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Summary
As part of the processing of fl eshy fruits, 
many frugivores remove pulp from 
seeds by external handling or internal 
processing in the digestive system. Ex-
ternal processing was simulated for 
fi ve fl eshy-fruited, non-native invasive 
trees in Hawaii through manual removal 
of pulp from seeds. Species used were 
coralberry (Ardisia crenata), green ces-
trum (Cestrum nocturnum), Padang cassia 
(Cinnamomum burmannii), fi ddlewood 
(Citharexylum caudatum) and Brazilian 
peppertree (Schinus terebinthifolius). De-
pulping of fruits signifi cantly increased 
seed germination over all species. Mean 
germination of de-pulped fruits of coral-
berry, green cestrum, Padang cassia, fi d-
dlewood, and Brazilian peppertree was, 
on average 72, 37, 47, 18 and 17% greater 
compared with pulped fruits. In general, 
de-pulped fruits germinate faster com-
pared with pulped fruits. Mean germina-
tion rate index (50%) for coralberry, green 
cestrum, Padang cassia, and Brazilian 
peppertree was faster by 26.7, 64.1, 19.5 
and 44.3% compared with pulped fruits. 
The germination rate of de-pulped fruits 
of fi ddlewood was slower by 4% com-
pared with pulped fruits. These results 
suggest that frugivores may facilitate 
establishment of fl eshy-fruited invasive 
plants not only through dispersal, but 
also through seed processing that ulti-
mately enhances seed germination and 
reduces germination time. 

Keywords: Germination rates, inva-
sive plants, pulp removal, Hawaiian is-
lands.

Introduction
Fleshy fruits provide a key food resource 
for many animals (Howe 1986, Jordano 
2001) which, in turn, are important seed 
dispersers (Howe and Smallwood 1982). 
Dispersal is advantageous to both seed 
and seedling survival (Willson and Trave-
set 2001), and birds are considered to be 
the most important dispersal agents (Stiles 
2001). The type and quality of frugivory, 
however, determines in part whether or 
not a seed is effectively dispersed. Frugi-
vores that consume fruits and transport 
intact seeds are considered legitimate 
dispersers (sensu Snow 1981, Levey 1987, 
Jordano 2001). Some pulp consumers pick 
at or mash pulp without swallowing or 
dispersing seeds, whereas seed predators 
can digest or crush both pulp and seeds 
(Jordano 2001). Therefore, seed process-
ing and digestive ability, in addition to 
frugivore ranging behaviour, can play a 
role in successful dispersal (Jordano and 
Schupp 2000). 

Seed passage through birds affects via-
bility and germinability (Barnea et al. 1991, 
Traveset and Verdú 2002, Mandon-Dalger 
et al. 2004, Buddenhagen and Jewell 2006). 
Pulp consumers can infl uence germina-
tion by removing pulp from around seeds. 
Soto-Gamboa and Bozinovic (2002) found 
that regurgitation, although less effective 

than defecation, still stimulated germina-
tion. Pulp removal may prevent microbial 
damage to seeds (Witmer 1991) and can 
enhance germination in certain species, 
implying that germination inhibitors may 
be present in pulp (Fukui 1995, Yagihashi 
et al. 1998, Baskin and Baskin 1998). There-
fore, pulp consumers can infl uence seed 
germination and subsequent seedling es-
tablishment without necessarily ingesting 
or dispersing seeds. These effects may fa-
cilitate invasion of non-native species in 
novel environments. 

Frugivory is believed to play an im-
portant role in facilitating plant invasions 
(Richardson et al. 2000, Gosper et al. 2005). 
Recruitment of certain invasive plants 
may even be dependent on frugivores 
(Panetta and McKee 1997, LaFleur et al. 
2009), although the relative importance of 
pulp removal versus seed dispersal in suc-
cessful establishment may differ between 
species (Tassin et al. 2007). To assess the 
role pulp removal may play in recruitment 
and establishment of invasive plants in the 
Hawaiian Islands, an experiment was con-
ducted to test the hypothesis that (1) pulp 
removal does not enhance germination 
and germination rate of fi ve fl eshy-fruited 
invasive plant seeds.

Materials and methods
Seed collection
Fruits of fi ve woody, non-native plant spe-
cies including coralberry (Ardisia crenata 
Sims), green cestrum (Cestrum nocturnum 
L.), Padang cassia (Cinnamomum burman-
nii (Nees) Blume), fi ddlewood (Citharexy-
lum caudatum L.) and Brazilian pepper-
tree (Schinus terebinthifolius Raddi) were 
collected on 11 October 2002 along the 
Manoa Cliff Trail, Oahu, Hawaiian Islands 
(21°19’N, 157°48’E, 450 m asl) (Table 1). 
Species selection was based on availabil-
ity of fl eshy fruits adapted for frugivore 
consumption (Howe 1986). Fruits were 
collected from fi ve or more plants of each 
species. The site vegetation was a mixed 
mesic-wet forest community dominated 
by non-native trees including Psidium cat-
tleianum Sabine and Citharexylum spp., 
interspersed with remnant patches of 

Table 1. Non-native, fl eshy-fruited invasive plant species on Manoa Cliff Trail, Oahu, used in germination studies.

Species Origin Growth form Family Fruit type
Number of 

seeds per fruit
Diameter of 
fruit (mm)

Ardisia crenata Southern Asia Shrub Myrsinaceae Dark red drupe 1 5–8

Cestrum nocturnum Antilles and Central 
America

Shrub to small tree Solanaceae White berry 7 ± 0.8A 8–10

Cinnamomum burmannii Indonesia Tree Lauraceae Dark blue berry 1 10–12

Citharexylum caudatum Mexico, Central to 
South America

Large shrub to small 
tree

Verbenaceae Purplish black 
drupaceous

4B 5–8

Schinus terebinthifolius Brazil Shrub or tree Anacardiaceae Red drupe 1 4–6.5
A n = 25 fruits.
B Two 2-seeded pyrenes per fruit.
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native species such as Metrosideros poly-
morpha Hook & Arnott and Acacia koa 
A.Gray (Wagner et al. 1999). 

Seed treatments
The experiment consisted of two treat-
ments including pulped (control) and de-
pulped seeds replicated three times. Treat-
ments involved complete pulp removal 
from ripe fruits and planting of seeds. All 
pulp was manually removed using water 
and paper towels, and seeds were allowed 
to dry before use. The term ‘seed’ refers 
to the persistent part of the diaspore. For 
single-seeded species (coralberry, Padang 
cassia, and Brazilian peppertree), 25 seeds 
and fruits were randomly selected per rep-
licate. For fi ddlewood, 25 intact fruits, as-
sumed to contain two pyrenes each, were 
randomly selected per control replicate. 
For fi ddlewood treatments, 50 two-seed-
ed pyrenes were randomly selected per 
replicate and planted to give equal num-
bers of seeds per treatment and control. 
For the multi-seeded green cestrum, seeds 
were counted in 25 berries (mean = 7 ± 0.8 
seeds berry−1). For green cestrum controls, 
25 intact fruits were randomly selected 
per replicate. For green cestrum treat-
ments, 175 seeds (7 × 25) were randomly 
selected per replicate, and planted to give 
approximately equal numbers of seeds 
per treatment and control. De-pulped and 
pulped seeds were surface sown on com-
mercial potting soil (Black Magic Indoor/
Outdoor Potting Soil®) in plastic trays 
15 cm diameter × 3 cm deep. Replicates 
were randomly arranged in a screened 

nursery permitting 50% ambient sunlight 
and were rearranged daily. Screens pre-
vented vertebrates, but not invertebrates, 
from accessing seed fl ats. Trays were wa-
tered as needed to maintain soil moisture. 
Germination, defined as radicle emer-
gence, was counted daily and seedlings 
removed. For multi-seeded fruits, germi-
nated seedlings were removed daily and 
the fruit and remaining seeds were left 
on the medium. Total seed germination 
after seven-weeks was recorded for each 
treatment and control, as germination had 
ceased at that point. Germination rate was 
calculated as the mean number of days to 
50% of cumulative total values for each 
treatment and control. Data for germina-
tion amounts and rates were compared 
with two-sample t-tests assuming unequal 
variances (Zar 1999). 

Results
Germination amounts
For all species, total germination of de-
pulped seeds was greater than for pulped 
seeds (Table 2, Figure 1). Mean germi-
nation was significantly greater in de-
pulped seeds of coralberry, Padang cas-
sia, and green cestrum compared with 
pulped seeds of the same species (Table 
2, Figure 1). For fi ddlewood and Brazilian 
peppertree, more de-pulped seeds ger-
minated compared with pulped seeds, 
though not signifi cantly so (Figure 1). 

Germination rates 
For four of fi ve species, de-pulped seeds 
germinated faster compared with pulped 

seeds (Table 2, Figure 1). For green ces-
trum, germination rates were signifi-
cantly shorter, compared with coralberry, 
Padang cassia, and Brazilian peppertree, 
(Table 2, Figure 1). In contrast, pulped 
seeds of fi ddlewood exhibited a slightly 
shorter germination rate compared with 
de-pulped fiddlewood seeds, however 
this difference was not signifi cant (Table 
2, Figure 1). 

Discussion
Pulp around seeds generally decreased to-
tal germination and increased mean time 
to germination. Others have reported 
similar results (Izhaki and Safriel 1990, 
Fukui 1995, Moore 2001, Mandon-Dalger 
et al. 2004), suggesting that dispersal is not 
the only benefi t that frugivores provide to 
seeds. Pulp removal, whether by gut pas-
sage or external manipulation, may allow 
for rapid seedling establishment in com-
petitive environments, with or without 
subsequent seed dispersal. 

Other benefi ts of pulp removal include 
reduction in fungal or bacterial damage 
to seeds (Witmer 1991, Moore 2001) as 
well as escape from seed predators reli-
ant on olfactory or visual cues (Nystrand 
and Granstrom 1997, Moles and Drake 
1999). The lack of a signifi cant difference 
in germination rates between pulped and 
de-pulped seeds of fi ddlewood may be 
due to the complete pulp degradation 
recorded for fruits within two weeks of 
initiation of germination trials. Although 
not observed, invertebrate pulp consum-
ers could facilitate rapid pulp removal 

Table 2. Total germination and mean time (d) to 50% cumulative total germination of seeds (de-pulped) and fruits 
(pulped) after seven weeks for fi ve non-native, fl eshy-fruited invasive plant species. Means for treatments and 
controls were compared using two-sample t-tests assuming unequal variances.

Species

Seed totals 
for treatment 
and controlA

Total 
germination

Germination 
percentage

Mean ± SE 
(n = 3) P-value 

Mean time (d) to 
50% germination 

± SE (n = 3) P-value 
Ardisia crenata seeds 75a 59 78.67 19.67 ± 2.30 0.019 32.98 ± 1.83 0.181

fruits 75a 5 6.67 1.67 ± 0.88  45.00 ± 3.00B  

Cestrum nocturnum seeds 525b 489 93.14 163.00 ± 4.20 <0.001 9.77 ± 0.13 0.011

fruits 525b 294 56.00 98.00 ± 9.00  27.26 ± 1.86  

Cinnamomum burmannii seeds 75a 42 56.00 14.00 ± 1.00 0.002 35.29 ± 3.71 0.173
fruits 75a 7 9.33 2.33 ± 0.67  43.83± 1.74  

Citharexylum caudatum seeds 300c 118 39.33 39.33 ± 2.40 0.098 16.28 ± 0.96 0.760
fruits 300c 64 21.33 21.33 ± 5.60  15.63 ± 1.69  

Schinus terebinthifolius seeds 75a 19 25.33 6.33 ± 1.90 0.132 9.00 ± 0.00 0.112
fruits 75a 6 8.00 2.00 ± 1.00  16.17 ± 2.62  

A Numbers of seeds inside intact fruits are estimates: a 75 = 3 × 25; b 525 = 3 × 175; c 300 = 3 × 100.
B n = 2.
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for some species. This may enhance ger-
mination in fruits missed or ignored by 
vertebrate frugivores (Passos and Olivei-
ra 2004, Rader and Krockenberger 2007). 
Pulped seeds of coralberry and Brazilian 
peppertree were still present after seven 
weeks. These species may be particularly 
dependent on frugivores for pulp removal 
and germination, as Panetta and McKee 
(1997) found for Brazilian peppertree in 
Australia. Differences in fi nal germina-
tion between de-pulped and pulped seeds 
may also be a result of study duration. 
Conducting longer trials might allow for 
further pulp decomposition around seeds 
and potentially greater germination to-
tals for seeds within fruits. Nevertheless, 
differences recorded during the experi-
ment imply that frugivore pulp removal 
may complement seed dispersal in the 
rapid establishment of fl eshy-fruited in-
vasive plants. 

Frugivorous birds present throughout 
the Hawaiian Islands, including the Japa-
nese white-eye (Zosterops japonicus), the 
red-vented bulbul (Pycnonotus cafer), and 
the common myna (Acridotheres tristis), 
have been observed feeding on Brazilian 
peppertree fruits and other fl eshy-fruited 
invasive plants (LaRosa et al. 1985, Scott et 
al. 1986, Chimera 2004, Foster and Robin-
son 2007). As both fruit handling methods 
and frugivore species are important to dis-
persal (Levey 1987, Moore 2001), further 
research on which bird species are han-
dling, consuming and dispersing fruits 
and seeds of particular weed species, and 
the effects of processing on amounts and 
rates of germination, is required to pro-
vide insights into a key component of the 
invasion process that is often based on as-
sumptions or anecdotal evidence (Meisen-
burg and Fox 2002).
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