CHAPTER 6

FOOD AND FEEDING HABITS

Introduction

Food is central in the study of animal populations. Quantity and
quality of foods are primary determinants of animal numbers, growth and
distribution. Hence, animals exercise nutritional choice by optimizing
their activities so that the "right kind of food" is searched for and
"enough of it11 is eaten (Elton 1966). By selecting their foodsf animals
control the transfer of biomass between trophic levelsr affect ecosystem
functions and in turn are influenced by changes within the ecosystem.
Food habit studies will, therefore, enhance the understanding of
population processes, ecological relationships and community
interactions and contribute to better management of natural resources
and animal populations.
Food habits of feral pigs have been investigated in a wide range of
habitats: oak-sedge flats (Springer 1977); desert scrub and managed
pastureland (Barrett 1978); pine forest, salt and freshwater marshes
(Brisbin 1974; Wood & Roark 1980); mountainous forestf scrub and
grassland (Challies 1975; Rudge 1976); and alpine grassland and rain
forest (Giffin 1978). These studies have shown food preferences in
pigsf seasonal variation in diets, relationships between food
availability and reproduction, and in some instances, food competition
with other wildlife. Practically all food habit studies of pigs show

that diets and foraging habits alter plant communities and damage
natural ecosystems.
Feral pigs in the evergreen montane rain forests in the Hawaiian
islands appear to be surrounded by a surfeit of food throughout the
year. "Chat food supply could limit numbers in this habitat seemed
unlikely. However, some plants are poor foods because of nutrient
dilution, particularly of available nitrogen (White 1978).
Nutritionally, therefore, all that is green need not be utilizable or
sufficient for animals. Food which contains enough nitrogen is
particularly important for the survival of young; the relative shortage
of nitrogenous food is probably the single most important factor
limiting the abundance of pigs in some habitats (Barrett 1978; White
1978). The abundance of feral pigs in rain forest environments may be
controlled from below by the availability of foods rich in dietary
protein. This hypothesis was examined by studying the pig's diet, food
preferences, nutrient quality of plant foods and evaluating blood
biochemical values (Chapter 10) that are reliable correlates of
nutritional status. Additionally, it was also the intent of this study
to evaluate the effects of the pig's food habits on the rain forest
ecosystem.
Materials and Methods
Diets and feeding habits were studied by four methods. Whenever
possible, feeding activities were observed during all encounters with
animals. Preference for the strawberry guava was investigated by

examining fresh scats found along the central escarpment trail from
September to December of 1978, and throughout 1980.

Scats visibly

loaded with strawberry guava seeds were not collected but their
elevations were recorded; those that did not appear to contain the seeds
were collected and later flushed through a size 3 Newark sieve to
collect strawberry guava seeds. Attempts were made to determine diets
by microscopic examination of fecal materials. Amorphous and
fragmentary fecal materials on the sieve and collecting pan were
preserved in formalin and later pipetted to a slide for microscopic
examination. Freshly abandoned feeding sites, when located, were
examined for foods selected, parts eaten or rejected and general feeding
behavior and stomach contents analyzed to determine the general diet.
Pigs were shot each month for stomach analysis. The degree of
stomach fullness at increments of 25%, and the time of shooting, were
noted. Stomachs were preserved in 10% formalin for later analysis in
the laboratory. Food items were sorted visually into the following
general categories:

tree fern core, grasses, sedgesf fruits, bark,

leaves, roots, animal matter and unknowns.

Plant foods within each

category were identified as far as possible. The presence of each
identifiable food item in a stomach was recorded as a percentage
occurrence. Percentage frequency was calculated as the proportion of
the number of stomachs that contained a particular food item to the
total number of stomachs, multiplied by 100. Volume of each food
category was determined volumetrically either by water displacement or
direct measurement (e.g. tree fern core) with a graduated cylinder.
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Total volume of the ingesta for each stomach was determined by summing
individual volume of each food category and unknowns.

Percentage volume

composition was calculated as the proportion of the volume occupied by a
food item to the aggregate volume (Martin et al. 1946) of contents,
multiplied by 100.

Importance values (McCaffery et al. 1974) for

overall and seasonal major food categories were determined by
calculating the index: percent composition x percent frequency in the
diet.
Nutritive values of plant foods were determined by subjecting
composite samples of plant parts known to be eaten by pigs to proximate
analyses using A.O.A.C. (1975) methods. Plant fractions analyzed were
dry matter, crude protein, ether extract, crude fiber and ash. Mineral
compositions were determined by X-ray fluorescence on a quantometer
(Applied Research Laboratory, California). All volumes, except those
for ash, were expressed on both dry and organic matter bases.
Results
(a) Stomach fullness
Diets of 28 pigs (6-60 months) were determined by examining stomach
contents of 12 male and 16 female animals. Twenty-one of these animals
were from the upper plateau koa forest (600 to 1190m), six were from
ohia forest (1190 to 1520m), and one was from the lower plateau (730m).
Stomach collection was biased towards older animals because larger pigs
were preferentially shot.

A plot of individual stomach volume against dental age shows a wide
scatter (Fig. 15). The median stomach volume was 3.2 liters; the
largest sample measured 4.482 liters.

Food items were present in all 28

stomachs; 20 were classed as full stomachs, 4 were 75% fullf 2 were 50%
full, and one was 25% filled. Although all samples were collected
during daylight hoursf from 0600 to 1800 hoursf the distribution of full
stomachs grouped over four three-hourly intervals, was uniform
throughout the day (Kolmogrov-Smirnov test D = 0.10, P< 0.50). In full
stomachs, food items were not well mixed. Ingesta from the last meal
showed a marked layering pattern, with more recent ingesta layered from
the cardiac to the pyloric end of the stomach. Ingesta layering was
most pronounced in diets consisting of ferns, rootsf graminids (grasses
and sedges) or leafy vegetation, but was not at all apparent in
half-filled stomachs, and in those where strawberry guava was the
principal dietary item.
(b) Overall dietary composition
Plant matter constitutes over 90% of the diet of pigs in the rain
forest (Table 9). Animal matter had a frequency of 89.2% (N=28)
occurrence and was represented principally by oligochaetes and native
land snails. Arthropods occurred as traces (less than 0.1%). Based on
stomach analysis, 31 plant foods were identified (Tables 9, 10, 11).
This dietary range was made up of 22 native plants and nine exotic
species. Ten other plants, not encountered in stomach content analyses,
were ascertained as forage from field observations. Thus, the dietary

Figure 15: Plot of individual stomach volume against age for 28 feral
pigs shot in Kipahulu Valley between 610 and 1500m.

TABLE

9: Overall annual percentage composition (aggregate volume),
occurrence and importance values of major food categories for
feral pigs in koa and ohia forests in Kipahulu Valley, as
revealed by analyses of 28 stomachs.

Food category

Percent of
aggregate
volume

Importance
value2

71.4
57.1

42.7
28.4

3049
1622

39.2

5.6

220

60.7

2.5

152

32.1

3.2

102

32.1

3.1

100

Percent
i
occurrence

Plant matter
Cibotium sp.
Psidium cattleianum
Freycinetia arborea
' Broussaisia arguta
Acacia koa
j Cheirodendron trigynum
Hydrocotyl sp.
Eupatorium sp.
k Pepper omia sp.
f Clermontia sp.
Bark
4 Cordyline terminalis
I Others
.
f Astelia sp.
KUULb
< IT , ,
\ Others
Athyrium sp.
f Paspalum con Ljugatum
Grasses s • '^
-a
I Others
fCarex alligata
„
I Uncinia uncinata
] Machaerina sp.
[Cyperus sp.

57.1 1
28.5
50.0
>
28.5
21.4
7.1 J
32.1 1

7.1 >
21.4 J1

17.3 i>
17.8 j

60.7

1.4

85

28.5 ]
>

32.1

2.1

67

21.4
3.5
>
14.2
17.8

25.0

1.4

35

6.2
0.4

553
1

7.1 J

Animal matter
Earthworm
Molluscs

i

89.2
10.7

Percentage of stomachs containing a particular food category.
Percent volume x percent frequency occurrence; rounded to the nearest
whole integer.
Unknowns, traces and amorphous materials make up the rest of the
percent volume.

range comprised of at least 40 plant foods. The botanical composition
of the overall forage was 62.5% (25) herbaceous plants, 32.5% (14)
trees, and one woody vine. Seventy percent (28) of the pig's forage
were native plants, and of these 85.7% (24) were endemics. Thus, food
habits of the feral pigs were characterized by a wide dietary range and
forage which was comprised essentially of herbaceous natives.
Overall food preferences showed that four plant foods, tree fern
(Cibotium sp.) coref strawberry guava (Psidium cattleianum), woody vine
(Freycinetia arborea) and tree bark made up 80% of the diet (Table 9).
Tree fern had the highest percentage occurrence and percent aggregate
volume and thus formed the bulk of the diet volume. On an annual basis,
percent aggregate volume for tree fern was higher than for strawberry
guava. Unlike several other food items, tree fern core (13.3 to 91.5%)
was never recorded as traces, suggesting a definite food preference as
well as indicating the relative abundance of the food.
Importance values for all categories of plant foods ranked as
follows: tree fernf strawberry guava, woody vine, leaves, bark roots,
Athyrium sp. and sedges. When animal matter was included in the
ranking, earthworms ranked third in food choice. Thus, the four most
important year round foods on the basis of importance values were tree
ferns, strawberry guava, earthworms and woody vine.

(c) Seasonal influence on diet in koa forest animals
Monthly variations in percentage compositions of major food
categories in stomachs of pigs (N=22) shot in koa forest were estimated.
Tree fern core was most abundant in the diet from January to August, but
dropped in abundance from September to December when strawberry guava
formed the bulk of the diet (Fig. 16). Strawberry guava was present in
stomachs for eight months of the year. Mean aggregate percentage volume
for this item in 7 stomachs collected from September to November was
78.3%; two stomachs each had strawberry guava in 93.7 and 98.9%
composition.

All other fruits occurred as traces; thimble berry (Rubus

rosaefolius) in eight stomachs, ohelo berry (Vaccinium sp.) in four
stomachs, akala berry (R. hawaiiensis) and kukui nut (Aleurites
moluccana) in one stomach each.

Roseapple fruits (Eugenia jambos),

recorded in three stomachs, was probably underrepresented in percent
volume and frequency.

Field observations showed that roseapple fruits

were readily eaten by pigs rooting in roseapple forest.
Other fern foods identified were Athyrium sp., Dicranopteris sp.,
anc

^ Lycopodium. The most commonly eaten grass was £. conjugatum.

Cyperus sp. was the most commonly foraged sedge; Machaerina and Carex
alligata were the other sedges eaten.

Roots were mostly present in

small amounts and were unidentifiable to species level. Tree bark was
most frequently represented by Clermontia sp. Leafy items were mostly
from herbaceous plants.

Acacia koa leaves and whole seedlings occurred

as traces in 8 of 22 (36.3%) stomachs.

Figure 16: Monthly variations in percentage composition of major food
categories as revealed by the analyses of 22 stomachs
collected in the koa forest (610 to 1190m), Kipahulu Valley.
Numerals below months indicate sample size.

Animal matter was dominated by earthworms. Over 90% of the
stomachs contained earthworms; in onef earthworms constituted 29.3%
(1018ml) of the total volume. Pontoscolex corethurus was the most
common earthworm in the ingesta and was eaten in preference to the other
eight species. Four other species identified from stomach contents
were:

Amynthas corticus, Metaphine californica, Ainynthas gracilisf and

Sisenia eiseni. Succinea snails occurred mostly as traces, but had a
2.3% volume in one stomach. Insects, beetle larvae, and ants were
present in 18 stomachsf but as traces. Unidentified food categories
included amorphous and leafy materials, wood, mushrooms, and pig bones
in one stomach.
Seasonal variations in diets were not apparent, except for two food
items (Table 10). Percent aggregate volume and occurrence for
strawberry guava during winter were higher than for tree ferns, but this
pattern was reversed in summer. Thus, tree fern was the preferred food
for six months of the year. During winter, feral pigs switched to a
diet essentially of strawberry guava when the fruit was seasonally
available.
(d) Diets of ohia forest animals
Tree fern formed the main diet of feral pigs in ohia forest, as
determined from stomachs of 6 pigs. Astelia sp., tree bark, and sedges
occupied the second, third and fourth rank positions in food importance
values (Table 11). Rank position for sedges in ohia forest animals were

TABLE -10: Seasonal variation in diets of feral pigs in koa forest
(610 to 1190m), Kipahulu Valley.

Summer (N = 10)
Food category

Plant food
Tree fern
Athyrium sp.
Woody vine
Grasses
Sedges
Roots
Strawberry guava
Leaves
Bark
Animal food
Earthworms
Snails
'May to September
October to April

Percent
aggregate
volume

Percent
occurrence

2.1
1.6

80
70
40
30
10
10
60
40
30

4.46

90

52.5

1.3
4.8
0.6
0.16
0.27
30.42

i
Winter (N = 12)
Percent
aggregate
volume

27.9

1.1
6.9
4.2
003
0.8
40.7

1.9
0.8
9.7
0,7

Percent
occurrence

50
41.6

50
50
16.6
16.6
83.3
66.6

25
91.6

8.3

TABLE 11: Average percentage composition of major food items in six
stomachs collected from February to October 1980 in ohia
forest (1180 - 1500m), Kipahulu Valley.

„ , ,
Food item

Percent
, . i
composition

Percent
occurrence

Importance
value

Plant food
Tree ferns
Roots
Bark
Sedges
Leaves

Cibotium sp.
Astelia sp.
Car ex alligata
Uncinia uncinata
Pepperomia sp.
Broussaisia arguta

Athyrium sp
Woody vine Freycinetia arborea
Wood
Animal food
Earthworm
Land snails (Succinea sp. )

57.8

8.2
10.8
5.5
0.3
2.2
2.2

2.5
4.2
0.5
1.7

1.7
0.3

100
83.3

50
66.6
16.6
33.3
33.3
83.3
16.6
33.3
83,3
83,3
33,3

5780

683
540
392
298
208
70

17
142
142
10

Based on aggregate volume. Dicranopteris (fronds and stems),
Lycopodimrij Hypochaeris radicata (roots), Vacinium berries,
Cheirodendron and Metro is ideros leaves were present as traces.
Unknowns, traces and amorphous materials make up the rest of
the ingesta.

higher than in koa forest animalsf but earthworms in ohia animals ranked
lower than for pigs in koa forest.
(e) Diets of koa forest animals as revealed by scat analyses
Analyses of feral pig droppings for presence or absence of
strawberry guava seeds showed that the proportion of scats containing
the seed was both a function of elevation and seasons (Fig. 17).
Proportion of droppings containing strawberry guava seeds was higher
than at higher elevations, and higher during winter than summer seasons.
No pig scats examined in ohia forest were positive for strawberry guava
seed, the highest sighting of droppings containing the seed was at
E945nu
(f) Foraging habits
Observations on foraging activities and freshly abandoned feeding
sites provided additional information of the food habits of pigs.
Feeding activities of feral pigs on 12 plant foods (Table 12) were
watched for a total of about 180 min during the 30 months of field work.
Most observations were brief and did not exceed one minute. There were
two unusual sightings. On November 18, 1979, a group of five adult pigs
at E640m was observed continuously for 55 minutes, from 1600 to 1655
hours. Another group of five animals, three adults and two juveniles at
K700 was followed on June 10, 1980, within six meters, for 45 minutes
from 0630 to 0715 hours. Feeding sites provided details of foods eaten,
selected and those parts that were rejected.

Figure 17; Monthly variation in the proportion of f^ral pig droppings Containing
seeds of Psidium caccls-ianum. Plot3 based on a total of 382 droppings
3xamined along che central ic:~arpm--nt trail (610 to 151'Cm) in 1980.
v'a) all elevation '610 to 1 5 ^ C m > per^-^r.tage plot, (b) percentage plot
by elevation.

TABLE 12: Nutrient composition of plants eaten by feral pigs in Kipahulu Valley, Maui, Hawaii.

Parts
eaten

Plant foods

Method
of determination

O •A A
+

S

•*•

Aleurites moluccana

F

+

Astelia sp.

B/R

-I-

+

Acacia koa
0

Min eral «composition*

Chemic:al composition*
Growth
form

DM

A

CP

EE

CF

P

K

Ca

Mg

Na

Mn

Fe

Cu

583

0.11 0.75 0.40 0.22 0.50

233

8.4

0.63 0.63 0.12 0.40 0.03

25

1,2 37.5 51.1

0.05 0.19 0.50 0.11 0.28

75

T

26.1

4.4 21.6

T

72.9

3.3 20.7 55.4 12.2

H

18.8

2.7

7.5

NFE

3.0 24.6 46.4

Zn

5.0

44

68 21.0

45

5.0

28

238

Athyrium sp.

yf/r

+

++

H

12.6 11.4 26.1

1.0 19.7 41.8

0.25 4.25 0.56 0.40 0.13

208

260 18.0

42

Broussaisia arguta"

Sh/L

•*-

+

H

12.8 11.5

9.5

1.9 16.8 60.3

0.13 0.93 2.12 1.26 0.53

279

213

6.0

37

Carex arliqata"

L/s/I

+.->+ +

H

29.0

3.9

8.4

1.4 38.1 48.2

0.09 1.11 0.11 0.12 0.28

320

131

9.5

40

Cheirodendron trigynum

L

+

•*• +

t

21.3

0.2 10.6

5.6 23.7 50.9

0.13 1.98 1.36 0.42 0.43

960

65

4.0

51

Cibotium chamissoi

tc

•*• + •§• +

t

32.4

2.3

5.1

0.3

9.1 83.2

0.08 0.50 0.21 0.09 0.07

34

26

9.0

26

st/f

4-

-f- +

14.6

3.3

2.0

3.9 18.5 72.3

0.02 1.10 0.03 0.08 0.23

15

68

3.0

25

Clermontia sp.

b/L/Fl/F

+

++

t

11.8

7.9

6.6

7.7 22.6 55.2

0.07 0.29 0.70 0.27 1.93

250

350

5.0

61

Colocasia esculenta0

C

+

H

24.5

4.2

8.2

0.5

43

C op r os ma sp.

b

+

t

Cordyline terminalis0

b

+

>

H

L

+

4-

L/S

+

+

II

Dicranopteris sp.t

f/s

+ +

•*•

Dubautia sp.

L/F1

+

>

Eugenia jambois

F

+

Eupatorium adenophorum

L/s

-»-

Freycinetia arborea

Sh

•f +

Cyperus sp.

Gouldia hillebrandii"

b

Hydrocotyle verticillata

L

•f

5.1 82.0

0.06 0.87 0.17 0.15 0.04

83 2450

3.5

8.6 17.7

4.3 24.5 44.9

0.23 2.90 0.18 0.43 0.10

340 1005

6.0

75

2.6

1.1 12.9 79.2

0.08 0.75 0.72 0.22 0.06

80

50

6.5

68

21.1

5.9 10.3

2.8 25.6 55.4

0.20 1.58 0.56 0.47 0.04

147

60

8.0

73

22.6

6.9

8.6

1.7 35.3 47.5

0.09 1.01 0.20 0.22 0.12 3458

308

3.0

48

H

20.2

3.6 11.0

3.0 28.9 53.5

0.11 1.12 0.06 0.10 0.06

327

53

5.5

25

t

12.3 13.1 14.1

2.1 18.3 52.4

0.16 1.25 1.19 0.90 2.76

280

98 14.0

40

+

t

14.7

9.1 78.7

0.06 0.63 0.28 0.18 0.04

12

5.0

60

4-4-

H

U.B 10.3 1R.3

7.6 12.2 51.6

0.19 2.25 1.07 0.64 0.07

470

wv

13.* 11.1

7.R

0.9 33. fi46.4

0.09 1.03 2.34 0.53 0.83

302

28 40.0

32

209 11.0

54

*

9.9
29.4

•»• •»•

t

17. S

-f ^«

H

6.7

4.2

2.0

3.9

5.8

64

140 29.0 100

ft.4 6.2

1.0 21.6 64.8

0.08 0.27 1.05 0.24 0.90. 710

if>.5 1^.1

5.7 15.2 43.5

0.22 3.13 1.47 0.51 0.85 2660 4200 11.5 140

Lycopodium sp. t

WP

-^ •»•

H

20.1

•1.6

7.2

2.3 38. /I 47.5

0.11 0.69 0.07 0.17 0.43

40

3

5.0

37

Machaerina anqustifolia

L

•»-

4-

H

20.2

5.B

8.6

3.1 40.0 42.5

0.10 0.70 0.08 0.12 0.68

75

58

2.5

33

Machaerina mariscoides

L

+

+

H

24.1

a. 3

6.3

1.0 37.2 46.4

0.09 0.38 0.11 0.09 0.77

35

30

2.0

14

Oplismenus hirtellust

L/s

+

+

H

10.8 13.9 18.0

2.4 17.9

0.24 3.63 0.99 0.88 0.06

360

76

9.0

47

Paspalurn con juqatum

L

+ + + +

H

16.6

1.3 32.3 47.0

0.16

140

177

8.0

33

Peperomia sp.

L/s

+

H

10.6

8.5 13.4

7.3 18.8

52.0

0.14 1.55 0.92 1.21 0.17 3208

206

8.5 105

Psidium cattleianum

F(pulp)

+ + +

t

16.7

4.1

5.1 17.9

69.9

0.04

Rubus hawaiiensis
Rubus rosaefolius

+

7.2 12.2

3.0

47.8

2.04 0.14 0.63 0.06

1.17 0.12 0.08

0.22

16

29

8.3 60.8

24.1

0.11 0.14 0.34 0.06

0.03

9

22 10.5

9.0 28.6

48.6

0.18 0.84 0.14 0.27 0.23

118

161 12.0

53

3.5

8.8 15.3 30.3

42.1

0.12 1.06 0.08

9.0

50

4.0

52 1745 14.5

38

+ + +

t

25.5

1.4

F

+

t

11.1

3.2 10.6

F

+ +

H

12.6

5.4

0.19 0.04

59

71

Sadleria sp.

r

+

H

20.2

4.3

0.8 25.1

65.8

0.08 0.45 0.16 0.34 0.41

Scaevola chamissoniana

L/b

+

t

11.7 10.6 15.5

7.8 17.6

48.5

0.14 2.27 0.66 0.74 1.13

367

Uncinia uncinatat

L

+

+

H

27.4

4.2

8.2

1.8 32.6

53.2

0.08

1.29 0.11 0.20 0.10

290

498

Vaccinium sp.

F

+

t

12.5

2.7

8.4 10.9 16.3

61.7

0.14 0.67 0.24 0.10 0.05

169

49

Other plant foods not subjected to proximate analyses:

WP

Hypochaeris radicata

R

Marattia douqlasii

r/f

Metrosideros polymorpha

L

Psychotria sp.

b

Sacciolepis indica

L

Spathoqlottis plicata

B

Key to notations:
* on dry matter basis
0
Polynesian introduction
endemic
exotic
t indigenous
O stomach contents
• droppings
A direct observation
A feeding sites

+

+

H

+

H

+
+ +

+

H
T
t
wv
DM
A
CP
EE
CF
NFF

H
t

+ +

t

+

H

+

H

herb
large tree
tree
woody vine
dry matter
ash
crude protein
ether extract
crude fiber
nitrogen-free extract

55
65

F(seed)

Deschampsia nubigena

7.0

S seedlings
F fruit
B bulb
R roots
yf younq frond
L J paves
r rhizome
s 3t:rm

tc
st
f
Fl
C
b
WP
Sh

tree core
stipe
frond
flower
corm
bark
whole plant
shoots

77 10.0 100

8.5

40

9.5 103

Pigs fed in characteristic ways on different plant species. Young
shoots, leaves, and fronds were selected over older parts. Freycinetia
arborea were bitten at the crown; the apical stem was fed on from base
towards the shoot apex, leaving the rosette of leaves at the feeding
site. Lateral buds that arose after the growing apex had been fed on
were eaten whole. Astelia plants were generally pulled rather than
rooted off the ground and bases of tree trunks; bulbs and roots, but not
leaves, were eaten. Root tubers of Hypochaeris radicata were obtained
by digging, and eaten whole. Leaves and flowers were rejected and left
at the feeding site. Pigs seemed to be able to root older plants in
preference to younger ones.
Most low-growing herbaceous plants were eaten from the shoot
downwards. Foot-high Broussaisia arguta were frequently seen with the
shoots and young leaves nibbled away. Pigs raised their heads to reach
for younger fronds of Athyrium. When feeding on Eupator ium, leaves were
stripped off the plant and eaten in preference over the stems. Rooting
was minimal when pigs forage on Hydrocotyle. Leaves were pulled and
eaten; the long creeping stems were neither rooted for nor eaten.
Rhizomatous parts of Marrattia douglasii were eaten whole, so were the
younger fronds. Lobeliads (Trematolobelia sp.) were uprooted; roots,
bark and young leaves served as food.
When feeding on grasses and sedges, leaves at the center of the
plants were usually browsed. Sedges (Uncinia uncinatay Carex alligata)
besides being a plant food for pigs in ohia forest, were also the most
commonly used and principal nesting material.

Debarking habits differed depending on tree species. Upright
Clermontia trees and those epiphytic on Cibotiumf and fallen trees were
usually stripped of their bark in one or two feeding sessions. Foraging
on Clermontia trees was exhaustive; bark stripping proceeded from trunk
to apex and left fewer teeth marks than debarking on other tree species.
These feeding activites kill the trees. Twigs, leaves, flowers, and
fruits were eaten, often leaving only a tree skeleton. Overhanging
branches were frequently reached for and pulled down for food.
Debarking of Coprosmay Gouldia hillebrandii, and G. terminalis was
commonly done with one to three bites at a time so that trees were
killed over a few months after repeated feeding and complete bark
removal. In Psychotria, bark removal was commonly associated with trunk
tusking.

In Scaevolay only the bark and shoots of the young, erect

non-branching growing stage were eaten. Bark, wood, and leaves of
Cordyline terminalis were usually eaten over a few feeding sessions.
Field observations indicated that debarking of Coprosma, Gouldia sp.,
an<

^ Psychotria appeared to be the foraging activities of individual

animalsf but tree bark feeding of Clermontia, Cordyline terminalisy and
trunk feeding of Cibotium sp. were more common than that of group
foraging activities.
Pigs obtained the starchy core from tree ferns by feeding directly
on upright, ground-trailing and fallen trees. Both species, Cibotium
chamissoi and £. splendens were eaten. Upright trees were felled by
cross-biting the trunk at a point about 0.6m above the ground. With
group feeding, more than one pig could work together to fell an upright

tree fern but this was not verified from field observations. Upright
tree ferns felled by pigs were always troughed from apex to the base for
the starchy core. Upright trees were sometimes fed on in their upright
position by vertical stem troughing (Fig. 18) to as high as could be
reached by the animal.

Although vertical trunk troughing foraging

posture was never observedf it was apparent that pigs stood on their
hind feet to feed up the trunk. Vertical trunk troughing was certainly
the foraging activity of adult animals. Ground-trailing tree fern would
have been more accessible to pigs but are uncommon in the Valley.
Hence, upright trees were the principal food source.

Old tree ferns

have hollow trunks and no starch core near their bases. These trees
were usually felled by winds. There was no field evidence to suggest
tree pushing by pigs, but pigs weaken tree ferns and contribute to their
fall by rooting around the bases of the trees. Trees isolated by
rooting were common on the Koukouai trail from 700 to 830m, and aloog
the escarpment trail from 1040 to 1220m. Fallen tree ferns were
troughed from apex to base like those felled by pigs. Feeding on tree
ferns was always very exhaustive.

Larger tree ferns that were not

completely fed on were revisited for subsequent feeding until the trunk
was completely troughed. Core feeding was more exhaustive than feeding
on stipes, fiddleheads, or fronds.

Fronds from upright trees were

sometimes pulled down (Fig. 19), stipes and lateral stems were foods.
Frond-pulling appeared to be a foraging behavior shown by younger
animals.

This foraging habit, once initiated on a tree fern was usually

progressive in that all fronds were eventually pulled down, and the core
was finally fed on.

Figure 18: Vertical troughing of standing tree ferns (Cibotium sp.) by feral pigs
in Kipahulu Valley. Core feeding kills these native trees. Pigs stand
(a,c) to trough high up the trees;- this tree fern feeding method is
restricted to adult pigs. Note that there is no feeding on fronds, stipes
or fiddleheads of tree fern in (b).
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Figure 19: Tree fern (Cibotium sp.) frond pulling and feeding habits
of feral pigs in Kipahulu Valley, (a) The early stages of
frond pulling. Note the remains of the partially fed stipe
on the ground, and the light trunk scarification, (b) Frond
pulling often kills or deprives trees of live fronds. The
lateral bud on the larger trunk has been eaten away,
(c) Hollowed out trunk of a tree fern felled for food by
a group of pigs. Note the pool of standing rain water in
the hollowed out trunk which becomes a microhabitat for
the breeding of mosquitoes.
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Rooting was observed to be related to the search for earthworms.
Rooting was shallow, seldom exceeded 20cm and may be explained by the
vertical distribution of earthworms. All nine species of worms were
litter and topsoil dwellers (Fig. 20a). Earthworm numbers varied with
depth (Fig. 20b), with most of the worms occurring in the first 10cm of
soil.
Rooting depth tended to increase in frequently rooted areas. In
Carex bogs rooting was usually confined to litter and topsoil
disturbance. Rooting depths in roseapple forest were generally deeper
because of the abundance of earthworms and the greater depth to which
Pontoscolex corethurus could be found (Table 13). Abundance estimates
at three forest sites indicate highest density in roseapple forest soil
and lowest density in ohia forest (Table 14). Earthworm density,
however, was observed to be irregular at each site depending on
drainage, soil type, pHf ground vegetation, presence or absence of
organic matter, e.g. decaying logs, pig scats, and rooting frequency.
In boggy areasf and ohia forest in general, earthworms occurred in the
litter layer, roots of herbaceous vegetation and surface soil. Rooting
depths in these areas were generally shallower than those at lower
elevations. In boggy areas vegetated with Oplismenus hirtellus and
Paspalum conjugaturn, pigs spot or point-rooted for earthworms.
Earthworms were swallowed whole; individual earthworms were identifiable
to their taxon.

Figure 20: (a) Vertical distribution of earthworms in Kipahulu
Valley. Horizontal line/ vertical bar and line represent
mean depth, standard deviations and range, respectively.
Numerals indicate number of sampling sites.
(b) Depth distribution of earthworms in roseapple forest
as determined by ten 0.5 x 0.5m quadrats.

TABLE 13: Results of the analysis of variance for the
effects of soil depth on the distribution
of earthworms, in the roseapple forest,
Kipahulu Valley. Analysis performed on 10
0.5 x 0.5 sampling units; soil depths
stratified at 10cm apart.

Source of variation
Total
Soil depth
Error

SS

df

MS

5623.8
4246.9
1376.9

39
3
36

1415.6
38.2

F
i
37.1

f

p < o.ooi

TABLE 14: Abundance of earthworms at three forest sites in
Kipahulu Valley.

Sampling site

N1

Sampling depth
(mean ± SD)

Roseapple forest, E600m
Koa forest, E920m
Ohia forest, E1450m

10
10
10

37.5 ± 6.1
33.1 ± 9.3
18.5 ± 12.3

Sampling units were 0.5 x 0.5m quadeats.

Numbers5 per m2
(mean ± SD)

146

± 61.3
69.2 ± 35,4
31.6 ± 25.5

(g) Nutrient quality of plant foods
Most of the dry matter of plant foods was carbohydrate (Table 12).
Nitrogen-free extract (NFE), i.e. sugars and carbohydrates, was
relatively highf but protein, fat and mineral content were low.
Twenty-five of 36 food items had total carbohydrate in excess of 75% dry
matter. Tree fern core had the highest NFE (83.2%) among all plant
foods, and low crude fiber (9.1%). Stipes of tree ferns were, however,
twice as fibrous and considerably higher in crude fat. Sedges (Carex
alligataf Uncinia uncinata, Machaerina sp., and Cyperus) ranked after
tree fern in total carbohydrates (more than 80%), but CF made up the
bulk (32-40%) of the DM. Other plant foods with NFE more than 70% were
strawberry guava, roseapple fruit (Table 12), Colocasia esculentay and
'Dar^ °f Cordyline terminal is. Nitrogen free extract in leaves of plant
foods exceeded 40%; CF was relatively high.
Ether extract in the proximate analysis represents neutral fat and
is generally taken to represent crude fat in the forage. Crude fatf
with the exception of kukui nuts, varied from 0.3 to 15.3.

This index

was higher in dicotyledonous than monocotyledonous plant foods.
was not a major constituent in the plant foods.

Protein

Foods with crude

protein (CP) in excess of 20% were represented by the young fronds of
Athyrium, Acacia koa seedlings, and fruits of Aleurites moluccana.
Foods with CP more than 10% were leaves of Cheirodendron trigynumy
Eupatoriumf Hydrocotyl, Qplismenus hirtellus, Cordyline terminalis, bark
°f Coprosma, Scaevolay and Dicranopterisy and fruits of Rubus
hawaiiensis.

Strawberry guava (pulp) was a poor source of protein (3%

DM); CF and CP were, however, higher in the seeds, but these nutrients
were not available to pigs. Tree fern was low in protein; CP (5.1%) in
the core was higher than that in either stipes (2%) or strawberry guava.
An inverse relationship between CP and CF was present in most plant
foods.
Ash varied from 1.4 to 11.5% of dry matter. This fraction includes
silica and other non-nutritional constituents. Inorganic residues
represented by the ash fraction showed that minerals were very diluted
in plant foods. Among fern foods, Athyrium had the highest nutritive
index for K, P. Caf Mg, Cu, and Zn. Mineral content was higher in
grasses than sedges and ferns. Fern foods were poor sources of calcium
and phosphorus.

Calcium ranked the highest in two endemic plants,

Freycinetia arborea and Broussaisia arguta. Dicotyledonous plant foods
had higher mineral content than monocotyledonous foods.
Discussion
(a) Characteristics of food habits
Food habits of feral pigs were characterized by:

(1) an omnivorous

diet consisting largely of plant matter, (2) a staple diet of tree
ferns, (3) a seasonal switch to strawberry guava when the fruit was
available, and (4) a strong reliance on earthworms as a source of animal
protein.
Omnivory in the feral pigs was evidenced by feeding at two trophic
levels. Plant matter formed the bulk (more than 93%) of the diet and

was largely derived from above the ground. Animal matter was
subterranean in origin, although ground and arboreal invertebrates,
which were of lesser importance, were also represented in the diets.
Food habits of feral pigs (Springer 1977; Barrett 1978; Giffin 1978;
Wood & Roark 1980) and the wild boar (Asahi 1975; Scott & Pelton 1975;
Howe et al. 1981) in other habitats were similarly characterized by
omnivorous diets composed largely (more than 90%) of plant matter.
Results from this and other studies (Baker 1975; Giffin 1978) show
the diets of feral pigs in Hawaiian rainforests were comprised
principally of tree ferns. Tree fern was the staple food for feral pigs
in Kilauea forest on the island of Hawaii (Mueller-Dombois et al. 1981),
Hawaii Volcanoes National Park (Baker 1975) and in the Kohalaf
Laupahoehoe and Upper Waiakea rainforest reserves on Hawaii (Giffin
1978). Above the upper limits of the tree fern distribution pigs fed on
plants which are characteristic of seasonal alpine habitats: grasses,
root tubers and fruits. Feral pigs in the alpine grassland on
Kalapawili Ridge, Maui (Jacobi 1980) and those on the Mountain pasture
habitat on Mauna Kea, Hawaii, had gosmore (Hypochaeris radicata) as
their staple foods while those on Mountain scrub-forest on Mauna Kea,
Hawaii, had ohelo (Vaccinium reticulatum) as their staple. Differences
in dietary composition for pigs in rain forest, mountain scrub-forest
and alpine grassland can provide clues on pig movements and dispersal
patterns through stomach analyses.

Why is the tree fern eaten in preference to other plants? Three
reasons are advanced to explain this food habit. Firstly, tree ferns
are still an available and in some areas a locally abundant food source
in closed rainforests (Zone D2 of Ripperton & Hosaka 1942) from
300-1800m. Secondly, tree fern core is a high energy food; the energy
content is comprised essentially of sugars and starches that are highly
digestible (see below). Proximate analysis show that no other plant
foods in this study area approach tree ferns in energy content per unit
weight (Table 12).

Feral pigs exploit tree ferns primarily for their

energy requirements; their strong preference for this food isf without
doubt, due to the soluble sugars (sweetness). Thirdly, tree fern is
selected as a staple food because of the large quantity (volume) of food
it contains. As an example, a mature tree fern with a trunk height of
three meters and a core diameter of 10cm will yield a core volume of
2.35 x 10 m . Assuming a stomach volume 3.2 liters and a 24-hour
stomach emptying, this food volume would fully feed a group of seven
pigs or an adult pig for at least seven days. Thus, pigs could obtain a
large quantity of several high energy meals from one felling of a tree
fern.
Feral pigs readily switched from a tree fern diet to a diet of
strawberry guava when the fruit was available in the fall. Diet shifts
such as this have been reported by other workers. Giffin (1978) noted
that feral pigs in rainforest habitats on Hawaii shifted from their tree
fern diet to a diet of banana poka (Passiflora mollissima (HBK) Bailey)
when the fruit was seasonally available. Barrett (1978) observed a

sudden shift in the diets of feral pigs from wild oats (Avena barbata
Pott, ex Link.) to acorns (Quercus) and manzanita berries
(Arctostaphylos) as soon as each food became available. Similar food
shifts have also been reported for feral pigs in Texas (Springer 1977)
and South Carolina (Wood & Roark 1980). The pigs1 ability to take
advantage of seasonally available foods rather than seek out scarce
out-of-season foods is an optimum foraging strategy in that energy
intake is maximized while time spent in food searches is minimized.
Some seasonal foods have higher nutritive value and continuous feeding
on the season's foods would build fat reserves to help tide over any
environmental food constraints in the following season.
Oligochaetes were the most important all-year source of animal
food. Percentage occurrence and volume composition of earthworms in the
diets of feral pigs were higher than those reported in other studies.
The abundance of earthworms, their occurrence over a wide pH range
(3.3-7.1), and their habits as surface or top soil dwellers accounted
for the importance of this food item. Feral pigs indirectly assisted in
providing nitrogenous foods to earthworms by their defecating and
urinating on rooting plots. Although nine species of earthworms were
found in the soilsf Pontoscolex corethurus was more commonly represented
in the ingesta than the other species, suggesting preferential feeding.
Earthworms differ in palatability (Gates 1972; Easton 1979 London pers. comm.). Preferential feeding on £. corethurus may be due to
palatability and its larger size. Additionally .P. corethurus contracts

violently when uprooted and thus may be attractive to pigs more than the
other species.
No vertebrate foods were found in the stomachs, except for
fragments of pig bones in the stomach of one lactating sow. Pigs
occasionally fed on pig skeletons. Calcium is lost by sows through
milk, and bone feeding was perhaps one way of replenishing this mineral.
Lack of vertebrate foods in the pig's diet is not necessarily
evidence that pigs do not interact with other vertebrate fauna in the
Valley. Feral pigs are known to feed on the eggs and goslings of the
ground-nesting Hawaiian goose (Branta sandvicensis) (Kier & Berger 1980)
and suspected of preying on the Newell shearwater (Puffinus puffinus),
the Hawaiian dark-rumped petrel (Pterodroma phaeopygia), the Hawaiian
owl (Asio flammeus) and the Hawaiian duck (Anas wyvilliana) (Warshauer
1980). Oi Auckland Island, New Zealand, feral pigs are known to search
the burrows of petrels for eggs and young birds and to feed on other sea
birds. Other studies have shown that vertebrate foods could be as
diverse as mole, frogs, birds (Asahi 1975); rodents, cattle, deer, fish,
snakes (Springer 1977)f animal carrion (Barrett 1971), salamander (Scott
& Pelton 1975), sea lions (Challies 1975) and sheep (Hone & O'Grady
1979). Since vertebrates are more mobile and have better escape
behavior, the pig's predation on vertebrates as food source are often
directed at the eggs or young of the animals.

(b) Impacts on rain forest ecosystem
Food habits of feral pigs were particularly damaging to the
structure and dynamics of the rain forest ecosystem. Feeding pressures
were directed at no less than 40 plant foods, 75% of which were native
plants in the herbaceous understory and subcanopy layer. Over 90% of
the diets were obtained above the ground principally through
tree-felling, debarking and cropping. This food habit contrasts with
that for the boar in Great Smoky Mountains National Park (GSMNP),
Tennessee, where 71% of the diet was subterranean in origin (Singer
1981). The most direct damage to the rainforest was the reduction in
the abundance of native trees (e.g., Cibotium chamissoi, C. splendens,
Clermontiay Gouldia hillebrandii). Continuous feeding pressure on these
evergreen plants could potentially eliminate or reduce some populations.
Local plant extinctions produced by the pigs1 selective food habits have
been observed in Tennessee (Bratton 1974). On Auckland Island, New
Zealand, Challies (1975) reported that feral pigs virtually eliminated
several species of endemic plants.
The most serious threat to the stability of the rainforest lies in
the triad formed by the pig (exotic), tree fern (native), and strawberry
guava (exotic). In this three-way interaction, both tree fern and
strawberry guava served as staple foods for the pig. The damage to the
rainforest may be discussed by examining each of these food chains:
pig-tree fern, pig-strawberry guava, and the tree fern-strawberry guava
interaction.

Pigs interacted with tree ferns at 3 levels:

(1) direct predation,

(2) disruption of regeneration, and (3) destruction of the sub-canopy
layer. Foraging habits killed and reduced the abundance of tree ferns.
The standing biomass was dominated by mature trees (Yoshinaga - unpubl.
data). Ground-trailing trees are common in rainforest with light pig
activity (Mueller-Dombois et al. 1981), but were uncommon in the Valley.
Fallen trees usually continue to grow and frond upright by establishing
a root system at a new base, but fallen trees were troughed out for food
before they could reestablish themselves. Feeding pressure will
probably increase when tree ferns are rare or when pig density is high.
At low levels of abundance, tree ferns could still be eaten out at a
faster rate because pigs could eat many alternate but less preferred
foods. The carrying capacity of pigs may be dependent on tree ferns.
Thus, the number of pigs which can be supported in the Valley or other
forest may be determined by the density of tree ferns.
The year round felling of tree ferns of all size classes most
probably affected the trees1 regeneration. The switch in diet from tree
fern to strawberry guava during early winter was of little consequence
in the recovery of this tree primarily because of its very slow growth,
rate. Growth statistics (Cibotium chamissoi) on an annual basis were:
1.34kg of starch core/ 5 fronds, vertical growth of less than llcm and
bole diameter increment of less than 0.3cm (Ripperton 1942). Tftis very
slow growth would mean that the trees were eaten out at a rate faster
than they could be replaced. Hence, tree fern represents a diminished
food source. The destabilizing factor in the ecosystem can be expected

to increase as this food is progressively reduced by pigs. Feral pigs
further affected tree fern regeneration by rooting activities.

Rooting

removed the liverwort and moss ground cover, thus depriving tree ferns
of beds for spore germination.
The tree fern subcanopy was destroyed each time a tree was felled
for food. Tree ferns provide a very special spatial dimension for many
rainforest plants. Native trees (Cheirodendron trigynun, Clermontia)
an

^ Freycinetia arborea are often epiphytic on tree ferns and hence add

considerably to the total subcanopy cover. Loss of tree fern biomass
through direct trunk feeding, or basal rooting could bring about a
substantial cover loss. Canopy loss has a destabilizing influence on
native ecosystems. Light stratification to the forest floor is modified
and this alters the composition of shade tolerant understory and ground
vegetation in favor of exotic species. Ecosystem studies in the
Hawaiian islands have demonstrated that tree ferns are the most
important stabilizing factor in rain forest and that any man or animal
induced tree fern removal will inevitably bring about a rapid invasion
of exotics (Mueller-Dombois et al. 1981). Thus, the rapid increase in
the exotic plant species pool in the Valley since pig occupation in 1945
could be linked, in part at least, to tree fern depredation.
The pig-strawberry guava food chain, unlike that in tree fern, did
not end at feeding (Chapter 7). This exotic animal-exotic plant
association had a spatial-temporal dimension in that the pig assisted in
the dissemination of the strawberry guava throughout its range. In so
doing the pig increased the distribution range of this plant food. Ihe

temporal dimension of this interaction was exemplified by the fact that
the pig-aided dispersal accelerated the spread of this shade tolerant
plant in new areas under the forest canopy. This weed is an active
invader in rainforest (Mueller-Dombois et al. 1981) and damages native
forest formations by successfully outcompeting native plants.
Replacement of native forests by guava stands established by feral pigs
has already been reported by Judd (1936). Thusf in the three-way
interaction, the pig reduces tree ferns and the subcanopy cover, but
increased the standing crop of strawberry guava. While one food
resource was depleted by the food chain, the other food source was
increased. It is through the latter food chain that feral pigs threaten
to displace native forest with the exotic invader.
Presence of koa leaves and seedlings in stomachs suggest that feral
pigs might be disruptive to the reproduction cycle of the native legume
tree (Acacia koa). Pig-koa interaction was somewhat complex. Koa
seedlings sprouted readily in pig-disturbed areas, and even on disturbed
B-horizon soils, but were less frequently seen on rooted sites vegetated
by exotic plants. Koa seedlings and leaves were not present in bulk,
but the percentage frequency occurrence was relatively high (Table 12).
Koa leaves had the highest crude protein among all plant foods and would
be a good source of dietary protein for juvenile animals. Field
observations showed that seedlings that sprouted on disturbed sites were
foraged during subsequent rootings. Since it could be assumed that
seedlings that were eaten would not normally have sprouted if the ground
had not been disturbed, then seedling removal would not be of any

importance in disrupting koa regeneration. However, Becker (1976) noted
that the stability of rainforest may be disturbed through reduction in
koa trees at high pig density. The present study seems to suggest that
koa regeneration on rooted areas was inhibited by competition with
faster growing exotics rather than by seedling removal. Exotic plants
that carpet disturbed sites probably deprived koa seeds of light that is
needed for germination.
Rooting removed ground vegetation from the forest floor and
initiated localized top and sub-soil erosion and produced seed beds for
exotic weed invasion. Surface rooting exposed topsoil to rainwash,
while topsoil rooting loosened the soils and mixed litter with uprooted
soil. Soil disturbance probably affected the rate of nutrient cycling,
litter decomposition and soil invertebrate populations. Singer (1981)
observed that boar rooting decreased soil mineral content, probably
through increased leaching. Rooting sites were generally re-rooted by
the same group of pigs. The abundance and size of earthworms appeared
to decrease in frequently rooted sites. Pigs responded to decreases in
earthworm densities by increasing their rooting depth and rooting area
at a rooting site.
The severity of erosion at disturbed sites was dependent on rooting
depth and the topographic features of the sites. Uprooted soils in
basin-like depressions were rapidly levelled by rain and flooding.
Along gentle slopes, top soil erosion involved movements of loose soils
to adjacent areas, producing in some areas a terracing effect or
sediment ponds. Rainfall was an aggravating factor in soil removal at

disturbed sites. Re-rooting at eroded sites frequently stripped the
site of the topsoil, leaving a rooting scar—the yellow, clayey
B-horizon soil. Erosion was less important in boggy areas and on
lovf-lying grassy flats on the lower floor. Here pigs spot-rooted rather
than root areally by rolling over ground vegetation. Rooting cavities
acted as sediment traps for loose soils. Erosion undoubtedly increased
the sediment load in the strearns, and might adversely affect the native
stream biota (Kinzie & Ford 1977), reduced recreational quality at Oheof
and affect marine productivity and in-shore fishing by coastal Kipahulu
residents.
Ground scarification promotes exotic weed establishment.

The

dramatic increase in exotic plants since pig invasion in 1945 cannot be
coincidental. Exotic plants increased from 5 in 1945 to 22 in 1967, and
to 55 in 1980 (Yoshinaga 1980). This more than three-fold increase was
represented largely by grasses (from 3 in 1967 to 14 in 1980)f
composites (from 4 in 1967 to 8 in 1980) and sedges (from 1 in 1967 to 8
in 1980). Increased pig activity and ground disturbance were the most
probable reasons for the increase in exotic species pool. On
pig-disturbed sites in the koa forest, the native herbaceous cover had
been removed or reduced and replaced with exotic weeds (Ageratum
conyzoides L., Cyperus brevifolius (Rottb.) Hassk., Eleocharis obtusa
(Willd.) Schult.f Sacciolepis indica (L.) Chase, Eupatoriumf and
Eleocharis valvis) (Yoshinaga 1980). Boggy openings previously
vegetated by the native sedge, Carex alligata, had been replaced with

invasive exotics, Paspalum conjugation Berg, or Cyperus haspan L.; the
latter species was an early colonizer of pig-disturbed sites.
The replacement of forest formations by grassy or weedy formations
through progressive pig activities are well known. This process seems
to progress at a faster rate in rainforest probably because high
rainfall favors faster growth in weedy exotics. Similar patterns of
vegetational changes have been reported from other areas. Feral pig
activity in alpine habitats reduced the cover of an endemic grass,
Deschampsia australis Nees ex Steud., to one dominated by an exotic
grass, Holcus lanatus L. (Mueller-Dombois 1967; Jacobi 1980). Reduction
in herbaceous cover and changes in herb community structure due to boar
activites in GSMNP had been documented by Bratton (1974f 1975).
Feral pigs had been suspected to contribute to the extinction or
decline of native forest birds via the mosquito-avian malaria cycle
(Warner 1968; Baker 1975). Wallows and, in particular, troughed tree
fern trunks were believed to provide microhabitats for the breeding of
Culex pipiensy a vector of avian malaria. Warshauer (1980) stated that
breeding habitats for mosquitoes in Hawaii Volcanoes National Park were
produced exclusively by feral pigs. This statement seems incorrect
because in the Valley's rainforest, standing water for mosquito breeding
exists in tree cavities, trunk axils, forest floor and at bases of
fallen trees. It seems very unlikely that the distribution of
mosquitoes was limited by the number of naturally occurring breeding
sites in the rainforest. Pig activities, however, did contribute to an
increase in the number of breeding sites. Tree ferns that were felled

for food were initially hollowed by pigs and later by rats or gradual
decay. Troughed out trunks also provided cavities for standing water.
Larvae of Culex mosquitoes have been observed in pools of standing water
on pig-abandoned tree fern trunks and were more frequently used than
wallows as breeding sites.
Differences in food habits between pigs in this habitat and
populations in other habitats are apparent from this study. Plant foods
are derived principally from above the ground. This food habit
contrasts with that for wild populations in Tennessee and most feral
populations on the mainland where the bulk of the plant matter was
subterranean in origin. Staple foods available in rainforest are
exceptionally good sources of energy, and are superior in energy content
to acorns and most other major foods for pigs in other habitats.
Earthworms are the most important source of protein, and probably
calcium; the importance value of this dietary protein for pigs in the
rainforest was higher than for pigs in other free-ranging populations.
Studies of food habits indicate that feral pigs were very unlikely to be
energy or protein limited. Blood biochemical values support the
tentative conclusion of adequate nitrogen intake (Chapter 10), and
further show that the protein status of feral pigs were comparable to
normally fed domestic pigs and superior than free-ranging populations in
some habitats.
Ihe impact of the pigs on the rainforest is probably more severe
than pig damage in continental habitats because of differences in
evolutionary history and the greater sensitivity of insular environments

to habitat perturbations. Feeding activities are directed at the same
species populations throughout the year. This is unlike pigs in
seasonal habitats where feeding activities follow the available plants
of the season. Most unique and perhaps ecologically devastating to
native forest stability is the pigs1 food preference for tree ferns and
destruction of the subcanopy stratum occupied by tree ferns. But all
aspects of the food habits are damaging to the native forest.

Rooting

initiates soil erosion; producing seed beds, and promotes invasion of
exotic weeds; and removes moss, liverwort, and native herbaceous ground
covers which are replaced by non-native species. Direct feeding on
native trees reduces their abundance and affects tree regeneration.
Finally, the feral pig assists the strawberry guava to replace native
forest formations through the open food chain it forms with this active
tree invader.

