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Abstract Mutualisms or interspecific interactions involving net mutual benefits, are an important component of
ecological theory, although effectively demonstrating mutualism is notoriously difficult. Among two New Zealand
endemics, a slightly elevated germination rate of Fuchsia excorticata (Onagraceae) seeds after passage through tree
weta (Orthoptera: Anostostomatidae) compared with seeds manually extracted from fruit, led to the proposal that
a mutualistic relationship exists between this plant and animal. An improved germination rate, or any other single
trait, however, does not alone constitute evidence for mutualism; the relative costs and benefits of numerous
components of the interaction need to be accounted for.We considered the costs and benefits to F. excorticata of the
putative seed dispersal mutualism with tree weta.Tree weta provided with F. excorticata fruits destroyed 78% of the
seeds they consumed, did not move fruit; and faeces containing seeds were deposited near their roost holes (which
are naturally in trees). The seeds remaining after fruit consumption and those that are ingested but survive gut
passage are unlikely to be deposited in suitable habitat for seedling survival. Plant food preferences of captive tree
weta assessed using pairwise leaf choice tests showed that the leaves of F. excorticata were the least preferred of six
commonly encountered plants. In addition, we found that tree weta did not show a preference for F. excorticata fruit
over a standard leafy diet, indicating they are unlikely to be actively seeking fruit in preference to other sources of
food. These observations indicate that any interaction between tree weta and F. excorticata is likely to be opportu-
nistic rather than mutualistic, and highlight the difficulty of characterizing such interactions.

Key words: Anostostomatidae, frugivory, Fuchsia excorticata, Hemideina, mutualism, seed dispersal, seed
predation.

INTRODUCTION

Mutualisms are thought to be important and even
ubiquitous components of ecology and evolutionary
biology (Bronstein et al. 2006). Mutualism has been
defined as ‘an interspecific interaction involving net
mutual benefits: members of two species experience



organisms may opportunistically take advantage of
these fruits and seeds, but exert relatively little selec-



genus Fuchsia. Fuchsia excorticata is the most common of
New Zealand’s three species, found throughout the country
from North Cape to Auckland Island, and is associated with
disturbed habitats (Robertson et al. 2008). It has small
(approx. 10 mm) pendulous purple-black fleshy fruit typical
of the genus (Burrows 1995). Fruits have four peripheral
groups of small, embedded seeds, typically with 500–600
seeds per fruit (Godley & Berry 1995). Mature seeds are
slightly curved and ellipsoid, measuring approximately
0.8 mm by 0.4 mm (Godley & Berry 1995). Birds known to
take F. excorticata fruit include New Zealand pigeon (H.
novaeseelandiae), tui (Pr. novaeseelandiae), bellbird (A. mela-
nura), silvereye (Z. lateralis), fantail (Rhipidura fuliginosa),
European blackbird (Turdus merula) and European starling
(Sturnus vulgaris; Craig et al. 1981; O’Donnell & Dilks 1994;
Burrows 1995). Robertson et al. (2008) found that there was
a higher proportion of ripe and overripe fruit on F. excorticata
trees growing on mainland New Zealand compared with
those on offshore Kapiti Island, which is densely populated
by birds. One inference from the observation of more rapid
removal of fruit where bird densities are higher is that birds
are likely to have a substantial influence on seed dispersal.
Fuchsia excorticata requires disturbed ground for recruit-
ment, and because such habitat tends to be patchily distrib-
uted, selection on transportation of fruit away from parent
plants may be intense (Robertson et al. 2008). For these
reasons, the dispersal of viable seed is likely to be important
for the persistence of this species.

New Zealand tree weta (Hemideina spp.) are common
throughout most of New Zealand in forest and suburban
settings, across a range that overlaps that of F. excorticata.
They are flightless, nocturnal orthoptera that are distinctive
among their family (Anostostomatidae) in that they are pri-
marily herbivores feeding on leaves, flowers and fruit
(Trewick & Morgan-Richards 2005).Tree weta are so named
because most species habitually hide in cavities (also called
galleries or roosts) in trees during the day, finding safety from
predators and weather.Tree weta typically return to the same
cavity and do not move horizontally very far each night
(Ordish 1992; Kelly 2006).We studied two tree weta species:
H. crassidens, the Wellington tree weta, which occurs in the
southern North Island and the west coast of the South
Island; and H. thoracicaWhite, the Auckland tree weta, which
occurs throughout central and northern North Island
(Trewick & Morgan-Richards 1995). Weta are thought to
hold an important place in the New Zealand ecosystem,
sometimes compared with that of small mammals elsewhere
in the world.They have even been referred to as ‘invertebrate
mice’ on account of their nocturnal foraging, polygamy, large
droppings and importance as food for a number of vertebrate
species (Ramsay 1978). There is, however, a general lack of
basic information on weta biology and ecology.

Husbandry of weta

Hemideina crassidens and H. thoracica were collected in North
Island, New Zealand.Weta were weighed using a digital scale
and given unique codes that identified their species and sex.
They were housed individually in plastic containers measur-
ing 15 ¥ 15 ¥ 9 cm, fitted with 10 ¥ 10 cm stainless steel
insect mesh (1 mm aperture) for ventilation. The weta were

kept at a constant temperature of 14 � 1°C, with natural
day/night lighting and the boxes sprayed with water daily to
maintain humidity. Faecal material and uneaten food were
removed daily. Each weta had access to a ‘roost’ made from
hollowed sections of flax flower stalks (Phormium tenax),
which they used for concealment during the day.This design
facilitated manipulation of food during the day with feeding
trials taking place at night.

Fuchsia excorticata seed survival

Ripe F. excorticata fruit were collected in the wild and pro-
vided to captive weta. Each fruit was cut in half length wise;
and each weta was provisioned with one half of a ripe fruit for
each of two consecutive nights (i.e. a total of two half fruits
per weta after two nights).The retained fruit halves were used
for estimation of fruit seed numbers (seeds in each fruit half
were counted by dissecting out). After two nights with F.
excorticata fruit, each weta was given a carrot slice each day
thereafter, which acted as a food and as a marker to help
track the passage of food, due to faeces changing from a dark
brown to orange colour on ejection of carrot residues. After
provision of F. excorticata fruit, faecal pellets were collected
over successive days until new faeces were bright orange
(indicating mostly carrot) or after 9 days had passed (which-
ever came first). Any fruit and/or seeds remaining in the weta



enclosure so that the opening of the roost faced the centre of
the container. One F. excorticata fruit was placed at the centre
of the container. After one feeding night, the position of the
fruit and whether it had been eaten was recorded using the
grid coordinates, whereas faecal pellet position was recorded
as the quadrat it was deposited in. For each weta the proce-
dure was repeated on two successive nights. Twenty-eight
weta (seven male and seven female H. thoracica, seven male
and seven female H. crassidens) were used in individual trials.
A chi-squared goodness-of-fit test was conducted using
Minitab on the number of faecal pellets in each quadrat, to
assess whether pellets were more likely to be deposited in the
quadrat containing the roost.





plant and disperser as this requires an overall benefit to
both partners arising from the interaction (Keddy
2007).

Fuchsia excorticata seed survival

For a mutualism that provides net benefits to the
plants, there should be low seed mortality during
consumption. In contrast, our seed survival experi-
ment found that 78% of ingested F. excorticata seeds
were destroyed. This survival rate is low compared
with reported seed survival rates of almost 100%
through some frugivorous birds (Fukui 1995; Yagi-
hashi et al. 1998). Although there are no data available
on the germination of F.excorticata seeds following bird
consumption, 96–100% of seeds manually extracted
directly from fruit germinated within 32 days
(Burrows 1995), and Robertson et al. (2008) also
reported high germination percentages (84%) for
hand-cleaned seeds. Duthie et al. (2006) found that

passage through tree weta guts resulted in an approxi-
mate 10% increase in germination rate of ingested
seeds compared with control seeds, but this is far
smaller than the increase needed to compensate for
seeds destroyed. If germination is 85% for hand-
cleaned and 95% for weta-passed fruit, the proportion
of germinating seeds is 0.85 for seeds not eaten by
weta but only (0.95 ¥ 0.22) = 0.21 for those eaten by
weta. Even fruits falling to the ground almost certainly
yield more seedlings per seed than weta-ingested fruit.
Burrows (1995) found that 54% of F. excorticata seeds
germinate when simply left in the fleshy pericarp of the
fruit; and Robertson et al. (2008) showed that trials
using Petri dishes (as Burrows did) underestimate the
germination from intact fruit. By destroying such a
large proportion of the seeds they consume (78%),
weta are probably reducing the fitness of the plant.
This high percentage of destroyed seeds suggests weta
are effectively seed predators, a behaviour characteris-
tic of small mammals native to other countries (Will-
iams et al. 2000).

Movement of Fuchsia excorticata seeds

For a mutualism to provide net benefits to the plant,
weta should move seeds a significant distance from the
parent tree. Frugivores that drop or pass large numbers
of seeds close to parent plants are unlikely to be high-
quality dispersers as seedlings of plant species tend to
experience high rates of mortality beneath parents
(Chapman & Chapman 1995). Although tree weta
destroy many of the seeds they consume, if they depos-
ited the remainder in habitat that was significantly
better for seedling survival, at a useful distance from
parents, this could potentially outweigh the cost of seed
loss and constitute an acceptable trade-off for the
plant. However, the results from our captive experi-
ment indicate that tree weta do not move fruit far from
where they found it. Therefore, surviving, uningested
seeds remain near where fruits fall. Any viable seeds in
droppings may also be deposited in unsuitable places
as weta have higher defecation rates near their roosts

Table 1. Mean proportion of total weight of plant eaten per night by tree weta made up of the listed plant species (rows) when
paired against a second plant species (columns)

Coriaria
arborea

Eucalyptus



than further away. Seeds might be moved further in
natural environments; however, our result is consistent
with our own field observations of frass piles near roost
holes. Here, the seeds may be in habitat that is less
suitable than if the fruit were to be passively dispersed,
such as by falling from branches. Because weta defecate
most seeds near their roost, and roosts of weta most
likely to encounter F. excorticata fruit are those in F.
excorticata trees, it is likely that seeds will be deposited
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