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P 47 Table 2,1, row 2 reads 'Total number ofinvetiebrate observations'. Should read 
'Total number offeeding events'. 

P 59 Table 3.1, the mean of the % weight/volume (sugar) column reads '8.11'. 
Should read' 11.93'. 

P 62 Table 3.2, the % weight/volume (sugar) column reads down' -, 8.11, 4.64, -, 
4.99, ~, 6.9, 2.16, 15.1, 12.09, 5.24,4.63'. Should read down' -, 11.93, 12.9, 
-,17.83, -,1232,3.61,5.97,4.41,7.74, 7.24'. 

. . . 

P 79 Table 3.11, rows read 'Treatment (between columns)'. Should read 'Month 
(between columns)' . 

85 Paragraph 3; last line reads' ... (Fig. 3.3,3.5 and 3.7)'. Should read' ... (Fig. 
3.2-3.4)'. 

P 99 Paragraph line 6 reads' ... where 45 % of the variation ... '. Should read 
, ... where 57 % of the variation ... '. 

P 99 The last sentence of the last paragraph (that starts with 'Seasonal nutrient 
demands ... ') should be replaced by 'Seasonal protein demands from the feeding 
of nestlings is a possible explanation for the presence of definite invertebrates, 
caught mainly by hawking, in the bellbird diet in November, December, and 
February. Thes.e observations could also be explained by a possible population 
peak of winged invertebrates that are most efficiently caught by hawking' . 

P 101 First line of the first paragraph reads' Chi-square test of independence was 
used to identifY any differences in the number of feeding observations ... ' . 
Should read 'A Chi-square test of independence was used to identifY any 
differences in the relative number offeeding observations ... '. 

P 103 Paragraph line 4 reads' ... (Fig. 4.5)'. Should read' ... (Fig. 4.6)'. Line 5 reads 
' ... (Fig. 4.6)'. Should read ' ... (Fig. 4.7)'. Paragraph 3, line 4 reads ' ... (Fig.4.7)'. 
Should read' ... (Fig. 4.5)'. The last paragraph reads 'The number of calling 
observations ... '. Should read 'The relative number of calling observations ... '. 

P 106 First paragraph, line 4 reads' ... foraging time (Fig. 4.6) .. .'. Should read 
' ... foraging time (Fig. 4.7) ... '. 

P 112 Paragraph 3, last line reads' ... (Fig. 3.3-3.6)', Should read' ... (Fig. 5.3-5.6)'. 

P 114 Table 5.1 Row reads 'Treatment (between columns),. Should read 'Month 
(between columns)' . 

P 127 Last Paragraph, line 7 reads though there was a non-significant peak. .. '. 
Should read 'Even though there was a significant peak. .. ' . 



Craigieburn Forest Park 

"And to every beast of the earth, 

and to evelY bird of the air, 

and to everything that creeps on the earth, 

everything that has the breath of l?ie, 

I have given every green plant for food" 

And so it was. 

Genesis 1: 3 0 
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Abstract 

This thesis investigated the feeding ecology of bell birds, Anthornis melanura (Aves: 

Meliphagidae), at Craigiebum Forest Park to find out what, if any, aspect of the bellbirds' 

ecology may be limiting the pollination and possibly dispersal of two mistletoe species 

(peraxilla tetrapetala and Alepis flavida) in the area (shown by Ladley and Kelly, 1995b, 

1996; Robertson et aI., in press). Two hypotheses were tested to explain why bellbirds 

may not be making an adequate number of visits to mistletoe plants. The first is that there 

are non-mistletoe foods which are more energetically valuable to bellbirds than mistletoe 

fruits and nectar and so make up a larger proportion of the bellbird diet during mistletoe 

fruiting and flowering seasons. The second is that bellbirds concentrated on mistletoe 

foods when available but the numbers of bell birds at Craigiebum are too low to allow 

sufficient pollination and dispersal. To answer these questions, the bellbird diet, the 

energetic value of their food resources, and bellbird numbers were sampled over a twelve 

month period. 

Direct observation of the bellbird diet showed that they are annual.generalists, on 

invertebrates (annual mean of 54% of bell bird diet, range 22-85 %) and honeydew (annual 

mean of 22 % of the bellbird diet, range %), and seasonal specialists, on mistletoe 

fruit (mean of 40 % of the bellbird diet while available, range 18-60 %) and nectar (mean 

of39 % of the bellbird diet while available, range 27-58 %). The energy value of 

invertebrates dominated the available food energy with an annual mean of 14,255 kJ/ha 

(range 8,695-22,876 kJ/ha). Honeydew was the only other food source that was available 

all year with an annual mean energy value of2,518 kJlha (range 1,199-3,283 kJ/ha). 

Mistletoe fruit and nectar featured prominently in the bellbird diet (18-60 %) in the fruiting 

and flowering season even though their energy values were low with a seasonal mean 

energy of2,867 kJlha (range 1,467-5,125 kJ/ha) for mistletoe fruit, and 3,658 kJ/ha 

(range 400-10,050 kJ/ha) for mistletoe nectar. This suggested that mistletoe fruit and 

nectar could be more valuable to the bellbirds than indicated by the measured energy 

values (kJ/ha) alone. 

One third of the variation in the bellbird diet could be explained by changing energy values 

of major food resources which suggests that the bellbird diet responds to the energy value 

of foods. As mistletoe fruit and nectar were preferred foods when in season, and the 

bellbird index of density was low at Craigiebum when compared to other sites, I 



4 

concluded that it was the possible low number of bell birds in the area, and not their choice 

of diet, which was limiting mistletoe pollination, and possibly dispersaL 

The possible low number of bell birds in the area could have been explained by the 

population being food limited. The time bellbirds spent foraging (feeding plus locomotion 

time) was a low percentage of their time budget (mean of39 %, range of31-60 %). This 

did not change significantly from winter to spring. If the values for late January and 

February were dropped~ because of possible pressures from feeding nestlings, there was a 

significant decrease in the foraging percentage of the bellbird' s time budget from winter to 

summer. However, when corrected for thange in daylength, the hours spent foraging each 

day were not significantly different between seasons (mean of 4.7 hours foraging and a 

range of3.6-5.7 hours) suggesting that bellbirds were not seriously limited by the 

availability of food. The possible low bellbird density could be a result of introduced 

vertebrate predators such as stoats which have had a negative impact on the populations 

of other native birds in New Zealand (pierce, 1993; Elliott, 1996; Elliott et aI., 1996; 

O'Donnell, 1996; Wilson et aI., 1998). 
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Introduction 

1 General Introduction 
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The phenomenon of nectivory, birds feeding on nectar, has arisen in several 

different avian families (Snow, 1994). The low frequency of bird-flower 

associations coupled with its wide geographic distribution is indicative of 

ornithophily being a young phenomenon (Faegri and van der PijI, 1971). It results 

in mutual benefits for bird and plant where birds take energetically valuable nectar 

and also transfer pollen between flowers. The Meliphagidae, to which bellbirds 

belong, are the most prominent family of nectivorous birds in Australasia 

(Clements, 1981). 

The main aim of this study was to determine whether the diet choice and density of 

bellbirds are determining factors in the limitation of mistletoe pollination and seed 

dispersal in the Craigieburn area of the South Island, New Zealand. The two 

mistletoe species at Craigieburn, Peraxilla tetrapetala and Alepis flavida, are 

pollinator and possibly disperser limited (Ladley and Kelly, 1995b, 1996;' 

Robertson et al., in press). Bellbirds were chosen as the study species as they were 

the only endemic pollinator and seed disperser. Bellbird limitation on mistletoe 

could result from either infrequent visits (even when present at high densities) or 

alternatively, bellbirds may visit flowers, and take fruit, frequently but the possible 

low density of their numbers may limit their effectiveness. Thus, a low proportion 

of mistletoe fruit and nectar in the bellbird diet during the mistletoe flowering and 

fruiting season would suggest bellbirds visit mistletoe plants too infrequently to act 

as efficient pollinators. Alternatively, fewer visitors to mistletoe plants could also 

be explained ifthere was a low density of bell birds at Craigieburn, as low bird 

densities in New Zealand forests have been suggested as possible limiting factors 

for fruiting and flowering plant species (Anderson, 1997; McNutt, 1998; 

Robertson et aI., in press). To separate these two possibilities a 12 month study 
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was designed to examine the bellbird diet and feeding behaviour in relation to the 

availability of food sources and density. 

This chapter reviews previous work on: (1) the diets of bell birds, the 

Meliphagidae, and other nectivorous birds; (2) the presence and variation of the 

major bellbird food sources which are available at Craigieburn; (3) the response of 

nectivorous bird diets to variation in food availability; (4) foraging time in the 

Meliphagidae; (5) and bellbird density. 

1.2 Nectivorous Bird Diet Review 

1.2.1 Bellbird Diet 

Bellbirds are one of three species of endemic honeyeaters (passeriformes: 

Meliphagidae) in New Zealand. The other members of this family in New Zealand 

are the tui (Prosthemadera novaeseelcmdia) and the stitchbird (Notiomystis 

cincta). The common name 'honeyeater' arises from the widespread preference for 

nectar in the diet of most species in this family. Adaptations to utilize such an 

energy~rich food source is seen in morphological features common to all species of 

the Meliphagidae. These include a slender and slightly curved bill and a tube-:-like, 

brushed-tipped tongue that is used to reach into the base of flowers (McCann, 

1975). Apart from nectar, New Zealand honeyeaters also take fruit and 

invertebrates opportunistically (Merton, 1966; Gravatt 1969, 1970; Craig et aL, 

1981; Angehr, 1986; Rasch and Craig, 1988; Lee et al., 1991; Burrows, 1994b). 

The ecology of bellbirds, like other honeyeaters, is closely associated with the 

plants on which they feed (Craig and MacMillen, 1985). This interaction between 

plant and bird is most often mutually beneficial, with plants utilizing bellbirds as 

pollination and seed dispersal agents, and bellbirds using the plants as a source of 

food. There is also geographic variation in the composition of the bellbird diet 

which is the result of the presence of different food sources between sites. 
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1.2.1.1 Mistletoe in the Bellbird Diet 

At several sites around New Zealand bellbirds have been observed taking nectar 

from three species of endemic mistletoes in the family Loranthaceae (Table 1.1). 

Apart from observations of bell birds feeding on Peraxilla tetrapetala on Little 

Barrier Island (Ladley et al., 1997), all other observations were in the South Island 

(O'Donnell and Dilks, 1994; Ladley et al., 1997). In the temperate rainforest of 

South Westland O'Donnell and Dilks (1994) observed that out of the 14.7 % of 

nectar observations in the bellbird:s diet 3.3 % were onP. tetrapetala andP. 

colensoi. This low proportion 'of mistletoe nectar in the diet may be an 

underestimate as it was averaged between three seasons that contained low 

mistletoe flowering (C. O'Donnell, pers. comm.). Bellbirds have also been 

observed taking the fruit of all five species ofloranthaceous mistletoes (Table 1.2). 

All frugivory observations on mistletoe have been recorded in the South Island 

(Baker, 1992; O'Donnell and Dilks, 1994; Ladley and Kelly, 1996; Williams and 

Karl, 1996). O'Donnell and Dilks (1994) measured the proportion of P. 

tetrapetala and P. colensoi fruit in the bellbird diet and found that it made up 0.4 

% ofthe diet (frugivory on all species was 6.5 %). 

1.2.1.2 Nectar in the Bellbird Diet 

There is a broad range of nectar bearing species, and families, that have been 

recorded in the bellbird diet (Table 1.1). On Tiritiri Matangi Island a dominance 

hierarchy, where male bellbirds dominate the females, has been seen around the 

favoured nectar sources of Knightia excelsa and Vitex lucens (Craig and Douglas, 

1984, 1986). The proportion of nectar in the bellbird diet varies between sites 

because On Hen and Chicken Island a study by Merton (1966) found that nectar 

visits to Dysoxylum spectabile and Vitex lucens made up 46 % of foraging 

observations. The high proportion of nectar in the diet is also supported by the 

work of Gravatt (1969, 1970) who observed nectar in 43 % of the annual bellbird 

diet. The nectar proportion of the diet was largest in autumn (61.8 %) and winter 

(57.8 %) when it dominated the other food groups, falling to a low in the spring 

(19.3 %). However, only Vitex lucens, Metrosideros excelsa and Pittospomum 

umbellatum were visited frequently (Gravatt, 1969, 1970). Of the 14.7 % of the 

annual bellbird diet in South Westland made up of nectar over 90 % of 

observations were at Fuchsia excorticata, Metrosideros umbellata and climbing 



Table 1.1 Nectar bearing plant species whose flowers have been recorded as visited bell birds. 

Family Species Location Reference 

Apocynaceae Parsosnia heterophylla Tiritiri Matangi 1 
Alseuosmiaceae Aleuosmia ·macrophylla Barrier 2,3 
Araliaceae Pseudopanax spp. Coastal Otago 4 

Pseudopanax arboreus Tiritiri Matangi Island 5 
Pseudopanax crassifoJius South Westland 6 
Pseudopanax simplex South Westland 6 
Scheff/era dig/tata Little Barrier Island and South Westland 2,3,6 

Corynocarpaceae Corynocarpus laevigatus Little Barrier Island Hen and Chicken Island 2,3,7 
Cunoniaceae Weinmannia racemosa Westland 6 
Epacridaceae Cyathodes juniperina Island 2,3 

Leucopogon fasc/culatus 2,3 
Escalloniaceae Carpodetus 8 
Fabaceae CHanthus puniceus Coastal Otago 4 

Sophora Tiritiri Matangi Island and Coastal Otago 4,5 
Generiaceae Rhabdothamnus Matangi Island 5 
Loganiaceae Geniostoma rupestre var. ligustrifolium Matangi Island 5 

Alepis flavida 9 
Peraxilla co/enso! 6,9 
P. tetrapeta/a Island, Belgrave, 6,9 

Craigiebum and South Westland 
Malvaceae Hoheria spp. 4 
Meliaceae Dysoxylum sp. Island 1, 10 

Dysoxylum Island, Little Island 2, 3, 5, 7 
Island 

Myrtaceae Leptospermum Island 1 
Metrosideros spp. South Westland and Coastal Otago 4,6 
M. excelsa Little Island and Tiritiri Matangi Island 2,3,5 
M. fulgens Little Island 2,3,11 
M. perforata Little Island 2,3 
M. robusta Little Barrier island 2,3 
M. umbel/afa South 6 

Oleaceae Nestigis spp. 2,3 
>-' 

Little .....:J 



Table 1.1 continued 

Onagraceae Fuchsia exeortieata Kaikoura, Banks Penninsula 4,6,8,12 
South and Coastal Otago 

Orchidaceae Earina autumnalis South 6 
Pandanaceae Freycinefia baueriana South Westland 6 
Phormiaceae Phormium spp. Otago 4 
Pittosporaceae Pitfospomum spp. Otago 4 

Island 5 
tenuifolium Little Barrier Island 2,3 
umbellatum Barrier Island 2, 3 

Podocarpaceae Dacrydium eupressium South 6 
Proteaceae Knightia exee/sa Matangi Island, Island and 1,2,3,4 

Coastal Otago 
Rubiaceae Coprosma spp. Ureweras 8 
Scrophulariaceae Hebe spp. Little Barrier Island and Coastal Otago 2,3,4 
Verbenaceae Vitex sp. Tiritiri Island 10,13 

Vitex lueens Hen and Chicken 1, 2, 3, 4, 5, 7, 11 
Violaceae Tiritiri 
Winteraceae MeHeytus ramiflorus 2,3 

Pseudowintera c%rata 6 

1 Craig (1 2 Gravatt (1969), 3 Gravatt (1970), 4 Baker 5 Anderson (1997), 6 O'Donnell and Dilks (1994), 7 Merton (1966), 
8 Paul (1975), 9 Ladley et at (1997), 10 Craig and Douglas (1 11 Gaze and Fitzgerald (1982), 12 Delph and Lively (1985), 
13 Craig and Douglas (1984). 

....... 
00 



Table 1.2 Fruit bearing plant species whose fruit recorded to be taken 

Family Species Location References 

Aquifoliaceae flex aqulfo/fum'" 14 
Araliaceae Pseudopanax arboreus Island, Nelson and 5, 14, 15 

P. crassifofius Penninsula and South Westland 6, 15 
P. edger/eyi Westland 6 
P. /esson!i and Chicken island 7 
P. simp/ex S'outh Westland 6 
Schefflera digitata Penninsula 15 

Asteliaceae Cordyline australis Coastal 4 
Caprifoliaceae Leycestria formosa '" 14 

Sambucus nigra '" 15 
Chloranthaceae Ascaria /ucida 6 

Macropiper exce/sum 5, 14 
Coriariaceae Coriara arborea 6, 14 
Cornaceae Corokia 4 
Eleocarpaceae Aristotefia Nelson 14 

A sen-ata Banks South Westland and 4,6,15 

Elaeocarpus hookerianus South Westland 6 
Eriaceae Arbutus unedo '" Nelson 14 
EscaUoniaceae Carpodetus sen-atus Ureweras and South Westland 6, 8 
Griseliniaceae Griselina littora/is Banks and South Westland 6, 15 
lcacinaceae Pennantia corymbosa Banks Penninsuia 15 
Loganiaceae Geniostoma rupestre var. ligustrifolium Tiritiri Island 5 
Loranthaceae A/epis flavida Lake Rotoiti and 16 

Ueosty/us micranthus Wakefield and 14, 16 
Per axilla colensoi South Westland 6, 16 
P. tetrapeta/a and South Westland 6, 16 
Tupeiaantarctica Otago 4, 16 

Monimiaceae Hedycarya arborea 6 
Moraceae Streb/us heterophyllus 4 -\0 



Table 1.2 continued 

Myoporaceae 
Myrsinaceae 

Myrtaceae 

Onagraceae 

Pittosporaceae 
Podocarpaceae 

Polygonaceae 

Ripogonaceae 
Rosaceae 

Rubiaceae 

Solanaceae 

Violaceae 

Myoporum laetum 
Myrsine spp. 
M. australis 

divaricata 
Lophomyrtus bullata 
Neomyrtus pedunculata 
Fuchsia excorticata 

Pittosporum crassifolium 
Dacrycarpus dacrydiodes 
Dacrydium cupressinum 
Podocarpus spp. 
P. halli 
Prumnopitys ferrugina 
P. taxifolia 
Muehlenbeckia spp. 

australis 
Ripognum scandens 
Rubus cissoides 
R. fruiticosus 
Coprosma spp. 
C. foelid/ssima 
C. grandifolia 
C.lucida 
C. repans 
C. robusta 
C. rotundifolia 
Solanum spp. 
S. laciniatum 
Me/icytus spp. 
M. ramiflorus 

Coastal Otago 
C'oastal Otago 

Westland 
Westland 

Coastal Otago 
South Westland 
U,reweras, Nelson, Banks Penninsula and 
South Westland 
Tlrltiri island 

Nelson and South Westland 
Ureweras and South Westland 
Coastal Otago 

Banks Penn insula and South Westland 
South Westland 
Ureweras and Banks Penninsula 
Tiritiri Island 
Nelson and Coastal Otago 
South 
Banks 
Banks 

South Westland and Coastal Otago 
South Westland 
Nelson 
Banks Penninsuia and South Westland 
Tiritiri Matangi Island 

and Nelson 
Westland 

4 
4 
6 
7 
4 
6 

6, a, 15 

5 
6,8,14 

6,8 
4 

6, 14, 15 
6 

8, 15 
5 

4, 14 
6 
15 
15 

4,6,8 
6 
14 

6,15 
5 

5, 14 
6, 14 

5 
4 
4 

14, 15 



Table 1.2 continued 

Winteraceae Akatarawas Pseudowintera axiflaris 
P. c%rata Banks Penninsula and South Westland 

.., adventive species. 
4 Baker (1992), 5 Anderson (1997), 6 O'Donnell and Dilks (1994), 7 Merton (1966), 8 Sf. 
15 Burrows (1994a), 16 Ladley and Kelly (1996), 17 Norton (1980). 

(1975), 14 

17 
6, 15 

and Karl (1996), 

tv 
I-' 
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ratas including M fulgens, M perforata and M diffusa (0 'Donnell and Dilks, 

1994). The nectivorous proportion of the bellbird diet in South Westland was 

present throughout the year but was low in most seasons «15 %) except in 

October and December when it was about a third ofthe diet (O'Donnell and Dilks, 

1994). The bellbird flower visits to Dacrydium cupressinum may have also been 

pollen or invertebrate feeding observations (C. O'Donnell, pers. comm.). 

1.2.1.3 Fruit in the Bellbird Diet 

In the literature there were more records of bell birds visiting fruiting species than 

nectar-bearing species (Table 1.2). A number 6fthe fruiting species in Table 1 

were also nectar-bearing species which bellbirds visited (Table 1.1) reinforcing the 

importance of bell birds as probable pollinators and dispersers ofthese species. Like 

nectar, the proportion offruit in the bellbird diet varies with geographic location 

and season. On Little Barrier Island fruit was present in the diet from summer until 

winter (Gravatt, 1969, 1970). In these months there was a mean frugivory 

proportion of 10 % (annual mean 7 %) with a low in winter (7.2 %) and a high in 

summer (13.2 %). Another example of bell bird frugivory was observed in the 

Nelson area where bellbirds ate the least amount of adventive fruit and more 

endemic fruit compared to introduced bird species (Williams and Karl, 1996). In 

this area, bellbirds mainly took the fruit of Podocarpus hallii and Coprosma 

robusta. In South Westland frugivory made up 6.5 % of the annual bellbird diet 

(O'Donnell and Dilks, 1994). In this proportion of the diet there was a wide 

variety offruiting species visited with only Dacrydium cupressinum (30.9 % of 

frugivory observations) featuring in greater than 10 % of frugivorous observations. 

1.2.1.4 Invertebrates in the Bellbird Diet 

Bellbirds have previously been considered as the most insectivorous of the New 

Zealand honeyeaters. On Hen and Chicken Island the 56 % of the bellbird diet that 

was invertebrate observations consisted of scale insects and one species of dipteran 

(Merton, 1966). On nearby Little Barrier Island invertebrates dominated the 

bellbird diet in spring and summer and had an annual mean of 52.3 % of the diet 

with a low in autumn (27.9 %) and a high in spring (80.7 %) (Gravatt, 1969, 

1970). Also at Little Barrier Island Gaze and Fitzgerald (1982) found more insect 
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remains than seeds in bellbird droppings, suggesting that invertebrates and nectar 

featured more heavily in their diet than fiuit. 

In the Ureweras invertebrate foraging has been seen along the bark of trees and, in 

aerial hawking, and large numbers of cicadas were taken in January (paul, 1975). 

The invertebrate proportion of the male bellbird diet in the Nelson region was 

small «5 %) and varied little between January and July (Boyd, 1987). For female 

bellbirds in the same area invertebrates were about a third of the diet in January but 

fell to under 5 % in may/June and July. Invertebrate foraging by bellbirds was also 

observed by Fegley (1988) in Hamner Park, North Canterbury. O'Donnell and 

Dilks (1994) observed probable invertebrates as the largest food category in the 

bellbird diet in South Westland (64.6 % of the annual diet), with definite 

invertebrates making up 10.2 % of the diet. This high proportion dominated the 

diet throughout the year without much variation and only fell to a low of 48 % 

during October when nectar feeding rose (O'Donnell and Dilks, 1994). 

1.2.1.5 Honeydew in the Bellbird Diet 

A series of studies have also documented the presence of honeydew in the diet of 

bellbirds (Gaze and Clout, 1983; Clout and Gaze 1984; Boyd, 1987). In the 

Nelson area monthly time budgets showed that of the 50 % of time spent foraging, 

about 25 % of this time was on honeydew (Gaze and Clout, 1983). The amount of 

time spent feeding on honeydew increased when the sugar concentration was low 

but did not vary with the number of droplets present. The proportion of honeydew 

in the bellbird diet was greater in males, in which honeydew comprised greater 

than 50% of their diet between January and July, than in females, which had a 

smaller proportion (Boyd, 1987). This difference between the sexes was suggested 

to be a result of competitive hierarchies. Honeydew in the bellbird diet has also 

been observed in Hanmer Park, North Canterbury (Fegley, 1988), in the beech 

forest at the base of Mount Oxford in the foothills of Canterbury (Kelly et al., 

1992), and in a small proportion of the diet throughout the year in South Westland 

(3.5 % ofthe annual diet) (O'Donnell and Dilks, 1994). 
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1.2.1.6 Conclusions on the Bellbird Diet 

This plethora of diet observations shows that bellbirds are omnivorous with the 

flexibility to specialize their feeding accordingly in certain regions and seasons. 

Bellbirds appear more insectivorous where there are fewer flowering and fruiting 

species, and honeydew seems to be important carbohydrate source where it is 

source available. The wide range of flowering and fruiting plants visited also 

highlights the importance of bell birds as pollinators and dipersers in New Zealand 

where large depletions in the avifauna have resulted in a loss of traditional 

pollinators and dispersers (Clout and Hay, 1989). 

1.2.2 Tui and Stitchbird Diet 

In comparison to bellbirds, tui have been described as more nectivorous. On 

Auckland's North Shore the nectar comprised 81 % (Bergquist, 1985) of the diet 

In other work in the same area the tui diet varied seasonally, but with a high 

proportion of nectar in the diet throughout the year (spring 84.5 %, summer 71.5 

%, autumn 34 %, winter 78 %) (Bergquist, 1987). Fruit was also taken in season 

and in greater proportions when nectar availability was low (spring 0 %, summer 

3.5 %, autumn 33 %, winter 9.4 %). Invertebrates were taken opportunistically 

with more invertebrates being taken by hawking than gleaning. The proportion of 

invertebrates in the diet varied in response to protein requirements during breeding 

and post-breeding moulting (Bergquist, 1987). 

On nearby Tiritiri Matangi Island, tui had a diet that was 55%-80% nectar and 

20%-40% invertebrates between August and September (Stewart and Craig, 

1985). During months when nectar sources were low and competition was high 

many tui moved to the adjacent Whangapararoa Peninsula. Here nectar feeding 

exceeded 80% of feeding observations. Most of the tui nectar sources on Tiritiri 

Matangi Island were species also visited by bellbirds (Stewart and Craig, 1985; 

Anderson, 1997). 

Similar comparisons extend to Hen Island where all observations of tui foraging 

were restricted to nectar sources, with the exception of single observations of fruit 

and invertebrate foraging (Merton, 1966). For both bellbirds and tui the most 



preferred nectar sources on Hen Island were Dysoxylum spectabile and Vitex 

lucens. 
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Work on Little Barrier Island also shows a high proportion (72.5%-81 %) of nectar 

in the tui diet, with fruit comprising only 6%-9% and arthropods 13%-20% of the 

diet (Gravatt, 1969; Gaze and Fitzgerald, 1982; Bergquist, 1985). Nectar sources 

for tui and bellbirds were similar with bellbirds utilizing a greater range of 

flowering species than tui (Gravatt, 1969). This was the result ofinterspecific 

competition that allowed tui to. dominate bellbirds and bellbirds to dominate 

stitchbirds around nectar sources (Rasch and Craig, 1988). 

In Paul's (1975) observations in the Ureweras, bellbird and tui shared similar fruit 

and invertebrate sources. Here tui appeared to have a high preference for Sophora 

spp. nectar which was not seen to be taken by bellbirds, although both these 

species fed on Sophora spp. on Tiritiri Matangi Island (Anderson, 1997). A similar 

fruit diet among bellbirds and tui was also observed in lowland forest remnants 

near Nelson (Williams and Karl, 1996). 

In South Westland, tui had greater proportions of nectar and fruit and a smaller 

proportion of invertebrates in their diets than bellbirds (O'Donnell and Dilks, 

1994). The preferred flowering and fruiting species for bellbirds and tui were 

similar but the range of species visited by bellbirds was wider. 

Although invertebrates and fruit are taken by tui these items are only taken in large 

proportions when nectar availability is low. This high reliance on nectar sources is 

epitomised in the long distance movements oftui in response to flowering· cycles 

(Bergquist, 1985, 1987; Stewart and Craig, 1985). In the only area where bellbirds 

take a greater proportion of nectar and less invertebrates and fruit than tui, on 

Little Barrier Island (Rasch and Craig, 1988), tui dominate the most highly 

preferred nectar species. 

The only other member of the Meliphagidae in New Zealand is the stitchbird which 

now only exists on Kapiti Island, Mokoia Island, Little Barrier Island and a few 

other island refuges in the Hauraki Gulf On Little Barrier Island the stitchbird 

forages on a mixture offruit, invertebrates and nectar (Gravatt, 1969; Gaze and 

Fitzgerald, 1982; Rasch, 1985; Rasch and Craig, 1988). In comparison to bellbirds, 
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the stitchbird diet on Little Barrier Island had a higher proportion of fruit and 

invertebrates, though this may be due to competition for nectar resources between 

the honeyeaters where stitchbirds are dominated by the other two species, 

On Kapiti and Mokoia Islands, where stitchbirds have been recently translocated, 

there is a large similarity in diet to stitchbirds on Little Barrier Island (Castro, 

1995; Perrott, 1997). The main difference between both these sites and Little 

Barrier Island is the lower fruit proportion in the stitchbird diet. On Kapiti Island a 

large proportion of the stitchbird diet is invertebrates although nectar and fruit are 

also present in most months (Castro, 1995). There is a seasonal variation in the 

proportion of these food categories with nectar being more dominant in winter 

(45-87%) and spring (35-82%), invertebrates in summer (22-93%) and the 

proportion offiuit equaling invertebrates in late summer and autumn (25-55%). 

On Mokoia Island invertebrates and nectar are present in the diet throughout the 

year (perrott, 1997), Fruit is taken by stitc.hbirds from autumn through to spring 

and varies between 30-45% in autumn/winter and 5-10% in spring, Nectar 

consumption is at its peak in spring (70-80% of the diet) and invertebrate 

consumption (48-82% of the diet) in summer. The reason why the invertebrate 

proportion in the stitchbird diet was so high in the spring (55-60%) and summer 

(48-82%) of 1994, compared to the spring of 1995 (12-28%), was probably 

because they had been recently translocated to Mokoia Island and were relying 

more on feeding stations and less on nectar and fruit sources. 

There are large degrees of overlap between the diets of all three honeyeater 

species. However, differences are present in their foraging niches which have most 

likely developed as a result of the competitive foraging pressures from the 

presence of the three species in the same habitat. These competitive pressures can 

be observed where all three species still occur together (Craig and Douglas, 1984, 

1986; Craig, 1985; Rasch, 1985; Rasch and Craig, 1988). Compared to tui and 

stitchbirds, bellbirds have previously been considered the most insectivorous but 

there is also a large degree of insect ivory in the stitchbird diet on Kapiti and 

Mokoia Islands. On Kapiti Island this is probably due to the lack of fruiting species 

that stitchbirds prefer compared to Little Barrier Island (Castro, 1995) illustrating 

the importance of food availabilities in diet comparisons between honeyeaters from 

different habitats. The wide range of food sources in the bellbird diet is perhaps a 

major factor that has allowed bellbirds, and some other endemic avian species, to 
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maintain their presence in native forests (O'Donnell and Dilks, 1994), including the 

nectar-depauperate, cool-temperate Nothofagus forests of the South Island. 

1.2.3 General Meliphagidae Diet· 

The family Meliphagidae has 167 species with a range from Indonesia through 

New Guinea, the Pacific Islands, Australia to New Zealand (Clements, 1981). 

In Australia the observed diet largely consists of nectar, some invertebrates and 

other food sources such as fruit depending on the species, season and availability 

sources of food (Keast, 1968, 1974; Ford and Paton, 1976, 1977; Paton, 1980, 

1982; Collins and Briffa, 1982, 1983; Tullis etaI., 1982; Collins, 1985; Pyke, 

1985; Wykes, 1985; Pyke and Recher, 1988; Franklin and Robinson, 1989; Reid, 

1990; Van, 1993; Maher, 1996; Franklin, 1997; Lepschi, 1997; Watson, 1997). 

The nectar sources used cover a wide range of ornithophilous flowers with many 

species of honey eater concentrating on a few floral species while other species 

such as the singing hone.yeaters (Lichenostomus virescens), brown honeyeaters 

(Lichmera indistincta) and New Holland honeyeaters (Phylidonyris 

novaeholandia) feed on a wide variety of nectar sources (Lepschi, 1997). 

The longer-beaked genera of the Australian honeyeaters have a higher degree of 

nectivory than the shorter beaked genera which have a higher degree of insectivory 

(Keast, 1974; Collins and Briffa, 1982; Ford and Paton, 1976, 1977; Tullis et aI., 

1982). This difference in diet is the probable cause for the different invertebrate 

foraging behaviours seen between different genera, with longer beaked 

honeyeaters, such as the New Holland honeyeater, taking insects largely by 

hawking (Ford and Paton, 1976) and shorter beaked honeyeaters, in such genera 

as Lichenostomus and Meliphaga, taking invertebrates by gleaning (Tullis et at, 

1982). As hawking is an energetically expensive way to capture insects it has been 

suggested that longer beaked honeyeaters probably gain most of their energy from 

nectar sources and hawk insects as a source of protein (Recher and Abbott, 1970; 

Ford and Paton, 1976). By gleaning for invertebrates the shorter beaked 

honeyeaters are foraging for invertebrates in a more energetically efficient manner 

and thereby have a reduced dependence on nectar. 
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Other dietary components of Australian honeyeaters include manna (crystallised 

sugary fluid that has been secreted from damaged plant material), honeydew and 

lerp (the largely carbohydrate protective coat that covers many Australian psyllids) 

(paton, 1980). Some honeyeaters have specialised on lerp feeding and defend lerps 

from other species (Woinarski, 1984). 

A few Australian honeyeaters are frugivorous and may time their movements to 

coincide with different ripening times (Keast, 1968). A wide range of avian 

frugivores take mistletoe fruit although only a few honeyeater species have been 

suggested as being important for dispersal (Reid, 1990; Van, 1993; Watson, 1997). 

Meliphagidae nectivory has also been observed in a lowland hill forest in New 

Guinea, where 15 species ofMeliphagidae are among the regular avian visitors of 

flowering plants in the area (Brown and Hopkins, 1995). 

The use of other foods apart from nectar sources is observed right across the 

Meliphagidae. One feature that does separate the diets ofthe New Zealand and 

Australian honeyeaters is the greater proportion of fruit in the diets of New 

Zealand honeyeaters (Rasch, 1985). This is most probably the result offewer 

flowering species used by birds in New Zealand (Godley, 1979; Ford et al., 1979). 

The diet of bell birds appears most similar to the shorter-beaked Meliphagidae 

feeding guilds that utilise nectar sources but which can also forage 

opportunistically on other food sources. 

l.2.4 Other Avian Nectivores and Frugivores in New Zealand 

There are other endemic species in the New Zealand avifauna, outside of the family 

Meliphagidae, that also take nectar and fruit in their diet. Other species which take 

nectar include the kaka (Nestor meridonalis), the self-introduced silvereye 

(Zosterops lateral is) and parakeets (platycercidae) (Godley, 1979). Other endemic 

species that are frugivorous besides the above include the kereru (Hemiphaga 

novaeseelandia), kakapo (Strigops habroptilus), kokako (Calaeas cinerea), with 

some fruit taken in the diets of some of the smaller insectivores, parakeets, and the 

flightless omnivores (e.g. kiwi and weka) (Lee et al., 1991). In the habitats where 

some of the more common of these species and bellbirds are found together there 

is the potential for food competition due to the overlap of their feeding niches. 
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However, apart from bellbirds, the only other nectivore at Craigieburn is the 

silver eye and the only other frugivores are the silvereye and introduced blackbird 

(Turdus merula). 

1.2.5 The Diets of Other Nectivorous Birds 

Other families of birds are also specialised for nectivory including the sunbirds 

(Nectariniidae) of Asia and Africa, the hummingbirds (Trochilidae) of the 

Americas, the sugarbirds (promeropidae) of South Africa, the honeycreepers 

(Drepanididae) in the Hawaiian Islands, and to a celtain degree the white-eyes 

(Zosteropidae) . 

The sunbirds have the largest geographic range of all nectivorous birds, stretching 

from Africa through the :Middle East and the Indian sub-continent to South-East 

Asia (Clements, 1981). In India and Bangladesh, nectar is a major component of 

the sunbird diet (Reuben, 1986; Aluri, 1990; Aluri and Reddi, 1994) while 

invertebrates and mistletoe fruit are also important for certain species (Rahman et 

aI., 1993). In both India and Nepal sunbirds show a strong preference for the 

nectar of mistletoes (Ali, 1931; Davidar, 1985; Devkota and Acharya, 1996). In 

this area sunbirds pollinate the mistletoe flowers and flowerpeckers (Dicaeidae) 

disperse the fruit. In Africa and Israel, sunbirds are also regular nectivorous and 

frugivorous visitors to mistletoe plants (Gill and WoJ.£: 1975; Godschalk, 1985; 

Ratsirarson, 1995), other fruiting plants (Archer and Parker, 1993), and other 

nectar sources (Goldstein et al., 1987; Burd, 1995; Vaknin et at, 1996). 

Although hummingbirds have an almost totally nectivorous diet small amounts of 

arthropods are also taken (Remsen et aI., 1986; Stiles, 1995). The arthropod 

foraging tactics employed by hummingbirds include hovering and hawking (Stiles, 

1995) and can be compared to the longer-beaked Meliphagidae. As in the longer 

beaked Meliphagidae, arthropods are probably taken as a protein/nutrient 

supplement, which are also gathered for chicks which need a high protein diet, and 

not as a source of energy. For one species of the South African sugarbirds, insects 

associated with Protea repens, their preferred nectar source, were also seen in 

their diet (Mostert et aI., 1980). These examples may illustrate that birds cannot 

specialize totally on nectar due to low protein levels in such a high carbohydrate 

source. 
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In a review by Amadon (1950) the feeding habits of the Hawaiian honeycreepers 

were put into six broad categories. These were: primarily nectivorous and some 

insects taken, primarily insectivorous with considerable nectar taken, primarily 

insectivorous with considerable nectar and some berries taken, primarily 

insectivorous with little nectar taken, only insectivorous, and primarily fiuits and 

seeds with some insects taken. One of the honeycreepers which falls into the last 

feeding category is the Palila ~oxioides bailleui) which survives mainly on the 

seeds and nectar of one tree (pratt et al., 1997). 

There are many broad dietary parallels between bellbirds, other Meliphagidae and 

other families of nectivorous birds. Apart from the use of nectar sources, all avian 

nectivores need to incorporate a certain amount of invertebrate food in their diet to 

satisfY protein demands, and so they all display a certain amount of flexibility in 

their foraging behaviour. However, the degree offoraging flexibility differs 

between species and families and often depends on the availability of nectar 

sources, other foods, and the presence of potential competitors sharing a similar 

feeding niche. 

Presence Variation Food for Bellbirds 

1.3.1 Loranthaceous Mistletoes 

The two families of mistletoes in New Zealand are the Loranthaceae and the 

Viscaceae which are both hemi-parasites on host trees. Only the flowers and fiuit 

on the Loranthaceous mistletoes are visited by bellbirds and other nectivores and 

fiugivores (O'Donnell and Dilks, 1994; Ladley and Kelly, 1995a, 1995b). The five 

extant native species of the Loranthaceae are Alepis flavida, Ileostylus micranthus, 

Peraxilla colensoi, Peraxilla tetrapetala and Tupeia antarctica. The Australian 

species Muellerina celastroides is also a member of this family but has only been 

collected twice in New Zealand (de Lange et al., 1997). A seventh member of this 

family, Trilepidea adamsii, is presumed extinct (Norton, 1991). Historicai records 

on the distribution of the Loranthaceae show I. micranthus occurred extensively 

throughout the North and South Islands and was present on Stewart Island; P. 

tetrapetala occurred throughout New Zealand; A. flavida and P. colensoi 

occurred throughout New Zealand except for Northland; T. adamsii was restricted 



to the northern part of the North Island; and M celastroides has only been 

collected in the Bay ofIslands (de Lange et aI., 1997). 
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The range of all these species has declined dramatically since European settlement. 

The decline of lor ant hac eo us mistletoes from their former range has been a subject 

of concern (Ogle and Wilson, 1985). Contributing factors that have been 

suggested for this decline, and the extinction of TrUepidea adamsii, include the 

loss of habitat, overcollection, the loss of native dispersers and pollinators and the 

impacts of possum browsing (Ogl~ and Wilson, 1985; Norton, 1991; Owen and 

Norton, 1995; deLange, 1997; Ogle, 1997; Norton, 1997). 

In Craigieburn Forest Park the only mistletoe species present are Alepis jlavida 

and Peraxilla tetrapetala. The distribution of these two species is 'associated with 

black beech (Nothofagus solandri var. solandri) and mountain beech (N. solandri 

var. cIiffortioides) in Canterbury forests (Baird, 1997). At sites in Craigieburn and 

Thomas River there is a subtle difference in the niches which Alepis jlavida and 

Peraxilla tetrapetala occupy on host beech trees (Norton et ai., 1997). While A. 

jlavida was found on the outer branches, P. tetrapetala occurred more often on 

the trunk. Both species of mistletoe occurred more frequently on larger trees, in 

the lower to middle strata of the host tree, and in the presence of each other. 

Unopened flower buds of Peraxilla species provide nectivorous birds with an 

untapped source of nectar as these two species have 'explosive' flowers which 

only open when a bird, or occasionally three species of native bee, twist the top of 

the bud (Ladley and Kelly, 1995a, 1995b; Kelly et a1., 1996). The nectar in a 

freshly opened Peraxilla bud is 70-98% of the total the bud will produce over its 

lifetime, thus dissuading nectarivorous birds from return visits (Ladley and Kelly, 

1995b). At Craigiebum the flowering of PeraxiIla tetrapetala extends over three 

to four weeks, finishing just before Alepis jlavida (both species flower in January 

and February (pers. obs.). In South Westland the timing of P. tetrapetala 

flowering was probably combined with Peraxilla colensoi and therefore is earlier 

than Craigiebum with heavy flowering in late November and December, occasional 

flowering in January and rare flowering in February (O'Donnell and Dilks, 1994). 

The length of the fruiting season at Craigieburn is April to June in Alepisflavida. 

For Peraxilla tetrapetala the fruiting season is between March and June with a 
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small number offruits present on mistletoe until November (Ladley and Kelly, 

1996; pers. obs.). In South Westland the P. tetrapetala fruiting season was 

probably also combined with Peraxilla colensoi with occasional fruiting in late 

January to April and heavy fruiting from April to June (O'Donnell and Dilks, 

1994). 

1.3.2 Honeydew 

Honeydew is a sugar-rich fluid produced in the second, third and occasionally first 

instars of Ultracoelostoma assimile, U. brittini, and U. dracophylli (Hemiptera: 

Margarodidae), a genus of endemic scale insects (Crozier, 1981; Morales et al., 

1988; Morales, 1991) living on beech trees. Ultracoelostoma has a patchy 

distribution with U. brittini concentrated in the northern and eastern regions of the 

South Island, U. assimile in the northern South Island and central North Island, 

and U. dracophylli has only been recorded in the central South Island and southern 

North Island. They are generally limited to the four species of Nothofagus 

(Crozier, 1981), except for U. dracophylli whose main host plant is Dracophyllum 

spp. (Morales, 1991). U. assimile was more common on red beech (N. fusca) than 

on black beech in mixed Nothofagus forest in South Westland (Kelly, 1990). From 

the same study the presence of U. assimile on Nothofagus fusca was related to the 

trunk diameter, with higher densities on trunks of intermediate size (10-40 em 

diameter). 

As Morales (1991) recently reviewed the classification of the Margarodidae, the 

names of Ultracoelostoma spp. in previous studies may differ from their current 

classifications. 

The production of honeydew is measured by changes in the standing crop which is 

the volume present on the surface of beech trees at anyone time. At Mt. Oxford, 

Canterbury, the standing crop from Ultracoelostoma brittini on Nothofagus 

solandri var. solandri peaked after dawn and varied 3.5-fold over a 24 hour period 

(Kellyet al., 1992). The standing crop varied widely between days and depended 

on the weather and other factors. Honeydew production for the daylight samples 

was 11.5 times the mean standing crop, which implied that host beeches could be 

losing more than 80% oftheir carbon through U. brittini (Kelly et al., 1992). 
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There have been seasonal changes recorded in the production of honeydew in the 

Nelson region (Gaze and Clout, 1983; Boyd, 1987). Gaze and Clout (1983) found 

the number of Ultracoelostoma "assimile" (possibly U. brittini) honeydew 

droplets on beech were lowest in February and July and highest in September and 

June. The sugar concentration also had a peak in spring. Boyd (1987) found that 

the number of honeydew drops, mean drop size, sugar concentration, and hence 

energy value, all increased from summer to winter. Between the two studies there 

was a similarity in the increase in the number of honeydew drops from summer to 

autumn. However, the relatively stable honeydew concentration between summer 

and winter, and the drop in the number of droplets in winter, found by Gaze and 

Clout (1983) contrasts to the increase which Boyd (1987) found in the sugar 

concentration over this time and the high in number of honeydew droplets in 

winter. These differences were suggested to have arisen from day to day variability 

in honeydew (Boyd, 1987). 

Honeydew is used as a food source by a range of organisms including bellbirds, 

tui, kaka (Nestor meridional is), silvereye (Zosterops lateralis), lizards, wasps, 

bees and other insect fauna (Kikkawa, 1975; Gaze and Clout, 1983; Clout and 

Gaze, 1984; Boyd, 1987; Moller et ai., 1987; Moller et aI., 1991; Didham, 1993; 

Markwell et aI., 1993; O'Donnell and Dilks, 1994). It is important in the diets of 

nectar feeding bird species in South Island beech forests because few other 

carbohydrate resources are available. The black sooty mould, which is a distinctive 

feature of honeydew-infested trees, utilizes the sugar in honeydew and provides a 

microniche for many invertebrates (Moller et aI., 1987; Didham, 1993). 

"Honeydew rain", that is the rain of droplets falling to the ground in the wind, 

could also potentially fuel soil organisms including nitrogen fixers that provide 

nitrates that are then taken up by beech trees (Moller et aI., 1987). 

The foraging of introduced wasps (Vespula spp.) on honeydew has been a subject 

for concern because of their impact on the standing crop of honeydew and also due 

to their predation on the native arthropod fauna (Moller et al., 1987; Moller and 

Tilley, 1989; Moller et aI., 1991; Didham, 1993; Markwell et aI., 1993). 

Reductions in honeydew drop number, size and sugar concentration as a result of 

honeydew foraging by common wasps (V. vulgaris) and German wasps (V. 

germanica) has been suggested in the Nelson region (Moller and Tilley, 1989; 

Moller et al., 1991). Similarly at Mt. Oxford, in Canterbury, Markwell et aI. (1993) 
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found there was an 80% reduction in the amount of honeydew available in 

February and March which were the only months when wasp numbers rose 

significantly. Reductions in standing honeydew crop has potentially large impacts 

for the many organisms that feed on honeydew. Birds like bellbirds, that rely on 

honeydew as an important carbohydrate source in beech forests may change their 

foraging patterns when the energetic gains from honeydew fall below a certain 

threshold. In kaka (Nestor meridonalis) honeydew feeding ceases when the energy 

value of honeydew declines as a result of higher wasp numbers (Beggs 1988, 

Beggs and Wilson, 1991). Disappearance of honeydew from the bellbird diet could 

possibly restrict their presence in areas where honeydew is a major food source. 

This has already been shown by Clout and Gaze (1984) who found bellbirds in 

higher numbers in forests with higher availability of honeydew and fruit. 

1.3.3 mvertebrates 

There has been little published work on the invertebrate fauna of the Craigieburn 

range. However, the invertebrate fauna of a similar beech forest ecosystem at 

nearby Cass has been described by 10hns (1977). In the Cass beech foliage some of 

the more noticeable invertebrates are the chafer beetles (Odontria halli and 0. 

smithii), several moth larvae, hernipterans and flies. The layer of moss, liverwort 

and lichen that often cover beech trunks was a habitat to some staphylinid species, 

wetas (lsoplectron sp. and Pleicoplectron sp.), a byrrid and the beetles Artystona 

rugiceps and Amartotypus edwardsii. Spiders and cockroaches were found on the 

bark of rotting wood and the living beech trunk tissue was a microhabitat for a 

number of wood boring beetle species. 

Field work by P. Johns and students at Craigieburn Forest Park found about 90 

invertebrate species on Nothojagus trunks within three sampling days in early 

winter 1996 (Johns, pers. comm.). If this is an indicator of the number of terrestrial 

invertebrates in this area then the findings at Cass (Johns, 1977) only scratch the 

surface of the diversity of invertebrates in beech forest. 

A comparative study of invertebrate abundance was carried out by Clout and Gaze 

(1984) between 3 native bush forests and 3 pine plantations in the Nelson region. 

The three native forests were a mixture of Nothojagus and podocarps with N. 

truncata as a major canopy species. An index of active invertebrate biomass was 
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calculated from the amount offalling frass and the results were significantly higher 

for pine plantations than the native forests but did not show any monthly pattern in 

invertebrate abundance for either forest type (Clout and Gaze, 1984). 

1.4 Response of Nectivorous Diets to Cbanges Food 
Availability 

1.4.1 Bellbird Diet Response to Changes in Food Availability 

In past studies the make-up of the bellbird diet has been seen to respond to 

changes in the availability of certain food sources. The most obvious example is 

the seasonal pattern in visitation of nectar bearing species by bellbirds (Gravatt, 

1969, 1970; Delph and Lively, 1985; Angehr, 1986; Rasch and Craig, 1988; Baker, 

1992; O'Donnell and Dilks, 1994; Anderson, 1997) which can only occur as the 

species come into bloom. More convincingly the diet of bell birds changes with the 

flowering cycle on Little Barrier Island (Gravatt, 1969, 1970; Rasch, 1985). 

However, the changes in the nectar proportion of the bellbird diet has not been 

examined in relation to the change in energetic values for nectar and other food 

sources. 

with nectar, fruit is taken by bellbirds when it is seasonally available (Gravatt, 

1969; Baker, 1992; Burrows, 1994a; O'Donnell and Dilks, 1994; Williams and 

Karl, 1996; Anderson, 1997). 

In Nothofagus truncatalDacrydium cupressium forest near Nelson, where bellbirds 

spent a higher percentage of their time feeding on honeydew than on insects and 

fruit, the percentage of time spent feeding on honeydew increased significantly in 

February and March when the sugar concentration of honeydew was low (Gaze 

and Clout, 1983). The variation in the density of honeydew drops was not 

correlated with an increase in the time bellbirds spent foraging on honeydew. 

The results from a nearby study area showed the proportion of honeydew foraging 

by male bellbirds remained relatively stable (67.2% in January/February to 60.4% 

in July) and the proportion of honeydew foraging by female bellbirds fell (33.6 % 
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in January/February to 6.8% in July) even though honeydew concentration and 

standing crop increased over this time (Boyd, 1987). The failure of bell birds to 

increase the proportion of honeydew in the diet with increasing production of 

honeydew, may be due to competition from tui and/or wasps and the differences 

between the sexes caused by males dominating females (Boyd, 1987). 

Alternatively, there may be an increase in the relative value of invertebrate foraging 

to honeydew foraging in winter. 

The bellbird diet response to. changes in food availability has to be interpreted 

carefully in terms of the availability of different food sources and their energetic 

and nutritional values in relation to other pressures on the bellbird. 

1.4.2 Tui and Stitch bird Diet Responses to Changes in Food 
Availability 

There has been no work on the relation oftui diet choice to the energetic value of 

different food resources. On the North Shore of Auckland the proportion of nectar 

and fruit in the tui diet increased in months when there were more preferred nectar 

bearing and fruiting species available (Bergquist, 1987). Like bellbirds, the nectar

bearing species visited by tui and stitchbirds follow the flowering cycle on Little 

Barrier Island (Gravatt, 1969, 1970). 

For stitchbirds on Kapiti Island there was a seasonal ,peak in the number of species 

of nectar bearing plants in flower during spring (Castro, 1995). This corresponded 

to the seasonal peak in the proportion of nectar in the stitchbird diet. There was no 

seasonal variation in the number of species in fruit. 

On Mokoia Island, the time stitchbirds spent foraging on a nectar-producing 

species fell with the energetic value ofthe nectar (perrott, 1997). When nectar was 

scarce in spring the proportion of nectar in the stitchbird diet was at its peak and 

there was an increase in the proportion of time spent feeding. However Perrott 

(1997) suggested this was probably because the demand for carbohydrates had 

increased during this time and not because foraging time was increased due to the 

low nectar availability. In the winter the nectivorous diet proportion was larger 

than the frugivorous proportion (except for July) even though fruit was more 

available than nectar. This could not be fully explained but it may be due to the 
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amounts of soluble sugars in some of the fruits present. 
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1.4.3 Responses of the Australian Me1iphagidae Diet to Changes in 
Food Availability 

The abundances and movements of certain honeyeaters in Australia that are highly 

nectivorous have been linked to the flowering cycle of nectar bearing species that 

offer the greatest rewards at the peak of production (Keast, 1968; Collins and 

Briffa, 1982; Collins et at, 1984; Collins and Newland, 1986; Pyke and Recher, 

1988; Noske, 1996). Pyke and Recher (1988) found there was no correspondence 

between honeyeater numbers and seasonal peaks in the invertebrate biomass 

suggesting that nectar is the limiting resource. 

Seasonal movements in Australian honeyeaters have also been recorded in relation 

to seasonal distribution and abundances of manna, honeydew and lerp alongside 

nectar sources (paton, 1980). In the same study, the proportion of manna in the 

diet of the New Holland honeyeater (Phylidonyris novaehollandiae) was at a peak 

in the same months when manna production in the area was at a peak. The diet of 

the New Holland honeyeater at this site was predominantly nectarivorous 

(70-80%) matching predictions that they should specialize on carbohydrate 

foraging because of the high energy gain and only take invertebrates as a protein 

sources because of the lower energy gain (paton, 1982). 

As in the New Zealand Meliphagidae, the limiting food resource for the Australian 

Meliphagidae is the resource from which individuals gain the greatest net energy. 

Generally these are nectar resources because of their high carbohydrate content but 

in regions where nectar sources are low other carbohydrate sources, if they are 

available, can become the limiting food. 

1.5 Foraging Time in Rellbirds and Other MeJiphagidae 

Time budgets for the New Zealand Meliphagidae have rarely appeared in the 

literature. The only time budget for bellbirds has been in hard beechlrimu forest 

near Nelson (Gaze and Clout, 1983). Over an 11 month period the bellbirds spent 
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50% of their time foraging with a range from 36-70%. Time spent foraging was at 

its highest in February which was a month bellbirds spent significantly longer on 

honeydew feeding and when honeydew sugar concentration was low. Perrott 

(1997) recorded the number of foraging events per unit time for stitchbirds on 

Mokoia Island. The results showed stitchbirds had a higher proportion of time 

foraging in spring and autumn when nectar sources were scarce, however, both 

foraging time and nectar availability were low in winter. In the Australian New 

Holland honeyeater (Phylidonyris novaehollandiae) the proportion of time spent 

foraging increased when carbohydrate availability was low (paton, 1982; 

Armstrong, 1991, as cited in Perrott, 1997). 

This inverse relationship between foraging time and carbohydrate availability for 

these honeyeaters suggests that, as nectar and honeydew are the highest sources of 

energy in the honeyeater diet (Recher and Abbott, 1970; Ford and Paton, 1976; 

Paton, 1980), they are probably energy limited in those months when their 

carbohydrate sources fall below a certain threshold. 

1.6 Bellbird Density 

In New Zealand, 5-minute bird counts, as described by Dawson and Bull (1975), 

have been used as a common index of bell bird abundance. Previous studies have 

used 5-minute counts to show differences in bellbird counts between seasons, 

habitats of different forest type, and between habitats at different altitudes. As this 

method only uses bellbirds heard and seen it can only show changes in 

conspicuousness for certain between seasons. However, bellbirds seem to have 

relatively small changes in seasonal conspicuousness (Gibb, 1996). 

A comparison of counts between valleys in North Westland showed a significant 

reduction in bellbird numbers in the lower Ohikanui Valley and at three designated 

altitudinal zones (low, mid and high) of the central Ohikuni Valley (Wilson et al., 

1988). Bellbird counts in the Ohikauni valley rose again in September and 

December whereas counts at the lower altitude Buller site were high during March 

to June and decreased significantly by December. This inverse relationship between 

the Ohikanui sites and the Buller site, coupled with their close proximity, is 

suggestive of seasonal bellbird movements between the two areas. In forests near 
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Reefton the significant seasonal differences in the proportion of bell birds counted 

between adjacent areas also indicated possible seasonal movements (Dawson et al., 

1978). The overall seasonal pattern for bellbird numbers was relatively stable with 

a reduction in the counts of bell birds between April and October. This winter 

decline in bellbird counts was also obserVed in Kowhai bush, Kaikoura (Gill, 

1980). The seasonal pattern in bellbird counts could also be the result ofa seasonal 

pattern in bellbird conspicuousness (Dawson et aI., 1978; Gill, 1980). 

Five-minute bird counts have been used to compare between sites to illustrate 

bellbird habitat preference. Work by Clout and Gaze (1984) in the Nelson area 

showed higher bellbird counts in native forest, where honeydew and fruit were 

more abundant, than in adjacent exotic conifer plantations. On Little Barrier Island 

bellbirds were counted in high numbers and recorded more often in Kunzea 

ericoideslAgathis australis and Agathis australislNothofagus truncata habitat over 

open pasture and Kunzea ericoides scrub (McCallum, 1982). The presence of 

nectar sources isa possible reason why higher bellbird counts were counted in 

coastal forest over other vegetation types near Punakaiki, on the West coast ofthe 

South Island (Onley, 1980). Onley (1980) went on to suggest that the comparable 

high bellbird count at Reefton (Dawson et aI., 1978), where no nectar sources 

were present, could possibly be explained by the presence of honeydew in the area. 

In all these habitats bellbird numbers have been higher where there were more 

nectar bearing plants, or other carbohydrate sources, in areas of increased 

vegetation diversity. The exception'to this was in Ohau Gorge, Levin, (Gill, 1983) 

which had a lower count mean than kanuka forest in Kowhai Bush, Kaikoura, 

(Gill, 1980) even though there were more nectar bearing plants present. 

Altitude also affects bellbird density. In the observations ofWllson et al. (1988) 

recorded higher counts of bell birds at the highest designated altitudinal zone in the 

Ohikanui Valley, North Westland. In the nearby forests close to Reefton higher 

bellbird counts were recorded in the hill-country forests (300-420 m) than at 

low-altitude (230 m) and high-altitude (820-1070 m) sites throughout the year 

(Dawson et al., 1978). Similarly in the Kaikoura area greater numbers of bell birds 

were counted in hill-country beech forest (310-420m) and lowland 

beech-podocarp forest (230m) than high altitude beech forest (820-1070m) and 

Kowhai bush, Kaikoura (70-90m) (Gill, 1980). 
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The presence of resources is a critical factor for the selection of a habitat by an 

animal (Cody, 1981, 1985; Rosenzweig, 1981, 1985; Block and Brennan, 1993). 

As bellbirds occur in higher numbers in habitats of more diverse vegetation, at 

medium altitudes, and during certain seasons in some areas this implies that there 

are resources in these habitats which can support a higher density of bell birds. 

Where there are inadequate resources, or pressures from predation, bel1bird 

numbers will be low. 

1.7 Out1ine of Thesis 

In the next chapter, I describe what constituted the bellbird diet at Craigiebum 

over the year and detail the foods bellbirds were feeding on in different seasons. 

Chapter 3 describes the energy value and abundance of mistletoe fhiit, mistletoe 

nectar, honeydew and invertebrates and establishes the availability of different food 

resources between seasons. Chapter 4 compares the results of Chapters 2 and 3 to 

see if any change in the bellbird diet corresponds to changes in food availability 

and relates this to the time budget to see ifbellbirds are limited by food availability. 

Chapter 5 describes the bellbird density in the Craigiebum area compared to other 

habitats in New Zealand. Chapter 6 draws conclusions from the previous chapters 

on the role of bell birds as mistletoe pollinators and dispersers at Craigiebum. 
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Chapter 2 
The Importance BeHbird Diet 

2.1 Introduction 

Bellbirds have a broad and omnivorous diet relative to many other honeyeaters. 

Due to their dietary predisposition for nectar and use of a broad spectrum of 

flowers they are commonly identified as important pollinators within the New 

Zealand flora (Clout and Hay, 1989; Anderson, 1997). Their importance as 

dispersal agents has also been stressed, in light of the depletion of other seed 

dispersers in the New Zealand avifauna since the arrival of humans (Clout and 

Hay, 1989; Lee et al., 1991; Burrows, 1994a; Anderson, 1997). 

At Craigieburn, in the South Island of New Zealand, the only observed pollinators 

of the endemic mistletoes, Peraxilla tetrapetala and Alepis flavida, are bellbirds 

and three species of native bees (Kelly et aI., 1996; D. Kelly, pers. comm.). 

Pollination is limited for P. tetrapetala at Craigiebum as fiuit-set from bird-visited 

flowers was no better than that from bird-excluded flowers and only about 

one-fifth of hand-pollinated flowers (Ladley and Kelly, 1995a). 

Fruit of P. tetrapetala and A. flavida is dispersed in this area only by bellbirds, 

silvereyes and, to a lesser degree, blackbirds (Ladley and Kelly, 1996). Dispersal is 

limited for both mistletoe species at Craigieburn in some seasons as a substantial 

fraction offiuits were not taken by birds in 199211993 (Lad ely and Kelly, 1996). 

The importance of mistletoe fiuit and flowers in the bellbird diet is unknown. 

In this chapter I examine variation in the bellbird diet at Craigiebum Forest Park 

over a 12 month period. My objectives were: 

(l) to determine the proportion of bell bird diet comprised of mistletoe fruit and 

nectar, and 



(2) to determine ifthere are other food sources for the bellbirds during the 

mistletoe fruiting and flowering seasons which could potentially decrease 

bellbird foraging visits to the mistletoes. 

2.2 Study Site Description 
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The Craigieburn region has been described extensively by Shanks et. al. (I 990). 

All field work carried out in the C;raigieburn region was within Craigieburn Forest 

Park at Jack's Pass (NZMS 260 K34 050831). 

2.2.1 Landsystems 

Jack's Pass is situated in the Craigieburn Valley that is one forested area in 

Craigieburn Forest Park. The Craigieburn Valley is comprised of a forested valley 

between the Craigieburn mountain range, Bridge Hill and Helicopter Hill. Forests 

are formed by nearly uniform stands of beech (Nothofagus spp.). The underlying 

geology is greywacke and argillite. 

2.2.2 Climate 

The area is characterised by a cool alpine climate that receives a high annual 

rainfall. Most rain arrives from the north-west and south-west. Craigieburn Forest 

Park headquarters can receive as much as 1500 mm of rain per year. During the 

winter months 25 % of precipitation above 1000 m is snow. Although there is no 

permanent snow, a snow-pack exists from mid-May to late June. Frosts can occur 

in all seasons. In the summer there are strong, dry north-west winds. The monthly 

temperature averages 13.2 °C in January, but falls to 2.0 oC in July. There are large 

diurnal fluctuations in temperature in all months. 

2.2.3 Vegetation 

All field work was carried out in mountain beech forest which is the dominant 

community in the area. Mountain beech, Nothofagus solandri var. clif.fortioides 

forms the canopy with few species present in the understorey. In the montane zone 

the major understorey species are Coprosma microcarpa, C. pseudocuneata, C. 
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linariifolia, C. parviflora (sp. "t"), Leucopogonfasciculatus and a few species of 

ferns. The low diversity of trees and shrubs in the area is probably due to the harsh 

climate and the slow recovery from past grazing by deer. The only other vascular 

plants in the beech forest are the hemiparasitic mistletoes, P. tetrapetala and A. 

flavida. Both are common in certain areas on host beech trees. Beech trees are 

also hosts to a diverse mixture of lichens and mosses including Usnea sp., 

Pseudocyphellaria colensoi, and Menegazzia pertransita. 

2.2.4 Fauna 

2.2.4.1 Birds 

Native birds that are present at Craigieburn in the beech forest are the bellbird, 

silvereye, South Island tomtit (Petroica macrocephala), fantail (Rhipidura 

juliginosa), rifleman (Acanthisitta chloris), brown creeper (Mohoua 

novaeseelandiae), grey warbler (Gerygone igata), kea (Nestor notabilis), 

morepork (Ninox novaeseelandiae) and occasionally New Zealand falcon (Falco 

novaeseelandiae). The long-tailed cuckoo (Eudynamys taitensis) and shining 

cuckoo (Chrysococcyx lucidus) arrive in the summer to breed. Introduced birds 

that are common in the forest are the chaffinch (Fringilla coelebs), blackbird 

(Turdus merula) and dunnock (Prunella modularis). 

2.2.4.2 Mammals 

All mammals in the beech forest are the result of introductions. They include the 

red deer (Cervus elaphus), brushtailed possum (Trichosurus vulpecula), stoat 

(Mustela erminea), and the house mouse (Mus musculus). Introduced vertebrates 

in low numbers are feral cats (Felis catus), weasels (Mustela nivalis), hares (Lepus 

europaeus) and rabbits (Oryctolagus cuniculus). 

Methods 

Early work on avian diets in other studies involved behavioural observations and 

the examination of the stomach contents of specimens killed for study, often in 

large numbers. Ecological, ethical and practical considerations in more recent years 
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have seen the widespread use of non-destructive methods for determining the diets 

of birds (reviewed by Ford et aI., 1982). Direct opservation of foraging has been 

previously used for many studies involving ornithophily because nectar is hard to 

detect in the gut of a bird. Direct observation was used in this study for its ease of 

use and especially because it was the most effective technique to gather enough 

observations in the time available. 

Foraging observations were carried out once a month between March 1997 and 

February 1998, except during Jun(;l1997, where no data could be gathered because 

of heavy snow that restricted access to the study area. Two field trips were made 

to gather foraging data in January 1998 as the flowers of P. tetrapetala and A. 

jlavida flowers ripen quickly over this month. The first trip in January was from 

3rd-6th and the second from 16th-20th. 

Data on bellbird diet were collected using focal animal observations gathered along 

four 500 metre transects (Fig. 2.1) between the hours of 0900 and 1700. Transects 

were selected to be representative of the beech forest in the area. Transect length 

was measured with a thin cotton thread on a hip-chain. The thread was collected 

up after each transect as it can potentially entangle birds if left (Brown and Miller, 

1997; Loegering, 1997). Each transect was traversed in both directions, and in the 

morning and afternoon, four times per trip. This reduced any biases caused by 

preferences of the bellbirds for particular locations on the transects and for any diel 

difference in bellbird activities. Observer speed is an important factor when 

sampling along a transect as a speed that is too slow increases the risk of 

encountering the same bird twice and a speed that is too fast risks missing birds in 

the area (Shields, 1979; Conner and Dickson, 1980). For these reasons the 

transects were walked at a constant pace of 1 kmIh. This slow walking pace 

allowed me to sample all areas of the transect equally. The transects were not 

walked in rain or high winds as these weather conditions can potentially reduce the 

number of bell birds encountered (Shields, 1979; Dawson, 1981). 

An electronic timer was started that signaled every 30 seconds was started when a 

bellbird was sighted. Only the first foraging observation in each 30 second period 

was recorded. This time interval was chosen as it separated foraging observations 

into discrete events but still allowed me to gather enough data while the bellbird 

was still in visual range. Observations were recorded until visual contact with the 



Figure 2.1 Aerial photograph of the Craigieburn study area showing transect (A - D) locations. 
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bellbird was lost or until a maximum of 5 observations was recorded. Five 

observations was the maximum number recorded from each bellbird encountered 

so as to minimise the risk of pseudo-replication. For every feeding bout, the 

following food categories were recorded: 

(1) nectar (plant species was noted), 

(2) fruit (plant species was noted), 

(3) definite invertebrate (where the food item could be seen being eaten), 

(4) probable invertebrate (where the food item could not be seen but where the 

beak movement and foraging behaviour was consistent with invertebrate 
. , 

foraging), and 

(5) honeydew. 

All observations were ma<;le using Nikon 8x23 field glasses. 

There was some difficulty classifYing diet items because of the similarity of 

foraging behaviour between probable invertebrate and honeydew foraging 

observations on branches and trunks. However, honeydew foraging could normally 

be distinguished by the presence of honeydew droplets on the tree surface, the 

more glancing beak movements, and "honeydew runs", where the bellbird 

progressed up the tree trunklbranch rapidly collecting honeydew droplets. 

Chi-square tests were used to test for significant differences between months. This 

was achieved by calculating the expected Chi-square value for each.food category, 

then summing the values for the 12 field trips before comparing with the 

Chi-square distribution at 11 degrees of freedom. An example for the invertebrate 

observations is given in Table 2.1. Because of the low expected Chi-square values 

in certain food categories the values for the following categories were lumped 

together: definite invertebrates and probable invertebrates, and P. tetrapetala 

flowers and fruit and A. flavida flowers and fruit. 

2.4 Results 

The number of foraging observations varied each month with a decline in winter, 

late spring and early summer (Fig. 2.2). However the minimum did not drop below 

40 observations per month. 



Table 2.1 The Chi-square table for invertebrate observations plus in the bellbird diet by month, between March 1997 
February 1998. 

Mar. Apr. May Aug. Sep. Oct. Dec. Jan. (early) (late) Feb. Total 
Observed 39 76 39 39 40 33 23 26 37 10 20 28 410 
Total number 
of invertebrate 
observations 111 98 91 46 60 50 40 46 48 46 53 77 766 
Expected 
number of 
invertebrates 59.4 52.5 24.6 32.1 26.8 21.4 24.6 25.7 24.6 28.4 41.2 410 

X2 7.001 10.519 1.932 8.429 1.944 .434 0.12 0.079 4.968 8.665 2.485 4.229 51.805 

Table 2.2 The results of the Chi-square test of independance for food cateoc)rl 
in the beUbird diet bv between March 1997 and 1998. 

x;2 df IP 
Invertebrates 51.8 11 <0.001 
Honeydew 80.6 11 <0.001 
Mistletoe 165.5 11 <0.001 

~ 
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Bellbirds were observed feeding on Peraxilla tetrapetala fruit only between March 

and May (Fig. 2.2 and 2.3). The proportion of the bellbird diet that was P. 

tetrapetala fruit increased from 8 % of all feeding observations in March, to 13 % 

in April, before peaking at 34 % in May. After May no further P. tetrapetala fruit 

was seen in the bellbird diet. However, it was possible that bellbirds may have 

taken the occasional P. tetrapetala fruit during winter and spring as a small 

number of fruit were still on the mistletoe until December. Bellbird feeding on the 

nectar of P. tetrapetala flowers was confined to January (Fig. 2.2 and 2.3). fu 

early January (3rd-6th) feeding observations onP. tetrapetala flowers made up 

33% of the observed diet. Later in January (16th-20th) nectar foraging at P. 

tetrapetala flowers had fallen to 6% of feeding observations. 

Similar to the foraging on P. tetrapetala fruit, bellbirds were only observed feeding 

on Alepisflavida fruit between March and May (Fig. 2.2 and 2.4). In contrast to 

P. tetrapetala fruit, the proportion of A. flavida in the bellbird in the bellbird diet 

decreased from 52 % of all feeding observations in March, to 5 % in April, and 7 

% in May. This decline overlapped with the increasing proportion of P. tetrapetala 

fruit in the bellbird diet (Fig. 2.2), so there was a substantial proportion offruit in 

the bellbird diet through autumn. Bellbird feeding on the nectar of A. flavida was 

observed between late January and February (Fig. 2.2 and 2.4). In late January A. 

flavida nectar was 53 % of the bellbird diet observations. This proportion fell to 

27 % ofthe bellbird diet by February. 

Thus, both mistletoe species were characterised by their presence in the bellbird 

diet between the months of January and May and their absence in the other months 

of the year. This meant the proportion of mistletoe fruit and flowers appearing in 

the diet varied significantly over the year (Table 2.2). 

A large percentage of the observed bellbird diet was comprised of probable 

invertebrates (22-85%) (Fig. 2.2 and 2.5). Probable invertebrates in the bellbird 

diet reached one peak in April and a second peak in July. The diet proportion then 

gradually slumped over late winter/spring before finally peaking again in 

December, and then dropping below 40 % for the rest of the summer. In 

November, December and February a small number of definite invertebrate 

foraging events was also observed (Fig. 2.2). The total number of invertebrate 

observations (probable invertebrate plus definite invertebrate) in the bellbird diet 
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Figure 2.5 The percentage of probable invertebrates in the bellbird diet at Craigieburn, between March 1997 and February 1998. 

Figure 2.6 The percentage of honeydew in the beHbird diet at Craigiebum, between March 1997 and February 1998. 
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varied highly significantly between months (Table 2.2). Apart from a few hawking 

and probing events, invertebrates were taken by gleaning beech bark and foliage. 

The proportion of honeydew feeding observations in the bellbird diet also varied 

highly significantly between months (Table 2.2), with a range from 2-46% of the 

observed monthly diet (Fig. 2.2). The lowest honeydew proportions in the bellbird 

diet were during autumn. For the rest of the year the proportion of honeydew in 

the bellbird diet slowly rose to a peak (46 %) in early January 1998. In late January 

the honeydew proportion then plummeted to 4 % before rising again in February. 

In April and May bellbirds were also seen to feed on Leucopogon fasciculatus 

drupes (1-2% ofall observations) and Coprosma parviflora 'sp. l' drupes (1-12% 

of all observations) (Fig. 2.2). 

In October 12% offoraging observations came from two bellbirds visiting the 

flowers of an introduced willow species, Salix glaucophylloides (Fig. 2.2). These 

observations were probably nectar but they could have also been invertebrate or 

pollen foraging. 

Discussion 

Over the year, bellbirds at Craigiebum used a wide variety of food types with 

invertebrates making up a large part of the overall diet. However, in certain 

months they become more specialised on nectar or fruit sources. This broad diet is 

similar to the diets of bell birds elsewhere in New Zealand. The major difference in 

the bellbird diet between my study and that done in other habitats is the relatively 

low number of nectar bearing and fruiting species which are available to bellbirds 

at Craigieburn. Because of the lower annual amount of nectar in the diet, 

honeydew plays a more important role as a carbohydrate source in the bellbird diet 

each month than nectar. 

On Little Barrier Island, a major proportion of the diet of bell birds is comprised of 

nectar in most months of the year (Gravatt, 1969; Angehr, 1986; Rasch and Craig, 

1988). Nectar sources on Little Barrier Island are a diverse assemblage of 

overlapping flowering plants such that in every month bellbirds are utilizing one or 
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more nectar sources (Gravatt, 1970). In contrast, the Craigiebum results show 

there are only two months ofthe year (January and February) when nectar is a 

major component of the diet This difference is most likely because Little Barrier 

Island has nectar sources available all year whereas at Craigieburn the only nectar 

sources, mistletoes, are only available in'January and February. A sizable 

proportion of the feeding observations (33% in early January, 59% in late January 

and 27% in February) were of nectar feeding on the two species of mistletoe. The 

probable nectar feeding on S. glaucophylloides in October is the only other nectar 

source in the Craigieburn area. These results are similar to those of O'Donnell and 

Dilks (1994) in the Windbag Valley area of South Westland where there was a 

small proportion of nectar foraging over the year but with a peak in 

October-December. In their results, bellbird visits to flowers were largely to five 

species (Dacrydium cupressinum, Fuchsia excorticata and three species of 

Metrosideros) although eight other species were visited less often. These 

infrequently visited species included P. tetrapetalaand P. colensoi (combined rate 

of3.3% of all visits). The South Westland habitat differs from that of Craigie bum 

in the larger number of nectar producing species present and additional 

nectivorous species offorest birds (e.g. tui and kaka). Unlike Little Barrier Island, 

South Westland and Craigieburn are also similar in that they have a limited season 

when most nectar sources are available (September-February). 

The proportion of nectar in the bellbird diet is limited by the availability of 

potential nectar sources. Where nectar sources are available year round, it makes 

up a large proportion of the bellbird diet throughout the year (though this may be 

limited by competition from other species and conspecmcs). Where flowering 

seasons are short, and the number of species flowering are low, the proportion of 

nectar in the bellbird diet is smaller and limited to a shorter period. 

Like nectivory, the proportion offruit in the diet of bell birds is higher in habitats 

with more fruiting species (Gravatt, 1969~ Boyd, 1987~ O'Donnell and Dilks, 

1994~ Anderson, 1997). The exception is that in some areas of New Zealand the 

availability of fruit and flowers, and their presence in the bellbird diet, overlap 

(Gravatt, 1969, 1970; Angehr, 1986~ Rasch and Craig, 1988; Baker, 1992; 

O'Donnell and Dilks, 1994). In these habitats the choice between the two sources 

depends upon their relative availability and energy reward. At Craigiebum, no 

overlap occurs in frugivory and nectivory. Observations offrugivory peaked in 
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March and May, after all potential sources of nectar were finished. This was mainly 

the fruit of P. tetrapetala and A. flavida. The low proportion of fruit from L. 

fasciculatus and C. parviflora in the diet of bellbirds reflects the rarity of these 

species in the area. On Little Barrier Island, the Nelson region and in South 

Westland, bellbird frugivory appears to be more restricted (about 2-15% of 

observations) (Gravatt, 1969; Angebr, 1986; Boyd, 1987; O'Donnell and Dilks, 

1994). The exception was female bellbirds in the Nelson region in late summer 

(Boyd, 1987) which had a third of their diet made up of fruit. 

Where nectar sources are absent but when honeydew is available, bellbirds rely on 

honeydew for a large proportion of their diet (Kikkawa, 1974; Gaze and Clout, 

1983; Boyd, 1987). This supports Paton's prediction (1980), from work in 

Australia, that a carbohydrate source such as honeydew can be an effective 

substitute for nectar because of its chemical similarity. Paton's (1980) prediction 

was also supported at Craigieburn where major nectar sources were absent for ten 

months of the year. Between July and November honeydew feeding made up to a 

third of foraging observations. Few other food sources were present in the diet, 

apart from invertebrates. In contrast, when fruit and nectar were present in the 

diet, the proportion of honeydew feeding was small. The exception to this was the 

high proportions of honeydew feeding in early January and in February when 

mistletoe was also flowering. In Chapter 4 the energy content of honeydew and 

mistletoe flowers is related to their proportions of the bellbird diet to determine if 

differences in the relative energetic content of these two diet items can explain 

their respective proportions in the diet. The only other record of honeydew as a 

bellbird food was the very small proportion present in the bellbird diet of the 

Windbag Valley area (temperate rainforest), South Westland (O'Donnell and 

Dilks, 1994). This small diet proportion is probably a result of the availability of 

nectar sources in the area (27 plant species observed flowering; O'Donnell and 

Dilks, 1994), but may also be because oflow honeydew production. 

The proportion of the bellbird diet at Craigiebum that is made up of probable and 

definite invertebrate observations had an annual mean of 55%. This high degree of 

insectivory indicates that invertebrates may be taken as an energetically efficient 

food source. This statement is supported by the bellbirds using the gleaning 

foraging method for invertebrates, like other honeyeaters which specialize on 

invertebrates. This is an energetically inexpensive method compared to other 
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invertebrate foraging techniques (Recher and Abbott, 1970; Ford and Paton, 1976; 

Bergquist, 1987; Franldin, 1997). Alternatively, invertebrates may not be the most 

efficient food for bellbirds but there may be a limited choice of foods. 

In South Westland (O'Donnell and Dilks, 1994) the proportion of invertebrates in 

the bellbird diet was high (47-75%) and was more seasonally stable than at 

Craigieburn. A review by Craig et al. (1981) of earlier bellbird work in the Hauraki 

Gulf and on the South Island near Nelson (Merton, 1966; Gravatt, 1969, 1971; 

O'Donnell, 1980) showed that about one-half of the bellbird diet was made up of 

invertebrates. This is very similar to the annual mean at Craigieburn. Averaging the 

invertebrate diet proportion over the entire year, as Craig et al. (1981) did for the 

results of Gravatt (1969, 1971), does show the general composition of the bellbird 

diet but it may also mask the importance of nectar in spring and summer. Where 

there are abundant floral sources (Gravatt, 1969, 1971; Angehr, 1986; Rasch and 

Craig, 1988) or honeydew (Gaze and Clout, 1983; Boyd, 1987), the proportion of 

invertebrates in the bellbird diet is lower than in most corresponding months at 

Craigieburn. 

The small proportion of definite invertebrate feeding observations in November, 

December and February were nearly all hawking events. These observations 

coincided with the onset of the bellbird breeding season and were possibly in 

response to the higher protein demands from breeding and provisioning nestlings 

(Ward, 1969; Fogden, 1972; Craig et aI., 1981; Bergquist, 1987; Weathers and 

Sullivan, 1993). Alternatively there could have been a peak in certain winged 

insects at this time of year (see Chapter 3). 

In the Australian Meliphagidae, separate feeding guilds have been documented 

between the longer beaked honeyeaters, that feed mainly on flowers and take a few 

insects by hawking, and the shorter beaked honeyeaters, that feed mainly on . 

insects by gleaning and visit some flowers (Recher and Abbott, 1970; Ford and 

Paton, 1976, 1977; Paton, 1982). In New Zealand, differences between the feeding 

ecology of honeyeater species do not appear to be as rigid as in some Australian 

species. Where large differences do occur between the diets of bell birds, tui and 

stitchbirds they have been in habitats where all three species have been present and 

competition may limit access to some nectar sources (Craig and Douglas, 1984, 

1986; Craig, 1985). The results from my study show that during the mistletoe 

flowering and fruiting seasons, in a habitat where other honeyeaters are not 
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present, bellbirds visit high proportions of mistletoe but do not specialize solely on 

anyone food source. Given their generalist diet, ability to utilize different foods as 

sources of energy, and shorter beak morphology (Gravatt, 1969; McCann, 1975) I 

suggest bellbirds are similar to the feeding guild of the shorter beaked Australian 

Meliphagidae. This broad diet is perhaps a key feature that enables them to inhabit 

the Craigiebum high altitude beech forest throughout the year despite the very 

simple vegetation and shortage of flowering and fruiting plants. 

It is likely that tui, yellowhead and kaka could have once been present at 

Craigiebum as fossil records show they were present on the Canterbury plains 

(Holdaway and Worthy, 1997; Worthy, 1997) which would have resulted in 

overlapping pollinating species. However, bellbirds are the only major avian 

nectivore and frugivore at Craigiebum. 

Bellbirds at Craigiebum are annual generalists but nectar or fruit specialists in 

particular months. When P. tetrapetala and A. flavida nectar and fruits are taken 

by bellbirds they also continue to include invertebrates and honeydew in their diet. 

However, as P. tetrapetala and A. flavida are among the few nectar and fruit 

sources Craigiebum they are taken in relatively large proportions compared to 

other habitats which have a larger number of nectar-bearing species. Although 

effective dispersal and pollination is not just determined by the visitation of an 

animal vector (Craig, 1989; Whelan and Goldingay, 1989; Schupp, 1993; Ramsey, 

1995; Larson, 1996), the large proportion of mistletoe in the bellbird diet suggests 

that bellbirds are concentrating on mistletoe fruit and visiting mistletoe flowers in 

Craigiebum. This, and the few other pollinators and dispersers in the area, 

reinforces their position as a key disperser and pollinator of P. tetrapetala and A. 

flavida at Craigiebum. 
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Chapter 3 
Seasonal Variation the Availability of Food Resources 

3.1 Introduction 

Honeydew, invertebrates, and mistletoe flowers and fruit have been previously 

recorded in the bellbird diet in the South Island of New Zealand (Gaze and Clout, 

1983; Boyd, 1987; O'Donnell and Dilks, 1994; Ladley and Kelly, 1995a,1995b, 

1996). At my Craigiebum study site I also found that these food sources form the 

majority of the bellbird diet (Section 2.4). Seasonal variation in the availability of 

these four food resources, in respect to each other, could possibly explain seasonal 

changes in the bellbird diet and identify months when low energy availability might 

limit bellbird activity, survival or densities. 

It is known from previous studies that the availability of most food resources vary 

over the season. For example, the availability of Peraxilla tetrapetala and Alepis 

flavida flowers and fruit is highly seasonal (O'Donnell and Dilks, 1994; Ladley and 

Kelly, 1996). The flowering seasons of both species are limited to one or two 

months (depending on the region) in summer while the majority of the fruiting 

season spans only a two month period in autumn (although some P. tetrapetala 

fruit may remain through autumn and winter). Seasonal variation has also been 

observed in honeydew production with a peak: in spring/autumn (Gaze and Clout, 

1983; Boyd, 1987). However, the only study on the abundance of invertebrates in 

native forests did not find any seasonal differences in the invertebrate biomass 

(Clout and Gaze, 1984). 

The aim of this chapter is to determine how the major food resources used by 

bellbirds at Craigiebum vary in their total energetic value over a 12 month period. 

, The results are then related to the diet, to see if a change in the bellbird diet 

corresponds to food availability. I also examine the bellbird time budget of this 

species in Chapter 4 to identify any periods where bellbirds might be energy 

limited. 
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3.2 Honeydew 

3.2.1 Methods 

Honeydew production was estimated from the trunks of 25 mountain beech 

(Nothofagus solandri var. cliffortioides) trees that were randomly chosen on 

transect A (Fig. 2.1). The sampling quadrat was a permanent 50 cm cylindrical 

~ area on each beech trunk at breast height. Each month honeydew droplets were 

gathered with a 50 micro litre pipette and the number of drops, and total volume of 

all the drops, were recorded for each tree. The combined volume from each tree 

was then stored on filter paper so sugar concentration could be analyzed in the 

laboratory. Beech trees were sampled only when there had been two previous days 

of dry weather because of the potential for precipitation to remove or dilute 

honeydew droplets. Honeydew sampling was carried out in the morning so as to 

avoid warm conditions that cause evaporation, making droplets more viscous, and 

preventing the measuring of volume (Kelly et al., 1992). In certain months viscous 

honeydew was unavoidable and volume could not be measured on some trees. 

However, for these trees the honeydew was still collected for sugar analysis. No 

sampling was possible in June and August 1997 due to persistent precipitation that 

washed away honeydew. 

The amount of honeydew sugar (mg of sucrose/quadrat) was estimated using an 

antherone colourmetric assay of the redisolved sugar from the filter paper 

(McKenna and Thompson, 1988). The energy value of honeydew from quadrats 

was calculated assuming that 1 mg sucrose = 16 J (Grant and Beggs, 1989). The 

mean honeydew volume/m2, number of drops/m2, and % weightlvolume of sugar 

for each month was calculated from all 25 beech trees as in the example in Table 

3.1. 

The J/quadrat were then converted to Jlhectare using two simple models of bark 

surface area for mountain beech (Kelly, 1990). The first model treated each tree as 

a cone, which tapered from the d.h.h. (diameter at breast height) measurement at 

the bottom, to zero at the top. The second model treated each tree as a cylinder (to 

allow for branches). The estimated bark area (m2) was then calculated for each 

beech tree in sixteen 20 m x 20 m plots at Craigiehum from measurements of tree 



for of the 25 trees sampled honeydew between March 1997 and February 1998, and an example of one month 
derivation of the mean values for.ul (microlitres)!fTi2., number of drops/m~, and % weight/volume of sugar, at Craigieburn. 

Tree 

dbh -quadrat size number of months number of total volumel sugarl number of % weight/volume 
Tree (m) (m':2:) with honeydew 

1 0.21 0.33 3 1 0.57 15 1.73 3.03 26.32 
2 0.16 0.26 10 6 3.39 12.5 13.04 23.08 3.69 
3 0.37 0.58 0 0 0 0 0 0 0 
4 0.24 0.37 9 2 2.26 15 6.11 6.64 
5 0.38 0.6 1 0 0 a 0 a 0 
6 0.16 0.26 10 3 1.7 13 6.54 11.54 7.64 
7 0.21 0.32 10 1 12.5 1.78 1.32 21.93 
8 0.28 7 2 16.25 1.3 4.55 28.51 
9 0.29 0.46 0 0 a 0 a 0 0 

10 0.35 0.54 1 1 0.57 11 1.06 1.85 19.3 
11 0.18 0.3 9 8 7.92 6 26.4 26.67 0.76 
12 0.31 0.5 3 1 0.57 12 1.14 2 21.05 
13 0.27 0.42 9 3 1.13 9 2.69 7.14 7.96 
14 0.34 0.53 7 0 0 0 0 0 a 
15 0.18 0.28 9 2 1.13 6 4.04 7.14 5.31 
16 0.23 0.37 1 0 a 0 a 0 a 
17 0.21 0.33 0 0 0 0 a 0 0 
18 0.28 0.44 3 0 a 0 a 0 a 
19 0.22 0.35 8 1 0.57 7.5 1.63 2.86 13.16 
20 0.28 0.44 7 3 0.57 12.5 1.3 6.82 21.93 
21 0.2 0.32 7 2 2.26 8.5 7.06 6.25 3.76 
22 0.16 0.25 7 2 1.13 12.5 4.52 8 11.06 
23 0.37 0.57 9 4 2.26 8 3.96 7.02 3.54 
24 0.28 0.45 10 23 27.14 7 60.31 51.11 0.26 
25 0.25 0.39 1 0 0 0 0 0 a 

Mean 5.78 7.03 8.11 
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d.b.h. and height (D. Kelly, pers. comm.). Bark area was then converted to m2/ha 

by summing for all trees in the plots. As the true bark area [m2/hectare] probably 

lies between the two model estimates a mean value was used. Sugar concentration 

for each tree was converted to energy values per unit area (kJ/ha) and then 

averaged for each month to give a monthly mean energetic value. 

3.2.2 Results 

In Craigieburn Forest Park in May 1996,49% of beech trees were infested with 

Ultracoelostoma (D. Kelly, pers. comm.). I found a wide range of 

Ultracoelostoma infestation in the 25 beech trees sampled. Very few tree trunks 

were heavily infested and there were some trunks which never had any honeydew 

droplets present. Honeydew drops were absent from some beech trees in certain 

months because of seasonal changes in the presence of honeydew (Fig. 3. 1). The 

lowest number of trees with honeydew droplets present were in May and July. 

The mean volume of honeydew (ul (microlitres)/m2), and the mean number of 

drops/m2 had their lowest values in winter (Table 3.2). This reflects the lower 

honeydew production in winter that resulted in the mean energetic value (kJ/ha) of 

honeydew fluctuated seasonally from a low in July 1997 to a high in November 

1997 (Fig. 3.1). The low energy value of honeydew in late autumn/winter was 

followed by a steady increase over spring to a peak in mid-summer. The % weightl 

volume of honeydew sugar had no distinct seasonal pattern but did have its highest 

values in spring (Table 3.2) when there was a peak in honeydew energy (Fig. 3.1). 

3 Discussion 

Honeydew at Craigieburn could be a valuable carbohydrate resource for bellbirds 

because of its relatively high energy value and it is present throughout the year. 

The seasonal fluctuation of the honeydew energy value at Craigieburn supports 

previous results (Gaze and Clout, 1983) that there is a peak in the honeydew sugar 

concentration/energy value in spring. However, the energy value per unit area 

(kJ/ha) at Craigieburn is very low compared to a study in the Nelson region of the 

South Island (Table 3.3; Boyd, 1987). These results strengthen the idea that there 

is less honeydew available at higher altitudes as suggested by the lower densities of 

U. assimile at increasing altitudes in Oxford State Forest, Canterbury (Crozier, 
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Table 3.2 The mean honeydew ul (microlitres)/m' '. number of drops/m ,and % weight/volume 
of sugar for each month at Craigieburn. betweeriMarch 1997 and February 1998. 

ullm 2 
number of % weight/volume 
drops/m2 (sugar) 

March'" 7.56 16.96 
April 5.78 7.03 8.11 
May 1.12 3.8 4.64 
June 
July 0.58 2.33 4.99 
August 
September 5.8 10.42 6.9 
October 13.66 12.7 2.16 
November nd nd 15.1 
December nd nd 12.09 
January nd nd 5.24 
February 7.25 8.66 4.63 

'" No mean % weight/volume of sugar value was calculated in 
March 1997 as the recording of seperate sugar values (mg) for 
each tree did not begin until April 1997. 
nd = no data because of viscous honeydew that prevented volume 
measurements. 
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Table 3.3 A comparison of the honeydew energy value per unit area of Nothofagus bark in Nelson 
(Boyd, 1987) and Craigieburn (this study). 

Nelson 

Craigieburn 

2 
kJ/m' 

January/February 
117 

January (i99S) 
0.31 

Craigeburn as a proportion of Nelson 

January/February 
0,003 

February (1998) 
0.33 

May/June 
286 

July 
286 

May (1997) July (1997) 
0.2 0.14 

May 
0.0007 

July 
0.0005 
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1978). Belton and Crozier (1979; as cited in Crozier, 1978), suggested that 

altitude limited the density and distribution of Ultracoelostoma to areas under 

800 m, above which the scale insects are uncommon. This would imply that the 

Craigieburn study site at 980 m should have low insect densities, which is 

supported by the lower honeydew energy, values per unit area (kJ/ha) when 

compared to the Nelson region (Boyd, 1987). 

The only study where it has been possible to calculate a unit of honeydew energy 

value, to compare with Craigiebufl\ was with the data of Boyd (1987) in the 

Nelson region. To get a comparable kJ/m2 I converted up Boyd's data for kJ/0.25 

m2, and my data for kJ/O.4 m2 (average sampling area on the beech trunk at 

Craigiebum ), to kJ/m2. The difference in the honeydew energy value between the 

two areas is very large with the Nelson values being 377~2043 times greater (Table 

3.3). Even taking into account any possible higher Nothojagus tree density at 

Craigieburn, the honeydew energy value per hectare in the Nelson region appears 

to be much greater. Other honeydew sampling in the Craigiebum region had a 

similar low value (D. Kelly, pers. comm.) which supports the large difference 

between Craigiebum and Nelson. Although the honeydew energy values at 

Craigieburn were much lower than those in the Nelson region they are still the only 

carbohydrate source available year round in this montane beech forest and their 

importance as a bellbird food source should not be underestimated. 

Even though the energetic value of honeydew at Craigieburn is lower than that in 

the Nelson region there is a similarity in the seasonal variation the value of 

honeydew (Gaze and Clout, 1983; Boyd, 1987). Seasonal variation in honeydew 

energy~value at Craigieburn mirrors variation in honeydew sugar concentration in 

the Nelson results of Gaze and Clout (1983) where there is a decrease in winter 

and an increase in spring. However, the spring peak at Craigiebum (Fig. 1) is not 

as large as the spring peak found by Gaze and Clout (1983). The similarities in the 

seasonal variation of honeydew between this study and that of Gaze and Clout 

(1983) provides evidence for a general peak in the honeydew concentration/energy 

value in spring (there was no spring sample in Boyd (1987)). This peak in spring 

could be the result of increased production of sap flow in the beech trees in spring 

and summer. Alternatively, the harvesting rate may be a factor as well since the 

standing crop is the result of production minus the harvesting rate. The main 

contrast between the two areas is the decrease in honeydew energy for Craigiebum 
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over autumn to winter while there was an increase in honeydew in Nelson (Boyd, 

1987). 

3.3 Invertebrates 

3.3.1 Methods 

Since bellbirds at Craigiebum mainly forage for invertebrates by gleaning the bark 

and foliage of beech trees (pers. obs.), invertebrate samples were gathered from 

Nothofagus solandri var. cliffortioides trees in the stUdy area. Fifteen invertebrate 

samples were gathered from quadrats on randomly selected beech trees each 

month. Ten samples were taken from bark and 5 from foliage. For consistency, 

samples were collected in the afternoon on days when there had been no previous 

precipitation and trees were dry and so as to collect samples when invertebrate 

presence was at its peak. 

Of the 10 bark samples, 5 were taken from 'honeydew' bark (distinguished by a 

coating of sooty mould that grows on honeydew), and the other 5 were taken from 

'normal' bark (not coated with sooty mould). samples were collected using a 

step ladder placed against the northern aspect of the tree trunk to standardize the 

aspect of the tree where samples were collected. A 29 x 16 cm quadrat was then 

marked at the standardised height of 3 metres. This height was chosen as bellbirds 

had often been observed feeding at this height (pers. obs.) and sampling any higher 

up the beech tree would have been too time consuming. The area was then given 

three quick bursts with an insect spray (pyrethrum), which increases invertebrate 

activity (driving them out of their refuges), and then left for one minute. The 

quadrat area was then scraped with a wire brush with samples being caught in a 

collection tray. The sample was placed in an individual container filled with 70% 

alcohol. 

Foliage samples were also collected at the height of3 metres and on the northern 

aspect of the tree. At the top of the step ladder 100 grams (wet weight) offoliage 

was pruned and placed in a plastic bag on a spring balance. The bag was then 

sealed and shaken vigorously for one minute. The foliage was removed and the 

remaining contents of the bag was placed in a container with 70% alcohol. 
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In the laboratory invertebrates were removed from the 70 % alcohol by floatation 

and sorted into taxonomic Orders. Larvae could not be classified into Orders and 

were just grouped under the label 'Larvae'. 

The most common invertebrates were identified to their family by Peter Johns. 

Each invertebrate was then measured for total body length and the data were 

arranged in size classes of 1 rnm. As most groups of invertebrates have a similar 

relationship between body length and dry weight, estimates of dry weight from 

body dimensions have been successfully used in past studies of terrestrial and 

aquatic invertebrates (Huxley, 1924; EngIemann, 1961; Breymeyer, 1967; Tilbrook 

and Block, 1972; Rogers et al., 1976; Meyer, 1989; Towers et aI., 1994). 

Estimates of dry weight from length have the advantage of being quick and are not 

subject to the bias that occurs from the possible reduced weight of specimens that 

have been stored in alcohol (Meyer, 1989). 

In this study I used the equation of Rogers et aL (1976), which is a generalised 

regression equation that estimates the dry weight of terrestrial insects from their 

body length: 

0.0305 (1) 

where W is weight in mg and L is body length in rum. This equation was chosen 

because it was derived from insect orders similar to those at Cragiebum and the 

equation was supported by independent data in Rogers et al. (1976). 

The estimated energetic value ofinvertebrates/quadrat was calculated from the 

estimated weight assuming 1 g = kJ (Bell, 1990). This value was chosen as it 

covered a wide variety of insect orders, similar to those at Craigieburn, and 

included energy values of adults and larvae. A similar value was also reported by 

Cummins and Wuycheck (1967). 

A one-way ANOVA was used to test the 5 J/sample replicates in each of the three 

habitat categories ('honeydew' beech, 'normal' beech, and foliage) for significant 

differences between months. 

A mean J/sample was then converted to kJlhectare, using the same estimation of 

mountain beech bark area (m2)lha as in Section 3.2.1. This then gave a kJlha for 
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each of the 5 monthly replicates for 'honeydew' and 'nonnal' bark. To correct for 

the proportion of trees that have honeydew infestation at Craigiebum (Section 

3.2.2), the kJ/ha for invertebrates collected from 'honeydew' was multiplied by 49 

% (the proportion of trees in Craigiebum Forest Park infested with honeydew) and 

the kJ/ha for invertebrates collected from'nonnal' bark was multiplied by the 

remaining 51 %. 

To estimate the kJ/ha of invertebrates collected from the beech foliage each month 

the estimated mean invertebrate kJ per sample (100 g wet weight) were corrected 

for the estimated dry weight of each sample and the total foliage dry weight per 

hectare. This dry weight/wet weight conversion factor was derived by collecting 

10 samples of mountain beech foliage, each weighing 100 g, removing the leaves 

from the twigs, drying the leaves, and calculating a mean dry weight of the foliage 

in a 100 g wet weight branch sample. The dry weight of mountain beech foliage 

has been estimated as 12.8 tonnes/ha (Wardle, 1984; p322). The dry weight of 

mountain beech foliage was then divided by the mean dry weight of foliage per 100 

g wet weight sample to give a multiplication factor that would convert kJ/sample 

to kJ/ha for each of the. 5 monthly replicates. 

The invertebrate kJ/ha value for each of the 5 monthly replicates in each of the 

three habitat categories ('honeydew' bark, 'nonnal' bark, and foliage) were 

averaged to give a monthly mean energy value for 'honeydew' bark, 'nOlmal' bark 

and foliage and the three categories summed to give overall invertebrate 

abundance. 

3.3.2 Results 

The more common families in my samples include: Entomoboyidae in the 

Collembola (springtails), the genus Celatoblalta from the Blattidae in the 

Blattodea (cockroaches), Staphylinidae and Colydiidae in the Coleoptera (beetles), 

and Coccoidea in the Hemiptera. The common mite (Acarina) species could not be 

identified to family. 

There were some general differences between the community structure of 

invertebrates collected from the foliage and invertebrates collected from bark 

(Tables 3.4-3.6). On foliage there were higher numbers of dipterans and 



Table 3.4 The number of invertebrates collected in different Orders 
March 1997 and February 1998. 

March April May June 

Acarina 11 7 14 
Aranea 0 2 0 3 
Blattodea 3 2 1 0 
Coleoptera 4 5 5 5 
Collembola 0 7 3 2 

2 0 0 0 
Gastropoda 1 0 0 0 
Hemiptera 2 0 1 1 
Hymenoptera 0 2 0 
Pseudoscorpionoidea 4 8 3 4 
Psocoptera 0 0 1 1 
Thysanoptera 1 0 0 0 

Larvae 1 8 9 7 

Total 39 69 

5 quadrat samples off 'honeydew' beech bark at Craigiebum. between 

October November December January February Total 

15 17 10 10 18 156 
0 2 0 4 0 13 
2 2 3 1 1 16 
15 11 8 5 2 69 
4 1 0 4 5 31 
0 0 0 0 1 3 
0 0 0 0 0 1 

4- 1 1 3 0 1 14 
0 0 0 0 0 0 2 
6 5 3 6 6 4 49 
0 0 0 0 0 1 3 
0 0 1 0 0 0 2 

20 25 26 19 7 7 139 

55 67 64 49 37 40 498 

0\ 
00 



Table 3.5 The number of invertebrates collected in different 
1997 and February 1998. 

March Aoril AUOlust 

Acarina 17 59 29 35 
Aranea 2 3 2 5 
Blattodea 0 0 1 4 
Coleoptera 7 0 2 10 
Collembola 1 1 0 
Diptera 0 0 1 0 
Gastropoda 0 0 0 0 
Hemiptera 0 1 1 1 
Hymenoptera 1 0 0 0 
Pseudoscorpionoidea 5 3 3 3 
Psocoptera 0 0 0 0 
Thysanoptera 0 0 0 0 

Larvae 1 2 4 8 

Total 34 69 67 

from 5 quadrat samples off 'normal' beech bark at Craigieburn, between March 

October November December January February Total 

44 37 58 53 10 79 421 
2 3 0 1 1 3 22 
8 1 0 5 1 3 23 
9 7 2 3 4 2 46 
2 10 8 2 0 7 32 
1 0 0 1 0 0 3 
1 1 0 0 0 0 2 
1 0 4 1 1 3 13 

1 0 0 0 0 1 
5 6 4 6 3 42 

0 0 3 1 1 1 6 
0 0 2 0 0 0 2 

2 2 4 7 7 2 39 

67 87 78 31 103 

0\ 
\0 



Table 3.6 The of collected in different Orders from 5 quadrat samples in beech at Craigieburn, between March 
1997 and February 1998. 

August September October November December January February Total 

1 2 10 4 20 58 17 11 7 11 141 
Aranea 4 3 1 2 1 3 1 3 4 3 25 

0 0 0 o· 0 0 0 0 0 0 0 
3 5 4 1 0 2 0 7 2 0 24 
8 2 1 4 1 0 2 1 0 0 19 

Diptera 4 5 6 1 3 3 2 4 0 28 
Gastropoda 2 1 0 0 1 1 0 :2 1 8 
Hemiptera 11 7 2 12 9 15 10 4 4 18 
Hymenoptera 4 5 2 2 2 5 15 3 1 39 
Pseudoscorpionoidea 0 0 0 0 0 0 0 0 0 () 

Psocoptera 3 1 2 0 2 0 2 0 11 
Thysanoptera 1 1 4 0 2 2 1 1 0 1 13 

Larvae 5 4 7 14 7 7 13 15 3 6 91 

Total 46 35 40 60 65 31 27 477 
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hymenopterans, and a few more spiders and thysanopterans than those collected 

from bark. There were also fewer mites, coleopterans, and no blattodeans and 

pseudoscorpionoids collected from foliage. There was very little difference in the 

number of invertebrates collected in different orders between the two bark types. 

The main difference was that the number of mites collected on 'normal' bark was 

higher then than the numbers on 'honeydew' bark which accounted for the higher 

total number of invertebrates collected on 'normal' bark than on 'honeydew' bark 

(Table 3.4 and 3.5). For all three beech habitats Acarina were Order with the 

largest proportion of the total number of invertebrates collected (Table 3.7). 

There were too few animals in most of the orders to examine any seasonal 

changes. However, there was a spring/early summer rise in the following Orders: 

acarinans and coleopterans on 'honeydew' bark (Table 3.4), and acarinans from 

foliage (Table 3.6). 

Within the invertebrate size classes the greatest number of invertebrates collected 

were in the smallest size class, between 0-1 mm, for all three beech tree habitats 

(Tables 3.8-3.10). The number in each successive size class dropped steeply with 

over 80 % of the invertebrates collected within the first three size classes (Tables 

3.8-3.10). However, the low estimated energy value (kJ/ha) of small invertebrates 

(Fig. 3.2-3.4) indicates that the large number of invertebrates the first three size 

categories contribute little to the total energy (kJ/ha) of all categories. Thus, 

the highest seasonal values of the mean energy (kJ/ha) for all three beech habitats 

(Fig. 3.2-3.4) are much more affected by the few large individual invertebrates 

(6.1-10 mm) (Tables 3.8-3.10). 

The invertebrate energy value (J) in the 5 foliage replicates varied significantly 

between months (Table 3.11). However, the invertebrate energy value (J) in the 5 

replicates for 'honeydew' and 'normal' bark did not vary significantly between 

months (Table 3.11). 

Invertebrates collected from 'honeydew' bark had an annual mean energy value of 

7,336 kJ/ha (Fig. 3.5). The highest was in November 1997 and the lowest in 

January 1998 with a three fold range in the mean energy value (Fig. 3.5). There 

were two seasonal peaks in the mean energy value in March and November 1997. 
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Table 3.7 The overall percentage of different invertebrate Orders collected in the three 
beech tree habitats at Craigieburn, between March 1997 and February 199B. 

Order Honeydew bark Normal Bark Foliage 

Acarina 31 65 30 
Aranea 3 3 5 
Blattodea 3 4 0 
Coleoptera 14 7 5 
Collembola 6 5 4 
Diptera <1 <1 6 
Gastropoda <1 <1 2 
Hemiptera 3 2 16 
Hymenoptera <1 <1 8 
Pseudoscorpionoidea 10 6 a 
Psocoptera <1 <1 2 
Thysanoptera <1 <1 3 

Larvae 28 6 19 



Table 3.8 The number of invertebrates collected in classes 
between March 1997 and February 1998. 

Size classes (mm) March April May June 

0-1.0 12 12 17 50 17 
1.1-2.0 10 14 10 8 5 
2.1-3.0 6 4 4 5 
3.1-4.0 5 6 4 4 8 
4.1-5.0 1 4 1 () 2 
5.1-6.0 2 0 1 2 2 
6.1-7.0 2 0 0 0 
7.1-8.0 2 1 0 0 

0 0 0 0 
9.1-10.0 0 0 0 0 

.0 0 0 0 0 

41 37 69 

5 quadrat samples off 'honevdew' beech bark at 

November December January February 

23 21 15 13 20 
30 18 17 17 14 
8 8 11 3 2 
5 8 3 4 1 
1 4 1 3 0 
0 0 1 0 0 
0 2 0 0 1 
0 0 0 0 1 
0 1 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

62 48 40 39 

Total 

200 
153 
62 
48 
11 
is 
5 
4 
1 
0 
(I 

498 

-..j 
w 



Table 3.9 The number of collected in different size classes 5 'normal' beech bark at Craigieburn, 
March 1997 and February 1998. 

March Auaust Seotember October December January February Total 

18 56 41 45 48 73 58 12 88 469 
1.1-2.0 15 7 7 12 15 16 10 15 8 10 115 
2.1-3.0 a 2 1 6 10 2 1 4 5 1 32 
3.1-4.0 0 1 1 5 4 1 1 2 2 1 18 
4.1-5.0 0 0 1 2 1 0 1 0 2 3 10 
5.1"6.0 0 1 0 1 0 0 1 0 1 0 4 
6.1"7.0 1 0 2 0 0 0 0 0 0 a 3 
7.1--8.0 0 0 0 0 0 0 0 0 0 0 (I 

8.1"9.0 0 0 1 0 0 0 0 0 0 a 1 
9.1-10.0 0 0 0 0 0 0 0 0 0 0 0 

10.1-11.0 0 0 0 0 0 0 0 1 0 a 1 

Total 34 67 43 67 75 67 87 80 30 103 653 



Table 3.10 The number of invertebrates collected in different size 
March 1997 and February 1998. 

Size classes (mm) March April June July 

0-1.0 19 8 15 19 
1.1-2.0 17 18 18 12 
2.1-3.0 7 6 4 9 
3.1-4.0 3 3 5 2 
4.1-5.0 0 0 0 0 
5.1-6.0 0 0 0 0 
6.1-1.0 0 0 0 0 
7.1-8.0 0 0 0 0 
8.1-9.0 0 0 0 0 

9.1-10.0 0 0 0 0 
10.1-11.0 0 0 0 0 

Total 46 35 42 

from 5 quadrat samples in the beech foliage at Craigiebum. between 

October November December January February Total 

66 23 17 10 15 
11 10 25 24 10 9 154 
9 8 5 8 9 2 67 
3 1 3 13 0 1 34 
0 0 2 1 1 0 4 
0 0 1 0 0 0 1 
0 3 0 1 0 0 4 
0 0 0 0 0 0 01 
0 0 0 1 1 0 2 
0 0 0 0 0 0 0 
0 0 0 1 0 0 1 

46 88 59 66 31 27 482 

-...l 
VI 
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Table 3.11 One-way ANOVA table for the three beech tree habitats testing the estimated 
invertebrate energy (J) in the 5 replicates for each of the three beech tree habitats between months 
at Craigieburn. between March 1997 and February 1998. 

(A) Foliage 

Treatment (between columns) 
Residual (within columns) 
Total 

(8) 'Honeydew' bark 

Treatment (between columns) 
Residual (within columns) 
Total 

(C) 'Normal' bark 

Treatment (between columns) 
Residual (within columns) 
Total 

55 
131800 
145800 
277700 

55 
87000 
295100 
382100 

SS 
37670 
301200 
338900 

df 
9 

40 
49 

df 
9 

40 
49 

df 
9 
40 
49 

M5 
14640 
3648 

M5 
9667 
7378 

4186 

F 
4.013 

F 
1.31 

F 
0.5558 

P 
0.001 

P 
0.2622 

P 
0.8244 
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The overall pattern for the mean energy value started at a peak in early autumn 

(1997), fell to a low in winter, rose again to a second peak in late spring and fell 

again in the summer (1998). The annual mean energy value of invertebrates 

collected from 'normal' bark was 4,576 kJ/ha (Fig. 3.6). The high was in 

December 1997 and a low in October 1997 which gave a six fold range in the 

mean energy value (Fig. 3.6). Again there were two seasonal peaks in the mean 

energy value, with a peak in late autumn (1997) that fell to a low in early spring, 

before climbing to a second peak in early summer and then fell again in the summer 

(1998). This pattern was similar to the seasonal pattern in the mean energy value 

for 'honeydew' bark but was delayed by one to two months. For invertebrates 

collected from the foliage the seasonal energy pattern was even more sharply 

defined with a peak in December 1997 (Fig. 3.7) due to high numbers in the largest 

size classes at the time. Invertebrates larger than 4 mm were seen in foliage 

samples only between October and January (Fig. 3.4). For the rest of the 12 month 

period the mean energy values were very low and fluctuated little apart from a 

small rise in October and November 1997, and January 1998. The annual mean 

energy value was 2,344 kJ/ha with an eighteen fold range that had a high in 

December 1997 and low in February 1998 (Fig. 3.7). 

The overall mean invertebrate energy available at Craigiebum was greatest for 

those samples collected from bark (Fig. 3.8). Invertebrates collected from the two 

bark types had a similar mean energy value (kJ/ha) except in months when there 

were separate, though non significant, peaks in the mean energy value (kJ/ha) for 

'honeydew' bark (March and November) and 'normal' bark (May and December) 

(Fig. 3.5, 3.6 and 3.8). In these months the peak energy value (kJ/ha), in either 

'honeydew' or 'normal' bark, dominated the mean invertebrate energy (kJ/ha) 

available for all three beech tree habitats (Fig. 3.8). The mean invertebrate energy 

(kJ/ha) in the foliage only made up a large proportion of the mean invertebrate 

energy (kJ/ha) available in all three beech tree habitats when it peaked in December 

(Fig. 3.7 and 3.8). 

3.3.3 Discussion 

My results show that invertebrates at Craigieburn have a high estimated energy 

value (kJ/ha) on beech bark, and also in beech foliage in early summer. This energy 
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value had an increase in autulIlll, for 'honeydew' bark and 'normal' bark, and in 

spring/early summer for both bark types and in the foliage. These increases in the 

energy value resulted from the increase in numbers of invertebrates in larger size 

categories (especially in the larvae, blattodeans and coleopterans). 

The differences in invertebrate diversity between bark and foliage, shows their 

distribution between the two habitats. Blattodea (genus Celatoblalta) and 

Pseudoscorpionoidea were found exclusively on the bark. Acarina and Coleoptera 

also occurred in high numbers on bark. The reason why higher numbers were 

collected off the bark, and that higher numbers ofDiptera, Hymenoptera and 

Thysanoptera were collected in the foliage, may have been due to differences in 

niche-preference. Alternatively, the two different sampling methods may have 

produced biases in the groups that were gathered on foliage and bark. However, it 

is likely there are real differences in the groups present between foliage and bark. 

These differences between habitats illustrate the differences in the invertebrate 

community structure between the foliage and the bark. 

Overall the mean invertebrate energy appeared relatively stable between seasons 

(Fig. 3.8) which is similar to the stable seasonal invertebrate abundance described 

by Clout and Gaze (1984). The most important invertebrate food resources appear 

to be the few individuals in larger size categories which are responsible for most of 

the available invertebrate energy and the sharp seasonal peaks in the energy value 

(Fig. 3.3, 3.5 and 3.7). 

No single invertebrate sampling method will give a completely accurate estimate of 

the invertebrate community being sampled. For these reasons my results from 

Craigieburn can only be interpreted as an approximation of the invertebrate 

community on N. solandri var. cliffortioides at Craigieburn. However, the purpose 

of these samples was to provide an estimate of the energy value that was available 

for bellbirds feeding on beech invertebrates. The results could still be limited by 

the small sample size each month which was because of the limited time available 

for invertebrate sampling. As there are few other invertebrate niches that bellbirds 

exploit at Craigieburn, and the methods used gathered invertebrates that would 

have been accessible to bellbirds, I feel the data presented here provide a fair 

estimation of the resource energy available for bellbirds. These results show that 



86 

invertebrates are a potentially valuable food source, more so on the bark than in 

the foliage, with a relatively stable overall energy value. 

3.4 Mistletoe Fruit Nectar 

3.4.1 Methods 

Data on the sugar (g/ha) for Peraxilla tetrapetala and Alepisflavida fruit and 

nectar was supplied by Dave Kelly from work on permanently tagged plants at 

Craigiebum (Appendix 1). Mistletoe fruit-sugar was calculated from (1) the 

number of fruits still present on tagged plants at the time of bell bird feeding 

observations; (2) sugar content per fruit; (3) mean fruit per m3 of mistletoe; and 

(4) mean m3 of mistletoelha in permanent plots. Mistletoe nectar sugar was 

calculated in a similar way with one exception. It was more difficult to estimate 

because the mistletoe flower ripening rate (sugarlha in flowers ripening on that 

day) would give a lower limit to nectar availability, because it excludes flowers 

already opened but not visited by bellbirds. The total number of flowers open on 

that day would give an upper limit to nectar availability, as it assumes all open 

flowers are full with nectar whereas some will have had the nectar removed. Here, 

I have used an estimate of mistletoe nectar availability as taken from the number of 

flowers open (upper limit) at the time of bell bird feeding observations. 

relatively few flowers are visited by birds, nectar harvesting rates at Craigiebum 

are thought to be rather low (Robertson et al., in press). 

The energy value of mistletoe fruit and nectar was calculated on the same basis as 

the honeydew (Section 3.2.1) assuming 1 mg of sugar 16 J. 

3.4.2 Results 

The mean energy value (kJlha) of Peraxilla tetrapetala fruit increased during the 

months it featured in the bellbird diet (Table 3.12). This was because of the 

increase in fruit ripening per day from early April to March which resulted in a 

greater number of ripe fruits on P. tetrapetala (Appendix 1). The opposite trend 

was seen in the mean energy value (kJ/ha) of AZepis flavida fruit (Table 3.12) as it 



Table 3.12 The mean energy value (kJ/ha) of Peraxilla tetrapetala and Alepis flavida fruit 
at the time of bell bird feeding observations at Craigieburn in 1997. 

P. tetrapetala fruit A. flavida fruit Fruit of both species 

kJ/ha kJ/ha kJ/ha 
March 0 2,010 2,010 
April 751 716 1,467 
May 4,846 280 5,125 

Table 3.13 The mean energy value (kJ/ha) of Peraxi/la tetrapetala and Alepis flavida 
nectar at the tirne of bell bird feeding observations at Craigieburn in 1998. 

January (early) 
January (late) 
February 

P. tetrapetala nectar 

kJ/ha 
10,040 

357 
178 

A. flavida nectar 

kJ/ha 
9.8 

43.9 
345 

Nectar of both species 

kJ/ha 
10,050 

401 
523 
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had an earlier season of ripening. The mean energy value (kJ/ha) of Peraxilla 

tetrapetala fiuit had a maximum that was more then twice as high as that of Alepis 

flavida because of their higher sugar content per fiuit (Appendix 1). 

The total mean energy value for the fiuit of both mistletoe species was similar in 

March and April and increased in May (Table 3.12). This increase was primarily 

due to abundant P. tetrapetala ripening in late autumn (Appendix 1). 

For Peraxilla tetrapetala flowers the mean energy value for nectar (kJ/ha) 

decreased through the months it featured in the bellbird diet (Table 3.13). The 

peak in the mean energy value (kJ/ha) for P. tetrapetala nectar was in early 

January when there was a very high flowering rate (Appendix 2). The low P. 

tetrapetala mean energy value (kJ/ha) in late January and February (Table 3.13) 

was a reflection of the steep drop in the percentage of flowers ripening each day 

which illustrates the intensity and short duration of the P. tetrapetala flowering 

season (Appendix 2). The ripening rate for Alepisflavida flowers increased in the 

months their nectar featured in the beUbird diet (Appendix 2) which explained the 

increase in their mean nectar energy value (kJ/ha) from early January to February 

(Table 3.13). However, the low energy value (kJ/ha) of A. flavida nectar, 

compared to P. tetrapetala nectar (Table 3.13), is mainly due to their lower 

amount of sugar (mg) per flower (Appendix 2). 

The total mean energy value for the nectar of both mistletoe species had a high in 

early January which was again because of the high mean energy value for P. 

tetrapetala nectar (Table 3.13). In late January and February the total mean nectar 

energy for both species was similar but was twenty times lower than in early 

January (Table 3.13). 

3.4.3 Discussion 

The energy value of Peraxilla tetrapetala fiuit and nectar made up a large 

proportion ofthe total mistletoe energy value (kJ/ha). Compared to the energy 

values of other major beUbird foods the energy value of mistletoe fiuit and nectar 

was generally low, being less than 4 % of the total food energy (Table 3.14 and 

Fig. 3.9). The exception to this was in early January when the total mistletoe 



Table 3.14 The percentage mean energy value (kJ/ha) available in the environment ofthe major bel!bird food sources at 
Craigieburn, between March 1997 and February 1998. 

Percent of total food M A M J J S 0 N D J (early) J (late) 

Invertebrates 74 68 91 85 75 86 89 47 79 
Honeydew 12 17 8 9 15 14 11 11 18 
Mistletoe fruit 9 9 24 0 0 0 0 0 0 0 
Mistletoe nectar 0 0 0 0 0 0 0 0 42 3 

Total mean (kJ/ha) 23,508 17,342 23,426 1 13,086 24,516 27,607 26,203 16,555 

F 

73 
23 
0 
4 

00 
'0 
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nectar energy value, that was almost exclusively P. tetrapetala nectar, was a large 

proportion (39 %) of the total food energy available. 

The month of May, when the total mistletoe fruit energy value is much greater, is 

dominated by the sharp peak in Peraxilla tetrapetala fruit energy which illustrates 

the larger energy value of this resource compared to the energy peak of Alepis 

flavida fruit in March. However, the high fruit energy of P. tetrapetala is only 

limited to May. 

Overall Comparison of Food Resources 

In comparison to the available energy of honeydew and invertebrates between 

March and May 1997, the energy value of mistletoe fruit is only a small proportion 

of the total food energy available (Table 3.14 and Fig. 3.9). Only in May, when the 

fruit energy of P. tetrapetala is at its peak, does the total energy value of mistletoe 

fruit approach a quarter of the total potential available food energy. 

The peak in energy value of Peraxilla tetrapetala nectar dominated the total 

mistletoe nectar energy value. This meant that even though the energy value of 

Alepis flavida nectar increased over this period it was a much smaller energy 

resource compared to P. tetrapetala. Because of the low energy value of A. 

flavida nectar, and P. tetrapetala nectar in late January and February, there was a 

huge drop in the total value of mistletoe nectar. The high energy value of P. 

tetrapetala nectar made up nearly 40 % of the total food energy available in early 

January. In late January and February the total mistletoe nectar energy was small 

compared to honeydew and invertebrates. 

Thus the only time mistletoe should appear in large quantities in bellbird diet is in 

early January when the energy value of mistletoe nectar (predominantly the nectar 

of Peraxilla tetrapetala) forms a major proportion of the total available food 

energy. In March, April and May, mistletoe fruit energy value is comparable to 

that of honeydew but is still only a small proportion of the total food energy that is 

dominated by invertebrates. The total food energy value varies little between 

seasons (range two fold), with a late winter·October minimum and peak over 



summer. In the next chapter, I examine how the diet of bell birds changes in 

respond to this seasonal variation in food resources. 
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Chapter 4 
The Response of the BeHbird and Time Budget to the 

Seasonal Variation in Food Resources 

4.1 Introduction 

The few studies which have examined the response of the bellbird diet to seasonal 

variations in food resources have only been concerned with the concentrated 

carbohydrate sources such as nectar and honeydew (Gravatt, 1969, 1970; Gaze 

and Clout, 1983; Rasch, 1985; Boyd, 1987). The seasonal change in nectar species 

visited by bellbirds has been linked with the peak flowering of those species 

(Gravatt, 1969, 1970; Rasch, 1985). The two studies on honeydew (both in the 

Nelson region) measured different aspects of the role of honeydew in the bellbird 

diet. Gaze and Clout (1983) documented that the time bellbirds spent feeding on 

honeydew was longer when there was a lower honeydew sugar concentration. 

Boyd (1987) found a stable proportion of honeydew in the diet of male bellbirds, 

and a smaller proportion ofthe diet for female bellbirds, when the honeydew sugar 

concentration was higher. Boyd (1987) suggested that an increase in competition 

with tui, with the increase in sugar concentration, accounted for this difference. 

Time budgets for other Meliphagidae have also shown an increase in foraging time 

when nectar sources/carbohydrate availability were low (paton, 1982; Armstrong, 

1991; Perrott, 1997)' 

In this chapter I first compare the proportions of different foods in the bellbird diet 

to the energetic value of the foods available each month. The aim is to determine if 

the variation in the bellbird diet can be explained by variation in the energy value 

(kJ/ha) of major food sources. Secondly, this chapter will examine the time 

bellbirds spent foraging between July 1997 and February 1998. Ifbellbirds are 

seasonally limited by the available food energy then they should spend a longer 

time foraging when there is less food available (in winter: see Chapter 3). IT 

bellbirds are limited by the availability of food then this may account for their low 

numbers at Craigieburn. 



4.2 A Comparison of Bellbird Dietary Proportions to 
Values of Major Food Sources 

4.2.1 Methods 
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Energetic 

To see if any of the change in the bellbird diet could be explained by the available 

food energy, two comparisons were made. I first compared the proportion of each 

food category in the diet of bell birds (from Chapter 2) against the mean energy 

value (kJ/ha), or absolute energy, for that food category for each month sampled 

(from Chapter 3). Next, I plotted the proportion of each food category in the diet 

against the proportion of the monthly total mean energy value (kJ/ha) (from all 

major food categories) for that food category for each month sampled (i.e., 

relative energy). Linear regressions were used to test for any significance in both 

compansons. 

4.2.2 Results 

There was a significant relationship between the percent of the bellbird diet for 

each major food group and the absolute energy ofthose food groups (Table 4.1 

and Fig. 4.1). A similar relationship was also significant for relative energy for the 

percent ofthe bellbird diet for each major food group (Table 1 and Fig. 4.2). 

However, the grouping of the data in both Fig. 1 and 4.2, with invertebrates at 

one end and other food groups at the other end, could be responsible for the 

significance of this relationship. For this reason each major food group (honeydew, 

invertebrate, mistletoe fruit, and mistletoe nectar) was also tested separately. 

However, because invertebrate and honeydew energy values were only sampled in 

early January, the mistletoe nectar value in late January could not be presented as a 

proportion of the total energy available. For this reason there were too few points 

for mistletoe nectar (early January and February) to test for the proportion ofthe 

diet against the proportion of the monthly total mean food energy. 

The results of the separate linear regressions of the individual food categories 

showed that only the relationship between invertebrates in the diet and their 

relative food energy value for each month was significant (Table 4.2 and Fig. 4.3). 

Where the percent of the bellbird diet was plotted against the absolute and relative 
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Table 4.1 Results of the linear regression testing all values for the percent of the major food 
catergories in the bell bird diet plotted against their absolute energy values (mean kJ/ha available) and 
relative energy values (percent of the monthly total mean food energy available (kJ/ha) monthly at 
Craigiebum, between March 1997 and February 1998. 

F 
r2 
p 

Absolute energy 

15.36 
0.39 

0.0006 

Relative energy 

14.97 
·0.39 
0.0008 

Table 4.2 Results of the linear regressions testing each food catergory separately for the 
percent of each major food catergory in the bell bird diet plotted against their absolute energy values 
(mean kJ/ha available) and relative energy values (percent of the monthly total mean food energy 
available (kJ/ha) monthly at Craigiebum, between March 1997 and February 1998. 

(A) Absolute energy 

Honeydew Invertebrates Mistletoe Mistletoe nectar 

F 1.58 0.53 0.04 0.13 
11'2 0.17 0.06 0.04 0.12 
P 0.24 0.49 0.88 0.78 

(B) Relative energy 

Honeydew Invertebrates Mistletoe fruit 

F 0.48 10.67 0.003 
r2 0.06 0.57 0.003 
P 0.51 0.011 0.97 
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energy for each food category in each month, no other food categories had a 

significant relationship (Table 4.2). 

4.2.3 Discussion 
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I found that about a third of the variation in the bel1bird diet (39 %) could be 

explained by the change in the available food energy (Table 4.1) whether absolute 

or relative food amounts were used. This is not just an artefact of the two 

groupings ofthe data on either end of the regression lines (Fig. 4.1 and 4.2) as 

there was a separate positive relationship between invertebrates against their 

relative energy aVailability where 45 % of the variation in the invertebrate 

proportion ofthe bellbird diet could be explained by changes in its relative energy 

availability (Table 4.2 and Fig. 4.3). This supports the relationship seen across all 

food categories (Table 4.1) and suggests that bellbirds are varying their diet in 

relation to the food energy available. 

The reason that honeydew, mistletoe fiuit, and mistletoe nectar did not have a 

significant relationship between their proportion in the bellbird diet and the 

absolute and relative energy values may be because of the low number of monthly 

samples. However, at a simple level bellbirds must respond to changes in fiuit and 

nectar availability as for much of the year there is none to feed on, but they do 

switch to these foods when they become available. 

The change in the available food energy explains a fairly high percentage of the 

variation in the bellbird diet at Craigiebum (39 %) considering the factors which 

could have lowered this value. Such faGtors could be: (1) variation in the sampling 

or the under-representation (low sample size) of certain food categories that are 

driving most of this relationship; (2) bird observations and food measurements 

both have error and they are sampled on different days; (3) no data on energy 

intake rates as invertebrates may be harder to find; (4) no data on nutritional 

makeup of foods where invertebrates probably provide more protein than other 

foods; (5) other factors that also. account for variation in the bellbird diet including 

competition (Boyd, 1987), and seasonal energy and nutrient demands (Ward, 

1969; Fogden, 1972; King, 1974; Krebs et al., 1987), Seasonal nutrient demands 

from the feeding of nestlings is a possible explanation for the high invertebrate 

proportion of the bellbird diet in late January (Fig. 2.2) as there was a similar 
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amount of nectar energy available as in February when bell birds had a much higher 

proportion of mistletoe nectar in their diet (Fig. 2.2 and 3.9). 

The estimates of mistletoe fruit and nectar energy value in Chapter 3.4 may be 

underestimating their net energetic value to bellbirds. This is because of the high 

proportions of mistletoe fruit and nectar in the bellbird diet (Fig. 2.2) that do not 

seem to relate to their energy values as compared to the high invertebrate energy 

that is available in the same months (Fig. 3.9). However, it is important to note 

that the mean energy values of the major bellbird food sources in Fig. 3.9 only 

represent the energy theoretically available to the bellbird without the costs of their 

acquisition. The same length of search time for these different foods would 

probably result in a greater net energy gain from nectar on a mistletoe plant than 

from honeydew or invertebrates. This is because mistletoe flowers, and fruit, are 

concentrated in a small area whereas honeydew drops are spread over beech bark 

and in invertebrate foraging there are also the costs of prey capture, prey handling, 

and possibly longer energy assimilation during digestion. 

4.3 Seasonal Variation Bellbird Time Budget 

4.3.1 Methods 

From July 1997 to February 1998 data were collected once a month to construct a 

seasonal bellbird time-budget. An additional trip was made in late January 1998 as 

the flowers of Peraxilla tetrapetala and Alepis flavida ripen quickly over this 

month. Time-budget observations were collected simultaneous with the focal 

animal foraging observations between the hours of 0900 and 1700 but were 

recorded using instantaneous sampling. At the start of each 30 second 

observational sampling period, when the bellbird visible, its activity was placed in 

one of the following activity categories: 

(1) feeding, which included gleaning, hawking and probing for invertebrates, 

gleaning honeydew drops, flower visitation and frugivory; 

(2) calling; 

(3) rest, which was defined as sitting with no movement; 

(4) locomotion, defined as flight and any movement along branches or on the 

ground; 
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(5) preening, defined as the use of beak or feet for body and feather maintenance; 

and 

(6) social interaction, which was aggression and any other social contact between 

bellbirds. 

A Chi-square test of independence was used to identifY any differences in the 

number of feeding observations in the bellbird time budget between months. This 

was achieved by calculating a Chi-square table similar to that for categories in the 

bellbird diet in Table 2.1. 

As any decreases in the percentage of foraging time from winter to summer may be 

the result of the same amount offoraging hours between seasons but with 

increased daylength in summer, the foraging hours per day were also calculated. 

This was achieved by calculating the daylength, for the middle date of each 

monthly field trip, and multiplying by the proportion of the bellbird time budget 

spent feeding and foraging on that field trip. Daylength was defined as the time 

from sunrise to sunset. It was calculated from a table of semi-diurnal arcs (hour 

angles at rising and setting), based on latitude and declination on different dates of 

the year, which gave the hours from the sun's highest position to either sunrise or 

sunset (Marsden, 1998). This value was then added (for sunset) or subtracted (for 

sunrise) from the time of transit (when the sun reached the peak of its arc, which 

changes for different dates) and corrected for refraction of the sun and longitude. 

The resulting hours spent feeding and locomotion were plotted seasonally and 

tested separately with linear regressions. The total foraging hours (feeding plus 

locomotion) were then tested across the seasons with a linear regression. 

A Chi-test of independence was also used to test for any differences in the number 

of calling observations in the bellbird time budget between months. This was to 

examine ifbellbird conspicousness varied between seasons that will be addressed in 

Chapter 5. 

4.3.2 Results 

Bellbirds at Craigiebum spent between 5 and 19 % of their total time feeding (Fig. 

4.4). The number of feeding observatio~s in the bellbird time budget did not 

change significantly between months (X?=5.6, df8, P=0.69). 
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However, the proportion of time spent feeding only reflects the result of successful 

foraging events and does not reflect all the costs offoraging. Another major cost 

of foraging is search time. To provide an estimate of searching time I assumed that 

the majority of the proportion of time spent in locomotion would be in search of 

food. This assumption was made as I observed few other purposes for bellbird 

locomotion at Craigieburn, with contact between bellbirds only being recorded 

once in the time budget (Fig. 4.4) and few bellbirds being observed feeding 

nestlings (pers. obs.). Nonetheless, the number oflocomotion observations in the 

bellbird time budget did not change significantly between months ee=11.9, dfS, 

P=0.16). 

To give an indicator offeeding success rate the ratio between feeding time over 

feeding plus locomotion time was tested between months with a linear regression. 

However, there was no significant seasonal pattern (F=0.03, r2=O.005, P= 0.S6) 

(Fig. 4.5). The total foraging time (the proportion of feeding plus the proportion of 

locomotion) also was not significant (F=3, r2=0.3, P=O.13)(Fig. 4.6). However, if 

the last two values, late January and February, were excluded, because of possible 

additional feeding of nestlings, the reduction in the total foraging time was 

significant between July and early January (F=9.29, r2=0.65, P=0.03). This hinted 

at bellbirds being food limited in winter, spending a greater proportion of their time 

budget foraging when the total food value was lower, even though the actual 

seasonal change in the total foraging time for bellbirds was not significant. 

When corrected for the change of day length between July 1997 and February 

1998, and tested with a linear regression, neither the change in the hours spent 

feeding (F=0.09, r2=0.01, P=0.77) or in locomotion (F=0.004, r2=0.0006, P=0.95) 

were significant (Fig. 4.7). The total foraging hours (feeding hours plus 

locomotion hours) did not change significantly between July 1997 and February 

1998 (F=0.03, r2=0.004, P=O.87). 

The number of calling observations in the bellbird time budget did not change 

significantly (X? =14.96, df8, P=O.059), although it was very close to the 0.05 

threshold. 
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4.3.3 Discussion 

The significant decrease in the bellbird feeding (plus locomotion) from winter to 

summer, when the values for late January and February were dropped from the 

data set (because of possible pressures from the feeding of nestlings) hinted that 

bellbirds could be reducing their foraging time (Fig. 4.6) as the overall food energy 

availability increased. However, the significance of this pattern was dependent on 

the high July value and was not supported by the overall analysis of all the data 

between July 1997 and February 1998. As the number offeedinglforaging hours 

(corrected for change in day length) for bellbirds atCraigieburn did not change 

significantly between winter and summer then the bellbirds seem to be satisfying 

their energy demands in a similar number of hours between seasons. This suggests 

that the bellbirds were not especially food limited at Craigieburn in any particular 

month and any possible reduction in the percentage of time spent foraging is due to 

longer days leaving more time for other activities. 

These results differ from a previous study on the time budget of bell birds (Gaze 

and Clout, 1983), and time budgets on other members of the Meliphagidae (Paton, 

1982; Armstrong, 1991, as cited in Perrott, 1997; Perrott, 1997), where there were 

increases in foraging times when carbohydrate availability was low. A seasonal 

pattern in foraging time was also seen by Weathers and Sullivan (1993) who 

postulated that the increase in foraging and feeding time in yellow-eyed juncos 

(Junco phaeonotus) during winter was a result of their energy demands needing to 

be met when there was a shift in the diet to insects which were of a lower energy 

value. 

The low percentage of foraging time, in which the bellbirds are meeting their 

energy requirements each day, implies that their food sources cannot be that poor. 

The difference between the Craigiebum time budget results and those for other 

birds adds further support to the suggestion that the bellbirds at Craigieburn are 

not significantly limited by food availability. This was also indicated by the few 

social interactions (that included aggressive encounters) seen in the bellbirds at 

Craigieburn, Ifbirds are not limited by the availability offood then the possible low 

bellbird numbers at Craigieburn must be limited by something else. Other possible 

factors that could limit the bellbird population are disease, predation, net migration 

to other areas, territories and limited nest sites. In the next Chapter, I examine the 
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population density at Craigiebum to see if low numbers may be limitiug pollination 

success of mistletoe. 
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Chapter 5 
Seasonal Variation Bellbird Counts 

5.1 Introduction 

Past studies have shown differences. in bellbird counts between habitats of different 

forest structure, habitats at different altitudes, and between seasons within the 

same habitat (Dawson et al., 1978; Gill, 1980; Drney, 1980, 1983; McCallum, 

1982; Gill,. 1983; Clout and Gaze, 1984; Wilson et al., 1988). The count method 

used in these studies were 5-minute bird counts (Dawson and Bull, 1975) that give 

an index to the density of bell birds. As 5-minute counts are measurements of 

bellbird conspicuousness they orny give a relative measure of bell bird density 

because of the many biases involved. Biases that can affect bird conspicuousness 

include season, habitat, time of day, weather, environmental noise, observer, 

number of registrations and species (Dawson, 1981). Where biases can be 

accounted for general comparisons between sites can be made with caution. 

In the Craigiebum region there has not been any previous work on bellbird 

numbers. The closest study in a similar habitat and at a similar altitude is that of 

Wilson et aI. (1988) in the 'high' zone ofthe Ohikanui Valley, North Westland 

(500-1000 m). The mean bellbird count in the Dhikanui 'high' zone was 0.8 

bellbirds per 5-minute count in Marc~ which fell to 0.5 in July, and 0.4 in 

September, before rising again to 0.9 in December. No other bellbird counts have 

been completed in high altitude mountain beech forest. 

Pollination success of mistletoes appears to be limited by the availability of suitable 

vectors. In the Craigiebum region, bellbirds are thought to be the main pollinators 

of mistletoe (Robertson et aI., in press). Thus, mistletoe pollination, and possible 

dispersal, limitation at Craigiebum could be due to either bellbirds selecting other 

food sources, or to low densities of bell birds in the area. The objective of this 

chapter is to determine the abundance of bell birds in the Craigiebum area and to 

compare the seasonal abundance of bell birds with the flowering of mistletoe. I 
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used a series ofS-minute counts to allow a comparison of bell bird conspicuousness 

between Craigieburn and other sites in New Zealand with previous censuses . 

5.2 Methods 

Five-minute bird counts were used as an index of bell bird density between March 

1997 and February 1998 employing the methods described by Dawson and Bull 

(1975). This technique was chosen as it was quick and efficient. Although there 

are probably different biases On the bellbird conspicousness at other sites the 

similar counting method can allow general comparisons to be made within seasons. 

Counts were carried out at three count stations, 200 metres apart, on each of the 

four transects used for foraging and time budget observations (Fig. 2.1). 

To minimize the effects offactors that could influence the detectability of bell birds 

I was the observer on all counts, all the count stations were in the same vegetation 

type (mountain beech forest), and counts were not carried out in any adverse 

weather conditions, such as rain, snow, and high winds, that could affect the 

conspicuousness of the bellbirds (Shields, 1979; Conner and Dickson, 1980; 

Dawson, 1981). Bellbird counts were recorded in the morning and again in the 

afternoon of the same day to avoid any bIas due to the diel variation of bellbird 

numbers and/or conspicuousness (Shields, 1979; Conner and Dickson, 1980; 

Dawson, 1981). 

As bellbird counts are not normally distributed a Kruskal-Wallis test was used to 

identifY any significant differences in the mean 5-minute count between months. 

To compare the counts at Craigiebum with other 5-minute bellbird counts around 

New Zealand (Dawson et al., 1978; Gill, 1980, 1983; McCallum, 1982; Onley, 

1983; Clout and Gaze, 1984; Wtlson et al., 1988) I graphed the mean count 

against the estimated annual mean temperature for each site. A regression equation 

developed by Norton (1985), that used the predictors of latitude, altitude, and 

distance from the nearest coast, was used to estimate the annual mean temperature 

for each site. The hypothesis behind this analysis was that the annual mean 

temperature could be an indicator to the overall vegetative diversity and 

productivity, and so the diversity offood supply, for each site. The resulting graph 

was analyzed with a linear regression to determine if there was a positive 
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relationship between the annual mean temperature and the mean 5-minute bellbird 

count for a site. 

Ifbellbirds were moving out of the study area it is possible they could be moving 

to lower altitudes. As all the Craigieburn forests are higher than 830 m, bellbirds 

might be moving out of Craigieburn Forest Park in winter. To examine the 

possibility of seasonal movement of bell birds to lower altitudes, 5-minute bellbird 

counts were also collected along two transects at Mt. Richardson, in the 

Canterbury foothills (NZMS 260 L34 468805). This site was chosen because it 

was geographically close to Craigieburn Forest Park (Fig. 5.1), had a similar 

vegetation, and had an altitudinal gradient that extended from 400-1048 m a.s.L 

The Mt. Richardson area is connected to Oxford Forest which is the largest forest 

area that was close to Craigieburn Forest Park (Fig. ~.1). 

The two transects used were the Mt. Richardson track, which rose from 400 m to 

1048 m (the summit ofMt. Richardson) and had a total of 20 count stations, and 

the Blowhard-Bypass track, which rose from 400 m to 858 m and had a total of 16 

count stations. Five-minute bellbird counts, as described above, were carried out 

along these two transects with count stations placed 200 metres apart. Bellbird 

counts were recorded over two days with one transect traversed twice on each 

day. Bellbird counts along transects were recorded uphill in the morning and 

downhill in the afternoon. The bellbird counts at Mt. Richardson were carried out 

within a week of the counts at Craigiebum so as to be comparable. 

The bellbird count data from the Mt. Richardson and Blowhard tracks was 

analysed with Poisson regressions. The Poisson regression tested if the variables of 

morning vs. afternoon, altitude, day and track (as the two transects at Mt. 

Richardson-were sampled on two consecutive days), and day and altitude had any 

effect on bellbird counts. A Poisson regression was also used to test if differences 

between the regions of Craigieburn and Mt. Richardson (the Mt. Richardson track 

and the Blowhard-bypass track combined), and between the morning and 

afternoon for both regions, had any effect on bellbird counts Within a season. 
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5.3 Results 

At Craigieburn there was a seasonal change in the mean number of bell birds per 

count station between March 1997 and February 1998 (Fig. 5.2). The difference in 

the mean count for the ten months sampled, where n = 24 in each month, is 

statistically significant (Table 5.1). The peak: ofthis seasonal variation was in 

March 1997 with a high of2.58 bellbirds/station. The count mean then fell sharply 

in the following months to 0.58 bellbirdslstation in July before rising briefly in 

September and then dropping again.to a low of 0.46 bellbirds/station in November. 

Over summer (December 1997- February 1998) the count mean climbed steadily 

to reach numbers comparable to April and May in the previous year. The mean 

count for the whole year at Craigieburn was 1.13 bellbirds/station. 

I noticed that in the mistletoe fruiting and flowering seasons the stations with the 

greatest number of bellbirds appeared to be characterised by high densities of 

Peraxilla tetrapetala and Alepis flavida. To test this possible relationship in the 

future, data is required on fruiting/flowering densities· alongside bellbird counts. 

The mean bellbird count at Craigieburn was in the lower range of counts in 

comparison to other bellbird counts from different sites in the same season (Fig. 

5.3-5.5). The exception to this was in autumn when the bellbird count at 

Craigieburn was in the middle of the count range (Fig. 5.6). In all seasons the 

Craigieburn bellbird count was most similar to counts from North Westland that 

were at a similar altitude (Wilson et al., 1988) (Fig. 3.3-3.6). 

There was no relationship between the 5-minute bellbird count mean and the 

estimated annual mean temperature of different sites around New Zealand 

(F=1.15, r2=0.05, P=0.29). This is probably because of the large possibility for bias 

between studies, and the large number of sites that were in a narrow mean annual 

temperature range (10 °C and 12.5 °C) which had a wide range of bell bird counts 

between habitats of different vegetation structure that clumped the data. 

There were no factors which had a significant effect on bellbird counts at the Mt. 

Richardson study area in July, November, or February 1998 (Tables 5.2-5.4). The 

only significant factor in bellbird counts was the region (Craigieburn vs. Mt. 

Richardson) in July when the average bellbird counts from the Mt. Richardson and 
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Table 5.1 Kruskal-Wallis test for the bellbird 5-minute counts testing the 24 replicates each 
month (12 count stations that were counted in the morning and afternoon) between months at 
Craigieburn, between March 1997 and February 1998. 

Treatment (between columns) 
Residual (within columns) 
Total 

55 
255,800 
792,700 
104,900 

df 
9 

230 
239 

MS 
28421 

3446.65 

F 
8.25 

P 
<0.001 

114 



Autumn 

_ Craigieburn 

N:Jrth Westland 
E3Reefton 
Ell KovAlai Bush 
=ChauGorge 

Figure 5.3 The mean bellbird 5-ninule counls at Craigieburn, North Westland (Wilson et aI., 1988), Reefton (Dawson et aI., 
1978), Kowhai Bush (all, 1980) and Chau Gorge (an, 1983) In auturm. 
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Figure 5.4 The mean bellbird 5-minute counts at Craigiebum, North Westland (Wilson et aI., 1988), Reefton (Dawson et aI., 
1978), Kowhai Bush (Gill, 1980). Karamea (01ley, 1983) and Uille Barrier Island (McCallum, 1982) in Vvinter. 
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Spring 
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Figure 5.5 The mean bellbird 5-ninule count at Cralglebum, N:!rth Westland (Wilson et aI., 1988), Reeflon (Dawson et aI., 
1978) and Kowhai Bush (Gill, 1980) In spring. 

Summer 
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Figure 5,6 The mean bellbird 5-rrinule count at Craigieburn, North Westland (Wilson et aI., 1988), Reefton (Dawson et aI., 
1978), Kowhai Bush (Gill, 1980) and Punakalki (cnley, 1980) in surrrner. 
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Table 5.2 Poisson regression for bellbird counts on the Mt. Richardson and 
Blowhard tracks in July 1997. 

Model Deviance df Change in deviance Probability of change 
null 47.32 71 
altitude 46.17 70 1.15 0.28 
am/pm 47.23 70 0.09 0.76 
dayltrack 44.37 70 2.95 0.086 
day/alt 43.9 69 0.47 0.49 

Table 5.3 Poisson regression for bellbird counts on the Mt. Richardson and 
Blowhard tracks in November 1997. 

Model 
null 
altitude 
am/pm 
dayltrack 
day/alt 

Deviance 
59.66 
57.21 
59.56 
57.03 
53.43 

df 
71 
70 
70 
70 
69 

Change in deviance Probability of change 

2.45 
0.1 

·2.63 
3.6 

0.12 
0.75 
0.1 

0.058 

Table 5.4 Poisson regression for bellbird counts on the Mt. Richardson and 
Blowhard tracks in February 1998. 

Model 
null 
altitude 
am/pm 
dayltrack 
day/alt 

Deviance 
61.71 
59.13 
60.77 
67.7 
58.89 

df 
71 
70 
70 
70 
69 

Change in deviance Probability of change 

2.58 
0.94 
0.01 
2.81 

0.11 
0.33 
0.92 
0.09 
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Blowhard tracks were significantly higher than at the Craigieburn study site (Table 

5.5). There were no other factors that had a significant effect on the bellbird counts 

between Craigieburn and Mt. Richardson in November or February (Table 

5.5-5.7). 

Discussion 

The results of 5-minute bird counts show a low index of bell birds at the 

Craigieburn study site compared to other habitats in New Zealand which indicate a 

lower bellbird density at Craigieburn. An annual low number of bell birds at 

Craigiebum is likely to be a major contributing factor to mistletoe pollination, and 

possible dispersal, limitation. However, this comparison is subject to the bias that 

occurs between count studies (Dawson, 1981) and can only suggest lower bellbird 

numbers at Craigieburn. 

The seasonal variationofbellbird 5-minute counts at Craigiebum is consistent with 

both hypotheses that there could be a seasonal change in bellbird numbers andlor 

seasonal variation in bellbird conspicuousness. lower bellbird conspicuousness in 

winter, that would result in fewer bellbirds counted, has been suggested previously 

by Dawson et al. (1978) and Gill (1980). However in the Orongorongo Valley, 

Wellington, Gibb (1996) stated that bellbirds have a high frequency of calling and 

singing throughout the year with little seasonal variation. This implies that 

apparent changes in bellbirds counted can reflect real changes in their actual 

numbers when their conspicousness varies little between seasons. The results from 

the bellbird time budget at Craigieburn, in Chapter 4.3.2, show that there is no 

significant change in the proportion oftime spent calling between July 1997 and 

February 1998. These results suggest that there isn't any major seasonal variation 

in bellbird conspicuousness at Craigiebum It seems more likely that the seasonal 

variation of bell bird counts at Craigiebum is the result of actual changes in the 

bellbird density through the year. 

Seasonal variation in bellbird density at Craigiebum could be the result of seasonal 

mortality and natality in the population andlor seasonal emigration and 

immigration. Most bird populations experience a certain degree of seasonal 

mortality when the winter climate is physically harsh and restricts food supplies. In 



Table 5.5 Poisson regression for bellbird counts between the Mt. Richardson 
and Craigieburn study areas in July 1997. 

Model 
null 
region 
am/pm 

Deviance 
78.2 
65.18 
77.99 

df 
95 
94 
94 

Change in deviance Probability of change 

13.02 
0.21 

0.0003 
0.65 

Table 5.6 Poisson regression for bellbird counts between the Mt. Richardson 
and Craigiebum study areas in November 1997. 

Model 
null 
region 
am/pm 

Deviance 
79.77 
79,6 
79,75 

df 
95 
94 
94 

Change in deviance Probability of change 

0.17 
0.02 

0.68 
0.89 

Table 5.7 Poisson regression for bellbird counts between the Mt. Richardson 
and Craigiebum study areas in February 1998. 

Model 
null 
region 
am/pm 

Deviance 
84.08 
83,69 
83.55 

df 
95 
94 
94 

Change in deviance Probability 

0.39 
0.53 

0.84 
0.47 

change 
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spring the population then rises with recruitment of successful hatchlings. I saw 

bellbirds mating and on the nest between December 1997 and January 1998, so 

juveniles would be appearing around January - February (Craig and Douglas, 

1985). It is a fair assumption that during the winter months the extremes of the 

Craigieburn climate will have culled some of the bellbird population. However, the 

amount of count variation between months that can be explained by mortality and 

natality is uncertain. 

The hypothesis that bellbirdmortality in the winter and natality in the spring, that 

can explain the seasonal variation in bellbird counts, is supported by the 5-minute 

counts at the Mt. Richardson and Blowhard tracks (Fig. 5.2). The steeper decline 

in the Craigiebum bellbird counts could be explained by increased mortality from 

the harsher climate andlor movements of birds out of the area in winter. The 

altitudinal migration hypothesis is discredited by the absence of any altitudinal 

effects on the bellbird density at Mt. Richardson. However, this is not unexpected 

as the longest track (the Mt. Richardson track) is only 4 km long which is a 

distance that could be covered by a bellbird in a short period of time. Because of 

this short distance on the altitudinal gradient at Mt. Richardson seasonal 

movements from the top of the mountain to the bottom seem unlikely as bellbirds 

could potentially forage over this whole distance in a day. Any seasonal 

movements by bellbirds at Craigiebum would have to be to habitats that would be 

a noticeable improvement as an overwintering site. Regional movements have been 

previously documented North Westland where Wilson et al. (1988) suggested 

that bellbirds and tuis were moving to warmer and more diverse forests during 

winter. It is possible that bellbirds from Craigiebum could be seasonally migrating 

over a large distance to the Mt. Richardson area in the winter as other results 

indicate that there is a degree of seasonal movement in some bellbird populations 

(Gravatt, 1970; Angehr, 1986; Craig and Douglas, 1986; Wilson et al., 1988), but 

this can only be verified following colour-banded birds. 

Seasonal have been previously suggested in bellbirds (Gravatt, 1970; Angehr, 

1986; Craig and Douglas, 1986), tui (Gravatt, 1970; Bergquist, 1985; Stewart and 

Craig, 1985; Angehr, 1986), stitch birds (Angehr, 1986) and in the Australian 

honeyeaters (Keast, 1968; Pyke and Recher, 1980; Collins and Briffa, 1982; 

Collins et al., 1984; Collins and Newland, 1986; Noske, 1996). These movements 

have been attributed to the seasonal abundances of nectar sources. The degree of 
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movement in a honeyeater species is broadly correlated with its dependence on 

nectar (Keast, 1968). This statement has been supported in the New Zealand 

honeyeaters, where tuis (which are the most nectivorous) are also the most mobile, 

and stitchbirds (which are the least nectarivorous) are also the least mobile 

(Gravatt, 1970; Bergquist, 1985). The degree of bell bird nectarivory and mobility 

lies between these two species, with local movements of bell birds on Little Barrier 

Island being linked to the flowering cycle (Gravatt, 1970; Angehr, 1986). 

As mistletoe plants at Craigiebum are mainly clumped in the study area (D. Kelly, 

pers. corom.) the movement of bell birds into the area, both on a local and regional 

scale, when mistletoes are flowering and then fruiting, and then out of the area, 

when these resources are depleted, is a possible explanation for a certain amount 

ofthe seasonal count variation. An influx of bell birds in and out of the study area 

could explain the sharp March 1997 peak in bellbird counts which occurred after 

the end of the flowering seasons and at the start of the fruiting season. Kelly (pers. 

corom.) also noted in March 1998 that there were again high densities of bellbirds 

feeding on A Iepis flavida fruit and a strong localisation of bellbirds in the 

Craigieburn forest into areas with A. flavida fruit. Alternatively this autumn 

increase may have been because of seasonal natality. 

The positive relationship between bellbird numbers and the presence of mistletoe 

flowers and fruit is consistent with the ideal free distribution (IFO) hypothesis 

(Fretwell and Lucas, 1970). This hypothesis explains the distribution of 

competitors as an equilibrium that depends on the energetic return from food 

sources and has been modified in recent years to incorporate other behavioural and 

environmental factors (Sutherland, 1983; Kacelnik et al., 1992; Krebs and Inman, 

1992; Bernstein et aI., 1991; Gray and Kennedy, 1994; Tregenza, 1994). However 

to show an IFD exists there are two major requirements. Firstly, fooq intake rates 

need to be measured, to meet the assumption of the IFD that all intake rates are 

equal. Secondly, bird densities and food densities need to be compared between 

two or more different habitats (Fretwell and Lucus, 1970; Tregenza, 1994). 

Arengo and Baldassarre (1995) stated that a constant proportion oftirne spent 

feeding as the popUlation size increased in an area would suggest an equal payoff 

per individual within that area. The time budget results in Chapter 4.3.2 show the 

proportion of bell bird feeding observations at Craigieburn did not significantly 
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change between July 1997 and February 1998. If this constant proportion oftime 

spent feeding implies an equal payoff for bellbirds from winter to summer, when 

the mistletoe nectar availability and 5-minute counts increased in the study area, 

then these results strengthen the idea of a possible IFD existing within the bellbird 

population at Craigiebum. However the IFD model does not take into account 

territoriality, which has been documented in bellbirds around food sources (Craig 

and Douglas, 1984, 1986; Craig et al., 1981; Craig, 1985; Boyd, 1987), and 

unequal competitors. At Craigiebum I saw few instances of aggressive behaviour 

between bellbirds. A more realistic scenario of any possible bellbird movement and 

distribution would probably be an 'incorporation of the ideal free distribution and 

the despotic model which does allow for territoriality (Bernstein et aI., 1991). 

Whatever seasonal fluctuations there are in the Craigiebum bellbird population the 

annual mean 5-minute count is low when compared with other sites. A low number 

of bell birds in the region could result in an insufficient number of visits to mistletoe 

plants during their flowering and fruiting seasons which could then lead to 

mistletoe pollination, and possible dispersal, limited. If the Craigiebum bellbirds 

are not limited by the availability of foods then this suggests that the area could 

sustain a higher bellbird population. One possible pressure that could be limiting 

the bellbird population size at Craigiebum is introduced vertebrate nest predators, 

such as stoats. It is also possible that because of the lower diversity offood 

sources available for bellbirds in a montane beech forest they will have a lower 

fecundity, with not enough food energy available to invest in a second clutch. 

However, this needs to be tested experimentally by either reducing predation 

pressure and/or increasing food resources through supplemental feeding. 
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One of the major questions which this study sought to answer was, 'What aspect 

of bell bird ecology at Craigiebum Forest Park could be limiting mistletoe 

pollination and dispersal?' This was based on the work by Ladley and Kelly 

(l995a, 1996) which showed that two mistletoe species, Peraxilla tetrapetala and 

Alepis flavida, were pollinator, and possibly disperser limited, at Craigiebum 

(Robertson et al., in press), and was also based on the fact that bellbirds were the 

major pollinators and dispersers at Cragiebum because few other bird species filled 

this role. 

Bellbirds could limit mistletoe pollination and dispersal either because other foods 

are important in the bellbird diet during mistletoe flowering and fruiting seasons 

and/or because of a low density of bell birds in the area. Both factors would limit 

the number ofvisits a mistletoe plant would receive from bellbirds. The number of 

visits to mistletoe plants has already studied by Robertson et aL (in press) who 

showed that there were few visits to mistletoe flowers at Craigiebum and Ohau (a 

comparable habitat). observing what foods the bellbirds take in their diet over a 

year any non-mistletoe foods that dominate the diet during mistletoe fruiting and 

flowering seasons may explain mistletoe pollination, and possible dispersal, 

limitation. The observed diet could also be compared to other sites where there is 

adequate mistletoe pollination and dispersal to see if there is a lower proportion of 

mistletoe in the bellbird diet at Craigiebum. The question of a low density of 

bellbirds could be approached if the bellbird numbers at Craigiebum were counted 

and compared to other habitats to see if the numbers at Craigiebumwere lower. 

This would require determination of territory lay-out of banded bellbirds. 

To address the possibility of non-mistletoe foods being more important during the 

mistletoe fruiting and flowering seasons I sampled the bellbird diet each month 

over a 12 month period between March 1997 and February 1998. This was further 

developed by estimating the energy value of the major bellbird food sources to see 
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if the bellbird diet choice matched the energy value of different foods. To address 

the question of a low bellbird density in the study area I counted the bellbird 

numbers with 5-minute counts to establish an index of density as I did not have 

enough time to band birds. I did not compare between sites (except for measuring 

density at Mt. Richardson) as other sites studied showed similar mistletoe 

pollination and dispersal limitation (Kelly, pers. comm.) and I was time limited. 

The results of my study of bell bird diet show that bellbirds at Craigiebum are 

annual generalists, with invertebrates (annual mean of 54 % ofthe bellbird diet, 

range 22-85 %), and to a lesser extent honeydew (annual mean of 22 % of the 

bellbird diet, range 2-45 %), making up a large proportion of the diet and seasonal 

specialists who concentrate on large dietary proportions of mistletoe fruit (seasonal 

mean of 40 % ofthe bellbird diet, range 18-60 %) and mistletoe nectar (seasonal 

mean of39 % ofthe bellbird diet, range 27-58 %). The value of mistletoe fruit 

(seasonal mean of 14 % of the total food energy available, range 9-24 %) and 

nectar (seasonal mean of 16 % of the total food energy available, range 3-42 %) 

was only a small proportion of the total food energy available in most months. 

However, as bellbirds are concentrating on mistletoe fruit and nectar when they are 

available then the net value of these resources is possibly greater than invertebrates 

and honeydew in these months. third of the variation in the bellbird diet was 

explained by the change in the total food energy value which suggested that 

bellbirds do respond to the changing energy value of potential food sources. 

AB bellbirds take large proportions of mistletoe fruit and nectar in their diet when 

they are available then this suggests that the mistletoe plants should be receiving 

adequate pollination and dispersal if there are enough bellbirds in the area. This 

would point to an overall lack of bell birds as pollinators/dispersers in the area as a 

likely explanation of mistletoe pollination and dispersal limitation. This suggestion 

is strengthened by the results of the 5-minute bellbird counts which show that there 

is a low bellbird index at Craigiebum when compared to other sites in New 

Zealand. Low bellbird numbers at Craigiebum, as suggested by the index of 

density. appears a major factor that could be limiting mistletoe pollination and 

possibly dispersal. This conclusion leads to the second major question of this study 

which inquired ifbellbirds were food limited at Craigiebum. This question was 

asked because ifbellbirds were food limited at Craigieburn then this may account 

for their possible low density in the area. 
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To answer a question of this type a point of comparison is needed between 

bellbirds that are food limited and those that are not. This point of comparison 

could be on a spatial scale (between bellbirds in different areas where there could 

be food limitation only at one site due to a significant difference in the availability 

of food resources between sites) or on a temporal scale (between bellbirds in 

different seasons when food limitation may exist only in a certain season because 

of a seasonal variation in food resources). To compare bellbirds in either scenario 

data needs to be gathered to prove that the bellbirds in one population/season are 

significantly different in the sense of food limitation from the other 

population/season. Food limitation could be measured by the availability and value 

of bell bird food resources or the response of bell birds to this variation in food 

availability. Alternative ways to measure food limitation include measurements of 

the physical condition of bellbirds, such as body weight and clutch size, but these 

require lengthy procedures like mist-netting and finding nests. One way bellbirds 

may respond to lower levels of food availability is by spending a greater 

proportion of their time foraging for resources or moving out of an area to reduce 

competition on food resources as in an ideal free distribution (Fretwell and Lucas, 

1970). Previously it has been suggested that a species is carbohydrate limited, the 

time the bird species spends foraging has been measured between seasons 

alongside the energy value of their major carbohydrate sources (paton, 1982; Gaze 

and Clout, 1983; Perrott, 1997). 

I chose the point of comparison for bellbird time budgets at Craigieburn to be 

between seasons as I was already sampling through the year at that site. Other sites 

where the bellbird population probably have greater food resources would most 

likely be on islands, such as Kapiti Island, Mokoia Island, and Little Barrier Island, 

where access would have been hard. At Craigiebum I collected data on bellbird 

activity that allowed me to construct a monthly time budget from July 1997 to 

February 1998. This was a satisfactory length of time as it covered winter, when 

there could be food limitation, and summer, when there was a peak in food 

resources and so a reduced probability of food limitation. At this site I was already 

sampling the seasonal availability of invertebrates and honeydew, which were two 

of the major components of the bellbird diet. The availability ofthe other two 

major components of the bellbird diet, mistletoe fruit and mistletoe nectar, were 

also being sampled over this time by Dave Kelly and co-workers. 
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The results of my sampling showed that there was no significant change in the 

foraging (feeding plus locomotion) percentage ofthe bellbird time budget between 

winter and summer. The mean total food energy increased by 36 % from a low in 

July (16,453 kJ/ha) to a high in December (25,713 kJ/ha). The bellbirds index of 

density also increased from winter to summer. Only when data were tested without 

the late January and February values was there a reduction in the total feeding plus 

locomotion proportion of the bellbird time budget which hints at a reduction in 

time spent foraging as there was more food energy available. However, there was 

no significant difference in the Ilumher of foraging hours between winter and 

summer. The bellbird index at Craigieburn has an annual low in winter and high in 

late summer/early autumn. The mean 5-mmute bellbird count at Craigiebum was 

lower than other parts of New Zealand which suggests that there is possibly a low 

density of bell birds in the area. 

The similar time bellbirds spent feeding/foraging between seasons shows that the 

bellbirds are collecting their daily energy requirements in the same number of hours 

between seasons. This suggests that the activity of bell birds is not limited by the 

amount of food in a particular month at Craigiebum. If there is a low bellbird 

density at Craigiebum. and they are not limited by the amount of food available, 

this would indicate that in pure food supply terms the area could sustain a higher 

number of bell birds. so, this may be due to the predation pressures, territoriality, 

a lack of nest sites or disease (Gill, 1995). Introduced bird pox and malaria 

decimated lowland populations of the Hawaiian honey creepers in the nineteenth 

century (Warner, 1968). This illustrates that island bird populations are more 

vulnerable to introduced diseases because their immune system has been isolated 

from mainland diseases (Gill, 1995) which is a possibility with the isolated New 

Zealand avifauna, but no similar accounts have been recorded on bellbirds. The 

few aggressive encounters seen between bellbirds at Craigiebum argues against 

territoriality as a limit and suggests food resources are not scarce enough to fight 

over. 

A possible pressure that would limit the bellbird population may be from predation 

by introduced vertebrates such as the stoat (Mustela erminea) which is present at 

Craigiebum. Introduced vertebrates have been responsible for the extinction of 

several species in the New Zealand avifauna and pose a threat to others (Diamond 

and Veitch, 1981; Clout and Saunders, 1995). The stoat in particular has been 
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identified as a nest predator that poses a serious threat to the continuing presence 

of certain avian species on the mainland including the kukupa (Hemiphaga 

novaeseelandiae: Pierce, 1993), kaka (Nestor meridonalis: Wilson et al., 1998),. 

mohua (Mohua ochrocephala: Elliott, 1996; O'Donnell, 1996), and possibly the 

yellow-crowned parakeet (Cyanoramphus auriceps: Elliott et al., 1996). The 

pressure of nest predators on the mainland may also explain why other mistletoe 

sites in the South Island are also pollinator and perhaps disperser limited. Where 

there has been pest control of introduced vertebrates native birds, like the kokako, 

tui, bellbird, kereru, fembirds and silver eye, have started to increase in numbers 

(Bradfield and Flux, 1996). 

I suggest that the main factor limiting mistletoe pollination and dispersal at 

Craigiebum is the possible low numbers of bell birds in the area. This is because 

seasonally there were large proportions of mistletoe fruit and nectar in the bellbird 

diet, and variation in the bellbird diet that was responsive to the change in the total 

available food energy .. This suggests that bellbirds would concentrate on mistletoe 

fruit and nectar because of their probable high net energy due to their clumped 

distribution and ease of acquisition. Even though there was a non-significant peak 

in the bellbird numbers during summer/autumn, possibly due to the fledging of 

chicks, their overall numbers were still lower than at many other sites in New 

Zealand. The low variety offoods are probably not the only reason for the possible 

low bellbird population at Craigiebum as bellbird foraging activity was not 

apparently limited by the availability food. Other pressures that could limit the 

bellbird population size, such as predation, would appear more likely as 

explanations for poor pollination and dispersal services to mistletoes at 

Craigiebum. To test this hypothesis more thoroughly, supplementary food could 

be provided in the form of artificial nectar sources, or predators such as stoats 

could be trapped, to see whether this results in an increase in bellbird numbers and 

an increase in the success of mistletoe pollination. 
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Appendix 1 Estimation of the Peraxilla tetrapetala and AJepis flavida fruit sugar value per hectare 
at Craigieburn in the 1997 fruiting season. Data supplied by D. Kelly. 

P. tetrapetala A. flavida 

mean 95%CI mean 95%CI 
Mistletoe m3 per ha 517.8 350.8 464 408 
Fraction of mistletoes flowering 0.71 
Flowers per rn3 of mistletoe 435 156.8 365.9 113.8 
Fruit/flower ratio 31.52 5.68 0.63 0.07 
Fruit per m3 of mistletoe 137.11 207.3 82.6 
Sugar per fruit (mg sucrose) 13.5 10.2 8.76 3.01 
Total fruit sucrose grams/halyear 958.45 598.1 

Fruits ripening per day, 1 April (0/0) 0 2.97 
Fruits ripening per day, 22 April 1.71 3.15 
Fruits ripening per day, 25 May 1.15 0.59 

Fruits ripening per day, 1 April (sucrose g/ha) 0 17.76 
Fruits ripening per day, 22 April 16.39 18.84 
Fruits ripening per day, 25 May 11.02 3.53 

Ripe fruits on plants, 1 April (0/0) 0 21 
Ripe fruits on plants, 22 April 4.9 7.48 
Ripe fruits on plants, 25 May 31.6 2.92 

Ripe fruits on plants, 1 April (sucrose g/ha) 0 125.6 
Ripe fruits on plants, 22 April 46.96 44.74 
Ripe fruits on plants, 25 May 302.87 17.47 
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Appendix 2 Estimation of the Peraxilla tetrapeta/a and Alepis flavida flower sugar value per hectare 
at Craigiebum in the 1998 flowering season. Data supplied by D. Kelly. 

P. tetrapetala A. flavida 

mean 95 % CI mean 95%CI 
Mistletoe m3 per hectare 517.8 350.8 464 408 
Fraction of mistletoes flowering 0.71 
Flowers per m3 of mistletoe 463.9 164.3 329.7 63.25 
Nectar volume per flower (ul) 4.31 2.17 
Sugar concentration of nectar (%) 13 2.08 
Sugar per flower (mg sucrose) 4.64 0.09 0.57 0.29 
Total flower sucrose grams/halyear 1114.6 61.03 

Flowers ripening per day, 3-6 Jan (% of flowers) 8.79 56.3 0.1 
Flowers ripening per day, 18 Jan (% of flowers) 0.1 2 0.97 
Flowers ripening per day, 2 Feb (% of flowers) 0.01 1 2.88 

Flowers ripening per day, 3-6 Jan (sucrose g/ha) 97.97 0.06 
Flowers ripening per day, 18 Jan (sucrose g/ha) 1.11 0.59 
Flowers ripening per day, 2 Feb (surose g/ha) 0.11 1.76 

Flowers open, 3-6 Jan (% of all flowers) 56.3 1 
Flowers open, 18 Jan (% of all flowers) 2 4.5 
Flowers open, 2 Feb (% of all flowers) 1 35.3 

Flowers open, 3-6 Jan (sucrose g/ha) 627.5 0.61 
Flowers open, 18 Jan (sucrose g/ha) 22.29 2.75 
Flowers open, 2 Feb (sucrose g/ha) 11.14 21.54 
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