and activities aimed at raising awareness.
However, the problem still remains critical, especially in the developing countries, where local people heavily depend on
biodiversity resources for their livelihood. Scientific monitoring is required to ensure conservation and sustainable utilisation of
resources. Recent observations on climate change have also increased global attention for the need for biodiversity monitoring.
The initiative Building Capacity for Biodiversity Monitoring and Assessment was launched to devise, test and recommend a
biodiversity monitoring system for protected areas of Nepal. The project is funded by the UK Darwin Initiative and implemented
by the King Mahendra Trust for Nature Conservation (KMTNC) and UNEP-World Conservation Monitoring Centre, with support
from Edinburgh University. 

Conserving Biodiversity 
Biodiversity in Nepal came under threat in the 1950s, when large tracts of forests were cleared for human settlement in hills and
mountains. Conservation efforts began in the 1970s. Today, Nepal has established sixteen protected areas across the country:
the total area under protection is 18.2% of the countryâ€™s area (147,181km2). With an area of 7,629km2, the Annapurna
Conservation Area (ACA: see sidebar) is the largest protected area in Nepal that has successfully experimented with the
philosophy of an Integrated Conservation and Development Project (ICDP), now a model conservation philosophy for several
developing countries. 

Monitoring Systems 
Though conservation has come a long way in Nepal, few biodiversity monitoring systems exist, and those that do address only
some large mammal species of the Terai region. Monitoring involves taking repeated measurements and comparing them to
understand the causes of change. Thus, biodiversity monitoring involves:

carrying out repeated surveys to find out the size and extent of the population of a certain species and the quality of their
habitat 
analysing results to find out trend and rate of change.

Monitoring needs to be done against a predefined conservation objective. Such an objective could, for example, be to increase
the population of Blue Sheep (Psuedois nayaur) to 500 in a certain area, within a given time. In this case, the population of the
current year is required in order to define the target for the future. By using standard methods and field protocols, data is
collected and analysed to determine the rate of progress. In the field data collection procedure, data analysis and presentation
GIS can assist ecologists and managers in getting their work done efficiently and with more attractively presented results. 

GIS Examples 
A first example of where GIS can assist biodiversity monitoring is in the stage of identifying potential areas for monitoring. For
example, a management team wants to monitor snow leopard in Manang. Using criteria concerning the habitat of snow
leopards, GIS enables the team to identify areas where they live. By overlaying within a GIS environment map layers of
distribution criteria, areas which match all the criteria can be identified within minutes. This saves much fieldwork time,
especially in mountainous areas where most wildlife habitat areas are accessible only on foot. 
Another important contribution potentially made by GIS is in locating sample plots, which plays a crucial role in the validity of
datasets and the results obtained from them. Using GIS, sample plot location can be identified either randomly or systematically.



Sample plots thus identified can be overlaid with the three-dimensional GIS model, which gives an exact impression of their real
field location. The location of these plots (plot corners) can be extracted from the GIS and identified in the field using GPS.
Three-dimensional maps can help to locate plots in the field easily. 
After locating sample plots in the field, data is collected using standard methods and forms. Such data can be stored, displayed
and analysed in GIS to reveal spatial patterns. Visualisation of field data on maps provides important information such as
occurrence and clustering with respect to associated habitat variables. The collection of this information using traditional
analysis and dissemination techniques would be both time consuming and would provide less impressive results. Field data can
be used in combination with habitat variables map to develop a habitat preference index. 
Another advantage of GIS is that all data has a uniform addressing format in the form of latitude, longitude, and sometimes also
altitude. Addressing with coordinates very much eases the location of sample plots and transects for repeated measurements. It
can be used for integration of data obtained from various sources. Geostatistical techniques offer interpolation tools that take
into account continuously changing spatial variables, which can not be done with general statistics. Such interpolation tools are
useful for generating stocking density, especially of floral biodiversity. 

Final Remarks 
Satellite remote sensing can further add value to the use of GIS in biodiversity monitoring. Satellite images analysed with GIS
can provide habitat information for the years prior to the start of a monitoring programme. Some older satellite images are
available free of charge, such as ASTER (http://asterweb.jpl.nasa.gov/) and selected date scenes of Landsat. The ACAP
monitoring programme is making use of images derived from both these two satellites. 
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