























evolutionary sense) to what the animal perceives, and this could show significant variation not just at the
population level, but also within individuals in a population (Bowers, 1995). These responses cap be
measured by observing and recording behaviour, which is said to be the tool with which an animal useg
its habitat (Barnard, 1983). Although it rarely enters models or discussions of demographic evolutiop,
behaviour clearly plays an important role in determining individual fitness. Two important aspects of
behavioural evolution are habitat selection and basic features of social organization (Fleming, 1979),
Some animals tend to live in groups of conspecific individuals for various reasons. The size of the group
is an important aspect of their social organization and tends to be highly variable even within the same
species. Combined with the ability to respond to variation in resources and risks through behavioura]
means such as vigilance (Brown and Kotler, 2004), the model can provide better inferences to explain the
system. The facets of ecology described above, i.e., population sizes, habitat use and behaviour, are very

important especially during initial investigations into species little known.
1.1. Small mammals, rodents and sociality

In terms of number of species and individuals, small mammals dominate the Class Mammalia,
with the diversity of their trophic and ecological adaptations ranging from fossorial grazers to aerial
carnivores. Given such an assorted array of lifestyles, it should not be surprising that they have evolved
numerous life-history strategies to a wide range of environments (Fleming, 1979). Understanding the
population dynamics of animals motivated ecologists in the beginning of the twentieth century and since
then, small mammals have been commonly used as model systems because of their convenient size and

short generation times (Krebs, 1998; Pocock et al., 2004).

Among small mammals, much time and effort has been spent researching rodent ecology as they
often occur in great densities and are frequently referred to as pests in agriculture and human health
(Stoddart, 1979). Also, rodents are important components of the diet for numerous carnivorous and
scavenging species. They also provide habitat for numerous vertebrate and invertebrate animals as a
consequence of their burrowing activity which in turn regulates aeration and water regime of the soil,
providing suitable environment for growth of plants (Shenbrot et al., 1999). Models of capture-mark-
recapture have been used in the past to estimate population size (Anderson ef al., 1983; Otis et al., 1978)

and a number of techniques like track plates, chew cards, trapping, etc have been developed to index
rodent populations (Whisson ef al., 2005).





















3. Methodology

3.1. Field Methods

3.1.1. Population estimation

Nine colonies were selected for estimating population sizes, 5 in agriculture and 4 in natural
areas. Parameters such as number of holes, length and width of each colony were recorded. Colonies were
saturated with Sherman traps (H. B. Sherman Inc., Tallahassee, Flor.) in order to capture as many
individuals as possible. Traps were placed 1-3m apart in a systematic coverage of burrow entrances and
therefore trap numbers varied from 25-60, but were kept constant across trapping sessions in a particular
colony. They were covered with mud/grass/twigs to help in camouflaging and heat reduction (Plate 1).
Traps were baited with a paste made of biscuit crumbs mixed with jaggery syrup. Initially bait trails were
laid in some colonies with jaggery syrup on small twigs, from burrow entrances to the trap but this was
not necessary in most colonies as the animals quickly found the bait. A minimum of 6 trapping sessions
were conducted at each colony with 2-3 sessions/day. Initially, trap sessions lasted 2 hrs but by mid-
February, the metal traps heated up quickly. So trap sessions were reduced to 1 hr to avoid heat stress and
mortality. Traps were checked at tﬁe end of each session and animals were removed from the trap by
holding a cone-shaped cloth at the trap door with a small hole at the other end. The trap door was gently
pushed open and the animals rushed into the cone bag, after which they were handled. Measurements

.such as weight, hind limb length and tail length were collected using a spring balance (PESOLA,
Switzerland; metric, 600gm) and Vernier calipers. Gender and age category (based on genitals and teats)
were also noted. A unique consecutive identification number was written with a non-toxic marker pen on
the inner hind limb of each animal. Handling time was kept less than 5 minutes to minimize stress to the

animals, which were then released near a burrow entrance.
3.1.2. Habitat use

Both study sites were converted into 4-ha grids, 28 grids in the agricultural area and 25 grids in
the natural study site. Systematic sampling was done by selecting alternate grids that were in turn sub-
divided into four 1-ha sites, of which any 3 were sampled. Google Earth and a handheld GPS (Garmin
GPS 72) unit were used to find sampling units. A 20m radius circular plot was laid at the center of each of
these sites. Four perpendicular axes cut the plot into 4 quadrants (Figure 1). While the observer walked

from the center outwards in each quadrant, another person recorded the data. Broad habitat type was
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Figure 2. Mark-recapture based population size for 16 colonies of jirds in Kachchh, Gujarat, 2011, plotted

with number of holes at each of the colonies. Also given is the equation of the line with the corresponding

coefficient (R) value.
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Figure 3. Mark-recapture (MR) based population estimate of Jirds in Kachchh, Gujarat, 2011, plotted with
Jack-knife (JK) predicted estimates for all 16 colonies, Also given is the equation of the line and the

correlation coefficient (R?) value.

4.2. Habitat use

Habitat relationships of jirds were quantified by modeling their occurrence with combination of

predictor habitat variables. Preliminary processing of habitat variables revealed that percentage of clay

and percentage of coarse soil were significantly correlated (R=-0.724, p<0.001), but were also significant

predictors. This was determined from the univariate logistic regressions (Clay: B=0.065, SE=0.018
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p<0.001, AIC=93.27; Coarse: B =-0.069, SE=0.021, p=0.001, AIC=93.86). Hence, they were used in

separate logistic regression models. Among the variables describing vegetation structure, average

frequency of occurrence of 0-10cm and 10-25cm vegetation height classes were significant predictors

(B=0.245, SE=0.143, p=0.09, AIC=109.07; B=-0.72, SE=0.356, p=0.04, AIC=106.38 respectively) but
were also correlated (R=0.115, p=0.151).Although 10-25cm vegetation height class had smaller AIC
value, my behavioural observation suggested that the 0-10 cm height class formed the major forage for
jirds. Hence the 10-25 cm height was regressed against 0-10cm height and the residuals from the
regression were used in the subsequent models. Eleven ecological models were run as meaningful
combinations of the final set of variables (Table 5) and the results of the smallest AIC model has been

presented in table 6.

Model AIC  AAIC df R* GOFp %ece
Clay+Veg (0-10) + Veg (res10-25) + Dist + Hab 79.15 0 8 0.50 0.98 91.2
Clay+Veg (0-10)+Veg (res10-25)+Dist + Hab(Field) ~ 80.98  1.83 5 048 096  90.6
Clay+Veg (0-10)+ Veg (res10-25) + Dist 9693 1778 4 032 093 874
Clay+Veg (0-10)+ Veg (res10-25) 9742 1827 3 031 095  88.1
Hab 99.21 20.05 4 0.18 1.00 893
Coarse+ Veg (0-10)+ Veg (res10-25) 100.12 2097 3 028 0.59 887
Clay+ Veg (0-10)+ Dist 105.14 2599 3 023 050 893
Clay+Veg (0-10) 10526 26.11 2 023 084 893
Clay 10527 26.12 1 023 084 893
Coarse 10586 2670 1 022 0.88  89.3
Veg(0-10)+Veg(res10-25) + Dist 11252 3337 3 014 051 893
Veg (0-10) + Veg (res10-25) 112.56 3341 2 0.14 048 893

Table 5. Competing ecological models of jird occurrence in Kachchh, Gujarat, 2011, as a function of
predictor variables (average frequency of occurrence of vegetation height class 0-10cm (Veg(0-10)),
residuals of 10-25cm on 0-10cm (Veg(res10-25)), overall score for anthropogenic activity/disturbance
(Dist), habitat type (Hab) and field (Hab(Field)), with associated -2LogLikelihood values (-2LogL),
model degrees of freedom (df), AIC values, difference between the AIC value of ith model and the model
with smallest AIC score (A), Nagelkerke’s R-square value (R?), goodness-of-fit (GOF-p) and

classification rate (%CC).
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Variable B SE df  p-value

Constant -13.164 3.305 1 .000
Clay 116 .036 1 .001
Vegetation 0-10cm 179 219 1 415
Disturbance score 460 .266 1 .084
Residuals of 10-25cm -231 476 1 628
Habitat type 4 .022
Habitat type(riverine) -12.924 1.292 1 .999
Habitat type(open scrub) 174 1.351 1 .897
Habitat type(dense scrub) 1.687 1.495 1 259
Habitat type(field) 4.216 1.515 1 .005

Table 6. Variables in the final model with associated B values (B), standard error values (SE), degrees of

freedom (df), and p-values.

4.3. Behaviour

Activity periods showed a clear difference between winter and summer. While in winter time of

activity ranged from 0830-1330hrs and 1430-1930hrs, in summer, activity period was restricted to 0700-

1100hrs and 1730-1930hrs. The time budget, i.e., average proportion of time spent performing each

behaviour, calculated from focal samples, is presented for agriculture in summer and natural in summer
(Figure 4) and winter (Figure 5). Foraging is calibrated in the primary Y-axis while the other behaviours
are calibrated on the secondary Y-axis. Irrespective of site or season, it was found that individuals spent
most of their time foraging when compared to other activities. Average proportion of time spent vigilant
?eaked where foraging dipped. Average proportion of time spent digging was more in the forenoon than
in the.afternoon. More time was spent resting when compared to being vigil. Average proportion of time
spent in maintenance, interaction and rubbing was less than 0.1 in all cases,
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S. Discussion

5.1. Population estimation

The demographic data from 9 colonies for 38 individuals show that the male to female ratio is
equal to 1 in both agriculture and natural areas. However, the sub adult (male and female) to adult
(female) ratio is 2.63 times more in the natural area than in agriculture. This is interesting in that it could
indicate higher recruitment in colonies in natural areas than in agriculture. Fields act as storehouses of
food for many animals and rodents are often considered pests because of their ability to breed prolifically
when food is aplenty. However, in the study site, crops (mostly til and groundnut) were harvested 2-3
months prior to trapping, thus taking away the major source of food. Therefore, despite hoarding, it is
possible that food availability in the area was limiting and individuals had little access to natural patches.
Although the species is known to breed throughout the year, the peak littering period coincides with
monsoon (Prakash, 1981). Rain-fed agriculture, as is practiced in Kachchh probably causes a population
explosion in jirds, where during the lean period food is a limiting factor, in comparison to natural areas
that are likely to be more stable in terms of food resources. For example, food resources in an agricultural
field could be taken away by ploughing overnight. This is also reflected in the larger body weights of

adult females in natural areas as compared to the ones in agriculture.

Mark-recapture based population estimates indicate a range from 2 to 10 individuals. An earlier
study (Home, 2005) recorded population sizes of up to 46 but such large-sized colonies were not found
even after extensive search at the start of this study. Arid and semi-arid regions are known to experience
drastic fluctuations in natural phenomena such as rain and drought. However, animals and plants in these
landscapes are equally ﬂéxible and have the ability to survive such stochasticity (Kotler and Brown,
1988). The region had received good rainfall over the last 4 years (2007-2010) and it has been well
established that population dynamics of rodents follow rainfall fluctuations (Brown and Heske, 1990;
Shenbrot and Krasnov, 2001). There is also evidence for a strong inverse relationship between
precipitation and population growth rates (Liu et al., 2007). Hence, rodent-rain relationships are complex

and cannot be adequately explained by a simple bottom-up trophic model (Brown and Ernest, 2002).

Good rainfall could also be one of the reasons for the sudden rapidly expanding agriculture.

Although fields represent localized abundant food resources, the crop season lasts only for a short

duration, by which time the land is cleared of the natural forage. Desert rodents have been described as
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opportunists, feeding on items that give highest rate of return when foraging costs are increased apq
becoming more selective when resources are abundant (Brown et al., 1979; Kotler and Brown, 1988).
Despite these foraging strategies, such drastic land conversions and the sporadic nature of forage
availability could have caused a reduction in colony sizes. Decline in densities post-harvest has beep
reported in earlier studies (Mills et al., 1991). The study site also has other rodent species that are
primarily nocturnal and solitary and changes in the ecology of these competitive species could also have
caused a change in jird colony size. This provides one explanation for smaller colony sizes but will apply
only to those in agriculture. From the young to female adult ratio discussed earlier, this could mean that
since natural areas have higher recruitment, colonies in Home’s study expectedly had 2.63 times higher
recruitment than now, since most of the area covered in that study are now under agriculture. It is likely
that rainfall bears a negative relationship with colony size but has caused higher densities of colonies

(Utrera et al., 2000). However, this is not conclusive as densities were not estimated in the current study.

The minimum population size was found to be 2 individuals in 2 colonies, each having 1 male
and 1 female individual. These could be mating pairs or individuals establishing a new colony. Since Jirds
are social, colonial animals, they are likely to benefit if they belong to a colony with enough individuals
such that vigilance is enhanced, predation risk reduced and foraging more efficient. This has been
demonstrated and tested under vigilance hypotheses across taxa, including desert rodents (Roberts, 1996;
Tchabovsky et al., 2001). Therefore, these 2 colonies might have been trapped when the colony was being
established as they also had least number of holes.

Developing indices for abundance estimates have proved useful in monitoring change over time,
particularly for endangered and cryptic species, being cost effective and practical (Jhala et al., 2011).
From this study, we find that number of holes predicts population size with significant accuracy as
compared to length and width of the colony. This index can be used for further investigation and also for

rapid assessments of the population status of this species, considering very little is known about them.

variatj . de
tion have been explored by many. For example, individuals of some species, born in late summer can

remain immature over winter (Hansson, 1990; Lidicker, 1979). The Chitty effect (Chitty, 1967; Hansson,
.1992; Krebs, 1996) suggests that small rodent weight is a genetically determined characteristic, also
influenced by nutrition and this has been tested in

a few species. While comparing land uses and their
effects on species ecology,

body size is often tested as one of the variables (Nupp and Swihart, 2000).

This stud :
udy shows that body weight of adult and sub-adyt females is significantly higher in natural areas
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balance (Jacob, 2008; Shapira et al., 2008). Studies on rodent ecology in agricultural matrices indicate
occurrence of seasonal dispersal of animals to hedgerows or bunds between fields, from where
recolonisation takes place (Ouin et al., 2000). In the current study, jird colonies in agriculture were found
to undergo changes in the number of holes over time as compared to natural areas, Similar habitat data
collected after 30 days in each site showed that 7 colonies in agriculture had an increase or decrease in
number of holes while only 2 colonies in the natural area showed a change in number of holes. Therefore,
the proportion of occupied sites in agriculture can be an artifact of frequent shifts in colonies and colonies
persisting even after being vacated by jirds. It is also indicative that colony-shifting occurs more often in
agricultural areas than in natural ones, a likely cause being the fluctuation in available food resource in

agricultural areas.

The landscape is fast turning into an agriculture-dotted matrix, with mining explorations also
simultaneously taking place. When the fields are ploughed, what happens to these burrowing animals? Do
they detect early and shift colony or are they killed? More extensive surveys, temporally and spatially,

will help provide a better understanding of factors that might influence occurrence of jirds.

5.3. Behaviour

The concept that animals make decisions about foraging behaviour in a way that leads to long-
term fitness has generated much debate and formed the basis of optimal foraging theory (Pyke, 1984;
Stephens and Krebs, 1986). One out of 4 aspects of optimal feeding strategies includes optimal feeding
period where the basic components are metabolic costs of activity under varying food, climatic and
predator conditions (Schoener, 1971). Trade-offs between foraging and vigilance are made differently
depending on seasonal variability in nutritional status, requirements and forage availability (Brown et al.,
1988) and even this may change under predatory conditions (Kie, 1999). Many animals show bimodal
feeding periods during summer and unimodal in winter as a response to the climate, avoiding the harshest

periods of the day. Our study concurred with this and showed a clear difference of activity period between

'winter and summer, indicating that animals avoided the hottest parts of the day by moving underground

and ceased activity above ground soon after sunset.

Many studies have investigated optimal foraging strategies and variations in activity periods with
particular reference to predation risk (Dall et al., 2001; Lima and Dill, 1990). In our study area, known
predators of jirds and gerbils are Indian fox, jungle cat, raptors, golden jackal and snakes, each with

varying activity peaks and different methods of capturing prey. While foxes have been observed to dig
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d modify jird colonies for denning (Maurya, pers. comm.), snakes can move through thejr colonies
ana m

Western black cobra (Naja oxiana) and black-headed royal snake (Spaleros'op.his atriceps) were observeq
on many occasions creating a furore among the jirds during our study. Individuals drummed the ground
with either hind feet or both, sometimes 2 individuals taking turns. This behaviour has been reported
earlier (see (Prakash, 1981) as an alarm call when raptors were detected by jirds. Variations of this
behaviour were observed, suggesting that jirds have a diverse array of signals for different threats and for
varying intensities of threat. In the presence of snakes, instead of taking refuge, individuals even moveq
towards the predator on 1 occasion and drummed. This has also been observed in kangaroo ras
(Dipodomys spp.) (Randall and Boltas King, 2001). On most occasions, only 1-2 individuals remained
above ground, while the rest ran into the nearest hole. Prakash (1981) reports that individuals below
ground also thump the ground. Drumming can communicate messages of territorial ownership,
competitive superiority, readiness to mate and presence of predators and foot drumming patterns are
known to be species specific, ranging from single thumps to individual foot drum signatures (Randall,
2001). The behaviour has been most extensively studied in kangaroo rats but still requires further
understanding of the context in which the signals are generated. Much has been investigated on this front

in solitary species, while social species might be limited to drum only in predation risk situations
(Randall, 2001; Randall et al., 2000).

The more common vigilance behaviour was demonstrated when an individual stood still in a fully
erect posture, mostly perpendicular to the ground, similar to vigilance exhibited by ground squirrels. This

state has been classified as a high-cost, high-quality overt vigilant posture (Lima and Bednekoff, 199%
Tchabovsky ef al., 2001). However, vigilanc

postures and horizontal quadrupedal posture

was recorded as vigilant only in bi

e is also expressed in less-expressive bi-pedal semi-upright
s (Arenz and Leger, 1999). In our study, behavioural state
-pedal and upright and semi-upright postures. When on all 4 limbs, it

was difficult to differentiate whether the animal was resting or vigilant, Apparently vigilant animals do

thermoregulatory adaptation,

The interplay between foragi
€Ing and vigj] ) .
central the glance suggest the existence of a trade-off that is th°

me of all optimalit theori i
Y theories and wjgp further €xploration, this can be drawn out. Vigilan®®
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peaks coincided with activity periods of raptors and it is possible that individuals were overtly vigilant in
an attempt to detect these aerial predators. Since quadrupedal vigilance was not easily perceivable, it
should not be concluded that Jirds sense terrestrial predators any lesser. They could use olfactory and
tactile receptions to detect predators. This however requires further examination,

Scent-marking was also observed a few times during the study and is evident when the animal

moves from hole to hole along the edge of the colony, rubbing the ventral portion of the body on the

ground/grass/twigs near the hole. Since individuals were not marked, it was difficult to distinguish
between males and females as both sexes are reported to perform this behaviour (Prakash, 1981).

Individuals were not perturbed by doves feeding alongside them during early hours of the day. This is in

concurrence with Prakash (1981) but in our study, jirds were intolerant of babblers, stonechats, and

bulbuls. Babblers were chased on many occasions, and individuals were vigilant in the presence of other
birds.

This study provides baseline information on population sizes, habitat influences and behavioural
patterns of the Indian desert jird, thus extending a platform to challenge, test and understand the myriad
mechanisms underlying desert ecology. It also delivers insight at a trophic level which can influence both
higher and lower levels, in this case predators such as foxes and raptors, and prey including vegetation.
Impacts of the dramatic change in land use have not yet been studied and rodents are prospective subjects
for examining this, which will be pertinent in the conservation of predators whose role in an ecosystem

cannot be undermined.
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6. Conclusion

The results from this study shows that population sizes of jirds vary from 2 to 10 individuals per
colony, using closed population estimators. Pooling all colonies and indicating each colony as a grouping
variable allows handling of small sample sizes. The development of an index for estimating population
size, crucial for rapid assessments, is a methodological advancement and the study suggests that number
of holes in a colony can predict the Population size of that colony with good accuracy. This will allow a
rapid assessment of the population status of Jirds in the region, information of economic significance.

Also, adult females weighed significantly more in natural areas than in agriculture, and this is also

reflected in the higher young to adult female ratio in natural area, thus showing that natural areas are
better habitats.

The study also shows that occurrence of jirds was higher in agricultural fields indicating that this
land use type could provide favourable habitat for jirds. However, the total number of sites unoccupied
(142) was proportionately greater when compared to those occupied (17) by jirds. Also, shifting of
colonies might be more prevalent in agriculture than in natural areas because of fluctuating food resources
and remnants of abandoned colonies might have influenced the higher number of ‘occurrences’ in

agriculture. Therefore, this aspect of jird-habitat relationship requires a more extensive survey, spatially

and temporally.

Activity patterns and time budgets are concordant in that irrespective of season and site,
individuals spent a major proportion of active time foraging. Vigilance was higher when foraging
activities were at a low, particularly in the afternoon and evening. This is supported by the general theory
of hurried eating at the start, progressively becoming satiated and allowing more time for other activities
later in the day. The trade-off between vigilance and foraging, both very vital to the survival of

individuals is tremendous opportunity for testing the optimal foraging theory in field conditions.
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7. Appendix

Classification of jird behaviour for the current study, under group heads:

Foraging:

Eating — movement of limb to4mouth, followed by chewing; head down, the mouth, if seen, is open and
animal is chewing

Moving — slow movement of head/body/both, in search of something to eat and the mouth, if seen, is
closed and the animal is not chewing

Running — fast saltatory movement across the colony, to and from a hole, with or without food in limb or
mouth

Climbing — animal climbs vegetation and either takes a part of it and climbs/jumps/falls down, or eats the

food item on the vegetation itself

Vigilance:
Standing — standing on hind limbs, forelimbs extended from the body or not, looking steadily in one

direction
Drumming — thumping the ground with one or both hind limbs, forelimbs on or off the ground, looking

steadily in one direction
Digging — using 1 or more limbs and /or mouth to excavate soil at any hole in the colony

Resting — sitting on all 4 limbs, no movement of head/body, animal may be scanning for predators or

simply resting

Maintenance:
Grooming — scratching or biting any part of body of self, with 1 or more limbs

Interaction — contact with 1 or more individuals; includes allogrooming, displaying aggression, probable

mating

Rubbing — stretching the ventral portion of the body over the ground/on twigs/grass; animal may be

scent-marking
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