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MOVEMENT AND ACTIVITY PATTERNS OF A EUROPEAN BROWN BEAR IN THE 
CANTABRIAN MOUNTAINS, SPAIN 

ANTHONY P. CLEVENGER', Department of Forestry, Wildlife, and Fisheries, The University of Tennessee, Box 1071, Knoxville, TN 37901-1071 USA 

FRANCISCO J. PURROY, Departamento de Biologia Animal, Universidad de Leon, 24071 Leon, SPAIN 

MICHAEL R. PELTON, Department of Forestry, Wildlife, and Fisheries, The University of Tennessee, Box 1071, Knoxville, TN 37901-1071 USA 

Abstract: The first capture of a European brown bear (U rsus arctos) in Spain occurred in the National Hunting Reserve of Riano on 16 October 1985. An adult male 
was radio-marked and movements and activities were monitored until September 1988. Distances between daily radio-locations ranged from <0.1 km to 20.5 km and 

averaged 1.6 km. The 2 extremes were attributed to food availability, particularly winter-starved ungulates, and breeding. Seasonal home ranges varied from 39 km2 
(fall/winter) to 1,272 km2 (breeding). Movements during 1987 and 1988 totaled 246 and 1,308 km2, respectively. Seasonal activity data from diel recordings (n = 92) 
indicated that the bear's activity was greatest during breeding period (43%). Diel activity patterns were crepuscular year-round. Daytime activity was lowest during post- 
denning and highest in fall/winter, averaging over 50% active. Food availability, breeding season, and levels of human activity were felt to be the most important factors 
influencing this bear's movements and activity patterns in the Cantabrian Mountains of Spain. 

Int. Conf. Bear Res. and Manage. 8:205-211 

One of 4 remnant populations of European brown bear 
that remains today in southern Europe is located in the 
Cantabrian Mountains of northern Spain. This popula- 
tion is distributed in an area of approximately 5,200 km2, 
is fragmented into 2 nuclei, and consists of approximately 
60-80 individuals (Clevenger et al. 1987). 

In 1973, the Spanish government declared the brown 
bear a "strictly protected" species. Spain's signing of the 
Bern Convention for the Conservation of European 
Wildlife and Natural Habitats in 1979, which was ratified 
in 1986, signaled the government's intent to adopt legis- 
lative measures and regulations necessary to protect the 
habitats of brown bears and other threatened endemic 
species. 

To develop sound conservation and management 
measures for brown bears, however minimal, baseline 
ecological information, primarily on movements, activ- 
ity, habitat selection, and food habits was needed. In 
1985, such information did not exist for the Cantabrian 
population and a cooperative research project was initi- 
ated. That year we radio-marked the first and only bear 
captured during the study. In this paper we present data 
on the annual movements and activity patterns of that 
bear between 1985 and 1988. 

This research represents the collective effort of many 
people. Unwavering moral and physical support was 
provided by M.A. Campos, C. Chmielniak, L. Costa, P. 
Gonzales, A. Kuntz, O. Llamas, A. Lucio, R. Martinez, 
M. Saenz de Buruaga, S. Sagiiillo, J.A. Sanchez, J. Seijas, 
and T. Smith. Project funding was provided by the U.S. 
- Spain Joint Committee for Scientific and Technical 
Cooperation and Wildlife Conservation International, 

'Present address: Departamento de Biologia Animal, Universidad de 

Leon, 24071 Leon, SPAIN. 

New York Zoological Society. The "Direcci6n General 
de Montes, Caza, Pesca y Conservaci6n de la Naturaleza" 
of the state of "Castilla y Le6n", provided trapping 
permits and organized assistance from game wardens in 
the study area. The senior author was supported by a 
grant from Spain's Ministry of Education and Science 
while preparing this paper. 

STUDY AREA 
The Cantabrian Mountains are situated on an east- 

west axis parallel and adjacent to the Cantabrian Sea in 
northern Spain. They extend for 300 km across portions 
of the provinces of Asturias, Cantabria, Le6n, Palencia, 
and Lugo, and occupy an area of approximately 
18,000 km2. 

The core study area was the 71,538-ha Riafio National 
Hunting Reserve (RNHR) located in the northeastern 
comer of the province of Le6n (Fig. 1). RNHR lies 

Fig. 1. Riano National Hunting Reserve study area and brown bear distribution 
in the Cantabrian Mountains, Spain. 
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primarily on the south slope of the Cantabrian Mountains 
at the northern limit of the Mediterranean-type biome. 
The mountains are characterized by rugged, barren high 
peaks turning abruptly to gentle slopes and wide valleys 
at middle and low elevations. Elevations range from 
600 m to 2,500 m. 

Climate of the area is continental. Mean temperatures 
for the coldest and warmest months on the south side of 
the range were 0.5 C (January) and 16 C (August), 
respectively, while on the north side they were 5 C 

(February) and 17 C (August), owing to the maritime 
conditions. Snow was present in the RNHR from Decem- 
ber to April and mean annual precipitation (snowfall 
included) was 143 cm (Servicio Meteorologico de Val- 
ladolid, unpubl. data). 

Human modifications of the landscape over the last 4 
centuries have drastically altered the composition and 
distribution of the native flora of the area. Once covered 

by a contiguous hardwood forest, large forested areas 
have been converted to grazing and pasture lands that 
now blanket the mountains in varying stages of succes- 
sion. Regenerating shrublands (Genista, Cytisus, Erica, 
and Calluna spp.) today comprise 37% of the Reserve 
and are common at middle and low elevations where 

grazing pressure has been reduced and periodic burning 
eliminated. High elevation grazing lands and maintained 
lowland pastures constitute 30% of the Reserve. Frag- 
mented stands of mixed hardwood forest cover 28% of 
the area and occur primarily at middle and low elevations. 
Dominant hardwood species include oaks (Quercus 
petraea, and Q. pyrenaica) and beech (Fagus sylvatica). 
Other important species are birch (Betula celtiberica), 
holly (Ilex aquifolium), ash (Sorbus spp.), and hazel 

(Corylus avellana). 
Road density is low, roughly 0.25 km/100 km2 primar- 

ily due to the rugged terrain and low human density of the 
area. In 1981,3,801 people from 42 villages (range = 14- 
579 people) lived within the Reserve. 

METHODS 
Field work began in July 1985, and was terminated in 

September 1988. Traplines utilizing modified Aldrich 
foot snares (Johnson and Pelton 1980) were established 
in the area, baited with butcher's refuse, and checked 

daily. The single bear we captured was immobilized with 
an intra-muscular injection of Immovilon (Etorphine 
hydrochloride) (Dibapa S.A., Barcelona, Spain) at a 

dosage of 1 mg/45 kg body weight. At the capture site, 
standard body measurements were recorded, a blood 

sample was collected and a tooth was extracted for age 
determination (Willey 1974). Immobilization was re- 

versed with Revivon (Diprenophrine hydrochloride) at a 
dosage of 2 mg/45 kg body weight. 

The bear was instrumented with a MOD500 radio 
transmitter (Telonics, Inc., Mesa, AZ) operating in the 
150-152 mHz frequency range. The transmitter was 
equipped with a motion sensor with a 2-minute reset 
mechanism for monitoring the bear's activity (i.e., body 
movement). 

A Telonics TR-2 receiver and hand-held, 2-element 
directional antenna were used to radio-locate the bear; all 
radio tracking was conducted from the ground. We tried 
to obtain daily locations throughout the year. All radio- 
locations were assigned Universal Transverse Mercator 
(UTM) grid coordinates. Home ranges were estimated by 
the minimum convex polygon method (Hayne 1949) 
using the McPAAL microcomputer data processing 
program (Smithsonian Institution, Front Royal, Virginia). 
Seasons were divided into 3 active periods of the year: 
post-denning (den emergence to 15 May); breeding (16 
May to 31 August); and fall/winter (1 September to den 
entry). 

To determine activity, we listened to the radio signals 
for 8 consecutive minutes, noting the mode or its changes 
every 2 minutes. Designation of Active or Inactive was 
based on the mode that predominated during that sam- 

pling period. 
We conducted a "diel" (24-hr) activity monitoring 

session every 5-7 days. At 30-minute intervals, activity 
was determined and corresponding weather conditions, 
including temperature, cloud cover, and precipitation, 
were recorded. A complete diel session was when at least 
46 of the possible 48 readings were made; when this was 
not possible we terminated the monitoring. 

We partitioned data by time of year (month), season 
(as in home range analysis), and time of day (hour). Level 
of activity (percentage) was based on the proportion of 

readings in which the bear was Active. One-way ANOVA 
and F-test statistics were used to determine significance 
in all comparisons. 

RESULTS AND DISCUSSION 
On 16 October 1985, an adult, male brown bear 

estimated to be 15-years-old was captured in RNHR, and 
later re-captured on 17 October 1986. 

Movements 
Over 29 months, 419 radio-locations were made, 

averaging 1 location/1.8 days. From 267 consecutive 

daily radio-locations, the mean distance between daily 
locations was calculated by month and season. Data for 
the denning period (January to March) were excluded 
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from combined-year analyses. During the 3-year study, 
distances ranged from <100 m to >20 km per day and 
averaged 1.6 km. Ten percent were >4 km whereas 75% 
were <2 km. 

The greatest monthly mean distances between daily 
locations were in June and July 1988 during the breeding 
period and the shortest occurred during the pre- and post- 
denning months of January 1988 and March 1986 (both 
0.1 km) (Fig. 2). Combining data from all years, they 
were again greatest during June and July (3.6 and 2.9 km, 
respectively) and smallest in November and December 
(both 0.7 km). June was the only month to have signifi- 
cantly different values (P < 0.01) between years. The 
greatest seasonal movements occurred during breeding 
(x = 2.8 km) and differed significantly than those of post- 
denning (P< 0.001 ; x = 1.2 km) and fall/winter(P < 0.001; 
x =0.9 km). 

Our bear made long-range movements to areas far 
outside RNHR during the summer of 1988. During a 7- 
day period in late May, he traveled from his core area 
32 km east into an adjacent province and National Hunt- 
ing Reserve to an area inhabited by a breeding female. He 
remained there for only 3 days and returned to his core 
area in less than a week. Two weeks later, in mid-June, 
he traveled 52 km to the south, into the open flatlands of 
Le6n province, covering 20 km in 1 day. We verified that 
he was accompanied by another bear (assumed female) in 
this area. Local villagers noted that previous bear activity 
was 10-12 years ago in this area. After 1 week during 
which he attacked several bee hives, he returned to the 
Riafio Reserve. On 24 June, we observed him within 
200 m of a copulating male and female. One week later, 
we observed the radio-tagged male copulating with a 
female. On 2 other occasions during that summer he 
traveled back to the southern area, before finally return- 
ing to RNHR in late August. 
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Fig. 2. Mean daily movements of Cantabrian brown bear in the Riano National 
Hunting Reserve, Spain. 

During periods of food scarcity and abundance the 
radio-tagged bear exhibited short range movements. In 
late winter, hard mast is usually depleted and bears feed 
on grasses and wild apples before denning (Clevenger 
and Purroy 1988). At that time, movements are restricted 
to abandoned upland pastures. 

During the post-denning period, food is generally 
scarce and limited to herbage. Following severe winters, 
however, carrion from winter-starved red and roe deer 
(Cervus elaphus and Capreolus capreolus, respectively) 
may be very abundant. This was the case in 1986 when 
as many as 10 ungulate carcasses/km were found in many 
of the valleys in the Reserve. At that time during a 1 -week 
period (14-20 March), the radio-tagged bear remained in 
an area of only a few hectares digging out carcasses of red 
deer from under the snow and moving only a few meters 
away to rest. For 6 weeks, he continued moving from 1 
carcass to the next, spending 4 to 6 days at each one. 

In Plitvice Lakes National Park (PLNP), Yugoslavia 
the distance between daily locations for 2 brown bears 
averaged 2.0 km and ranged from 0.4 to 6.2 km (Huber 
and Roth 1986); 67% of these movements were <2 km 
and only 3% were >6 km. Roth (1983) reported that the 
average distance between daily locations of 3 bears in 
northern Italy's Trentino Mountains and 1 from PLNP 
was 1.7 km (range = 0.1-8.7 km); 80% were between 0.3 
and 3.8 km. 

Outside of the breeding months, the distance between 
daily locations of the radio-tagged bear was less than 
those reported for brown bears elsewhere in southern 
Europe. This may be due to the high density of ungulates 
(wild and domestic) in the Reserve. As carrion, they are 
a preferred and reliable food source throughout the year 
and, following a severe winter, may be related to reduced 
movements by bears in the area (Purroy et al. 1988). The 
relatively high proportion (10%) and distance of long 
range movements by the radio-tagged bear in our study 
are noticeably greater than any recorded for this species 
in southern Europe and are comparable to those in more 
northern latitudes. 

Home Range 
The range of the Cantabrian bear varied between 

seasons and years. The sizes of his post-denning ranges 
in 1987 (50 km2; n = 47 locations) and 1988 (69 km2; 
n = 24) were comparable despite being located in differ- 
ent areas (Fig. 3). Both represented a small portion, 3.4 
and 4.8%, respectively, of his total 3-year range. The 
greatest movements and largest seasonal home ranges 
were recorded during breeding (Fig. 4). In 1987, the 
home range totaled 145 km2 (n = 54) and was probably 
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Fig. 3. Post-denning home range of Cantabrian brown bear in the Riano National 

Hunting Reserve, Spain. 

larger. Due to gaps in the data from July-September 
1987, we cannot estimate the size of the breeding range 
in that year. However, in 1988, the range of our radio- 
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- 
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Fig. 4. Breeding season home range of Cantabrian brown bear in the Riano 
National Hunting Reserve, Spain. 

Palencia 

tagged bear was an incredible 1,272 km2 (n = 77) and 
encompassed nearly half of the population's eastern 
nucleus. This breeding range in 1988 also encompassed 
88% of our bear's total 3-year range. 

During fall/winter, movements of the radio-tagged 
bear were most restricted (Fig. 5). The size of the fall/ 
winter range in both 1985-86 (n = 39) and 1986-87 
(n = 59) was 39 km2; in 1987-88, the fall/winter range en- 
compassed 88 km2 (n = 91). These figures accounted for 
2 and 10% of the total 3-year range, respectively. Annual 
ranges also varied between years measuring 246 km2 
(n = 192) in 1987 and 1,308 km2 (n = 119) in 1988 (17 and 
91% of total range, respectively); again the former is 
underestimated because of incomplete data and the latter 
only includes data from post-denning and breeding peri- 
ods. 

There is very little information on the seasonal move- 
ments and home range sizes of brown bears in Europe. In 
northern Italy, Roth and Osti (1979) and Roth (1983) 
reported summer and fall home range sizes of 56 and 
74 km2 for 2 bears. Three bears monitored in Yugoslavia 
(Huber and Roth 1986) had ranges varying between 49 to 
53 km2. 

Given the bear's energy constraints during the post- 
denning period and food availability being the same from 
year to year, the post-denning ranges would be expected 
to be small and similar in size each year. The observed 
disparity between fall/winter ranges in 1987-88 and the 2 
other years of the study can be attributed to differences in 
food availability. In 1987, there was a complete hard 
mast (beech and oak) failure on the south side of the 

Fig. 5. Fall/winter home range of Cantabrian brown bear in the Rianio National 

Hunting Reserve, Spain. 
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mountains, and the marked bear moved from his normal 
range to more productive beech forests on the north side 
of the mountains. 

Although the average distance between daily loca- 
tions of our radio-tagged bear was relatively short, the 
breeding range and total home range of the bear was 10 
to 12 times greater than most home ranges reported 
elsewhere in Europe. Compared to the 3 other European 
populations, the situation of the Cantabrian bears is 
unique. The population is small, approximately 20 bears, 
and distributed over a relatively large area, roughly 
2,700 km2. Among these few bears, we believe less than 
half are breeding females. Productivity appears to be 
low, based on the infrequent observations of females with 
young. Therefore, males must travel extensively to 
locate females during the breeding period. This was the 
case with our radio-tagged adult male whose breeding 
range encompassed over half the eastern nucleus of the 
population. 

In Yugoslavia, a population of greater size and density 
than the Cantabrian population, males may not have to 
search as extensively to locate breeding females. In Italy, 
the total Trentino bear range does not exceed 1,500 km2 
and availability of suitable habitat may restrict the sizes 
of ranges of bears in that population. 

Data are limited from southern European populations, 
particularly information on movements of adult males 
during breeding season. Long-range movements by 
males may occur in these populations and simply have 
not been observed. When more information is available 
on the movements of breeding males from other popula- 
tions, a better understanding of the extraordinarily large 
range of the radio-tagged bear in the Cantabrian Moun- 
tains will be forthcoming. Information on home range in 
relation to the dispersion and density of breeding females 
in low density populations is vital to understanding if, and 
how seriously, these small remnant populations are threat- 
ened by failures of adults to locate mates and successfully 
reproduce. 

Activity Patterns 
Activity data were collected from October 1985 to 

March 1986 and October 1986 to September 1988. Ninety- 
two 24-hour monitoring sessions were conducted be- 
tween November 1985 and September 1988; this, plus 
incidental activity data, gave a total of 5,857 activity 
readings. 

Mean monthly level (percentage) of activity for the 
10-month non-denning period was 37%. The bear was 
most active from July through November with peaks in 
October (48%) and July (46%) (Fig. 6). The lowest levels 
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Fig. 6. Mean monthly activity patterns of Cantabrian brown bear in the Riano 
National Hunting Reserve, Spain. 

of activity were recorded in December (35%) and Janu- 
ary (28%). 

Seasonal activity was greatest during breeding (43%) 
followed by fall/winter (39%) and post-denning (31%). 
Breeding activity differed significantly from post-den- 
ning (P < 0.005) but not from fall/winter (P > 0.10). 
Between years, significantly different seasonal values 
resulted only when comparing fall/winter 1985-86 and 
1986-87 (P < 0.003) and 1985-86 and 1987-88 (P < 0.04). 
Activity did not cease entirely while denning (5%) as 
occasional movements within the den or its vicinity did 
occur. 

Pooling data over the entire non-denning period, the 
pattern of daily activity showed 2 peaks, 1 sharp peak 
occurred at 0800 hrs (Cent. Eur. Std. Time); another 
equally high but extended peak occurred between 1700- 
2100 hrs. Hence, activity of the Cantabrian bear was 
generally crepuscular. 

Crepuscular activity was distinct during the post- 
denning and breeding seasons. The post-denning pattern 
had 2 peaks of activity at 0600 hrs and 2000-2200 hrs with 
nearly complete inactivity from 1300 to 1600 hrs. Simi- 
larly, 2 high peaks of activity occurred at 0500-0700 hrs 
and 2000 hrs during the breeding season; activity was 
lowest between 1100 and 1200 hrs. Fall/winter activity 
differed between years. In 1985-86 and 1986-87, the 
daily cycle was similar to those for the post-denning and 
breeding periods with peaks at 0600 hrs and 1800-2000 
hrs and a low from 1000-1400 hrs. During the third fall/ 
winter, however, the bear was more diurnal with a near 
constant level of activity from 0700 to 1700 hrs except for 
a drop in activity at 1100 hrs. Nocturnal activity was con- 
sistently low from 2300-0600 hrs. 

In northern Italy, 3 brown bears were largely nocturnal 
during summer and fall and were active an average of 45- 
60% of the time (Roth 1983). Similarly, 2 bears in 

209 
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Yugoslavia were mostly nocturnal except during No- 
vember and December when 1 was diurnal. Later, Roth 
and Huber (1987) reported on the activity of 13 bears in 
the same population and found they were largely noctur- 
nal and active an average of 40% of the time. In both of 
the studies, a short nighttime bout of inactivity occurred 
between 2400 hrs and 0200 hrs. Recently in Sweden, 1 
radio-instrumented bear was diurnally active during the 
summer and fall seasons. Over the entire 4-month period, 
the same bear was active 29% of the time (Bjarvall and 

Sandegren 1987). 
Information on monthly levels of activity of brown 

bears in Europe is limited (Roth 1983, Bjarvall and 

Sandegren 1987). In Yugoslavia, 2 bears were active 50- 
60% of the time between July and October; during 
November and December (Roth and Huber 1986), this 
level of activity averaged 40%. Later in the same area, 
data from a larger sample showed that the greatest levels 
of activity occurred during May (64%) and September 
(58%) with high levels of activity maintained throughout 
the summer (Roth and Huber 1987). 

In our study, monthly and seasonal patterns of activity 
of the Cantabrian bear appeared to be similar to those of 
bears elsewhere in southern Europe. The bear's greatest 
periods of activity occurred in summer followed by fall. 

Interestingly, bears in Yugoslavia exhibited similar lev- 
els of activity during denning as did the radio-tagged 
bear, being inactive 6-10 weeks during the winter. 

The Cantabrian bear's daily activity pattern is the only 
documented case of crepuscular activity among bears in 

Europe. During each season, activity peaks coincided 
with or occurred slightly before and after sunrise and 

sunset, respectively. Only during 1 fall/winter season 
was the bear's activity largely diurnal. In the 2 previous 
fall/winters, the bear's activity was mostly crepuscular 
with a moderate level of activity during the day. In black 
bear (U. americanus) populations where hard mast (e.g., 
beechnuts and oak acorns) is the primary source of food 
in the fall, largely diurnal activity also has been reported 
(Garshelis and Pelton 1981, Quigley 1982). 

It has been suggested that in protected populations or 
those in areas with low human density, bears are less 

likely to be harassed and they tend to be more diurnal 

(Roth 1983, Roth and Huber 1986, Bjarvall and Sande- 

gren 1987). In our non-protected RNHR, the human 

population density is low (about 5/km2) and concentrated 
in widely dispersed, small villages. 

Despite the low density of humans, the unprotected 
brown bears in the Cantabrian Mountains appear to be 

heavily persecuted (Brafia et al. 1982, Clevenger 1989). 
Our data demonstrate that the activity of the radio- 

marked bear was largely crepuscular with most activity 
occurring after sundown and before sunrise. Seasonal 
activity patterns in our area may be regulated by human 
activity and the respective seasonal habitat/food prefer- 
ence of the bear. In our study, the radio-tagged bear was 
largely nocturnal when human activity in the bear's range 
was high or when using open habitats (post-denning and 
breeding). The only periods when he showed signs of 
diurnal activity was when human activity was low in the 
mountains and forested areas were the preferred habitat 
type (fall/winter). 

The literature on black and brown bear activity pat- 
terns in North America and Europe indicates that activity 
patterns are widely variable throughout the bear's range. 
The socio-economic and environmental conditions within 
a bear's range are probably the most important factors that 
influence activity within any given population. 

More quantitative data on the activity patterns of bears 
in souther Europe will be needed to identify the primary 
social and environmental factors influencing these popu- 
lations. By determining what they are and whether their 
effects reduce the viability of the population, measures 

might be taken to reduce or avoid future conflicts. 
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