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SUMMARY 

Structure and composition of Claudelands Bush, a 5ha urban remnant of 
alluvial forest in Hamilton, New Zealand, are described and the effects of 
fragmentation and isolation assessed. The forest comprises less than 2% of the 
largest expanse of forest present in the Hamilton Basin at the time of European 
settlement. Formerly a mixed Dacrycarpus dacrydioides-Prumnopitys taxifolia-
Dacrydium cupressinum stand, logging c. 130 years ago has led to canopy 
dominance by an early-mature cohort of D. dacrydioides with Laurelia novae-
zealandiae and Beilschmiedia tawa. Most present canopy dominants appear to 
be replacing themselves, though not necessarily in existing proportions. 
Replacement of D. dacrydioides is largely ineffectual and B. tawa is virtually 
absent from canopy gaps and near margins. One-third of the indigenous vascular 
flora of 122 species which survived grazing from the 1860s to the 1920s became 
extinct in the 26 years between 1954 and 1980, mostly ground layer ferns and 
understorey shrubs with small populations. Smothering by the adventive ground 
layer herb Tradescantia fluminensis, locally dominant for >40 years, and 
desiccation resulting from drainage of the locality earlier in the century appear 
to be primarily responsible. Nearly half the remaining 81 original species are in 
small numbers and some further losses are likely. Conversely, seven indigenous 
species not native to the district have established through planting or natural 
dispersal from nearby gardens. Sixty adventive species are now present, mostly 
ground layer herbs and understorey shrubs of horticultural origin. Although few 
are common, 17 are regarded nationally as aggressive 'problem weeds'. A 
variety of factors predispose the reserve to continuing invasion by such plants, 
and ongoing intervention will be necessary to ensure its survival as an intact, 
albeit structurally modified and floristically impoverished, relic of the natural 
vegetation of the district. 

Keywords: kahikatea, Dacrycarpus dacrydioides; alluvial forest; fragmentation; 
regeneration; Hamilton Basin; New Zealand. 
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Fig. 1. Location of Claudelands Bush in Hamilton, New Zealand. 

I N T R O D U C T I O N 

In much of the world conservation of regional biotas depends entirely on the 
retention and management of fragmented remnants of the original vegetation 
(Saunders et al. 1991). The same is true of closely settled parts of New Zealand 
such as the Hamilton Basin, where only vestiges of the pre-European landscape 
remain intact. Despite considerable interest elsewhere (e.g. Burgess & Sharpe 
1981), few studies have been made of the effects of fragmentation and isolation 
on forest remnants here. Bagnall (1979) analysed human impacts on an urban 
forest remnant near Wellington, noting mortality of tawa (Beilschmiedia tawa)1 

on newly-exposed edges and a total regeneration failure in the species apparently 

'Botanical nomenclature follows Allan (1961), Moore & Edgar (1970), Connor & Edgar (1987), 
Webb et al. (1988), and Brownsey & Smith-Dodsworth (1989). 
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resulting from desiccation - a consequence of fragmentation. Young & Mitchell 
(1994) analysed the effects of edges on microclimate in some northern North 
Island forest remnants. This paper describes research conducted on the 
vegetation of Claudelands Bush2, a fragment of kahikatea (Dacrycarpus 
dacrydioides)-dominant forest and the only intact remnant of the largest tract of 
native forest present in the Hamilton Basin at the time of European settlement. 
The aim was to determine structure and composition, assess the effects of 
fragmentation and isolation, and predict future vegetation trends. 

T H E S T U D Y SITE 

Claudelands Bush (5.2ha) is located in the Hamilton Ecological District on a 
floodplain bisected by the Waikato River (120784 N Z M S 260 S14 Hamilton) 
(Fig. 1). The floodplain consists of low gravelly ridges (levees) separated by the 
flats that represent the former braided channels of the Waikato River (Singleton 
1991). Alluvial rhyolitic sand, silt, and gravel, deposited by the Waikato River 
during formation of the floodplain, dammed tributary streams creating lakes and 
swamps; this was the environment in which lowland semi-swamp forest 
developed. Soils are Te Kowhai silt loams and clay loams (Bruce 1979), poorly 
drained gley soils derived from rhyolitic alluvium with a high proportion of fine 
material creating a compact subsoil with slow permeability (Singleton 1991). 

The closest meteorological station is at Ruakura 2km to the east. Mean annual 
rainfall is 1200mm with a maximum in winter and minimum in summer. Air 
temperature averages 13°C through the year, with a summer average of 18°C and 
a winter average of 9°C (Singleton 1991). Claudelands Bush is subject to the 
prevailing westerly winds and in late summer a combination of low rainfall, low 
water table, and high temperatures can cause wilting in the vegetation. 

Only common native and introduced birds are present (Appendix 1). 

H I S T O R Y 

When Hamilton was founded in 1864, Claudelands Bush was part of the 800 
acre tract of native forest (Burstall & Sale 1984) known as Claude's Bush and 
was included in a 400 acre allotment granted to Colonel William Moule, 
Commander of the Fourth Waikato Regiment (Gibbons 1977). Milling began in 
1864 and most large kahikatea and matai (Prumnopitys taxifolia) and all large 
rimu (Dacrydium cupressinum) were felled. Some large kahikatea were left 

2Although known officially as 'Jubilee Park', the name 'Claudelands Bush' is widely used by local 
residents. 
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because they were unsuitable for pitsawing and splitting, or too difficult to 
remove. Domestic cattle (Bos taurus) had access to the forest between 1864 and 
1927, causing soil compaction and damaging vegetation (Gudex 1955). 
Pioneering settler Francis Claude bought Moule's allotment in 1876 and later 
subdivided it (Gibbons 1977). In 1886 Hukanui (Peachgrove) Road was formed 
on the southeastern edge of what is now the reserve and Boundary Road on the 
northwestern edge in 1902/1903 (Gudex 1955), both subsequently cleared for 
residential housing. In 1928 the Agricultural and Pastoral Association gifted 
Claudelands Bush to the Borough of Hamilton. 

The reserve is trapezoidal in shape, two of its four boundaries having been 
shaped by road formation (Fig. 1). The eastern and southwestern edges are 
more-or-less natural boundaries, the latter between semi-swamp forest and former 
cabbage tree (Cordyline australis)-manuka (Leptospermum scoparium)-fla.x 
(Phormium tenax) shrubland now occupied by the Claudelands Showgrounds. 
Flax was planted in 1923 as a windbreak along the southwestern edge of the 
reserve and a number of other species including wineberry (Aristotelia serrata), 
kohuhu (Pittosporum tenuifolium), and lacebark (Hoheria populnea) in 1951 
beyond the flax (Gudex 1955). Some injudicious planting of indigenous species 
not native to the district took place in subsequent years but was not documented. 
Possums (Trichosurus vulpecula), liberated on Sanatorium Hi l l 23km southeast 
of Hamilton in 1883 (Pracy 1962), were first noted at Claudelands in 1952 
(Gudex 1955) but little of their impact has been recorded. Already locally 
dominant in 1954 (Gudex 1955), adventive wandering Jew (Tradescantia 
fluminensis) covered most of the forest floor near the perimeter in 1980 (Boase 
1985) and a major clearing exercise was subsequently undertaken. More 
recently, a shade-cloth barrier has been erected on the southwestern side of the 
reserve to try to reduce the effects of the prevailing wind, the track network has 
been reduced and remaining ones fenced, and an elevated boardwalk constructed. 

PREVIOUS RESEARCH 

In 1933 the pioneering Waikato botanist Michael Gudex surveyed Claudelands 
Bush for his National Diploma of Horticulture thesis. He also recorded 
recollections by surviving original (1864-) European residents of the 'natural' 
vegetation of the district. Later he listed the native species present and their 
abundance (Gudex 1955) and noted a number of changes which had occurred 
since his earlier survey: 
• the forest floor had become considerably drier 
• large kahikatea were becoming stag-headed because of crown dieback 
• there were fewer epiphytic asteliads (Astelia spp., Collospermum spp.) but 
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more ground asteliads 
• ferns and tree ferns had increased except where wandering Jew was dominant 
• lianes were far less numerous, largely due to vandalism 
• sedges (Uncinia spp., Car ex spp.) and bush rice grass (Microlaena avenacea) 

had increased 
• possums were now present. 
Significantly, no losses in the flora present in 1933 were noted. Adventive 
species other than wandering Jew were not recorded, though they were 
undoubtedly present. 

Between 1980 and 1984 Murray Boase surveyed the remnant and found that 
after eliminating doubtful species records and those categorised incorrectly as 
native rather than adventive, 52 species and hybrids had apparently been lost 
since 1954, mostly ferns and dicotyledonous shrubs (Boase 1985). He also 
presented a list of 'more conspicuous' adventive species. 

METHODS 

A vegetation sampling programme was conducted at various times between 
1974 and 1994 as follows. 

Structure and composition of the vegetation 
The reserve was divided into a grid of thirty-nine 50m x 25m rectangles, with 

a 10m x 10m plot located in the western corner of each. A l l but two were in the 
understorey of mature forest. Within each plot the diameter at breast height 
(d.b.h.; 1.4m above ground level) of all saplings, poles, and trees (> 2cm d.b.h.) 
was recorded. Using the same grid, five traverses 50m apart were made across 
the short axis of the reserve from the southwestern to the northeastern edge. 
Four 4m 2 seedling plots were located at 25m intervals along each traverse, giving 
35 plots. In each plot all seedlings < 2cm diameter were recorded in two height 
classes: <0.3m tall including ephemeral seedlings, and >0.3m tall. 

Gap regeneration 
To determine the effect of small-scale disturbance on the remnant's long-term 

viability, all nine canopy gaps present were sampled and their location in the 
reserve superimposed on the grid. The size of each gap was recorded and point 
intercepts placed at 10cm intervals along the short axis of the gap at which all 
plants <50cm tall were recorded. Along the same axis the number of each 
species present in a 2m-wide belt transect was recorded in three height classes: 
0.5-lm, l-2m, and >2m. The d.b.h. of plants >2m tall was also measured. 
Species lists compiled for all gaps were used to calculate the proportion of 
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adventive and native species. Destructive sampling of native species was 
precluded but eleven adventive cherry (Prunus serrulata) seedlings and saplings 
were felled in one gap and basal discs from them aged. Age of the remaining 
gaps was estimated by the presence of short-lived light-demanding gap invaders, 
i.e., Coprosma robusta and wineberry (see Forest Research Institute 1975); gaps 
were divided into two groups, 'younger' ones with them and 'older' ones 
without. 

Changes in the vascular flora 
Lists of indigenous and adventive vascular flora available from previous 

(Gudex 1955, Boase 1985) and present studies were compiled and compared. 

Influx of species via roost trees 
Large trees provide roost sites for birds, and thus potential points for invasion 

by plants with bird-dispersed seed. Thirteen roosting trees - 11 kahikatea and 2 
pukatea (Laurelia novae-zealandiae) - with observably large numbers of seedlings 
beneath them were selected and plots placed under the crown of each. Within 
each plot, the number of plants were recorded by species in two height classes, 
0.1-0.5m and 0.5-2m. The d.b.h. and height of plants taller than 2m was 
measured. 

RESULTS 

Structure and composition of the vegetation 
Kahikatea - mostly large poles and small trees with occasional large emergents 

- is overwhelmingly dominant in the canopy, comprising nearly half (23m2 ha"1) 
of total basal area (51m2 ha 1). Tawa and pukatea contribute most of the 
remainder, 7.2m2 ha"1 and 6.7m2 ha 1 respectively. The other canopy species 
significant in terms of basal area are cabbage tree (5.6m2 ha 1) and titoki 
(Alectryon excelsus: 4.2m 2 ha 1). Rewarewa (Knightia excelsa) occurs 
occasionally in the canopy. Mahoe (Melicytus ramiflorus ssp. ramiflorus) 
dominates the subcanopy (4.3m2 ha 1), along with some smaller pukatea, tawa, 
and titoki. 

Prominent in the understorey are silver fern (Cyathea dealbata), mapou 
(Myrsine australis), raurekau (Coprosma grandifolia), pate (Schefflera digitata), 
hangehange (Geniostoma rupestre var. ligustrifolium), turepo (Streblus 
heterophyllus), and Coprosma areolata. The ground layer is dominated by 
grasses (mostly bush rice grass and Oplismenus imbecillis), sedges (chiefly Carex 
dissita and C. lambertiana), and ferns. Tangles of kiekie (Freycinetia baueriana 
ssp. banksii) occur in places and wandering Jew is locally common, especially 
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Table 1. The number of major canopy species (stems ha"1) in each size class (d.b.h.) in 
Claudelands Bush 

Species Diameter class (cm) 

0-2cm* Total 2-19 20-39 40-59 60-79 80-99 100+ Total 

<30cm 
high 

>30cm 
high 

<2cm >2cm 

- Tawa 857 71 928 69 166 82 15 3 335 

Titoki 957.' 500 10072 X 67 64 10 3 152 

Mahoe 9572 3X57 13429 120 67 5 192 

Pukatea 83859 1000 84859 5 33 36 36 15 13 138 

Kahikatea 413223 413223 51 115 120 31 28 26 371 

Total 517083 542 X 522511 253 448 307 92 49 39 1188 

'seedling data was collected in 1994, 14 years after collection of the other data 

in canopy gaps and near the margins. Kahakaha (Collospermum hastatum) occurs 
commonly as a high epiphyte. 

Kahikatea and tawa are also the dominant canopy species in terms of density, 
together comprising some 60% of all saplings and trees (>2cm d.b.h.); pukatea 
and titoki are also important (Table 1). These species all have bimodal diameter 
distributions with relatively large numbers of seedlings and another peak between 
20 and 59cm d.b.h. indicating an episode of mass regeneration in the relatively 
recent past. Several dense pockets of kahikatea poles and small trees are 
indicative of this pattern. Pukatea and titoki have particularly small numbers of 
saplings and small poles (2-19cm d.b.h.). Subcanopy mahoe has a 'reverse J ' 
diameter distribution indicating continuous regeneration under a closed canopy. 

The ranked order of abundance of small seedlings (< 30cm high) of canopy 
and subcanopy species in the understorey is: kahikatea, pukatea, mahoe, titoki, 
and tawa (Table 1). Kahikatea is five times more numerous as small seedlings 
than any other species but observation suggests that most are ephemeral, with 
high seedling mortality in the first few years after germination; no seedlings 
> 30cm tall were recorded in the understorey. Pukatea displays a similar pattern 
with only 1% recruited to the taller class. Titoki and tawa have similar 
recruitment rates (5% and 8% respectively). Mahoe has the highest recruitment 
rate with 40% succeeding to the taller class. The overall recruitment rate for 
seedlings > 30cm tall is only 1 %, largely a reflection of the failure of abundant 
small kahikatea seedlings to develop further in the understorey. 

Mean basal area data from transect sampling, heavily influenced by the 
distribution of larger trees, shows three main types of spatial distributions 
amongst species (Table 2): those concentrated near the edge or in canopy gaps, 
those concentrated in the interior, and those with no clear affinities for either the 
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Table 2. Mean basal area (m2 ha"1) of major canopy species at six intervals along four 125m 
transects across Claudelands Bush from the southwestern to the northeastern edge 

Species Om 25m 50m 75m 100m 125m 

Kahikatea 14.1 36.0 5.6 102.6 17.4 101.2 

Pukatea 0 18.6 1.5 9.3 11.8 12.1 

Tawa 0 3.7 18.0 6.2 15.3 0.4 . 

Titoki 0.1 0.3 22.7 0.1 2.3 7.6 

Mahoe 1.9 10.3 5.1 3.5 4.9 8.1 

Cabbage tree 9.3 11.9 4.5 2.7 0 6.8 

Table 3* Mean seedling density (seedlings ha ') of major canopy species at seven intervals along 
five 125m transects across Claudelands Bush from the southwestern to the northeastern edge 

Species Om 25m 50m 75m 100m 125m 150m 

Kahikatea 85000 74000 407000 831000 404500 311500 779000 

Pukatea 1000 0 71000 157000 80000 264500 0 

Tawa 0 1000 1500 500 2500 500 0 

Titoki 500 12000 39000 8000 3500 3000 1000 

Mahoe 9500 0 29500 8500 13500 6000 0 

edge or the interior of the remnant. Kahikatea has its highest basal area towards 
the northeastern edge and displays no affinity for the interior. Its distribution is 
likely to be largely an artefact of logging, having colonised growing space 
vacated by felled trees. Cabbage tree is found mainly within 25m of the edge 
with a few large trees in old gaps in the interior. The basal area of tawa is 
highest in the interior, with almost none occurring within 25m of the margin. The 
remaining species are absent or have very low basal areas near the southwestern 
edge facing the prevailing westerly wind but relatively constant (pukatea, mahoe) 
or erratic basal area (titoki) throughout the rest of the remnant. 

The distribution of seedlings (Table 3) reveals more consistent patterns than 
basal area. Seedling densities of kahikatea and pukatea generally increase from 
the exposed southwestern to the northeastern edge. Tawa seedlings are absent 
within 25m of the edge and erratically distributed elsewhere; titoki also shows an 
interior preference. Mahoe seedlings are erratically distributed throughout. 

Gap regeneration 
The mean area of gaps is 0.0lha, and their mean distance from the edge 52m. 

The pattern of gap regeneration (Table 4) contrasts markedly with that in the 
understorey (Table 1). Mahoe is the most successful coloniser of canopy gaps 
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Table 4. Density (stems ha"1) in three height classes of major canopy species in nine canopy gaps 
in Claudelands Bush 

Species 0.5 - 1.0m 1.0 - 2.0m >2.0m Recruitment (%) 

Kahikatea 144 862 72 X 

Pukatea 5388 2011 72 4 

Titoki 0.00 72 216 300 

Mahoe 4310 3376 3161 94 

Tawa 0 0 0 0 

throughout the remnant with large numbers of stems in all height classes and 
nearly fifteen times as many stems >2m high as titoki, the next most abundant 
species in this class. Titoki is absent from the lowest height class, suggesting 
either intermittent recruitment or rapid growth into taller height classes. 
Although there are large numbers of pukatea and moderate numbers of kahikatea 
in the lower two height classes recruitment into the tallest class is only 4 % and 
8% respectively. Tawa seedlings and saplings are very rare in gaps and were not 
recorded in sampling. 

The oldest cherry was aged nine years; the gap in which it grew was a 
'younger' gap, i.e., with short-lived gap invaders present. The five 'younger' 
gaps have much higher densities of seedlings (mean = 30 OOOha"1) than the four 
'older' gaps ( = 9 OOOha1) and much lower basal area of mahoe (mean ~ 8m 2 ha 1 

cf. 103m2 ha 1). 
The number of native species present in gaps ranges from 11 to 29, with the 

smallest number in the gap at the edge (Table 5). The proportion of adventive 
species, mostly dicotyledonous trees, shrubs, and herbs, remains relatively 
constant for openings >30m from an edge, with the largest proportion in the 
marginal gap. 

Changes in the vascular flora 
Indigenous species 

In 1933, 122 vascular native plant species - excluding dubious records, 
subspecific taxa no longer recognised, taxa now regarded as adventive, and 
hybrids - were recorded by Gudex (1955) (Table 6, Appendix 2). A l l were 
evidently still present in 1954. Boase (1985) recorded only 70 species in 1980-
1984 including two new records; nine species recorded earlier but not by him 
have been recorded again in the current (1994-1996) survey, having been either 
rediscovered or become locally extinct and re-established since 1980-1984. 
There have been no further losses since 1984. None of the flora is nationally or 
regionally rare. Northern rata (Metrosideros robusta), described by Gudex 
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Table 5. Characteristics of nine canopy gaps in Claudelands Bush 

Area 
(m2) 

Distance to 
closest edge 

(m) 

Number of species 
Adventive 

(%) Age 
Area 
(m2) 

Distance to 
closest edge 

(m) Native Adventive 
Adventive 

(%) 

young1 160 0 11 13 54 

young 250 35 26 5 16 

young 2X0 50 21 5 19 

young 36 60 25 6 19 

young 53 75 29 7 19 

old2 70 50 17 4 19 

old 53 60 28 13 32 

old 117 60 19 6 24 

old 50 75 25 5 17 

'Short-lived gap invading species present 
2Short-lived gap invading species absent 

Table 6. Changes in the flora of Claudelands Bush between 1933 and 1994 

Native Adventive Planted Adventive 
species native native species 

Plant groups 1933 1994 1933 1994 1933 1994 1933 1994 

Ferns and fern-allies 44 27 - - - 1 

Gymnosperm trees 3 3 - - - -

Dicotyledonous trees 28 21 5 3 4 6 

Dicot shrubs 16 8 2 - 2 12 

Dicot lianes 12 6 - - - 5 

Dicot herbs 2 2 - - - 25 

Monocotyledonous trees 2 2 - - - 1 

Monocot lianes 2 2 - - - -

Orchids 3 1 - - - -

Grasses 3 2 - - - 1 

Sedges 8 6 - - - -

Rushes 1 - - - - 1 

Other monocot herbs 4 3 - - 1 8 

Total 128 83 7 3 7 60 
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(1955) as one of several 'notable absences', was found recently as a single dead 
individual, probably killed by possum. Three indigenous species not native to 
the Hamilton Basin, 'adventive natives', taupata (Coprosma repens), karaka 
(Corynocarpus laevigatus), and lacebark, have recently become naturalised 
(Appendix 2). The greatest losses since 1954 in both absolute and relative terms 
have occurred amongst ferns (18 species, 43%) and dicotyledonous shrubs (7, 
50%). 

Nearly two-thirds (63%) of the 76 species Gudex (1955) rated as 'few' or 
'only found in one or two clumps' are now absent from Claudelands Bush. By 
contrast only three (7%) of the 39 species rated as 'dominant' or 'abundant' have 
been lost. 

Adventive species 
Apart from wandering Jew, Gudex (1955) did not record adventives. Boase 

(1985) recorded 25 conspicuous adventive species in 1980-1984; a further 35 
adventive species were found during the present survey, bringing the total to 60 
(Appendix 2). Over half of the adventives are herbs (33 species); shrubs (11 
species) comprise another fifth. A l l the trees, shrubs, lianes, and 
monocotyledonous herbs are of horticultural origin while nearly two-thirds of the 
dicotyledonous herbs are of agricultural origin, although they are now widespread 
weeds of suburban gardens (Healy 1995). Some species, e.g. Alstroemeria 
aurantiaca, can only have arrived by deliberate human action, i.e., dumping of 
garden rubbish, confirmed by their prevalence along the only boundary directly 
abutting suburbia. 

Influx of species via roost trees 
A total of 44 native and 16 adventive species was recorded beneath the 13 

roost trees sampled (Table 7). The mean number of species per tree is 13.1 
native, 2.4 adventive, and 0.5 'adventive native'. The proportion of adventive 
species occurring under roost trees (27%) is higher than in the forest interior 
(19%), but lower than in canopy gaps (32%) or near the edge (43%). A higher 
proportion (75%) of adventive species under roost trees is bird-dispersed than in 
the forest interior (63%), gaps (46%) or near the edge (40%). 

The five most common woody species under roost trees are all primarily bird-
dispersed except for pukatea, which has wind-dispersed seed (Table 8). A l l the 
native species are widespread in the remnant; as in gaps subcanopy mahoe is 
dominant with a high recruitment rate between height classes. Canopy species -
titoki and pukatea - are also common, although with lower recruitment rates than 
mahoe. The common adventive species are present in smaller numbers and only 
two potential subcanopy species, cherry and spindle tree (Euonymous japonicus), 
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Table 7. Number of native and adventive species in four types of habitat in Claudelands Bush 

Adventive species by primary dispersal agent 

Habitat Native species Bird Wind Other* 

Roost trees 44 12 4 0 

Forest interior' 35 5 1 2 

Canopy gaps 51 11 8 5 

Forest edge2 27 8 5 7 

'Vegetative, gravity, or unknown. 
1 > 30m from edge 
2 < 50m from edge 

Table 8. Density (stems ha"1) of the five most common native and adventive trees and shrubs 
under large roost trees and their primary dispersal agent in Claudelands Bush 

Species 0.1 - 0.5m 0.5 - 2m 
Recruitment 

(%) 
Primary dispersal 

agent 

Native 

Mahoe 4580 2422 53 Bird 

Titoki 3039 543 18 Bird 

Passiflora tetrandra 558 132 24 Bird 

Pukatea 543 44 X Wind 

Coprosma areolata 308 147 48 Bird 

Adventive 

Jerusalem cherry 147 88 60 Bird 

Prunus serrulata 161 73 45 Bird 

Trachycarpus fortunei 206 0 0 Bird 

Chinese privet 161 0 0 Bird 

Spindle tree 88 15 17 Bird 

are present in the taller height class. 
Several native species found beneath roosting trees are uncommon elsewhere, 

except in a few gaps; the most notable is putaputaweta (Carpodetus serratus), not 
recorded by Boase (1985) and apparently re-introduced into the remnant by birds. 
The eight roost trees in the forest interior (>30m from the edge) have, on 
average, slightly fewer adventive species and lower seedling densities beneath 
them (mean = 2.1 species tree"1, 1868 seedlings ha"1) than the five marginal trees 
(mean = 2.8 species tree1, 2542 seedlings ha 1). Species occurring under 
interior roost trees are primarily bird-dispersed, whereas a range of dispersal 
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mechanisms are represented under peripheral trees. 

DISCUSSION 

The original Claude's Bush was semi-swamp forest. Claudelands Bush, the 
largest surviving remnant, comprises less than 2% of it. As on alluvium 
elsewhere in the country (e.g. Esler 1978, Smale 1984) composition, particularly 
proportions of the conifers kahikatea, matai, rimu, and totara (Podocarpus 
totara), is likely to have reflected soil texture and drainage. Clearance of the 
larger tract for agriculture and later suburban development and drainage of the 
locality have fundamentally changed the nature of the habitat and of the 
surrounding matrix. As a consequence some significant changes in forest 
composition and dynamics have occurred. 

The present dominance of kahikatea is an artefact of the removal by logging 
of most large matai and all large rimu. Scattered large kahikatea (1-2.2m d.b.h.) 
are relics of the earlier forest; data from a similar forest remnant at Te Kopua, 
33km south, suggest that they are likely to be at least 300 years old (B.R. Burns 
unpubl. data). The predominance of large poles and small to medium-sized trees 
(20-59cm d.b.h) in kahikatea and other principal canopy species, i.e., of early 
mature forest, indicate a pulse of regeneration after logging c. 130 years ago. 
Kahikatea has a relatively long lifespan, up to 600 years but occasionally longer 
(Duncan 1993, Molloy 1995a), and most of the existing population of healthy 
trees are expected to continue living for several hundred years. However, some 
deaths can be expected amongst the scattered mature emergents, many of them 
damaged by crown exposure as a result of logging last century (Gudex 1955), 
and from self-thinning of densely stocked stands of large poles and small trees. 
Bimodal or multimodal diameter distributions similar to those at Claudelands 
occur in alluvial kahikatea forest elsewhere, e.g. in White Pine Bush, a 4ha 
remnant of similar forest in the eastern Bay of Plenty (Smale 1984) and in 
Riccarton Bush, an 8ha remnant of kahikatea/mixed broadleaved forest in 
Christchurch (Norton 1995). 

Mass regeneration of kahikatea and other large podocarps usually occurs after 
large-scale disturbances such as flooding and siltation, catastrophic windthrow, 
logging or fire (Wardle 1991). The present small-scale disturbance regime of 
occasional small canopy gap formation does not favour regeneration of kahikatea. 
Indeed, a small remnant in an urban setting simply cannot accommodate natural 
disturbance regimes at the scale necessary for mass replacement of podocarps. 
Despite the periodic presence of enormous numbers of very small kahikatea 
seedlings, virtually none survive in the understorey. When gaps do occur shade-
tolerant broadleaved species are able to exploit them more effectively. The same 
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phenomenon is occurring in White Pine Bush, also affected by drainage (Smale 
1984). Adults of the other former canopy dominants at Claudelands are now rare 
(matai) or reduced to only one individual (rimu) and regeneration is not 
occurring. Extinction of both species is possible in future. 

Diameter distributions of the other major canopy species indicate that all are 
replacing themselves, though not necessarily in the same proportions as in the 
existing canopy. The paucity of saplings and poles of pukatea - as in similar 
forest elsewhere (Smale 1984) - and titoki may reflect intermittent replacement 
in relatively shade-intolerant species rather than a regeneration failure. However, 
the virtual absence of tawa in gaps and within 25m of the margin, despite 
substantial numbers elsewhere in the forest, contrasts with its behaviour in large 
tracts of forest where although more common in the understorey, it is also 
plentiful in gaps (e.g. Smale & Kimberley 1983). Given the patent sensitivity of 
tawa to climatic extremes (Knowles & Beveridge 1982), this is likely to result 
from the desiccation the remnant now suffers. 

Edge effects appear to be greatest on the southwestern side of the remnant, 
the one most exposed to the prevailing westerly wind; seedlings of most canopy 
species are much less common there than elsewhere. In other small remnants, 
Young & Mitchell (1994) found that gross microclimatic edge effects penetrated 
for approximately 50m, regardless of their size. Thus at only 5.2ha Claudelands 
Bush is potentially dominated by edge patterns and processes with only lha of 
interior environment; it is too small to preserve conditions representative of the 
original tract. 

The indigenous vascular flora of Claudelands Bush is typical of North Island 
kahikatea forest on gleyed alluvial soils, e.g. Whewell's Bush, Matangi (Boase 
1984) , White Pine Bush (Smale 1984), and Rotoma Recreation Reserve, Lake 
Rotoehu (Clarkson & Clarkson 1991). No record exists of species which may 
have been present in Claudelands Bush at the time of European settlement but 
were lost during the following seventy or so years. Despite a long grazing 
history (c. 1864-1927), the species complement which survived at least until 1954 
compares favourably with those of remnants such as White Pine Bush which has 
never been grazed. Ironically, one-third of this was lost long after domestic 
stock were excluded, with ferns and dicotyledonous shrubs most affected. As 
Boase (1985) pointed out, small population sizes - for which grazing was 
undoubtedly partly responsible - were critical in extinctions; the other classic 
island biogeographic factors - reduction in area and isolation - have probably also 
played a general role. 

The predominance amongst lost species of ground layer and understorey 
plants vulnerable to smothering inevitably implicates wandering Jew (Boase 
1985) , widespread and essentially uncontrolled during the extinction period (c. 
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1954-1980). Its role in the degradation of forest remnants in the Manawatu has 
been graphically described by Esler (1978): "Wandering Jew, in the absence of 
stock, is as devastating as heavy browsing pressure alone". In a small forest 
remnant there Skipworth & Kelly (1984) found a negative correlation between its 
presence and that of native tree seedlings (5-30cm high). With shallow, limited 
root systems compared with those of canopy trees above, ground layer and 
understorey species are also particularly prone to moisture stress during the dry 
summers periodically experienced at Claudelands. Thus desiccation due to 
drainage of the locality and a subsequently lowered water table (Gudex 1955) has 
almost certainly been another major factor in extinctions, adversely affecting 
many ground ferns, e.g. Blechnum chambersii, Hymenophyllum demissum, 
understorey shrubs, e.g. Coprosma propinqua, C. tenuicaulis, and at least one 
tree species - waiwaka (Szygium maire) - characteristic of damp habitats. Some 
species, e.g. manuka, have disappeared because of habitat loss, i.e., removal of 
the forest/shrubland ecotone on the southwestern boundary. Vandalism has been 
directly responsible for the loss of some lianoid species (Gudex 1955). 

A similar number of species in both absolute and relative terms has 
disappeared over c. 125 years from Riccarton Bush (Healy 1995), reduced to 
about one-third of its pre-European size and also affected by drainage. It too has 
been logged but wandering Jew is absent and it has never been grazed (Molloy 
& Brown 1995). Competition by aggressive adventive species is thought 
responsible for the disappearance of many species there (Healy 1995). At 
Kitchener Park in the Manawatu, a rural remnant of kahikatea-matai/tawa forest 
with an unchanged hydrological regime, the more dramatic loss of some 60 
native species over only c. 33 years is attributed to smothering by wandering Jew 
and grazing by domestic stock (Esler 1978). 

Claudelands Bush is isolated from other remnants which could enable re-
invasion of lost species. Whewell's Bush, a larger (11.5ha) kahikatea-dominant 
forest remnant, is 10km away, probably too far to be useful in this regard. The 
two nearer remnants within Hamilton City are even smaller (<lha) and more 
modified than Claudelands Bush and have a much less secure future. Healy 
(1995) states of equally isolated Riccarton Bush: ". . the native flora can at best 
maintain its species complement. At worst, species at the limit of their survival 
powers can become extinct". Many extant species there have very small 
populations (Molloy 1995b), a feature shared with Claudelands Bush where 
nearly half the surviving species occur in small numbers. 

In contrast to the loss of many native species, 60 adventive species were 
recorded in the reserve although few are at all common. Significantly, the 
greatest gains have been in ground layer and understorey plants, groups that have 
suffered the greatest losses of native species. Seventeen adventives present here 
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are categorised as 'problem weeds' by Williams & Timmins (1990): wandering 
Jew, Jerusalem cherry (Solarium pseudocapsicum), Chinese privet (Ligustrum 
sinense), shining privet (L. lucidum), ivy (Hedera helix), evergreen buckthorn 
(Rhamnus alaternus), selaginella (Selaginella kraussiana), barberry (Berberis 
glaucocarpa), holly (Ilex aquifolium), Kahili ginger (Hedychium gardnerianum), 
woolly nightshade (Solanum mauritianum), Japanese honeysuckle (Lonicera 
japonica), elaeagnus (Elaeagnus x reflexa), cherry laurel (Prunus laurocerasus), 
montbretia (Crocosmia X crocosmiiflora), arum lily (Zantedeschia aethiopica), 
and moth plant (Araujia sericifera). The success of these species and the threat 
they pose results from rapid growth rates, specialised dispersal mechanisms, 
rapid turnover, and tolerance of a wide range of environmental conditions 
(Timmins & Williams 1990). Of most concern are shade-tolerant trees and 
shrubs which can develop in the understorey, and light-demanding species which 
can grow quickly in gaps and near the margins, in both instances usurping native 
species occupying similar niches. An example of the first is buckthorn and of 
the second, cherry. Mean height and diameter growth rates of small cherry in 
gaps here (56cm yr 1 and 3mm y r 1 respectively) exceed those of most of the 
native species present (Wardle 1991). 

Roost trees are obvious invasion points for adventive species adapted for avian 
dispersal. The most important dispersers at Claudelands are resident introduced 
blackbirds (Turdus merula) and visiting native kereru (Hemiphaga 
novaeseelandiae). A notable recent arrival by this mode is karaka, of which a 
single mature tree grows in an adjacent garden; kereru is the only bird with 
adequate gape to feed on and disperse its seed (McEwen 1978). Most roost tree 
arrivals have low recruitment from seedling to sapling size as competition with 
the tree above for available resources is intense and canopy gaps and margins, 
where wind and other dispersal syndromes are more important, are undoubtedly 
more significant sites for the influx of new species. As the remnant borders 
many suburban gardens some adventives solely distributed by the dumping of 
garden rubbish (e.g. ginger and wandering Jew, both of which are seedless) also 
occur. 

Reserves like Claudelands Bush are particularly prone to weed invasion 
because they occupy fertile soils within a suburban matrix, are close to roads and 
railway lines, receive substantial recreational use, have a relatively high 
edge/area ratio, and inevitably contain canopy gaps (Timmins & Williams 1991). 
Many more adventive species have been recorded in considerably larger 
Riccarton Bush (Healy 1995), similarly vulnerable to weed invasion and 
surrounded by suburban development for a comparable length of time; past 
management practices such as the mowing of canopy gaps have expanded habitat 
for herbaceous adventive species. An identical proportion of the adventive flora 
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there is of horticultural origin. 
In summary, fragmentation and isolation in concert with other interacting 

factors (altered drainage and grazing, and ensuing engulfment by suburbia) have 
played an important role in the declining regeneration of some present canopy 
dominants in Claudelands Bush, and in the local extinction of many understorey 
and ground layer plants for whose restoration there is little or no prospect. 
These effects - and the presence of some aggressive weeds - may lead directly 
and indirectly to significant long-term changes in the structure and composition 
of this urban forest remnant. 

M A N A G E M E N T I M P L I C A T I O N S 

The aim of the current management plan for Claudelands Bush is to maintain 
and enhance the natural characteristics of the kahikatea forest and its fauna 
(Hamilton City Council 1993). Some significant steps to ensure the survival of 
the reserve as native forest have already been taken: 
• A wind barrier has been erected on the southwestern side 
• Intensive efforts have been made to control wandering Jew 
• The excessive network of tracks has been reduced and remaining ones fenced 

for their entire length 
• A raised boardwalk has recently been constructed. 
To fulfill the stated aims active management of the current style will need to 
continue and particular effort be concentrated on: 
• Manipulating successions in canopy gaps to enhance the success of kahikatea 
• Removing adventive species categorised as problem weeds 
• Re-introducing lost native species using locally-sourced plants. 
Intermittent irrigation with storm water overflows may help ameliorate the 
detrimental effects of the lowered water table. 
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APPENDIX 1 - Bird species observed in Claudelands Bush 

Common name Scientific name' 

blackbird Turdus merula 

chaffinch Fringilla coelebs 

fantail Rhipidura fuliginosa 

grey warbler Gerygone igata 

house sparrow Passer domesticus 

*kaka Nestor meridionalis 

*kereru Hemiphaga novaeseelandiae 

common myna Acridotheres tristis 

white-backed magpie Gymnorhina tibicen hypoleuca 

silvereye Zosterops lateralis 

song thrush Turdus philomelos 

starling Sturnus vulgaris 

*tui Prosthemadera novaeseelandiae 

* = occasional visitor 
1 Nomenclature follows O.S.N.Z 1990. 

APPENDIX 2 - Native and adventive plant taxa recorded in Claudelands 
Bush 

Abundance rating for species in 1933-54: 
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D = dominant 
A = abundant 

F = few 
1,2= 1 specimen or group. 

* adventive species; (A) adventive native species, i.e., not indigenous to Claudelands Bush; (P) 
planted native species not indigenous to Claudelands Bush; (Pn) planted native species indigenous to 
Claudelands Bush; (s) present only as seedlings; (?) doubtful records 

1933-54 1980-84 1994-96 

Ferns and fern allies 

Adiantum cunninghamii X 2 - -

Anarthropteris lanceolata x F - -

Arthropteris tenella X A X X 

Asplenium bulbiferum ssp. bulbiferum X D X X 

A. bulbiferum ssp. gracillimum X F - X 

A. flaccidum ssp. flaccidum X A X X 

A. oblongifolium X A X X 

A. polyodon X A X X 

A. oblongifolium X A. polyodon - - X 

Blechnum sp.l (Brownsey & Smith-Dodsworth 
1989) - X X 

B. chambersii X F - -

B. discolor X F - -

B. filiforme X A X X 

B. procerum (?)' X F - -
Cyathea cunninghamii X 1 - -

C. colensoi (?) X 1 - -

C. dealbata X D X X 

C. medullaris X F - X 

C. smithii X F - X 

Deparia petersenii X F - -

Dicksonia fibrosa X F - -
D. squarrosa X A X X 

Diplazium australe X A X X 

Doodia media X F - -

Grammitis billardierei X F - -

Histiopteris incisa X F X X 

Hymenophyllum demissum X F - -

H. revolutum X 1 - -

Hypolepis ambigua X F X X 

H. rufobarbata - X X 
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Lastreopsis glabella 

L. hispida 

L. microsora ssp. pentangularis 

Leptopteris hymenophylloides 

Lygodium articulatum 

Paesia scaberula 

Pellaea rotundifolia 

Phymatosorus diversifolius 

P. scandens 

Pneumatopteris pennigera 

Polystichum richardii 

P. vestitum 

Pteridium esculentum 

Pteris tremula 

P. macilenta 

Pyrrosia eleagnifolia 

Rumohra adiantiformis 

*Selaginella kraussiana 

Gymnosperm trees 

Dacrycarpus dacrydioides 

Dacrydium cupressinum 

Prumnopitys taxifolia 

Dicot trees 

Alectryon excelsus var. excelsus 

Aristotelia serrata (Pn) 

Ascarina lucida (P) 

Beilschmiedia tawa 

Carpodetus serratus 

Corynocarpus laevigatus (A) 

Elaeocarpus dentatus 

E. hookerianus 

Fuchsia excorticata 

*Grevillea robusta (s) 

Hedycarya arborea 

Hoheria populnea (AP) 

H. sexstylosa (Pn) 

*Idesia polycarpa(s) 

Knightia excelsa 



Laurelia novae-zelandiae 

*Ligustrum lucidum 

*L. sinense 

Litsea calicaris 

Lophomyrtus bullata 

Melicytus lanceolatus 

M. ramiflorus ssp. ramiflorus 

Metrosideros robusta2 

Myrsine australis 

Nestegis cunninghamii, 

N. lanceolata 

N. montana 

Olearia rani 

Pittosporum eugenioides (s,A) 

P. cornifolium 

P. tenuifolium (Pn) 

*Prunus laurocerasus 

*P. serrulata 

Pseudopanax arboreus (Pn) 

P. crassifolius 

P. hybrids (A) 

Schefflera digitata 

Sophora microphylla (s,A) 

Streblus heterophyllus 

Syzygium maire 

Dicot shrubs 

*Abutilon X hybridum 

Alseuosmia sp. unnamed3 

*Berberis glaucocarpa 

Brachyglottis repanda var. repanda 

*Camellia japonica (s) 

Coprosma areolata 

C. grandifolia 

C. lucida 

C. propinqua 

C. propinqua X C. robusta 

C. repens (A) 

C. rhamnoides (A) 

x A x x 

x 

x x 

x 1 x x 

x F 

x F 

x D x x 

X 

x D x x 

x F x x 

x F x x 

x 2 -

x F 

x 

X 1 

x F x x 

x 

x 

x 1 - x 

x F x x 

x 

x A x x 

x 

x A x x 

x 1 

A x 

1 X 

F 

F 

F 
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C. robusta 

C. rotundifolia 

C. tenuicaulis 

C. tenuicaulis X C. areolata 

*Cyphomandra betacea 

Dodonaea viscosa (P) 

*Elaeagnus X reflexa4 

*Euonymus japonicus 

*Fatsia japonica 

Geniostoma rupestre var. ligustrifolium 

Leptospermum scoparium 

Leucopogon fasciculatus 

Melicytus micranthus 

M. novae-zelandiae (P) 

*Rhaphiolepis umbellata (s) 

*Rhamnus alaternus 

Solanum aviculare 

*S. mauritianum 

*S. pseudocapsicum 

*Tecomaria capensis 

Dicot lianes 

*Araujia sericifera (s) 

Calystegia sepium 

Clematis paniculata 

*Hedera helix 

*Lonicera japonica 

Metrosideros diffusa 

M. perforata 

Muehlenbeckia australis 

M. complexa 

Parsonsia capsularis 

P. heterophylla 

Passiflora tetrandra 

Rubus schmidelioides 

R. squarrosus (?) 

*Rumex sagittatus 

*Wisteria sinensis 

Dicot herbs 

x A 

x F 

x A 

x F 

x D 

x F 

x A 

x F 

X X 

x A x x 

x A x x 

x A x x 

x F 

x F 

x D x x 

x A x x 

x F 

x F 

X 

X 
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Acaena anserinifolia x F -

*Beta vulgaris - - x 

*Cardamine hirsuta - x 

*Cirsium arvense - x x 

*C. vulgare - x x 

*Conyza albida5 - x x 

*Erigeron karvinskianus - x x 

^Euphorbia peplus - x x 

*Fragaria vesca - x x 

* Galium aparine - x x 

Haloragis erecta x F x x 

*Lamium purpureum - - x 

*Leucanthemum maximum - - x 

*Lunaria annua - - x 

*Oxalis sp. - x x 

*Plantago major - - x 

*Plectranthus ciliatus - - x 

*Prunella vulgaris - x x 

* Ranunculus repens - x x 

*Rumex obtusifolius - x x 

*Senecio bipinnatisectus - x x 

*•?. jacobaea - x x 

*Stachys sylvatica - x 

Solanum americanum'' - - x 

*S. nigrum - - x 

*Sonchus oleraceus - - x 

* Taraxacum officinale - - x 

*Trifolium repens - x x 

Monocot trees 

Cordyline australis x A x x 

Rhopalostylis sapida (s) x 1 - x 

*Trachycarpus for tune i - - x 

Orchids 

Corybas trilobus x 1 

Earina mucronata x F x x 

Pterostylis banksii x 1 

Grasses 

*Dactylis glomerata - - x 
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Microlaena avenacea 

M. stipoides 

Oplismenus imbecillis 

Sedges 

Carex comans 

C. dissita 

C. lambertiana 

Cyperus ustulatus 

Gahnia xanthocarpa 

Uncinia banksii 

U. filiformis (?) 

U. uncinata 

Rushes 

*Juncus filicaulis 

J. gregiflorus 

Other monocot herbs 

"Agapanthus orientalis 

*Allium triquetrum 

*Alocasia macrorrhiza 

*Alstroemeria aurantiaca 

Astelia fragrans1 

A. nervosa 

A. solandri 

Collospermum hastatum 

*Crocosmia X crocosmiiflora 

*Hedychium gardnerianum 

Phormium tenax (Pn) 

* Trade scant ia fluminensis 

*Zantedeschia aethiopica 

Monocot lianes 

Freycinetia baueriana ssp. banksii 

Ripogonum scandens 

x D x x 

x F 

x A x x 

x F -

x A - x 

x F x x 

x F x x 

x F x x 

x F x x 

x A 

x A x x 

x 

x F -

x 

X 

X X 

X 

X X 

x F -

x F -

x F x x 

x x 

x 

x F x x 

x 

x 

x A x x 

x F x x 

1 Probably B. sp. 1. 
2 M. robusta has recently died. 
3 A. quercifolia in Gudex (1955) and A. X quercifolia in Boase (1985). 
4 E. pungens in Boase (1985). 
5 C. floribunda in Boase (1985). 
6 S. nodi/Jorum in Boase (1985). 
7 Previously included in A. nervosa. 
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