CHAPTER 9

HOME RANGEr MOVEMENT AND ACTIVITY PATTERNS
Introduction

The home range and movement patterns of the feral pig are of major
importance in any management program. Such studies on wild and feral
populations in other areas have yielded information on habitat
preferences, hone range traditions and a better understanding of life
history strategy in this animal (Barrett 1971, 1978; Kurz & Marchinton
1972; Giles 1978; Wood & Brenneman 1980). This information has in turn
assisted biologists to predict the pig's influence on a given ecosystem
and made it possible for managers to plan control programs. Size of
pig's home range in a given habitat must be taken into consideration
when planning a control program (Tester & Siniff 1974).
Home range determinations necessitate the collection of data on the
consecutive locations of tagged animals. In early studies on home
ranges of the pig/ a single interrupted or continuous mark-recapture
program was normally used to collect locational data. Capture-recapture
data are usually influenced by baitf trap variables (Chapter 8) and
animal behavior. Direct sighting is the simplest, sometimes preferred,
method of collecting data (Jewell 1966) and this technique has been used
to describe home ranges of feral pigs in the Sierra foothills,
California (Barrett 1971, 1973). The dense forest vegetation and
restricted human mobility in the Valley precluded use of
follow-the-animal method or tag-resight data for recording home range.

Radioactive substances have been used to obtain animal locations, but
rapid fecal deterioration in the rain forest and other habitat
considerations make this study method undesirable. Radio-tagging with
transmitters has the potential of establishing a continuous data-link
between an investigator and study animals whose locations can be
recorded at a distance.
Radiotelemetry was used to collect location data. Ihis method has
been used effectively in home range and movement studies for many other
terrestrial vertebrates (Werber 1970; Will & Patrick 1972) but only to a
limited extent for wild and feral pigs, and two other pigs (Table 25).
The enclosed nature of the Valley would allow effective use of
radiotelemetry for addressing questions on the pig's movements and home
ranges. Theoretically, radiotracking is more efficient in providing a
greater number of locational data per unit effort than sighting or
trapping (Lance & Watson 1979). Moreover, such data are relatively free
of biases inherent in other methods of studying home ranges (Mech 1974).
Habitat impact resulting from research activities would be minimal
compared to the other methods of data collection mentioned above.
At the outset of this phase of the study, it was decided that
information on the locations of the pigs will be more important than
their activities for its management. Thus, the main objectives of this
study were to delineate and determine home range size and to describe
movement patterns of pigs in the Valley.

TABLE 25: Examples of home range and movement studies in free-ranging pigs using radiotelemetry.

Radiotagged animals
Location

Transmitter
frequency (MHz)

Population
United States
i
SRP, South Carolina
Hobcaw Barony, South Carolina
GSMNP* Tennessee
TWMA3, Tennessee

Reference

Wood and Brenneman (1980)
Kurz and Marchinton (1972)
Singer et al. (1981)
Conley et al. (1972)

feral pigt
feral pigt
European wild boart
European wild boart

15
7
13

150
27
161
27

feral pigt

3

60

European wild boart
European wild boart
European wild boart

4
8
1

72
72
148

Mauget and Sempere (1978)
Mauget (1979)
Spitz and Janeau (1979-per.comm.)

Pigmy hog ft

2

150

Oliver (1979)

Warthogttt

8

48

Australia
Girilambone, New South Wales

Pavlov (1980)

France
Chize Forest
Chize Forest
Gresigne Forest
India
Barnadi Forest Reserve, Assam
Africa
Sengwa Research Area, Rhodesia
t
Sus scrofa
ft Sus (Porcula) salvanius
ttt Phacochoerus aethiopicus
Savannah River Plant
Great Smoky Mountains National Park
Tellico Wildlife Management Area, Tennessee

Gumming (undated)

Materials and Methods
(a) Transmitters
Transmitters (Wildlife Materials, Inc., Illinois) were powered with
a 3-volt, 20,000 mah lithium battery and operated in the 160-161MHZ
frequency rarage. Each transmitter broadcast on a different frequency so
that tagged animals were distinguishable. Six of the 12 transmitters
had the activity, mortality and steady pulse transmission modes; the
others had the steady pulse transmission mode only. Activity monitors
threw in an extra pulse when the animal was active. The mortality
transmission mode, 3-4 times faster than the steady pulse, would be
activated only after the transmitter was perfectly stationary for six
hours, as would be the case when the collar was removed from the animal
or when the animal was dead.
(b) Collar attachment
Pigs were captured in corral and box traps baited with shelled corn
or coconut. Captured animals were immmobilized or manually restrained,
eartagged, weighed, sexed and aged by their dentition.

Manually

restrained animals were hung upside down from a tree for collar
attachment. This restraining procedure, suggested by Dr. R. H. Barrett,
University of California, Berkeley, proved most convenient for collar
attachment.

Delgado's (1963) "rule of the thumb" was applied to ensure

a snug collar attachment. Collars were secured in position by locking
the overlapped free ends with steel pop rivets. Instrumented animals

were then returned into the trap for 1 to 2 hours for observations on
collar acceptance before their release.
(c) Monitoring methods
Directions were determined from fixed site antenna stations but
principally from ground-tracking using a hand-held 2-element Yagi
antenna (Telonics, Arizona) or a collapsible 3-element Yagi and a Falcon
Five receiver (Wildlife Materials Inc., Illinois). The receiving system
at each fixed-site station consisted of a two 10 element Yagi array,
arranged in a null-peak phase, and elevated 3 or 10m above the ground.
Directions of ground-tracked animals were determined by their signal
maxima, while those determined from fixed-site stations were by the
null-peak mode. At each reading location, the hand-held antenna was
swept around 360 degrees for each frequency.

If radio contact was

established or if direction finding was possible, the sweeping was
gradually reduced in the direction of the loudest signal at a set
receiver gain. Regardless of mode of direction finding mentioned above,
the receiver gain was lowered until the signal just disappeared or was
just audible. The bearing from which the just-audible signal was heard
was recorded as the direction for the tuned-in animal. Total reading
time varied from 1-4 minutes; the time interval between reading
locations varied from 15-30 minutes.
From November 1979 to March 1980, diel locations of five animals
were simultaneously monitored from two fixed-site stations, at 3-hourly
intervals by two investigators who were in radio contact. An animal was

recorded as active when the activity monitor was activated for more than
50% of the time during the tuned-in period.
(d) Data analyses
Locations were plotted by triangulation on U.S. Geological Survey
Maps on a scale of 1:8000. Bearings which intersect acutely at less
than 20 degrees or obtusely at greater than 150 degrees were rejected
for plotting.

Locations were transferred to an X-Y coordinate-type grid

overlay for home range delineation and calculations of the geometric
center for the entire and seasonal home ranges, following Hayne (1949).
Several estimators of home range area have been developed mostly
for territorial mammals and of these, three have been previously used to
describe home ranges of free-ranging pigs (Table 26). For this study,
home range size was calculated by the minimum-area method (Mohr 1947),
modified minimum-area method (Harvey & Barbour 1965), standard diameter
(Calhoun & Casby 1958) and the elliptical covariance matrix determinant
model (Jenrich & Turner 1969). Hie standard diameter measure, unlike
the elliptical model, assumes circular distribution of locational data.
The distribution of animals1 locations were thus tested for circularity
using eigenvalues (Sokal & Rohlf 1969). Home ranges and diel ranges
delineated by the minimum-area methods were measured for their areas
using a compensating planimeter and described further by the following
linear measurements:

range length major axis, range length minor axis

and range length-width ratio (Kurz & Marchinton 1972).

TABLE 26: A summary of commonly used methods for calculation of home range size.

Home range estimators

Species

References

Minimum area method (convex polygon) *t
Modified convex polygon {minimum polygon)*!
Inclusive boundary strip
Exclusive boundary strip
Added squares
Observed range length
Adjusted range length*
Standard circle (recapture radii) *t

Rabbits, armadillo, small mammals
Voles
Artificial population; mice
Mice
Mice
Artificial population
Artificial population, mice, vole
Rats, mice, squirrels

Koeppl's bivariate model
Size index
Elliptical approximation
Covariance determinant model t
Quartile deviation measure
Harmonic mean of aerial distribution

Ground squirrel
Artificial population; mice
Coyote
Rabbit, lizzard
Bullfrogs
Rabbit

Mohr (1947)
Harvey 6 Barbour (1965)
Blair (1940); Stickel (1946, 1954)
Stickel (1946, 1954)
Manville (1949)
Stickel (1946, 1954)
Stickel (1946,1954); Hayne (1949)
Harrison (1958); Calhoun & Casby
(1958)
Koeppl et al. (1975)
Metzgar & Sheldon (1974)
Gipson & Sealander (1972)
Jenrich & Turner (1969)
Van Winkle et al. (1972)
Dixon & Chapman (1980)

* Methods that have been used in estimating home ranges of wild and feral pigs,
t Estimators used in this study.

Movement patterns were further described using mark-recapture
results (Chapter 8), the 24-hour monitorings, and field observations.
Diel home ranges were computed as the minimum total distance moved in a
diel period (MTD).
Results
(a) Effect of radiotagging on study animals
The neck collar did not appear to produce discomfort on head or
body movements.

Regardless, tagged pigs made vigorous attempts to

remove the collar by rubbing their necks against the sides of traps, but
appeared to accept the collar after 1-2 hours. Total weight of the
collar-transmitter was much less than 5% of body weight (Table 27)/ the
weight load limit generally observed by most workers. Boar 650
recaptured 2 months later at E6 and sow 450 shot by a hunter, had neck
abrasions and hair lossf but no apparent weight loss. Movements of
tagged animals during the study duration were unlikely to have been
influenced by the collar transmitter.
(b) Home range size and configuration
A total of 934 animal locations were recorded from 13 adult pigs
monitored for periods ranging from 1-17 months. Home range size was
delineated and estimated for five boars and four sows monitored for more
than 3 months (Figure 32). Home range size varied greatly among the
four estimators (Table 28). The modified minimum-area method gave the
smallest area, while the standard diameter model gave an inflationary

TABLE 27s Biological data, length of radiotracking period and number of radiolocations for 13 feral
pigs in Kipahulu Valley.

Instrumented animals
Identification

197
244
290
350At°
350B
394
450*°
550
600
650
700
800p
850

Age
Weight
(kg)
(months)

20
9
8
7
14
12
8
11
8
13
9
8
22

68*
54
36*
27*
59*
40
29*
50*
38
57
45*
31
63

Length of study
-_
. .
Radiocollar
T^ .,
A .
Release
, .
_
..
. , mTotal
(g)
Sex
Site
Backing period Months
Weight of

2

9
9
9
9
3
9
9

9
d
9
d
d

E 1
E 9
E 2
K 1
Ell
E10
K 1
L 2
E12
E 6
E 8
K 1
E 8

465
458
460
459
459
455
458
454
459
464
463
455

7. 7.79- 4.15.80
5.26.79- 4.15.80
8.18.79- 1.20.80
2.18.79- 3. 9.79
2.25.80- 4. 8.80
9.15.79-10.30.80
2.18.79- 9.24.79
8.17.79- 1.27.80
8.10.79-12.14.80
7.21.79-12.14.80
7.21.79- 9.30.80
2.18.79- 2.10.79

453

7.17.79- 1.25.80
7.21.79-10.26.79

t extricated collar recovered and reused on 350B
$ shot by a hunter
* estimated from chest measurements
° collar and chest harness, all other pigs instrumented with collars only

10

i-Radiolocation
(total)

7

132
116
42
28
12
111
9

6
14

76
87

11
5

1
2
13

17
14

148
124

6

25

3

24

Figure 32t Home ranges of nine feral pigs delineated by
the minimum-area (solid lines) and modified
minimum-area (broken lines) methods.
Alphanumerals - release site; 3-digit numbers
- tagged animals; A - geometric center of
home range.

TABLE 28: Home range size estimates for nine feral pigs in
Kipahulu Valley.

Animal
identification
number

Length
Home range size (km )
of
study
Circular
Modified
M in imum- area
(months)
minimum- area measure

Elliptical
measure

Boars

14
3
11.6

2.13
1.48
1.59
2.90
0.79
2.03

1.61
1.20
1.53
2.41
0.74
1.68

13.88
7.95
23.36
17.16
6.86
15.58

5.32
2.36
1.42
5.56
2.08
3.67

197
290
550
700
Mean

10
5
6
14
8.7

0.65
0.87
1.73
1.22
1.12

0.63

0.90

1.14
1.06

3.21
2.96
13.82
6.43
6.61

Overall mean*

10.3

1.57

1.37

11.09

244
394
650
600
850
Mean*

11
13

17

Sows

0.77
1.70

0.77
3.88
1.94

1.87
2.77

'Based on animals monitored for more than five months.

to
cr»
o

estimate.

Based on the premise that the minimum area (convex-polygon)

will approach the actual home range size as the number of animal
locations are increased, then the modified mininuro-area was 12% too
small and the circular and elliptical measure, 615% and 78% too large,
respectively.
With the minimum area estimator/ the home range size for eight pigs
monitored for more than 5 months ranged from 0.65 to 2.9km and averaged
1.57 JH 0.67km2. Mean home range size for four boars (2.03 j^ 0.56km2)
was significantly larger (t=2.83, PO.05) than the mean home range size
2

(1.12 4- 0.41km ) for four sows. Home ranges of two boars in the ohia
forest were larger than for two other boars in the koa forest. The home
range of one sow in the ohia forest was larger than those for three sows
in the koa forest. Ihere was extensive overlap in the pigs1 home ranges
(Figure 33) and in seasonal home ranges, but with little seasonal shifts
in the geometric centers. Summer and winter home ranges were not
different in four animals monitored for one calendar year.
Home ranges were irregular in their configurations.

Circularity

tests showed that the distribution of animal locations for all study
animals was non-circular, as indicated by the ratio of the eigenvalues
(Table 29). The home range of one animal (600) approximated a circular
configuration.

Home ranges were longer than wide (Table 30). Two sows

had home ranges whose range lengths were more than twice the range
widths. Average range length axes were longer (P>0.20) for boars than
for sows. Range length:width axis ratio did not differ between sexes
(U=4, P>0.20). The spatial distance of locations (Figure 32), the

Figure 33: Composite home range maps of nine feral pigs in
Kipahulu Valley , Maui. Home ranges are delineated by
the minimum-area method. Note the extensive overlap in
the home ranges* Three-digit numbers denote radiotagged
pigs; solid lines - home ranges of boars; line screen home ranges of sows.

TABLE 29: Results of circularity test for home
ranges of 9 feral pigs in Kipahulu Valley.
A home range was considered to have a
circular conformation when the ratio of
the eigenvalues (y) approaches one.

Animal
identification
number

197
244
290
394
550
600
650
700
850

\
299.65
947.08
183.14
519.90
889.72
2397.39
347.52
389.90
383.83

\

116.79
220.76
48.54
137.28
233.12
1839.44
83.13
136.19
151.83

TV,
*I

2.56
4.29

3,77
3.78
3.81
1.30
4.18
2.86
2.52

TABLE 30: Home range axis lengths for eight feral pigs in
Kipahulu Valley

Animal
identification
number

Range
major axis
(km)

Range
minor axis
(km)

Range
major : minor
axis ratio

2.35
1.93
1.50
2.45
2.05

1.25
0.98
1.13
1.66
1.25

1.88
1.96
1.32
1.47
1.65

1.25
1.21
2.35
1.75
1.64

0.68
0.60
1.04
1.04
0.84

1.83
2.01
2.25
1.68
1.94

1.85

1.04

1,77

Boars
244
394
650
600
Mean

Sows
197
290
550
700
Mean

Overall mean

•'Distance between extreme radiolocations.
Perpendicular distance along the major axis at the widest
point of the minimum home range.

2

ratios of the eigenvalues (3.23 +^ 0.93) and the range length and width
axes (1.77 jf 0.28) show that home ranges of feral pigs were elongated in
shape.
Home ranges of six pigs on the upper plateau were bordered by the
central escarpment and the Koukouai Gulch, while the home ranges of
three other animals were bordered only by the central escarpment ridge
(Figure 33). The center of activity (geometric center) for all pigs
monitored on the upper plateau were sited away from the plateau's lor*g
ridge crest; the mean least distance of the centers of activity from the
central escarpment for upper plateau home ranges was 0.56 (0.43-0.7) km.
Animals 394 and 550 had their activity centers on the lower plateau near
the bottom of the central escarpment.
(c) Movement and activity patterns
(i) Daily movements and activity patterns.—Diel home range size
of boars was two times larger than that of sows and varied from 0.06 to
0.28km

for both sexes (Table 31). The range major:minor axis ratio was

similar for boars and sows and averaged 2.46 HH 0.34km in six animals.
Mean total distance travelled during a 24-hour period was, however,
greater (U=5f PO.10) in boars (1.17 ± 0.24km) than in sows (0.74 +
O.llkm). Diel movement patterns were mostly linear and clustered.
During a 24-hour period, pigs showed a tendency to move out from their
night resting sites during early morning and return to their resting
sites along similar paths in the late afternoon.

Diel monitoring that

coincided with periods of heavy rainstorms in December and February

TABLE 31 : Diel home range parameters for 3 boars and 3 sows monitored from November 1979 to March 1980 in Kipahulu Valley.

_ . ,
Animal
•identification
j i_ • £ • ^ •
.
number

Number of
24-hour
trackinq
^
periods

Number
of
locations

244
394
650

9
5
9

197
290
700

8
5
6

Diel range
size (km)

Diel range
major axis

Diel range
minor axis

Diel
major t minor
axis range

MTD

X

Range

x

Range

X

Range

I

Range

X

Range

70
38
68

0.28
0.24
0.09

0.15-0.39
0.18-0.32
0.03-0.15

0.57
0.51
0.34

0.39-0.72
0.41-0.62
0.17-0.43

0.28
0.23
0.15

0,17-0.40
0.10-0.30
0.10-0.24

1.97
2.20
2.26

1.25-3.54
1.48-4.50
1.26-4.30

1.46
1.20
0.86

0.95-2.00
0.94-1.41
0.45-1.00

55
40
61

0.06
0.13
0.08

0.02-0.13
0.05-0.13
0.05-0.13

0.28
0.36
0.35

0.21-0.39
0.11-0.21
0.20-0.54

0.10
0.14
0.12

0.05-0.17
0.11-0.21
0.08-0.21

2.82
2.57
2.91

1.42-6.01
1.74-3.86
1.22-5.40

0.60
0.88
0.73

0.40-0.83
0.62-1.04
0.62-1.04

Boars

Sows

Mean total distance (km).

M

showed that pigs tended to restrict their movements to the vicinity of a
shelter site and to shelter overnight away from their normal night
shelters. There was less linear movement from 2100-0300 hours and from
1200-1500 hours than during other periods of the day, suggesting night
and day resting periods between foraging activites. Signal activity
patterns from four pigs showed biphasic diel activity cycle with high
activity periods in early morning and late afternoon (Figure 34).
(ii) Movements into and out of the Valley.—One of the objectives
of the tracking study was to determine if there were movements in and
out of the Valley. Signal extinction was used to establish such
movements. Whenever radio contact with a tagged animal was broken,
ground tracking was conducted from Kaumakani Ridge, Lower Kipahulu or in
the Cable ridge area in an attempt to relocate the animal.
Lateral exit movements from the west side of the lower section of
the upper plateau into Koukouai Gulch was established for two pigs
(Figure 35). On February 18, 1979, a group of three pigs captured in a
corral trap at Kl were instrumented with radiocollars.

Hie pigs stayed

overnight in a koa tree tunnel 30m from Kl. On March 9th, the
frequencies of the three animals were tuned in from the Palikea fixed
site station. A mortality signal from 350A was received, but not the
transmissions from the other two pigs. Subsequent ground tracking along
Koukouai Trail located the collar of 350A at Cl (Figure 35), 250m
downslope from the release site and sow 450 in Koukouai Gulch. Animal
450 remained in the Gulch from February to September, when a mortality
signal was received from C2. The fate of this animal was known only in

Figure 34: Dial activity cycle of five feral pigs monitored from
November 1979 to March 1980. Parenthesized values
indicate total number of three-hourly signal readings.
Note the biphasic activity pattern.

Figure 35: Locations and entry-exit movement patterns of three
radiotagged feral pigs in the lower section of the
upper plateau, Kipahulu Valley, Maui, Animal locations
in the Koukouai gulch are determined from large error
polygon formed by bearings with ^ 5 accuracy. C1 - collar
of animal 35 OA; C2 - location of collar 450; as determined
from groundtracking; C3 - location of collar as determined
by a Park ranger; K1 - corral trap.

January 1980 when a hunter admitted to shooting the pig during a
dog-hunt in the Gulch. Boar 800 could not be located in the Gulch and
transmitter failure was assumed. On July 17th, 1979f radio contact with
800 was reestablished from Kaumakani Ridge. A day's groundtracking on
Cable Ridge located the animal in Kuikuila. Boar 800 returned to
Koukouai Gulch sometime in November, and remained there from December
1979 to January 1980.

The probable movement routes for 350Af 450 and

800 are as shown in Figure 35.
(iii) Barriers to movement.—Trap-revealed movement patterns
(Chapter 8), tracking studies and field observations, collectively show
that some sections of the central escarpment do not present a physical
barrier to intervalley pig movements.

In the upper sections of the

Valley the home range of boar 600 straddled both plateaus.

Boar 600,

captured in E12, remained in this vicinity on the upper plateau from
September to December 1979, but ranged in the lower plateau for the rest
of the tracking period. Its activity center was sited in the lower
plateau near the base of the central escarpment.

Interplateau movements

probably took place between E1540-E1600m. In the lower section of the
Valley, lateral movements between plateaus near Palikea were established
from mark-recapture studies (Chapter 8). Pig trails from the interior
of the upper plateau that arrived at the central escarpment usually
followed the escarpment research trail upslope or downslope and for no
more than one kilometer trail length before deflecting into the plateau
again. Occasionally, pigs would forage or shelter overnight under
overhanging cliffs up to 6Om down the escarpment slope before returning

to the interior of the upper plateau for lateral movements to rooting
sites near the central escarpment.
Fallen trees were also observed to deflect movements. Pigs
preferred to crawl through gaps between tree logs and the ground, or
trail along the length of a fallen tree than to jump over it. Deeply
undercut streams, stream swelling and localized flooding during winter
months are likely barriers to movements.
Discussion
Home range is a well-understood biological concept, however/ a
plethora of methods (Table 26) exist for the estimation of home range
size and the estimates from different methods can vary. Methods which
are mathematically complex need not necessarily give greater biological
insight (MacDonald et al. 1979). Of the four area estimates used in
this study, two (circular and elliptical measure) assume a bivariate
distribution while the other two (minimum-area and modified
minimum-area) do not make assumptions about distributions.

Methods for

testing locational data for confirmation to bivariate distributions are
not available, except for the circular measure of Calhoun and Casby
(1958). The circular measure gave an inflated, unrealistic area which
extends outside the Valley and includes grounds not covered by the pig.
Circular normal estimates of home range are larger than a bivariate
estimate (MacDonald et al. 1979). The circular model of Calhoun and
Casby depends on sample size and assumes an equal probability of
locating an animal within a circular area; this restrictive assumption

has been termed a "historical accident" (Jenrich & Turner 1969).
Circularity tests show that this assumption was violated in all home
ranges. Home ranges of pigs in the Valley are unlikely to assume
circular conformations because the two plateaus are narrow and the long
cliffs on each tend to compress ranges to elongated configurations. The
elliptical model of Jenrich and Turner (1969) does not have such a
restrictive assumption and calculates an ellipse whose area is expected
to include 95% of all points assuming a bivariate normal distribution.
This model is robust, reduces the sensitivity of error in the peripheral
points in the minimum-area but the elliptical area was found to enclose
topographic features and ground not covered by the pig. The modified
minimum-area (Harvey & Barbour 1965) has statistical stability inferior
to the other three estimators (Jenrich & Turner 1969).
The minimum-area method (Mohr 1947) was chosen from among the four
methods used in this study. The minimum area estimates are intermediate
between the modified minimum-area and the elliptical area. The minimum
area covers all radiolocations for individual pigs, is biased by sample
size and is sensitive to movements on the periphery of the home range.
Theoretically, this minimum-area should approach the actual home range
more closely with increased frequency of locations and with time. The
minimum-area has good statistical stability, is graphically the
simplest, is the most widely used home range size estimator and has been
used by other workers for estimating home range areas in feral pigs
(Barrett 1971, 1978; Kurz & Marchinton 1972; Wood & Brenneman 1980).

Topographic features influenced shapes of home ranges. For
instance, the western straight line boundary of pig 244 is probably
artificial. Straight line boundaries in animals whose home ranges were
bordered by the central escarpment were real, as verified from ground
checks. However, the actual hone range configurations are most likely
to be amoeboid. Studies in South Carolina showed similar elongated
polygonal home range configurations in the feral populations (Kurz &
Marchinton 1972; Wood & Brenneman 1980), but circular home ranges have
been reported for the wild boar in Tennessee (Singer et al. 1981).
Topographic features influenced shapes of home ranges. With the
exception of 850, all upper-plateau home ranges were bordered or nearly
so by the Koukouai Gulch and the central escarpment.

Both these

topographic features have the effect of restricting lateral movement to
upslope-downslope movements, so that home ranges tend to be elongated.
Home range size of feral pigs in this study is comparable to that
reported by Giffin (1978) for feral pigs in tropical rain forests on the
island of Hawaii, but smaller than published home range areas for wild
and feral populations in other habitats (Table 32). Thus, size range
for feral pig home ranges varies from 1.57-50km, the lower size area
results from this study and the upper size area from the studies of
Barrett (1971, 1978) and Giles (1978).
Sanderson (1960), in his review on mammal movements/ emphasized
that home range studies should investigate the reasons for movements.
Why then is the home range size of feral pigs in Kipahulu Valley smaller
than those in other areas? Several population variables can influence

TABLE 32: Published home range size of feral and wild populations of Sus scrofa.
Home range size { km7 )
Location

Reference

Habitat
Boars (N)

Sows (N)

Feral populations
Hawaii

California
South Carolina

Tropical koa-ohia rainforest
Tropical rainforest
Mountain pasture
Oak-savannah grassland
Pine-hardwood plantations, swamps
Pine forest, marshes

2.01
1.29- 5.18
5.18- 10.36
50
3.93
2.24

1.08

10- 25
1.23- 7.99
1.79

This study
Giffin (1978)
Giffin (1978)
Barrett (1978)
Kurz and Marchinton (1972)
Wood and Brenneman (1980)

Wild populations
Tennessee
Australia
France

Hardwood, oak-pine forests, pastoral fields
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movements. Some breeds of pigs are more sedentary than others (Hafez &
Signoret 1969). Density of pigs is known to affect home range size
(Jewell 1966). In the present study, sizes of home ranges for pigs in
the high density koa forest are smaller than for pigs from the low
density ohia forest, thus indicating an inverse relationship between pig
density and home range size. Hunting pressure can produce forced
movements and increase home range area, but this is considered
unimportant. High biological productivity and the availability of
living requirements in the norv-seasonal rainforest are the most
plausible reasons for the localized movements and smaller home ranges of
pigs in Kipahulu Valley. Several studies have shown a relationship
between spatial distribution of resources and home range size. In arid
environmentsf such as the Sierra foothills in California and the dry
flood plains in Girilambone, Australia, movements of feral pigs involved
long travels from food to water (Barrett 1971, 1978; Giles 1978).
Movements to a source of water is important because pigs do not have
functional sweat glands and the need to thermoregulate themselves by
wallowing thus becomes "the driving force" (Elton 1966) for movement.
Spatial distribution of foods also affects the size of home range
(Jewell 1966). When food is abundant in an area, feral pigs prefer to
homesite in the vicinity of the food source and thus have smaller home
ranges (Barrett 1978; Pavlov 1980). In the montane rain forest in
Kipahulu, water is never scarce at anytime of the year. Soils and
herbaceous plants are wet continuously from rain or fog drip.
Biological productivity is undoubtedly high in this high rainfall,
spatially complex tropical habitat. Living requirements (food, water

and shelter) are available to the pigs at any point within a 0.5km
radius in the koa forest. This reduces the need to move over a larger
area, since energy needs can be met within a small area.
Most studies on feral pig movements show that boars have larger
home ranges than sows (Pine & Gerdes 1973; Barrett 1971, 1978; Giles
1978). Barrett (1978) attributed home range size dimorphism to the
boars1 search for breeding opportunities.

Other studies in the

Southeast showed no difference in size of home ranges between sexes
(Kurz & Marchinton 1972; Wbod & Brenneman 1980). In this study, boars
had larger home ranges than sowsf but the home ranges of both sexes in
high elevation ohia forest were larger than in pigs from the lower
elevation koa forest. Spatial distribution of resources, particularly
shelter and food, apparently accounted for hone range size differences.
On a per unit area basis there are fewer adequate bedding sites (tree
holes, caves or overhanging cliffs) in ohia than in the koa forest.
Also, in the ohia forest preferred foods of pigs are less concentrated
in any one area than in the koa forest.
Hayne's (1949) center of activity (geometric center) that was used
to describe feral pigs1 home rangesf is a mathematical estimation of the
center of the distribution of animal locations. This statistic may not
have a biological meaning (Van Winkle 1975). The centers of activity in
the upper plateau home ranges were located in between the two research
trails rather than on the trails. Field work and tracking studies
indicated a centralizing tendency in pig movements toward the interior
of the plateau. Although pigs frequently forage along the central

escarpment, their centers of activity were unlikely to be sited on it,
principally because the escarpment is directly exposed to trade winds
during the greater part of a year. The interior of the Valley is more
sheltered and this explains why the center of activity is interior to
the plateau. Besides, the pig could cover more foraging ground in a
shorter distance with a home site in the interior than on the edge of
the plateau.
Activity patterns that were interpreted with signal modulations
were probably biased towards activity periods. Distinction between
foraging and locomotory activities was not consistently possible even
though transmitters were custom made with this specification.

Daily

activity pattern appears to be complex and variable. Pigs had been seen
foraging at different hours of the day. Diel activity cycles during the
winter months, however, indicated a crepuscular activity pattern.
Several observations of pigs resting in early afternoon hours support
the conclusion that the pigs forage morning and evening and rest in the
afternoon and night. Rain storms reduce activity by confining pigs to
the vicinity of a shelter site as indicated by clustering of locations,
but activities are generally increased after the rains.
Crepuscular activity patterns have been observed in feral pigs on
the island of Hawaii (Baker 1975; Giffin 1978), California (Barrett
1971, 1978) and Australia (Giles 1978). Barrett (1978), citing the
works of Hafez and Signoret (1969)/ pointed out that crepuscular
activity is the preferred activity pattern in pigs. In several studies,
however, activity patterns were found to change with the season, being

preponderantly diurnal during winter, nocturnal in summer and
crepuscular in autumn (Kurz & Marchinton 1972; Barrett 1971, 1978).
Although diel monitorings were not conducted during summer months, field
observations indicate a general year-round adherence to crepuscular
activity patterns. Maintenance of this preferred activity and adherence
to small home ranges can be attributed to the lack of human (hunting)
harassment.

Hunting pressure was nil above 730m and infrequent at the

upper plateau below 730m.
Lateral movements between Kuikuila, Koukouai Gulch and the lower
section of the upper plateau were a surprise and raised initial concern
that tagged pigs in the lower koa forest may not be residents on the
plateau. Topography in the Gulch area is very rugged, but the pigs can
move up steep slopes by taking a path at an angle to the fall line to
get to the top of the slope. The movements of two pigs off the plateau
into the Gulch were probably dispersal movements, but entry movements
into the plateau were either dispersal or forced from hunting pressure
in the Cable ridge and in the Gulch area. These movement routes suggest
that areas outside the plateau are a source for pigs to enter the lower
section of the Valley.
Interplateau movements in the Valley at routes identified above and
below Palikea occur infrequently and are used by lower plateau pigs for
uphill movements during the strawberry guava season. During the early
winter of 1979f upland hunting pressure in the lower plateau below 800m
was unusually heavy, and increased trail activity on and below Palikea
was observed to result from lower plateau movements to Palikea.

Several management (Chapter 12) and ecological implications can be
drawn from this study. Small, compact, sedentary home ranges with
stable seasonal centers of activity and extensive home range overlap,
show that a small area of the rain forest habitat has sufficient
biological productivity and physical components to meet the maintenance
needs of feral pigs. Small home ranges and restricted movements will
increase in-breeding tendencies, more so if the life-time range of the
feral pig does not differ substantially from its annual hone ranges
monitored in this study. Other than the head and mouth of the Valley,
where entry and exit movements are possible/ the Valley is a topographic
enclave. This feature, together with restricted home ranges, promotes
inbreeding and thus, possibly explains population anomalies and lends
weight to the hypothesis that body size will decrease with progressive
feral existence (Chapter 5). Small home ranges also mean that feral
pigs will be more familiar with their home ground than would pigs
home-ranging over a larger area. Additionally/ the frequency of soil
disturbance in a unit area or within a small home range will be greater
than in a large home range. Since the hippocampus in the feral pigs
increases proportionally with spatial requirements (Chapter 2), it can
be hypothesized, from Table 8, that feral pigs in Kipahulu Valley have
smaller hippocampuses than feral populations studied elsewhere. When
the minimum distance between Palikea and the present upper limit of
strawberry guava distribution is measured in home range axis length
obtained in this study, a 2.1 range length axis factor shows that pig
dispersal of strawberry guava by endozoochory (Chapter 7) must have
proceeded via a stepladder progression, wherein the crop established in

the home ranges of lower elevation pigs subsequently serve as a seed
source for upslope dispersal into higher elevations.

Upslope or

downslope movements between Palikea and mid-elevation were not borne out
in the tracking studies and this, together with observations on scats
containing strawberry guava seeds (Chapter 6), support the 2-step ladder
pig-aided strawberry guava dispersal hypothesized here.

