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ABSTRACT 

A study of the effects of honey bees on montane ecosystems was conducted during the 

summers of 1993/1994 and 1994/1995 at Tongariro National Park. Three possible 

effects of the introduced honey bee were examined. The primary aims of the study were 

to identify areas with and without honey bees and to identify differences in the 

pollination success of a weed species, heather (Calluna vugaris) and a native species, 

the New Zealand flax (Phormium tenax) under different pollinator regimes, and to 

examine differences in the composition of native pollinator communities in these 

different bee areas. 

The impact of honey bees on the reproductive success of heather, an important weed 

species in Tongariro National Park was examined over two flowering seasons. Insect 

visitation rates on heather flowers were low at each of the four study sites. Bagging 

plants to exclude insect flower visitors had little effect on female fitness. The potential 

of other pollen vectors, wind and thrips, as pollinators of heather was also examined. 

Both were determined to have a negative effect en several measures of female success, 

including pollen depostition, pollen tube formation, and pollination levels . However it 

appears that none of the pollen vectors (honey bees, wind or thrips) significantly effect 

the overall fitness of heather in terms of the viable seed produced. 

The second part of the study examined the impact of honey bees on the pollination 

systems of a native plant species. Flax is thought to be predominantly bird pollinated, 

however, the floral resources are also utilised by a variety of native and introduced 

insect species. At some sites birds were either not present or rarely used the flowers. 

Seed set in flax was highest in heavily bird pollinated sites. The results also suggest, 

however, that flax has a flexible pollinating system that enables it to maintain a range 

of fruit and seed set levels under the different pollintor regimes. 
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The abundance and diversity of insect flower visitors on manuka and Hebe stricta, two 

common subalpine shrubs, was highly variable between sites, and between 

observation periods. Some of this variation may be ,,described to differences in the 

weather or to altitude. However, I have shown that the abundance and diversity of 

diptera appears to be strongly influenced by levels of honey bee activity. This 

indicates that honey bees do play a role in determining the structure of pollinator 

communities and may be displacing a significant component of the native pollinating 

fauna. 
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GENERAL INTRODUCTION 

THE INTRODUCTION OF SPECIES AND COMPETITIVE INTERACTIONS 

Human exploration and subsequent settlement of new countries has led to the 

introduction of foreign species to previously isolated ecosystems .. In an Australian study 

Fox (1990) suggests that the earlier invasions of "people from the north" introduced 

relatively few species and the lifestyle did not greatly affect the environment, although 

their use of fire would have altered vegetation types in some areas. The arrival of 

Polynesians to New Zealand around 1,000 years ago bought with them the Kuri or 

Maori dog (Canisfamiliaris) and the Kiore (Rattus exulans). The Maori used fire to 

clear land for crops and habitation. By 1840 forested land cover had been reduced from 

78% to 53% of the land area (Atkinson and Cameron 1993 ). This resulted in large areas 

of land reverting back to tussocks (Salmon 1975). Fire may also have been used to hunt 

moa, a large flightless herbivore. Archaeological evidence suggests hunting by the 

Maori was the primary cause of extinction for moa (Atkinson and Cameron 1993). 

The arrival of Europeans however resulted in a large changes to New Zealand's 

ecosystems. Forest coverage was further reduced to only 23% of the land area, while 90 

species of vertebrates and 1,600 species of plants have become established since 1840 

(Table 1) (Atkinson and Cameron 1993). 

The introduction of exotic species results in the formation of novel interactions with 

native species. These interactions may include predation, parasitism and competition. 

Several definitions for predation have been proposed (Taylor 1984). For the purposes of 

this chapter I will use Taylor's first definition, "predation occur's when one organism 

kills another for food" (1984 p3). This is the most commonly used definition and 

includes not only animals as predator and prey but forms of herbivory as well. 

Parasitism, however, is excluded. Examples of introduced species preying on native 



species include, kiwi predation by dogs (Taborsky 1988), and cats preying on birds, 

lizards and weta (Karl and Best 1982, Fitzgerald and Veitch 1985, Taborsky 1988). 

Native birds, lizards and insects along with introduced rodents are eaten by Mustelids 

(Roser and Lavers 1976, King and Moody 1982, Moors 1983, Crouchley 1994). 

Table 1. Numbers of endemic and established alien species in major groups in New 

Zealand (Adapted from (Atkinson and Cameron 1993)) 

Group Endemic Species Established Alien Species 

Dicots 1 463 1 199 

fv1onocots 473 380 

Conifers 24 24 

Ferns and Allies 106 20 

Land Mammals 2 34 

Resident Land Birds 60 33 

Breeding Sea Birds 29 

Reptile 60 1 

Amphibians 4 2 

Fresh Water Fish 23 20 

Insects c. 18 OOO c. 1 500 

Possums (Trichosurus vulpecula) have been shown to consume nesting birds and their 

eggs (Brown et al. 1993). The possum also feeds on fruit, bark, young shoots and 

leaves of many canopy plants. Overgrazing by possums can extensively damage large 

mature trees such as Rata (Metrosoideros robusta, M. umbellata), Pohutakawa (M. 

excelsa) and Fuschia (Fuschia excorticata) (Salmon 1975). 
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Large browsers such as deer (Cervus spp.) and goats (Capra hircus) can cause severe 

damage to native forests and may alter the composition of the forest when the most 

palatable plant species are also the most dominant (Parkes 1993). Regeneration of 

native forests is hampered by continual browsing of both seedlings and mature trees. 

Competition occurs when two or more species utilize common resources such as food or 

nesting sites which are in limited supply, or when one species restricts another's access 

to that resource even when it is not limiting (Ford 1979). Compe~ition between species 

may be direct (interference competition) or indirect (exploitative competition) (Gill 

1978, Putman 1994 ). If two species coincide with their utilization of a common 

resource we may expect to see direct competition with one species actively restricting 

the other's access to the resource through aggressive or territorial behaviours. However 

if the species differ in temporal use of the resource we would expect to see indirect 

competition with one species restricting the other's access due to prior utilization of the 

resource. 

Johnson and Hubbel (1974)ooked at direct competition for resources among five species 

of stingless bees in Costa Rica. The bees were observed on artificial bait stations 

designed to provide a constant and controllable food source. Aggression between the 

species was observed with Trigonia silvestriana and T. corviva being the most 

aggressive species and T. latitarsus the least aggressive. The level of aggression 

increased with increasing quality of the food source, and high quality resources were 

usually controlled by an aggressive species. Johnson and Hubbel suggest that the non­

aggressive species may persist by being more efficient at discovering and exploiting 

resources. 

Another means of examining competition in the field is to determine the range and 

activity of one species in the presence and absence of possible competitors. Ford and 

Paton (Bord-and-PatoA{i976) examined the ecology of eight species of honeyeaters 
; ( "·· 

(Meliphaga) in South Australia. They looked at ecological differences between the 
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species at three levels/habitat, range and feeding ecology. Honeyeaters appear to be 
I• 

separated by differential use of resources in at least one of the three levels. The purple-

gaped honeyeater (M. cratitia)exhibits a wider habitat range on Kangaroo Island in the 

absence of several potential honeyeater competitors than seen on the mainland. Ford 

and Paton suggest that this indicates strong but inferential evidence for interference 

competition, past or present, influencing the current ecological niches of the Meliphaga. 

The honey bee (Apis mellifera) is indigenous to Europe and Africa where hives have 
I·, 

been maintained for centuries (Martin, f11q. and McGregor 1973). With man's 

colonization of the world, the range of the honey bee has increased and now bees can be 

found in many different countries (Todd and McGregor 1960). According to Gojmerac 

(1988) (p14) "bees arrived in Australia by 1822, South America in 1839 and in New 

Zealand in 1842". The impact of honey bees on New Zealand's native flora and fauna 

has not been examined. Overseas studies however suggest that honey bees may 

compete with the native fauna for resources . Competition between Africanised honey 

bees (Apis mellifera) and the stingless bees of South America is likely, since they are 

both generalist feeders with an overlap in their range and time of activity (Roubik 1978). 

Roubik studied the impact of the introduced honey bee on native pollinators by 

manipulating the number of honey bees foraging on certain flowering plants. The 

number of stingless bees foraging on Melochia villosa was reduced with increasing 

numbers of honey bees. This trend was reversed when honey bee hives were removed 

from the area. The density of native pollinators on Mimosa pudica remained stable but 

the duration of flower visits increased when the hives were removed. Such changes in 

resource use in the presence of another species does not always imply competition, but 

when experimentally induced, do indicate that resources are limiting and may provide a 

basis for competition to occur. 

Schaffer et al.. (1979) looked at competition between floral visitors of Agave schottii in 

Arizona. They detennined that honey bees dominated at the most productive sites, 

bumble bees (Bombus) at the intermediate sites, while native bees (Xylocopa) 
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predominated at the least productive sites. This system was then manipulated by 

removing ants as foragers of nectar (Schaffer et al. 1983). This led to an increase in 

honey bee numbers, no change to bumble bee activity and a significant increase in the 

number of small solitary native bees. The removal of honey bee hives led to an increase 

in the number of feral honey bees observed. This was associated with an initial increase 

and subsequent decrease in the numbers of both bumble bees and native bees as feral 

bees were recruited to the site. Schaffer et al.. believe that their data supports the 

hypothesis that competition for resources plays an important role in determining the 

extent to which various floral visitors utilize A. schottii flowers. 

Competition is put forward as the reason why not all species are present in habitats that 

are potentially suitable for them. Where two species are ecologically identical one 

species may prevent the other from successfully invading and colonising the area. 

The competitive displacement principle can be defined as "different species having 

identical ecological niches can not coexist for long in the same habitat" (DeBach 1966). 

In it's strictest form competitive displacement is an all or nothing situation. This 

principle has also been described as Gause's Law or Hypothesis, the Volterra-Gause 

principle and the competitive exclusion principle, and it has been defined in various 

ways (for references see DeBach 1966). Some ecologists consider competitive 

displacement to be rare, ambiguous and of little ecological significance. However De 

Bach (1966) suggests that it may be more common in nature than previously thought. 

Past cases of the principle can not be ascertained as one species has already disappeared 

but it may be observed when an ecological homologue of a species is introduced to the 

same area. For example one well documented case occurred in southern California 

between two species of Aphyt~_§.:_J3oth are ectoparasites of the California red scale, 
·-------· 

Aonidiella aurantii. A. chrysomphali was accidentally introduced and became 

established around 1900. In 1947 A. lingnanensis was purposefully imported from 

south China. It became established and rapidly began to displace A. chrysomphali from 

all southern California except for a few small coastal pockets. Another homologue 
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A. melinus was introduced around 1956 which then proceeded to displace A. 

lingnanensis from the interior land areas (DeBach 1966). Nearly all future cases of 

competitive displacement will occur between an established species and an invader. For 

further discussion on the importance and validity of the competitive displacement 

principle in ecology see (Cole 1960, Hardin 1960, Patten 1961). 

TONGARIRO NATIONAL PARK 

National Parks- The concept of National Parks was first formulated late last century to 

protect the beauty and 'worth' of the natural environment for the benefit of all. The 

world's first National Park was established at Yellowstone, U.S.A in 1872. 

New Zealand's National Parks Act (1980) states that these parks "contain scenery of 

such distinctive quality, ecological systems or natural features so beautiful, unique or 

scientifically important that their preservation is in the national interest" (section 4(1)). 

New Zealand has twelve National Parks, comprising of two million hectares of land, 

protected for scenic, scientific, recreational and cultural purposes. According to the 

National Parks Act these parks are to be maintained as much as possible in their natural 

state so that their value as conservation areas are maintained. Native flora and fauna are 

to be preserved and introduced species removed if their presence is in conflict with the 

basis of the Act. The Act allows for public access to the parks, subject to provisions and 

regulations, so that people may derive inspiration, enjoyment and recreation from the 

environment in it's natural state. 

Tongariro National Park 

With the European settlement of New Zealand, Chief of the Ngati Tuwharetoa, Te 

Heuheu was worried that Tongariro, his ancestor, would be divided and sold piece by 
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piece to the pakeha, white man. On September 23rd 1887 Te Heuheu offered the 

mountains to the government as a national park. His sacred mountains would be the 

property of all the people of New Zealand. This made Tongariro National Park (TNP) 

New Zealand's first National Park and the 4th in the world. The park was formally 

established by parliament in 1984 and gazetted as such in 1907. The original gift by Te 

Heuheu consisted of the volcanic peaks Mt Ruapehu (2797m), Mt Ngauruhoe (2291m) 

and Mt Tongariro (1968m). In 1907 botanist Dr. Leonard Cockayne and Phillip Turner, 

an inspector of scenic reserves, were requested to survey the park· and give proposals for 

expansion. They found that within the current boundaries the park was almost devoid of 

plant life and they saw a need to extend the park's boundary to include all the unique 

plant associations within the area. Following the recommendations of Cockayne and 

Turner the park was considerably enlarged and today covers more than 80,000 hectares . 

Situated in the central North Island of New Zealand (3~ilat, 175 long) TNP consists of 

volcanic craters, boiling lakes, snowfields, alpine scona fields, beech forests, meadows 

and deserts, making it a highly varied landscape with complex interactions between 

ecosystems. The future of these native ecosystems is continually under threat with 

invasions of exotic species such as heather ( Calluna vulgaris), lodgepole pine (Pinus 

contorta) and gorse ( Ulex europeaus). 

Another introduced species within Tongariro National Park is the European honey bee 

(Apis mellifera). The honey bee was previously thought to be beneficial by providing 

pollination services for native plant species. However Australian studies (Vaughton 

1992, Carthe 1993, Paton 1993) suggest that honey bees may be inefficient pollinators 

of native plants and compete with other native pollinating species for resources. The 

impact of honey bees on New Zealand's ecosystems has not been previously examined, 

although the use of n·ative plants by honey bees has been examined by (Donovan 1980, 

Butz Huryn 1995). 
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CHAPTER 1. HONEY BEES AND THEIR DISTRIBUTION WITHIN 

TONGARIRO NATIONAL PARK 

INTRODUCTION 

Bees belong to the superfamily Apoidea (Hymenoptera). There are around 20,000 

species of bees worldwide, usually divided into ~ or nine families based on morphology. 

Bees range in size from 2 to 39mm in length (153). The breeding behaviour of bees 

ranges from solitary females to the complex ln'ieractions of eusocial bees. Of the 20,000 

bee species, 3,000 are represented in the Australian fauna (19) while only 40 species are 

present in New Zealand. All New Zealand's native bees belong to the two primitive 

families , Colletidae and Halictidae. 

Seven species of bees have been introduced and become established in New Zealand. 

Five of these species belong to the most advanced bee family, the Apidae. The 

introduced Apidae can be divided into four species of bumble bee (Bombinae) and one 

species of honey bee (Apinae). The honey bee (Apis mellifera) was introduced to New 

Zealand as early as 1839 (Donovan 1980). Honey bees continued to be introduced from 

different countries until the 1924 Apiaries Act prohibited the importation of bees or 

used equipment, in an attempt to exclude bee enemies not currently present in New 

Zealand (Donovan 1980). 

The beekeeping industry fulfils two important functions -firstly, the production of honey 

and related products. In New Zealand the honey industry currently exports honey 

products worth over $8million worldwide. Secondly, the industry provides pollination 

services for many plant species, particularly for commercial crops (Todd and McGregor 

1960, Martin, E.C. and McGregor 1973, Jay 1986). 
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Honey bees are important pollinators of many plant species and are highly adapted for 

the purpose. Complex pollen collecting hairs are concentrated on the hind legs, the 

corbiculae, and their mouthparts are specialised for imbibing nectar. Behaviourally, 

bees are also well adapted for pollination. Both the adult and juvenile stages of the 

honey bee feed on pollen and nectar. Foragers collect pollen and nectar in excess of 

their own requirements to feed young and to provision the nest for overwintering. 

Foragers constantly monitor the food sources available and recruit other colony 

members to the most rewarding food supply (Kevan and Baker 1983). Honey bees may 

forage over 10km away from the hive in search of an adequate food supply (Kevan and 

Baker 1983, Seeley 1985, Gojmerac 1988). Although honey bees will travel long 

distances in search of a food source studies have shown that 80-90% of foragers travel 

between 1-3km from the hive (Seeley 1985, Gojmerac 1988). Bees prefer to forage 

close to the hive reducing the energy and time wasted flying to and from the foraging 

site (Free 1982). When gathering pollen and nectar for the hive, travel time is very 

important. A honey bee can make 20 trips per hour if foraging 2-3km away but only 1 

trip if the food source is 14km away (Kevan and Baker 1983). Within a foraging site 

individual bees do not forage at random, but limit their visits to comparatively small 

areas of 3-6 metre circles. Larger foraging areas may be observed in the absence of 

competition between bees, and smaller areas are associated with intense competition 

(Todd and McGregor 1960). Abiotic factors may also influence foraging behaviour 

amongst honey bees, for example workers seldom forage when the temperature is lower 

than 8 degrees celsius (Gojmerac 1988) or during strong winds (Kevan and Baker 1983). 

Managed honey bees have escaped from commercial hives forming large feral 

populations around the world(Roubik 1978, Pyke 1990, Wills et al. 1990) and in New 

Zealand (Moller and Tilley 1989, Butz Huryn 1995). In Australia few areas are thought 

to be free of feral honey bees. These areas include the Australian Alps, where it is too 

cold and there is insufficient food in winter, and some desert areas where there is not 

enough water. 
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In New Zealand, the central North Island is an important area for the production of 

manuka and heather or ling honey. Until 1991 apiarists were allowed to place their 

hives within the boundaries of Tongariro National Park. The National Parks Act (1980) 

is the act which directly influences park management. Section 4(2) states that "National 

Parks shall so be administered and maintained ... introduced plants and animals shall as 

far as possible be exterminated". Changes to the Department of Conservation's (DoC) 

Tongariroff aupo Conservancy management policies were made to better enforce the 

regulations set down in the National Parks Act. These changes prevent hives being 

placed within Tongariro National Park. The hives are currently situated on either 

private or DoC administered lands just outside the park boundary. The change in 

management policies has not prevented honey bees from utilising park resources. The 

impact of these introduced honey bees on native insect species has yet to be determined. 

Honey bees may affect native communities in at least three different ways: 

1. Facilitation of weed dispersal by providing pollination services (Chapter 2) 

2. Inefficient pollination of native flora (Chapter 3) 

3. Competition with native fauna for resources (Chapters 3 and 4) 
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A review examining the contribution of honey bees to the reproduction of weed in New 

Zealand's protected natural areas (PNA's), was conducted by Butz Huryn and Moller 

(1995). Introduced weeds are important sources of both nectar and pollen for honey 

bees and the potential therefore exists for beekeeping to aggravate the problems already 

caused by weeds in PNA's. Weedy species tend to be characterised by their 

reproductive plasticity, including wind or unspecialised pollination systems, high 

germination potential or a high degree of vegetative reproduction. If honey bees are 

important pollinators of a weedy species, then regulation of bee numbers may limit seed 

set. However, if the weed can reproduce vegetatively, via self- or wind pollination, or 

has an unspecialised pollination system, and can be effectively pollinated by a variety of 



pollinator species, then regulation of honey bee numbers would have little or no impact 

on weed reproduction. 

Of the 158 weed taxa surveyed in the PNA's, 65 were considered to be problem weeds 

(Butz Huryn and Moller 1995). These weed species are probably visited by bees for 

either nectar or pollen. Visiting species are not necessarily effective pollinators of the 

plants they visit, but visitation records can indicate potential pollinating species. The 

weeds known to be visited by honey bees were ranked on the relative importance of 

honey bees on the pollination or reproduction of the plant species. The ranking ranged 

from 'no influence' to a 'high influence' where honey bees were the main pollinator 

species visiting flowers. 43% of the weed taxa surveyed were potentially used by honey 

bees, 33% of which were considered to be problem weeds. Butz Huryn and Moller 

~n · Mollf / 1995) conclude that honey bees are probably not an important 

factor in the abundance and spread of the majority of problem weed species located in 

New Zealand's PNA's. 
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A review of current literature conducted by Butz Huryn ( 1995) shows the use of New 

Zealand's native plants by honey bees. The review indicates that honey bees collect 

nectar and/or pollen from 224 native plant taxa. This includes 188 species, 119 genera 

and 67 New Zealand families. The majority of species visited, however, are contained 

in only a few families including the Myrtaceae and Scrophulariaceae. Only 10% of all 

native plants have been noted for producing a surplus of honey. Myrtaceae account for 

more than one quarter of the surplus producers. The results of this literature search 

indicate that introduced honey bees use a very small proportion of the plant species 

available in a given area. Butz Huryn (1995) suggests that honey bees, and other 

introduced species, are unlikely to have a negative impact on the pollination of native 

plant species due to their relatively unspecialised pollination systems. She also suggests 

that honey bees may actually be more effective than native pollinators due to their high 

floral constancy whilst foraging. 



Honey bees have been shown to compete with native floral visitors in French Guiana 

(Roubik 1978), North America (Schaffer et al. 1979, 1983) and Australia (Paton 1993). 

Their impact on New Zealand's native pollination sytems has not been previously 

examined. The effect of honey bees on the abundance and diversity of native floral 

visitors is examined in Chapters 3 and 4. 

METHODS 

Identification of Honey Bee Areas 

Feeding stations were placed at various sites around the Tongariroffaupo conservancy. 

The majority of feeding stations were placed within the Tongariro National Park 

boundary (Fig. 1). The feeding stations were constructed according to Danka et al. 

( 1990). They consisted of a bright yellow 1 kg honey contaiqer with snap on lid . The 

container was filled with a concentrated sugar solutiqi:J. (vol:vol) and small feeding holes 

were drilled above the rim (Fig. 2). Nectar guidelines were drawn towards each hole in 

black permanent marker pen. The feeding stations were placed upside down onto metal 

stakes. A large yellow lid was attached to the top of each feeding station to provide 

shade and protection from rain. Synthetic bee pheromone ( 1: 1 citral:geraniol) was 

placed in a small vial attached to the feeding stations (Danka et al. 1990). 

The feeding stations were revisited tr, determine the presence or absence of honey bees 

at each site. The number of bees observed and the amount of sugar solution remaining 

was recorded. The presence of other species at the feeding stations was also noted. The 

stations were refilled as required and later revisited. 

Figure 1. The distribution of feeding stations and their utilisation by honey bees within 

Tongariro National Park. (Following page). 
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Figure 2. Feeding station design. 

Feral Bees 

During the 1993/94 season feeding stations were set out in groups of three. When 

satiated honey bees fly straight back to their hives. By identifying the return paths of 

foragers from the feeding stations and by using triangulation we hoped to identify the 

location of the source hives. Hives located within the park boundary would contain 

feral honey bees. Some of the feeding stations used to determine wether honey bees are 

present at each site were placed at least three kilometres inside the park boundary. 

Studies have shown that 80-90% of workers forage within three kilometres of their 

hives (Seeley 1985, Gojmerac 1988). As commercial hives are currently banned from 

TNP it was thought that high levels of recruitment to these feeding stations could 

indicate feral hives. 

13 
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RESULTS AND DISCUSSION 

Identification of Honey Bee Areas 

Results from the feeding station experiments indicate that honey bees forage at least one 

kilometre inside the TNP boundary. This result is consistent with other studies on the 

foraging distances of honey bees (Kevan and Baker 1983, Seeley 1985, Gojmerac 1988). 

Data collected from the utilisation of feeding stations over both seasons has been 

consolidated and is presented in Figure 1. Sites represented by red circles indicate high 

utilization by honey bees. The most highly utilised feeding stations were located around 

the western boundary of TNP. This utilisation corresponds to the placement of 

commercial hives around the park. Hive placement does not remain static throughout 

the season, but follows changes in the flowering of the main nectar sources in the area 

(ie: manuka and heather). Small numbers of honey bees were observed at feeding 

stations indicated by the orange circles. These bees were thought to be 'scouts' and there 

was no evidence of further recruitment to the feeding stations. At sites indicated by the 

green circles, no evidence of honey bee activity was observed. 

Feral Bees 

There was no evidence for feral bee hives at any of the sites examined using feeding 

stations. Location of hives using triangulation was extremely difficult to achieve in the 

field and provided no information regarding the presence of feral hives in TNP. The 

few honey bees observed on feeding stations at least three kilometres inside the park 

boundary, were assumed to be 'scout' bees from commercial hives. The lack of 

evidence for feral hives within Tongariro National Park is thought to be due to low 

survival rates of overwintering bees (Pyke 1990) 



CHAPTER 2. HEATHER POLLEN VECTORS AND FEMALE 

REPRODUCTIVE SUCCESS 

INTRODUCTION 
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Heather, Calluna vulgaris, is a member of the family: Ericaeae, sub-family: Ericoideae. 

A low, much branched shrub, heather has evergreen sclerophyllo\lS leaves (Gimingham 

1960). Calluna is native to Europe and the United Kingdom where it is a heathland 

plant and a major constituent of dwarf shrub communities (Chapman 1984). Heather, 

was first introduced to Tongariro National Park (TNP) by John Cullen the honorary park 

warden. His plan was to develop a heather moor for the shooting of grouse and other 

gamebirds (Bagnall 1982, Chapman 1984, Williams and Keys 1993). Heather seed 

from New Zealand, France and the United Kingdom was used during the plantings from 

1912-1921. By 1918 the range of heather within TNP was 25 sqkrn. During the 1960's 

this had expanded to cover 80 sqkrn and is currently over 6000 sqkm (Fig. 1). 

The rapid expansion of heather, an exotic species, into new ecosystems has caused 

problems as it interferes with the natural processes of succession in tussock and 

shrublands. The introduction of heather has resulted in a reduction of indigenous 

species diversity in many ecosystems including tussocklands, alpine herbfields and 

wetlands (Williams and Keys 1993). The wide distributio of heather throughout 

Tongariro National Park can be explained by it's ability to adapt to a wide range of 

environmental conditions. Heather can act as a pioneer species in disturbed areas and 

becomes established far more rapidly than native species. In tussock grassland 

communities, heather acts as a more aggressive species entering via the inter-tussock 

spaces eventually excluding the tussock. At higher altitudes heather is a non-aggressive 

member of herb fields and scoria slope communities (Chapman 1984, May 1993 ). The 

majority of native plant species within Tongariro National Park are either totally 

eliminated in the presence of dense heather or are only able to remain in low numbers in 

the community. 



The species most threatened by the heather invasion are inter-tussock and herb species, 

including Coprosma cheesmanii, Coprosma perpusilla, Dracophyllum recurvum, 

Celmisia spectabilis and Helichrysum bellidiodes. 
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Control methods used to date have had little impact on heather spread. Mechanical 

controls such as hand pulling of isolated plants proved ineffective due to regrowth from 

remaining stem fragments and the reinvasion of heather into a disturbed area. Other 

control methods such as grazing, top dressing and herbicide sprays are inappropriate for 

most situations and are expensive. Possible exceptions may include outlying areas of 

heather to limit further range expansion. The Department of Conservation is currently 

examining the possibility of biological control using the heather beetle, Lochmaea 

suturalis. Both the adult and larvae of this species feed on heather foliage. In Europe 

beetle outbreaks have resulted in severe defoliation of heather moors. Host specificity 

tests have been conducted at the International Institute of Biological Control, Sil wood 

Park, United Kingdom and at Lincoln University, Canterbury, New Zealand. A small 

test release was made in 1995, with plans for a larger scale release in 1996. If the 

heather beetle is proven suitable, it is expected to result in a reduction of heather growth 

rates, reproductive rates and dispersal. However it is not expected to eliminate heather, 

and heather will likely remain a significant component of the vegetation within 

Tongariro National Park. 

European studies on the pollination of heather suggest that the honey bee is an important 

insect pollinator, although wind pollination is probably common (Gimingham 1960). A 

review of the contribution of honey bees to the reproduction of weeds in New Zealand 

has recently been conducted by Butz Huryn and Moller (1995). They proposed that 

honey bees may have a 'medium influence' on the pollination and reproduction of 

heather. Heather has been suggested to possess a variety of reproductive alternatives, 

including wind pollination, self pollination and vegetative spread (Butz Huryn and 

Moller 1995). 
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With heather becoming an increasingly dominant feature within Tongariro National 

Park, this study aims to identify the effect of honey bees on heather pollination. By 

influencing the reproductive success of heather, honey bees may also be increasing 

heather's ability to disperse. The dependance of heather on honey bees for productive 

success was determined by measuring pollen deposition and seed set under differing 

pollinator regimes. 

METHODS 

Study Sites 
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Three sites were chosen along the Mangatepopo Road, which was the site for some of 

the first heather plantings. These sites were located at 0.2km, 3km and 5km in from the 

park boundary (Fig. 2). Altitudes at each site were 880m, 1000m, and 1080m 

respectively. A fourth site at 1200m along Mangatepopo Road was later selected to 

determine the influence of altitude on seed set in heather. A second location was chosen 

within the Tongariro National Park boundary opposite the Kapoors Road turn-off (Fig. 

2). Both sites had honey bee hives placed just outside the park boundary. At the peak 

of the flowering season there were 56 hives opposite the Mangatepopo site and 89 

opposite the Kapoors road site. 

Floral Visitors 

Patches of flowers were observed for 15 minute periods during February, 1994. After 

three observational periods, this time was extended to 30 minutes due to the initial low 

visitation rates observed. The number and type of each floral visitor was recorded as 

well as the number of flowers visited. At the end of each period the number of 

infloresences observed was counted. Approximately 20 random infloresences were 

collected and the number of flowers available to pollinators counted. An average 

number of flowers per inflorescence was used to give an indication of the total number 

of flowers observed. 
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Figure 2. Map of Tongariro National Park showing the locations of heather study sites. 

(Note: LM= Lower Mangatepopo, MM= Middle Mangatepopo, HM= Higher 

Mangatepopo, TM= Top Mangatepopo, K= Kapoors Road) 



Female Success 

Female success of heather was assessed at four sequential stages; 

i. Number of pollen grains deposited per flower 

ii. Number of pollen tubes formed in the style 

iii. Fertilisation rate (proportion of ovules pollinated) 

iv. Seed set (proportion of ovules reaching full maturity) 

Bagging Experiments, 1994 Flowering Season 

In order to investigate the importance of honey bees and other large insects for seed set, 

plants were placed into one of two treatments; 

i. bagged plants (n=5) 

ii. open plants (n=5) 

Ten plants were selected at three sites along Mangatepopo Road (Fig. 2) using random 

number tables to provide x and y co-ordinates. An open wire cage was placed around 

each plant and bagged plants were enclosed in mesh bags placed over the frame. The 

mesh was considered fine enough to prevent flying insects visiting the heather flowers. 

All plants were of similar size and phenological stage. 

Bagging Experi ments, 1995 Flowering Season 
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In 1995 the role of wind and thrips as pollen vectors for heather was considered. 

Twenty field plants whose flowers were uniformly infested with thrips, were selected at 

the lower Mangatepopo Road site and placed into one of two treatments: 

i. thrips, wind (n= 10) 

ii. thrips, no wind (n=lO) 
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Twenty plants from the same area were grown for several months at Massey University 

and were, at time of flowering, free of thrips. These plants were placed in the field in 

one of two treatments: 

iii . no thrips, wind (n= 10) 

iv . no thrips, no wind (n=lO) 

Plants in the 'no wind' treatments were placed in large paper bags·to prevent the transfer 

of air-borne pollen. All plants were placed inside fine mesh bags to prevent flying 

insects visiting heather flowers and to prevent thrip infestation of plants in the 'no thrip' 

treatments. 

Pollen deposition, 1994 and 1995 Flowering Seasons 

Ten infloresences from each of the above plant were tagged using wire wrap wire when 

all flowers were in bud. Five of these infloresences were collected during peak 

flowering to examine pollen deposition in each treatment. The remaining infloresences 

were left to set seed before they were collected. All samples were stored in 3: 1, 40% 

alcohol:45% acetic acid solution (Dafni 1992). Stigmas were removed from open 

flowers and placed into a histokinette machine. They were washed twice in distilled 

water for thirty minutes each before being soaked in lN NaOH for 12hrs. The stigmas 

were then rewashed 5x in distilled water for a total period of 2 1/2hrs to remove any 

remaining NaOH solution. Samples were placed in an aniline blue solution for at least 

12hrs to stain (Martin 1959). They were then mounted on slides using a corn syrup: 

formalin mounting fluid and examined under ultra violet light using an epifluoresence 

microscope. The number of pollen grains present on the stigma were counted, as wall as 

the number of pollen tubes formed. 



Seed Set, 1994 and 1995 Flowering Season 

Seed capsules were dissected under a microscope and the number of seeds counted. 

Seeds were categorised as being; 

i. unpollinated ovules-pale cream, small 

ii . aborted seed-brown or dark cream, medium to large, shrivelled 

iii. set seed- brown, large, plump 

Statistical Analysis 
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All results were analysed using SAS's general linear models procedure (SAS Institute 

1988). Hypothesis for mixed model ANOVA's were tested using the random effect as 

the error term for the fixed effects (Sokal and Rohlf 1981). In 1994, pollen tubes were, 

in many cases, too numerous to conduct an accurate count. Instead pollen tube numbers 

were estimated and assigned to frequency classes. An ANOVA was performed on these 

classifications. The proportion of seeds in each category, for both flowering seasons, 

were arcsine transformed to standardise their distribution before the analysis was 

conducted. 

RESULTS 

Flower visitors 

In general, visitation rates to heather flowers in the field were low. Flies were the most 

common insect on plants (Table 1), but may have been using heather as a resting site 

rather than a source of food, although some flies were seen feeding. Honey bees were 

the only other insect observed on heather in this study. However bumble bees have been 

reported to forage on heather flowers (Cathy Lake pers.cornm.). 
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Table 1. !nsect Visitation Rates on Heather at four sites within Tongariro National Park. 

Visitation rates are expressed as visits/flower/hour. All observations conducted over 30 

minute periods. 

Site Estimated No. Honey No. Fly Bee Fly Total Visitation -No . Days 

Flower No. Bee Visits Visits Visitation Visitation Rates till 

Rates Rates Pollination 

LM 2925 0 4 0 0.0027 0.0027 30.47 

LM 2111 0 11 0 0.0100 0.0100 7.99 

LM 3276 0 0 0.0006 0.0006 136.5 

UM 1638 0 0 0 0 0 

UM 1342 0 0 0 0 0 

UM 1933 0.0010 0.0010 0.002 1 40.27 

UM 3107 0 0 0 0 0 

HM 1758 0 3 0 0.0034 0.0034 24.42 

HM 3014 0 0 0 0 0 

HM 1846 0 17 0 0.0184 0.0184 4.52 

HM 2118 0 0 0 0 0 

HM 2020 0 0 0 0 0 

K 2705 9 0.0007 0.0067 0.0074 11 .27 

K 2697 0 0 0 0 0 

K 1359 20 0 0.0294 0 0.0294 2.83 

K 1144 13 0 0.0227 0 0.0227 3.61 

Total 34993 35 45 0.0020 0.0026 0.0046 18.23 



The final column in Table 1 gives an indication of the number of days estimated to be 

required for each heather flower to be visited under the observed rate of visitation. This 

estimate assumes that there are twelve hours each day during which time pollinators are 

active. 

Pollination, fertilisation and seed set, 1994 season 

The average number of pollen grains deposited on the stigma per _flower is shown in 

Table 2 for both bagged and unbagged plants, at each of the three study sites. There is 

no consistent effect of site on pollen deposition as an apparent increase in pollen with 

altitude in bagged plants is reversed in unbagged plants, resulting in a highly significant 

interaction between the site and bagging effects (Table 2). 

Table 2. Pollen grain deposition under two pollinator regimes, 1994 flowering season. 

Bagged Plants Unbagged Plants 

Average Range Average Range 

Lower Mangatepopo 7.5 0-26 42.15 4-84 

Higher Mangatepopo 14.40 0-60 19.87 1-191 

Upper Mangatepopo 25.75 0-84 13.65 0-49 

Source of Variation OF Mean Square F Value Pr> F 

Site 2 618.72 1.00 0.384 

Bagging 1 2410.01 3.88 0.061 

Site*Bagging 2 5208.70 9.06 0.0003 

Plant(Site Bagging) 23 620.66 1.08 0.384 

Error 87 575.03 
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The frequency of pollen tubes in each category are shown in Table 3 for each sites for 

bagged and unbagged plants. Bagged heather plants have significantly lower levels of 

pollen tubes than unbagged plants. The number of pollen tubes per flower is not 

significantly effected by the site in which the plant is located, as once again there is a 

strong interaction effect. Most tubes were recorded from the highest site for bagged 

plants, but from the lower site in unbagged plants. 
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Table 3. Frequency table showing number of pollen tubes formed at each site in bagged 

and unbagged heather flowers during the 1994 flowering season. (Medians are shown in 

bold). 

Frequency Bagged Unbagged 

Category Class LM MM HM LM MM HM 

0 0 10 9 4 0 5 5 

1-5 3 3 4 2 6 7 

6-10 2 0 

10-20 3 3 6 3 5 4 

20-50 4 0 4 6 2 3 

50-100 5 0 0 4 8 0 0 

100+ 6 0 0 2 0 0 

Source of Variation OF Mean Squares F Value Pr> F 

Site 2 6.18 1.87 0.177 

Bagging 17.73 5.37 0.03 

Plant (Site Bagging) 23 3.30 1.41 0.129 

Site*Bagging 2 43.85 18.72 0.0001 

Error 87 2.34 
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Figure 3. Proportion of set, aborted and unfertilised ovules, 1994 flowering season. 
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The number of heather seeds pollinated during the 1994 flowering season was estimated 

from an examination of ripe fruit. Pollination was apparently inc;lependent independent 

of the two treatments, site and bagging, whose effect on the proportion of ovules that 

were set, or appeared to be aborted rather than unfertilised was insignificant. The 

apparent increase in unfertilised ovules with altitude was not significant. Differences 

between individual plants, however, were highly significant (Table 4). 

Table 4. ANOV A table showing the effects of site, bagging and individual plant 

variation on the proportion of heather ovules apparent! y fertilised, 1994 flowering 

season. (The proportions were arcsine square root transformed for analysis). 

Source of Variation OF Mean Squares F Values 

Site 2 0.276 0.31 

Bagging 1 0.0057 0.01 

Plant(Site Bagging) 23 0.890 8.95 

Site*Bagging 2 0.253 2.54 

Error 176 17.50 

Pr> F 

0.7365 

0.9368 

0.0001 

0.0816 
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Similarly, seed set in heather did not differ significantly between treatments, with most 

of the variation occurring at the level of the plant (Table 5). 

Table 5. ANOV A table showing the effects of site, bagging and individual plant 

variation on seed set in heather, 1994 flowering season. (The proportions were arcsine 

square root transformed for analysis). 

Source of Variation OF Mean Squares F Values Pr> F 

Site 2 0.355 2.58 0.0974 

Treatment 0.001 0.01 0.9276 

Plant (Site*Treatment) 23 0.137 3.10 0.0001 

Site*Treatment 2 0.026 0.59 0.5535 

Error 176 0.044 

Pollination, fertilisation and seed set rates, 1995 season 

There was a significant difference in the number of pollen grains deposited in the two 

replicate trials conducted during the 1995 flowering season (Table 6). The second trial 

had higher pollen levels per flower. The effects of both wind and thrips on pollen 

deposition in heather are both significant with thrips highly so, pollen grain numbers 

were higher in the No Wind and No Thrip treatments in both trials. 
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Table 6. Pollen grain deposition under four pollination regimes, 1995 flowering season. 

(NTW= no thrips/wind, NTNW= no thrips/no wind, TW= thrips/wind, TNW= thrips/no 

wind) 

Trial 1 Trial 2 

NTW NTNW TW TNW NTW NTNW TW 

Average 3.50 5.77 2.30 1.80 10.20 20.(;>7 2.90 

Range 0-11 0-76 0-14 0-20 0-52 1-115 0-27 

Source of Variation OF Mean Square F Value 

Trial 2226.50 25.23 0.0007 

Wind 663.34 7.52 0.0228 

Thrips 3307.84 37.48 0.0002 

Plant 9 88.26 0.77 0.6437 

The trial effect is highly significant with flowers in the second trial having higher 

numbers of pollen grains deposited per stigma (Table 6). Thrips have a highly 

significant, but negative effect on pollen deposition. 

TNW 

3.70 

0-52 



Table 7. Effects of trial, wind, thrips and individual plant variation on pollen tube 

formation, 1995 flowering season. 

NTW NTNW TW TNW NTW NTNW TW 

Average 0.40 0.33 0.17 0.03 0.53 1.47 0.07 

Range 0-3 0-5 0-3 0-1 0-4 0-5 0-1 

Source of Variation OF Mean Squares F Value Pr> F 

Trial 1 7.70 5.98 0.0371 

Wind 1 4.54 3.52 0.0934 

Thrip 1 19.84 15.39 0.0035 

Plant 9 1.29 1.88 0.059 

Error 

TNW 

0.33 

0-4 

The trial effect is also significant for pollen tubes formation, with the second trial 

having higher numbers of pollen tubes formed. Thrips, again, have a significant, but 

negative effect on pollen tube formation. 
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Figure 4. Proportion of set, aborted and unfertilised ovules, 1995 flowering season. 



Table 8. ANOVA table showing the effects of wind, thrips and individual plant 

variation on the pollination of heather ovules, 1995 flowering season. 

Source of Variation 

Wind 

Thrips 

Plant 

Error 

DF 

1 

9 

40 

Mean Squares 

0.00174 

0.6356 

0.0741 

0.08 

F Values 

0.02 

8.58 

0.93 

Pr> F 

0.8816 

0.0168 

0.5138 

Table 9. ANOV A table showing the effects of wind, thrips and individual plant 

variation on seed set in heather, 1995 flowering season. 

Source of Variation DF Mean Squares F Values Pr> F 

Wind 0.0001 0.36 0.5645 

Thrips 1 0.0008 1.65 0.2306 

Plant 9 0.0005 1.85 0.0884 

Error 40 0.0003 

Individual plant effects were not significant during the 1995 flowering season. The 

thrips were only significant in their effect on the pollination of ovules in the 1995 

season. 
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