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A B S T R A K 

Corah aktiviti harian atau aktogram Callosciurus notatus dalam ladang kelapa sawit dan koko di baxvah 
helapa ditentukan dengan menggunakan radiotelemetri . Hasil menunjukkan C. notatus mernpamerkan corah 
aktiviti harian dan jam 0630 hingga. 1730 dengan beberapa puncah aktiviti. Dua puncah utatna dihenal pasti 
iaitu pada awalpagi (jam 0730) dan sebelum tenga/i hart (jam 1130). Ini diihuti dengan fasa rehat yang telatif 
pada waktu tengah hari (1430 hingga 1630). puncah yang lebih hecil dicerap pada waktu petatig (jam 1730). 
Kepelbagaian mungkin wujud kerana satu indtvidu menunjukkan empat puncah yang diselang seli dengan 
heberapa fasa rehat yang senghat. Puncah aktiviti yang kerap mungkin rnenggambarkan strategi penggelintarau 
untuk memenuhi keperluan makanan yang terientu. Kajiah isi perut menunjukkan serangga merupakan 
mekanan at a ma pada awalpagi let a pi menunjukkan m aha nan yang pelbagai meliputi serangga dan bahan-
bahan tumbuhan selepasnya. 

A B S T R A C T 

The daily activity pattern or actogram of four Callosciurus notatus in a mixed plantation crop of oil palm and 
cacao under coconut in Peninsular Malaysia was determined by using radiotelemetry. Results suggest that C. 
notatus exhibits a daily activity pattern, from 0630 to 1730 with several peaks. Two major peaks are identified, 
one at daybreak (about 0730) and another before midday (about 1130). The two peaks were followed by a relative 
cessation of activity in the afternoon (1430 - 1630). a third smaller peak was recorded in the evening (1730). 
Individual variation exists as one individual showed four small peaks interspersed by s/iort periods of rest. The 
multiple peaks may reflect the foraging strategy in meeting specijic dietary needs. A survey of stomach contents 
suggests that insects constitute the preferred item in the first couple of hours and a mixed diet of insects and plant 
matter later during the day. 

I N T R O D U C T I O N 

Rats (Rattiis spp). and the plantain squirrel 
{Callosciurus notatus) are impor tan t vertebrate 
pests o f many plantat ion crops i n Malaysia ( lor 
pests o f cacao, see Kamarudin and Lee 1981; 
Hafidzi 1992). T o gain a better understanding 
of the foraging behaviour o f plantain squirrels, 
the present study investigated the i r activity 
pattern. Such a study may contr ibute to more 
effective cont ro l programmes. 

Several techniques have been used i n 
studying the activity pattern o f small mammals. 
Among these are unaided sighting (Shorten 

1962), t ime-scheduled t r app ing (Kamarud in 
1982) and radio telemetry ( T o n k i n 1983). While 
unaided sighting causes the least disturbance, i t 
may not be suitable for less conspicuous animals 
like especially in a habitat characterized by dense 
foliage. Live-trapping techniques are suitable for 
studying popula t ion dynamics but wi l l reveal 
l i t t le o f the ranging behaviour as animals are 
immobi l ized at points o f capture. Radiotelemetry 
was employed in this study as one clear advantage 
o f this technique is that it allows continuous 
m o n i t o r i n g o f animals wi th m i n i m a l disrupt ion 
o f their activities i n their natural environment . 
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M A T E R I A L S AND M E T H O D S 

Radio-tracking Equipment 

Basic r a d i o - t r a c k i n g e q u i p m e n t was used; 
consisting o f radio collars, a portable radio 
receiver (Model M57, Manner Radio, UK) and a 
three-element Yagi antenna. Each radio-collar 
was made up o f a SS-1 transmitter (Biotrack U K 
Ltd . ) , a 1.5-V battery and an external antenna 
mounted on a cable tie collar wi th self-locking 
ratchet. The transmitter and battery were both 
coated in epoxy for protection against gnawing 
and water-proofing. The whole package weighed 
approximately 10 g. A l l animals fit ted wi th radios 
weighed more than 200 g so that the transmitter-
animal weight percentage d id not exceed 5%. A 
greater weight probably affects behaviour and 
movement o f animals (Wolton and Trowbridge 
1985; Pouliquen et al 1990) 

Study Site and Radio-tracking Techniques 
The study area was a mixed plantation o f mature 
o i l palm and cacao planted under coconut. The 
squirrels were trapped using ordinary trap cages 
set i n a row o n every f o u r t h cacao tree 
approximately 10 m apart. Trapping was carried 
out at the edge o f the cacao near the cacao-oil 
palm boundaries. A previous t rapping exercise 
showed most captures were recorded at intercrop 
boundaries. Squirrels were identified individually 
by rad io t ransmi t te rs opera ted at u n i q u e 
frequencies. The sex, weight, breeding condi t ion 
and capture locations were recorded for each 
squirrel (Table 1). Radio collars were attached 
while the animals were lightly anaesthetized for 
approximately 60 seconds wi th either diethyl 
ether or chloroform. The radio-tagged squirrels 
were kept in a cage overnight, allowed to recover 
ful l locomotor activity, and released at their 
respective site o f capture. This measure was 
necessary to ensure that the radio collars were 
fully secured and d i d not physically harm the 
animal. 

A total o f six squirrels (three males and 
three females) were radio-tracked for up to seven 
days. The tracking per iod for each animal is 
shown in Table 1. Locat ion was determined 
every h o u r f r o m 0530 to 1730 h e i t h e r 
throughout or for part o f the per iod . Track ing 
was not done on rainy days when animals seemed 
less active. Radio signals were detectable f rom at 
least 100 m awayand were pin-pointed by walking 
along the path o f the strongest signal. Apparent 
animal location was de termined to be accurate 
wi th in 1 - 2 metres as conf i rmed by actual 
sighting. The presence o f coconut and o i l palms 
grown at 15-m intervals across the study area 
conveniently served as g r id markers to mark 
animal locations on the map. W h e n radio 
location was uncertain, t r iangulat ion (Kenward 
1987) was employed; this involves taking bearings 
f rom at least three different points. The po in t at 
which the bearings intersect was designated as 
the an imal loca t ion . T h e distance between 
successive radio locations was taken to represent 
the level o f activity dur ing a 1-hour per iod. I f 
the animal d i d no t move f r o m its previous 
location over a per iod o f t ime, i t was assumed 
for practical reasons that i t had r emained 
inactive. T o fur ther qualify this assumption, 
animal locat ion was checked every 10 - 15 
minutes. The mean distance moved was used to 
plot the daily activity pattern for each animal. 
Palomares and Delibes (1991) showed that 
distance travelled gave similar results to net 
activity t ime in estimating daily activity patterns 
in the Egyptian mongoose (Herpestes ichneumon). 

Survey of Stomach Co)} tents 

A 1-day shooting exercise was organized in the 
study area to determine the feeding habits o f C. 
notatus based on the stomach contents. Shooting 
started at daybreak and ended before n o o n to 
cover the time o f the day when animals were 
observed to be most active. The exact t ime o f 

TABLE 1 
Summary of breeding condition, weight and tracking dates of four Callosciurus notatus 

Breeding Wt Tracking dates 
condition (S) 

Tracking dates 

Male A Breeding 246 June 5 -8. 10 - 12, 1990 
Male B Breeding 232 Jul 6 - 7, 9, 12 - 16, 1990 
Female A Non-breeding 201 July 2 - 5, 7 - 8, 1990 
Female B Breeding 226 July 20 - 28, 1990 
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the shooting o f each individual was recorded. 
The gut was opened and contents broadly iden­
tified as o i l pa lm frui t , cacao mucilage, uniden­
tified plant matter and insects. The p ropor t ion 
o f each i tem was subjectively quantif ied. 

R E S U L T S 

O f the six squirrels, sufficient data for analysis 
was collected f rom only four. Signals were not 
picked up f rom the other two and their trans­
mitters were assumed to be lost. Daily activity 
profiles were p lot ted for each squirrel (Fig. 1). 

I n terms o f habitat ut i l izat ion, Male A was 
tracked i n bo th cacao and o i l palm, Female A in 
cacao only and Male B and Female B in o i l palm 
only. The small sample size precludes compari­
son o f activity patterns i n the two habitats. I n d i ­
vidual daily activity patterns (Fig. la-d) are quite 
consistent. Differences i n the mean distance 
travelled d u r i n g the tracking per iod were not 
significant between Male A and B (Z=1.345, 
P > 0.1) and between Female A and B (z=0.275, 
P > 0.1). A l l squirrels started movement at first 

l ight i.e. a round 0600 h and maintained a h igh 
level o f activity un t i l 0930 h . Since tracking 
started 30 m i n earlier i.e. at 0530 h , i t is as­
sumed that squirrels stayed at their nest site 
w i t h i n that per iod. I n 12 out o f 14 instances 
where tracking was carried out on consecutive 
days, squirrels were located at their last posit ion 
(1730 h the previous day), suggesting that they 
remained inactive th roughout the night . Two 
m o r n i n g peaks were identif ied, the first at 0730 
h and the second f rom 1030 - 1130 h . The first 
peak was higher than the second except for 
Male A, where the level o f activity was similar at 
bo th peaks. The afternoon per iod (1230 - 1630 
h) was marked by a per iod o f aeresLE except for 
Female A, which showed a t h i r d peak about 
1530 h . A l l squirrels showed increased activity 
f rom 1730 h to jus t before nightfal l . I n terms o f 
the daily activity profile, they generally showed a 
progressively decreasing level o f peak activity, 
except for Female A where the four peaks were 
similar. Female A, the smallest (201 g) was 
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Fig. la. Daily activity pattern of female A (radio-tracked in 
cacao only) 
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Fig. lb. Daily activity pattern of female B (radio-tracked in 
oil palm only) 

I I 1 I i 1 i 1 1 1 -
0700 0800 09(H) 1000 11(H) 1200 1300 1400 1500 16(H) 17(H) 18(H) 

Actual time 
Error bar: 95% Confidence limit 

Fig. 1c. Daily activity pattern of male A (radio-tracked in 
cacao and oil palm) 
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Fig. Id. Daily activity pattern of male B (radio-tracked in oil 
pafon only) 
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Fig. 2. Comparison of the duration of the active phases of the four radio-tracked 
Callosciurus notatus 

therefore active for a relatively longer period. A 
comparison o f the durat ion o f the active phases 
is shown in Fig. 2. 

A total o f 18 shot squirrels were recovered 
for feeding analysis (Fig. 3). The first two squir­
rels, recovered at 0700 h , both had empty stom­
achs. The first squirrel wi th food in its stomach 
was recovered at 0735 h. Insects were found in 
all individuals in varying amounts but were par­
ticularly substantial before 0900 h . O i l palm 
fruits constituted a substantial amount from in­
dividuals recovered f rom 0955 h onwards. Cacao 
mucilage was only identifiable in two individu­
als. 

TAB I I 2 

Number of squirrels shot every hour 
from 0700 - 1200 

Time (1-hour period) No. of squirrels 
analysed 

0800 8 
0900 4 
1000 3 
1200* 3 
Total 18 

pooled from 1000 due to few squirrels 

0800 0900 1000 
hourly period 

n cocoa 

B insects 

• oil palm 

1200 

Fig. 3. The percentage composition of oil palm, insects and cacao from stomach contents of 
Callosciurus notatus shot in the study area 
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Due: to the small sample size, squirrels 
collected w i t h i n a one hour per iod beginning 
from 0700 were grouped together. The respective 
food items f r o m each stomach were pooled and 
the mean p ropo r t i on estimated for each group. 
The percentage composi t ion o f each food i tem 
for every 1-hour per iod is shown in Fig. B. 

D I S C U S S I O N 

The present study suggests that C. notatus exhibits 
a daily activity pattern wi th at least three distinct 
peaks; two in the m o r n i n g and one in the late 
afternoon. However there is individual variation, 
as exemplif ied by one individual , which had 
lour peaks. Three or more activity peaks per day 
constitute a variat ion o f the typical biphasic or 
hi modal pattern that has been observed in mam 
animals (Aschoff 1966). T o n k i n (1983) suggested 
tha t th is type of b e h a v i o u r is e i t h e r a 
manifestation of the physiological need for rest 
or that a break fo l lowing the m o r n i n g feeding 
period is needed when animals have eaten their 
f i l l . Whereas this migh t be reflected i n the 
present study, the existence o f double m o r n i n g 
peaks punctuated by a short break and variability 
among ind iv idua l s raised some in te res t ing 
questions. 

The double peaks may also be associated 
with a particular resource or foraging strategy to 
optimize food searching effort, h u n t i n g success 
and energ>' re turn. The difference in the intensity 
and durat ion o f the active phases may reflect the 
nutrient value o f the associated food source. 
This is supported by evidence f rom stomach 
contents o f squirrels shot in the study area, 
which showed that insects formed the pr imary 
food i tem d u r i n g the early m o r n i n g hours (0730 
- 0930 h ) . O i l pa lm was only ident i f ied in 
substantial amounts f rom individuals recovered 
from about 1000 h onwards. This suggest that 
the two active phases in the morn ing may account 
for two different kinds o f food. The difference 
in the level and dura t ion o f the two peaks is 
again indicative o f such food preference. The 
first peak may account for an insect diet. Insects 
are highly nutr i t ive but are relatively scarce and 
highly mobile , thus less predictable i n terms o f 
dis tr ibut ion. Insects may also be more active 
dur ing the early m o r n i n g . Therefore, animals 
have to intensify their search to take advantage 
oi the temporarily abundant insect food resource. 
The short rest before resuming the second active 

phase may indicate the po in t whereby foraging 
for insects is no longer economic in terms o f 
energetics. Energetic cost is an impor tan t factor 
in the foraging decisions in animals (Krebs et al 
1983). O i l palm fruits and cacao pods, on the 
other hand, are more evenly distributed, highly 
predictable, conspicuous and immobi le , and thus 
require less effort to secure. The second active 
phase could be associated wi th a pr imar i ly o i l 
palm diet. A longer phase may suggest a greater 
volume consumed to meet dietary and energetics 
requirements. I n general, foraging time and 
intensity are influenced by availability, nut r ient 
value, predictabili ty and handl ing time o f food 
source (Lewis 1980). 

There are other possible explanations for 
the double m o r n i n g peak. The first o f the two 
peaks may account for the daily re-establishment 
o f exclusive feeding ranges. C. notatus has been 
suggested to exhibi t some fo rm o f terr i tor ia l 
behaviour (Duckett 1982). Such behaviour was 
also observed in this study. C. notatus is most 
conspicuous at daybreak, when it can be seen in 
hot pursui t of o ther individuals apparent ly 
dr iv ing away intruders f rom a dray or a favourite 
feeding site. 

F r o m d i r e c t obse rva t ion , most o f the 
afternoon was normal ly spent dozing, g rooming 
and o the r less energy expensive activities. 
Cont inuous radio surveillance indicated that 
animals sometimes stayed in the same location 
for up to four hours. The final active phase in 
the evening can be ascribed to a final feeding 
round or nest run . Results also suggest individual 
variation in the observed daily activity pattern. 
T o n k i n (1983) observed a similar phenomenon 
among a popula t ion o f the red squirrel (Sciurus 
niger). He suggested that newly independent 
young adults tend to be active d u r i n g periods 
when fewer adults were active to avoid direct 
compet i t ion for food and space. Similarly, this 
could be viewed as a fo rm o f a strategy adopted 
by the small, non-breeding Female A (Table 1) 
to reduce compet i t ion . However, i t could also 
be random variation since observations were 
based on one individual f rom a sample o f four. 
Daily activity pattern can also be a funct ion o f 
the physiological needs o f the individual . Maier 
(1992) showed i n pipis trel lc bats PiptstreUus 
pipistreUus that variation existed between females 
which exhibi t un imoda l activity pattern d u r i n g 
pregnancy and b imodal d u r i n g lactation. 
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C O N C L U S I O N 

The results o f this study show that C. notatus is 
more active dur ing early morning and just before 
noon. Therefore, shooting exercises to control 
squirrel infestation in plantations, particularly 
oi l palm, should be carried out dur ing those two 
periods i.e. when squirrels are more active and 
thus more conspicuous. 
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