CHAPTER 7

DISPERSAL ECOLOGY OF THE STRAWBERRY GUAVA
Introduction

Seed dispersal is the active process of transporting seeds away
from their sites of production. When animals are agents of seed
dispersal/ seeds may be transported byf on or in the animal (Pijl 1968).
Anecdotal accounts of these dispersal methods have been well documented
(Ridley 1930). Earthworms (Ridley 1930), birds (Smythe 1970), ungulates
(Burtt 1929; Lamprey 1967; Lamprey et al. 1974) including wild pigs
(Phillips 1926) and feral pigs (Mueller-Dombois et al. 1981) are known
to actively disperse many seed plants via gut transport of ingested
seeds. Only recently has seed dispersal ecology been recognized as
pertinent to the understanding of community interactions (Bullock &
Primack 1977).
The strawberry guava, Psidium cattleianum, is an agressive invader
(Mueller-Dombois et al. 1981) and noxious woody weed (see Literature
Review) in Hawaiian ecosystems. Feral pigs, goats, sheep and cattle
have long been recognized as important dispersal agents of this species
(MacCaughey 1917). In Kipahulu Valley, j?. cattleianum presently occurs
in montane rain forest from sea level to 1170m (Yoshinaga 1980). Under
the present conditions, native plants cannot compete successfully with
this aggressive weed which excludes all other indigenous plants by
forming densely shaded monospecific stands broken only by gulches and
forests of rose apple (Eugenia jambos). Feral pigs were thought to be

the primary agent for disrupting tfye native ecosystem and aiding the
\
spread of strawberry guava and other introduced plants (Lamoureux &
Stemmermann 1976) by transporting seeds in their gut. An understanding
of the effects of gut transport on seeds of .P. cattleianum is needed for
assessing this role of the feral pig in the dispersal of the plant.
The purpose of this study was to investigate the importance of the
pig as an agent in dispersal and germination of the strawberry guava.
Effects of endozoochory on the guava seeds were included in the study.
Specific questions raised at the outset of the study were: (i) How are
the seeds transported? (ii) How does passage of seeds through the
digestive tract of the pig affect seed structure, viability and
germination? (iii) Are seeds effectively transported in the gut? and
(iv) What are the ecological and management implications of this
pig-aided dispersal?
Literature Review
(a) Historical background
Psidium cattleianum Sabine belongs to the family Myrtaceae.
Indigenous to Brazil, the geographic range of the species extends from
Rio de Janeiro, Minas Gerais, to Uruguay (Correa 1926). Known as araca
da praia, araca-vermelho and araca-do-campo in its native home (Popenoe
1934), the species had been carried as an ornamental plant and for its
fruit to all tropical and subtropical regions of the world (Merrill
1954).

Portuguese explorers were presumed to have introduced the plant
into Southern China (Popenoe 1934). During the botanical explorations
of eastern Asia by European travellers in the 1800s, two Englishmen
Barr and Brookes, in 1818, brought seeds of the strawberry guava and
other Chinese plants into Europe (Bretschneider 1898). For some years
the species was erroneously thought to be a native of China and became
known by such names as the Chinese guava, Psidium chinensis and Psidium
sinense. It was not until 1824 when Lindley pointed out the mistaken
belief and traced its origin to the New World (Lindley 1824).
In 1820, William Cattley became the first to succeed in cultivating
the strawberry guava. He obtained two crops of fruits from the plants
he grew with the seeds he bought from Barr and Brookes.
that the plant could be propagated by cuttings.

Cattley found

In the same year, he

described the species of Psidium in a letter to Sabine, the Secretary of
the Royal Horicultural Society, London, as having "Coriaceous obovate
leaves...fruits which are spherical, deep claret colour and growing in
the axillae of the leaves" (Cattley 1821, see also Fosberg 1941, Corner
1976, for further botanical description of the species).
Sabine, in 1821, named the plant ]?. cattleianum, after William
Cattley for the latter!s botanical species description.

He further

described the fruit and plant in Cattley1s Conservatory (Bot. Reg. 8.
1822, F 622). Known commonly as the Cattley guava, original drawings of
the species were made in 1321 by Hooker (see Notes by Secretary, in
Cattley 1821) and Lindley (Bretschneider 1898) , As pointed out by
Fosberg (1941), the species name cattleianum, as accorded by Sabine to

Cattley in 1821, is often misspelled as cattleyanum. There may be
another reason for this discrepancy.

Historical records by

Bretschneider (1898) revealed that Lindley was Cattleyfs first patron
who drew, described and published many of Cattley's plants in Icones
Braamianae and the Collectanea Botanica. Cattley, who financed both
these publications may have been accorded the species name cattleyanum
by Lindley.

Although cattleyanum was used in older literature, its

usage is increasing in more recent publications, for instance/
Hillebrand (1965) and Corner (1976).
(b) Synonyms and varieties
A comprehensive review on the varieties and synonyms of I?.
cattleianum and £. littoralis has been given by Fosberg (1941). Some
authors consider ]?. cattleianum and £. littoralis synonyms of ]?.
variabilis (Popenoe 1934), but the latter two species have been included
under j?. cattleianum. j?. littoralis has been used in preference to £.
cattleianum by some workers, because £. littoralis was apparently the
earlier specific epithet (Merril & Perry 1938). Differences in citation
dates from title-page at the time an article was written and at the time
it was published appears to be the cause of this discrepancy.
Two varieties of the strawberry guava grow wild in the Hawaiian
Archipelago. More common is £. cattleianum which has reddish-purple
fruits and is locally known as red waiawi or yellow cattley,
waiawi-ulu'ula (St. John 1973), purple, or red guava. The other
variety, !?. cattleianum f. lucidum, also known as waiawi or yellow

cattley guava, has larger sulphur yellow fruits. The common name
cattley guava includes both varieties.
(c) Introduction into Hawaiian Islands
Like many other pantropic weeds, guavas were not present in
Polynesia proper at first European contact (Merrill 1954). The common
guava, £. guajava, was introduced into the islands in the early 1800s by
the sea-faring Spanish botanist, Don Francisco Marin (Shiguera & Bullock
1976). Live plants of both varieties of strawberry guava were probably
introduced into the islands from England on board the "Blonde" in 1825
(Degener 1932). Shortly after their introduction, both species became
wild. £. guajava was reported to be growing wild in 1850 (Thompson
1941) and £. cattleianum was wild by early 1900 (MacCaughey 1917).
Introduced birds and feral mammals were thought to be responsible for
the rapid spread of the plants. Today both varieties of _P. cattleianum
grow together often in wet forests of the Hawaiian Archipelago.
(d) Economic importance and other uses
Psidium cattleianum is the most widely cultivated guava species in
Central South America (Pio-Correa 1926) and the West Indies (Adams
1972). Except for cultivation in Fiji and Florida, the plant occurs
semi-wild or wild elsewhere in its distribution.

It has no commercial

importance in Hawaii. Experiments in which fruits were subjected to
near freezing temperatures showed that the fruit shrivel, ferment and
decay very rapidly (Wilcox & Hunn 1914). Fruits are eaten, made into

jams, gelatine, drinks, and, according to one Hana source, is good for
making into wine.
Native uses of the common guava are well recorded (MacCaughey 1917,
Ruehle 1948), as are its medicinal uses (Kaaiakamanu 1922). Less is
known about the native Hawaiian uses of the strawberry guava. In South
America, bark and leaves of the plant are used to treat intestinal
problems; bark is also used for tanning and the stem as wood (Pio-Correa
1926). According to a local resident, Greig Lind, remains of cement
pits, which were used by early Chinese immigrants for producing charcoal
from both guava species, can still be located in the mountains of Hana/
Maui.
(e) Weed characteristics
Occurring wild and under intensive cultivation, the strawberry
guava is not a weed problem in Brazil (Oliveira 1980 Rio de Janeirof
Brazil - pers. comm.). Outside its native range, the species has been
regarded as an aggressive weed or pest. In Hawaii and Fiji, £.
cattleianum is classified as a noxious weed. In New Zealand, it is
recognized as a potentially dangerous noxious weed. The following are
some of the weedy characteristics.
(i) High tolerance for variation in physical environment.—Psidium
cattleianum is found in tropical and subtropical parts of the world and
in high montane environments.

Its range includes India, Sri Lanka,

France, Spain, Algeria and other Mediterranean regions (Popenoe 1934),
Fiji, Jamaaica, Indo-Malesian region, the Philippines, Hawaii and other

Pacific islands, Florida, California and Cuba. It has an altitudinal
range extending higher than 1220m (Popenoe 1934). The species
withstands temperatures to -5°C and is grown for its fruits in
localities too cold for other guava species (Ochse et al. 1961). It is
fairly drought-resistant; withstands severe frost without injury; and
succeeds in a wide variety of sites including rocky ground, red clay,
sandy loam and wet forest soils.
(ii) High fecundity.—Large numbers of fruits are produced during
the fruiting season. Seeds have high germinative power (over 90%) and
possess a hard seed-coat, well adapted for short and long-range
dispersal by birds and mammals. Seedlings are shade tolerant and grow
well under parent plants. The plant reproduces readily from cuttings;
cut stems sprout easily.

Stem sections used for building corral traps

grew regardless of whether the basal or apical end was planted in the
ground.
(iii) Competitive ability.—The species forms very dense,
continuous stands and excludes other shrubs or trees (Hillebrand 1965)
presumably by limiting available light, nutrients and space.
(iv) Well developed insect and pest resistance.—Authors writing
on guava pests do not differentiate between the common guava or the
strawberry guava. It isf therefore, not possible to list pests specific
to the latter species. However, it is well-known that, like the common
guava, the strawberry guava suffers much less from attacks by
phytophagus insects. In its native home, the plant is attacked by

Aleurodes cokerillae, Pyrrhopige chared is and Stenoma albella
(Pio-Correa 1926).
Materials and Methods
Coats of captured pigs were combed as part of the process of
examining their role in transporting seeds on their exteriors.

Seed

materials and debris thus collected were sown in vermiculite at a fenced
germination, site GS1 (640m), GS2 (910m) or GS3 (1450m), closest to the
place of capture.

In order to ascertain what seeds were carried by pigs

in fecal matter, a total of 123 fresh droppings without obvious signs of
strawberry guava seeds were collected and planted in vermiculite.
Germination trays at each site were roofed over with white, transparent
plastic sheets in which small holes were punched.
Fecal samples were examined in the field and laboratory for seeds.
Seeds were extracted from *ach sample by washing through two soil
sieves, were air-dried, and later counts were made of broken and
unbroken seeds. Seed fragments derived from manually cracked individual
whole seeds were found to occupy an approximate area of 9mm . The
number of seeds broken during mastication were estimated by spreading
seed fragments of a fecal sample in a single layer on a grid and using
the number of filled 3 x 3mm squares as an estimate of the number of
broken seeds. One hundred whole seeds were randomly subsampled from
each fecal sample and methodically examined under a dissecting
microscope.

Degrees of seed-coat scarification were identified and

their frequency of occurrence recorded. Seed-coat and micropylar
scarification were also studied under a scanning electron microscope.
Seed viability is generally tested by direct observation of
embryos, X-ray analysis, tetrazolium staining or germination tests
(Colbry et al. 1961, Hartman & Kester 1975). A germination test was
used to investigate the effects of digestion on seed viability. The
germination test was replicated six times; the first two replicates each
consisted of 500 gut-treated and 200 untreated (control) seeds. The
four other replicates each consisted of 100 of each type of seeds.
Seeds from the same dropping were used for each replicate. Untreated
seeds were extracted by hand from mature fruits collected randomly from
the ground. Seed count, cross diameters and polar diameters were
measured for each fruit. Seeds were germinated in vermiculite in a
greenhouse and counts were taken daily as germination proceeded.
Plumule emergence was used as the criterion for germination.

Six

replicates of 100 gut-treated and untreated seeds were germinated in
vermiculite at GS1 and GS3.

The latter site was in a guava-free area.

Results
(a) Description of the strawberry guava fruit
Flowering began from April to July and was profuse.

Fruit-fall in

trees from 370-670m on the upper plateau was from late August to
December. Fruit maturity on any one tree or among trees was not
uniform. Dropped fruits fermented and decayed within a few days,
producing a strong aroma which carried quite a distance.

During the

duration of the study, fruiting was not observed on trees from
900-1200m; the latter elevation represents the present invasion front of
the species, and the trees appear to be in younger age classes.
Proximate analyses (Chapter 6, Table 12) showed that the fruit was
a poor source of calcium, phosphorus and magnesium. Dry matter, crude
protein, crude fatf crude fibre, phosphorus, calcium, copper and zinc
were higher in seeds than in the flesh; the fleshy part was high in
nitrogenn-free extract (soluble carbohydrates). The higher nutrient and
mineral contents in seeds were, however, not available to the pigs (see
below).
Seed count per fruit ranged from 1-30 and the average number of
seeds per fruit for 55 fruits randomly collected from the ground was
15.4. Cross and polar diameters for the smallest and largest mature
fruits were 0.94cm, 0.98cmr and 2.83 and 2.64cm respectively.
Correlation of seed number on cross diameter (r=0.78, df=48, PO.001)
were statistically significant (Fig. 21). Regression equations
intersect at I (CD=PD); larger fruits were, hence, broader than longer
(CD>PD) while smaller fruits were oblong (CD<PD).
(b) Species of seeds germinating from coats and from droppings
Plantings of materials collected from the coats of 18 animals
yielded six seedlings from four samples; the species represented were
Carex alligata, Paspalum conjugatum and an unidentified grass and sedge.
In 123 plantings of fecal materials from August 1979 to September 1980
at the three germination sites, 18 contained seedlings (Table 15).

Figure 21 : Regression equations for seed .count (y) per strawberry guava
(_P. cattleianuzi) fruit against the fruit's cross diameter (x;)
and polar diameter (x2). Sair.ple sizes for y, on xt and y2 on x2
were 50 and 55 fruits respectively.

TABLE 15: Seedlings recovered from 123 plantings of feral pig
droppings from August 1979 to September 1980 in
Kipahulu Valley.

Fecal
planting
sites

Number
of
fecal
plantings

Number
of
plantings with
seedlings

GS1

58

10

GS2

36

6

GS3

25

2

123

18

Total
]

Species of seedlings

PC

PC

Rr

Unknowis

10(42)

2(4)

2(2)

3(2)

6(6)

1(2)
2(3)

1(1)

4(5)

4(3)

2

3

16(48)

3(6)

PC = Psidinm cattleianuiru PC =- Paspalum coniuaatum.
Rr = Rubus
rosaefolius.
2
••—
Number of fecal plantings containing seedlings.
Total number of seedlings.

Psidiom cattleianum was observed in 16 plantings, Rubus rosaefolius in
four and £. conjugatum in three fecal plantings.

Fecal plantings that

were positive for P. cattleianum seedlings were grossly
underrepresentedf because droppings visibly loaded with guava seeds were
not collected for planting.
The low number of species of seedlings recovered from droppings was
contrary to expectationsf but was supported by field observations.

In

situ germination of seeds of other species in pig droppings was observed
only once for Paspalum conjugatum and twice for Rubus rosaefolius during
the entire study period. Seedlings sprouting from fecal material were
almost always that of £. cattleianum.

Observations of high seed loads

of £. cattleianum in pig droppings and in situ germination demonstrated
pig-assisted dispersal and the establishment of I?, cattleianum in large
numbers on a new site. Germinants from three such pig droppings were
separated and counted. The seedling counts were 762 (SOOon ), 250
(400cm 2 ) and 150 (169cm 2); the numbers in parentheses indicate the
settled surface area of the fecal material at the time of the count.
(c) Fecal seed load

/
Over 90% of all pig droppings collected (N=48) or examined in the
field (N=42) on the upper plateau from 600-850m contained seeds of the
strawberry guava. These observations were made from September to
December 1978, during an unusually rainy season. In most cases,
droppings consisted of dense aggregations of guava seed, fruit coats,
calyxes, and were typically loose, probably because of the high energy,

low fibre diet. Droppings containing strawberry guava seeds were a
useful indicator of the pattern of movement of pigs. Pigs feeding on
the fruit at lower elevations often moved upslope into areas where the
trees were not yet in fruit. Droppings containing guava seeds were
observed up to 850m, but fruiting was observed only on trees below 700m.
Scat analysis showed that strawberry guava was the principal
component of the pigs1 diet during the guava fruiting period. Counts of
voided seeds showed that an excrement of an adult animal could contain
over 6000 seeds. Fecal seed counts in 19 adult droppings averaged 2875
4- 1037 seeds; this would correspond to an average of at least 187
fruits, assuming that fruit intake was proportional to fecal production.
Less than 4% of the ingested seeds was found to be macerated by the
teeth or later digestive processes. Therefore, the pig carries large
quantities of physically undamaged seeds.
(d) Effect of gut treatment on seed germination
The final germination percentage was high in both gut-treated and
untreated (control) seeds (Table 16); the difference in germination
percentages was not statistically different. Therefore, the passage of
strawberry guava seeds through the digestive tract of the pig did not
affect the seeds1 viability.
However, seed passage through the pig's gut resulted in earlier
germination, as shown by the shift in germination curve towards the left
(Fig. 22). This shift was brought about by two factors:

(i) a

reduction in the number of days to first germination, which was 16 days

TABLE 16* Germination parameters for gut-treated and untreated (control) seeds of the strawberry guava,
P. cattleianum Sabine.t

Number of Seeds

Final
Germination Percentage

Germination Rate*

Germination Value**

Replicates
Gut-treated
Seeds

Untreated
Seeds

Gut- treated
Seeds

Untreated
Seeds

89.5

20.6

31.1

8.25

4.40

89.2

90,0

21.4

32.2

6.59

4.12

100

92.0

92.0

21.2

33.6

7.54

4.13

100

100

92.0

90.0

20.9

32.2

8.34

4.21

5

100

100

91.0

91.0

21.2

32.6

8.09

4.14

6

100

100

91.0

91.0

21.2

34.1

8.70

4.14

Gut-treated

Untreated
(Control

Gut-treated
Seeds

1

500

200

91.6

2

500

200

3

100

4

Untreated
Seeds

t Seeds for replicates 1 and 2 were derived from one pig dropping; those in replicates 3 to 6 were from
another dropping. There was no difference in the final germination percentage between gut-treated and
untreated seeds (F = 0.97, P>0.50) but differences in germination rate (F = 125.2, P>0.001) and
germination value (F = 144.1, P<0.001) were statistically significant.
* Mean number of days to 50% germination.
** Product of mean daily germination and maximum cumulative germination percentage during test. Index
expresses the speed and completeness of germination.

Figure 22: Germination curves for gut-treated (voided) and untreated
(control) seeds of the strawberry guava»Psidlum cattle!anum.
Daily means and S.D. are calculated from six germination trials
in Table 16. •voided seeds; A control.

for gut-treated seeds as opposed to 26 days for the untreated (control)
seeds; and (ii) the reduction in the time to 50% germination. The mean
number of days to reach 50% germination, measured by the germination
ratef was 21 days for digested seeds and 32.6 days for undigested seeds;
the difference in germination rate was significant. The mean
germination value which combines both the completeness and speed of
germination was 7.92 for gut-treated seeds and 4.15 for untreated seeds;
this difference was significant (P<0.001). Hence/ gut-treated seeds
germinate earlier and reach 50% germination faster than untreated seeds.
Germination trials for gut-treated and untreated seeds in the
strawberry guava zone (GS1) and guava-free zone (GS3) in ohia forest
yielded consistently high final germination percentages (Table 17). A
two-way factorial ANOVA (Table 18) shows a significant difference
(P<0.001) in germination rates between gut-treated and untreated seeds.
The effects of sites on germination rates was also significant
(P<0.001), but the effects of site on germination rates was not
dependent on gut-treatment (P>0.25). Thus, strawberry guava seeds in
the presently guava-free ohia forest could reach the same high final
germination percentage recorded at lower elevations, and the number of
days to 50% germination was increased at higher elevations.
(e) Effects of gut treatment on seed coat
During embryonic development, the ovule becomes inverted on its
base, resulting in an anatropous condition, with the hilum lying close
to the micropyle and the antiraphe more developed than the raphe (Corner

TABIE 17: Results of germination trials for gut-treated and untreated seeds of P. cattleianum in
Kipahulu Valley.
GS It (640m)
Replicate

Germination percentage

GS3t( 1450m)
Germination percentage

Germination rate

Germination rate

Gut-treated

Untreated

Gut-treated

Untreated

Gut-treated

Untreated

Gut-treated

Untreated

1

92

90

16

32

86

90

26

38

2

93

89

20

30

92

86

32

42

3

88

94

22

35

88

90

26

42

4

92

88

24

29

90

94

26

34

5

91

92

18

30

89

90

30

34

6

89

93

19

30

93

91

26

42

90.8

91

19.8

31

89.6

90.1

27.6

38.6

Average

.

Replicates consisted of 100 each of gut-treated and untreated seeds. Gut-treated seeds in each replicate
were derived from a different fecal sample.
Mean number of days to 50% germination.
tGermination site within strawberry guava distribution range,
t Germination site above upper distribution range of strawberry guava.

oo

TABLE 18: Summary table for a two-way factoral analysis of
variance (ANOVA) on the effects of germination site
(guava zone vs guava-free zone) and gut treatment on
the germination rates of seeds of P. cattleianum.

Source of variation
Total
Cells
Germination site
Gut treatment
Germination
gut
site
* treatment
Error

P < 0.001
P > 0,25

SS
1274.96
1097.46
360.37

737.04
0.044

177.50

df

MS

F

23
3

1
1
1

360.37

20

8.87

737.04
0.044

40.62
83.09
0.0049

1976). Consequently, the embryo is curved. The seed is surrounded by a
thick testa of highly lignified sclereids which form a very hard seed
coat. However, the endotesta tissues around the micropyle are
thin-walled and not heavily lignified forming the micropylar (sclerotic)
plug through the seed coat. The position of the plug is very evident in
the mature seeds because of a distinct cone-shaped protuberance in the
center of which is the micropyle (Fig. 23a).
Some differences in seed-coat appearance and structure were
observed in gut-treated and untreated seeds. Gut-treated seeds became
greyish black, rough and dull. The discoloration was more intense
around the hilum and micropylar areas. Scarification of the hard
seed-coat, as observed under the dissecting microscope, was only
superficial. Scanning electron micrographs showed some erosion of the
macrosclereid cells in the seed-coat revealing the deeper layers of the
multilayered sclerotic testa. Untreated seeds averaged 4.6mm (N=50) in
length, whereas gut-treated seeds were 3.8mm (N=50) long. The
difference in weight was untreated seeds 20ug, gut-treated seeds 18yg
average weight.
Four types of seed-coat scarification were identified for all
gut-treated seeds (Table 19). In Type I scarification, the anterior
part of the micropylar plug and its rim remained intact (Fig. 23b). The
sclerotic layer below the rim of the plug was eroded away/ producing a
cavity which may be continuous with the hilum. This was the most common
and severe seed-coat scarification and occurred in 85.9% of all
gut-treated seeds. In Type II scarification, the endotesta around the

Figure 23:Types of seed-coat scarification in seeds of the strawberry
guava (Psidium cattleianum) after their passage through the
digestive tracts of the feral pig.
(a) Uningested seed. Note the very prominent micropylar plug,
the micropyle, the close proximity of the hilum to the
micropyle, and the vascular strand.
(b) Type I scarification. The anterior region of the plug and its
rim are intact, but the sclerotic layer below the plug is
destroyed producing a cavity that may be continuous with the
hilum.
(c) Type II scarification. Partial or complete breakdown of the
endostesta around the edge of the plug.
(d) Type III scarification. Breaks, fissures and cavities on the
surface of the sclerotic plug.

a

b

c

d

TABLE 19: Percentage frequency in four types of seed coat scarifications in
seeds of 3?. cattleianum after their passage through the digestive
tracts of feral pigs in Kipahulu Valley.

Number
of
samples

48

Types of seed coat scarification

I

II

85.9 + 9.Q*
(55 - 100)

9.1 + 8.4
(0 - 36)

III
3.1 + 3.2
(0 - 12)

(%)

IV
1.7 + 2.3
(0 - 12)

Percent
of
broken seeds
3.9 + 3.25

1 Each sample size consisted of 100 fecal seeds randomly subsampled from seeds
extracted from a pig dropping.
2 See text for description. Percentage frequency was based on unbroken seeds.
3 Mean + S.D.
4 Range
5Based on total fecal seed count in 19 adult pig droppings.

micropylar plug was distintegrated either partially or completely.

When

the breakage was complete, a circular cavity was produced around the
plug (Fig. 23c). From an examination of 48 subsamples of 100 fecal
seeds the entire micropylar plug was removed from only seven seeds with
Type II scarification, thus producing a circular cavity. Breaks,
fissures and cavities on the surface of the sclerotic plug comprised
Type III scarification (Fig. 23c), which occurred in 3.1% of gut-treated
seeds examined. Type IV scarification, which was least common, showed
surface scarification of the plug, but with no visible breaks or
fissures.

The scarified surface was usually intensely discolored

(blackish).
Discussion
Fruit-eating animals acting as seed dispersers inevitably
contribute to a gain in dispersal of seed plants. This is brought about
by the animal eating the seeds in one place and transporting them
undamaged to another place.

In this way the animal not only helps to

relocate seeds but can play a direct role in the introduction of the
species to new environments. This study shows that the feral pig is not
a predator of strawberry guava seeds but an active disperser of the
plant, especially during its fruiting season. Therefore, the suspicion
of Lamoureux and Stenmermann (1976) that the pig is abetting the spread
of the strawberry guava is substantiated. A similar role of pigs in
dispersing the common guava was reported by Judd (1936). Thus, feral
pigs appear to be the primary agent responsible for the uphill spread of
the strawberry guava and their actions satisfactorily account for the

very dense clumps of seedlings growing in areas remote from guava
stands.
Planting results suggest that pigs do not transport many seed
plants on their body. Habits such as wallowing and tree rubbing would
regularly free the animals of seeds at those sites. However, field
observations showed that hooves were also important sites for seed
collection. Although at least 16 seed plants were foods for the pigs
(Chapter 6), planting of fecal materials yielded a surprisingly low
seedling number and species count. Most of the seedy food plants are
without hard seed-coats and, hence, may have been physically damaged by
the teeth during ingestion or lose their viability as a result of
passage through the pigs1 digestive tracts. Hence, the feral pig does
not appear to be as important in the dispersal of other seedy food
plants. In Africa, the bush pig is known to feed on 26 forest tree
fruits, but seeds of many of these food-plants are destroyed as a result
of passage through the gut (Phillips 1926).
To assess the role of the pig as a seed disperser for Psidium
cattleianum and to understand the ecological implication of this
ungulate-aided dispersal, the following factors need to be discussed:
fruit availabilty and its importance as a food source, gut pH and
gastro-intestinal treatment, animal movementsf defecation sites and
frequency of defecation. All these factors interact in the
establishment and distributional pattern of the plant.

In the area of this study, a major flowering season occurred from
March through June and fruit fall occurred from August to December.
Fruit ripening, and hence fruit drop, was non-uniform throughout this
period. Thus, the fruit was available for a substantial period of the
year and generally in sufficient quantity to be able to act as a primary
food source for these animals during August to December.
Fruits were eagerly sought as food, particularly during the
fruiting season when pigs behave as opportunistic frugivores. Movements
of pigs into the fruiting area were observed to be directly related to
the availability of the fruit. Four heavily used trails were monitored
during this study, of which two were reopened by movements into the
fruiting area. The frequency of trail use was twice each day, but no
attempt was made to determine whether the same or different groups of
pigs were using the trail. After the fruiting season, three of these
trails were abandoned, and the trail use frequency was so low that
revegetation by weeds along some sections of the trail occurred. Field
observations, stomach and scat analyses showed the fruit was the
principal component of the pigs1 diet from September to December
(Chapter 6). The dietary range was narrow during this time; the other
commonly encountered food items in the stomachs being perechaetine
Megascolecidae earthworms, Paspalum conjugatum, ferns, molluscs, roots
and other vegetable matter.
Fruit-feeding behavior and the action of digestive fluids on the
ingesta are important considerations in the preservation of seed
viability. The ability of the seed to escape physical breakdown during

feeding is the first determinant of dispersal. For most herbivorous
mammals in Africa, seeds pass through the mammals1 digestive tract
without further damage (Lamprey et al. 1974), but in the impala ingested
seeds were mostly damaged by the animal's smaller teeth (Jarman 1976).
The ability of the seed to escape the crushing action of the teeth
depends on seed-coat hardness, size of the seed, animal's dentition and
eating behavior. In the case of the feral pigf ingestion did not damage
the seed which has a hard seed coat. Feeding on the fruits was very
brisk with minimal chewing. The occasional broken seeds were the result
of jaw action and was probably accidental. Since less than 4% of the
seeds were broken down, the nutritional value of the fruit was derived
mainly from the pulp and not the seeds.
The higher germination value in gut-treated seeds, but similar
final germination percentages in gut-treated and untreated seeds,
indicate that gut passage hastens germination with no embryo mortality.
The scarification of the micropylar plug—the last part of the seed to
become lignified (Corner 1976)—and the erosion and breakdown of the
seed-coat at these points probably facilitated the entry of oxygen and
water, thereby inducing earlier germination.

Acid-soaking in the gut

may have brought about the release of any inhibitor substance. The
stomach pH of gastric juices of the pig varies from 0.8-4.4 depending on
the food and starvation level in the animal (Ryle & Porter 1959; Pond &
Houpt 1978). Chemical scarification by gastric juices on ingested seeds
is dependent on duration of gastric emptying, which is 6-12 hours after
the last meal (Kidder & Manners 1978). Examination of gastric-treated

seeds in the stomach and entire length of the digestive tract in three
animals, showed that seed coat scarification was not exclusively due to
gastric treatments. Bile secretions, other digestive fluids and gut
microflora probably contributed to further seed-coat scarification after
the initial acid scarification in the stomachs.
Hastening of germination in JP. cattleianum after gut-treatment and
acid scarification has also been reported in other species of guavas.
Watt (1923) observed that several common guavas did not easily germinate
unless seeds were derived from animal droppings.

Laboratory

scarification experiments using organic acids to treat the hard seed
coat of the common guavas have resulted in a hastening and improved
germination (Sinha et al. 1973; Singh & Soni 1974). Improved rates in
germination have also been reported for some seeds recovered from the
droppings of the bush pig (Phillips 1926). For many other seed plants,
gut transport by vertebrates may result in enhanced germination (Ridley
1930; Krefting & Roe 1949; Lamprey et al. 1974), a hastening in
germination (Swank 1944? Janzen 1970) or a lowering in viability (Swank
1944; Jarman 1976).
The potential for long distance dispersal of large numbers of
viable seeds is considerable. Pigs defecate on the average 6.6 times a
day (Barrett 1979 - pers. comm.). The first feces are formed and
defecated 14-16 hours after a meal (Castle & Castle 1950). High fecal
seed load verifies that the pig is a significant dispersal agent.

Defecation habits and rooting activity introduced other
complexities in the pig-aided dispersal ecology of strawberry guava. If
20 pigs fed on the fruits for a one-month period, a total of 132 daily
droppings would be scattered in their home range. If each dropping
contained 2000 seeds, then there would be a total of 132 localized
aggregations of 2000 fecal seeds distributed in the area. Over a 30-day
period, there would be 3960 droppings resulting in 7.92x10 seeds.
Fifty percent of these fecal seeds would have germinated in less than
two weeks from the time they were dropped. Although observations of
droppings containing fecal seeds along the trails were frequent,
encounters with seedlings germinating from droppings were less frequent.
Droppings with seeds and seedlings were frequently rooted, trampled over
and buried in the ground. This observation introduces a new dimension
to the dispersal ecology of the strawberry guava in that the pigs are
building up a guava seed bank in their home range. Seeds in the seed
bank may act as an important subsource for seed transport into new areas
by rainwash.
The role of birds in exploiting the seed resource in Hawaii is well
knownf but its importance in seed dispersal cannot be ignored. The
Chinese laced-necked dove, Streptopelia chinensis; the Indian mynahf
Acridotheres tristis; the rice bird, Lonchura punctulata; the house
sparrow, Passer domesticus; and the melodius laughing-thrush, Garrulax
canorus; have been known to feed on the fruit (MacCaughey 1917). In
Brazilf the strawberry guava is dispersed principally by birds (Oliveira
1980 Rio de Janeiro, Brazil - pers. comm.) and bats (Ridley 1930).

Birds which feed on fleshy fruit do not ingest the seeds, though seed
intake may be accidental. The size of the birds is important, as small
birds do not feed on the seeds. Birds with hard gizzards destroy
ingested seeds; those with soft gizzards excrete seeds with their
viability preserved (Harper 1977). Birds generally drop seeds in the
shade. Although seed-feeding birds have been known to disperse certain
plant species and help establish a forest (Janzen 1970; Smythe 1970),
their role as dispersal agentsf when compared to the feral pig, are
probably insignificant because: (i) birds generally reject seeds,
whereas whole fruits are eaten by the pigf and (ii) the stomach volumes
differ in capacities; pigs can effectively transport many times more
seeds in a shorter period of time than birds or other dispersal agents.
Nonetheless, hollowed out and partially pecked mature and immature
strawberry guava fruits have been observed. The Japanese white eye,
Zosterops j aponicus, has been observed to feed on the fruit; the
red-billed leiothrix, Leiothrix luteay and other birds are also known to
feed on the fruit. Another animal disperser is the mongoose; seeds of
strawberry guava occurred in droppings and in stomach contents of
trapped mongooses.
The presently observed altitudinal range of strawberry guava in
Kipahulu Valley is almost certainly not the species1 potential upper
limit of distribution in Hawaii. Field germination experiments in the
strawberry guava-free zone at 1450m suggest that environmental
conditions here are suitable for germination. Certain less favorable
edaphic conditions and possible seed decay resulting from flooding in

water-logged soils may limit the presently observed species range.
Elsewhere, the species grows wild up to 1220m and withstands wide
variations in environmental conditions. In Hawaii, salt spray and
strong winds appear to diminish growth and fruit production at sea
level, while cooler temperatures and low sunlight reduce growth at
higher elevations (Shigeura 1973).
The principal dispersal agent of strawberry guava in the study area
has been identified. The entire process of pig-assisted invasion and
establishment of the weed can be observed in the field. Ingestion of
the seed by pigs enhances the rate of seed germination. There is a
synergistic relationship between the pig and the strawberry guava in
that the pig transports the plant'to new areas which in turn expands the
food resources of the pig. In such a synergistic pig-plant interaction,
each species helps the other to spread and colonize new habitats for
their mutual benefit. In timef the entire Kipahulu Valley could
conceivably be invaded and occupied by strawberry guava which will
displace and exclude all other indigenous plants and dependent animalsr
several of which are officially declared endangered. A classical
example is known on Oahuf where an extensive guava (Psidium guajava
pyriferum) (sic) forest in Niu Valley Valley was established principally
by feral pigs (Judd 1936). The best theoretical solution to the exotic
species interaction problem would be: (i) destroy the seed source,
i.e., eradicate the strawberry guava plants; and (ii) free the area of
the dispersal agent, i.e., eradicate the feral pig. Eradication of
strawberry guava may be sound in theory but practically impossible.

This should not be taken as a setback or an indication that the problem
is insoluble. Various chemical, biological, mechanical and other
cultural methods have been used in attempts to eradicate, exclude or
contain the spread of strawberry guava. Some of these control measures
should be adopted and integrated with a feral pig control program.
Control programs aimed at eradicating the pig or depriving it of
strawberry guava as a food source may be more practical, at least
initially.
The type of exotic species interaction described in this study
plagues managers of native ecosystems and once again carries a special
message to Committees on Animal Importation.

Introduced animals

interact to produce obvious or subtle relationships and consequences
that could change with time and habitat, causing undesirable effects
which are ecologically disdvantageous to man and natural ecosystems.
Animals should be introduced into new areas only after the most careful
evaluation of their potential impact.
Finally, it is hoped that this study will arouse interest in future
research on effects of internal seed passage through herbivorous and
granivorous animals.

In Hawai'i, information of this nature would be

valuable for range, forest and wilderness management.

