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Abstract. Investigation of the activity pattern of Hotson’s jerboa (Allactaga hotsoni) by motorcycle and search 
light indicated that there was a significant relationship between night brightness and the encounter rate of the 
Hotson’s jerboa or its activity. The results showed a reduction in activity of the jerboa as the moon light 
intensity increased. In other words, we can infer that the encounter rate reaches a peak during the first and 
the last days of the lunar month, whereas they are hardly detectable during the middle of the lunar cycle. 
Although, on completely cloudy nights even in the middle of the lunar cycle, the encounter rate increased as 
well. This is a predator-prey co-evolutional mechanism that lowers the predation risk. Additionally, the 
activity shifted somewhat from the vegetation cover to the open areas when the moon was high; however, the 
least encounter rate was recorded in full moon status. 
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Introduction  
 
Hotson’s jerboa, Allactaga hotsoni Thomas, 1920 
(Fig. 1) was recorded for the first time in Iran in 
Sistan & Baluchistan province and subsequently in 
Kavir National Park, near Varamin (Brown 1980). 
Later, other investigators could record this jerboa 
from central and northern parts of Iran. In spite of 
relatively different pattern of habitat use in such a 
vast distributional range, there is no published in-
vestigation about its habitat selection mechanism 
differences in Iran. One of the important anatomi-
cal adaptations of the jerboas is the bipedal loco-
motion. Lowering the activity during brighter 
nights is very important in anti-predatory mecha-
nisms for some nocturnal rodents such as Iranian 
jerboa (A. firouzi) (Hemami et al. 2011) and kanga-
roo rats (Dipodomys heermanni) (Upham & Hufner 
2013). But some investigators believe that such 
anti-predatory mechanisms in relation to the 
moon light are not a general rule for all nocturnal 
rodents (Upham & Hufner 2013), while the same 
mechanism had been reported for other small 
mammals such as lagomorphs (Lagomorpha) (Bu-
tynski 1984, Gilbert & Boutin 1991), badgers (Mus-
telidae) (Cresswell & Harris 1988) and some mem-
bers of marsupial species (Laferriere 1997). All of 
these studies had shown that these mammals re-
acted to an increase in the intensity of nocturnal il-
lumination by reducing the use of open space, re-

stricting foraging activity, microhabitat shifts 
movements, or the duration of the period of activ-
ity; or, by switching the activity to dark periods, 
an anti-predation adaptation (Lockard & Owings 
1974, Butynski 1984, Kotler & Brown 1988, Wolfe 
& Summerline 1989, Abramsky et al. 2004). Price 
et al. (1999) reported that bright moonlight re-
duces the overall activity of nocturnal rodents. In 
particular, rodents that live in sandy deserts re-
duce their activity and avoid open habitats on 
moonlit nights when predation risk is high 
(Lockard & Owings 1974, Kaufman & Kaufman 
1982, Kotler & Brown 1988, Kotler et al. 1993). The 
risk of predation influences both the activity pat-
tern and habitat use (Werner et al. 1983, Berger 
1991). For example, Brown (1980) reported that A. 
hotsoni presence was tied to barren areas. Naderi 
et al. (2011) describe the effect of vegetation and 
soil conditions on burrow structure and site selec-
tion of Hotson’s jerboa in Shahreza, Iran. They re-
ported that bare soil presence and Anabasis aphylla 
vegetation type were the most affecting parame-
ters in the species habitat use. They inferred that 
the adaptation value of preferring bare soil cover 
most likely resulted from the possibility for faster 
entering the burrows. Hemami et al. (2011) tested 
their assumption in two moon phases (the first 
and the last weeks of the lunar month were as-
sumed as new moon and the two middle weeks as 
full moon) and reported the lowest encounter rate 
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of Iranian jerboa in the new moon phase but they 
did not test the habitat selection in different lunar 
phases. 

In order to test whether the intensity of 
moonlight influences the activity pattern of A. 
hotsoni, encounter rate of the individuals was re-
corded and correlated with the brightness of the 
moon by addressing the following question: did 
the number of recorded individuals along the 
same recording effort in completely random de-
sign vary in different lunar nights? 

 
 

Material and Methods 
 
Study area  
During May to October 2011, we recorded the activity of 
the Hotson’s jerboa (Fig. 1) in different lunar nights and 
their habitat affinities in an arid steppe habitat located 5 
km north of Chupanan, Isfahan Province, Iran (33°35’N 
and 54°27’E) (Fig. 2). No record for the species was previ-
ously published in this province. The mean annual pre-
cipitation in the study area is less than 100 mm (Institute 
of Weather & Climatology, Isfahan 2011). The vegetation 
comprises different bush and shrub species such as Atri-
plex sp., Artemisia siberi, Peganum harmala, Atraphaxiss 
spinosa, Haloxylon sp., Calligonum comosum, Hamada sali-
cornica, Zygophyllum sp. and Tamarix sp. Some predator 
species such as red fox (Vulpes vulpes), golden jackal 
(Canis aureus), sand fox (Vullpes rueppellii) and sand cat 
(Felis margarita) were observed and recorded in the study 
area, too. The altitude is approximately 950 m above sea 
level and the climate is markedly seasonal with a dry and 
hot season from May to October. Mean temperature dur-
ing study periods was recorded from minimum 25° C to 
maximum 40° C in the nights. The general physiognomy 
of the habitat has been shaped by woody and non-woody 
plant cover and more barren areas. 
 
Data recording and statistical analysis  
We recorded encounter rate of the individuals in four 
moon phases, including 1) new moon (not visible or tradi-
tionally moon’s first visible), 2) waxing crescent moon (1-
49% visible), 3) waxing gibbous moon (51-99% visible) 
and 4) full moon (fully visible). For this purpose we have 
traversed multiple line transects with a motorcycle and a 
search light during five months by applying the same 
sampling effort in different nights in a completely ran-
dom design (each transect line on average between 10-15 
km). We also recorded encounter rate of the individuals 
in different habitat types and each observation point was 
recorded by GPS. The microhabitat variables were meas-
ured in 23 presence and 35 random plots. The random 
plots were selected randomly in different directions. Each 
observation point was recorded by GPS. A 10 × 10 m 
square area surrounding the presence and random ab-
sence points was plotted and parameters such as bare soil 
percent cover (BSC), cobble percent cover (COB), total 
vegetation percent cover (TVEG) vegetation species in 

each plot were recorded, too. The arithmetic mean of the 
measurements of each variable was considered as the 
value of the variable for the presence and absence plots. 
For habitat selection data analysis we used nonparametric 
Mann-Whitney U-test. 

For controlling temperature effect on its nocturnal ac-
tivity pattern we measured ambient air temperature and 
used partial correlation test. A regression analysis (Go-
mez & Gomez 1976) was used for the investigation of cor-
relation between the encounter rate and the lunar nights. 
ANOVA was used to test significant differences in di-
verse habitat vegetation type usage. The square root 
transformation was used when data was not normally 
distributed.  
 

 
 

Figure 1.  Hotson’s jerboa (phto by G. Naderi). 
 
 

 
 

Figure 2.  Study area in Isfahan Province, Iran. 
 
 

Results  
 
Totally 1670 km were traversed on 63 nights and 
48 individuals were recorded during the study pe-
riod. The encounter rate of the individuals was 
higher in the two moon phases than in two last 
phases (R2=0.69, t= 9.3 and P<0.001) (Fig 3). A par- 
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tial correlation analysis in controlling the tempera-
ture variable showed that this factor did not affect 
the species activity pattern during spring and 
summer seasons (R2=0.43, P<0.001). It seems that 
the feeding habits of the Hotson’s jerboa contrib-
ute somewhat  to its activity pattern since 
ANOVA analysis showed that there were signifi-
cant differences in encounter rate of the individu-
als in different habitat types (ANOVA: F=18.56, 
P<0.001). In total, four main habitat types were re-
corded in the study area including Calligonum co-
mosum, Hamada salicornica, Zygophyllum sp. and in 
barren areas (Fig. 4). With increasing moonlight, in 
the middle weeks of the lunar month, Hotson’s 
jerboa selects more barren areas for activity and 
conversely in new moon status it can be recorded 
more among the shrubs specially Hamada salicor-
nica that constitute an important feeding item. Our 
analysis showed that the coverage with bare soil 
and the presence of Hamada salicornica were sig-
nificantly higher in plots where the species was 
present than in random plots (Table 1). The total 
vegetation cover was significantly lower in the ob-
servation plots. 
 

 
 

Figure 4.  Encounter rate in different habitat types during 
different moon phases. Dashed and dotted bars indicate 
the first two phases (1 and 2) and the two last phases (3 
and 4), respectively.  

 

Table 1.  Comparison of habitat parameters at presence 
(observation) and random plots. The acronyms have 
been described in the text. 

 

Variable 
(%) 

Presence plots 
(N=23) 

Mean (SE) 

Random plots 
(N=35) 

Mean (SE) 

Mann–Whitney 
U- test 

Z              P 
BSC 80 (2.32) 52 (1.71) -2.14 <0.001 
COB 11 (0.89) 15 (0.87) -0.18 0.48 

TVEG 9 (0.68) 33 (1.86) -1.98 <0.05 
 
 

Discussion 
 
Generally, foraging behavior in animals can be re-
garded as a reflection of the balance between two 
opposing demands for increasing fitness: maxi-
mizing energy intake and avoiding the risk of 
predation (Price et al. 1984). Lower activity of 
Hotson’s jerboa on brighter nights is in accordance 
with some previous studies (Jahoda 1973, Lockard 
& Owings 1974, Kaufman & Kaufman 1982, 
Travers et al. 1988, Kotler et al. 1993, Butynski 
1984, Wolfe & Summerlin 1989, Gilbert & Boutin 
1991, Hemami et al 2011), while selecting more 
open areas in full moon status is a finding that 
completely differ from the previous results which 
reported for the Iranian jerboa (Hemami et al 
2011). 

Hemami et al (2011) reported that the activity 
of Iranian jerboa shifted from open to vegetation 
cover when the night was brighter. They sug-
gested that the main reason for such activity pat-
tern is higher risk of predation on brighter nights. 
Therefore Iranian jerboa  do not choose the areas 
without any vegetation cover or with bare soil 
type in the full moon status while the trend is 
completely reverse in the recent study; however, 
the encounter rate with the individuals on brighter 
nights was low in the both of studies. Upham & 
Hafner (2013) also reported such behavior for 
kangaroo rats (Dipodomys) in Great Basin. They 
also suggested that significant moonlight avoid-

Figure 3. Encounter rate of indi-
viduals during lunar nights. 
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ance patterns just can be seen in some species and 
this is not a general behavior for most nocturnal 
rodents. Here, we can infer that the bipedal loco-
motion and the overall habitat structure are two 
important variables that affect such nocturnal be-
havior and habitat selection. Of course, such a 
completely different habitat selection in relation to 
the moon phases may be a habitat-specific behav-
ior and should be investigated in diverse habitats, 
while targeting more desert rodent species. 
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