
�(�I�I�H�F�W�V���R�I���W�K�H���3�U�R�W�R�]�R�D�Q���3�D�U�D�V�L�W�H���6�D�U�F�R�F�\�V�W�L�V���U�D�X�V�F�K�R�U�X�P���R�Q���2�S�H�Q���)�L�H�O�G���%�H�K�D�Y�L�R�X�U���R�I���,�W�V
�,�Q�W�H�U�P�H�G�L�D�W�H���9�H�U�W�H�E�U�D�W�H���+�R�V�W�����'�L�F�U�R�V�W�R�Q�\�[���U�L�F�K�D�U�G�V�R�Q�L
�$�X�W�K�R�U���V�������6�X�V�D�Q���&�����4�X�L�Q�Q�����5�R�Q�D�O�G���-�����%�U�R�R�N�V���D�Q�G���5�L�F�K�D�U�G���-�����&�D�Z�W�K�R�U�Q
�5�H�Y�L�H�Z�H�G���Z�R�U�N���V����
�6�R�X�U�F�H�����7�K�H���-�R�X�U�Q�D�O���R�I���3�D�U�D�V�L�W�R�O�R�J�\�����9�R�O�������������1�R�����������$�S�U���������������������S�S������������������
�3�X�E�O�L�V�K�H�G���E�\����The American Society of Parasitologists
�6�W�D�E�O�H���8�5�/����http://www.jstor.org/stable/3282077 .

�$�F�F�H�V�V�H�G������������������������������������

Your use of the JSTOR archive indicates your acceptance of the Terms & Conditions of Use, available at .
http://www.jstor.org/page/info/about/policies/terms.jsp

 .
JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide range of
content in a trusted digital archive. We use information technology and tools to increase productivity and facilitate new forms
of scholarship. For more information about JSTOR, please contact support@jstor.org.

 .

The American Society of Parasitologists is collaborating with JSTOR to digitize, preserve and extend access to
The Journal of Parasitology.

http://www.jstor.org 

This content downloaded by the authorized user from 192.168.82.208 on Mon, 12 Nov 2012 18:02:37 PM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/action/showPublisher?publisherCode=asp
http://www.jstor.org/stable/3282077?origin=JSTOR-pdf
http://www.jstor.org/page/info/about/policies/terms.jsp
http://www.jstor.org/page/info/about/policies/terms.jsp


J. Parasit., 73(2), 1987, pp. 265-271 
? American Society of Parasitologists 1987 

EFFECTS OF THE PROTOZOAN PARASITE 
SARCOCYSTIS RAUSCHORUM ON OPEN-FIELD BEHAVIOUR 
OF ITS INTERMEDIATE VERTEBRATE HOST, 
DICROSTONYX RICHARDSONI 

Susan C. Quinn, Ronald J. Brooks, and Richard J. Cawthorn* 
Department of Zoology, University of Guelph, Guelph, Ontario, Canada N1G 2W1 

ABSTRACT: Behaviour and activity levels were measured in varying lemmings experimentally infected with the 
heteroxenous parasite, Sarcocystis rauschorum to test the hypothesis that the parasite alters behaviour of this 
intermediate host and thereby increases probability of transmission to the definitive host, the snowy owl (Nyctea 
scandiaca). Measures of short-term activity levels on a running wheel indicated no effect of the parasite, either 
directly, or indirectly as a result of illness. We observed behaviour of infected lemmings placed in an "open 
field" (arena). Lemmings would increase their susceptibility to predators if they spent more time away from 
cover, used crypsis (stationary postures) less, spent more time exploring (especially in unfamiliar areas), or 
responded inappropriately to threats from predators. We found that only exploratory activity showed significant 
change after infection. The frequency of exploratory activity increased and became disassociated from the usual 
fear response. This may increase the lemmings' susceptibility to aerial predation. The mechanism for this effect 
is unknown, but neurological lesions have been observed. The examination of the modes of transmission of the 
S. rauschorum parasite within lemming populations and of a possible fecundity compensation strategy adopted 
by the lemmings, and their relevance to population control, are suggested as areas for future study. 

Recently, the importance of behavioural ad- 
aptations in parasite-host relationships has re- 
ceived increased attention. Of particular interest 
is the suggestion that some heteroxenous para- 
sites alter the behaviour of their intermediate 
hosts to facilitate transmission of the parasite to 
the definitive host. For example, mice infected 
with Trichinella spiralis exhibited reduced am- 
bulatory and exploratory activity (Rau, 1983), 
and mice infected with Toxoplasma gondi were 
less responsive to novel stimuli (Hutchison et 
al., 1980a). In both cases, it was suggested that 
these changes increased susceptibility of the mice 
to predation by definitive host species. Similarly, 
sticklebacks (Gasterosteus aculeatus) infected with 
larval cestodes of the genus Schistocephalus con- 
sumed more oxygen than uninfected fish and be- 
came easier prey for piscivorous birds that were 
suitable definitive hosts for Schistocephalus (Les- 
ter, 1971). Several examples of parasites altering 
behaviour of invertebrate intermediate hosts so 
that they were more susceptible to the definitive 
host have also been reported (Holmes and Be- 
thel, 1972; Moore, 1983). 

Sarcocystis rauschorum, a recently described 
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coccidian parasite (Cawthorn et al., 1984), is het- 
eroxenous, with varying lemmings (Dicrostonyx 
richardsoni) as experimental intermediate host 
and snowy owls (Nyctea scandiaca) as the natural 
and experimental definitive host. The varying 
lemming is the only known experimental inter- 
mediate host for S. rauschorum (Cawthorn et al., 
1984). This extreme host specificity indicates a 
highly specialized and evolutionarily stable re- 
lationship between the parasite and the lemming 
(Cameron, 1950; Price, 1977; Allison, 1982; 
Thompson, 1982). Also, lemmings and snowy 
owls have a well-established predator-prey re- 
lationship. Although other birds and mammals 
are eaten, the diet of the snowy owl consists pri- 
marily of lemmings (Shelford, 1963; Karafus and 
Eckert, 1984). Nest success and abundance of 
snowy owls apparently is correlated with cyclic 
fluctuations in lemming populations (Shelford 
and Twomey, 1941; Elton, 1942; Watson, 1957). 

If parasites affect behaviour by increasing the 
intermediate host's susceptibility to the defini- 
tive host, with lemmings and snowy owls being 
part of a well-established predator-prey rela- 
tionship, we would predict that the behaviour of 
lemmings infected with Sarcocystis rauschorum 
would be affected in ways that specifically in- 
crease their susceptibility to snowy owls. To test 
this, we examined the behaviour of lemmings in 
an indoor arena and on a running wheel, and 
made the following specific predictions: (1) there 
would be an increase in the activity level of in- 
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FIGURE 1. Diagrammatic depiction of the "open- 
field" arena, showing novel area (2), with moveable 
wall (3), shelter tube (1), and feeding station (4). 

fected lemmings, because it has been shown that 
animals that range more widely are more likely 
to be taken by avian predators (Maher, 1970; 
Brooks and Banks, 1971; Banks et al., 1975; 
Beacham, 1979); and (2) there would be a de- 

crease, or inappropriate alteration, in defensive 
or escape behaviours including a decrease in time 

spent near shelter areas such as burrows or other 
forms of cover, and an increase in movement in 

open or unfamiliar areas. 

MATERIALS AND METHODS 

Experimental Dicrostonyx richardsoni were obtained 
from a breeding colony descended from wild stock 
trapped at Churchill, Manitoba in 1984. It was not 
possible to match subjects for age or sex. Seventeen 
lemmings were randomly allocated to an experimental 
group of 10 and a control group of 7. Lemmings were 
housed singly in a plastic shoebox cage (17 cm x 19 
cm x 13 cm) with a wire mesh top. The colony room 
was maintained at 21 + 2 C and 12L: 12D. During the 
10 days after treatment began, the corncob litter was 
changed and the cage was cleaned and disinfected 3 
times. At all other times cages were cleaned weekly. 
Guinea pig chow and water were available ad libitum. 

Subjects were observed in a square arena (80 x 80 
cm) with walls 31 cm high (Fig. 1). The front panel 
was glass and walls and floor were wood, covered with 
liquid plastic. A grid of 64 10 x 10-cm squares was 
painted on the floor. The rear right quarter (novel area) 
of the arena was blocked off by 2 walls. The wall facing 
the front of the arena could be raised by a pulley 
operated by the observer and was used as the door. A 
plastic tube, 15 cm long and 6 cm in diameter, suitable 
for shelter and a feeding station (kept filled) were placed 

as shown in Figure 1. Between successive observations, 
the arena was cleaned and disinfected. 

Each test animal was introduced singly to the arena, 
for 10 min, on each of 5 successive days to familiarize 
it with the arena and to provide a preliminary obser- 
vation period for the observer during which the array 
of behaviours performed by each animal could be cat- 
alogued and quantified. 

After this 5-day trial period, the experimental period 
began. Individuals from each group were observed in 
the arena for 10 min every other day for 6 wk and on 
alternate days were placed in a running wheel for 10 
min. After the first 2 wk (the preinfection stage), each 
control animal received a sham-infection, and each 
experimental animal received 500 sporocysts of S. 
rauschorum. Animals were infected orally with spo- 
rocysts mixed in physiological saline in a syringe, after 
7-8 hr of water deprivation. Testing was then contin- 
ued for 4 more weeks (the postinfection stage). 

In each test, the subject was placed in the centre of 
the arena, and during the first 7 min of the test period, 
behaviour was recorded every 5 sec using an Esterline- 
Angus polygraph. At the beginning of the last 3 min, 
the observer opened the door of the novel area and 
continued to record behaviour. At the end of the test, 
a simulated predator threat was introduced. The po- 
sition of the animal prior to the threat, its reaction, 
and its position after the threat were noted. To avoid 
habituation, several different predator threats includ- 
ing a snowy owl model, loud noises, and the observer 
suddenly reaching toward subject were used. 

To measure spontaneous activity, each lemming was 
placed in a running wheel for 10 min and the number 
of revolutions recorded. Individuals were tested, 
whether in field or running wheel, during approxi- 
mately the same 10-min period every day to reduce 
diurnal variations. At the conclusion of the experi- 
ment, all subjects were killed (with chloroform) to de- 
termine occurrence, location, and intensity of S. raus- 
chorum cysts. At necropsy, samples of the following 
muscle tissues were fixed in 10% neutral buffered for- 
malin: tongue, masseter, diaphragm, abdominal, tri- 
ceps brachii, longissimus dorsi, gastrocnemius, and 
heart. After embedding in paraffin, tissues were cut to 
a 5-,tm thickness and stained with hematoxylin and 
eosin. 

The postinfection activity and behavioural data were 
partitioned further to compare among the 3 major par- 
asite stages that occur in the intermediate host. After 
ingestion, an early merogenous cycle occurs in the liver 
of the lemming between 4 and 6 days postinfection 
(DPI). This results in formation of hepatic lesions even 
with relatively small numbers of sporocysts. This first 
stage, encompassing 3-5 DPI was called the hepatic 
stage. Cysts (the ultimate merogenous generation) of 
S. rauschorum develop rapidly by endodyogeny in 
striated muscle. Cysts are present at 9 DPI and contain 
only noninfectious metrocytes (Cawthorn and Brooks, 
1985). However, as early as 21 DPI, infectious bra- 
dyzoites have developed. Thus, in our analysis, cyst 
formation in the muscle was separated into an early 
muscle stage (9-20 DPI) and a late muscle stage (21- 
28 DPI). 

Pairwise t-tests, analyses of variance, and Mann- 
Whitney U-tests were performed, where appropriate, 
on the behaviour and activity-level data to test for 
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TABLE I. Comparison of activity levels of control and experimental lemmings (infected 
rauschorum) among various treatment stages (see text for description of stages). 

with Sarcocystis 

D 
Control (n = 7) or (mean difference 
experimental group between observed 

Treatment stage comparison (n = 10) pairs) SD t* 

Preinfection vs. liver Control -37.6 19.3 -2.05 
Experimental -31.2 43.6 -0.70 

Preinfection vs. early muscle Control -58.6 34.2 -1.70 
Experimental -30.6 35.2 -0.87 

Preinfection vs. late muscle Control -49.7 37.3 -1.3 
Experimental -44.9 54.5 -0.83 

Liver vs. early muscle Control -21.0 28.6 0.73 
Experimental 3.3 32.8 0.10 

Liver vs. late muscle Control -12.2 113.1 -0.11 

Experimental 36.0 33.0 1.09 

Early vs. late muscle Control 8.8 33.1 0.27 
Experimental 24.5 38.7 0.06 

* None of the differences were significant (P > 0.05)-paired t-test. 

differences in frequency and/or duration of individual 
behaviour patterns between the various treatment 
stages. As we had small sample sizes and the lemmings' 
behaviour was highly variable, a conservative signifi- 
cance level of P = 0.01 was chosen. The percentage of 
animals that ran directly into the tube when exposed 
to the "predator" (i.e., chose the "safest" retreat) was 
determined for those animals that had been in the open 
field and for those that had been in the novel area just 
prior to the threat. 

Quantification of behaviour 

The frequency and/or duration of 30 combinations 
of the following 10 behaviours were recorded. The 30 
behavioural categories studied are listed in Appendix I. 

1) Wall-seeking- Recorded whenever the entire body 
of the lemming was within any square adjacent to 
a wall. 

2) Grooming- Grooming occurred in short bursts; 
therefore only frequency was recorded. If the an- 
imals groomed while in physical contact with a 
wall, the feeder, or the tube, this was recorded. 

3) At feeder- Recorded whenever an animal was in 
physical contact with the feeder. 

4) Physical contact with tube exterior-Recorded when 
an animal nosed at, scratched at, dug under, or 
crawled on the tube. 

5) In tube--Recorded only when the entire body of 
the lemming was inside the tube. 

6) Wall-climbing- Recorded when the animal stood 
on its hind legs and stretched out completely to 
explore or jump up the wall. 

7) Digging-Recorded when the animal dug rapidly 
with its front paws. 

8) In novel area-Recorded when the front half of 
the lemming's body crossed into the novel area. 
The encounter was ended only when the entire 
body of the lemming crossed out of the novel area. 

9) Moving--Recorded when the animal walked or 
ran. 

10) Inactive--Recorded whenever the animal was 
completely still outside the tube. 

RESULTS 

Sarcocystis rauschorum cysts were not found 
in any of the 7 control animals, but did occur 
with varying degrees of intensity in all 10 ex- 
perimental animals. The percentage of the var- 
ious muscle sections containing cysts varied be- 
tween muscles and between lemmings, however, 
the average density was between 10 and 30%. 
No attempt was made to determine whether the 
intensity of infection was correlated to any ex- 
perimental measure. 

The level of activity on the running wheel did 
not vary between the various treatment stages in 
either the control or experimental groups (Table 
I). No differences occurred in mean activity levels 
between the control and experimental groups for 
any of the following stages: preinfection; first 2 
wk postinfection (liver and early muscle); last 2 
wk postinfection (early and late muscle) (Table 
II). 

In the control group, only 1 behaviour (fre- 
quency of wall-seeking) increased significantly 
(Fig. 2). This change occurred between the prein- 
fection and early muscle-cyst stage (Fig. 2). In 
contrast, several behaviours changed signifi- 
cantly between the various stages in the experi- 
mental group (Fig. 2), with most occurring during 
the muscle stages of the parasite. These behav- 
ioural changes included: a decrease in digging at 
the wall, an increase in frequency of moving at 
the wall, and a decrease in grooming alone, and 
4 behaviours associated with the novel area. 
These behaviours were, an increase in the fre- 
quency of moving in the novel area (at the wall), 
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EARLY MUSCLE 
STAGE 

V VV 

LATE MUSCLE 
STAGE 

FIGURE 2. Each line corresponds to 1 behavioural 
change between the 2 stages indicated. The number of 
each line represents a behaviour (as coded in the Ma- 
terials and Methods). The arrow beside the no. indi- 
cates whether the behavioural change was an increase 
(T) or a decrease (1). 

an increase in the duration in the novel area, an 
increase in the duration of wall-seeking in the 
novel area, and an increase in the frequency of 
wall-climbing in the novel area. 

Four behaviour patterns showed changes in 
frequency and/or duration of performance be- 
tween the control and experimental groups dur- 
ing the preinfection stage (P = 0.01; 1,9 df). These 
were: duration of wall-seeking; frequency in con- 
tact with the tube; frequency in the tube; wall- 
climbing in the novel area (Fig. 3). During the 
postinfection stage, 7 behaviours differed in de- 
gree of performance between the control and ex- 
perimental groups. These were: frequency ofwal- 

TABLE II. Comparison of activity levels between control 
and experimental groups of lemmings infected with Sar- 
cocystis rauschorum for the preinfection stage days 1- 
5 postinfection, and days 6-14 postinfection.* 

Experimental Control group 
group (n = 10) (n = 7) 

Stage xt SEt x SE P value 

Preinfection 195.0 80.932 184.7 82.670 0.566 
Days 1-5 

postinfection 225.2 76.354 228.0 59.651 0.863 
Days 6-14 

postinfection 240.0 75.640 238.6 73.499 0.934 

* = Mann-Whitney U-tests or analysis of variance as appropriate. 
t x = Mean activity level (number of revolutions per 10 min). 
t SE = standard error. 

PRE-INFECTION POST-INFECTION 

EXPERIMENTALS EXPERIMENTALS 

6' 8" 9 20" 5' 8- 10- 11" 14" 15" 23^ 

V w * w w w v w 

CONTROLS CONTROLS 

FIGURE 3. Each line corresponds to 1 behavioural 
change between the 2 groups in the stages indicated. 
The number of each line represents a behaviour (as 
coded in the Materials and Methods). At a 0.01 sig- 
nificance level, 0.3 behaviours would be expected to 
differ by chance. * P < 0.01; ** P < 0.001. 

1-seeking; frequency in contact with the tube; 
duration in the tube; frequency of wall-climbing; 
digging with the feeder; frequency in the novel 
area; frequency of moving in contact with the 
wall (Fig. 3). 

Just prior to receiving the threat (which ter- 
minated the observation period), the animals 
(control and experimental inclusive) were found 
168 times in the open-field area and 54 times in 
the novel area. When threatened, 40.5% of the 
animals in the open field ran directly inside the 
tube, whereas only 20.4% of the animals from 
the novel area ran to the tube. However, when 
testing for differences between the abilities of the 
experimental and control groups to execute "safe 
retreats" into the tube, both pre- and postinfec- 
tion, the results were equivocal and therefore 
were not interpreted. 

DISCUSSION 

A heteroxenous parasite could affect the be- 
haviour of its intermediate host by causing gen- 
eral debilitation (Hutchison et al., 1980b), or by 
altering the host's behaviour to make it more 
susceptible to the definitive host (Holmes and 
Bethel, 1972). In some cases, debilitation could 
also make the host more susceptible to predation 
(Rau, 1983). Because no changes were observed 
in the activity levels of infected animals, even 
though the striated muscles were heavily infect- 
ed, we made 2 conclusions. First, infected lem- 
mings do not appear to suffer from debilitating 
illness. Secondly, our prediction that the parasite 
could increase the lemmings' susceptibility to 
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avian predation by affecting their activity level 
was not upheld. However, hyperactivity has been 
observed in mice infected with Toxocara canis 
(Hay et al., 1986) and in mice infected with Tox- 
oplasma (Hay et al., 1985). In the latter study 
activity levels were measured on a 24-hr basis. 
We believe the use of 24-hr study periods would 
facilitate future studies. Several other behaviour 
patterns did change after infection with S. 
rauschorum. 

Whereas the control group of lemmings ex- 
perienced only 1 behavioural change, significant 
changes occurred in 14 behaviour patterns be- 
tween the various parasitic stages in the infected 
animals. Several of the defensive behaviours we 
predicted might be influenced by the parasite 
remained unaffected, including time spent near 
cover, hiding in holes, and the use of crypsis. 
However, our prediction that infected animals 
would show an increase in exploration, especially 
in less familiar areas, was upheld. Of the 14 be- 
havioural changes observed, 7 involved in- 
creased exploration of the novel area. Although 
exploratory activity is essential for survival in 
most animals, it is also risky and may result in 
increased predation. For example, male lem- 
mings range farther and are more active than 
females (Brooks and Banks, 1971; Banks et al., 
1975), and when lemmings are abundant, males 
are selectively predated probably because they 
are more visible to predators (Maher, 1970; 
Beacham, 1979). Additionally, there is high mor- 
tality among birds and mammals moving into 
unfamiliar territory (Broom, 1981). Also, if ex- 
ploration occurs in an area where predator attack 
is likely, then an adrenal response often occurs 
resulting in increased responsiveness to environ- 
mental change (Broom, 1981). Animals experi- 
encing such stress often exhibit higher levels of 
grooming behaviour (Gispen et al., 1975; Rees 
et al., 1976; Colber et al., 1978; Dunn et al., 
1979; Green et al., 1979; Williams and Scampoli, 
1984). We used the occurrence of grooming be- 
haviour as an indicator of the stress level of an- 
imals engaged in exploratory activity. Infected 
animals increased exploratory activity, but did 
not increase grooming. Grooming actually de- 
creased, indicating that the increased exploration 
was not accompanied by a fear response. Perhaps 
this combination would increase exposure of the 
animal at the same time as it was less cautious 
and thus may increase infected lemmings' sus- 
ceptibility to predation. 

Lemmings that were not exploring the novel 

area were able to execute "safe" retreats from 
predator threats twice as often as those exploring 
the novel area. This result supports the suppo- 
sition that exploration of novel territory, al- 
though essential for the animal to familiarize it- 
self with its surroundings, is risky, especially if 
done excessively. 

Most behavioural changes occurred between 
the preinfection and muscle stages. This is sig- 
nificant because the parasite, ideally, would not 
benefit by affecting its intermediate host's sus- 
ceptibility to the definitive host until the parasite 
was in its infective muscle stage. 

One assumption made in this study was that 
both the control and experimental groups were 
performing along the same normal behavioural 
baseline. To check the validity of this assump- 
tion, the 2 groups were compared to each other 
before and after infection. No differences were 
observed between the 2 groups in activity levels, 
either before or after infection. This result is not 
unexpected because activity levels in the infected 
group were unaffected by the parasite. 

The 2 groups differed in 4 behavioural cate- 
gories before infection and in 7 categories post- 
infection. Seven behavioural differences out of 
30 is considerable and indicates that after infec- 
tion the 2 groups were not performing at the same 
level. However, the 4 differences observed be- 
tween the groups prior to infection are more than 
would be expected by chance. This probably re- 
flects the considerable individual variation that 
occurs among lemmings and is difficult to mask 
even with repeated measures experiments. 
Greater sample size and the use of genetically 
similar animals would improve the power of fu- 
ture studies. 

Finally, although the mechanism(s) by which 
the parasite alters the behaviour of the inter- 
mediate host is unknown, neurological lesions 
developed in infected lemmings. Mild lesions of 
multifocal nonsuppurative meningoencephalitis 
occurred in 6 of 11 infected lemmings examined 
11-15 days postinoculation (Stackhouse, pers. 
comm.). Merogony and cyst formation of S. 
rauschorum do not occur in neural tissues (Caw- 
thorn et al., 1984; Cawthorn and Brooks, 1985). 
The cause of the lesion and the effects if any, of 
these lesions on host behaviour are unknown. 

There is evidence that both vertical and hor- 
izontal transmission occur in species infected with 
Sarcocystis sp. and other coccidian parasites 
(Tadros and Laarman, 1978; Box, 1983). As well, 
it has been suggested that animals unable to resist 
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infection, and which therefore experience in- 
creased mortality and a decline in future repro- 
ductive success, could compensate by increased 
reproductive effort (Minchella, 1985). If vertical 
transmission of S. rauschorum occurs within the 
lemming population and if varying lemmings 
have adopted a fecundity compensation strategy, 
then the parasite could spread quickly through 
the population. In the future, it would be intrigu- 
ing to examine these possibilities and their po- 
tential relevance to the marked fluctuations in 
population density that occur in Dicrostonyx 
(Remmert, 1980). 

In summary, our preliminary investigation of 
the S. rauschorum-varying lemming relation- 
ship indicates that infected lemmings did not 
experience general debilitation as a result of in- 
fection. Therefore, changes that were observed 
in other behaviour may occur as a direct con- 
sequence of parasitic action. After looking at sev- 
eral primary behavioural defense mechanisms of 
the varying lemming, we found that infection 
with S. rauschorum increased inappropriate ex- 
ploratory activity, which may result in an in- 
creased risk of mortality from avian predators. 
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APPENDIX I. The 30 behavioural categories studied. 

Behavioural categories recorded and analysed 

1. Frequency groom alone 
2. Frequency groom with wall 
3. Frequency groom with feeder 
4. Frequency groom with tube 
5. Frequency wall-seeking 
6. Duration of wall-seeking 
7. Frequency at feeder 
8. Frequency contact with tube 
9. Frequency in tube 

10. Duration in tube 
11. Frequency wall-climbing 
12. Frequency digging at wall 
13. Frequency digging with tube 
14. Frequency digging with feeder 
15. Frequency in novel area 

16. Duration in novel area 
17. Frequency groom in novel area 
18. Duration wall-seeking in novel area 
19. Frequency moving in novel area (with wall) 
20. Frequency wall-climbing in novel area 
21. Inactive in novel area 
22. Frequency moving in novel area (with no wall) 
23. Frequency moving with wall 
24. Frequency moving not beside wall 
25. Frequency inactive 
26. Duration inactive 
27. Duration active with wall 
28. Duration inactive with feeder 
29. Duration inactive with tube 
30. Duration inactive alone 
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