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(a) 0.6 - Figure 10. Absolute changes in dominance of
3% 2% 1% <1% <1% 1% <1% 3% 15% 12% 25% 35% the most abundant species based on transition
matrix projections for (a) Glenfern and (b)
Windy Hill; % values above the bars are the
041 relative abundance of the species once the
projections have stabilised.
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The vegetation units identified at Glenfern represent a in the landscape, suggest that it is a distinct forest type as much as it
successional sequence from manuka-dominated scrubland (with exotic is a transitional type between Units 2 and 4, and suggests the role of
woody weeds such as Hakea sericea) to remnant patches of gully forest edaphic variation in driving trajectories of secondary succession. The
dominated by broadleaved canopy tree species; stem size-frequency two vegetation units at Windy Hill, while intergrading, also represent
formanuka and kanuka support this interpretation with manuka absent successional stages with a shift from regenerating manuka—kanuka
from ‘older’units and kanuka present infrequently as large, senescing to forest dominated by Coprosma arborea, Rhopalostylis sapida
individuals. Units 2 and 3 at Glenfern are intermediate between the and Beilschmiedia tarairi. The relationship between vegetation
endpoint units, suggesting that forest is reinvading the ridges and composition and aspect is also less marked at Windy Hill, with
mid-slopes from the gullies. The presence of Agathis australis and manuka—kanuka forest being weakly associated with south-
sclerophyllous species such as Knightia excelsa and Nestegis spp. facing slopes, rather than the north-facing slopes such vegetation

in Unit 3, along with the slightly drier positions this unit occupies characterises at Glenfern and Awana. In general, Windy Hill is less
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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.

(b)

degraded than Glenfern, with large areas of intact and/or recovering
forest and recently disturbed areas dominated by manuka-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 inthe landscape. The sequence ofregeneration 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, kereri 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

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
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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 Maori 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
manuka and kanuka scrubland (i.e. Units 1 and 2 at Awana and
Glenfern) — manuka and kanuka 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 ofthe 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 manuka 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 Maori, 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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