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Behavioral field analysis in two strains of rats
in a conditioned defensive burying paradigm

AKIRA TSUDA, YOSHISHIGE IDA, and MASATOSHI TANAKA
Kurume University School of Medicine, Kurume, Japan

Two strains of rats (albino Wistar and hooded PVG/c) were exposed to a conditioned defensive
burying paradigm that consisted of placing rats in a test chamber with bedding material on the
floor, shocking them with a shock prod, and recording the time each rat spent in burying responses
toward the prod. Various behaviors other than burying (freezing, grooming/paw licking) were
observed by a time-sampling procedure during the control, conditioning, and extinction sessions,
each of which was 15 min in duration. Wistar rats generally showed behavioral inhibition, as
evidenced by less burying, lower exploratory and ambulatory behavior, and higher freezing be-
havior. PVG/c rats spent significantly more time engaged in burying and accumulated more bed-
ding material in the conditioning session than did the Wistar rats. No significant differences
between the two strains of rats were observed during the extinction session in terms of these
measurements. The results indicate that Wistar rats have a greater tendency to freeze when cop-
ing with the noxious stimulus in a conditioned defensive burying paradigm, whereas the dominant

coping style for PVG/c rats is defensive burying.

Exposure to a conditioned defensive burying paradigm
(Pinel & Treit, 1978), wherein animals are placed in a
test chamber with bedding material on the floor and
shocked by a shock prod, has been shown to initiate a
robust burying sequence; that is, shocked animals typi-
cally display spraying of the bedding toward the prod with
thrusting movements of the forepaws and rapid shovel-
ing with the snout. This burying behavior of the shocked
animals is thought to be controlled by a conditioned as-
sociation between the shock and the prod, because it is
influenced by the degree of spatial and temporal contiguity
between shock and contact with the prod (Arnaut &
Shettleworth, 1981).

Since Pinel and Treit (1978) originally demonstrated
this paradigm, there has been a substantial body of evi-
dence regarding mechanisms involved in the conditioned
defensive burying paradigm (for a review see Pinel &
Wilkie, 1983). Precipitating factors that have been exa-
mined include characteristics of the aversive stimulus (Pol-
ing, Cleary, & Monaghan, 1981), type of burying material
(Pinel & Treit, 1979), size of chamber (Davis, Moore,
Cowen, Thurston, & Maggio, 1982), and testing condi-
tion (Modaresi, 1982). Predisposing factors have proven
to be important in determining whether defensive bury-
ing occurs. Some studies have dealt with intraspecific
(Harder & Maggio, 1983) or cross-specific variations
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(Davis, Whiteside, Heck, & Dickson, 1981) and age or
sex differences (Treit, Terlecki, & Pinel, 1980) as they
affect defensive burying. Although defensive burying
seems to be one type of species-specific defense reaction,
few studies have reported defensive burying behavior for
any strain of rats other than hooded rats, which Pinel and
Treit (1978) originally used as subjects. Moreover, there
is little agreement among reports of strain differences in
this behavior. Tarte and Oberdieck (1982) found that
Long-Evans hooded rats spent significantly more time
burying than did Wistar albino rats, although McKim and
Lett (1979) and Treit et al. (1980) had reported no differ-
ences between these strains of rats.

Along with the problem of strain differences, most
studies have not systematically measured any behaviors
other than burying, and only very limited data exist con-
cerning the relationship between defensive burying and
other behaviors in a conditioned defensive burying situa-
tion (Moser & Tait, 1983; Peacock & Wong, 1982). Since
the mean time engaged in burying typically represents only
a fraction of the total observation time of the standard 15-
min test, as Peacock and Wong (1982) noted, it is not clear
what other behaviors occur in this situation.

For the sake of a better understanding of defensive be-
havior in rodents, it is worthwhile to observe not only
defensive burying but also other defensive behaviors oc-
curring in the test situation, as well as general behaviors.
The purpose of the present experiment was to see whether
any strain differences in burying behavior existed between
PVG/c hooded rats and Wistar albino rats, and whether
such differences were due to changes in the coping
response repertoires of these strains induced by aversive
stimulation in a defensive burying paradigm, using a be-
havioral field analysis.
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METHOD

Subjects

The subjects consisted of 8 male Wistar albino and 8 male PVG/c
hooded rats that were purchased from a local animal supplier (Seiwa
Animal Laboratory, Chikuzyo-gun, Fukuoka). These rats weighed
190-250.g and were 8 weeks old when they were received from
the vendor and they were acclimated to the laboratory for 10 days
prior to being used as experimental subjects. The rats were housed
in groups in an air-conditioned room (24° 1 1°C, relative humid-
ity 50% £ 10%) and kept on a 12-h (light on 0700 to 1900) light-
dark cycle. Food and water were provided ad lib.

Apparatus

The testing apparatus consisted of an acrylic plastic box (30.5 cm
wide X 45 cm long X 44 cm high) with 5 cm of white flaked bed-
ding material (Charles River Japan, Atsugi, Kanagawa) on the floor.
A removable carbonate prod (19.5 cm long, 1.2 cm in diameter),
wrapped with two uninsulated wires, extended 6.5 cm into the test-
ing chamber through the center of the wall of the chamber 2 cm
above the top of the bedding material. Electric shock generated by
a shock generator-scrambler (SGS-001, Muromachi Kikai Co.,
Tokyo) was delivered to the two wires of the shock prod. lllumi-
nation was provided by a 20-W white light bulb mounted 20 cm
above the center of the chamber ceiling.

Procedure

Habituation to the testing apparatus without the shock prod was
done with squads of 4 rats for 30-min periods on 3 consecutive days.
On Day 4, the rats were placed individually in the chamber for
15 min with the shock prod in its usual place. This control session
served as a burying baseline period; thus, no aversive stimulus was
given during this time. Twenty-four hours later, on Day 5, each
rat was returned to the chamber. When the rat touched the prod
for the first time, a brief shock (4-mA shock intensity), initiated
by the experimenter and terminated by the withdrawal of the sub-
ject, was presented. The rat then remained confined to the cham-
ber without additional aversive stimulation for a 15-min postshock
burying conditioning session. On Day 6 (extinction session), each
rat was placed in the chamber for a 15-min period. No aversive
shock was presented even when the rat touched the shock prod dur-
ing this session.

For the control, conditioning, and extinction sessions, burying-
related behaviors were observed by two independent observers, us-
ing standard timers and event counters. Latency and frequency of
occurrences and amount of time spent engaging in a particular be-
havior were recorded. The number of approach-avoidance
responses, defined as a rat’s being oriented toward the shock prod
in an extended position and then suddenly withdrawing from the
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prod, was also noted. During each session, other general behaviors
were recorded by the same observers, using a time-sampling proce-
dure. Every 30 sec, the behavior in which the animal was currently
engaged was classified into one of seven mutually exclusive
categories: (1) burying—moving toward the shock prod and spraving
or pushing the bedding material toward the prod with rapid move-
ments of the snout or forepaws; (2) freezing—the rat’s body weight
was supported not by its belly but by its hindlimbs, which were
contracted, with forelimbs extended; (3) lying—the rat’s hindlimbs,
forelimbs, and belly touched the floor and supported its body weight;
(4) rearing—raising the body on the hindlimbs in a vertical posi-
tion; (5) sniffing—sniffing activity directed at the floor, almost al-
ways accompanied by lowering of the head; (6) ambulation—any
diffuse locomotor activity, ranging from a single step to moving
about in the chamber; (7) grooming/paw licking—cleaning, rub-
bing, licking, or scratching of the body, facial area, or forelimbs.
At the end of each session, the height of piles of bedding material
within 10 cm of the prod was measured. These behavioral mea-
sures have high interobserver reliability. For example, the corre-
lation coefficient between the durations of burying behavior recorded
by the two observers was r(46)=.93, p < .01.

RESULTS

Burying-Related Behaviors

For the topography of shock-prod contacts at the time
of shock, there were no remarkable differences between
Wistar-strain albino rats and PVG/c-strain hooded rats.
The two strains of rats touched the shock prod with fore-
paws in the same manner.

Table I summarizes various measures of defensive
burying-related behaviors as a function of strain and
sessions. For duration of burying, a two-way analysis
of variance (ANOVA) revealed significant main effects
of strain [F(1,42) = 18.9, p < .01] and session [F(2,42)
= 16.8, p < .01}, as well as a significant interaction be-
tween these factors [F(2,42) = 11.9, p < .01]. Tukey’s
HSD post hoc comparisons (« < .05) indicated that the
hooded rats engaged in more defensive burying during
the conditioning and extinction sessions than in the con-
trol session, although the duration of burying in the Wistar
rats was increased as a function of sessions. The PVG/c
rats spent significantly more time engaged in defensive
burying during the conditioning session than did the
Wistar rats.

Table 1
Summary of Conditioned Defensive Burying Behaviors as a Function of Strain and Sessions
Duration of No. of Latency of No. of Approach- Height of
Burying (sec) Burying Responses  Burying (sec)  Avoidance Responses Pile (cm)
Session M SEM M SEM M SEM M SEM M SEM
Wistar-Strain Albino Rats
Control 14.4 73 56 24 52 01
Conditioning 39.5 13.7 149 3.4* 179.8  108.3 1.1 05 7.0 09
Extinction 545 17.9*% 179 59+ 148.4 46.6 5.0 2.4t 80 1.1
PVG/c-Strain Hooded Rats
Control 23.3 7.0 93 2.7 59 04
Conditioning 199.1  26.7*,} 19.3  4.4* 73.1 40.1 58 1.2% 9.8 0.8%%
Extinction 71.1  22.2%% 173 3.5% 79.5 18.0 9.4 1.1+t 8.1 0.8%%
*versus respective control session (@ < .05). ‘tversus respective conditioning session (a < .05). fversus Wistar

rats (« < .05).
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ANOV As of the number of burying responses revealed
that the occurrence of burying was increased as a func-
tion of experience with shock [F(2,42) = 4.3,p < .05].
Both PVG/c and Wistar rats displayed more defensive
burying during the conditioning and extinction sessions
than in the control session. The two strains of rats did
not differ significantly from each other in terms of the
frequency of burying during each session. Although the
latency of burying was not statistically significant due to
large variability, burying latency tended to be shorter in
the PVG/c rats than in the Wistar rats during the condi-
tioning and extinction sessions (p < .10).

There were significant main effects of session [F(1,28)
= 6.4, p < .05) and strain [F(1,28) = 9.2, p < .05]
in terms of the number of approach-avoidance responses.
Rats of both strains showed more approach-avoidance
responding directed at the shock prod during the extinc-
tion session than in the control session. These increases
were significantly greater in the PVG/c rats than in the
Wistar rats. There were reliable differences in the height
of the bedding piles for strain [F(1,42) = 3.7, p < .05]
and session [F(2,42) = 8.4, p < .05]. The mean height
for the PVG/c rats was greater during the conditioning
and extinction sessions than during the control session.
In the conditioning session, the PVG/c rats accumulated
bedding material significantly more than did the Wistar
rats.

General Behaviors

Figure 1 shows the frequency of various general be-
haviors observed during each session for the PVG/c and
Wistar rats. These behaviors were analyzed by separate
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two-way ANOVAs. For burying, there were reliable main
effects for strain {[F(1,42) = 15.4, p < .01] and session
[F(2,42) = 11.4, p < .01}, as well as a significant in-
teraction between these factors [F(2,42) = 3.9,p < .05].
Although both Wistar and PVG/c rats showed significantly
more burying during the conditioning and extinction ses-
sions than in the control session, the PVG/c rats displayed
reliably more burying than did the Wistar rats in the con-
ditioning session.

For freezing behavior, both main effects, that is, strain
[F(1,42) = 7.7, p < .01] and session [F(2,42) = 7.4,
p < .01], were significant, but the interaction of these
factors was not significant. Although both strains of rats
displayed significantly more freezing during the condi-
tioning session than in the control session, the Wistar rats
froze reliably more than did the PVG/c rats in the condi-
tioning session. In the extinction session, freezing for the
Wistar rats declined to control levels. Wistar rats dis-
played significantly more grooming/paw licking behavior
than did PVG/c rats across sessions [F(1,42) = 25.7,
p < .01]. The Wistar rats displayed grooming/paw lick-
ing more reliably in the extinction session than in the con-
trol and conditioning sessions [F(2,42) = 4.5, p < .05].

There were reliable main effects for strain [F(1,42) =
27.2,p < .05] and session [F(2,42) = 5.3,p < .05]in
terms of rearing behavior. Rearing for the Wistar rats re-
mained at a relatively low level. The strain effect was sig-
nificant for ambulation [F(1,42) = 5.5, p < .05], with
PVG/c rats showing more ambulation than the Wistar rats
in the control and extinction sessions. Sniffing decreased
significantly as a function of sessions for both PVG/c and
Wistar rats [F(2,42) = 8.2, p < .01]; however, the strain
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Figure 1. Mean frequency of each behavior observed for the Wistar-strain albino rats and
PVG/c-strain hooded rats at the control, conditioning, and extinction sessions.
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effect was not significant. For lying, neither the strain
nor the session main effect was significant; the interac-
tion of strain and session was also not significant.

DISCUSSION

The results of this experiment illustrate that there are
significant differences between Wistar-strain albino rats
and PVG/c-strain hooded rats in terms of defensive
burying-related responses and general behaviors follow-
ing shock. The data suggest that the defensive reactions
of rats exposed to aversive stimuli under the conditioned
defensive burying paradigm are dependent on within-
species differences. It is apparent from this experiment
that the PVG/c hooded rats spent more total time bury-
ing, that their burying per response was longer in dura-
tion, and that they accumulated more bedding material
than did the Wistar albino rats in the conditioning ses-
sion, although no significant differences were observed
during the extinction session. The PVG/c rats, unlike the
Wistar rats, also showed a tendency to bury the shock
prod spontaneously in the control session.

Previous investigations examining strain differences be-
tween hooded and albino rats in shock-induced burying
have proven inconclusive. Some investigators have found
that the duration of burying behavior of albino rats was
not significantly different from that of hooded rats
(McKim & Lett, 1979; Treit et al., 1980). Others have
reported that Long-Evans-strain hooded rats engaged in
more burying than Wistar-strain albino rats (Tarte &
Oberdieck, 1982). The results of the present experiment
are consistent with the latter report, and suggest that the
emergence of defensive burying might be interactively de-
termined by response repertoire changes produced by
aversive stimulation (Moser & Tait, 1983; Peacock &
Wong, 1982).

In view of the generality of conditioned defensive bury-
ing responses, defensive burying is really regarded as part
of the defensive repertoire of the rat (Pinel & Treit, 1978,
Treit et al., 1980). Nevertheless, the present findings of
defensive burying differences between albino rats and
hooded rats should more appropriately be viewed as a
demonstration of different defensive response networks
in these strains (Moser & Tait, 1983). One purpose of
the present study was to assess multiple defensive
responses in a conditioned defensive burying paradigm,
by using a behavioral field analysis. Obviously, defen-
sive behaviors, including defensive burying, are differ-
ent depending upon strain. The present data illustrate that
the occurrence of burying appears to interact with the
emergence of competing defensive responses other than
burying.

In the present experiment, Wistar rats clearly had a
greater tendency to freeze during the conditioning ses-
sion. Their postshock defensive response repertoires con-
sisted of freezing at the start of the session, followed later
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by burying, as evidenced by a relatively delayed latency
to bury and then increases in burying during the extinc-
tion session. These animals rapidly acquired freezing as
a form of passive avoidance response, instead of bury-
ing. A review of the literature (Bolles & Fanselow, 1980)
suggests that rats, especially albino rats such as the Wistar
strain, tend to become immobile in situations in which
they receive shock. Therefore, on the basis of the magni-
tude of these responses and their order of emergence, the
dominant defensive response repertoires for the Wistar
rats were freezing and later burying. However, during
the extinction session the Wistar rats showed significantly
less freezing; they buried more and displayed more ap-
proach-avoidance responses directed toward the shock
prod, and also spent more time engaged in grooming/paw
licking responses, such as recuperative behaviors (Bolles
& Fanselow, 1980), than they did in the conditioning ses-
sion. These altered defensive response hierarchies seem
to reflect the differentiation of animals’ fear under a defen-
sive burying paradigm. If we assume that the probability
of burying is greater at moderate levels of fear, then
Wistar rats might be considered as a more ‘‘emotional’’
or ‘‘fearful”’ strain than PVG/c rats.

For the PVG/c hooded rats, on the other hand, bury-
ing emerged as a major defensive response in the condi-
tioning session. These observations replicated previous
studies in demonstrating that shock elicited more bury-
ing in hooded rats than they had shown during preshock
(baseline) sessions (Goldberg, Ghezzi, & Cheney, 1983;
Pinel & Treit, 1979). The present data reveal that bury-
ing consistently occurred for longer time periods after ini-
tial freezing. Concurrently, large percentage decreases in
exploratory behavior were observed in terms of rearing,
sniffing, and ambulation. In the extinction session, bury-
ing for the PVG/c rats declined significantly, although
it was still higher than the control levels. It is clear that
although burying is readily conditioned to the shock prod,
this response is also readily reduced to moderate levels
in the extinction session. Pinel, Puttaswamaiah, and
Wilkie (1985) recently found that the conditioned defen-
sive burying behavior of hooded rats could be extinguished
in a few days by exposing the rats to the conditioning
box and shock prod for 15 min each day. It seems plau-
sible that in the present study the PVG/c hooded rats’
fear was decreased in the extinction session, as indi-
cated by a suppression of defensive burying and by the
appearance of lying/passive responding, as long as they
escaped from the source of a threatening object (i.e.,
shock prod).

In summary, although conditioned defensive burying
was observed in both Wistar and PVG/c rats, the behavior
emerged to different degrees in the two strains. The find-
ing that Wistar rats reliably displayed defensive burying
in the extinction session but not in the conditioning ses-
sion, whereas the PVG/c rats consistently showed defen-
sive burying in both sessions, could be attributed to strain-
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specific characteristics in shock-induced defensive
response repertoires. The behavioral field analysis used
in this experiment clearly suggests that when Wistar rats
are shocked, they are more likely to use a passive
avoidance strategy (e.g., freezing) than an active
avoidance strategy (e.g., burying). On the other hand,
PVG/c rats’ coping style in a threatening situation seems
to be an active one. This study also confirms that condi-
tioned defensive burying occurs in the same situation that
produces other defensive behaviors (Treit, LoLordo, &
Armstrong, 1986). The occurrence of burying behavior
appears to be a function of innately determined defensive
response networks as well as the levels of fear evoked
in a conditioned defensive burying paradigm.
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