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Introduction 
 
Literature was reviewed from the archives of the Madras Crocodile Bank Trust (MCBT) and Web of Science, 
where the following search terms were used; gharial, gharial conservation, Indian gharial, gharial in India, 
gharial in Nepal, gharial threats and gharial extinction. This gives the historical context for the introduction and 
discussion, and an insight into the research that has already been carried out and how it could be further 
developed with technological advances. 
 
 The Indian gharial is the sole representative species of an ancient lineage of crocodilians, the Gavialidae 
(Choudhury, 1981). Since the 1970s the species has been the subject of a number of conservation initiatives 
which have had varying degrees of success. The longest running scheme 'Project Crocodile' was funded largely 
by the Indian Government, but in 1996 in spite of some indications to the contrary (Singh, 1991; Stevenson, 
2015) funding was withdrawn and the project ended. The range of the species has vastly retracted over its 
former area (Biswas, 1970; Choudhury et al., 2007) and whilst the population is at present thriving in some 
regions, some remain extremely small. These isolated populations are confined to five key areas in India and 
Nepal, meaning that the species is highly vulnerable to stochastic events. 
 
 Satellite GPS data can provide key insights into previously unknown behaviours and is particularly valuable in 
understanding cryptic or difficult to observe species. However, it is important that the lure of pioneering 
technology be resisted lest it lead to reverse engineering questions of interest. The vulnerability and uniqueness 
of the gharial make it a prime candidate for GPS tracking. The gharial ecology project has been responsible for 
the current tracking efforts, and to date a small number of animals have been tagged.  This paper discusses some 
of the interesting points that the tracking of these animals has raised, the limitations of having only a small 
number of animals tagged and considerations for planning a tracking programme to ensure funding gives the 
maximum return on investment. 
 
 The data presented here was collected from three satellite GPS tagged individuals residing in the Chambal 
sanctuary, northern India, between late 2014 and early 2016. Remote tracking for the gharial is useful as the 
species is notoriously shy when it comes to observation by boat. The mapping of this data revealed some unique 
behaviours amongst crocodilians, however, the paucity of data means that some of the points that are discussed 
herein are intended as a spring board for further study or future consideration when undertaking similar studies. 
If, in future further individuals are tagged then this existing data can be added to analyses accordingly. 
 
 The gharial ecology project on the whole has revealed a great deal more about their behaviour, interactions with 
their environment and life history (Lang and Whitaker, 2010; Lang and Kumar, 2013). Whilst this data is useful 
in developing a greater understanding of the species and its relationship with its habitat it remains problematic 
applying it to populations beyond the immediate study area of the Chambal. However, the data is invaluable in 
terms of planning for a longer term recovery and in consideration of alternative possibilities. The data presented 
here was mapped using the open source program QGIS. 
 
Methods 
 
 Three individuals were tagged on the Chambal in late 2014, and the data were then collected over 
approximately 24 months. These individuals were wild caught individuals of various sexes; a large adult male, a 
sub-adult female and a sub-adult male. They were affixed with a telemetric tracker that returned satellite ‘pings’ 
every 30-45mins, trackers did not return pings when the animals were submerged however, and the limitations 
this leads to are discussed further down in this report. 
 
 The large amount of recordings that gave a zero reading meant that the three data sets needed to be cleaned 
before analysis. The nil returns were removed and the columns which held the year, month, day, hour and 
minute values were merged into one column to give a single value for the timestamp. 
 
 QGIS was used to create maps of the data – basic points maps and heatmaps to show specific usage and 



frequency of usage were generated. The data was mapped onto a Google Earth satellite map using the quick map 
plugin on QGIS. This data used to produce movement animations and heatmaps to show which areas of the river 
were used most frequently. In order to produce animations and heatmaps the time manager plugin and the 
heatmap plugin were both used. An Indian coordinate reference system (CRS) was applied to the final map to 
ensure data points were correctly located. 
 
Results 
 
The three individuals that were tracked showed very different movement patterns as shown in Figure1 below. 
The most restricted movements were those of the sub-adult female, whereas the sub-adult male showed a 
propensity to travel relatively long distances in short time periods. In March 2015 it travelled 120 km in just a 
few days. The large adult male mirrored the range of the sub-adult female for much of the duration, but also 
travelled to the region around the confluence of the Chambal with the Yamuna (see also, Fig. 3). 
 

 
Figure 1. Range of the three individual gharials over the monitoring period covered in this 

report. (Adult male – green, Sub-adult female – orange, Sub-adult male – lilac) 
  
Research has shown that gharials prefer undisturbed habitat, however, the large adult male showed high usage 
and the sub-adult female to a lesser extent – females have been observed to prefer less disturbed areas 
previously - of sandbanks near heavily farmed areas, see Figure 2 below. 
 

  
a.                                                                                      b. 

Figure 2. a. Heatmap movements of the sub-adult female along the Chambal, darker red circles show 
areas of higher usage, this is an area surrounded by agricultural land; b. showing the usage of a 
sandbank adjacent to agricultural land, the blue spot shows the sub-adult male, pink shows adult 
male and orange sub-adult female, all three utilised the sandbank but visits from the adult male and 
sub-adult female are more frequent, with more patrolling behaviour from the adult male. 



 
Figure 3. Heatmap showing usage of sandbanks in a highly populated region of the 

Chambal – the Yamuna confluence. 
 

Discussion 
 
The initial process of cleaning the data removed nil returns. The GPS trackers returned a latitude/longitude fix at 
set times during each day – these increased or decreased seasonally. However, once the animals submerged in 
the water the tracking devices that were used no longer returned a location fix to the satellite, resulting in nil 
return for the latitude/longitude coordinates. Out of approximately 5300 returns per animal over the recording 
period of 18 months, the useable data was only around 30%. Combined with three differently sized and 
gendered animals this means that it is very difficult to draw useful conclusions from the data set. This indicates 
that for future studies it is imperative that the technology needs to be capable of working underwater to avoid 
this issue and maximise on any investment. 
 
 With accelerometers attached to the animals, it would be possible to discern when the animals are hunting. The 
data which we currently have shows that there is a correlation between the time of day and the activity, the 
animals were likely to have a location fix returned in the morning. Gharials prefer to bask at different times of 
the day seasonally and tracking data could highlight variations in this between animals of different sizes and 
genders. Separate temperature recordings may be useful in discerning where the animals were – air and water 
temps for each day – even if other data were not available, as temperature data was returned for each fix 
regardless of whether the animal was underwater or not. Significant variation between air and water temperature 
if this data were available could make a larger proportion of the data set useable. The study of activity patterns 
as they relate to the varying temperatures of both air and water would also be interesting in considering 
differences between populations in different regions or countries. Any variations, if found, between populations 
may be local adaptations and therefore useful when considering which animals would be best suited to a 
particular reintroduction site. 
 
 The sub-adult male travelled the greatest distances along the Chambal, and in the course of one month - March 
– it travelled approximately 120 km along the river. March coincides with the end of mating season and the 
beginning of nesting season that may be a significant factor in this long-range movement. Additional GPS 
tagged animals in this size class would have the potential to shed light on whether this is an anomalous 
individual or whether this is a trend amongst these sub-adult males. If a pattern emerges it should be possible to 
start understanding the drivers behind the issue.  
 
 Dispersal is an important area for future study, especially as researchers have suggested that the carrying 
capacity for gharials in the Chambal sanctuary may only be in the hundreds. With the population now 
numbering in the thousands this could be a reason why younger males are moving greater distances along the 
river. The main goal of dispersal is to establish a new territory for hunting and mating, finding that there are no 
potential mates further afield however might provide an explanation as to why a sub-adult male would travel 
such a long distance, only to return in a relative short space of time. The young female however did not exhibit 
this behaviour preferring to stay in the vicinity of the communal nesting sites during breeding season. However, 



this may be an anomaly, and a larger number of tagged sub-adult females could serve to understand whether 
they too exhibit the long-distance travelling behaviour that may be indicative of a desire to disperse.  
 
 The multi-day gaps in the data also mean that when the animals do travel long-distances, we do not know how 
far they are travelling in this time span. Gaps of multiple days – assuming that there is no tracking device fault – 
implies that in these periods the animals are spending only a short amount of time basking. It would be useful to 
understand when they travel, whether they rest overnight in unfamiliar areas or when they hunt on these 
journeys. If multiple animals were tracked it would be possible to learn whether they are travelling alone, or if 
young animals move together or if not together, at broadly similar junctures. It may also be possible to 
extrapolate from the data – assuming trackers do not return location pings when the animals are underwater – 
that time periods when no pings are returned represent fishing or at least moving.  
 
 As the species has proved adaptable to the lake environment that arose from the dam building project near 
Corbett National Park, this is another area that could lead to interesting studies – whether the species is also 
adaptable to disturbance. Understanding how the species responds to the pressures of disturbance would be 
important when considering sites for future reintroduction of the species to locations from which they have been 
extirpated. Confirmation of whether the species is adaptable to human perturbation or not would help to inform 
choices of locations for future reintroductions. Some of the data included here has shown that individuals may 
travel to or even frequently bask in areas that are infringed on by human activity.  
 
Limitations 
 
 The sample size is the key limiting factor in studying the species at present, for statistical use the sample size 
(n) would need to be; n =30. However, as males and females are likely to disperse along, and use the river in 
different ways this further limits the useability of the data for in depth analysis. 
 
 One of the important points which these datasets highlight is the need to ensure questions are not reverse 
engineered in order to make use of technology. Whilst technology can provide extremely useful data it may not 
be the best use of limited to funds to use technology, particularly if the funding only allows for the purchase of a 
small quantity of it. With the gharial, netting the species from the wild population can be difficult and is more 
likely to result in random individuals varying in gender and/or size being captured. To overcome this issue, 
tagging animals from captive-bred populations would allow selectivity; only male or female individuals of the 
same size are tagged prior to release. In tagging animals selectively by size class or gender as previously 
discussed, this would allow studies to understand the behaviour of not just individuals but groups of similar 
animals.  
 
Further work 
 
An interesting study could look at temperature versus activity, this would require trackers which would ping 
above water too.  
  
Future considerations for the data may include incorporating it into species recovery planning using a spatial 
PVA package RAMAS GIS to allow the inclusion of the GIS landscape data from the telemetry project, 
however, there is an associated cost with the purchase of the package. 
 
As suggested in the discussion section with the correct technology – accelerometers, depth measurement – a 
great deal more could be revealed about the animals’ behaviour, and what their optimum habit needs might be. 
Therefore, suggested key priorities for further movement research are: 
 
• Increasing the number of individuals tracked in order to ensure individual behaviours are not anomalous. 
• Looking at the link between temperature and activity. 
• Understanding how gharials behave and interact with their habitat on both a daily and seasonal basis. 
• The use of movement data to inform species recovery planning and selection of sites for reintroduction. 
• Analysis of data to understand if long-distance movement may be driven by overpopulation at key sites. 
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