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The vegetation units identified at Glenfern represent a 
successional sequence from mānuka-dominated scrubland (with exotic 
woody weeds such as Hakea sericea) to remnant patches of gully forest 
dominated by broadleaved canopy tree species; stem size-frequency 
for mānuka and kānuka support this interpretation with mānuka absent 
from ‘older’ units and kānuka present infrequently as large, senescing 
individuals. Units 2 and 3 at Glenfern are intermediate between the 
endpoint units, suggesting that forest is reinvading the ridges and 
mid-slopes from the gullies. The presence of Agathis australis and 
sclerophyllous species such as Knightia excelsa and Nestegis spp. 
in Unit 3, along with the slightly drier positions this unit occupies 

Figure 10. Absolute changes in dominance of 
the most abundant species based on transition 
matrix projections for (a) Glenfern and (b) 
Windy Hill; % values above the bars are the 
relative abundance of the species once the 
projections have stabilised.

in the landscape, suggest that it is a distinct forest type as much as it 
is a transitional type between Units 2 and 4, and suggests the role of 
edaphic variation in driving trajectories of secondary succession. The 
two vegetation units at Windy Hill, while intergrading, also represent 
successional stages with a shift from regenerating mānuka–kānuka 
to forest dominated by Coprosma arborea, Rhopalostylis sapida 
and Beilschmiedia tarairi. The relationship between vegetation 
composition and aspect is also less marked at Windy Hill, with 
mānuka–kānuka forest being weakly associated with south-
facing slopes, rather than the north-facing slopes such vegetation 
characterises at Glenfern and Awana. In general, Windy Hill is less 
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degraded than Glenfern, with large areas of intact and/or recovering 
forest and recently disturbed areas dominated by mānuka-scrubland 
with an absence of woody exotics.

At all three sites there is evidence of a slow reinvasion of the 
mid- and upper-slopes from the gullies by forest vegetation; this is 
a general pattern across much of Great Barrier Island (Ogden 2001) 
and much of New Zealand. The reinvasion process described above 
will be centred on expansion from fire refugia such as gullies, and will 
also be driven by the movement of bird-dispersed (i.e. fleshy fruited) 
species in the landscape. The sequence of regeneration at the three sites 
is similar to that described by Bray et al. (1999) and Atkinson (2004), 
with wind-dispersed species preceding small fleshy-fruited species 
(e.g. Phyllocladus trichomanoides – tanekaha, Pseudopanax spp. and 
Coprosma spp.), which precede large(r) fleshy-fruited species (e.g. 
Podocarpus ferrugineus – miro, Beilschmiedia tawa and B. tarairi). 
This sequence likely reflects how the habitat requirements (e.g. perch 
and roost sites) and dietary preferences of frugivorous birds are met 
in different successional communities (Bray et al. 1999; Williams & 
Karl 2002). For example, kererū are the only bird species capable of 
dispersing the largest fleshy-fruited species and require large trees, 
which are absent early in succession, to perch in to support their 

Figure 11. nMDS ordination for the 
Awana, Glenfern and Windy Hill sites 
combined using presence/absence data (a) 
and highlighting the abundance of exotic 
woody species (b; summed presence of 
Hakea spp., Pinus spp., Erica spp. and 
Ulex europaeus). Stress for the ordination 
plot in two dimensions is 19.04. 

weight. Seed predation by invasive mammals (e.g. rats and mice) 
may further slow regeneration (Campbell & Atkinson 2002; Ogden & 
Gilbert 2009). In the absence of major disturbance in the near future, 
the transition matrix models suggest a broad convergence in forest 
types, ignoring landscape-level edaphic differences (e.g. ridges vs 
gullies), although some differences in composition will remain (e.g. the 
difference in the abundance of Beilschmiedia tawa and Rhopalostylis 
sapida at Windy Hill compared with Glenfern).

There is little consensus in how species richness and diversity 
change over successions (Huston 1994; Rosenzweig 1995), with 
various models predicting richness and diversity peaking at either 
early (e.g. the initial floristic composition model of Egler (1954)) 
or intermediate (e.g. the intermediate disturbance hypothesis of 
Connell (1978)) stages of succession before declining as interspecific 
competition strengthens. Biodiversity, measured as dispersion in 
composition, increased from Awana to Glenfern to Windy Hill. Thus, 
there is a weak trend for richness and diversity to increase with the 
inferred age of the vegetation as post-fire regeneration proceeds. 
However, the three sites we consider do not span the entire succession; 
there is forest on Great Barrier Island more intact than that at Windy 
Hill (e.g. some of the forest in the ‘Te Paparahi’ block in the northern 



321Perry et al.: Disturbed landscapes of Great Barrier Island

References

Anderson MJ 2006. Distance-based tests for homogeneity of 
multivariate dispersions. Biometrics 62: 245–253.

Armitage D ed. 2001. Great Barrier Island. Christchurch, Canterbury 
University Press.

Atkinson, I.A.E. 2004. Successional processes induced by fires on 
the northern offshore islands of New Zealand. New Zealand 
Journal of Ecology 28: 181–193.

Bray JR, Burke WD, Struik GJ 1999. Propagule dispersal and forest 
regeneration in Leptospermum scoparium (manuka) – L. ericoides 
(kanuka) forests following fire in Golden Bay, New Zealand. 
New Zealand Natural Sciences 24: 35–52.

Bryant DM, Ducey MJ, Innes JC, Lee TD, Eckert RT, Zarin DJ 
2004. Forest community analysis and the point-centered quarter 
method. Plant Ecology 175: 193–203.

Campbell DJ, Atkinson IAE 2002. Depression of tree recruitment by 
the Pacific rat (Rattus exulans Peale) on New Zealand's northern 
offshore islands. Biological Conservation 107: 19–35.

Clarke KR 1993. Non-parametric multivariate analyses of changes 
in community structure. Australian Journal of Ecology 18: 
117–143.

Clarke KR, Warwick RM 2001. Change in marine communities: 
an approach to statistical analysis and interpretation, 2nd edn. 
Plymouth, UK, PRIMER-E.

Clout MN, Hay RJ 1989. The importance of birds as browsers, 
pollinators and seed dispersers in New  Zealand forests. 
New Zealand Journal of Ecology 12 (Suppl.): 27–33.

Connell JH 1978. Diversity in tropical rainforests and coral reefs. 
Science 199: 1302–1310.

Connell JH, Slatyer RO 1977. Mechanisms of succession in 
natural communities and their role in community stability and 
organization. American Naturalist 111: 1119–1144.

Druce AP 1957. Botanical Survey of an Experimental Catchment, 
Taita, New Zealand. DSIR Bulletin 124. Wellington, Government 
Printer. 81 p.

Eadie FM, Broome KG 1990. Ecological survey of Northern 
Bush, Great Barrier Island 1986/87. Internal report. Auckland, 
Department of Conservation, Auckland Conservancy. 86 p.

Egler FE 1954. Vegetation science concepts I. Initial floristics 
composition: a factor in old-field vegetation development. 
Vegetatio 4: 412–417.

Enright NJ 1989. Heathland vegetation of the Spirits Bay area, far 
northern New Zealand. New Zealand Journal of Ecology 12: 
63–75.

Enright NJ, Ogden J 1979. Applications of transition matrix models in 
forest dynamics: Araucaria in Papua New Guinea and Nothofagus 
in New Zealand. Australian Journal of Ecology 4: 3–23.

Esler AE 1983. Forest and scrubland zones of the Waitakere Range, 
Auckland. Tane 29: 109–117.

Esler AE, Astridge SJ 1974. Tea tree (Leptospermum) communities 
of the Waitakere Range, Auckland, New Zealand. New Zealand 
Journal of Botany 12: 485–501.

Faith DP, Minchin PR, Belbin L 1987. Compositional dissimilarity as 
a robust measure of ecological distance. Vegetatio 69: 57–68.

Horn HS 1975. Markovian properties of forest succession. In: Cody 
ML, Diamond JM eds Ecology and evolution of forest succession. 
Cambridge, MA, Harvard University Press. Pp. 196–211.

Horrocks M, Deng Y, Ogden J, Alloway BV, Nichol SL, Sutton DG 
2001. High spatial resolution of pollen and charcoal in relation to 
the c. 600 year BP Kaharoa Tephra: Implications for Polynesian 
settlement of Great Barrier Island, northern New Zealand. Journal 
of Archaeological Science 28: 153–168.

Huston MA 1994. Biological diversity; the coexistence of species on 
changing landscapes. Cambridge University Press. 681 p.

McGlone MS 2001. The origin of the indigenous grasslands of 
southeastern South Island in relation to pre-human woody 
ecosystems. New Zealand Journal of Ecology 25 (1): 1–15.

McIntosh PD, Laffan MD, Hewitt AE 2005. The role of fire and 
nutrient loss in the genesis of the forest soils of Tasmania and 

part of the island; Eadie & Broome 1990), but comparable species 
richness data are not available for it.

Great Barrier Island has experienced two periods of fire: one at 
the time of Māori settlement and a second at the time of European 
settlement. While fire frequencies may have peaked at the time of 
these colonisations fire has remained a recurrent landscape-level 
disturbance. Much of the island is now covered in early-successional 
mānuka and kānuka scrubland (i.e. Units 1 and 2 at Awana and 
Glenfern) – mānuka and kānuka are both killed by fire and are highly 
flammable (Esler & Astridge 1974), whereas the regenerating later-
successional species that establish under it, while killed by fire, are not 
so highly flammable (Ogden 2001). The most degraded communities 
(e.g. Unit 1 at Awana and parts of Glenfern; Fig. 11b) occur on north-
facing ridges and top slopes – sites where fire might be expected to 
occur more often and where soil profiles are most degraded (lowest 
moisture and organic matter; Fig. 7). Such sites are where exotic 
fire-dependent species (e.g. Hakea sericea and Ulex europaeus) and 
‘hard site’ (sensu Esler & Astridge 1974) species such as Olearia 
furfuracea and Leucopogon fasciculatus are most abundant. This 
vegetation is the most flammable in the landscape. 

If there are no major fires for the next few decades, the 
flammability of the landscape will decrease, and regeneration to forest 
will continue. If, however, there are fires, then the succession will 
restart, but will be even slower as soils and nutrients are lost from 
ridges and upper slopes. Exotic shrubs with serotinous (canopy seed 
storage) traits (e.g. Hakea sericea and H. gibbosa) will be favoured 
by fires as they disperse seed post-fire, and require fire to persist 
in the longer term. Such exotic shrubs can also affect successional 
dynamics (Williams 1992a). Much of Great Barrier Island lies in 
a critical window of high flammability, with the recovering forest 
being flammable and fire-sensitive now, but in the longer term much 
less flammable. The small remnant patches of forest scattered across 
Great Barrier Island represent what McGlone (2001, p. 19) terms 
‘ecosystems in-waiting’.

Conclusions

Using more than 300 vegetation samples we have quantified many of 
the assertions made elsewhere about interactions between recurrent 
fire, vegetation composition and soil conditions. We have demonstrated 
that repeated fire, by facilitating the invasion of woody exotic species 
adapted to fire, and by altering soil conditions, can inhibit succession 
back to forest. The spatial pattern of vegetation in the landscapes of 
Great Barrier Island represents the interplay between topography and 
disturbance histories. Young vegetation such as mānuka scrubland 
tends to occupy drier, north-facing, ridge-top sites – the parts of the 
landscape that have most often experienced fire. This vegetation is 
highly flammable. Following recurrent fires during first Māori, then 
European, colonisation of Great Barrier Island over the last 600–700 
years, there is a slow return to forest driven by the reinvasion of 
the lower and mid-slopes from remnant forest in fire-refugia such 
as gullies. In the absence of fire in future decades, and assuming 
sufficient propagule availability, this reinvasion will result in more 
of the landscape shifting to less flammable forest.
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