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INTRODUCTION

Biogeography and ecology of south-temperate forests
Matt S McGlonea, Christopher H Luskb and Juan J Armestoc

aEcosystems and Global Change, Landcare Research, Lincoln, New Zealand; bEnvironmental Research
Institute, University of Waikato, Hamilton, New Zealand; cDepartamento de Ecología, Pontificia Universidad
Católica de Chile, Casilla, Santiago, Chile

The floristic and ecological parallels between the forests of southeastern Australia, New
Zealand and southern South America are striking. Forests of these distant areas have
strong similarities in terms of physiognomy (e.g. dominance by tall evergreen trees, pro-
minence of vines), and certain key taxa (e.g. Nothofagaceae, Winteraceae, Podocarpaceae,
Auracariaceae) and these were noted in the writings of early travellers such as Hooker
(1853), Darwin (1859), and later Skottsberg (1905). How these similarities arose, and
the possibility of past biotic interchange between them, was widely discussed in the
early years of scientific investigation (Hutton 1873). Although the discovery of plate tec-
tonics led to widespread acceptance of vicariance as the main influence on southern hemi-
sphere biogeography, more recent genetic evidence of trans-oceanic dispersal (e.g. de
Queiroz 2014) has forced a new discussion of the fossil evidence (Kooyman et al. 2014).
However, although interest in these intriguing biogeographic links never completely van-
ished, for many years scientific activity within the far southern countries tended to be
focused on understanding local history and ecology and, to a large extent, was published
in their national journals.

In May 1991 a workshop entitled ‘Ecosystem comparisons across the South Pacific’,
organised by Peter H. Raven and Ebbe S. Nielsen, was held at the Bishop Museum, Hon-
olulu. This workshop led to the birth of the informal organisation named ‘Southern Con-
nection’ to promote communication and interaction between researchers interested in the
flora and fauna, ecology and geology of the former Gondwanan landmasses. Despite
remaining informal, Southern Connection has held eight triennial congresses in Australia,
Argentina, Chile, New Zealand and South Africa. It has lived up to its name and numerous
scientific interactions and collaborations have ensued over its 26 years of existence. The
very well-received volumes Ecology of the southern conifers (Enright & Hill 1995) and
The ecology and biogeography of Nothofagus forests (Veblen et al. 1996) both came out
of Southern Connection symposia, and were breakthroughs in that they were the first
comprehensive, up-to-date multi-author overviews of the ecology of critical southern
taxa, with a Gondwanan perspective. Comparative work, at least in part inspired or
facilitated by Southern Connection, has continued: e.g. historical biogeography (Markgraf
et al. 1995; Kooyman et al. 2014); plant functional types (McQueen 2000; Jimenez-Castillo
et al. 2007); vegetation dynamics (Grubb et al. 2013) and treelines and vegetation (Wardle
et al. 2001; Ezcurra et al. 2008). This special issue of the New Zealand Journal of Botany
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continues this tradition as most contributions were also presented at the January 2016,
VIII Southern Connection Congress in Punta Arenas, Chile.

The eight papers included here cover a range of topics concerning the temperate forests
of Australia, New Zealand and southern South America, most co-authored by researchers
frommore than one of these regions. That the contributions largely deal with relationships
between New Zealand and southern South America is most likely a consequence of them
being mostly concerned with forested ecosystems, temperate rainforests in particular. The
Australian triumvirate of low-nutrient soils, aridity and fire, and dry forests dominated by
Eucalyptus and Acacia, have fewer compelling parallels in New Zealand and southern
South America where wet temperate forests growing on young soils, derived from moun-
tain erosion, have been a research focus. Australia looms much larger in intercontinental
comparisons with New Zealand regarding alpine systems as those floras are floristically
close (Raven 1973; Winkworth et al. 2005; Crisp et al. 2009). Less is known about the par-
allels and phylogenetic relatedness of these alpine floras with Andean mountain taxa in
southern South America.

Lee et al. (2016) review the history of the southern temperate forests, drawing on the
extraordinary store of plant macrofossil and microfossil data that we now possess. Orig-
inating in eastern Gondwana, the southern forests were initially close in floristic compo-
sition during the globally warm Eocene, sharing taxa now confined to one or other of the
now widely separated landmasses. Until the middle Miocene, moist, warm-temperate to
subtropical climates characterised these highly diverse southern forests; evidence for
these forests is abundant in Antarctic and Patagonian fossil floras (e.g. Wilf et al. 2013).
With the cooling that set in from the middle Miocene, extinction winnowed out many
now exclusively tropical taxa from all areas, but the extent and timing of the extinctions
varied. From a New Zealand perspective, Lee et al. emphasise the continuity of the forest
flora from the Eocene to the present with little transoceanic migration, the cooling-driven
extinctions being compensated by radiation of existing forest taxa such as Pseudopanax
and Pittosporum. They dismiss the hotly debated ‘Oligocene drowning’ hypothesis,
showing that the dramatic reduction in land area due to sea level rise at that time had
no discernible effect on the flora. On the other hand, the flora of southern South
America may have undergone high extinction rates since the onset of global cooling,
with little compensation from either immigration (due to geographic isolation), or in
situ radiation. However, the uplift of the tropical Andes may have facilitated the north-
ward expansion of forest assemblages from extratropical to tropical locations within
South America, preserving some of these Gondwanan lineages (Segovia & Armesto 2015).

McGlone et al. (2016) take as their departure point the fact that, from a climatological
viewpoint, southern forests share a highly oceanic, moist climate regimen that is globally
quite limited in extent. They recommend that this be used to define these associations,
suggesting the general term ‘oceanic temperate forest’ in place of the currently used phy-
siognomic and floristic designations, which hinder intercontinental comparison. This
denomination emphasises the current climatic and physiognomic distinction between
northern hemisphere temperate forests, mostly growing under continental climates, and
southern temperate evergreen, broad-leaved forests (Axelrod et al. 1991). As with Lee
et al. (2016) they place the origin of the lowland oceanic temperate forests of New
Zealand in the Palaeogene (66–34 Ma) but suggest that more than cooling was responsible
for extinctions. The late Miocene development of a mountainous landscape, destruction of
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low-nutrient, deeply weathered soils and shift to a climatic regimen in which fire is infre-
quent, all must have played a part. McGlone et al. (2016) argue that the current diversity
patterns of forest taxa have been profoundly influenced by two glacial–interglacial mech-
anisms: the ‘Pleistocene ratchet’ in which range size lost during one extreme of the cycle is
not compensated for by expansion during the other extreme; and ‘glacial–interglacial
asymmetry’ in which warm-adapted species can more easily persist in refugia in a
glacial landscape than cold-adapted species can in an interglacial landscape. Current bio-
geographic patterns in temperate South America may also reflect the action of a Pleisto-
cene ratchet on species with limited powers of dispersal (Villagrán & Armesto 2005). The
distribution of Araucaria araucana is possibly the best example: although currently
restricted to montane and subalpine forests between latitudes 37.5°S and 39.5°S, there
are many suitable sites further south at lower altitudes where it could grow, and from
where populations may have been lost during glacial–interglacial oscillations. Araucaria
araucana can in fact be cultivated as far south as Punta Arenas, at latitude 53°S.

The similar physical environments of the southern oceanic temperate regions com-
bined with their long isolation from one another, make them an ideal testing ground
for intercontinental comparisons. At a very fundamental level, Pérez et al. (2016) ask if
the pedogenic processes of areas taken down to ground zero by glacial retreat show
similar patterns of soil development between Chile and New Zealand in two areas of dif-
fering vegetation cover (podocarp–broadleaf forest versus subantarctic beech). To an
extent the answer is yes: similar patterns of C and N accumulation and decline are seen
in both chronosequences, confirming the now familiar sequence of build-up of total C
and N, followed by increasing N and P limitation with soil age. However, there are intri-
guing differences as well, with Chilean sequences holding on to more of their N and P in
late succession—differences which may be attributed to marked differences in plant P use
strategies in the different regions. Lusk et al. (2016) further explore the issue of plant func-
tional differences through testing the hypothesis that plants in near-identical environ-
ments (climatically matched alluvial terrace sites in Chile and New Zealand with
tropical/subtropical outgroups) should converge strongly in trait space. Strongly similar
values for individual traits (e.g. wood density, leaf size) were recorded in both regions,
suggesting the dominant effect of environment. Some important trait combinations
were common to the two temperate sites although the taxa were not closely related
(small-leaved, sclerophyllous emergents, but represented principally by Nothofagus in
Chile and by podocarps in New Zealand). However a major trait combination that differed
between the regions was the prevalence of small trees with soft, large leaves in New
Zealand, which may be explained by the greater opportunities for speciation in New
Zealand or perhaps the intense competition in Chile from Chusquea bamboos, which
may have pre-empted understorey niche space in tree-fall gaps. This theme of functional
differences between Chile and New Zealand is continued by an analysis by Taylor et al.
(2016) of network structure in vascular epiphytes—which are such a striking feature of
southern oceanic temperate forests, exhibiting remarkable diversity and biomass loads
on rainforest trees (Díaz et al. 2010). In particular, Taylor et al. were looking for ‘nested-
ness’ within local epiphyte–host site networks—that is, evidence that the presence of a
common species raises the likelihood that other rarer species will also co-occur. The
majority of the networks studied did not depart from a null expectation, and epiphytes
tended to be distributed randomly on host trees. However, nestedness was more
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common in New Zealand than Chile, a result that may be due to sequential colonisation of
epiphyte species on developing host trees. The large ‘nest’ epiphytes (Astelia spp.) may
drive this, as some epiphytes are exclusively associated with them. Although Taylor
et al.’s results show nest epiphytes to be less common in Chile, the bromeliad Fascicularia
closely remembles Astelia epiphytes in New Zealand, and maybe have a similar ecological
role.

Two papers deal with landscape scale issues. Veblen et al. (2016) review the impact of
tectonism on our understanding of forest structure and dynamics in the Andes and New
Zealand. Parallel studies in New Zealand and Chile on large-scale disturbances, including
earthquakes and volcanic disturbances, were key in overturning the old paradigm of equi-
librium forest dynamics. Such disequilibrium that had been noticed—for instance the
‘regeneration gap’ in New Zealand conifers, once widely accepted as the consequence of
climate change (Wardle 1963)—now could be more satisfyingly interpreted in terms of
the long-lasting influence of these physical disruptions. The lesser abundance of Nothofa-
gus in the Chilean coast range forests, compared with the disturbance-prone Andes, may
reflect geographic variation in such disturbance regimens. This conceptual advance has
been critical to the interpretation of the ongoing effect of other pressures on forests in
both countries, such as the impact of invasive mammals. Kitzberger et al. (2016) review
fire regimes in southern South America and New Zealand. The oceanic temperate environ-
ment is not conducive to high fire frequencies and the dominant forest ecosystems that
have evolved in these temperate moist environments can be characterised as ‘pyropho-
bic’—that is, consisting of trees with thin bark, limited resprouting ability and thus low
tolerance of fire. However, these pyrophobic forests co-exist with lower statured ‘pyrophy-
tic’ vegetation consisting of highly flammable resprouters. Because trees that can thrive in
the face of frequent fire are rare in both regions, once fire-promoting human populations
arrived, the potential for the shift from short-lived shrub-forest successions after disturb-
ance to a permanent alternative pyrophytic vegetation is very high. Such shift in structure
may also be enhanced by the rapid spread of exotic forestry plantations dominated by
pyrophytic pines from California and eucalypts from Australia (Armesto et al. 2009).
The somewhat dismal conclusion of this review is that ‘ … reversing these broad-scale
strongly directional changes in vegetation are futile, or will require ever-increasing efforts.’

Finally, Burns (2016) deals with the issue of spinescence, making the first detailed com-
parison between shrubs and tree juveniles in New Zealand and Australia. As New Zealand
had browsing birds but no browsing mammals but Australia had both, and both have off-
shore islands where neither occurred, intriguing comparisons can be made. Burns calls
attention to a number of features of the New Zealand flora that have generally not been
classified as ‘spinescence’ before: denticles on juvenile Pseudopanax crassifolius leaves;
sharp points on juvenile Podocarpus totara leaves; Rubus prickles (with aposematic
colouration suggested as an ‘honest’ defensive signal). Australia serves as a useful compari-
son with New Zealand as some shared taxa (e.g. Coprosma, Melicytus) are more clearly
spiny in Australia. He makes a contribution to the long-running divaricating plant
debate by showing how spines or their functional equivalent, the dense cage of divaricating
twigs, are reduced or lost on offshore islands without browsing vertebrates in both Aus-
tralia and New Zealand. The issue has remained unexplored in the Chilean temperate
forest flora, where the divaricating form appears to be much less common, but where a
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number of woody genera are spinescent, e.g. Dasyphyllum, Rhaphithamnus, Desfontainia,
Berberis, Schinus.

These papers demonstrate how much value can be gained from comparative studies
between southern regions. However, a major deterrent to more, and more comprehensive
interchange between the countries in the southern end of the world, above and beyond the
cultural differences, which undoubtedly exist between them all (and we might add, that are
not insignificant between New Zealand and Australia on the one hand, and Chile and
Argentina on the other), is that all remain pointing steadfastly north rather than east
and west for their intellectual inspiration, resources and prestige. Realistically, this impe-
diment will remain. We therefore must take what opportunities when and where we find
them to foster these enormously enriching interchanges. One such opportunity is a new
initiative, the Southern Temperate Ecosystems Research Network (STERN), with the
initial support of Landcare Research in New Zealand and the Institute of Ecology and Bio-
diversity in Chile, which have been working to identify novel comparative questions and
create opportunities for collaborative studies and academic exchanges. Some of the con-
tributions to this special issue are also engaged in this joint enterprise, seeking to elaborate
a fresh view of ecosystems from the southern continents perspective. We recommend the
New Zealand Journal of Botany as an outlet for presentation of these ideas.
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